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1.0 PROJECT DESCRIPTION

The U.S. Army is conducting studies of the environmental impact of suspected
hazardous waste sites at previously owned U.S. Department of Defense (DOD)
properties. This work is being conducted by the U.S. Army Corps of Engineers
(USACE) under the Defense Environmental Restoration Program (DERP). The Plum
Brook Ordnance Works (PBOW) site, located in Sandusky, Erie County, Ohio, is a
formerly used defense site under DERP. This Task Order is being managed and
technically overseen by the Nashville, Tennessee USACE District Office. Jacobs
Engineering Group (Jacobs) is contracted to conduct Part 1 of a Remedial Investigation
(Rl) of the Reservoir No. 2 Burning Ground (2BG). Figure 1 -1 shows the location of the
2BG.

As an attachment to the PBOW Sitewide Sampling and Analysis Plan (SWSAP) (Jacobs
2004), this Site-Specific Field Sampling Plan (SSFSP) has been prepared for the work
to be conducted in support of the 2BG Rl, Part 1 at PBOW. This SSFSP will be used in
conjunction with the SWSAP (Jacobs 2004) to ensure that work to be performed at this
site will be of the quality required to satisfy the overall and site-specific project
objectives. An addendum to the Site-Wide Quality Assurance Project Plan (SSQAPP)
has been prepared as part of this Site-Specific SAP. A Site-Specific Safety and Health
Plan (SSHP) has also been prepared separately for this Rl that will be used in
conjunction with the Sitewide Safety and Health Plan (SHP)(Jacobs 2004b).

1.1 SITE HISTORY AND CONTAMINANTS

A preliminary assessment (PA) conducted by Science Application International
Corporation (SAIC) at PBOW (SAIC, 1991) identified the presence of a burn ground
west of Reservoir No. 2. but the location was approximate and the dimensions were
unknown. The Dames & Moore records review (Dames & Moore 1995) states that
SAlC's project files included a 1963 letter written to the demolition and decontamination
subcontractor, Ravenna Arsenal, describing proposed work at the site. Ravenna
Arsenal was directed to "clear the trinitrotoluene (TNT) burning ground near Reservoir
No. 2 of all debris, decontaminate ground, and restore ground to proper grade." During
the records review, Dames & Moore representatives spoke with a former PBOW
employee, who reported a burning ground located south of Reservoir No. 2, in an area
formerly used by Plum Brook Station (PBS) as a ball field (Dames & Moore, 1995).

A subsequent review of aerial photographs taken in 1950, 1958, and 1968 of the
identified area indicated the presence of a disturbed area with a rectangular berm
(1950), a pronounced bum ground (1958), and a large cleared area (1968), attributed to
the clearing of a fire break around the bum ground (Figure 1-1). Dames & Moore
estimated the size of the bum ground as 125 ft. wide by 175 ft. long, based on the 1950
aerial photographs.
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The record review indicated that 2BG is located south of Reservoir No. 2, and may have
been previously referred to as the "Fox Road Burning Area." The site is estimated to
have been used from at least 1950 through 1962 (Dames & Moore 1995).

A Site Investigation (SI) of 2BG was conducted in 1996 by IT Corporation (IT) to
delineate the boundary of the burn area, to determine the existence and nature of
contamination, and to evaluate potential risks to human health and the environment
(Figure 1-1). Geophysical surveys were conducted to identify subsurface anomalies.
Based on these surveys, four exploratory trenches were excavated within the boundary
of the burn area. Eight soil borings were completed to a depth of seven feet to
characterize lithology and to collect soil samples for off-site laboratory analysis. The SI
identified surface and subsurface soil contamination above U.S Environmental
Protection Agency (EPA) Region III Risk Based Criteria (RBC). Organic contaminants
in surface and subsurface soil exceeding the RBCs include the following:

• Polynuclear aromatic hydrocarbons (PAHs): Benzo(a)pyrene

• Nitroaromatics: 2,4-Dinitrotoluene, 2,6-Dinitrotoluene 1,3,5-Trinitrobenzene, 2,4,6-
Trinitrotoluene, 4-Amino-2,6-Dinitrotoluene

• Polychlorinated biphenyls (PCBs): Aroclor 1260

Inorganic contaminants in surface and subsurface soil exceeding both the RBCs and the
established background values are limited to lead, aluminum, and thallium.

1.2 SUMMARY OF EXISTING SITE CHARACTERISTICS

The 2BG site is located approximately 400 feet (ft.) south of Reservoir No. 2 at the
former PBS ball field between Ransom Road and Campbell Street, based on 1950 aerial
photography that delineates a cleared area approximately 260 ft. long and 150 ft. wide.
Low-altitude, oblique-angle photos indicate that the burning ground site occupied the
central portion of this cleared area. Re-grading of the area in 1963 removed all visible
evidence of the former burn area, as observed on the 1968 aerial photographs.

1.2.1 Physical Setting

The 2BG site physical features include a former burning ground located in an open field
and a drainage ditch at the northern edge of the field. The ground surface is relatively
flat, with minimal slope toward the north and northwest. Elevations at the site range
from 639 to 642 feet above mean sea level (amsl). The northern portion of the site is
currently an open field; however, the southern portion of the site and areas to the west
are wooded.

Geophysical surveys conducted during the 1996 SI, indicated that some of the debris
remains in the subsurface, as confirmed by the excavation of metallic debris during
exploratory trenching. Excavated debris was described as piping, strapping, and plates.
Additional soil descriptions recorded during the trenching include reference to black
cinder, ash, metal objects, broken tiles, tile fragments, and broken ceramics. The soil
descriptions indicate the presence of a bum layer defined as black cinder and ash,
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ranging from 0.9 to 1.4 feet below ground surface (bgs) with thicknesses ranging from
0.5 to 1.2 feet. The soil descriptions for the overlying surface material indicate that the
burning ground was covered with backfill material of unknown origin.

The drainage ditch is located less than 100 feet north of the former burn area and drains
to the west across the site, then northwest to Pipe Creek. This drainage feature is
approximately four feet wide and two to three feet deep. During a site reconnaissance
in November of 2003, water was present in the ditch at an average depth of
approximately 6 to 12 inches.

1.2.2 Site Geology

The 2BG site is situated on unconsolidated lacustrine deposits of glacial origin
consisting of loamy fine sand and sand. These deposits range in thickness from 10 to
20 feet, based on soil borings located to the south, southwest, and west of the site. The
Plumbrook Member of the Olentangy Shale subcrops beneath these unconsolidated
deposits over the entire site. The estimated thickness of this shale at the site is from 20
to 30 feet, based on monitor well borings installed southwest of the site, that are
generally parallel to the site in terms of bedrock strike. Thickness of the Plumbrook
Shale should increase to the southeast and decrease to the northwest. The Plumbrook
Shale is described as a blue, soft, fossiliferous shale containing thin layers of dark, hard,
fossiliferous limestone. The Delaware Limestone underlies the Plumbrook Shale and
averages 75 feet in thickness. The Delaware Limestone is described as a massive to
thin-bedded, brown to gray, fossiliferous limestone and dolomite. Rock descriptions
from nearby monitor well borings indicate fractures and naturally occurring oil are
common in the Delaware Limestone.

1.2.3 Groundwater

Groundwater at the site has not been characterized; however, there is sufficient
information from the 2002 Groundwater Data Summary and Evaluation Report to
estimate depths to shallow groundwater at the site and to estimate flow directions for
both the shallow and deep groundwater. Numerous monitoring wells have been
installed adjacent to areas of known contamination during previous investigations.
Sufficient water level data was collected during 2000 and 2001 to establish groundwater
elevation contours for the northwestern portion of the PBOW. Based on the contour
maps provided in the 2002 groundwater report, shallow groundwater elevations ranged
from 636 to 639 feet amsl in May 2002, and 631 to 634 feet amsl in November 2002.
Surface elevations at the site range from 639 to 642 feet amsl. Therefore, depths to
shallow groundwater are expected to range from 3 to 6 feet during the wet season and 8
to 11 feet during dry season. Shallow groundwater flow is toward the north-northwest.
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Groundwater elevation contours for the Delaware Limestone indicate a linear feature
running northeast-southwest through the PBOW, which is acting as a preferential flow
path. This feature is parallel to the bedrock strike and may represent a fracture system
and/or karst development. Flow is toward the northeast along this feature.
Groundwater elevations drop steeply toward this zone on either side. The 2BG site is
located approximately 500 ft northwest of this feature, causing bedrock groundwater to
flow southeast, opposite of the shallow groundwater.

1.3 SITE-SPECIFIC DEFINITION OF PROBLEMS

Chemical data obtained during the 1996 SI indicate that the surface and subsurface soil
have been contaminated with semi-volatile organic compounds (SVOCs), primarily
nitroaromatics, PAHs, and PCBs originating from the disposal and incineration of PBOW
waste materials. Contamination levels exceed the RBCs for several compounds.
Exploratory trenches revealed a fairly continuous bum layer beneath the site with
associated waste debris. Samples of the burn layer were not collected as part of the
1996 SI. Subsurface soil samples collected from borings were taken from two intervals:
2 to 3 ft. bgs and 6 to 7 ft. bgs. The burn layer was observed between 0.5 and 1.4 bgs.
It is unknown if this material could serve as a source of contamination. The 1996 SI
identified the need for further investigation to define the nature and extent of soil
contamination and to evaluate potential impacts on groundwater beneath the site and on
surface water and sediment in the nearby drainage ditch. Sampling results from
adjacent areas of known contamination with similar contaminants have demonstrated
impacts to both the shallow and bedrock groundwater.
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITY

2.1 KEY PROJECT PERSONNEL

Resumes of key Jacobs personnel working on this project are presented in Appendix I.
The key Jacobs person responsible for project planning, control, and execution of the
CAP is the Jacobs Project Manager. The Jacobs Project Manager is Mr. Virgil Jansen
who is also the Program Manager. Additional key personnel include: the Technical Lead
and Site Manager, Mr. Al Hardesty; the Project Chemist, Mr. Mike Houck; the Data
Manager, Mr. Dave Greenberg; the Program/Project Quality Manager, Mr. Marty
Alewine; the Site Safety Officer, Mr. Sean Healey; the Technical Reviewer, Mr. Steve
Lampkins; and the Safety and Health Manager, Mr. Sid McNair. The duties and
responsibilities associated with these key Jacobs project positions are outlined in the
Quality Control Plan (QCP) (Jacobs, 2004c).

All field activities will be conducted in accordance with this Site-Specific FSP and the
requirements of the SSHP, submitted under separate cover. Jacobs staff assignments
for management of health and safety compliance are detailed in the SSHP.

Supplemental field support will be provided by Ms Helen Owens of Streambom as a
subcontractor to Jacobs, for several of the field activities.
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3.0 SCOPES AND OBJECTIVES

3.1 TASK DESCRIPTION

Investigations to be conducted at 2BG include the characterization of groundwater, soil,
sediment, and surface water. Project objectives include the following:

• Evaluate and use existing data appropriate to the Area of Concern (AOC)

• Define site physical features and characteristics

• Determine nature and extent of contamination in soil and groundwater at the AOC

• Determine chemical characteristics of contamination

• Evaluate fate and transport of contamination

• Determine depth, extent, and nature of the soil burn layer

• Determine presence or absence of site impact on the drainage feature bounding the
north side of the AOC

• Determine whether overburden groundwater underlying the AOC is of sufficient
volume to be defined as a potential drinking water source in the State of Ohio

• Obtain site data of quality, quantity, and distribution appropriate for site
characterization, risk assessment, and feasibility study

3.2 DATA QUALITY OBJECTIVES

Existing data for the AOC has been evaluated by Jacobs and considered for
development of project data quality objectives (DQOs). Existing data collected at the
site includes analytical results from surface and subsurface soil samples, lithologic
descriptions of subsurface soil collected from borings and exploratory trenches, and
geophysical interpretations of the site. Existing groundwater data is available from
adjacent AOCs and is useful for estimating shallow and deep groundwater elevations
and gradients at the site. This data has been considered for development of the
groundwater sampling strategies.

This existing data can be used to meet some of the project objectives. Information
obtained from the exploratory trenches is useful for defining the type of material, depth,
and thickness of the burn layer within the interior of the former burning ground. JE has
reviewed the completeness and quality of the 1996 data set and found that it should
meet specific data needs for a future risk assessment.

DQOs have been developed in accordance with the EPA Guidance for the Data Quality
Objectives Process (EPA QA/G-4) (EPA 2000) and Data Quality Objectives Process for
Hazardous Waste Site Investigations (EPA QA/G-4HW) (EPA 2000).
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Part of the DQO process involves identification of a planning team responsible for
development of objectives and implementation of decision rules during field activities.
The planning team for investigations at PBOW includes representatives from the U.S.
Corp of Engineers, Ohio EPA, PBS, and Jacobs.

3.2.1 Conceptual Site Model

Based on available site information, contaminants associated with the former burning
ground operations have, at a minimum, impacted the soil beneath the bum layer and
surface soil at the site. Backfill placed over the burning ground was either contaminated
prior to placement or was cross-contaminated during the grading process. Surface soil
to the west of the burn area has also been impacted from prior operations or from
regarding activities, which may have spread the contamination outside of the burn area
boundary.

Existing data collected during the 1996 SI indicates surface and subsurface soil
contamination exceeding RBCs for nitroaromatics, PCBs, and various metals. In
general the highest concentrations of nitroaromatics are found at the surface within the
boundary of the former bum area. Nitroaromatic concentrations are observed to
decrease with depth within the bum area. Of the four locations sampled outside of the
bum area, two contained nitroaromatics, which was limited to the surface soil only.

PCBs were found in the surface soil at all locations within the boundary of the burn area
and at two locations outside of the bum area. Only one location had PCB contamination
in the subsurface, which was at the 2 to 3 ft. interval, and was within the boundary of
burn area.

Soil contamination for metals exceeding both the RBCs and established background
values is limited to lead, aluminum, and thallium. The lead contamination is limited to
surface soil and was found at one location inside the burn area and one location outside
of the burn area. The aluminum exceedances are limited to the 6-7 ft. interval and was
found inside the burn area at two locations. The thallium exceedances were found at 6
of the eight locations at numerous depth intervals, however in all cases the
concentrations were minimally above background values.

Additional contaminant migration processes may have occurred at the site, impacting
groundwater, surface water and sediment. These potential processes will be evaluated
during this investigation. Potential groundwater contamination may have occurred from
precipitation and infiltration processes, resulting in leaching of contaminants from the
soil. Potential groundwater pathways include vertical migration into the bedrock aquifer
and lateral migration of shallow groundwater to the north into the nearby drainage
system. Shallow groundwater flow paths are toward the north-northwest. Bedrock flow
paths at the site are toward the southeast. Potential surface water and sediment
contamination may have occurred from shallow groundwater recharge to the drainage
system or by overland flow and transport of contaminated soil particles during heavy
precipitation.
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3.2.2 Problem Statement - Step 1

Soil samples collected during the 1996 Site Investigation (SI) were screened against the
EPA Region III Risk Based Screening Criteria (RBCs). Soil contamination exceeding
RBCs is present at the site. Potential contaminant source material is present at the site,
represented by the cinder and ash layer and the associated debris, which may be
contributing to further contaminant migration. It is unknown whether site contaminants
have migrated to groundwater, surface water, and sediment. Neither the lateral extent
of the bum layer nor the spatial distribution of contaminants in soil has been adequately
defined.

3.2.3 Decision Statements - Step 2

The following decision statements were developed based on the question of whether
site contaminants represent a risk to human health requiring remediation:

• Determine the lateral extent of the soil burn layer.

• Determine whether the burn layer serves as a source of contamination contributing
to migration of contaminants.

• Further define the lateral and vertical extent of soil contamination.

• Determine the physical characteristics of the unconsolidated glacial/lacustrine
deposits and the underlying bedrock including thickness, lithologic classification, and
hydraulic properties.

• Determine the physical characteristics of the shallow and bedrock groundwater
including depth, gradient, flow direction, and groundwater classification.

• Determine whether shallow and bedrock groundwater has been impacted by site
contaminants.

• Determine whether surface water and sediment in the drainage ditch has been
impacted by site contaminants.

3.2.4 Decision Inputs - Step 3

The majority of the decision inputs will involve the collection of new environmental data,
the focus of this DQO process. This step will address inputs and considerations critical
to the collection of new data.

Region IX Preliminary Remediation Goals (PRG) for soil and established site-wide
background values for inorganics in soil will be used to evaluate whether the extent of
soil contamination has been adequately defined. These PRGs are discussed in Section
3.2 of the Site Wide Field Sampling Plan FSP (SWFSP) (Jacobs 2004). The extent of
soil contamination will be considered adequately defined when contamination levels are
below PRGs will be used as a screening tool to evaluate the site. Delineation of site
contaminants will follow the approach used at the TNT Areas A,B, and C. At the
conclusion of this investigation, additional sampling will be determined and negotiated
based on the initial findings and the results of the risk assessment. Tables 3-3 through
3-8 of the Site-Specific Quality Assurance Project Plan (QAPP) present the PRGs to be
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used for the soil investigation.

EPA Region IX PRGs for groundwater and established site-specific background values
for organics and inorganics in groundwater will be used to evaluate whether additional
investigation of site groundwater is warranted. Background values for certain organic
compounds in the bedrock aquifer have been established at the site because of the
naturally occurring oil present in the Delaware Limestone. These PRGs are addressed
in Section 3.2 of the SWFSP (Jacobs 2000). Tables 3-9 through 3-14 present the PRGs
to be used for the groundwater investigation. Groundwater background values will be
included in the Final Site-Specific QAPP tables as they become available.

In addition to the PRGs, laboratory method reporting limits (MRLs) and laboratory
method detection limits (MDLs) are also critical to effective evaluation of site data.
MRLs and MDLs for the contracted laboratories are compared to PRGs in Tables 3-3
through 3-14 of the Site-Specific QAPP.

Data needs for the risk assessment and feasibility study must also be considered as
decision inputs. Sufficient data for a given population of soil must be obtained to
perform a statistically based risk assessment. The number of samples needed for
adequate site characterization to support a feasibility study must be considered.

Existing site data will be used to develop sampling strategies for new environmental
data. Groundwater monitoring wells will be located based on an evaluation of chemical
data from nearby wells and water level contour maps developed as part of the 2001 and
2002 site-wide groundwater study (Shaw 2002) Perimeter trenches will be located
based on interpretation of aerial photography and results from previous sampling at the
site. Use of existing chemical data for surface and subsurface soil for incorporation into
the risk assessment will be based on review of the Data Validation Summary Report and
Laboratory Analytical Data Summary Report, Appendix F and G of the Site Investigation
Report (IT 1997). Evaluation of these data and determination of their usefulness greatly
affects the sampling strategies and locations for additional soil data.

3.2.5 Study Boundaries - Step 4

The 2BG site has some natural spatial boundaries related to the soil investigation,
consisting of the service road immediately east of the site and the drainage ditch
immediately to the north (Figure 3-1). These features form natural study boundaries.
Burn activities would not have taken place in the roadway and contaminants would not
be expected to cross a drainage divide.

The vertical boundary for the delineation of soil contamination will be defined as the
vadose zone, consistent with EPA, DQO Process for Hazardous Waste Sites, adjusted
for seasonal fluctuation.

Additional boundary issues relate to the location and size of the former burn area. The
location of the burn area is based on aerial photography. It is possible that the size of
the burn area varied over time based on operational needs. Because of this uncertainty,
exploratory trenches to be performed as part of this investigation may need to be
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extended at certain locations to fully delineate the boundaries of a soil burn layer.
Likewise, soil boring locations designed for characterization of soil outside of the burn
area may warrant relocation based on observations during trenching.

Temporal boundaries identified for the investigation include seasonal fluctuations in the
shallow groundwater that may directly affect the surface water and groundwater
investigations. Seasonal fluctuations may affect the surface water discharge in the
drainage feature north of the site. Investigation activities will be conducted during the
wet season when shallow groundwater levels are typically high.

Practical constraints on data collection include trenching operations in the wooded area
in the southern portion of the site. Clearing and grubbing of transect lines for
obstructions such as large trees would not be practicable. Trenches will either go
around obstructions or be resumed on the opposite side. Delineation control within 5 to
10 feet is sufficient to support the feasibility study.

3.2.6 Decision Rules - Step 5

Placement of soil borings will be dependant on the boundaries of the burn layer, to be
defined during perimeter trenching. If the boundary of the burn area should be different
than the current estimate then the boring locations will be adjusted appropriately. This
may include utilization of the alternate borings as additional perimeter borings.

The decision to install shallow groundwater monitoring wells is dependant on sufficient
thickness of overburden coupled with sufficient groundwater, which will be determined
by the placement of five temporary peizometers. If there is not sufficient overburden or
shallow groundwater levels are not sufficient, then locations for the shallow monitoring
wells will be evaluated and discussed with USACE - Nashville District.

3.2.7 Decision Errors - Step 6

Decision errors for this investigation primarily relate to the delineation of soil
contamination outside of the burn layer and the level of characterization required within
the interior. The probability of a decision error would be greatly reduced by applying a
relatively tight sampling grid over the entire site; however, such an approach would not
be an efficient use of government funds, nor is it necessary to adequately characterize
the site.

The risk of making a decision error regarding the land outside of the burn area and
potentially missing significant contamination would be more costly than including an
area of clean soil within the burn area for future remedial action. The land within the
burn area is definable, while the areas outside become less so. A limited number of
additional samples within the interior of the burn area can sufficiently reduce the
uncertainty, whereas significantly more samples are needed outside of the burn area
boundary in order reduce uncertainty.

3.2.8 Design Optimization - Step 7

The soil investigation has been subdivided into five populations for sampling design
purposes:
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• Burn layer material

• Surface soil inside of the burn area boundary

• Subsurface soil inside of the bum area boundary

• Surface soil outside of the burn area boundary

• Subsurface soil outside of the burn area boundary

The sampling design optimization will include the following elements:

• Exploratory trenches will be excavated to delineate the boundary of the burn area
and to characterize the nature of contaminants in the burn layer.

• The soil sampling strategy and locations will be based on delineation of the burn
area boundary based on results from the exploratory trenching.

• Lithologic borings and piezometers will be installed after trenching to further define
the conceptual site model before collection of samples for analysis.

• Co-located surface and subsurface soil samples will be collected from borings
installed within the burn area to further characterize the nature of contaminants and
vertical extent.

• Co-located surface and subsurface soil samples will be collected from borings
placed outside of the bum area to delineate the impacted area.

• Surface soil samples will be collected to delineate the impacted area west of the site.

• Monitoring wells will be installed in both the overburden material and bedrock, to
allow for sampling and evaluation of impacts to groundwater.

• Co-located surface water and sediment samples will be collected from the drainage
ditch north of the site.

3.3 APPLICABLE REGULATIONS/STANDARDS

These are addressed in the SWSAP.

3.4 PROJECT SCHEDULE

Each investigation conducted under this SWSAP will involve a similar set of project
milestones and project activities, which will have a project-specific schedule. Project
activities will include the following components:

Draft Work Plans 05 March 2004

Final Work Plans 05 May 2004

Field Investigation 1 June 2004 - 1 4 July 2004

Sample Analysis 15 July 2004 - 14 August 2004

Draft Site Char. Soil, Sediment, and Surface Water 12 October 2004
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Quarterly GW Report - Round 1 12 October 2004

Quarterly Groundwater Monitoring 05 October 2004 - 12 October 2004

Sample Analysis (2nd Qtly GW Sampling) 13 October 2004 - 12 November 2004

Quarterly GW Report - Round 2 10 January 2005

Complete All Tasks 26 February 2005
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4.0 NONMEASUREMENT DATA ACQUISITION

Nonmeasurement data acquisition for this investigation includes the use of existing data
collected from prior investigations at the various AOCs within the PBOW. Analytical
data from soil samples collected at 2BG during the 1996 SI are intended for use in the
risk assessment for the 2BG site. The electronic data and the associated Data
Summary Report has not yet been obtained or reviewed. Thorough review of data will
be completed to determine if the data are of compatible quality to be incorporated with
data from this investigation. If the data are not acceptable, sampling designs will need
to be adjusted accordingly.
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5.0 INVESTIGATION METHODOLOGIES

This chapter describes the methodologies and procedures to be followed for the
Remedial Investigation, Part 1 at 2BG. The investigations activities will include:

• Groundwater monitoring well installation, development, and sampling

• Aquifer testing/hydraulic properties

• Soil borings with associated soil sampling

• Trenching with associated soil sampling

• Surface soil and sediment sampling

• Surface water sampling

• Land surveying

Sampling locations for these activities are presented in Figure 5-1 and Figure 5-2.

5.1 GEOPHYSICAL SURVEYS

Geophysical surveys are not planned as part this investigation.

5.2 SOIL GAS SURVEY

Soil gas surveys are not planned as part of this investigation.

5.3 GROUNDWATER

A groundwater investigation will be conducted at 2BG PBOW to acquire data relative to
groundwater level, groundwater flow, hydraulic conductivity, and impacts related to site
contaminants. This investigation will include the installation of five temporary
piezometers and the installation, development, and collection of groundwater samples
from three overburden wells and three bedrock wells.

5.3.1 Monitoring Well Installation and Development

Five temporary piezometers will be installed at the site (Figure 5-1) following delineation
of the burn area and before the soil investigation commences. These piezometers will
help to define the vertical boundaries of the soil study, as defined by the depth to the
water table. The piezometers will also be used to evaluate the feasibility of installing
permanent shallow monitoring wells. Piezometers will be placed outside of the burn
area to avoid additional migration pathways for site contaminants.

Borings for the piezometers will extend to the top of bedrock using direct push
technology (DPT). During installation, lithologic information will be recorded to further
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define the conceptual site model. Well casing and screens will be constructed of 1-inch
diameter PVC tubing. No annular materials will be used for well completion other than a
bentonite surface plug to minimize infiltration of surface water. Large diameter
bentonite pellets will be used for this purpose. Precautions will be taken to ensure that
surface completion materials do not get introduced down hole and interfere with the well
screen. Screen lengths will be approximately 10 to 15 ft in length extending from total
depth to 10 ft bgs. Each piezometer will have a removable PVC cap. All piezometers
will be removed and abandoned at the end of the investigation, approximately 5 to 6
weeks after installation. Borehole abandonment will be performed as specified in the
SWSAP.

Six monitoring wells will be installed in accordance with the SWSAP, consisting of three
overburden wells and three bedrock wells (Figure 5-1). Groundwater data for the
PBOW were reviewed to evaluate whether existing monitoring wells could be used for
upgradient comparisons. The nearest upgradient shallow wells are located at TNT Area
C approximately 1600 ft south of the site. Groundwater collected from monitoring well
TNTC-MW06 contained explosives compounds exceeding the screening criteria. The
well is located considerably further than is desired, is not directly upgradient, and the
presence of contaminants above screening criteria makes this well unsuitable for up-
gradient purposes. Other nearby shallow wells at TNT Area C are likewise
contaminated and are not directly upgradient of 2BG.

Bedrock wells in the Acid Area #2 and West Red Water Ponds Area represent the
closest upgradient wells. Monitoring wells PB-BED-MW14, AA2-BEDGW-001, and PB-
BED-MW19 are located 2700 to 3500 feet from the site. Groundwater samples from
these wells contain explosive compounds, nitroaromatics, and SVOCs above screening
criteria, which makes them unsuitable for upgradient comparisons.

Based on this evaluation, new monitoring wells will be used for upgradient comparisons.
Co-located overburden and bedrock wells will be installed at each of three locations; one
upgradient, one downgradient, and one in the center of the burn area. Co-located wells
will be placed within 10 to 25 ft of each other. Upgradient and downgradient locations
are based on water level contour maps provided in the 2002 Groundwater Data
Summary and Evaluation Report, which are also shown on Figure 5-1 of this document.

Borings for bedrock wells will be continuously cored to allow for adequate descriptions of
bedrock material, including the identification of water yielding zones. Bedrock wells will
be screened in the Delaware Limestone, with the screen placement covering the best
water- yielding zone nearest the top of the formation. Overburden wells will also be
continuously sampled for lithologic characterization, with screen placement covering the
best water-yielding zone nearest the surface. Screen lengths will be sized to fit a single
discreet water bearing interval and will not exceed 10 feet in length, as specified in the
State of Ohio, Technical Guidance for Well Construction and Groundwater Protection,
Appendix VI, Monitroing Well Design and Installation, 2000.

Well materials will consist of 2-inch ID schedule 40 PVC flush thread casing and screen.
Well screen slot sizes will be 0.010 and filter pack material will be 20/40 sand.
Boreholes for shallow well installation will be a minimum of 4" in diameter larger than the
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casing diameter to allow for 2' of filter pack and annular material on all sides of the
screen and casing. Boreholes for shallow wells will be advanced with 6.25" hollow stem
augers. Boreholes for the bedrock wells will be advanced using a CME 85 rig equipped
with a 94mm rock coring system. Centralizers will be used for wells deeper than 30 feet
and will be spaced at 20 foot intervals. Centralizers will not be placed closer than 10
feet above the screened interval. All well materials will be placed using cased-hole
methods

Well locations may be adjusted within a radius of 100 feet to account for significant
differences in shallow groundwater flow directions. If adjustments are made, well pairs
should not be moved beyond a point that the deep well is no longer upgradient or down
gradient of the site. If piezometer information should indicate that shallow and bedrock
groundwater flow paths are at or near right angles to one another, consideration should
be given to disassociate the two wells. However, the shallow and deep wells in the
center of the site should remain co-located. Decisions to change locations beyond 100
ft. or to disassociate the well pairs will be made by the DQO planning team. If changes
are needed, newly acquired site information will be provided for decision making prior to
beginning well installation activities, which should provide the planning team one week
to make location decisions.

During the installation of bedrock wells, special care will be taken to avoid cross
contamination of the bedrock groundwater. Following installation and pressure grouting
of the surface casing, all borehole fluids will be pumped from the well. Clean potable
water will be placed in the surface casing and measured for several minutes to confirm
that that the surface casing seal at the bedrock interface is sound. All water will again
be pumped from the casing prior to advancement of the rock core.

Well development for all permanent wells will be conducted in accordance with the
SWSAP.

5.3.2 Water Level Monitoring

Water level monitoring will be conducted on all newly installed permanent wells on a
quarterly basis (every three months) prior to sampling activities. Temporary
piezometers will be measured every other day during field activities until stabilization has
occurred.

5.3.3 Groundwater Sampling

Groundwater samples will be collected from newly installed wells in accordance with the
SWSAP. Samples will be analyzed for target compound list (TCL) volatile organic
compounds (VOCs), PAHs, target analyte list (TAL) metals, and nitroaromatics.
Samples will be collected quarterly (every three months) for a minimum of two rounds.
Additional rounds will be evaluated after receiving analytical data from the first two
rounds. The first round of sampling will include both filtered and unfiltered TAL metals.
Filtering will be conducted in the field. Water quality parameters will also be collected as
specified in Table 3-1 of the Site-Specific QAPP. Groundwater samples will be collected
from the upgradient wells first, then the downgradient wells, followed by the wells
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located in the center of the burn area.

5.3.4 Field Hydraulic Conductivity Testing

Slug tests will be performed on all newly installed permanent monitoring wells in
accordance with the SWSAP.

5.4 SURFACE AND SUBSURFACE SOIL SAMPLING

Five exploratory trenches will be excavated before any soil sampling is initiated (Figure
5-2) Trenches will be placed perpendicular to the interpreted boundary and will be
initiated 15 ft. inside of the burn area and proceed outward until reaching the end of the
burn layer. Trenches will be deep enough to characterize the full thickness of the burn
layer and to visually inspect the upper 12 inches of the underlying soil. Trenches will be
spaced 50 to 75 ft apart to allow for adequate boundary delineation. One trench should
be sufficient on the east side of the bum area since the extent of prior burning
operations was limited by the presence of the service road.

Representative samples of the burn material will be collected from each trench and
analyzed for VOCs, PAHs, nitroaromatics, TAL metals, PCBs, and dioxins/furans. In an
effort to minimize the disturbance of the area, pilot holes may be advanced with a shovel
or hand auger to verify the presence of the burn layer, prior to initiating trenching.
Trenching and sample collection will be collected in accordance the SWSAP.

Soil borings will be conducted at the site using DPT methods for the collection of
subsurface soil samples (Figure 5-2). Soil borings will be conducted after trenching
activities and piezometer installation activities have been completed. Boring locations
will be dependant on delineation of the burn area. Locations shown on Figure 5-2 may
be adjusted based on the trenching results.

Borings will extend to the top of the water table and samples will be collected 3 to 5 ft.
bgs and from the interval just above the water table, not to exceed 10 feet bgs. If the
overburden shows significant variability in thickness and lithology based on the five
piezometer borings, select soil borings for soil sampling will extend to the top of bedrock
to further develop the conceptual site model. All soil borings and sample collection will
be conducted in accordance with the SWSAP.

Three borings will be advanced in the interior of the burn area to provide adequate data
for the risk assessment and to evaluate the vertical extent of contamination beneath the
burn layer. All samples will be analyzed for VOCs, PAHs, nitroaromatics, TAL metals
and PCBs. The samples from 3 to 5 ft. will also be analyzed for dioxins/furans.

Seven borings will be advanced outside the perimeter of the burn area, placed 25 ft.
from the boundary. Borings will be spaced approximately 50 to 75 ft apart at the mid
point between trenches to provide additional confidence in the delineation of the burn
area. If burn layer materials are encountered during any of these borings, drilling should
be suspended and offset locations should be placed 25 feet further out from the burn
area. The original boring location will be staked and surveyed for boundary definition.
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Borings on the north and northwest side of the burn area will be placed closer together
to provide additional coverage in the down gradient direction. All samples will be
analyzed for VOCs, PAHs, nitroaromatics, and TAL metals. Samples collected from the
3 to 5 ft. interval will also be analyzed for PCBs.

Two additional soil borings will be reserved as alternates to further characterize soil in
the down gradient direction or to maintain spacing should the burn area be larger than
anticipated. If these borings are installed as shown on Figure 5-2, samples will be
analyzed for VOCs, PAHs, nitroaromatics, and TAL metals. If the two alternate borings
are needed for delineation of the burn area the standard suite of analysis will be
performed, which will include PCBs from the 3-5 ft. interval.

Surface soil samples will be co-located with all soil borings. Samples will be collected
from 0 to 1 feet bgs in accordance with the SWSAP. Samples will be analyzed for
VOCs, PAHs, nitroaromatics, PCBs, and TAL metals. Surface soil samples collected
inside of the burn area will also be analyzed for dioxins/furans. Additional surface soil
samples will be collected west of the burn area to determine the extent of surface
contamination detected at 2BGSO-07 and 2BGSO-08. These samples will be analyzed
for VOCs, PAHs, nitroaromatics, PCBs, and TAL metals.

5.5 SURFACE WATER AND SEDIMENT SAMPLING

Co-located surface water and sediment samples will be collected from the drainage
ditch north of the site (Figure 5-1). Sample locations include an upstream sample and
two downstream samples prior to convergence with any other surface water tributaries.
All sampling locations will be at least 100 to 200 feet apart. Samples will be collected
during baseflow conditions, no sooner than 48 hours following any precipitation events.
All samples will be collected in accordance with the SWSAP.

Surface water samples will be analyzed for VOCs, PAHs, nitroaromatics, PCBs, and
TAL metals. Sampling will occur during baseflow conditions and no sooner than 48
hours following any precipitation events. Sediment samples will be analyzed for VOCs,
PAHs, nitroaromatics, TAL metals, PCBs, and dioxins/furans.

5.6 OTHER MATRICES

No other matrices are planned for this investigation.

5.7 LAND SURVEYING

Land surveying will be conducted for all sampling locations in accordance with the
SWSAP.
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6.0 FIELD OPERATIONS DOCUMENTATION

Field documentation will conducted in accordance with the SWSAP.
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7.0 SAMPLE PRESERVATION, PACKING, AND SHIPPING

Sample preservation will be conducted in accordance with the SWSAP. Refer to Tables
3-1 and 3-2 of the SSQAPP for analysis to be performed, sample containers,
preservative, and holding times for each of the matrix types.
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8.0 INVESTIGATION-DERIVED WASTE MANAGEMENT PLAN

The management, characterization, and disposal of investigation-derived waste (IDW)
will be conducted in accordance with the SWSAP.
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9.0 FIELD ASSESSMENT/INSPECTION PROCEDURES

9.1 QUALITY CONTROL

Quality control procedures will be conducted in accordance with the SWSAP. Daily
calibration will be performed per the manufactures specifications and will be
documented in the log book and on the appropriate calibration forms. If there are
equipment failures, replacement units will be shipped to the site the following morning
by the vendor. JEs vendor will be Scientific Sales Inc, out of Oak Ridge, Tennessee.

9.2 SAMPLING APPARATUS AND FIELD INSTRUMENTATION

The following equipment will used during this investigation:

• Horiba or YSI flow-thru cell

• Horiba or YSI calibration fluid

• PH buffer solution

• Peristaltic pump (surface water sampling - nonVOC)

• Grundfos Redi-Flo2 pump and reel

• Grundfos Redi-Flo2 S1/MP1 Converter with case

• Water level indicator

• Teflon coated disposable tubing

• Stainless steel well slug

• In-situ well datalogger - 1" diameter

• Generator

• Extension cords

• Five gallon buckets with lids

• Core boxes

• Munsel chart

• Encore sampler

• Stainless steel bowls and spoons
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Photoionization detector (PID)/ Flame ionization detector (FID)

Calibration Gas

Canned Air

Deionized Water American Society for Testing Materials (ASTM) Type II

Liquinox

Decon brushes

Plastic sheeting

Wooden stakes

Flagging tape

Tape measure

5 Ib hammer

Coolers

Thermometers

Personal protective equipment (PPE): hard hat, safety glasses, tyvek, nitrile gloves
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10.0 VARIANCES, NONCONFORMANCES, AND CORRECTIVE ACTION

Variance and nonconformance procedures presented in the SWSAP will be followed.
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14 April 2004

SUBJECT: Response to review comments for the Field Sampling Plan portion of the
Site-Specific Sampling and Analysis Plan, Remedial Investigation, Part 1 at Reservoir
Number 2 Burning Ground (2BG), Former Plum Brook Ordnance Works, Sandusky,
Ohio, Prepared by Jacobs Engineering Group, Inc., Dated March 2004

Reviewer - CELRN - Becky Terry

1. Page 1-1, Section 1.0, First Paragraph, Last Sentence. Figure 1-2 has been omitted
from the Figures. Please provide.

Response: The reference to Figure 1-1 and Figure 1-2 is in error. The text should
reference only the 2BG location map, which is included as Figure 1-1.

2. Page 1-1, Section 1.0, Second Paragraph. An amendment to the QAPP has also been
prepared as part of the FSP. Add a statement to this effect

Response: Reference to the Site-Specific QAPP will be included.

3. Page 1-1, Section 1.1, First Paragraph, Last Sentence. Edit "Former" is used three
times in this sentence.

Response: The second use of the word "former" will be deleted.

4. Page 1-2, Section 1.1, Last Paragraph, Last Sentence. Suggest this sentence be
changed. While background values for the four metals identified were not available
hi 1996, they have since been calculated. These values are located in Table 2-7 of the
TNT Area B Risk Assessment (Shaw, August 2000).

Response: The updated inorganic background values have been received and reviewed.
The text will be revised to read as follows: "Inorganic contaminants in surface and
subsurface soil exceeding both the RBCs and the established background values are
limited to lead, aluminum, and thallium". The last sentence will be deleted.

5. Page 1-2, Section 1.2.1,1st Sentence. I am not sure that a burn pit existed at the site.
After reviewing the analytical results from the 1996 SI, it appears the highest levels
of contamination were detected in the upper 0-0.5' horizon of soil. Perhaps we need
to verify whether we have any evidence of a pit being present and change the SAP
accordingly. I almost believe based on further discussing hi this section this area
was backfilled and regarded during the construction of the Softball fields.



Response: The following paragraph in this section discusses the soil descriptions
collected during the trenching and soil boring activities. The four trenches and three soil
borings located within the estimated boundary of the burn pit consistently have a layer of
material described as cinder, ash, and burn debris. There are also historic photographs
which document the burning of waste debris at this area. Three of the soil borings in this
area had subsurface soil contamination exceeding RBCs for nitroaromatics. Outside of
this area RBC exceedances are limited to surface soil. Jacobs proposes no changes to this
section.

6. General Comment Please label the main roads located to the east and south of the
site.

Response: Fox Road will be added to the figure. The access road to 2BG is not named
on any of the base maps. A larger inset map will be used to show Campbell Rd,
Maintenance Rd, and Ransom Rd in relation to the site.

7. Page 2-1, Section 2.1, Second Paragraph, First Sentence. Edit this sentence. The
field activities should be conducted according to the FSP. The SSHP should be used
to determine safety requirements.

Response: The intent of this statement is to reference the SSHP and ensure that all safety
procedures are followed, however the text will be rewritten as follows "All field
activities will be conducted in accordance with this Site-Specific FSP and the
requirements of the SSHP submitted under separate cover."

8. Page 3-1, Section 3-1, Fifth bullet Evaluation of contamination fate and transport
was not included in the SOW.

Response: The bullet should remain, since data to be collected must eventually support
this task. Maintaining fate and transport as one of the objectives will ensure that the
investigation strategy will be sufficient for future evaluation.

9. Page 3-1, Section 3.2, Second Paragraph. Trenches will also be used to delineate the
extent of contamination.

Response: This section is referring to data collected during the 1996 investigation. The
trenching data does not support delineation since they were placed within the interior of
the burn pit.

10. Page 3-1, Section 3.2,2nd Paragraph, 2nd Sentence. I am concerned about the data
needs being tentatively developed without reviewing the historical data. Is this to
say the SI report wasn't reviewed during the development of the sampling strategy?
What about some comparison of the inorganic analytical results with the
background presented in the already cited risk assessment? What about the general
characteristic of nitroaromatic contaminant concentration to decrease with



increasing depth? All of this type of information would be useful in planning the
data collection effort

Response: Jacobs performed a thorough review of the available data and based the
investigation on the existing data set. This sentence needs clarification. It should say
"...without reviewing the raw data and evaluating the data quality for incorporation into
the risk assessment." Jacobs has since received the EDD from Shaw and will make a
determination on the usability of the data for the risk assessment for the Final SAP. If the
data quality is not sufficient for the risk assessment, the sampling strategy may need to be
revised.

11. Page 3-2, Section 3.2.3. and 3.2.6. Expect an IF: THEN type statement.

Response: If:Then statements are generally reserved for Step 5; Decision Rule. Step 2:
Identify the Decision, is a series of statements based on linking the study questions and
the alternative actions. Table 2 of the Data Quality Objectives Process for Hazardous
Waste Site Investigations, EPA QA/G-4HW, page 21, shows examples of decision
statements, which do not contain if:then statements.

The decision rules provided in section 3.2.6 will be rewritten to provide a more clear
if:then statement. Also an additional decision rule will be added to address the alternate
sample locations (see comment 13)

12. Page 3-6, Section 3.2.8. First bullet Insert the installation of the five pizometers.

Response: Piezometer installation is discussed in the third bullet on the previous page.

13. Page 5-4, Section 5.4, Next to Last Paragraph, Last Sentence. Explain and edit

Response: the sentence will be revised as follows: If the two alternate locations are
needed for delineation of the bum pit, the standard suite of analysis will be collected
which includes PCBs from the 3-5 ft. interval as discussed in the preceding paragraph.

14. Page 5-5, Section 5.4, Last Paragraph, Last Two Sentences. Please delete these
sentences.

Response: This discussion will be removed.

15. Page 5-5, Section 5.4, Last Paragraph. Why are no subsurface samples being
collected in the vicinity of 2BGSO-08 and 2BGSO-07?

Response: The 1996 data indicates no subsurface soil contamination outside of the bum
pit boundary. The contamination west of the bum pit was limited to surface soil only.
Also we are limited to 45 soil samples.

16. Page 6.1, Section 6.0. Will daily Quality Control Reports be submitted?



Response: Yes. QCRs are addressed in section 9.0 of the Site-Wide SAP.

17. Page 7-1, Section 7.0. Please provide a table with the sample containers,
preservatives and holding times for each analytical method. Also provide a table
with the all samples collected and that will be analyzed for each method. Provide
the matrix and the QA/QC samples that will be collected for easy reference.

Response: Agreed. The summary Tables 3-1 and 3-2 of the Site-Specific QAPP will be
referenced in this section.

18. Page 9-1, Section 9.2. Provide the documentation and calibration procedures and
for the PID/FID.

Response: This is provided in Jacobs Work Instruction WI-039, Organic Vapor
Measurement, which will be provided in the Final Site-Specific SAP.

19. Page 10-1, Section 10.0. If a nonconformance is noted for a piece of field equipment
during the field work, have arrangements been made for another instrument to be
shipped on site within 24 hours? Who is the vendor that will provide these services?

Response: Yes. If a piece of equipment is not functioning properly it is routine for
Jacobs vendors to overnight a replacement. Jacobs supplier will be Scientific Sales Inc,
out of Oak Ridge, Tennessee



Subject: Response to review comments for the Site-Specific Sampling and Analysis Plan, Remedial
Investigation, Part 1, At Reservoir No. 2 Burning Ground (2BG), Former Plum Brook Ordnance Works,
Sandusky, Ohio, March 2004, prepared by Jacobs Engineering.

Reviewer Name: Groenjes, Cheryl (Chemistry) - HTRW Center of Expertise

Comment # l : General. I worked with CRREL recently on an explosives module for the Field
Analytical Technology Encyclopedia (FATE) website cosponsored by the Corps and EPA; and
have gleaned a few facts from this to share FYI and in support the Site-Specific Definition of
Problem presented in section 1-3 and proposed sampling efforts described in sections 3.2.5,
3.2.6. and 5.4. Heat from the burning process sometimes resulted in melting of the energetic
material, which penetrate below the surface at burning grounds and resolidify - leading to
sometimes pure material in the shallow subsurface. I have attached a picture of subsurface re-
crystallization of explosives found between burning trays at an ordnance works facility. Note:
The orange-colored soil at the bottom of the pit contains percent levels of TNT. Visual
observations should be documented clearly to allow accurate interpretation of sample data,
and if s link back to the CSM for the identification of potential sources within the 2BG.

Response: Jacobs has proposed to excavate to 12" below the burn layer and provide visual descriptions of the
burn layer and soil beneath the burn layer. Prior trenching performed at the site in 1996 did not identify any pure
explosive product, however the reviewers comment is noted and appreciated. Jacobs will carefully observe the
soil beneath the burn layer.

Comment # 2: p. FSP 3-5, 3.2.7. Suggest the adoption of field analytics (for nitroaromatics) in
an adaptive sampling / analytical strategy to reduce decision error for this site. These
techniques can provide general information on a larger number of samples. The greater
sample density affords more effective information sit&wide for the identification of potential
contaminant hot spots outside of the burning pit boundary (currently stated as a decision error
that cannot be mitigated due to budget constraints). An integrated analytical strategy provides
more information site-wide, and allows the focusing of samples for offsite analyses to
locations appropriate for its intended use - i.e., where samples should be taken to support the
risk assessment This approach will be more cost effective for the samples sent for more
costly analysis are more meaningful in light of the measurements obtained in the field.
Although the field measurements are not typically used within the risk assessment, the
information is critical in developing an accurate CSM, and interpreting the fewer (more costly
analytical) data. Several techniques, i.e., colorimetrio-based, would be able to provide the
information needed to focus contingency analyses by the definitive methods.

Response: This approach was not included in the SOW. Such an approach would result in fewer fixed
laboratory samples and an increased percentage of drilling costs if used for subsurface delineation.
This approach may be appropriate for surface soil hot spots during a subsequent phase of
investigation if the risk assessment suggests further action is warranted. Jacobs experience with field
test kits for delineation purposes have not been positive, frequently yielding false positives and thus
incurring unnecessary stepouts.

Comment # 3: p. FSP 5-3,1st paragraph. Suggest the use of a project website to communicate
issues amongst team members.

Response: A project website does exist, however not all information is available due to security issues.

Page 1 of 5
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Comment # 4: QAPP pgs. 3-1 - 3-3,3.1.1 The analytical protocols designated for surface and
subsurface soils is incomplete and in error for the following. It should be noted that different
prep methods perform differently. In order to maintain continuity in data obtained to support
site characterization, suggest ensuring the protocols noted are complete and documented
within the record. Suggest checking with your laboratories to ensure what they will be using to
ensure consistency in data obtained between the primary and QA labs also. Update protocols
given within each area as follows:

a. Method 3540C is the currently promulgated method for soxhlet

b. Method 8082 (PCBs) requires the designation of a preparation method.

c. Method 601OC and 7000 series methods for metals requires the designation of a preparation
method (typically 3050 or 3051)

Response: Agree. The corrections and additions will be made as requested.

Comment # 5: p. QAPP 3-3, 3.1.2. Due to the discussion covering both SW and sediments,
analytical protocols should designate preparatory procedures for both water and soil matrix-
types. For instance, VOCs by 8260B in water should require the use of 5030B as an
appropriate preparation method. Method 8310 for PAHs in water could use 3510C or 3520C.
Regardless, the sample should be analyzed at the pH received. PCBs and metals needs both
water and soil prep methods identified. Refer to SW-846 Chapter 2 for further details.

Response: Agree. The appropriate prep methods will be designated for each matrix and analysis.

Comment # 6: p. QAPP 3-4,3.1.3.

a. The sample handling proposed for the dissolved metals samples is not
recommended, and has been shown to induce a low bias in the dissolved metals data.
Suggest filtration be done in the field as soon as possible to ensure the validity of the data and
avoid rejection of, or suspicion of low bias in the data by the regulatory authority.

b. The preparatory methods included here for VOCs and PAHs do not apply to GW - but are
designed for soils. Replace or include appropriate preparatory methods for VOCs, PAHs, and
metals.

Response: a) Agree. The text will be amended to indicate that the samples will be filtered in the field,

b) Agree. The prep methods will be amended to reflect the appropriate matrix.

Comment # 7: p. QAPP 3-5, 3.1.4. After the TCLP procedure (1311) is complete, the leachate
undergoes a preparation method prior to IDW analyses much like a water sample does.
Suggest including the appropriate preparatory method within the analytical protocols.

Response: Agree. The preparatory methods will be added to the text.
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Comment # 8: p. QAPP 3-5,3.2.1. Suggest a review of the SI data be done to identify an initial
group of Chemicals Of Potential Concern (COPCs), and then evaluate whether sensitivity for
those COPCs is sufficient for the intended comparison to screening values (RBCs). Those
COPCs that do not meet sensitivity requirements should be dearly identified and decisions
made whether method modifications are possible, needed and then pursued. There are
several ways to increase a method' sensitivity. For instance, a larger volume of sample can be
processed (i.e., VOCs can undergo a 25 mL purge vs. the 5 mL used, use larger soils sub-
samples), the extract can be reduced down further, or an alternative procedure can be chosen
that is more amenable to these techniques, etc. However, these types of measures must be
coordinated with the lab and focused to improve the usability of critical data points and COPCs
only. Suggest these planning issues be fully resolved prior to finalization of this SS-SAP to
ensure data generated meets its intended purposes as much as possible prior to the shipment
of samples to the lab.

Response: The current scope of work defines the required analytical methods for the investigation, which is the
target analyte and target compound list as defined in the QAPP. SW-846 analytical methods have been selected
to achieve the lowest sensitivity for the analytes and compounds. The draft SSQAPP does identify the
compounds where the standard analytical methods will not achieve the Region III screening levels for the
standard method lists of target compounds. The current QAPP approach is to handle the uncertainty between the
Region III screening criteria and laboratory reporting levels as part of the risk assessment (for the compounds with
higher reporting levels than the screening criteria).

Comment # 9: p. QAPP table 3-1. Some of the prep methods are incorrect - i.e., designate a
method designed for soils to the water. Edit for consistency with the changes proposes with
sections 3.1.1 to 3.1.4.

Response: Agree. The table will be edited to add prep methods and verified for consistency with Sections 3.1.1
to 3.1.4.

Comment # 10: p. QAPP table 3-2 Suggest the use of the 25g Encore sampler as the container
for the TCLP VOC sample. The con-osivity (pH) method for liquid IDW should be changed to
9040B if the waste is anticipated to be aqueous in nature. Method 9045C should be retained if
it is a waste (organic-based) media.

Response: Agree. The changes will be made as requested.

Comment #11: p. QAPP tables 3-9 through 3-14.

a. Suggest updating the units for the correct matrix and ensure the RBC values represent the
correct media for a comparison to GW and SW.

b. Refer to comment 8 as it pertains to the additional planning necessary to compare
those highlighted compounds (showing inadequate sensitivity) with the initial list of COPCs
based on the existing SI data review. Suggest method modification needs be evaluated and
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discussed with appropriate laboratory POCs to optimize data generated as useful for its
intended purpose.

Response: a) The erroneous units will be corrected.

b) Jacobs acknowledges the comment, (see response to comment #8). The uncertainty for the
compounds that have sensitivity levels greater than the Region IX PRGs will be handled in the risk
assessment.

Comment # 12: p. QAPP table 3-15.

A. The acceptance criteria noted here are oversimplified for the sake of brevity. However, the
following does not represent what is presented within the EPA SW-846 methods or the Shell
for Analytical Chemistry Requirements (Appendix I) of EM 200-1-3. Method 8260B ICAL is not
compliant with 8260B 7.3.6.2 and Shell I.9.2.2. CCC only evaluation is not correct - must be all
target analytes for ICAL The use of the mean %RSD or mean %D requires additional
documentation and constraints as noted in the last paragraphs of I.9.2.2. Suggest the adoption
of footnotes or other means to ensure compliance.

b. Method 8330 must be modified slightly to detect and quantitate for PETN. The same extract
is used, however, the UV wavelength for PETN detection is at 210nm, and the remainder of the
nitroaromatics are monitored at 254nm as established within the method. These are not typical
method options addressed within the method. Therefore these details must be addressed
within the appropriate QAPP documents.

Response: a) The table will be expanded to fully list the requirements of the methods and the Shell
document.

b) PETN is not currently a target analyte for this site. If the scope changes to include the
need for analysis of PETN, the modifications will be added to the site specific QAPP.

Reviewer Name: Crain, Mike (Geology) - HTRW Center of Expertise

Comment # 1: Field Sampling Plan, 5.3.1, pg 5-2,1st par - Some consideration should be given
to making a couple of the piezometers permanent to permit future monitoring of shallow
groundwater flow directions. The arrangement of the permanent monitoring wells parallel to
the direction of groundwater flow makes sense from the standpoint of monitoring contaminant
concentrations. Unfortunately, this arrangement will not allow the direction of groundwater
flow to be measured. The flow direction that is measured initially in the temporary piezometers
may change with seasonal fluctuations in groundwater levels. If the piezometers to the west
and northeast were made permanent, that would provide an adequate network of measurement
points to monitor changes in groundwater flow.

Response: The temporary piezometers are to be used solely for collecting preliminary water level information to
determine the feasibility of installing permanent overburden wells. Any additional use of the piezometers will
discussed with the OEPA.
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Reviewer Name: Charles G. Coyle (Env Engineer) - HTRW Center of Expertise

Comment # 1: p. 3-3, 3.2.4 It is noted that the text indicates that naturally occurring oil is
present in the Delaware Limestone. This could represent a potential sink for partitioning and
immobilization of organic contaminants in groundwater.

Response: The comment is acknowleged. This information will be retained for site evaluations during
the investigation reporting.

Comment # 2: p. 5-3,5.4 This section indicates that soil boring samples will be collected from
the surface and vadose zone locations. However some soil boring samples should also be
collected from locations in the saturated zone, as explained below. This section or the section
on installation of monitoring well installation (5.3.1) should be revised to require that some soil
boring samples be collected. Data on TOC levels (in groundwater, soil from the aquifer matrix,
and also from sediments), will be important from a natural attenuation perspective (especially
with regard to adsorption and irreversible binding of nitroaromatics, see Haderiein, S.B.,
Schwarzenbach, R.P; Environmental Processes Influencing the Rate of Abiotic Reduction of
Nitroaromatic Compounds in the Subsurface. In: «Biodegradation of Nitroaromatic
Compounds», J.C. Spain (Ed.). Plenum Press, New York 1995, pp.199-225. [1993). Recommend
revising to to require that some soil boring samples be collected from vadose zone locations
that have been impacted by nitroaromatics.

Response: The comment is acknowledged. The SOW and budget is based on a maximum of 45 soil
samples, which have been judicially selected to provide the greatest amount of site characterization.
These additional samples could be evaluated for later investigations following the performance of the
site risk assessment.
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RE: NASA Plum Brook Station
Erie County

April 29, 2004

United States Army Corps of Engineers
Nashville District
Attn: CELRN-EP-R-M ( Ms. Linda Ingram)
Estes Kefauver Federal Building
801 Broadway
Nashville, Tennessee 37202-1070

Dear Ms. Ingram:

Please find below the response to comments for the commentary of the Ohio Environmental
Protection Agency (Ohio EPA) with respect to the Site-Specific Sampling and Analysis Plan (SAP),
Remedial Investigation, Part 1 at Reservoir No.2. Burning Ground, Former Plum Brook Ordnance
Works as well as the corresponding Site-Specific Quality Assurance Project Plan (QAPP).

1. General Comment
The SAP references the use of site-specific background samples; however, it does not
distinguish whether said background data is specific to the No. 2 Burning Grounds or
indicative of the data obtained from the Site-Wide Background study. Please note that the
collection and use of site-specific background information should be discussed hi this SAP.
Site-specific background can be used in addition to the United States Environmental
Protection Agency (USEPA), Region IX Preliminary Remediation Goals (PRGs) when
screening site data for naturally occurring inorganic compounds. If Site-Wide Background
Data is available, please provide a table that summarizes the values used to represent
background.

Response: No site-specific background characterization was intended. This investigation will utilize
the previously established values from the Site-Wide Background Study. Further clarification will
be included in the text.

2. SAP Section 3.2.2
The text discussing the extent of soil contamination should be revised to indicate that "extent"
will be defined when contamination levels are below risk based concentrations or background,
whichever value is lower.

Response: Delineation of site contaminants will follow the approach used at the TNT Areas A 3 ,
and C. At the conclusion of this investigation, additional sampling will be determined and
negotiated based on the initial findings. The objective of this initial investigation is not to fully and
accurately define the extent of contamination exceeding RBCs. The third bullet in Section 3.2.3 will
be revised to read "Further define the lateral and vertical extent of soil contamination".



3. SAP Section 3.2.2
This section should be revised to state that soil contamination exceeding USEPA Region IX
'TRGs" not "RBCs" is present at the No. 2 Burning Grounds.

Response: The 1996 Site Investigation Report for the site used risk-based screening criteria based
on EPA Region in tables, 1996. This statement is simply defining the results of the prior
investigation and should not be changed.

4. SAP Section 3.2.4
The Site-Specific SAP states that ground water analytical data will be evaluated against
background values and USEPA Region III Tap Water or residential risk-based concentrations
(RBCs). Background ground water values will be provided in a final version of the Site
Specific SAP when they become available. Ohio EPA is not amenable to the above approach of
standards comparison. Ohio EPA recommends the use of USEPA Region IX PRGs as the
primary source of risk based screening values. The Site-Wide SAP, which details general
investigatory methodologies and/or protocols, states that ground water analytical data will also
be compared to USEPA drinking water maximum contaminant levels (MCLs). In general,
MCLs are "Applicable or Relevant and Appropriate Requirements" (ARARs) and, as such,
are not considered appropriate as risk based values for the screening of constituents of
concerns in ground water. Therefore, if background values are not available for comparative
purposes upon initiation of Part I of the remedial investigation (RI) at Reservoir No.2. Burning
Ground, USEPA Region IX PRGs should be used.

Response: Screening criteria for groundwater will be revised to reflect the use of Region IX PRGs.
Site-Wide background values for groundwater should be established and ready for comparison
purposes during preparation of the investigation report.

5. SAP Section 5.3.1
The remedial investigation proposes the installation of five temporary overburden piezometers
around the periphery of the Reservoir No.2. Burning Ground, hi part, to determine shallow
ground water flow . The SAP states that the piezometers shall be constructed such that no
annular materials will be utilized and a bentonite surface plug will be installed to reduce
surface water infiltration. This section should be revised to specify whether the annular space
will consist of in-situ (natural formation) material or some other material. Please note that
precautions should be undertaken to ensure that the bentonite pellets will not reach the
screened interval of the well.

Response: This section will be revised to clarify that no annular material will be introduced other
than bentonite pellets for the surface seal. Additional procedures will be included to ensure that the
bentonite pellets are contained at the upper 18" of the annulus and do not impact the well screen.

6. With respect to the installation of three nests of overburden and bedrock monitoring wells,



this section should be revised to note the material and dimensions of the shallow and deep
monitoring wells (i.e., 2-inch, PVC, 4-inch stainless steel, etc.).

Response: The section will be revised to include the requested information.

7. The section should be revised to reference the Site-Wide SAP for the development and
sampling of the proposed piezometers and monitoring wells at Reservoir No.2. Burning
Ground.

Response: The last sentence in Section 5.3.1 references the development procedures established in
the SWS AP for permanent monitoring wells . The temporary piezometers are to be used solely for
collecting preliminary water level information to determine the feasibility of installing permanent
overburden wells. Any additional use of the piezometers will discussed with the OEPA.

8. As general reminder, the contracted laboratory must be able to achieve practical
quantification limits (PQLs) or method detection limits (MDLs) which provide the lowest limit
of detection for the corresponding analytical method as specified in USEPA SW-846 Methods
and that can be reliably achieved within specified limits of precision and accuracy during
routine laboratory operating conditions. The PQLs or MDLs must be lower than the
corresponding maximum contaminant levels (MCLs).

Response: The laboratory MDLs are required to be determined per 40 CFR, Part 136, Appendix B or
an equivalent statistical approach. The laboratory MRLs are required to be set at the laboratory MQL
(or PQL) for this project to achieve as many of the project's risk based criteria as possible. In
addition the analytical subcontractors are also reporting detected concentrations of target analytes
down to their MDL values qualified as estimated "J".

9. SAP Section 5.3.2
The text indicates that water level monitoring will be conducted on all permanent wells on a
quarterly basis prior to sampling activities. Ohio EPA is unclear as to what 'quarterly' means
as well as which permanent wells will be measured. Typically, Ohio EPA interprets 'on a
quarterly basis' as four events per year. Clarification should be provided as to whether only
the newly installed permanent wells will be checked or all overburden and bedrock monitoring
wells will be checked.

Response: Clarification will be provided to indicate that only the newly installed permanent wells at
the 2BG site will be monitored. Clarification will be given as to the use of "quarterly", which refers
to every three months or four times per year.

10. SAP Section 53.3
Clarification should be provided regarding the following sampling strategy: "samples will be
collected quarterly for a minimum of two rounds". As previously noted, Ohio EPA typically
associates "quarterly" with four discrete events. This section of the SAP as well as the Site-
Specific Quality Assurance Project Plan should be revised incorporating the appropriate
clarification.



Response: Funds are available for the collection of two rounds of data. Additional rounds will be
funded at a later date and the number of rounds needed will be discussed with OEPA.

11. SAP Section 5.3.4
The SAP states that slug testing will be performed on all permanent monitoring wells. This
section should be revised to state that all newly installed shallow and bedrock monitoring wells
at the Reservoir No.2. Burning Ground will be slug tested to eliminate any ambiguity.

Response: The text will be revised to specify that the permanent wells include three shallow
overburden and three bedrock monitoring wells. Slug testing will not be performed on temporary
piezometers.

12. SAP Section 5.4
Sampling depths for surface soil should be consistent with the exposure intervals that will
be defined and evaluated in the Risk Assessment Surface soil is typically defined as the
interval between 0 and 1 foot or 0 and 2 feet Please note that "defining" the surface soil
interval hi this manner is consistent with the approach used in previous risk assessments
associated with the former Plum Brook Ordinance Works. Under the residential exposure
scenario, the subsurface soils interval may extend to a depth of 13 feet This section should
be revised to ensure that sampling intervals are consistent with previous investigations and
clearly identify what depth interval is considered surface soil as opposed to subsurface soil.

Response: The text will be revised to expand the surface soil interval to include 0 to 12 inches
bgs. Jacobs will remove the text regarding ten feet being the lower limit for exposure scenarios.
The deep sampling interval will remain as stated, either the two foot interval above the water
table or the 8 to 10 foot interval. This approach will be consistent with prior investigations at
the site.

13. Since polychlorinated byphenols (PCBs) are considered a potential contaminant of
concern, dioxins/furans should also be incorporated into the list of analytes for the laboratory
to evaluate.

Response: Dioxins/furans are called out in the text and are associated with all trench samples, all
surface soil samples inside the bum pit boundary, and the subsurface samples from 3 to 5 feet
within the burn pit boundary. Funds are available for collecting 15 samples for dioxin/furan
analysis. Additional sampling as needed will be evaluated at the conclusion of this investigation.

14. QAPP Section 3.1.3
The Site-Specific QAPP states that dissolved metals samples will only be collected during the
initial round of ground water sampling at the six new monitoring wells at Reservoir No.2.
Burning Ground. These samples will be shipped to the laboratory unpreserved and unfiltered
where the laboratory will perform these activities. It is the position of Ohio EPA that ground
water samples collected for dissolved metals analyses should be preserved and filtered hi the
field. Ground water may undergo immediate changes upon extraction from the monitoring



well. By requesting filtering from the laboratory, the sample has potentially several hours of
residence time where the chemistry of the sample can vary thus rendering it unrepresentative
of actual aquifer conditions. Dissolved metals ground water samples should be field filtered
with a 0.45 micron inline filter.

Response: Agreed. Jacobs will amend this section of the QAPP to include field filtration of the
dissolved metals samples.

15. Clarification should be provided regarding the following sampling strategy: "samples will
be collected quarterly for a minimum of two rounds". As previously noted, Ohio EPA
typically associates "quarterly" with four discrete events. This section of the SAP as well as
the Site-Specific Quality Assurance Project Plan should be revised incorporating the
appropriate clarification.

Response: Currently only two quarterly groundwater sampling events are scoped at a duration of
three months apart. Additional rounds will be funded at a later date and the number of rounds
needed will be discussed with OEPA.

16. The Site-Specific SAP should provide for the generation of separate piezometer, shallow
(overburden), and bedrock potentiometric surface maps. Ground water surface elevations
collected from piezometers and shallow (overburden) monitoring wells should not be combined
into one map due to their differences in construction, installation, and development

Response: The temporary piezometers are to be used solely for collecting preliminary water level
information to determine the feasibility of installing permanent overburden wells. Any additional
use of the piezometers will discussed with the OEPA.
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1.0 PROJECT LABORATORY ORGANIZATION AND RESPONSIBILITIES

This Site-Specific Quality Assurance Project Plan (SSQAPP) combined with the Site-
Specific Field Sampling Plan (SSFSP) form the Remedial Investigation, Part 1 Reservoir
Number 2 Burning Ground Sampling and Analysis Plan (SAP). This SSQAPP is an
addendum to the Site Wide QAPP (Jacobs 2004) prepared as part of the Former Plum
Brook Ordnance Works Site Wide Sampling and Analysis Plan (SWSAP), and provides the
overall requirements for sample collection and analyses to ensure that the data collected is
complete and of suitable quality for the decision-making purposes associated with the
Remedial Investigation, Part 1, Reservoir Number 2 Burning Ground at the Former Plum
Brook Ordnance Works in Sandusky, Ohio. The work is being performed by Jacobs for the
United States Army Corps of Engineers, Nashville District (USACE). Jacobs has prepared
this QAPP under Contract No. DACW62-03-D-0004, Task Order Number 0002.

The U. S. Army Corps of Engineers (USACE) EM-200-1 -3, Requirements for the Preparation
of Sampling and Analysis Plans (Feb. 2001), provided the format and standard text used in
the preparation of this QAPP. The United States Environmental Protection Agency (EPA),
Instructions on the Preparation of a Superfund Division Quality Assurance Project Plan EPA,
2000, which is based on EPA Requirements for Quality Assurance Project Plans, Interim
Final EPA QA/R-5, 1999, was reviewed and applicable requirements addressed in this
document.

General Engineering Laboratories (GEL) will provide analytical support as the primary
laboratory. They will perform all primary analyses with the exception of the dioxin and furan,
PCB and PAH analyses at their Charleston, South Carolina facility. GEL will subcontract the
primary dioxin and furan analyses to Paradigm Analytical Laboratories, Inc. in Wilmington,
North Carolina. GEL will subcontract the primary PAH and PCB analyses to Ecology and
Environment, Inc. in Lancaster, NY.

GPL Laboratories, Inc. (GPL) will provide analytical support as the Quality Assurance (QA)
laboratory. They will perform all QA analyses with the exception of the dioxin and furan
analysis at their Gaithersburg, Maryland facility. GPL will subcontract the QA dioxin and
furan analyses to PACE Analytical Services in Minneapolis, Minnesota.

GEL, Paradigm, GPL, and PACE have been evaluated by the USACE HTRW-CXand hold
current letters of validation from HTRW-CX to perform sample analyses in support of the
USACE HTRW-CX Program. The laboratories will be required to maintain this validation for
all applicable methods throughout the life of the project. This validation confirms their ability
to produce reliable and defensible data. Approval of this plan constitutes USACE approval
of the selected laboratories to provide the required project-specific analyses. The laboratory
USACE validation letters are contained in Appendix A.

The laboratory contacts are as follows:

Jake Crook, Project Manager (PM)
General Engineering Laboratories
2040 Savage Road
Charleston, SC 29414
Phone: 843-556-8171 Fax: 843- 766-1178
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Matt Burns
Paradigm Analytical Laboratories, Inc.
2627 Northchase Parkway S.E.
Wilmington, NC 28405
Phone:919-552-0044
Fax:910-350-1557

Alan Laffin
Ecology and Environment, Inc.
Analytical Services Center
4493 Walden Avenue
Lancaster, NY 14086
Phone:716-685-8080
Fax:716-685-0852

Deborah Griffiths
GPL Laboratories
721OA Corporate Court
Frederick, MD 21703
Phone:301-694-5310
Fax: 301-620-0371

Scott Unze, PM
PACE Analytical Services
1700 Elm Street
Suite 200
Minneapolis, MN 55414
Phone:612-607-6383

1.1 ANALYTICAL LABORATORY PROJECT MANAGER

The GEL and GPL Project Mangers, Jake Crook and Debbie Griffith are designated to act
as single points of contact at the primary and QA laboratories respectively, and coordinate
project details with the Jacobs' Project Chemist and Program Manager. The GEL and GPL
Project Managers are also responsible for coordinating with their subcontract analytical
laboratories such that it appears seamless to Jacobs that analyses are subcontracted.
Section 1.1 of the Site Wide QAPP (Jacobs 2004) provides greater detail on the analytical
Project Managers' responsibilities.

1.2 ANALYTICAL LABORATORY QUALITY ASSURANCE/QUALITY CONTROL
(QA/QC) DIRECTOR

Robert Pullano and Elsa Tai are the QA/QC Directors at GEL and GPL, respectively, and are
identified as such on the laboratory organizational charts in Appendix B of this QAPP.
Section 1.2 of the Site Wide QAPP provides greater detail on the analytical QA/QC
Directors' responsibilities.
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1.3 ANALYTICAL LABORATORY TECHNICAL MANAGERS

Pat Steele and Yamane Yohannes are the analytical subcontractor Technical Managers,
(the organics and inorganics Group Supervisors) for GEL and GPL Laboratories,
respectively. They are identified as such on the laboratory organizational charts in Appendix
B of this QAPP. Section 1.3 of the Site Wide QAPP provides greater detail on the analytical
laboratory Technical Managers' responsibilities.
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2.0 DATA ASSESSMENT ORGANIZATION AND RESPONSIBILITIES

Refer to Section 2.0 of the Site Wide QAPP.

2.1 PRIMARY SAMPLE DATA ASSESSMENT

Section 2.1 of the Site Wide QAPP presents the three-step data review process. Third-party
data validation is not required for this investigation.

2.2 QA SAMPLE DATA ASSESSMENT

The QA sample data will be evaluated and compared to the associated primary sample
results by Stratum Engineering, Inc. Stratum Engineering will be under subcontract to
Jacobs, but will perform the evaluation of the QA data, comparison to the primary data, and
write the Chemical Quality Assurance Report (CQAR) independent of Jacobs. GPL and
PACE, the QA analytical subcontractors, will report the QA sample results directly to Stratum
Engineering. GPL and PACE will be responsible for the same internal data review
procedures as the primary laboratories, as detailed in Section 8.1 of the Site Wide QAPP, for
100% of the QA data prior to submittal to Stratum Engineering. Jacobs will be responsible
for providing the primary data to Stratum Engineering for comparison to the QA data. The
results of the QA data review and evaluation against the primary results will be documented
in the Chemical Quality Assurance Report (CQAR) prepared by Stratum Engineering. The
data assessment and CQAR will be prepared per the requirements of USACE-HTRX-CX,
EM-200-1-6 Chemical Quality Assurance for HTRX Projects, October 1997.

The QA assessment firm contact is:

Filippe B. Cade, P.E.

Stratum Engineering, Inc.
3751 Pennridge Drive
Suite 119
Bridgeton, MO 63044
Phone:(314)739-1987
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3.0 DATA QUALITY OBJECTIVES

Section 3.0 of the SSFSP (Jacobs 2004) provides the investigation objectives and data
needs for the Remedial Investigation at 2BG.

3.1 DATA USE BACKGROUND

The specific data needs for 2BG have been developed based on the existing Site
Investigation (SI) performed by Shaw Environmental, Inc. (formerly IT Corporation) in 1996.
The following sections describe the types of samples planned for this remedial investigation
and the types of analyses and data required to support the project data needs.

3.1.1 Soil Remedial Investigations

Soil samples will be collected to define the nature and extent of contamination at 2BG. Forty-
five total soil samples will be collected from surface, subsurface, and trenching locations.
The soil samples are considered critical samples and will require methods capable of
producing definitive data and a full data package as specified in Section 7.2 of the Site Wide
QAPP (Jacobs 2004). The soil samples will be analyzed using USEPA SW-846
methodology and the USEPA Contract Laboratory Program (CLP) Target Analyte List/Target
Compound List (TAL/TCL). Table 3-1 of this QAPP provides the number of field samples,
QA samples, and QC samples associated with this effort. Table 3-2 of this QAPP provides
the method holding times, containers, and preservation for the applicable methods. The
required chemical parameters for the soil samples for each method are listed in Tables 3-3
through 3-14 of this QAPP. Dioxin and furan samples will also be collected from locations
where native burn material is encountered, which is expected to be present at eleven
locations. The soil remedial investigation samples will be analyzed using the following
analytical methods:

Trenching Subsurface Soils: five samples

• TCL Volatile Organic Compounds (VOCs) (SW-846 5035/8260B)

• Polynuclear Aromatic Hydrocarbons (PAHs) (SW-846 3540C/8310)

• Polychlrinated Biphenyls (PCBs) (SW-846 3540C/8082)

• Nitroaromatics (SW-846 8330)

• Dioxins and furans (SW-846 8290)

• TAL Metals (SW-846 3050B/601OC/7471A series)

Subsurface Soils Interior Burn Pit Area: Six samples collected from 2 depths at 3 locations
from the interior burn pit area

• TCL VOCs (SW-846 5035/8260B)
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• PAHs (SW-846 3540C/8310)

• PCBs (SW-846 3540C/8082)

• Nitroaromatics (SW-846 8330)

. TAL Metals (SW-846 3050B/601OC/7471A series)

• Dioxins and furans (SW-846 8290) (only 3 samples collected from 3-5 ft. interval for
dioxin/furans)

Subsurface Soils Perimeter Area: 14 samples collected from 2 depths at 7 locations from the
perimeter of the burn pit area

• TCL VOCs (SW-846 5035/8260B)

• PAHs (SW-846 3540C/8310)

• Nitroaromatics (SW-846 8330)

• TAL Metals (SW-846 3050B/601 OC/7471 A series)

• PCBs (SW-846 3540C/8082) (only 7 samples collected from 3-5 ft. interval at 7 locations
for PCB analysis)

Subsurface Soils Down Gradient Area: 4 samples collected from 2 depths at 2 locations
down gradient from the burn pit area

• TCL VOCs (SW-846 5035/8260B)

• PAHs (SW-846 3540C/8310)

• Nitroaromatics (SW-846 8330)

• TAL Metals (SW-846 3050B/601 OC/7471 A series)

Surface Soils: 12 locations co-located with the subsurface borings in the interior burn pit,
perimeter, and down gradient areas

• TCL VOCs (SW-846 5035/8260B)

• PAHs (SW-846 3540C/8310)

• Nitroaromatics (SW-846 8330)

• PCBs (SW-846 3540C/8082)

• TAL Metals (SW-846 3050B/601 OC/7471 A series)
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• Dioxins and furans (SW-846 8290) (only 3 samples co-located with the interior burn pit
area borings for dioxin/furan analysis)

Surface Soils: 4 locations collected from a perimeter hot spot area

• TCL VOCs (SW-846 5035/8260B)

• PAHs (SW-846 3540C/8310)

• Nitroaromatics (SW-846 8330)

• PCBs (SW-846 3540C/8082)

• TAL Metals (SW-846 3050B/601OC/7471A series)

3.1.2 Surface Water And Sediment Sampling

Three co-located surface water and sediment samples will be collected from the drainage
ditch north of the site to determine whether the operations at the bum area have impacted
the drainage ditch. The surface water and sediment samples are considered critical samples
and require methods capable of producing definitive data and a full data package as
specified in Section 7.2 of the Site Wide QAPP. The surface water and sediment samples
will be analyzed using USEPA SW-846 methodology and the USEPA CLP Target Analyte
List/Target Compound List (TAL/TCL). Table 3-1 of this QAPP provides the number of field
samples, QA samples, and QC samples associated with this effort. Table 3-2 provides the
method holding times, containers, and preservation for the applicable methods. The required
chemical parameters for the surface water and sediment samples for each method are
provided in Tables 3-3 through 3-14 of this QAPP. Dioxin and furan samples will be collected
from the sediment locations only. The surface water and sediment remedial investigation
samples will be analyzed by the following methods:

• TCL VOCs (SW-846 8260B with 5035 for sediments, and 5030 for surface waters)

• PAHs (SW-846 8310 with 3540C for sediments and 3520C for surface waters)

• PCBs (SW-846 8082 with 3540C for sediments and 3520C for surface waters)

• Nitroaromatics (SW-846 8330)

• Dioxins and furans (SW-846 8290) (sediments only, surface waters not analyzed for
dioxin/furans)

• TAL Metals (SW-846 3050B/601 OC/7471 A for sediments, and SW-846
3005A/6020/7470A for surface waters)

3.1.3 Groundwater Monitoring Weil Sampling

Six groundwater monitoring wells will be sampled quarterly for at least two rounds to
determine any impact of the burning ground on groundwater. The purpose of the
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groundwater monitoring samples is to define the nature and extent of groundwater
contamination associated with the burning ground, and to collect data of appropriate quality
to support a risk assessment and feasibility study. The groundwater monitoring samples are
considered critical samples and require methods capable of producing definitive data and a
full data package as specified in Section 7.2 of the Site Wide QAPP. The samples will be
analyzed using USEPA SW-846 methodology and the USEPA CLP Target Analyte
List/Target Compound List (TAL/TCL). Table 3-1 of this QAPP provides the number of field
samples, QA samples, and QC samples associated with this effort. Table 3-2 of this QAPP
provides the method holding times, containers, and preservation for the applicable methods.
The required chemical parameters for the groundwater monitoring samples for each method
are provided in Tables 3-3 through 3-14 of this QAPP. Samples for dissolved metals will be
collected for the initial round of groundwater monitoring samples only. The samples for
dissolved metals will be filtered in the field using a 45-micron in-line filter prior to sample
collection. The groundwater monitoring samples will be analyzed by the following methods:

• TCL VOCs (SW-846 5030/8260B)

• PAHs (SW-846 3520C/8310)

• Nitroaromatics (SW-846 8330)

• TAL Metals (SW-846 3005A/6020/7470A series) (total and dissolved for initial round of
groundwater samples)

• Water Quality Parameters (see Table 3-1 of this QAPP)

3.1.4 Investigation Derived Waste Sampling

Investigative derived waste (IDW) samples will be collected from 55-gallon drums of waste
containerized by waste type and stored at the site. A total of seven IDW samples are
expected to be collected. The samples will be analyzed (or subcontracted) by the
transportation and disposal (T&D) subcontractor, Integrated Solutions and Services, Inc.
The IDW sample analyses will meet all applicable Resource Conservation and Recovery Act
(RCRA) requirements and the requirements of the party accepting the material for final
disposition. The IDW samples are considered noncritical samples. Integrated Solutions and
Services will analyze the samples using SW-846 Toxicity Characteristic Leaching Procedure
(TCLP) methods. The standard RCRA TCLP contaminant list, and the standard RCRA
TCLP maximum concentration of contaminants will serve as the sensitivity requirement for
the TCLP analyses. Table 3-1 of this QAPP provides the number of field samples, QA
samples, and QC samples associated with this effort. Table 3-2 of this QAPP provides the
method holding times, containers, and preservation for the applicable methods. A standard
Level II data package containing sample results and a case narrative as specified in Section
7.2 of the Site Wide QAPP (Jacobs 2004) is required for the IDW sample analyses. The
IDW samples will be analyzed by the following methods:

• TCLP VOCs (SW-846 1311 /5030/8260B)

• TCL SVOCs (SW-846 1311 /3510C/8270C)
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• TAL Metals (SW-846 1311 /3005A/6010C/7470A series)

• Reactivity, Corrosivity, and Ignitability per SW-846 Chapter 7

Jacobs subcontract with the T&D contractor will be structured such that it is the responsibility
of the T&D subcontractor to arrange for analytical services and ensure that the analytical
strategy is appropriate and acceptable to the party accepting the material for final
disposition.

3.2 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

Refer to Section 3.2 of the Site Wide QAPP.

3.2.1 Sensitivity

The sensitivity requirements for analytes are based on the Region IX Preliminary
Remediation Goals (PRGs) for this project. The Region IX PRGs, laboratory method
reporting limits (MRLs), and method detection limits (MDLs) are provided in Tables 3-3
through 3-14 of this QAPP. These tables provide the sensitivity requirements (project
objectives) for each sample matrix and parameter of interest for the analytical methods for
the remedial investigation activities associated with 2BG, and compares the sensitivity
requirements to the actual analytical subcontractors' MRLs and MDLs for each chemical
parameter of interest.

Although analytical methods have been selected to provide the highest level of sensitivity for
the parameters in each matrix using SW-846 methods, some laboratory MRLs and MDLs
are above the project screening objectives. The values where the laboratory MDLs and/or
MRLs exceed the Region IX PRGs are shaded in Tables 3-3 through 3-14. These outliers
are due to the fact that the sensitivity goals were developed in accordance with risk-based
calculations without regard to the constraints of current analytical technology. The SW-846
methods capable of achieving maximum sensitivity have been selected to meet as many of
the PRGs as possible. Compounds that do not meet the sensitivity requirements will be
addressed in the uncertainty analysis of the risk assessment.

3.2.2 Precision

Section 3.2.2 of the Site Wide QAPP (Jacobs 2004) provides the field and laboratory
precision requirements. Table 3-1 of this QAPP provides the total number environmental
samples, field duplicates, and other QA/QC samples planned for 2BG. Table 3-15 of this
QAPP provides the laboratory precision and accuracy goals.

3.2.3 Accuracy

Section 3.2.3 of the Site Wide QAPP (Jacobs 2004) provides the field and laboratory
accuracy requirements. Table 3-15 of this QAPP provides the laboratory precision and
accuracy goals.
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3.2.4 Completeness

Section 3.2.4 of the Site Wide QAPP (Jacobs 2004) provides the field and laboratory
completeness requirements.

3.2.5 Representativeness

Section 3.2.5 of the Site Wide QAPP (Jacobs 2004) provides the field and laboratory
representativeness requirements.

3.2.6 Comparability

Section 3.2.6 of the Site Wide QAPP (Jacobs 2004) provides the field and laboratory
comparability requirements.
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4.0 SAMPLE RECEIPT, CUSTODY, AND HOLDING TIME REQUIREMENTS

Section 4.0 of the Site Wide QAPP (Jacobs 2004) provides the sample receipt, custody, and
holding time requirements. Table 3-2 of this QAPP provides the holding time requirements
for each analytical method. Appendix C of this QAPP provides the subcontract laboratory
SOPs for sample receipt, handling, and custody.
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5.0 ANALYTICAL PROCEDURES

The analytical subcontractors selected to support this program will implement method
specific laboratory standard operating procedures (SOPs) for sample preparation, cleanup
and analysis for each method required by the this QAPP. These laboratory SOPs are based
on methods from SW-846 Final Update III, Revision 4 (December 1996). The specific
laboratory SOPs required to support the investigation at 2BG are included in Appendix C of
this QAPP. Table 3-1 of this QAPP provides the number of samples and required analyses
for each sample type.

5.1 LIST OF METHODS, TARGET COMPOUNDS AND LABORATORY
QUANTITATION LIMITS

Complete listings of chemical parameters of concern by analytical method, the subcontract
analytical laboratories' MDLs and MRLs, and the Region IX Preliminary Remediation Goals
for each parameter of concern are provided in Tables 3-3 through 3-14 of this QAPP. MDLs
shown in these tables are experimentally determined using the method found in 40 Code of
Federal Regulations (CFR), Part 136 for each instrument at each of the subcontract
analytical laboratories. The MRLs are based on the lowest calibration standard used in
initial calibration for each method.

5.2 LABORATORY INSTRUMENT PREVENTAT1VE MAINTENANCE

Section 5.2 of the Site Wide QAPP (Jacobs 2004) provides a discussion on the required
laboratory instrument preventative maintenance.

5.3 LABORATORY CALIBRATION PROCEDURES AND FREQUENCY

Section 5.3 of the Site Wide QAPP (Jacobs 2004) provides a discussion on the laboratory
instrument calibration procedures and frequency.

5.4 QUALITY CONTROL REQUIREMENTS

Section 5.4 of the Site Wide QAPP (Jacobs 2004) provides the requirements of field,
analytical, and batch quality control. Table 3-1 of this QAPP provides a summary of the types
and frequency of collection for QA/QC samples planned in support of the investigation at
2BG.

Acceptance criteria and/or target ranges for QC samples are provided in Table 3-15 of this
QAPP for each of the required analytical methods. The criteria provided in Table 3-15 is
based on Appendix I, Shell for Analytical Chemistry Requirements from EM-200-1-3,
Requirements for the Preparation of Sampling and Analysis Plans (Feb. 2001), For methods
not included in the Shell for Analytical Chemistry Requirements document, the internal
laboratory limits and control ranges will be used.
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5.5 PERFORMANCE AND SYSTEM AUDITS

Section 5.5 of the Site Wide QAPP (Jacobs 2004) provides a discussion on the
requirements and types of audits that may be performed.

5.6 NONCONFORMANCES AND CORRECTIVE ACTIONS

Section 5.6 of the Site Wide QAPP (Jacobs 2004) provides the requirements of the
nonconformance and corrective action system that the program will follow.

5.7 QUALITY ASSURANCE REPORTS TO MANAGEMENT

Section 5.7 of the Site Wide QAPP (Jacobs 2004) provides a discussion on the quality
reporting system for this program.
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6.0 DATA REDUCTION/CALCULATION OF DATA QUALITY INDICATORS

Section 6.0 of the Site Wide QAPP (Jacobs 2004) provides the field and laboratory data
reduction procedures, and the data usability reconciliation process. Tables 3-3 through 3-14
provide the Region IX PRGs and the laboratory MRLs and MDLs for each chemical
parameter of concern for the investigation at 2BG.
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7.0 DATA REPORTING

Section 7.0 of the Site Wide QAPP (Jacobs 2004) provides the field and laboratory data
reporting formats, the electronic data deliverable format, and the data retention and sample
archival and disposal requirement. The analytical turnaround time for the data collected in
support of the investigation at 2BG will be 28 calendar days from receipt of the samples.
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8.0 DATA MANAGEMENT

Section 8.0 of the Site Wide QAPP (Jacobs 2004) provides the data review, verification, and
validation procedures.
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TABLE 3-1

PLUMBROOK ORDINANCE RESERVOIR NO. 2 BURNING GROUND
SAMPLE SUMMARY

SAMPLE
DESCRIPTION/

LOCATIONS

Trenching
Subsurface Soil
Sampling

Interior Burn Pit
Subsurface Soil
Sampling

Perimeter Area
Subsurface Soil
Sampling

MATRIX

Soil

Soil

Soil

SAMPLE
TYPE

Grab

DPT
borings

DPT
borings

ANALYTICAL
PARAMETERS/

METHODS

TCL VOCs

(5035/8260B)

PAHs
(3540C/8310)

PCBs
(3540C/8082)

Nitroaromatics

(8330)

Dioxin/Furans

(8290)

TAL Metals
(3050B/6010B/

7471 A)

TCL VOCs

(5035/8260B)

PAHs
(3540C/8310)

PCBs
(3540C/8082)

Nitroaromatics
(8330)

TAL Metals
(3050B/6010B/

7471 A)

Dioxin/Furans

(8290)

TCL VOCs

(5035/8260B)

PAHs
(3540C/8310)

Nitroaromatics
(8330)

TAL Metals
(3050B/6010B/

7471 A)

PCBs
(3540C/8082)

NUMBER AND TYPE OF FIELD SAMPLES

Primary/
QA

5/1

6/1

3/1

14/1

7/1

Duplicate

1

1

1

1

1

Trip
Blank1

0

0

0

0

0

MS/
MSD

2
(1 pair)

2
(1 pair)

2
(1 pair)

0

0

Equipment
Rinsate

0

0

0

0

0



TABLE 3-1 (continued)

SAMPLE
DESCRIPTION/

LOCATIONS

Down Gradient
Subsurface Soil
Sampling

Surface Soil
Sampling

(Soil samples
collocated with
DPT borings)

Surface Soil
Sampling (Hot
spot area west of
bum pit)

Sediment samples
collected from
drainage ditch
North of the
burning ground

MATRIX

Soil

Soil

Soil

Sediment

SAMPL
ETYPE

DPT
borings

Grab

Grab

Grab

ANALYTICAL
PARAMETERS/

METHODS
TCL VOCs

(5035/8260B)

PAHs
(3540C/8310)

Nitroaromatics

(8330)
TAL Metals

(3050B/6010B/
7471A)

TCL VOCs

(5035/8260B)

PAHs
(3540C/8310)

PCBs
(354008082)

Nitroaromatics

(8330)

TAL Metals
(3050B/6010B/

7471 A)

Dtoxin/Furans
(8290)

TCL VOCs

(5035/8260B)

PAHs
(3540C/8310)

PCBs
(3540C/8082)

Nitroaromatics

(8330)

TAL Metals
(3050B/6010B/

7471 A)

TCL VOCs

(5035/8260B)

PAHs
(3540C/8310)

PCBs
(3540C/8082)

Nitroaromatics
(8330)

Dioxin/Furans
(8290)

Total Metals
(3050B/6010B/

7471 A)

NUMBER AND TYPE OF FIELD SAMPLES

Primary/
QA

4/0

12/1

3/1

4/1

3/1

Duplicate

0

1

1

1

1

Trip
Blank1

0

0

0

0

0

MS/
MSD

0

2
(1 pair)

2
(1 pair)

0

2
(1 pair)

Equipment
Rinsate

0

0

0

0

0



TABLE 3-1 (continued)

SAMPLE
DESCRIPTION/

LOCATIONS
MATRIX SAMPLE

TYPE
ANALYTICAL

PARAMETERS/
METHODS

NUMBER AND TYPE OF FIELD SAMPLES

Primary/
QA

Duplicate Trip
Blank1

MS/
MSD

Equipment
Rinsate

Surface water
samples collected
from drainage
ditch North of the
burning ground

Surface
water

Grab TCL VOCs

(5030/8260B)

PAHs
(3540C/8310)

PCBs
(3540C/8082)

Nitroaromatics

(8330)

TAL Metals
(3005A/6020/

7470A)

3/1 2
(1 pair)

Groundwater
monitoring well
samples

Ground-
water

Grab
TCL VOCs

(5030/8260B)

PAHs
(3540C/8310)

PCBs
(3540C/8082)

Nitroaromatics

(8330)

TAL Metals
(3005A/6020/

7470A)
Turbidity

(EPA180.1)

Alkalinity

(EPA 310.1)

Hardness

(EPA 130.2)

TOC

(SW-846 9060)

TDS

(EPA 160.1)

TSS

(EPA 160.2)

Chloride

(EPA 300)

Nitrate

(EPA 300)

Sulfate

(EPA 300)

Cyanide
(SW-846

9010A/9012)

12/2 2
(1 pair)



TABLE 3-1 (continued)

SAMPLE
DESCRIPTION/

LOCATIONS

IDW samples

MATRIX

Waste

SAMPLE
TYPE

Grab

ANALYTICAL
PARAMETERS/

METHODS

TCLP VOC
(1311/5030/

8260B)

TCLP SVOC
(1311/3510C/

8270C)

TCLP Metals

(1311/5030/
601OB)

(1311/7470A)

Reactivity

(SW-846 Ch.
7.3.3.2/7.3.4.2)

Corrosivity
(9045C)

Ignitability
(1010/1030)

NUMBER AND TYPE OF FIELD SAMPLES

Primary/
QA

7/0

Duplicate

0

Trip
Blank1

0

MS/
MSD

0

Equipment
Rinsate

0



TABLE 3-2
PLUMBROOK ORDINANCE RESERVOIR NO. 2 BURNING GROUND

TEST METHODS, CONTAINERS, PRESERVATIVES, AND HOLDING TIMES

Parameter

Soils/
Sediments:

VOCs

PAHs

PCBs

Nitroaromatics

Dioxins/
Furans

Metals

Solid IDW
Samples

TCLP-VOC

TCLP-SVOC

TCLP Metals

TCLP Mercury

Ignitability
(open-cup)

Corrosivity

Reactivity
(Cyanide and
Sulfide)

EPA
Method 1

5035/8260B

3540C/8310

3540C/8082

8330

8290

3050B/6010B

7471A (Hg
by CVAA)

1311/5030/
8260B

1311/3510C/
8270C

1311/3005A/
601 OB

1311/7470A

1010/1030

9045C

SW-846
Chapter
7.3.3.2 &
7.3.4.2

Required
Containers

2,3

3 x 5-gram
EnCore

samplers or
equivalent

8 oz Glass

8 oz Glass

8 oz Glass

8 oz Glass

8 oz Glass

Included
above

4 oz Glass or
25 gram

encore sleeve

8 oz Glass

8 oz Glass

Included with
above TCLP

Metals aliquot

8 oz Glass

Included with
1010/1030

Included with
1010/1030

Required
Preservative

Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4+2°C

N/A

N/A

Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4±2°C

Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4±2°C

Cooled to 4+2°C

Maximum Holding Times
(measured from sample

collection)

To Extraction

48 Hours to
Preservation

14 Days

14 Days

14 Days

14 Days

N/A

N/A

14 Days to TCLP
extraction

14 Days to TCLP
extraction

7 Days from
TCLP extraction
to preparative

extraction

180 Days to
TCLP extraction

28 Days to TCLP
extraction

N/A

N/A

N/A

To Analysis

14 Days

40 Days

40 Days

40 Days

40 Days

180 Days

28 Days

14 Days from
TCLP to analysis

40 Days

180 Days from
TCLP to analysis

28 Days from
TCLP to analysis

Analyze ASAP

Analyze ASAP

Analyze ASAP



TABLE 3-2 (Continued)

Parameter

WATERS:

VOCs

PAHs

PCBs

Nitroaromatics

Metals

Turbidity

Alkalinity

Hardness

Total Organic
Carbon
Total
Dissolved
Solids
Total
Suspended
Solids

Chloride

Nitrate

Sulfate

Cyanide

EPA
Method 1

5030/8260B

3520C/8310

3520C/8082

8330

3005A/6020

7470A (Hg
by CVAA)

EPA 180.1

EPA 310.1

EPA 130.2

9060

EPA160.1

EPA 160.2

EPA 300

EPA 300

EPA 300

9010A/9012

Required
Containers 2l 3

3 x 40 ml Glass
Vials

1000 ml Amber
Glass

1000 ml Amber
Glass

1000 ml Amber
Glass

500 ml Poly

Included above

125 ml Poly

250 ml Poly

125 ml Poly

125 ml Poly

500 ml Poly

500 ml Poly

250 ml Poly

250 ml Poly

250 ml Poly

250 ml Poly

Required
Preservative

PH <2 HCL
Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4±2°C

PH <2 HNO3

PH <2 HNO3

Cooled to 4+2°C

Cooled to 4+2°C

PH <2 HNO3
Cooled to 4+2°C

PH <2 HCL
Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4+2°C

None

Cooled to 4+2°C

Cooled to 4±2°C

NaOHpH>12,
Cooled to 4±2°C

Maximum Holding Times
(measured from sample

collection)

To Extraction

N/A

7 Days

7 Days

7 Days

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

To Analysis

14 Days (if
preserved, 7 days

rf unpreserved)

40 Days

40 Days

40 Days

180 Days

28 Days

48 Hours

14 Days

180 Days

28 Days

7 Days

7 Days

28 Days

48 Hours

28 Days

14 Days



TABLE 3-2 (Continued)

Parameter

Liquid IDW
Samples:

TCLP-VOC

TCLP-SVOC

TCLP Metals

TCLP Mercury

Ignitability
(open-cup)

Corrosivity

Reactivity
(Cyanide and
Sulfide)

EPA
Method 1

1311/5030/
8260B

1311/3510C/
8270C

1311/3005A/
601 OB

1311/7470A

1010/1030

9040B

SW-846
Chapter
7.3.3.2 &
7.3.4.2

Required
Containers 2> 3

3 x 40 ml Glass
Vials

1000 ml Glass

2x1000 ml Poly

Included with
above TCLP
Metals aliquot

1000 ml Poly

Included with
1010/1030

Included with
1010/1030

Required
Preservative

Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4±2°C

Cooled to 4+2°C

Cooled to 4+2°C

Cooled to 4±2°C

Maximum Holding Times
(measured from sample

collection)

To Extraction

14 Days to TCLP
extraction

14 Days to TCLP
extraction

7 Days from
TCLP extraction
to preparative

extraction

180 Days to
TCLP extraction

28 Days to TCLP
extraction

N/A

N/A

N/A

To Analysis

14 Days from
TCLP to analysis

40 Days

180 Days from
TCLP to analysis

28 Days from
TCLP to analysis

Analyze ASAP

Analyze ASAP

Analyze ASAP

1 USEPA OSWER SW-846, Final Update III. Revision 4 methods.
2 All soil containers will have Teflon-lined caps or septa. HDPE = high density polyethylene.
3 For MS/MSD samples, additional sample volumes will be required as follows:

VOCs: 1 times the sample volume
SVOCs/pesticides/PCBs: 2 times the sample volume
Metals: no additional sample volume required.



TABLE 3-3
Soil and Sediment Volatile Target Compound List

Analyte
Dichlorodifluoromethane
Chloromethane
3romomethane
Vinyl chloride
Chloroethane
rrichlorofluoromethane
1,1,2-Trichloro-1,2,2-trifluoroethane
Methylene chloride
Acetone
Carbon disulfide
Methyl acetate
1,1-Dichloroethene
1,1-Dichloroethane
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
Methyl tert-butyl ether
Chloroform
1,2-Dichloroethane
2-Butanone
3romochloromethane
1,1,1 -Trichloroethane
Cyclohexane
Carbon tetrachloride
Bromodichloromethane
1,2-Dichloropropane
cis-1,3-Dichloropropene
Trichloroethene
Methylcyclohexane
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
trans-1,3-Dichloropropene
Bromoform
Isopropyl benzene
4-Methyl-2-pentanone
2-Hexanone
Tetrachloroethene
1,2-Dibromoethane

Region 9
PRG

(ug/kg)

9.4E+03
1.2E+03
3.9E+02
7.9E+01
3.0E+03
3.9E+04
5.6E+06
9.1E+03
1.6E+05
3.6E+04
2.2E+06
1.2E+O4
5.1E+04
4.3E+03
6.9E+03
6.2E+04
36E+02
28E+02
7.3E+05

1.2E+06
1 4E+05
2.5E+02
8.2E+02
3.4E+02
7.8E+02
5.3E+01
2.6E+05
1.1E+03
7.3E+02
6.0E+02
7.8E+02
6.2E+04
5.7E+04
7.9E+04

1.5E+03
6.9E+00

Primary
Lab
MRL

(ug/kg)
1

1

1

1

1
1

5

5

5

5

10

1

1

1

1

1

1

1

5

1

1

5

1

1

1

1

1

2
1

1

1

1

1

1

5

5
1

1

Primary
LabMDL
(ug/kg)
0.83
0.37
0.5

0.56
0.81
0.5

2.5

1.35
3.52
2.36
3.3

0.5

0.47
0.47
0.53
0.53
0.52
0.43
3.74
0.5

0.53
1.62
0.49
0.49
0.48
0.43
0.45
0.51
0.5

0.54
0.45
0.25
0.49
0.45
4.03
3.77
0.38
0.42

QA Lab MRL
(ug/kg)

5.0

10.0
10.0
10.0
10.0
5.0

5.0

10.0
10.0
5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

10.0
5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

10.0
10.0
5.0

5.0

QALab
MDL

(ug/kg)
0.88
0.97
1.07
0.96
1.03
0.91
0.96
1.13
2.75
0.61
2.72
0.90
1.00
0.98
0.96
1.06
1.02
0.96
2.36
0.95
0.91
0.98
0.79
0.87
0.98
1.14
1.10
1.00
0.92
1.25
1.12
1.12
0.99
1.31
1.36
1.46
1.33
1.12



TABLE 3-3 (continued)

Analyte
Toluene
1,1,2,2-Tetrachloroethane
Chlorobenzene
Ethylbenzene
Styrene
Xylenes (total)
1,2-Dibromo-3-chloropropane
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene

Region 9
PRG

(ug/kg)
5.2E+05
4.1E+02
1.5E+04
8.9E+03
1.7E+06
2.7E+04
4.5E+02
1.6E+03
3.4E+03
3.7E+05

6.5E+04

Primary
LabMRL
(ug/kg)

1
1
1
1
1
1
1
1
1
1
1
1

Primary
LabMDL
(ug/kg)

0.34
0.91
0.41
0.38
0.39
0.39
0.75
0.31
0.37
0.45
0.35
0.36

QA Lab MRL
(ug/kg)

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

QALab
MDL

(ug/kg)
1.11
1.23
1.10
1.27
1.30
3.39
1.27
1.35
1.17
1.12
2.44
2.30



TABLE 3-4
Soil and Sediment PAH Target Compounds

Analyte
Acenaphthene
Acenaphthylene
Anthracene
3enzo(a)anthracene
3enzo(a)pyrene
3enzo(b)fluoranthene
3enzo(g,h,i)perylene
3enzo(k)flouranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
3yrene

Region 9
PRG

(ug/kg)

Primary
LabMRL
(ug/kg)

3.7E+05 33.3
NA 33.3

2.2E+06 3.33
6.2E+02 3.33
6.2E+01 6.67
6.2E+02 6.67

NA 16.7
6.2E+03 6.67
6.2E+04 16.7
6.2E+01 6.67
2.3E+05 33.3
2.7E+05 66.7
6.2E+02 6.67
5.6E+03 33.3

NA 33.3
2.3E+05 33.3

Primary
LabMDL
(ug/kg)

16.3
18.9
1.19
1.54
2.61
3.29
9.73
2.31
8.29
2.53
11.6
30.9
3.84
16.4
14.1
10.9

QALab
MRL

(ug/kg)
6.67
33.3
3.33
0.33
3.33
13.3
6.67
26.70
0.33
6.67
33.3
13.3
13.3
66.7
1.67
0.17

QALab
MDL

(ug/kg)
1.56
2.93
0.44
0.07
0.67
1.46
1.54
8.11
0.07
0.84
8.44
13.3
1.48
8.27
0.28
0.04



TABLE 3-5
Soil and Sediment PCB Target Compounds

Analyte
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254
Aroclor-1260

Region 9
PRG (ug/kg)

Primary Lab
MRL (ug/kg)

3.9E+02 20
2.2E+02 40
2.2E+02 20
2.2E+02 20
2.2E+02 20
2.2E+02 20
2.2E+02 20

Primary Lab
MDL (ug/kg)

15
24.8
14.3
12.1
4.1
14.2
14.9

QA Lab MRL
(ug/kg)

3.3
33.0
33.0
33.0
33.0
33.0
3.3

QA Lab MDL
(ug/kg)

3.69
15.7
9.9
4.6
7.0
7.2
3.17



TABLE 3-6
Soil and Sediment Nitroaromatic Target Compounds

Analyte
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Amino-4,6-dinitrotoluene
4-Amino-2,6-dinitrotoluene
HMX
m-Dinitrobenzene
n-Nitrotoluene
Nitrobenzene
o-Nitrotoluene
>Nitrotoiuene
3DX
sym-Trinitrobenzene
Fetn/I
Trinitrotoluene, 2,4,6- (TNT)

Region 9
PRG

(ug/kg)
7.2E+02
7.2E+02

3.1E+05
6.1E+02
3.7E+04
2.0E+03
3.7E+04
3.7E+04
4.4E+03
1.8E+05

1.6E+04

Primary Lab
MRL (ug/kg)

375
375
375
375
375
375
375
375
375
375
375
375
375
375

Primary Lab
MDL (ug/kg)

125
125
125
125
125
125
125
125
125
125
125
125
125
125

QA Lab MRL
(ug/kg)

100
100
100
100
200
100
200
100
200
200
200
200
200
100

QA Lab MDL
(ug/kg)

30.1
54.8
18.9
36.1
50.9
10.2
75.4
32.7
153.6
73.9
76.2
50.9
168.3
26.2



TABLE 3-7
Soil and Sediment Dioxin and Furan Target Compounds

Analyte

Region 9
PRG

(ug/kg)

Primary
LabMRL
(ug/kg)

Primary
LabMDL
(ug/kg)

QALab
MRL

(ug/kg)

QALab
MDL

(ug/kg)
2,3,7,8-Tetrachlorodibenzo-p-dioxin 3.9E-03 0.001 0.0009 0.001 0.0003
1,2,3,7,8-Pentachlorodibenzo-p-dioxin 7.7E-03 0.005 0.0003 0.005 0.0003
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 9.0E-02 0.005 0.0002 0.005 0.0007
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 9.0E-02 0.005 0.0004 0.005 0.0007
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 9.0E-02 0.005 0.0005 0.005 0.0005
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 3.9E-06

1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin 3.9E-06

2,3,7,8-Tetrachlorodibenzofuran 3.9E-04 0.0001 0.0003
1,2,3,7,8-Pentachlorodibenzofuran 1.9E-04 0.0002 0.0003
2,3,4,7,8-Pentachlorodibenzofuran 1.9E-03 0.0002 0.0005
1,2,3,6,7,8-Hexachlorodibenzofuran 3.9E-04 0.0002 0.0004
1,2,3,7,8,9-Hexachlorodibenzofuran 3.9E-04 0.0001 0.0006
1,2,3,4,7,8-Hexachlorodibenzofuran 3.9E-04 0.0004 0.0005
2,3,4,6,7,8-Hexachlorodibenzofuran 3.9E-04 0.0004 0.0004
1,2,3,4,6,7,8-Heptachlorodibenzofuran 3.9E-05

1,2,3,4,7,8,9-Heptachlorodibenzofuran 3.9E-05

1,2,3,4,6,7,8,9-Octachlorodibenzofuran 3.9E-06



TABLE 3-8
Soil and Sediment Metals Target Compound List

Analyte
Aluminum
Antimony
Arsenic
3arium
3eryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
.ead
Magnesium
Manganese
Mercury
Mickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Region 9
PRG

(ug/kg)

7.6E+06
3.1E+03
3.9E+02
54E+05
1.5E+04
3.7E+03

NA

2.1E+05
9.0E+05
3.1E+O5
2.3E+06

400
NA

1.8E+05
2.3E+O3
1 6E+05

NA

39E*O4
39E+O4

NA

5.2E+02
5.5E+04
2.3E+06

Primary
LabMRL
(ug/kg)

10
1

0.5

0.5

0.5

0.5
10

0.5
0.5

0.5
10

0.5
10
1

10

0.5

10

0.5

0.5
10
1
1

0.5

Primary
LabMDL
(ug/kg)
0.7931
0.3433
0.2064
0.0667
0.0500
0.0478
1.3041
0.1611
0.0798
0.2003
1.5670
0.2837
0.5848
0.1308
0.9830
0.0854
3.5763
0.1621
0.0902
3.6314
1.0000
0.0908
0.1683

QALab
MRL

(ug/kg)
20

2.0

2.0

0.50
0.20
0.60
100

0.50
0.50
1.0

15

1.0
25

0.50
0.03
1.0

25

2.0
0.30
250

3.0

1.0

2.0

QA Lab MOL
(ug/kg)

1.44
0.23
0.27
0.02
0.01
0.03
7.30
0.08
0.05
0.13
2.09
0.16
1.42
0.06
0.02
0.15
1.89
0.28
0.05
9.02
0.41
0.07
0.25



TABLE 3-9
Groundwater and Surface Water Volatile Target Compound List

Analyte

Region 9
PRG

(ug/L)

Primary
Lab MRL

(ug/L)
Primary Lab
MDL (ug/L)

QA Lab MRL
(ug/U

QA Lab MDL
(ug/L)

Dichlorodrfluoromethane 3.9E+01 1 0.43 5.0 0.84
Dhloromethane 1.5E+00 1 0.5 10.0 0.67
3romomethane 8.7E-01 0.5 0.46
\/inyl chloride
Dhloroethane 4.6E+00 0.5 10.0 1.5
rrichlorofluoromethane 1.3E+02 0.5 5.0 0.86
,1,2-Trichloro-1,2,2-trifluoroethane 5.9E+03 2.5 5.0 0.75

^ethylene chloride 1.9 1.12
'Vcetone 6.1E+01 2.29 10.0 2.89
Darbon disulfide 1 .OE+02 1.91 5.0 0.53
Methyl acetate 6.1E+02 1.45 5.0 2.15
1,1-Dichloroethene 3.4E-01 0.41 5.0 0.57
,1-Dichloroethane 8.1E+01 0.41 5.0 0.50

:is-1,2-Dichloroethene 6.1E+00 0.3 5.0 0.20
:rans-1,2-Dichloroethene 1.2E+01 0.37 5.0 0.59
Methyl tert-butyl ether 0.32 0.17
Dhloroform
1,2-Dichloroethane
2-Butanone 1.9E+02 2.31 10.0 1.15
3romochloromethane 0.5 5.0 0.25
1,1,1 -Trichloroethane 3.2E+02 0.34 5.0 0.67
iyclohexane 3.5E+03 0.33 5.0 0.55

Darbon tetrachloride
3romodichloromethane
1,2-Dichloropropane
sis-1,3-Dichloropropene 0.3 0.34
Frichloroethene
Wethylcyclohexane 5.2E+02 0.34 5.0 0.79
Dibromochloromethane
,1,2-Trichloroethane

3enzene 0.33
rans-1,3-Dichloropropene 0.29 0.23
3romoform 8.5E+00 0.5 5.0 0.25
sopropylbenzene 6.6E+01 0.29 5.0 0.55
4-Methyl-2-pentanone 1.6E+01 1.78 10.0 0.36
2-Hexanone
Fetrachloroethene

1.45
1

10.0 0.63

1,2-Dibromoethane
Toluene
1,1,2,2-Tetrachloroethane

7.2E+01 0.39 5.0 0.36

Ihlorobenzene 1.1E+01 0.32 5.0 0.39



TABLE 3-9 (continued)

Analyte

Region 9
PRG

(ug/L)

Primary
LabMRL

(ug/L)
Primary Lab
MDL (ug/L)

QA Lab MRL
(ug/L)

QA Lab MDL
(ug/L)

Ethylbenzene 2.9E+00 1 0.21 5.0 0.64
Styrene 1.6E+02 1 0.25 5.0 0.34
Xylenes (total) 2.1E+01 0.25 5.0 1.13
1,2-Dibromo-3-chloropropane 4.8E-02

1,3-Dichlorobenzene 5.5E-01 0.33 5.0 0.29
1,4-Dichlorobenzene 0.25 0.33
1,2-Dichlorobenzene 3.7E+01 0.36 5.0 0.33
1,2,3-Trichlorobenzene 0.32 5.0 0.88
1,2,4-Trichlorobenzene 1.9E+01 0.42 5.0 0.55



TABLE 3-10
Groundwater and Surface Water PAH Target Compounds

Analyte

Region 9
PRG

(ug/L) Primary Lab
MRL (ug/L)

Primary Lab
MDL (ug/L)

QALab
MRL

(ug/L)

QALab
MDL

(ug/L)
Acenaphthene 3.7E+01 1.0 0.208 0.20 0.051
Acenaphthylene NA 1.0 0.0824 1.0 0.131
Anthracene 1.8E+02 0.1 0.0237 0.10 0.018
3enzo(a)anthracene 9.2E-02 0.0061 0.01 0.002
3enzo(a)pyrene
3enzo(b)fluoranthene 9.2E-02 0.0171 0.057
3enzo(g,h,i)perylene NA 0.5 0.0435 0.20 0.032
3enzo(k)flouranthene 9.2E-01 0.2 0.0434 0.80 0.089
ihrysene 9.2E+00 0.5 0.0184 0.01 0.002

3ibenzo(a,h)anthracene
rluoranthene 1.5E+02 1.0 0.0626 1.0 0.213
rluorene 2.4E+01 2.0 0.0802 0.40 0.045
ndeno(1,2,3-cd)pyrene 9.2E-02 0.0109 mm 0.042
Naphthalene 6.2E-01 0.064 0.342
3henanthrene
3yrene

NA
1.8E+01

1.0
1.0

0.0441
0.0457

0.05
0.005

0.008
0.002



TABLE 3-11
Groundwater and Surface Water PCB Target Compounds

Analyte
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254
Aroclor-1260

Region 9
PRG

(ug/L)
Primary Lab
MRL (ug/L)

9.6E-01 0.5
I^E-02 10
3.4E-O2 0.5

imOZ 0£
%mm 5.5

tts

Primary Lab
MDL (ug/L)

0.249

0M53
6:^73

nni
0.^1

QA Lab MRL
(ug/L)

m
m
IP
1 *
m
Wo

QA Lab MDL
(ug/L)
0.15

| 1
m
mm
m
b.22



TABLE 3-12
Groundwater and Surface Water Nitroaromatic Target Compounds

Analyte
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Amino-4,6-dinitrotoluene
4-Amino-2,6-dinitrotoluene
HMX
n-Dinitrobenzene
n-Nitrotoluene
Nitrobenzene
o-Nitrotoluene
D-Nitrotoluene
RDX
sym-Trinitrobenzene
Fetryt
Trinitrotoluene, 2,4,6- (TNT)

Region 9
PRG

(ug/L)

Primary
LabMRL

(ug/L)
9.9E-02* 0.975
9.9E-02* 0.5408

0.975
0.4862

1.8E+02 0.4862
3.6E-01 0.975
6.1E+00 0.975
3.4E-01 0.4862
&4E+00 HUB!

s/rnm 'mm
6.1E-01 0.4862
1.1E+02 0.975

1.4625
2.2E+00 0.4862

Primary Lab
MDL (ug/L)

0.325
0.182
0.325

0.1625
0.1625
0.325
0.325
0.1625

0.325
0.1625
0.325
0.4875
0.1625

QA Lab MRL
(ug/L)
0.26
0.26
0.26
0.26
0.52
0.26
0.52
0.26

•H
0.52
0.52
0.26
0.52
0.26

QA Lab MDL
(ug/L)
0.074
0.096
0.129
0.135
0.128
0.061
0.194
0.139

mi
0.092
0.395
0.051
0.092
0.086



TABLE 3-13
Groundwater and Surface Water Metals Target Compound List

Analyte
Aluminum
Antimony
Arsenic
3arium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
_ead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Region 9
PRG

(ug/L)

36E+03
1 5E+00
4.5E-02
2.6E+02
7.3E+00
1.8E+00

NA

1.1E+01
7.3E+01
1.5E+02
1 1E+03

NA

NA

88E+01
1 1E+00
7.3E+01

NA

1 8E-01
1 8E+01

NA

24E-01
26E+01
1 1E+03

Primary
LabMRL

(ug/L)
15

2.0
3

2
0.2
1

100

3
1

1

25
2
10

5
0.2

2.0

300

5
1

250

0.5
10

10

Primary
Lab MDL

(ug/L)
9.08
0.28

1
0.19
0.08
0.04
40

0.38
0.06
0.69

12.584
0.05
6.33
1.61
0.05
0.07
15.06
0.64
0.04
9.68
0.02
5.44
1.09

QALab
MRL

(ug/L)
100

1.0

Hi
5.0

0.2

0.5
1,000

2.0

1.0

2.0

50

2.0
100

2.0
0.2

1.0

1000
5.0

0.3

1000

16
5.0

10

QA Lab MDL
(ug/L)

1.4

0.2
0.48
0.099
0.02

0.071
9.9

0.3

0.04
0.09
3.6

0.04
1.6

0.05
0.1

0.09
4.2
0.6

0.015
5.0

0.2
1.6

0.7



TABLE 3-14
Groundwater Water Quality Analyses

Analyte
Turbidity
Alkalinity
Hardness
Total Organic Carbon
Total Dissolved Solids
Total Suspended Solids
Chloride
Total Cyanide
titrate
Sulfate

Method
EPA 180.1
EPA 310.1
SM 2340B

SW-846 9060
EPA 160.1
EPA 160.2

EPA 300.0/325.3
SW-846 901OA/9012

EPA 300.0/353.2
EPA 300.0/375.4

Region 9
PRG

(ug/L)

7.3E+02
1 .OE+04

Primary
LabMRL

(mg/L)
0.2NTU

1
0.6615

0.2
10
5
0
5

0.1
0.4

Primary
LabMDL
(mg/L)
0.1 NTU
0.725

0.03517
0.025
3.067

0.7638
0.0322
1.7181
0.0341
0.193

QALab
MRL

(mg/L)
1.0
1.0

1.00
1.0
10
5.0
0.50

0.005
0.05
1.0

QALab
MDL

(mg/L)
NA

0.565
0.929
0.24
3.9
1.53

0.272
0.002
0.025
0.19



Table 3-15
PLUMBROOK ORDINANCE RESERVOIR NO. 2 BURNING GROUND

Precision and Accuracy Goals

Analysis

SW-846 8260B
VOCs

SW-846 8082
PCBs

SW-846 8310
PAHs

QC Check

GC/MS Tune

ICAL

ICV (must be second source)

CCV

Internal Standards

Method Blank

LCS Recovery

MS/MSD Recovery

MS/MSD RPD

Surrogate Recovery

ICAL (1016/1260 five points/three peaks per aroclor)

ICV (must be second source)

CCV

Method Blank

LCS Recovery

MS/MSD Recovery

MS/MSD RPD

Surrogate Recovery

Second Column Confirmation

ICAL

ICV (must be second source)

CCV

Method Blank

LCS Recovery

MS/MSD Recovery

MS/MSD RPD

Surrogate Recovery

Second Column Confirmation

Acceptance Limits

BFB tune must meet the ion abundance criteria
in the method

SPCC compounds must meet method
requirements, and CCCs must have RSD< 30%.
Other target analytes shall have RSD < 15% (r
0.995 or r2 0.990) or mean RSD for all target
analytes < 15% with no individual analytes >

30%.

80-120%

SPCC compounds must meet method
requirements, and CCCs must have D< 20%,
mean D <20% with a max D for each analyte

<30%

-50% to +100% area of midpoint

<1/2 MRL

80-120% waters, 75-125% soils

70-130%

30% (SPMF 40%)

70-130%

RSD < 20% or r>.99

85% to 115%

mean D < 15% with no target %D > 30%

<1/2 MRL

50-130%

40-140%

50%

40-140%

RPD < 40%

RSD < 20% or r>.99

85% to 115%

mean D < 15% with no target %D > 30%

<1/2 MRL

60-120%

50-140%

50%

50% to 150%

RPD < 40%



Table 3-15 (continued)

Analysis

SW-846 8330
Explosives

SW-846 601 OB ICP
Metals

SW-846 7000
Series GFAA

Metals

SW-846
7470A/7471A

Mercury

Various Wet
Chemistry Methods

QC Check

ICAL

ICV (must be second source)

CCV

Method Blank

LCS Recovery

MS/MSD Recovery

MS/MSD RPD

Surrogate Recovery

Second Column Confirmation

ICAL

ICV (must be second source)

CCV

Blanks (method, calibration.etc.)

ICS

LCS Recovery

Matrix Spike

Matrix Duplicate

Post Digestion Spike

Serial Dilution

ICAL

ICV (must be second source)

CCV

Blanks (method, calibration.etc.)

LCS Recovery

Matrix Spike

Matrix Duplicate

Post Digestion Spike

Serial Dilution

ICAL

ICV (must be second source)

CCV

Blanks (method, calibration.etc.)

LCS Recovery

Matrix Spike

Matrix Duplicate

Calibration

Calibration Verification

LCS

Method Blank

MS/MSD Recovery

Acceptance Limits

RSD < 20% or r>.99

85% to 115%

mean D < 15% with no target %D > 30%

<1/2 MRL

60-120%

50-140%

50%

50% to 150%

RPD < 40%

r > 0.995

90% to 110%

90% to 110%

<MDL

80% to 120%

80%-120%

75% to 125%

< 25% RPD

75% to 125%

4 fold dilution within 10% D of original result

r > 0.995

80% to 120%

80% to 120%

<MDL

80% to 120%

75% to 125%

< 25% RPD

75% to 125%

4 fold dilution within 10% D of original result

r > 0.995

80% to 120%

80% to 120%

<MDL

80% to 120%

80% to 120%

< 25% RPD

per method

per method

50% to 150%

<1/2 MRL

50% to 150%
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APPENDIX A

Laboratory HTRW-CX Certifications
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General Engineering Laboratories
Inter Office Correspondence

Date: December 1,2003

To: Certification File

From: Robert L. Pullano/Director, Quality Systems

Subject: Anny Corps HTRW Center of Expertise

Note to file.

GEL has been contacted by the Laboratory Validation Coordinator of the HTRW for
information to continue GEL's validation status. GEL's validation expiration date is
February 8,2004. The process will take a few months and during that time GEL can
continue to support the U.S. Army Corps of Engineers environmental programs.

Please contact the Laboratory Validation Coordinator (402) 697-2574 at the Corps if
any there are any questions on this continued status.



DEPARTMENT OF THE ARMY
CORPS Ol> D M I H U M

HTRW CENTER OF EXPERTISE
1 2 K I W U T CENTER ROAD

OMAHA, NEBRASKA 6 « 1 4 4 - » « 6 »

REPLY TO
ATTENTION On

February 8,2002

Hazardous, Toxic and Radioactive Waste
Center of Expertise

General Engineering Laboratories, Inc.
ATTN: Robert Pullano
2040 Savage Road
Charleston, SC 29407

Gentlemen?

This correspondence addresses the recent evaluation of General Engineering Laboratories, Inc.
of Charleston, SC, by the U.S. Army Corps of Engineers (USACE) for chemical analysis in
support of the USACE Hazardous, Toxic and Radioactive Waste Program.

EPA 300
9010B/9012A
9013/9014
8330
8330
8151A
8151A
8081A
8081A
8082
8082
8310
8310
8270C
8270C
6O1OB/7OOOA
6010B77000A
9060
8015M
8015M
8021B

PARAMETERS
Anions(4)

Cyanide
Cyanide
Explosives
Explosives
Herbicides
Herbicides
Organochlorine Pesticides
Qrganochlorine Pesticides
Polychlorinated Biphenyls
Polychlorinated Biphenyls
PAHs
PAHs
Semivolatile Organics
Semivolatile Organics
TAL Metals®
TAL Metals®
TOC
TPH-GRO/DRO
TPH-GRO/DRO
Volatile Organics

MATRIX0*
Water®
Water(2)

Solids
Water<2)

SoMds®
Water®
SoUds
Water^
Solids
Water®
SoUds®
Water(2>
Solids
Water®
Solids®
Water(2)

Solids®
Water®
Water^
SoKds(5)

Water®
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committed to by your laboratory as a result of the Navy inspection will also apply to this US ACE
validation. The period of validation is 24 months and expires on February 8,2004.

The US ACE reserves the right to conduct additional laboratory inspection or to suspend
validation status for any or all of the listed parameters if deemed necessary. It should be noted
that your laboratory may not subcontract US ACE analytical work to any other laboratory location
without the approval of this office. This laboratory validation does not guarantee the delivery of
any analytical samples from a USACE Contracting Officer Representative.

Any questions of comments can be directed to Richard Kissinger at (402) 697-2569. General
questions regarding laboratoiy validation may be directed to the Laboratory Validation
Coordinator at (402) 697-2574.

Sincerely,

7 4 y - Marcia C. Davies, Ph.D.
Director, USACE Hazardous,
Toxic and Radioactive Waste
Center of Expertise



DEPARTMENT OP THE ARMY

MTUW GBttrn or wn*wwnmm
t x s u wnr cwtrrwM MAD

OMAHA, NCB1FASKA M 1 4 4 - S M *

April 4,2002

Hazardous, Toxic and Radioactive Waste
Center of Expertise

Paradigm Analytical Laboratories, Inc.
ATTN: Greg Dickinson
2627 Northchase Parkway S. E
Wilmington, NC 28405

Gentlemen:

This correspondence addresses the recent evaluation of Paradigm Analytical Laboratories, Inc.
of Wilmington, NC by the U.S. Army Corps of Engineers (USACE) Hazardous, Toxic, and
Radioactive Waste Center of Expertise (HTRW CX) for performing dioxin and furan analyses.
Specifically evaluated were the following parameters:

METHOD PARAMETERS MATRIX
1613B
8290
8290

Dioxins/Furans
Dioxins/Furans
Diox.jfl$/Fui?n$

Water
Water
Solids

Evaluation of your laboratory for the analytical capabilities was based on the documents you
submitted, which include Laboratory's Quality Program Plan, Statement of Qualifications, SOPs
for Methods 8290 and 1613B, and state certifications.

The expiration date of validation is April 4,2004. It should be noted that this office reserves
the right to suspend acceptance status at any time if technical performance is found to be
deficient.



REPLY TO
ATTENTION OF

DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS

12565 WEST CENTER ROAD
OMAHA NE 48144-38*9

September 26,2003

Hazardous, Toxic and Radioactive Waste
Center of Expertise

Mr. Ray Piccione
Ecology and Environment, Inc.
4493 Walden Avenue
Lancaster, NY 14086

Dear Mr. Piccione:

This correspondence addresses the ongoing validation status of Ecology and Environment, Inc.
of Lancaster, New York for the U.S. Army Corps of Engineers (USACE) for chemical analysis in
support of the USACE Hazardous, Toxic and Radioactive Waste Program.

Ecology and Environment, Inc. of Lancaster, New York is now validated for the parameters
listed below:

METHOD PARAMETERS
300 series
8021B
802 IB
8330
8330
802 IB
8021B
8270C
8270C
9010B/9012A
9013/9012A
8151A
8151A
6010B/7000A
6010B/7000A
6020A
6020A
413.1
8081A
8081A
8082

Anions12'
AVO
AVO
Explosives
Explosives
HVO
HVO
Semivolau'le Organics
Semivolatile Organics
Cyanide
Cyanide
Chlorinated Herbicides
Chlorinated Herbicides
TALMetals(l)

TALMetals(I)

TAL Metals0'
TAL Metals0'
Oil & Grease
Pesticides
Pesticides
Polychlorinated Biphenyls

MATRIX*4'
Water*3'
Water0'
Solids
Water
Solids
Water*3)

Solids
Water*3'
Solid*3'
Water*3'
Solids
Water*3'
Solids
Water*3'
Solid*3)

Water*3-5'
Solid*3-5'
Water*3'
Water0'
Solids0'
Water0'



- 2 -

METHOD
8082
8310
8310
9060
9060M
Mod 8015
Mod 8015
418.1
9071A/418.1
8260B
826OB

PARAMETERS
Polychlorinated Biphenyls
Polynuclear Aromatic Hydrocarbons
Polynuclear Aromatic Hydrocarbons
Total Organic Carbon
Total Organic Carbon
TPH - DRO/GRO
TPH-DRO/GRO
TRPH
TRPH
Volatile Organics
Volatile Organics

MATRIX*4'
Solids^
Water*3*
Solids{3)

Water(3)

Solids
Water*5*
Sohds(5)

Water^
Solids(S)

Water01

Solids(3)

Remarks:

(1) TAL Metals: Aluminum, antimony, arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt,
copper, iron, lead, magnesium, manganese, mercury, nickel, potassium, selenium, silver, sodium,
thallium, vanadium, and zinc.

(2) Anions: Chloride, fluoride, sulfate, nitrate, nitrite, and ortho-phosphate.

(3) The laboratory has successfully analyzed a proficiency testing sample for this method/matrix.

(4) 'Solids' includes soils, sediment*, and solid waste.

(5) Approval for this parameter is based on review of SOPs only.

Based on the successful analysis of the National Environmental Laboratory Accreditation
Conference Proficiency Testing samples for the appropriate fields of testing, the results of the
laboratory inspection, and your Corrective Action Report, your laboratory will be validated for
sample analysis by the methods listed above. The evaluation, which was conducted for your
facility, is based substantially on ISO Guide 25 (General Requirements for the Competence of
Testing Laboratories) and US ACE Engineering Manual (EM) 200-1-3, Appendix I (Shell for
Analytical Chemistry Requirements). The period of validation has been previously established
and expires on January 3, 2005.

The USACE reserves the right to conduct additional laboratory inspections or to suspend
validation status for any or all of the listed parameters if deemed necessary. It should be noted
that your laboratory may not subcontract USACE analytical work to any other laboratory location
without the approval of this office. This laboratory validation does not guarantee the delivery of
any analytical samples from a USACE Contracting Officer Representative.
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Any questions or comments can be directed to Dr. Richard Meyer at (402) 697- 2571. General
questions regarding laboratory validation may be directed to the Laboratory Validation
Coordinator at (402) 697-2574.

Sincerely,

Marcia C. Davies, PhD.
Director, USACE Hazardous,
Toxic and Radioactive Waste
Center of Expertise
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DEPARTMENT OF THE ARMY
COUPS OF EVMIMEDM

HTRW CMHTtm o f CXreRTIU
HIM wear CENTER »OAO

M U t , h(«K*«KA W1444MI

January 13,2003

Hazardous, Toxic and Radioactive Waste
Center of Expertise

GPL Laboratories, LLLP
ATTN:ElsaTai
202 Perry Parkway
Gaithersburg, Maryland 20877

This correspondeiicc addresses the recent evaluation of GPL Laboratories, TTTP o f
Gaithcrsburg, Maryland by the U.S. Army Corps of Engineers (USACE) for chemical analysis in
support of the USACE Hazardous, Toxic and Radioactive Waste Program.

Your laboratory is now validated for the parameters listed below:

METHOD
300 scries
8021B
8021B
9010B/9012A
9013/9012A
8330
8330

8151A
8151A
7196A
3060A/7196A
413.1
8081A
8081A
314.0
314.OM

9065/9066
8082
8082

PARAMETERS
Anions(4)

Aromatic Volatile Ogarucs
Aromatic Volatile Organics
Cyanide
Cyanide
Explosives
Explosives
Herbicides
Herbicides
Hcxavalent Chromium
Hexavaleot Chromium
Oil & Grease
Organochlorine Pesticides
Organochlorine Pesticides
Perchloratc

Perchlorate
Phenolics
Polychlorinated Biphenyls
Polychlorinatcd Biphenyls

1

MATRD^^
Watcr(2)

WatcrP*
Solids'2

Water(2)

SoUdsp

W a t ^
Sohds^
Water0'
SoKds0

Wate^'
Solids0

Water05

Water^
SoUds0

Water®
Solids0

Water0'
Water0'
SoUdsO)
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Any questions or comments can be directed to Mr. Stephen Scbnitker at (402) 444-4319.
General questions regarding laboratory validation may be directed to the Laboratory Validation
Coordinator at (402) 697-2574.

Sincerely,

ciaC. Davics, PLD.
Director, USAGE Hazardous,
Toxic and Radioactive Waste
Center of Expertise

Enclosure



DEPARTMENT OF THE ARMY
CORPS Or ENGINEERS

HTRW CENTER OF EXPERTISE

12SSS WEST CENTER ROAD
OMAHA, NEBRASKA 0S144-3S40

REPL.Y TO
ATTENTION OF:

December 23,2002

Hazardous, Toxic and Radioactive Waste
Center of Expertise

Pace Analytical Services, Inc.
ATTN: Sarah Chemey
1700 Elm Street, Suite 200
Minneapolis, MN 55414

Gentlemen:

This correspondence addresses the ongoing validation status of Pace Analytical Services, Inc.,
Minneapolis, MN for the U.S. Army Corps of Engineers (US ACE) for chemical analysis in
support of the US ACE Hazardous, Toxic and Radioactive Waste Program.

Pace Analytical Services, Inc., Minneapolis, MN is now validated for the parameters listed
below:

METHOD PARAMETERS
8290
8290
TO-3
TO-14A/15

Dioxins/Fur-N
Dioxins/Fur-N
Volatile Organics
Volatile Organics

Water
Solids^
Air<3>
Air(3)

Remarks: 1) 'Solids'includes soils, sediments, and solid waste.

2) The laboratory has successfully analyzed a Proficiency Testing (PT) sample
for this method/matrix.

3) Compendium Method TO-14A/TO-15 using evacuated canister and GC/MS
analysis

Based on the successful analysis of the National Environmental Laboratory Accreditation
Conference Proficiency Testing samples for the appropriate fields of testing and the submission
of acceptable SOPs and supporting documentation, your laboratory will be validated for sample
analysis by the methods listed above. The evaluation, which was conducted for your facility, is
based substantially on ISO Guide 25 (General Requirements for the Competence of Testing
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Laboratories) and USACE Engineering Manual (EM) 200-1-3, Appendix I (Shell for Analytical
Chemistry Requirements). The period of validation for all parameters has been previously
established and expires on November 19,2004.

The USACE reserves the right to conduct additional laboratory inspections or to suspend
validation status for any or all of the listed parameters if deemed necessary. It should be noted
that your laboratory may not subcontract USACE analytical work to any other laboratory location
without the approval of this office. This laboratory validation does not guarantee the delivery of
any analytical samples from a USACE Contracting Officer Representative.

Any questions or comments can be directed to Jim Cheney at (402) 697-2565. General
questions regarding laboratory validation may be directed to the Laboratory Validation
Coordinator at (402) 697-2574.

Sincerely,

7ZV Marcia C. Davies", Ph.D.
Director, USACE Hazardous,
Toxic and Radioactive Waste
Center of Expertise
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"VERIFYTHE VALIDITY OF THIS SOP EACH DAY IN USE

STANDARD OPERATING PROCEDURE

CLOSED-SYSTEM PURGE-AND-TRAP

COLLECTION AND EXTRACTION

VOLATILE ORGANICS IN SOIL AND WASTE SAMPLES

APPLICABLE TO METHOD:
EPA SW-846 Method 5035

(GL-OA-E-039 REVISION 5)

PROPRIETARY INFORMATION

This document contains proprietary information that is the exclusive property of General
Engineering Laboratories, LLC (GEL). No contents of this document may be reproduced
or otherwise used for the benefit of others except by express written permission of GEL.

GEL's Document Control

Officer certifies this

document to be a true copy

of the fully executed

original.

General Engineering Laboratories, LLC
P.O. Box 30712 Charleston SC 29417
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1.0 CLOSED-SYSTEM PURGE-AND-TRAP COLLECTION AND EXTRACTION FOR VOLATILE
ORGANICS IN SOIL AND WASTE SAMPLES

2.0 METHOD CODE

EPA SW-846 Methods 5035

3.0 METHOD OBJECTIVE AND PlRPOSE

3.1 This procedure can be used to quantify most volatile organic compounds that
have:

3.1.1 A boiling point below 200°C

3.1.2 Are insoluble or slightly soluble in water.

3.2 This method is applicable for use with GL-OA-E-038 (SW846 Method 8260B)
"Volatile Organic Compounds by GC/MS."

4.0 METHOD APPLICABILITY AND METHOD SUMMARY
4.1 This method describes a closed-system purge-and-trap process for the analysis of

volatile organic compounds (VOCs) in solid materials (e.g., soils, sediments, and solid
waste). While the method is designed for use on samples containing low levels of
VOCs, procedures arc also provided for collecting and preparing solid samples
containing high concentrations of VOCs and for oily wastes. For these high
concentration and oily materials, sample collection and preparation are performed using
the procedures described here, and sample introduction is performed using the aqueous
purge-and-trap procedure in 5O3OB. These procedures may be used in conjunction with
any appropriate determinative gas chromatographic procedure, including, but not
limited to. Methods 8015. 8021. and 8260.

4.2 The low soil method utilises a hermetically scaled sample vial, the seal of which is
never broken from the time of sampling to the time of analysis. Since the sample is
never exposed to the atmosphere after sampling, the losses of VOCs during sample
transport, handling, and anal) sis arc negligible. The applicable concentration range of
the low soil method is dependent on the determinative method, matrix, and compound.
However, it will generally fall in the 1.0 to 100 ug/kg range

4.3 Procedures are included for preparing high concentration samples for purging by
Method 5030. High concentration samples are those containing VOC levels of >200

4.4 Procedures are also included for addressing oily wastes that are soluble in a water-
miscible solvent. These samples are also purged using Method 5030.

4.5 Method 5035 can be used for most volatile organic compounds that have boiling
points below 200°C and that are insoluble or slightly soluble in water. Volatile,
water-soluble compounds can be included in this analytical technique. However,
quantitation limits (bv GC or GC/MS) are approximately ten times higher because
of poor purging efficicnev.

4.6 The closed-system purge-and-trap equipment employed for low concentration
samples is not appropriate for soil samples preserved in the field with methanol.
Such samples should be analyzed using Method 5030.

5.0 METHODS SCOPE AND PERFORM ANCE CHARACTERISTICS
5.1 Low concentration soil method - generally applicable to soils and other solid samples

with VOC concentrations in the range of 1.0 to 100 ug/kg. Volatile organic
compounds (VOCs) are determined by collecting an approximately 5-g sample,
weighed in the field at the time of collection, and placing it in a pre-weighed vial with a

General Lngtnecring Laboratories, LLC
P O Box 30712 Charleston SC 29417
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septum-sealed screw cap that already contains a stirring bar and either a sodium
bisulfate preservative solution or organic free DI water. The vial is sealed and shipped
to a laboratory or appropriate analysis site. The entire vial is then placed, unopened,
into the instrument carousel. Immediately before analysis, organic-free reagent water,
surrogates, and internal standards (if applicable) are automatically added without
opening the sample vial. The vial containing the sample is heated to 40°C and the
volatiles purged into an appropriate trap using an inert gas combined with agitation of
the sample. Purged components travel via a transfer line to a trap. When purging is
complete, the trap is heated and backflushed with helium to desorb the trapped sample
components into a gas chromatograph for analysis by an appropriate determinative
method.

5.2 High concentration soil method - generally applicable to soils and other solid samples
with VOC concentrations greater than 100 ug/kg. The sample introduction technique
in Sec. 2.1 is not applicable to all samples, particularly those containing high
concentrations (generally greater than 100 ug/kg) of VOCs which may overload either
the volatile trapping material or exceed the working range of the determinative
instrument system (e.g., GC/MS). Collect an approximately S-g sample in a pre-
weighed vial with a septum-sealed screw cap (see Sec 4) that contains 10 mL of a
water-miscible organic solvent (e.g., methanol). At the time of analysis, surrogates are
added to the vial, then an aliquot of the solvent is removed from the vial, purged using
Method S030 and analyzed by an appropriate determinative method.

5.3 Method Detection Limit and Practical Quantitation Limit (PQL):

5.3.1 The practical quantitation limits can be as low as 1.0 ug/L for most compounds.
Compounds will have the same PQL as the lowest multipoint level for that
compound. Please see the analytical methods identified in section 3.2.

5.3.2 Method detection limit studies are performed annually and are kept in the
volatile section.

6.0 REFERENCES

6.1 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/ Chemical
Methods. Volume KPart 2) Section B. SW-846, Third Edition. Method 8260B,
"Volatile Organic Compounds by Gas Chromatograph/Mass Spectrometer (GC/MS):
Capillary Column Technique," Revision 1, September 1994. USEPA Office of Solid
Waste and Emergency Response, Washington, DC 20460.

6.2 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/ Chemical
Methods. Volume KPart 2) Section B. SW-846, Third Edition. Method 5035,
"Closed-System Purge-and-Trap and Extraction for Volatile Organics in Soil and
Waste Samples," Revision 0, December 1996. USEPA Office of Solid Waste and
Emergency Response, Washington, DC 20460

7.0 INTERFERENCES TO THE METHOD
7.1 Potential contaminants for this procedure include common laboratory solvents,

typically ketones, methylene chloride, toluene, and freon.
7.2 To minimize the contamination, use organic-free deionized water or equivalent for all

analyses.
7.3 Contamination by carry-over can occur during sequential analyses. If carry-over is

suspected, the affected sample or samples are reanalyzed.

General Engineering Laboratories, LLC
P.O. Box 30712 Charleston SC 29417
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7.4 The trap and other parts of the system, such as the column, are subject to
contamination; therefore frequent bake out and purging of the system is required. For
more detail on this subject, see the method.

8.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS

8.1 Treat all chemicals and samples as a potential health hazard and limit exposure to these
chemicals to the lowest level possible. GEL maintains a current awareness file of
Occupational Safety and Health Administration (OSHA) regulations regarding the safe
handling of chemicals. A reference file of Material Safety Data Sheets (MSDS) and
individual client MSDS forms are also maintained.

8.2 Personal protective equipment

8.2.1 Approved gloves are required when handling compounds and samples in this
procedure.

8.2.2 Work under a hood when using concentrated acids, bases, and stock solutions.

8.3 Prior to handling radioactive samples analysts must have had radiation safety training
and understand their full responsibilities in radioactive sample handling.

8.4 All samples, chemicals, extracts, and extraction residues must be transferred, delivered,
and disposed of safely according to all related SOPs.

8.5 Never leave gas cylinders unchained or untied, including when they are on the moving
carts.

8.6 In the event of an accident or medical emergency, seek help immediately. When
time and safet) permit, file an accident report form regardless of how insignificant
the injury ma> seem.

8.7 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition, fire safety equipment such as fire extinguishers is located in the
lab. Training is available on the proper operation of this equipment.

9.0 CAUTION WARNINGS

The analyst must use great care when operating and assembling instrumentation and
when handling samples and reagents. Check to see that the equipment is properly
assembled and connected to gas and power, etc. Take great care to avoid running
samples that contain overrange hits of analytes, especially hydrocarbons. Samples are
stored without headspace at either 4° ±2°C or -10°C to -20°C (if preserved in organic
free DI water), and are not stored with standards. Sample dilutions will only be made
with organic-free. DI water or equivalent.

10.0 APPARATUS AND MATERIALS, REAGENTS, EQUIPMENT AND INSTRUMENTS

10.1 Ancillary Equipment

10.1.1 25 mL or 10 mL glass syringes - manufactured by Hamilton (ordered from
Baxter)

10.1.2 Gas tight syringes - I uL, 10 uL, 25 uL, 50 uL, 100 uL, 1000 uL (ordered from
Baxter)

10.
10.
10.
10.
10.

.3 Purge vessels - Hammett Glassware, Dynatech or Tekmar

.4 Volumetric flasks

.5 Drying oven

.6 Refrigerator

.7 Freezer

General Engineering Laboratories, LLC
P.O. Box 30712 Charleston SC 29417
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10.1.8 40 mL glass vials
10.1.9 Reactor vials
10.1.10 Centrifuge
10.1.11 Disposable pipettes
10.1.12 Top-loading balance - Capable of accurately weighing to 0.01 g
10.1.13 18mm x 150mm Culture tubes
10.1.14 Magnetic stirring bars- PTFE- or glass-coated, of the appropriate size to fit the

sample vials. Consult manufacturer's recommendation for specific stirring
bars.

10.2 Field Sampling Equipment
10.2.1 Purge-and-Trap Soil Sampler - Model 3780PT (Associated Design and

Manufacturing Company, 814 North Henry Street, Alexandria, VA
22314), or equivalent.

10.2.2 EnCore sampler - (En Chem, Inc., 1795 Industrial Drive, Green Bay, WI
54302), TM or equivalent.

10.2.3 Alternatively, disposable plastic syringes with a barrel smaller than the
neck of the soil vial may be used to collect the sample. The syringe end of
the barrel is cut off prior to sampling. One syringe is needed for each
sample aliquot to be collected.

10.2.4 Portable balance - For field use, capable of weighing to 0.01 g.
10.2.5 Balance weights - Balances employed in the field should be checked

against an appropriate reference weight at least once daily, prior to
weighing any samples, or as described in the sampling plan. The specific
weights used will depend on the total weight of the sample container,
sample, stirring bar, reagent water added, cap, and septum.

10.3 Reagents

10.3.1 Water used for any analysis should be organic-free DI water or equivalent.
Store bought distilled water can be used in some instances if it is screened

10.3.2 RrcrKSrHif:* B and J brand (or equivalent) high purity solvent for purge and trap
analysis. Each batch of methanol is screened for contaminants prior to use.

10.3.3 Source, Working, Surrogate, and Internal Standard Solutions: Most standard
solutions are purchased from approved vendors. Standards are used to make
stock, intermediate, and working standards (refer to the referenced analytical
SOP's given in Section 3.2).

10.3.4 Methanol is screened by "lot" for contaminants prior to use.

10.3.5 Low concentration sample preservative

10.3.5.1 Sodium bisulfate, NaHSO - ACS reagent grade or equivalent.
10.3.5.2 Water - DI water or equivalent
10.3.5.3 The preservative should be added to the vial prior to shipment to the

field, and must be present in the vial prior to adding the sample.
10.3.5.4 If preserved in water the sample must be frozen within 48 hours of

sampling.

10.4 Instrumentation
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10.4.1 A Closed System Purge and Trap. This instrument consists of a unit that
automatically adds water, surrogates, and internal standards to a vial
containing the sample, purges the VOCs using an inert gas stream while
agitating the contents of the vial, and also traps the released VOCs for
subsequent desorption into the gas chromatograph.

10.4.1.1 The purging device is designed to accept a vial sufficiently large
enough to contain a 5-gm soil sample plus a magnetic stirring bar
and 10 mL of water

10.4.1.2 The concentrator consists of a Vocarb (or equivalent) trap that is 25
cm long, and has an inside diameter of 0.105 inches.

10.4.1.3 The packing material is Carbopack B/Carboxen (or equivalent).

10.4.1.4 The heater assembly is used to maintain samples at 40°C.

10.4.2. Purge and Trap system for water and high level soil and waste samples is
described in GL-OE-E-038. This system consists of three parts, an autosampler,
concentrator, and heater assembly. The specifications can be found in the
analytical procedures.

10.4.3 See the appropriate analytical procedure (identified in Section 3.2) for
instrument set up and specifications and conditions.

11.0 SAMPLE COLLECTION HANDLING AND PRESERVATION REQUIREMENTS

11.1 Refer to the introductory material in Test Methods for Evaluating Solid Waste:
Laboratory Manual Physical/Chemical Methods. Volume l(Part2) Section B.
SW-846, Third Edition Organic Analytes, Sec. 4.1, for general sample collection
information. The low concentration portion of this method employs sample vials
that are filled and weighed in the field and never opened during the analytical
process. As a result, sampling personnel should be equipped with a portable
balance capable of weighing to 0.01 g.

11.2 Preparation of sample vials

11.2.1 Low concentration soil samples.

The following steps apply to the preparation of vials used in the collection of
low concentration soil samples to be analyzed by the closed-system purge-and-
trap equipment described in Method 5035. All vials received at GEL are from
an approved vendor containing the stir bar, preservative and water and have
with them a certificate of cleanliness when received from the vendor.

11.2.1.1 Add a clean magnetic stirring bar to each clean vial.

11.2.1.2 Add preservative to each vial. The preservative is added to each vial
prior to shipping the vial to the field. Add approximately 1 g of
sodium bisulfate to each vial. If samples markedly smaller or larger
than 5 g are to be collected, adjust the amount of preservative added
to correspond to approximately 0.2 g of preservative for each 1 g of
sample. Enough sodium bisulfate should be present to ensure a
sample pH of <2. If the samples are known or suspected to contain
high levels of carbonates, do not add preservative, and skip to step
11.2.1.3.

11.2.1.3 Add 5 mL of organic-free reagent water to each vial. The water and
the preservative will form an acid solution. Samples without
preservative need to be frozen within 48 hours of collection. The
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acid solution or freezing will reduce or eliminate the majority of the
biological activity in the sample, thereby preventing biodegradation
of the volatile target analytes.

11.2.1.4 Seal the vial with the screw cap and septum seal.
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11.2.1.5 Affix a label to each vial.

11.2.1.6 Weigh the prepared vial to the nearest 0.01 g, record the tare
weight, and write it on the label.

11.2.2 High concentration soil samples

The following steps apply to the preparation of vials used in the collection of
high concentration soil samples to be preserved in the field with methanol and
analyzed by the aqueous purge-and-trap equipment described in SW846
Method 5O3O(See section 3.2 for appropriate analytical procedure). Vials are
purchased by GEL from an approved vendor containing methanol along with
certification, or follow steps 11.2.2.1 through 11.2.2.5.

11.2.2.1 Add 10 ml. of methanol to each vial.

11.2.2.2 Seal the vial with the screw cap and septum seal.

11.2.2.3 Mark the meniscus of the solvent on the side of the vial. This will
identify if any evaporation has taken place between vial
preparation and sample collection. Vials should be discarded if
any evaporation has been identified.

11.2.2.4 Affix a label to each vial.

11.2.2.5 Weigh the prepared vial to the nearest 0.01 g, record the tare
weight, and write it on the label.

11.2.3 Oily waste samples

When oily waste samples arc known to be soluble in methanol, sample vials
may be prepared as described in 11.2.2. using the appropriate solvent. However,
when the solubilitv of the waste is unknown, the sample should be collected
without the use of a preservative, in a vial such as that described in 11.2.2.

11.3 Field sample collection (if samples arc not transferred to VOA vials in field, see section
12.2)

Collect the sample according to the procedures outlined in the sampling plan. As with
any sampling procedure for volatiles. care must be taken to minimize the disturbance
of the sample in order to minimize the loss of the volatile components. Several
techniques may be used to transfer a sample to the relatively narrow opening of the
low concentration soil vial. These include devices such as the EnCore sampler, the
Purge-and-Trap Soil Sampler, and a cut plastic syringe. Always wear gloves
whenever handling the tared sample vials.

11.3.1 Collection of Low concentration soil samples

11.3.1.1 Using an appropriate sample collection device, collect approximately
5 g of sample as soon as possible after the surface of the soil or other
solid material has been exposed to the atmosphere: generally within a
few minutes at most. Carefully wipe the exterior of the sample
collection device with a clean cloth or towel.

11.3.1.2 Using the sample collection device, add about 5 g (2 - 3 cm) of soil to
the sample vial containing the preservative solution. Quickly brush
any soil off the vial threads and immediately seal the vial with the
septum and screw cap. Store samples on ice at 4°C. NOTE: Soil
samples that contain carbonate minerals (either from natural sources or
applied as an amendment) may effervesce upon contact with the acidic

General Engineering Laboratories, LLC
P O Box 30712 Charleston SC 29417



5-Mar-04
Closed-System Purge and Trap Collection and Extraction for Volatile Organics in Soil and Waste Samples

SOP Effective 6/98 GL-OA-E-039Rev 5
Revision 5 Effective September 2003 Page 10 of 14

preservative solution in the low concentration sample vial. If the
amount of gas generated is very small (i.e., several mL), any loss of
volatiles as a result of such effervescence may be minimal if the vial is
sealed quickly. However, if larger amounts of gas are generated, not
only may the sample lose a significant amount of analyte, but the gas
pressure may shatter the vial if the sample vial is sealed. Therefore,
when samples are known or suspected to contain high levels of
carbonates, a test sample should be collected, added to a vial, and
checked for effervescence. If a rapid or vigorous reaction occurs,
discard the sample and collect low concentration samples in vials that
do not contain the preservative solution.

11.3.1.3 When practical, use a portable balance to weigh the sealed vial
containing the sample to ensure that 5.0 ± 0.5 g of sample were added.
The balance should be calibrated in the field using an appropriate
weight for the sample containers employed. Record the weight of the
sealed vial containing the sample to the nearest 0.01 g.

11.3.1.4 Alternatively, collect several trial samples with plastic syringes.
Weigh each trial sample and note the length of the soil column in
the syringe. Use these data to determine the length of soil in the
syringe that corresponds to 5.0 ± 0.5 g. Discard each trial sample.

11.3.1.5 As with the collection of aqueous samples for volatiles, collect at
least two replicate samples. This will allow the laboratory an
additional sample for reanalysis. The second sample should be
taken from the same soil stratum or the same section of the solid
waste being sampled, and within close proximity to the location
from which the original sample was collected.

11.3.1.6 In addition, since the soil vial cannot be opened without compromising
the integrity of the sample, at least one additional aliquot of sample
must be collected for screening, and dry weight determination in a
container that does not have preservation solution.

11.3.17 If high concentration samples are collected in vials containing
methanol, then two additional aliquots should be collected, one for
high concentration analysis collected in a vial containing methanol,
and another for the dry weight determination, as described in 11.3.1.6.

11.3.1.8 The EnCore ™ sampler has not been thoroughly evaluated by EPA as
a sample storage device. While preliminary results indicate that
storage in the EnCore ™ device may be appropriate for up to 48 hours,
samples collected in this device should be transferred to the soil
sample vials as soon as possible, or analyzed within 48 hours.

11.3.2 Collection of High concentration soil samples

11.3.2.1 Using an appropriate sample collection device, collect
approximately 5 g of sample as soon as possible after the surface
of the soil or other solid material has been exposed to the
atmosphere: generally within a few minutes at most. Carefully
wipe the exterior of the sample collection device with a clean cloth
or towel.
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11.3.2.2 Using the sample collection device, add about 5 g (2 - 3 cm) of soil
to the vial containing 10 mL of methanol. Quickly brush any soil
off the vial threads and immediately seal the vial with the septum
and screw cap. Store samples on ice at 4°C.

11.3.2.3 When practical, use a portable balance to weigh the sealed vial
containing the sample to ensure that 5.0 ± 0.5 g of sample were
added. The balance should be calibrated in the field using an
appropriate weight for the sample containers employed. Record the
weight of the sealed vial containing the sample to the nearest 0.01 g.

11.3.2.5 Alternatively, collect several trial samples with plastic syringes.
Weigh each trial sample and note the length of the soil column in the
syringe. Use these data to determine the length of soil in the syringe
that corresponds to 5.0 ± 0.5 g. Discard each trial sample.

11.3.2.6 Other sample weights and volumes of methanol may be employed,
provided that the analyst can demonstrate that the sensitivity of the
overall analytical procedure is appropriate for the intended
application.

11.3.2.7 The collection of at least one additional sample aliquot is required for
the determination of the dry weight.

11.3.3 Collection of Oily waste samples

11.3.3.1 When an oily waste is known to be soluble in methanol, the sample
may be collected in a vial containing such a solvent using
procedures similar to those described in Sec. 11.2.2

11.3.3.2 When the solubility of the oily waste is not known, the sample
should either be collected in a vial without a preservative, as
described in 11.2.2, or the solubility of a trial sample should be
tested in the field, using a vial containing solvent. If the trial sample
is soluble in the solvent, then collect the oily waste sample as
described in 11.2.2. Otherwise, collect an unpreserved sample.

12.0 SAMPLE HANDLING, SHIPMENT AND STORAGE

12.1 Sample shipment

12.1.1 All samples for volatiles analysis should be cooled to approximately 4°C,
packed in appropriate containers, and shipped to the laboratory on ice, as
described in the sampling plan.

12.2 Sample preparation

12.2.1 Verify all sample descriptions match laboratory sample ID numbers.

12.2.2 For samples received in EnCore™ sampling devices (or similar):

12.2.2.1 Check the sample for effervescence:

12.2.2.1.1 Take small amount of sample from the container used
for moisture measurement and add to a disposable cup.

12.2.2.1.2 Add a few milliliters of sodium bisulfate preservation
solution and observe for reaction.

NOTE: if samples effervesce, add 5 milliliters of
organic free water to a 40-ml vial that contains a stir bar;
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tare the vial; add sample from EnCore™ of other
sampling device as described below and freeze.

12.2.2.1.3 The laboratory routinely preserves Encore sample in
water with subsequent freezing. Holding time for Encore
preservation is 48 hours from collection. Frozen sample
holding time is 14 days from collection. The laboratory
must allow the frozen sample to thaw prior to analysis.
Upon thawing the sample must be analyzed within 24
hours. Unless otherwise required by the client,
preservation by freezing is used on all 5035 low level
soils preserved in the laboratory.

12.2.2.1.4 Encore preservation dates and times are recorded in the
sample preparation logbook adjacent to the hood in the
volatile organics laboratory. The date and time of
preservation is also indicated in the "sample Prep" entry
in the laboratory LIMS system. This date and time will
always indicate the date and time that the sample was
preserved or prepped for analysis, either by the lab or
field crews. If the samples were preserved in the field,
the date and time of the sample prep in LIMS will also
match the date and time of collection.

12.2.2.2 Preserving the sample:

12.2.2.2.1 Place vial that contains preservative onto the balance.

12.2.2.2.2 Tare the balance.
12.2.2.2.3 Remove vial from balance and remove the cap.
12.2.2.2.4 Quickly open the cover of the sampling device.
12.2.2.2.5 Quickly add total content of the sampling device into

the vial.

12.2.2.2.6 Quickly close the vial. -
12.2.2.2.7 Weigh the vial.
12.2.2.2.8 Record weight.
12.2.2.2.9 Record the preservative.
12.2.2.2.10 Record the lot# of vial preservative kit.

12.2.3 For samples received preserved from the field:
12.2.3.1 Tare the balance.
12.2.3.2 Place vial onto the balance and record weight.
12.2.3.3 Record the initial weight of the tared vial.
12.2.3.4 Record the preservative.
12.2.3.5 Record the lot# of vial preservative kit.

12.2.4 For samples not preserved in the field and not received in EnCore™ sample
device:
NOTE: Clients are notified if containers do not meet method specifications
prior to sample login. Assume that the client has been notified of the situation
and has given approval for continued processing of the sample.
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12.2.4.1 Place vial that contains preservative onto the balance.

12.2.4.2 Tare the balance.

12.2.4.3 Remove vial from balance and remove the cap.

12.2.4.4 Quickly open the cover of the sample container.

12.2.4.5 Quickly add 5± 1.0 grams of sample into the vial.

12.2.4.6 Quickly close the vial.

12.2.4.7 Weigh the vial.

12.2.4.8 Record weight.

12.2.4.9 Record the preservative.

12.2.4.10 Record the lot* of vial preservative kit.

12.2.4.11 Narrate which container was used for sample preservation in the
comment section of the logbook.

12.3 Sample storage

12.3.1 Once in the laboratory, store samples at either 4°C (preserved) or -10°C
(unprcscr\cd) until analysis. The sample storage area should be free of organic
solvent vapors.

12.3.2 All samples should be analyzed as soon as practical, and within the designated
holding time from collection. Samples not analyzed within the designated
holding time must be noted and the data are considered minimum values.

12.3.3 When the low concentration samples are strongly alkaline or highly calcareous
in nature, the sodium bisulfate preservative solution may not be strong enough
to reduce the pi I of the soil/water solution to below 2. Therefore, when low
concentration v»ik to he sampled are known or suspected to be strongly alkaline
or highK calcareous, additional steps may be required to preserve the samples.
Such steps include: addition of larger amounts of the sodium bisulfate
preservative to non-calcareous samples, storage of low concentration samples at
-IO°C (taking care not to fill the vials so full that the expansion of the water in
the vial breaks the vial), or significantly reducing the maximum holding time
for low concentration soil samples. Whichever steps are employed, they should
be clear k described in the sampling and QA project plans and distributed to
both the field and laboratory personnel.

13.0 EQUIPMENT AND INSTRl MF.NT MAINTENANCE
13.1 Routine Prcvcniative and Special Operational (Failure)

13.1.1 Autosamplcr maintenance is very sample dependent. In general, easy
maintenance consists of changing the trap and line cleaning. Line cleaning is
accomplished b> back flushing the system with methanol.

13.1.2 If a glass jet separator is used, the frequency of maintenance for this device is
sample dependent. This is a very detailed and delicate maintenance procedure
and extreme care must be taken when cleaning.

13.2 Routine Prevcntativc Maintenance (PM) Procedures

Preventive maintenance consists mainly of baking the trap following the analysis of
samples.
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13.3 Non-routine Maintenance Procedures (Special, Operational or Failure Mode
Maintenance)

Troubleshooting the autosampler and instrument is a function of analyst experience.
There are literally dozens, if not hundreds, of possible reasons for why the instruments
do not operate efficiently and properly. In-house service is obtained from the Service
Technician. If vendor assistance is needed, then the appropriate vendor is contacted.

13.4 Maintenance logbooks are kept for each instrument and include entries for both routine
as well as non-routine maintenance procedures.

14.0 PREPARATION OF STANDARD SOLUTION AND QUALITY CONTROL SAMPLES

See the appropriate analytical procedure identified in Section 3.2 for preparation of
standard solutions.

15.0 INSTRUMENT CALIBRATION AND PERFORMANCE REQUIREMENTS

Please see the instrument calibration information in the appropriate referenced method
identified in Section 3.2.

16.0 ANALYST AND METHOD VERIFICATION REQUIREMENTS

Please see the analyst and method verification requirements information in the
appropriate analytical method from Section 3. 2.

17.0 ANALYSIS PROCEDURES AND INSTRUMENTAL OPERATION

Please see the analysis procedures and instrumental operation information in the
appropriate analytical method from Section 3.2.

18.0 CALCULATIONS AND DATA REDUCTION METHODS

Please see the calculations and data reduction methods information in the appropriate
analytical method from Section 3.2.

19.0 DATA RECORDING

Please see the data recording information in the appropriate analytical method from
Section 3.2.

20.0 QUALITY CONTROL REQUIREMENTS

Please see the quality control requirements information in the appropriate analytical
method from Section 3.2.

21.0 DATA REVIEW, VALIDATION AND APPROVAL PROCEDURES

Please see the data review, validation and approval procedures information in the
appropriate analytical method from Section 3.2.

22.0 DATA TRANSMITTAL

Please see the data transmittal information in the appropriate analytical method from
Section 3.2.

23.0 RECORDS MANAGEMENT AND DOCUMENT CONTROL

All data associated with the performance of this procedure, including relevant logbooks,
are maintained as quality records in accordance with GL-QS-E-008 for the Management
and Disposition of Quality Records.

24.0 LABORATORY WASTE HANDLING AND DISPOSAL
For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.
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1.0 STANDARD OPERATING PROCEDURE FOR VOLATILE ORGANIC COMPOUNDS (VOC)
BY GAS CHROMATOCRAPH/MASS SPECTROMETER

2.0 METHOD CODF.:

EPA SVV-846 Methods: 8260A, 8260B, 5030A, 5030B, and 5035

3.0 METHOD OBJECTIVE AM) PURPOSE
3.1 This procedure covers the determination of purgeable organic compounds in a variety of

solid and liquid waste matrices. The volatile organic compounds are purged and
absorbed onto a trap, separated via the gas chromatograph (GC), and detected using a
mass spectrometer This procedure can be used to quantify most volatile organic
compounds that have:

3.1.1 A boiling point below 200°C
3.1.2 Arc insoluble or slightly soluble in water.

4.0 METHOD APPLICABILITY AM) METHOD SUMMARY
4.1 Analytes - See Appendix I.

4.2 Applicable Matrices • Groundwater, aqueous sludges, caustic liquors, waste solvents,
oily wastes, mousses, tars, fibrous wastes, polymeric emulsions, filtercakes, spent
carbons, spent catalysts, soils, wastewaters, and sediments.

4.3 General Method Summary - EPA Method 8260A/B is used to quantitate most volatile
organic compounds that have boiling points below 200°C and that are insoluble or
slightly soluble in water. Volatile water-soluble compounds can be included in this
analytical technique The volatile compounds are introduced into the gas chromatograph
via a purge and trap system using EPA SW-846 Methods 5030A for soils and waters
under 8260A. 5030B for water and high level soils under 8260B; and SW-846 Method
5035 for low level soils under 8260B.

5.0 METHOD SCOPE AM) PERFORMANCE CHARACTERISTICS
5.1 Calibration Range can be as low as 0.5 ppb up to 100 ppb for most analytes. The range

for those analytes with poorer purging efficiencies can be as low as 5.0 ppb up to 5000
5.2 reeled Concentration Range: The tested concentration will be the same as the

calibration range, with no upper limit if dilutions are performed.
5.3 Method Detection Limit and Practical Quantitation Limit (PQL):

5.3.1 The practical quantitation limit for each analyte is the same as the analyte's
lowest calibration concentration.

5.3.2 Method detection limit studies are performed annually and maintained as
quality records.

5.3.3 Method detection limits are verified on each instrument.

6.0 REFERENCES
6.1 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/Chemical

Methods. Volume I (Part 2) Section B. SW-846, Third Edition. Method 8260B,
"Volatile Organic Compounds by Gas Chromatograph/Mass Spectrometer (GC/MS):
Capillary Column Technique," Revision 1, September 1994. USEPA Office of Solid
Waste and Emergency Response, Washington, DC 20460.

6.2 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/ Chemical
Methods. Volume I (Part 2) Section B. SW-846, Third Edition. Method 8000B,
"Determinative Chromatographic Separations," Revision 3, December 1996. USEPA
Office of Solid Waste and Emergency Response, Washington, DC 20460
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6.3 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/ Chemical
Methods, Volume If Part 2) Section B. SW-846. 3"* Edition. Method 5O3OB. "Purge-
and-Trap for Aqueous Samples," Revision 2, December 1996. USEPA Office Of Solid
Waste and Emergency Response, Washington, DC 20460

6.4 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/ Chemical
Methods. Volume UPart 2) Section B. SW-846, Third Edition. Method 5035, "Closed-
System Purge-and-Trap and Extraction for Volatile Organics in Soil and Waste
Samples," Revision 0, December 1996. USEPA Office Of Solid Waste and Emergency
Response, Washington, DC 20460

6.5 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/Chemical
Methods, Volume 1B. SW-846. 3rd Edition. Method 8260A. "Volatile Organic
Compounds by Gas Chromatography/Mass Spectrometer (GC/MS): Capillary Column
Technique", Revision 1, September 1994. USEPA Office of Solid Waste and
Emergency Response, Washington, DC 20460

6.6 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/Chemical
Methods. Volume IB, SW-846, 3rd Ed., Method 5030A, "Sample Preparation and
Extraction for Analysis of Volatile Organics by Purge and Trap", Rev 1, July 1992.
USEPA Office of Solid Waste and Emergency Response, Washington, DC 20460

7.0 INTERFERENCES TO THE METHOD
7.1 Potential contaminants for this procedure include common laboratory solvents, typically

Ketones, Methylene chloride, Toluene, and Freon.

7.2 To minimize the contamination, use organic-free DI water or equivalent for all analyses.

7.3 Contamination by carry-over can occur during sequential analyses. If carry-over is
suspected, the affected sample or samples are reanalyzed.

7.4 The trap and other parts of the system, such as the column, are subject to contamination;
therefore frequent bake out and purging of the system is required.

8.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
8.2 Treat all chemicals as a potential health hazard and limit exposure to them to the lowest

level possible. GEL maintains a current awareness file of OSHA regulations regarding
the safe handling of the chemicals used in this SOP. A reference file of Material Safety
Data Sheets (MSDS) is available to all personnel involved in this SOP via GEL's
Intranet. If necessary, contact the safety coordinator for specific MSDS sheets.

8.3 Personal protective equipment

8.3.1 Approved gloves are required when handling compounds and samples in this
procedure.

8.3.2 Work under a hood when using concentrated acids, bases, and stock solutions.
8.4 Prior to handling radioactive samples analysts must have had radiation safety training

and understand their full responsibilities in radioactive sample handling.
8.5 All samples, chemicals, extracts, and extraction residues must be transferred, delivered,

and disposed of safely according to all related SOPs.

8.6 Never leave gas cylinders unchained or untied, including when they are on the moving
carts.

8.7 In the event of an accident or medical emergency, seek help immediately. When time
and safety permit, file an accident report form regardless of how insignificant the injury
may seem.
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10.0

8.8 Fire escape routes are posted in the lab and all personnel should be familiar with them.
In addition, fire safety equipment such as fire extinguishers is located in the lab.
Training is available on the proper operation of this equipment.

9.0 CAUTION WARNINGS
The analyst must use great care when operating and assembling instrumentation and when
handling samples and reagents. Check to see that the equipment is properly assembled and
connected to gas and power, etc. Take great care to avoid running samples that contain over-
range hits of analytes, especially hydrocarbons. Observe samples for foaming. Samples are
stored without headspace at 4° ±2°C and are not stored with standards. Sample dilutions will
only be made with organic-free, deionized water or equivalent.

APPARATUS AND MATERIALS; REAGENTS; EQUIPMENT AND INSTRUMENTS
10.1 Ancillary Equipment

10.1.1 25 mL or 10 mL glass syringes - manufactured by Hamilton
10.1.2 Gas tight syringes - I uL, 10 uL, 25 uL, 50 uL, 100 uL, 1000 uL
10.1.3 Purge vessels - 40 mL glass vials. Sparge Vessels
10.1.4 Volumetric flasks
10.1.5 Drying oven
10.1.6 Refrigerator and Freezer
10.1.7 Columns

10.1.7.1 J and W DB 624 fused silica capillary column 0.25mm ID x 60m,
1.4 urn film thickness

10.1.7.2 J and W DB 624 fused silica capillary column 0.25 mm ID x 30m,
1.4 urn film thickness

10.1.7.3 Rcstck RTX-Volatilcs fused silica capillary column 0.25 mm ID x
30m. 1.0 urn film thickness

40 mL glass vials vs. ith open tops and septa
Reactor vials with mininert values
Centrifuge
Disposable pi pets
Balance
18mm x 150mm Culture tubes

Reagents

10.2.1 Water used for volatile organic analysis must be high quality organic free
water or equivalent.

10.2.2 Methanol: B and J brand high purity solvent for purge and trap analysis.
Each lot of methanol is screened for contaminants prior to use.

10.2.3 Source Standard Solutions: Most source standard solutions are purchased
from approved vendors. Source standards are used to make stock,
intermediate, and working standards (refer to Section 14). The primary source
standards used for calibrating the instrument are listed below. The title in
bold face print is the common name of the solution.

10.2.3.1 Federal Calibration Long List:

10.2

10.
10.
10.
10.
10.
10.

.8

.9

.10

.11

.12

.13

Acetone
Acetonitrile
Benzene
Bromobenzene

1,2-Dichloropropane
2,2-Dichloropropane
1,3-Dichloropropane
cis-1,2-Dichloroethene
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Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane
4-Bromofluorobenzene
2-Butanone (MEK)
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon Disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Cyclohexane
2-Chloroethylvinyl ether
2-Chlorotoluene
4-Chlorotoluene
Dibromochloromethane
Dibromofluoromethane
Dichloromethane (Methylene chloride)
Dichlorodifluoromethane
,2-Dibromo-3-chloropropane
,2-Dibromoethane (Ethylene dibromide)

Dibromomethane
,2-Dichlorobenzene
,3-Dichlorobenzene
,4-Dichlorobenzene
, 1 -Dichloropropene
,1-Dichloroelhane
,2-Dichloroethane
,1-Dichloroethene

Ethyl ether
Methyl acetate

10.2.3.2 Federal Calibration Short List:

cis-1,3-Dichloropropene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene
Ethylbenzene
Hexachlorobutadiene
2-Hexanone
Iodomethane
Isopropylbenzene (Cumene)
p-Isopropyltoluene (p-Cymene)
4-methyl-2-pentanone (MIBK)
Naphthalene
n-Propylbenzene
Styrene
Tetrachloroethene
Trichlorofluoromethane
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
tert-Butyl methyl ether (MTBE)
Toluene
Toluene-d8
Trichloroethene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1 -Trichloroethane
1,1,2-Trichloroethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene

(Mesitylene)
o-Xylene
m,p-Xylene
Vinyl acetate
Vinyl chloride
n-Butyl alcohol
Methylcyclohexane

Acrolein
Acrylonitrile
Allyl Chloride
Ethyl methacrylate
Isobutyl alcohol
Methacrylonitrile
Methyl methacrylate
Pentac h 1 oroethane
Cyclohexanone
1,1,2-Trichloro-1,2,2-

trifluoroethane (Freon 113)

Tetrahydrofiiran
Propionitrile
trans-1,4-Dichloro-2-butene
cis-1,4-Dichloro-2-butene
Benzyl chloride
2-Nitropropane
bis(2-Chloroisopropyl)ether
2-Chloro-l ,3-butadiene (Chloroprene)
Ethyl acetate
1,4-Dioxane
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10.2.3.3 The Industrial calibration mix contains all of the analytes listed in
sections 10.2.3.1 and 10.2.3.2.

10.2.3.4 Surrogates: The surrogates used are: Toluene-d8, Dibromo-
fluoromethane, and 4-Bromofluorobenzene. Other compounds may
be used as surrogates, depending upon the analysis requirements.
Final concentrations of the surrogates should be 5 to 50 ug/L.
Surrogate analytes are included in the Federal Calibration Long List.

NOTE: SW846 8260B recommends 4 surrogate compounds. In addition to
the 3 used by the laboratory, the analyte l,2-Dich!oroethane-d4 is suggested.
Since the 1,2-Dichloroethane-d4 peak elutes within one minute of the
Dibromo-fluoromethane peak, GEL has elected to exclude one of these
compounds. This exclusion should be noted and taken as an exception in
response to proposals submitted by Navy clients.

10.2.3.5 Internal standards: The volatile internal standards used are
Fluorobenzene, Chlorobenzene-d5 and l,4-Dichlorobenzene-d4.
Other compounds may be used as internal standards as long as they
have retention times similar to the compounds being detected by the
GC/MS. Final concentrations of internal standards should be 5 to 50
ug/L.

10.2.3.6 BFB Tune: The surrogate solution (50 u.g/mL) may be used for
BFB tuning resulting in 5 to 50 ng on column.

10.2.4 Calibration Standards: A minimum of five calibration standards is used to
establish instrument linearity. Each standard is prepared in a 10 mL or 5 mL
Hamilton gas-tight syringe. The lowest concentration level used to
standardize the instrument is considered the practical quantitation limit for the
compound of interest. (See Appendices 6 and 7 for calibration levels.)

10.2.5 Matrix Spiking/LCS Standards: The spiking solution is a separate source
standard from the calibration standards. A set of representative compounds is
used to spike sample matrices. Each compound spiked into the sample is
reviewed to evaluate the effect of matrix on the spiked compounds.

NOTE: SC DHEC requires that all spiking compound recoveries in the LCS
be between 70-130%.

NOTE: For Navy Clients the LCS and matrix spikes will be spiked with all
of the analytes on the client target analyte list.

10.2.6 Methanol is screened by "lot" for contaminants prior to use.
10.2.7 Standards will be stored at -10° to (-20°) C.

10.2.7.1 All source standards have a maximum holding time of 12 months
from the date received, or the vendor expiration date if sooner.
Nongas standards have an expiration of one month from opening.
Standards for the permanent gases should be replaced after one week
of opening.

10.2.7.2 Intermediate standards have a one week expiration date from the day
that they are made, or the vendor expiration date if sooner.

10.2.7.3 Volatile working standards are made up on a daily basis and are
never reused the following day.
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10.3 Instrumentation:
10.3.1 Purge and Trap system for water and high level soil and waste samples. This

system consists of an autosampler, concentrator, and heater assembly.

10.3.1.1 The purging device is designed to accept up to a 25 mL sample
volume.

10.3.1.2 The concentrator consists of a trap packed with Tenax/silica
gel/charcoal, Vocarb 3000, or equivalent.

10.3.1.4 The heater assembly is used to maintain samples at 40°C.

Recommended Parameters:
Standby: 30°C
Preheat: 1.0 minute
Purge: 11.0 minutes
Prepurge: 0.00
Sample: 40°C
Dry purge: 0.00
Dcsorb preheat: I5O°C
Desorb: 0.6 minutes at 180°C
Bake: 10.00 minutes at 220°C
Purge flow: 25 mL/min - 40 mL/min depending upon each
instrument

10.3.
10.3.
10.3.
10.3.
10.3.
10.3.
10.3.
10.3.
10.3.
10.3.

.5
1.6
1.7
1.8
.9

1.10
.11
.12
.13
.14

10.3.
10.3.
10.3.
10.3.
10.3.

.15 Valve: l20°C-Line: 120°C

.16 Mount: !20°C

.17 2016 valve: IO5°C - Line 105°C

.18 2032 valve: Nl

.19 Archon Valve 120°C- Line: 120°C

10.3.2 See SW 846 Method 5035 for purge and trap device for low level soils.
10.3.3 GC/MS System

10.3.3.1 This device consists of a Gas Chromatograph and Mass Selective
Detector, capable of scanning fromTO to 800 amu using 70 electron
volts in the ionization mode. A computerized data system is used to
control or assist in instrument tuning, data acquisition, data
reduction, report production, and automation.

10.3.3.2 Columns.

J and W DB 624 fused silica capillary column 0.25mm ID x 60m,
1.4 urn film thickness

J and W DB 624 fused silica capillary column 0.25 mm ID x 30m,
1.4 urn film thickness

J and W DB 624 fused silica capillary column 0.32 mm ID x 60
m. 1.8 um film thickness (P/N 125-1364) or equivalent

Restek RTX-Volatiles fused silica capillary column 0.25 mm ID x
30m, 1.0 (am film thickness

10.3.3.3 Temperature Limits: -20°Cto260°C
10.3.3.4 Temperature Program: Parameters are instrument dependent.
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11.0 SAMPLE HANDLING AND PRESERVATION REQUIREMENTS
11.1 All samples must be stored at 4° ± 2°C from the time of collection until analysis. The

samples should be collected and stored with no headspace, however, pea-size bubbles
are acceptable. Large volumes of sediment should be noted in the case narrative.

11.2 Large volumes of headspace indicate that the sample was improperly collected. Notify
the Project Manager, who is responsible for contacting the client and requesting that the
sample be recollected. If recollection is not possible, flag the report to indicate that the
samples were improper!} collected.

1 i .3 Samples that contain no headspace have their pH checked with pH paper strips
immediately prior to anal) sis. Aqueous samples are preserved with HCL to a pH of
approximately 2 and have a 14-day holding time. Unpreserved waters have a holding
time of 7 days from collection.

11.3 Analysts receive the samples directly from the storage cooler. Samples must be tracked
into the analyst's custod) prior to analysis, then tracked back to the cooler or archiving
upon completion of the anal) sis. If samples are analyzed out of holding the analyst must
immediately notif) the Group Leader and/or Project Manager and initiate a
nonconformancc report.

12.0 SAMPLE PREPARATION 1 K.C HMO.I'FS
(For 8260B sample preparation see Section 18.0.)
NOTE: Soils samples originating in South Carolina must be collected and analyzed using
EPA Method 5035/826OB.
12.1 For 8260A the samples are allowed to come to ambient temperature and are then

analyzed. No preparation is required other than dilutions, if necessary, for low viscosity
samples. Solid samples that contain concentrations of analytes greater than the highest
concentration level in the calibration or samples with high viscosity, are extracted with
methanol, and then diluted in water. Usually 5 g of sample are weighed out and then
extracted with 10 mL of methanol. The methanol extract is shaken for two minutes then
allowed to settle until distinct lasers form. The methanol layer is then decanted and
transferred to a 2 ml. vial, labeled accordingly, and placed in the sample refrigerator
until analysis.

12.1.1 A minimum dilution of 1:50 must be analyzed in order to prevent methanol
interference. Maximum volume of methanol analyzed should be 100 uL.

12.1.2 The minimum amount of solid that can be weighed out is 1 gram. If a lower
dilution is needed then a serial dilution must be performed on an extract with a
weight no less than I gram.

12.2 Solid analysis (5O3OA) - Allow samples to reach room temperature. Weigh approx. 5
grams (+/- 0.1 g) of sample into a 40 mL autosampler vial with a magnetic stir bar. Add
5 mL of organic free water to the vial. Gently shake the sample vial to ensure the
magnetic stir bar moves freely. Place the sample vial in the appropriate position and
complete the auto-sampler sequence as desired to purge each sample. Add the
appropriate volume of surrogate and internal standard solutions. The sample may be
diluted by weighing less sample. Do not analyze less than 1.0 gram of the solid sample.
If a higher dilution is required, use the methanol extraction method (see section 12.1).

12.3 Aqueous anal) sis (5O3OA/B) - Allow samples to reach room temperature. Invert each
sample vial to check for headspace. Gently pour approximately 6 mL of the aqueous
sample into a 10 mL gas tight syringe with luer-lock end fitting. Use a gloved finger on
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the end fitting to stop sample from exiting the syringe. Place the plunger in the syringe
and invert, allowing any bubbles to escape through the end fitting. Adjust sample
volume to 5 mL by depressing the plunger to the mark. The extraneous sample volume
may be added back to the original sample vial or other waste container. Do not decant
into the laboratory sinks. Transfer the 5.0 mL of sample to a clean 40 mL auto-sampler
vial and place the vial in the appropriate auto-sampler position. Complete the auto-
sampler sequence as desired to purge each sample and add the appropriate volume of
surrogate and internal standard solutions. After obtaining the aliquot for analysis, use a
wide range pH paper, dip the strip into the original sample vial and record the pH in the
instrument run log. Indicate on the sample vial with a "X" that the pH strip has been
dipped into the sample vial. Analysts should obtain their sample aliquots before taking
the pH. In addition, if sample volumes are limited (one vial per sample) the analysts
should transfer any remaining sample to a smaller container with no headspace. Analyst
should obtain the pH of the sample by pipeting a small volume of the sample across the
pH strip into a waste container. Note in batch case narrative any sample discrepancies,
i.e. unpreserved sample pHs, headspace (greater than a pea size bubble), excessive
sediment.

NOTE: In order to meet the practical quantitation limits in Appendix 7, quality control
and client samples use a 10 mL purge volume.

12.4 Spike Analysis

12.4.1 After preparing and prior to purging, fortify the appropriate samples for
matrix spike purposes using the appropriate amount of MS/LCS spike solution
needed to achieve the desired concentration.

12.4.2 Preserved soils (5035) should be fortified by inserting the syringe needle into
the vial septum and injecting the spike solution into the liquid. Tilt the vial
during this process to ensure that the spike solution enters the liquid phase of
the sample.

12.4.3 Aqueous and/or 5030A solid samples can be fortified in the syringe prior to
transferring the aqueous sample or organic free water to the autosampler vial.

12.4.4 Prepare the Laboratory Control Sample (LCS) for solids and liquids by
injecting the appropriate amount of spike solution needed to achieve the
desired concentration into a gas tight syringe containing organic free water.
Transfer the syringe contents to a 40 mL autosampler vial.

13.0 EQUIPMENT AND INSTRUMENT MAINTENANCE
Routine Preventative and Special Operational (Failure)
13.1 Preventative maintenance on a GC/MS system involves four basic areas:

13.1.1 Vacuum pumps for the analyzer should have an oil change when the system
demonstrates that it is needed. This includes the mechanical, turbomolecular,
and/or diffusion pumps. Generally, this occurs once a year.

13.1.2 GC maintenance consists mainly of column and injection port maintenance.
These procedures are performed when system sensitivity drops, or air (m/z =
28) is noted present in the system.

13.1.3 Analyzer maintenance is most often usage dependent. The type and quantity
of samples that have been injected, determine the frequency of ion source and
electron multiplier cleaning and/or replacement.
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13.1.4 Autosampler maintenance is very sample dependent. In general, easy
maintenance consists of changing the trap and line cleaning. Line cleaning is
accomplished by back flushing the system with methanol.

13.2 Non-routine Maintenance Procedures (Special, Operational or Failure Mode
Maintenance)

13.2.1 Troubleshooting the autosampler and instrument is a function of analyst
experience. In-house service is obtained from GEL's Service Technician. If
vendor assistance is needed, then the appropriate vendor is contacted.

13.3 Maintenance logbooks are kept for each instrument and include entries for both routine
as well as non-routine maintenance procedures.

14.0 PREPARATION OF STANDARD SOLUTION AND QUALITY CONTROL SAMPLES
14.1 Surrogate Standards: The surrogates used are Toluene-d8, 4-Bromofluorobenzene, and

Dibromofluoromethane. A solution of all three surrogates in methanol is purchased
from an approved vendor at the appropriate concentration. Other compounds may be
used as surrogates depending upon the analysis requirements.

14.2 Internal Standards: The internal standards used are Fluorobenzene, Chlorobenzene-d5
and 1,4-Dichlorobenzene- d4. A solution of ail three internal standards in methanol is
purchased from an approved vendor at the appropriate concentration. Other compounds
may be used as internal standards as long as they have retention times similar to the
compounds being detected by the GC/MS.

14.3 The standards logbook is used to inventory and record the standards. For guidance on
standard documentation, refer to "Laboratory Standards Documentation" (GL-LB-E-007).

15.0 INSTRUMENT CALIBRATION
15.1 Initial Calibration: For method 5035, a calibration curve preserved with sodium bisulfate

should be analyzed and used to quantitate all low level soil samples preserved with
sodium bisulfate. In addition, an unpreserved calibration curve may be used for high
level methanol extracts, waters and low level soils not preserved in sodium bisulfate
(frozen preps due to soil reaction with sodium bisulfate). All quality control samples
(CVS, LCS, method blanks, and matrix spikes) should be preserved in sodium bisulfate
when using the preserved calibration curve.

NOTE: Prior to tuning or running a multi-point calibration, precautions are taken to
ensure that the instrument is clean and functioning properly. It is suggested that the
standards be set up from low to high in order to prevent carry over. These levels are
made in the same volume of DI water for both water multi-point and soil multi-point.
(See Appendix 2.)

15.1.1 Establish the GC/MS operating conditions using the following guidelines:

Mass Range: 35-300
Scan Time: 0.6 - 2 sec/scan

15.1.2 Calculations: Initial Calibration
15.1.2.1 Tabulate the area response of the characteristic ions against

concentration for each compound and each internal standard.
Calculate response factors (RF) for each compound relative to one of
the internal standards. The internal standard selected for the
calculation of the RF for a compound should be the internal standard
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that has a retention time closest to the compound being measured.
The RF is calculated as follows:

RF = (AxC i s)/(A i sCx)
Where:
Ax = Area of the characteristic ion for the compound being measured.
A,s = Area of the characteristic ion for the specific internal standard.
C,s = Concentration of the specific internal standard.
Cx = Concentration of the compound being measured.

15.1.2.2 The average RF must be calculated for each compound. A system
performance check is made before this calibration curve is used. Five
compounds (the System Performance Check Compounds, or SPCCs)
arc checked for a minimum average response factor. These compounds
are: Chloromcthane, 1,1-Dichloroethane, Bromoform, 1,1,2,2-
Tctrachlorocthane, and Chlorobenzene. The minimum acceptable
average RF for these compounds is: 0.1 for Chloromethane, 1,1-
Dichloroclhanc. and Bromoform, 0.3 for Chlorobenzene and 1,1,2,2-
Tetrachloroethane. These compounds typically have RFs of 0.4 - 0.6
and are used to check compound instability and check for degradation
caused by contaminated lines or active sites in the system.

NOTE: All non-SPCC compounds must have a minimum response
factor of 0.01. with the exception of poor purging compounds such
as Isobut)! alcohol. n-Butyl alcohol. Methyl acetate, and 1,4-
Dioxanc. For the analysis of Ketones and Carbon Disulfide at a
PQl. less than 5 ppb, the relative response factor for these analytes
must be equal to or greater than 0.0S.

Lxamples of these occurrences are:

• Chlorumclhane: This compound is the most likely compound to
be lust if the purge flow is too fast.

• Bromoform: This compound is one of the compounds most likely
to be purged very poorly if the purge flow is too slow. Cold spots
and/or active sites in the transfer lines may adversely affect
response. Response of the quantitation ion (m/z 173) is directly
affected by the tuning of BFB at ions m/z 174/176. Increasing the
m'z 174/176 ratio may improve bromoform response.

• Tetrachlorocthane and 1,1-Dichloroethane: These compounds are
degraded by contaminated transfer lines in purge-and-trap
systems and/or active sites in trapping materials.

15.1.2.3 All new l\ generated calibration curves should have a secondary
review b> a Senior Analyst or Data Reviewer before being used.

15.1.3 The internal standard responses and retention times in the check calibration
standard must be evaluated immediately after or during data acquisition. If the
retention time for any internal standard changes by more than 30 seconds
during the calibration, the chromatographic system must be inspected for
malfunctions and corrections must be made, as required. If the Extracted Ion
Current Profile (F.ICP) area for any of the internal standards changes by a
factor of two (-50% to +100%) during the calibration, the mass spectrometer
must be inspected for malfunctions and corrections must be made, as
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appropriate. When corrections are made, reanalysis of samples analyzed while
the system was malfunctioning are necessary.

15.1.4 Using the RFs from the initial calibration, calculate the percent relative
standard deviation (%RSD) for Calibration Check Compounds (CCCs) and all
target analytes:

%RSD = 4 ? X 100
x

Where:
RSD = relative standard deviation

x = mean of initial RFs for a compound
SD = standard deviation of average RFs for a compound

SD

15.1 4.1 If the RSD of any target analyte is 15% or less, then the response
factor is assumed to be constant over the calibration range and may
be used for quantitation. If the RSD of any target analyte is greater
than 15%, then use one of the options in section 15.1.5. A minimum
of five calibration standards must be used.

15.1 4.2 The %RSD for each individual CCC must be less than or equal to 30
percent difference. This criterion must be met in order for the
individual calibration to be valid. The CCCs are:

• I.l-Dichloroethene
• Chloroform
• I.2-Dichloropropane
• Toluene
• Ethylbenzene
• Vinyl chloride

15.1.5 Given the potentially large numbers of analytes that may be analyzed by this
method, it is likely that some analytes may exceed the 15% acceptance limits
for RSD. In those instances, the following steps may be used:

15.1.5.1 Check the instrument operating conditions. Follow the suggested
maintenance procedures in this method to make minor adjustments
to the system.

15.1.5.2 Review the results of each standard (area counts, calibration or
response factors and RSD) to ensure that the problem is not
associated with one of the five initial calibration standards. If the
problem appears to be associated with a single standard, that one
standard may be reanalyzed and the RSD recalculated.

15.1.5.3 Narrow the calibration range. Remember that changing the lowest
level calibration standard will change the practical quantitation limit.
Consider the project specifications for regulatory limits and action
levels to confirm that this option can be used. Individual analyte end
points may be eliminated. However, to eliminate mid-points, the
whole standard must be dropped.
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15.1.5.4 The analyst may also choose to construct calibration curves of area
ratios versus concentration using first order regression fit of the five
calibration points. The minimum acceptable correlation coefficient
(R) for any compound using linear regression shall be 0.990. The
analyst will select only linear regression or average response factor.
Higher order curves such as a quadratic curve must never be used.

15.1.6 If the analyst chooses to use linear regression, he/she must not force the
calibration line through the origin.
15.1.6.1 Make certain that the instrument response is treated as the dependent

variable (y) and the concentration as the independent variable (x).
The regression will produce the slope and intercept terms for a linear
equation in the form:

y = ax + b

Where:
y = instrument response
a = slope of line (also called the "coefficient of x")
x = concentration of the calibration standard
b = the intercept

15.1.6.2 The analyst should not force the line through the origin, but have the
intercept calculated from the data points. Otherwise, the problems
noted with the RSD value will occur, i.e., a line through the origin
will not meet the QC specifications. In addition, do not include the
origin (0, 0) as a sixth calibration point.

15.1.6.3 The regression calculation will generate a correlation coefficient
(Ri) that is a measure of the "goodness of fit" of the regression line
to the data. A value of 1.00 indicates a perfect fit. In order to be
used for quantitative purposes, R must be ^0.99. The calculated
intercept value needs to be evaluated before reporting sample results.

15.1.6.4 A positive value for the intercept indicates that there is some threshold
instrument response that is the limiting factor in establishing linearity.
A negative intercept value can be transformed into an x-intercept
value that represents a threshold concentration that is the limitation. If
the intercept is positive, then, as a general rule, results where the
instrument response is less than three time (3x) the intercept value
may be unreliable. This will afford some protection against false
positive results. If the intercept is negative, results below the
concentration of the lowest concentration calibration standard may be

Nft5m£: ?*or specific clients, these adjustments to the quantitation
limits will apply to all samples analyzed using the regression line.

15.1.6.5 In calculating the sample concentrations, the regression equation is
rearranged to solve for the concentration (x) as shown below:

(v-b)
x = a

15.1.6.6 Initial calibrations should be verified by the analysis of a second
source standard. Complete the analysis of the initial calibration by
inserting this standard at the end of the calibration standards. Re-
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process this standard using the initial calibration being verified as a
continuing calibration standard.. This second source check is used
to verify the calibration. High % differences (>20%) should be
investigated before the calibration is acceptable.

NOTE: Several Federal clients including the Navy require this
calibration verification by second source.)

15.2 Continuing Calibration

15.2.1 Prior to the analysis of samples or calibration standards, inject or introduce 5-
50 ng of the 4-Bromofiuorobenzene standard into the GC/MS system. The
resulting mass spectra for the BFB must meet all of the criteria given in
Appendix 3 before sample analysis begins. These criteria must be
demonstrated each 12 hour period before samples are analyzed. The mass
spectrum of BFB can be obtained using an average of up to three scans and
using a background subtraction from within 20 scans before the peak starts or
after it ends. However, the analyst may use other documented approaches
suggested by the instrument manufacturer.

NOTE: The BFB and continuing calibration verification standard may be
combined into a single standard as long as both tuning and calibration criteria
for the project can be met without interferences.

15.2.2 The initial calibration curve for each compound of interest must be checked
and verified once every 12 hours of analysis time. This is accomplished by
analyzing a calibration standard that is at a concentration near the midpoint
concentration for the working range of the GC/MS by checking the SPCCs
and CCCs. The continuing calibration check standard may be a second source
standard. As a second source, it must be obtained from a second supplier.
This will determine the validity of the initial calibration on a daily basis.

15.2.3 System Performance Check Compounds (SPCCs): A system performance
check must be made every 12 hours. If the SPCC criteria are met, a
comparison of response factors is made for all compounds. This is the same
check that is applied during the initial calibration. If the minimum response
factors are not met, the system must be evaluated and corrective action must be
taken before sample analysis begins. The minimum response factors for
volatile SPCCs are listed in section 15.1.2.2 of this SOP. Some possible
problems are standard mixture degradation, injection port inlet contamination,
contamination at the front end of the analytical column, and active sites in the
column or chromatographic system.

15.2.4 Calibration Check Compounds (CCCs): After the system performance check is
met, CCCs are used to check the validity of the initial calibration. Calculate
the percent difference using:

|RF, - RFC|
% Difference = * == ^ x 100

Where:

General Engineering Laboratories, LLC
P.O. Box 30712 Charleston SC 29417



5-Mar-04
Volatile Organic Compounds (VOC) by Gas Chromatography/Mass Spectrometer

SOP Effective 2/16/98 GL-OA-E-038 Revision 8
Revision 8 Effective March 2003 Page 16 of 41

= average response factor from initial calibration
RFC = response factor from current verification check standard.

If the percent difference for all CCCs is less than 20%, the initial calibration is
assumed to be valid. If the criterion is not met (>20% difference), corrective
action must be taken. Problems similar to those listed under SPCCs could
affect this criterion. If no source of the problem can be determined after
corrective action has been taken, a new five-point calibration will be

WlsJri^tCC and SPCC criteria should not be the only factors in evaluating a
successful calibration verification. All the analytes in the standard should be
evaluated before analysis continues. The laboratory has set a maximum
difference 'drift of 40% for all non-CCC analytes. If an analyte is flagged as an
outlier on the report the analyst should at least evaluate the significance of the
flag. The reason for the outlier may be as simple as the computer missing a
quant ion. a poor performance compound, or loss of moisture control. Whatever
the reason for the flag, all outliers should be evaluated on how the data will be
affected b> the analytes response. If CCC compounds are not in the target
analyte list the 20% criteria for CCCs may be waived if all the required target
analytes are less than 20% difference/drift. In addition, if the CCC and SPCC
criteria are met despite these compounds not being required, the required target
analytes may have differences/drifts greater than 20%. Again, every standard
should be evaluated carefully in order to obtain quality data.

15.2.5 Internal Standard Response: internal standard areas in the daily continuing
calibration verification standard (CCV) must be within +100 to -50% of the
initial calibration midpoint internal standard areas and retention times for each
internal standard must be within +/- 30 seconds. If internal standards do not
meet this criteria, reanalyze the CCV to verify the problem was not random. If
the areas fail again, corrective action must be taken. Several actions may correct
the problem, i.e.. refreshing the internal standard solution on the autosampler,
using a newly opened solution, checking instrument conditions have not
changed, etc. Document the actions taken to correct the problem in the

15.2.6 l?!HcJ?l$n^ntfm|\Jin(6?ation does not meet the aforementioned criteria, the
analyst must determine why and take appropriate corrective action. Samples
may not be analyzed until the validity of the calibration has been verified.

16.0 INSTRUMENT PERFORMANCE REQUIREMENTS
16.1 Prior to sample analysis, the instrument must pass a BFB (4-bromofluoro-benzene) tune.

Tuning criteria are found in Appendix 3. If the instrument does not pass the tune, then
the analyst takes corrective action such as manually tuning the instrument and then
introducing another BFB tune.

16.2 The instrument must also successfully pass a continuing calibration standard to verify
the validity and linearity of the existing multipoint. If the continuing calibration check
does not pass (see Section 21.2.2 for criteria) then the instrument may need to be re-
calibrated or adjusted. Analyte retention times in the check will not vary by more than
30 seconds from the established retention times at calibration. Peak shapes are
examined for excessive tailing or other abnormalities and internal standard areas are
checked to ensure that they are not too high or low.
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16.3 A matrix blank must also be analyzed and contain no hits of target analytes at or above
the reporting value.

17.0 ANALYST AND METHOD VERIFICATION REQUIRE1MENTS
17.1 To ensure that the instrument can generate reliable, accurate data, an analyst must

analyze, and successfully pass, a BFB tune, continuing calibration check, and an
instrument blank. Hard copies of this data are kept in a folder marked with the
instrument # and date.

17.2 Prior to analyzing EPA method 8260B, the analyst should analyze at least four replicates
of a QC check standard to establish his or her proficiency at using the method. The
analyst should spike the replicates using 50 ppb solution of all volatile organic
compounds (second source) in organic free water. Prior to the analysis of these
replicates the analyst must pass an acceptable BFB tune check, calibration verification
standard, and method blank. The analyst must than calculate the standard deviation and
mean recoveries for each analyte. The mean recovery for the replicates must be between
70 - 130%. Due to the large number of analytes in these mixes, it is probable that one or
more analytes will fail the recovery criteria. Analyst should recheck the failing data and
instrument condition for errors. If there were no errors or instrument problems the
analyst should re-perform the replicate analyses for the failing analytes. Repeated
failure indicates a general problem with the measurement system. If this occurs, locate
and correct the problem and repeat the test for all analytes. This data is filed in the same
fashion as other data. For criteria see Section 8, EPA SW-846 Method 8260B, Revision
2, December 1996.

17.3 Method Detection Limits (MDL) are calculated annually. Refer to "Determination of
Method Detection Limits" (GL-LB-E-OOI) for additional information. The results of the
MDL studies are maintained as quality records.

17.4 Method precision and accuracy arc determined with each batch of samples. The matrix
spike and matrix spike duplicate are used to determine the effects of matrix on method
precision and accuracy.

18.0 ANALYSIS PROCEDURES AM) INSTRUMENTAL OPERATION
18.1 All calibration and verification standards, blanks, quality control samples, and client

samples are analyzed using a heated purge. Ultra Pure helium is bubbled through the
sample that is contained in a purging chamber at 40°C. The purgeables are efficiently
transferred from the aqueous phase to the vapor phase that is swept through a sorbent
where purgeables are trapped. After purging is complete, the trap is heated and
backflushed with the inert gas to desorb the analytes onto a gas chromatographic
column. The gas chromatograph is temperature programmed to separate the analytes
that are then detected with a mass spectrometer.

NOTE: A heated 10 ml. purge is used to achieve the PQLs listed in Appendix 7.

18.2 Daily GC/MS Analysis Procedure:

18.2.1 At the beginning of each day or 12 hour run window, the GC/MS system is
checked to see if acceptable performance criteria are achieved. A 5-50 ng
BFB standard is run and must pass before any blank or samples are analyzed.
The passing criteria is listed on the tune report. If the tune does not pass, the
GC/MS needs to be manually retuned.

18.2.2 If the tune passes, then a calibration verification standard (CVS) is analyzed.
This standard is made in water with the surrogates and internals added. The
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SPCCs, CCCs minimum response factors and % difference must meet all
criteria listed in Section 15.1.6 and 15.2 above. The internal standard
response must meet the criteria outlined in Section 15.2.5.

18.2.2.1 If any of the above compounds do not meet the specified criteria,
then adjustments need to be made to the instrument and another
calibration verification standard analyzed.

18.2.3 All samples and standards solutions are allowed to warm to ambient
temperature before analysis.

18.2.3.1 The internal standard areas in each CVS must be within +100 to -
50% of the associated midpoint calibration standard, and retention
times for each internal standard must be within ± 30 seconds.

18.2.3.2 In addition to the internal standard area/RT check from the
calibration verification standard to the midpoint of the current initial
calibration, the laboratory also compares the internal areas and
retention times of samples and QC to the associated calibration
verification standard. If area counts exceed -50 to 100% or
retention times are greater than ± 30 seconds, the sample or QC
sample must be reanalyzed. If the analyst suspects matrix
interference the sample may be diluted to aid in the internal standard

NOTE: fifiPa'fiaYyst should be cautious since diluting the sample raises the
detection limits. Analysts should seek guidance from a Senior Analyst to
ensure that sample data will not be compromised by dilutions.

18.3 Run logs are generated for each analytical batch of samples. There is a separate run log
for each instrument. If for some reason a run log cannot be generated, a sequence file
from the instrument may be substituted.

18.4 The Mass Selective Detector analyzes minute amounts of material by fragmenting the
sample into charged ions, separating them on the basis of molecular weight-to-charge
ratio, and then counting the ions as they enter the detector. The counted ions identified
by mass can be plotted on a graph with the mass on the x-axis and the counted ions or
abundances on the y-axis.

18.5 Water/Waste Water Preparation and Purge and Trap (SW846 Method 5030B)
Water analysis is performed by transferring a measured aliquot of sample, in a gas
tight syringe, to a 40 mL autosampler vial. The vial is placed in the autosampler
where the internal standards and surrogates are added to the sample vial just prior to

18.6 EWf&vel Soil Sample Analysis (SW846 5035)
18.6.1 Using a sampling device (such as an Encore), three sets of approximately 5

grams of soil are collected per sampling site. Two are prepared for Low Level
and one for High Level analysis.

18.6.1.1 Prepare two low level samples for analysis

18.6.1.2 Transfer the soil from each Encore device to a tared 40 mL vial
containing 5 mL of water, 1 gram of sodium bisulfate and a magnetic
stir bar. Reweigh the vial (now containing the soil) and record the
weight in the logbook and on the sample label. Store the vials in the
refrigerator until analysis.
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18.6.1.3 Samples that are received preserved in the field are wiped to remove
any extraneous materials from the exterior of the vial. The vial is
weighed to the nearest 0.01 gram and the weight is recorded in the
logbook. This weight is compared to the weight written on the vial
from the field preparation. If any significant changes are detected,
the project manager is notified and the appropriate action is taken.

18.6.2 Allow the sample to warm to room temperature. Shake the vial gently to
ensure thai the contents move freely and that stirring will be effective.
Place the vial in the autosampler and ensure that the automatic sampler will
add the appropriate volumes of organic-free water, surrogates, and internal
standards. All samples, blanks, and calibration standards are analyzed with
the same final volume. The autosampler will add S.OmL of organic-free
water, internal standards, and surrogates to all vials set for analysis in the
autosampler.

18.6.3 Prior to purging, ensure that the autosampler is set to heat the sample vials
to 40° C for 1.0 minutes.

18.6.4 When low level soil analysis produces target analyte results with
concentrations higher than the calibration range of the instrument, the
sample is reanalyzed by the High Level Method (see 18.7). Such reanalysis
need onlv address those analytes for which the concentration exceeded the
calibration range of the Low Level Method.

18.6.5 Results arc to be reported on a dry weight basis unless otherwise specified
by the client.

18.7 Medium L o c i Soil Sample Preparation (SW846 5035)

Medium Level soils are collected as slated in Section 18.6.1.

18.7.1 Transfer the soil (approximately 5 grams) from the sampling device to a tared
40mL vial containing lOmL of purge and trap grade methanol. Record the
soil weight in the Encore logbook. Using a 25 ul syringe, inject 10 ul of the
surrogate solution (2.5 mg/mL) into the mcthanol/soil mixture. Replace the
cap and gcnllv shake for 2 minutes. Allow the soil to settle. Transfer an
aliquot of the methanol extract to a 2 mL vial with minimum headspace, label
appropriately, and store in the refrigerator until analysis. Discard the
remaining soil/extract according to the Laboratory Waste Management Plan.

18.7.2 To analyze the methanol extract transfer 100 ul of the extract to 5 mL gas tight
syringe containing organic free water. Transfer the fortified water to an
autosampler v ial (40 mL voa vial with septum cap). Place the vial in the
autosampler and use a predetermined method that adds only the internal
standards to the sample vial. Surrogates were added during the extraction step.
The addition of 100 ul of methanol extract in 5 mL of water equates to surrogate
concentrations of 50 ppb. An additional dilution factor (by using less of the
extract) will dilute the surrogate concentrations. Surrogate concentrations are
considered "diluted out" with dilution factors greater than 1:10.

18.7.3 For medium levels soils preserved in the field, allow the soil/methanol extract
to reach room temperature. Using a long needle syringe, or tilting the vial
carefully so not to disturb the soil layer, insert the syringe needle into the vial
through the septum cap. Withdraw 100 ul or the desired volume. Transfer the
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methanol extract to a gas tight syringe containing S mL of organic free water.
Transfer the fortified water to an autosampler vial (40 mL voa vial). Place
vial in autosampler and use a predetermined method that adds both internal
standards and surrogates to the sample vial.

18.7.4 All sample analyses for medium level soils using the methanol extract
procedure requires the preparation and analysis of a methanol blank prior to
sample analysis. Add 100 ul of purge and trap grade methanol to a gas tight
syringe containing 5 mL of organic free water. Transfer the water to an
autosampler vial (40 mL voa vial). Place the vial in the autosampler and use a
predetermined method that adds both internal standards and surrogates to the
sample vial. Low Level Soil Sample Analysis (SW846 5030A)

18.8 Low Level Soil Analysis (SW846 5030A as part of 8260A)

NOTE: Low-level soil samples originating in South Carolina must be collected and
analyzed using EPA Method 5035.

18.9 Low level soil analysis is performed by weighing out 5g of sample into a tared 40 mL
vial containing a stir bar. The vial is then sealed and loaded in the autosampler. (Use a
predetermined method to add 10 mLs of water, internal standards and surrogates to the
sample vial.)

18.10 Medium Level Soil Sample Analysis (SW846 5030A)

Medium level soil analysis is performed by weighing out 5g of sample into 10 mL
methanol in a tared 40 mL vial. Replace the cap and gently shake for 2 minutes.
Allow soil to settle. Transfer an aliquot of the methanol extract to a 2 mL vial with
minimal head space, label appropriately, and store in the refrigerator until analysis.
Discard the remaining soil/extract in the appropriate manner for solvent/solid waste
per GL-LB-E-011 for laboratory waste disposal.

18.11 Samples can be placed on the autosampler and then programmed to run automatically.

18.12 Once samples are loaded onto the autosampler, the order in which they are to be
analyzed is programmed and the sequence is initiated.

19.0 CALCULATIONS AND DATA REDUCTION METHODS
19.1 Qualitative Analysis:

19.1.1 A compound is identified by:
19.1.1.1 A comparison of the sample mass spectrum with the mass spectrum

of a standard reference of the suspected compound. Mass spectrum
for standard reference must be obtained on the user's GC/MS. The
NIST Library is used as reference.

19.1.1.2 Elution of sample component at the same GC relative retention time
(RRT) as those of the standard component.

19.1.1.3 The relative intensities of the characteristic ions agree within 30% of
the relative intensities of these ions in the reference spectrum.
(Example: For an ion with an abundance of 50% in the reference
spectrum, the corresponding abundance in a sample spectrum can
range between 20% and 80%.)

19.1.1.4 Structural isomers that produce very similar mass spectra should be
identified as individual isomers if they have sufficiently different GC
retention times. Sufficient GC resolution is achieved if the height of
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the valley between two isomer peaks is less than 25% of the sum of
the two peak heights. Otherwise, structural isomers are identified as
isomeric pairs.

19.1.1.5 Identification is hampered when sample components are not resolved
chromatographically and produce mass spectra containing ions
contributed by more than one analyte. When GC peaks obviously
represent more than one sample, appropriate selection of analyte
spectra and background spectra is important.

19.1.1.6 Examination of extracted ion current profiles of appropriate ions can
aid in the selection of spectra and in the qualitative identification of
compounds. When analytes coelute, the identification criteria may
be met, but each analyte spectrum will contain extraneous ions
contributed by the coeluting compound.

19.1.2 The sample component RRT must compare within ± 30 seconds of the RRT of
the standard component, run in the same 12 hour period. If coelution of another
compound prohibits accurate assignment of the sample component RRT from
the total ion chromatogram, the RRT should be assigned by using extracted ion
current profiles for ions unique to the components of interest. Pay close
attention to the following compounds for possible coelution and identification:
1,1,1-trichloroethane, and carbon tetrachloride; m,p-xylenes and ethylbenzene;
the three dichlorobenzene isomers; chloromethane and dichlorodifluoromethane,
cis-l,2-dichloroethene and trans-l,2-dichloroethene; cis-l,3-dichlorpropene and
trans-1,3-dichloropropene; 2-chlorotoluene and 4-chlorotoluene; the two
trimethylbenzenes; the three butyl benzenes; and the two trichlorobenzenes.

19.1.3 For samples containing components not associated with the calibration
standards, a library search may be made for the purpose of tentative
identification. The necessity to perform this type of identification will be
determined by the purpose of the analysis being conducted. Use the following
guidelines for making tentative identifications:

19.1.3.1 Relative intensities of major ions in the reference spectrum (ions
greater than 10% of the most abundant ion) should be present in the
sample spectrum.

19.1.3.2 The relative intensities of the major ions should agree within ±20%.
(Example: For an ion with an abundance of 50% in the standard
spectrum, the corresponding sample ion abundance must be between
30% and 70%.)

19.1.3.3 Molecular ions present in the reference spectrum should be present
in the sample spectrum.

19.1.3.4 Ions present in the sample spectrum but not in the reference
spectrum should be reviewed for possible background contamination
or presence of coeluting compounds.

19.1.3.5 Ions present in the reference spectrum but not in the sample
spectrum should be reviewed for possible subtraction from the
sample spectrum because of background contamination or coeluting

19.2 For example calcufatrofis which relate calibration methods, response factors, etc. to
calibration curves refer to section 21.
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19.3 Quantitative Analysis

(cT)
R F _ ( A T ) x ( C I S )

Where:
RF = response factor
A1S = area of internal standard
CT = concentration of target analyte
AT = area of target analyte
CIS = concentration of internal standard

19.3.1 When a compound has been identified, the quantification of that compound
will be based on the integrated abundance from the EICP of the primary
characteristic ion. Quantification will take place using the internal standard
technique. The internal standard used shall be the one nearest the retention
time of a given analyte.

19.4 The concentration of each identified analyte in the sample is calculated as follows:

Water and Water-Misciblc Waste:

Concentration <ug/L) = f(AxXCis)(Vo)] / [(AisXRRF)(Vi)]

Where:
Ax = Area of characteristic ion of compound being measured
C,s = Concentration of internal standard purged in |ig/L
Ajs = Area of characteristic ion for the internal standard
RRF = Relative Response factor for compound being measured (see above)
Vo = Total Purge Volume (mL)
V,= Volume of sample purged (mL)

Sediment/Soil. Sludge, and Waste

High Level:
Concentration (ug \g) = [(AxKCisKV,KVo)] / [(AisXRF)(WsXVi)]

Low Level:
Concentration (Mg\g) = |(Ax)(Cis)(Vo)] / [(Ais)(RF)(Ws)]

Where:
Ax. Cjs. A,s. RF = same as for water
V, = Volume of total extract (use 10,000 uL or a factor of this when dilutions
are made.)
Vj = Volume of extract added (uL) for purging
Ws = Weight of sample extracted or purged (g). The wet or dry weight may
be used, depending upon the specific applications of the data.
Vo = Total Purge Volume (mL)

19.4.1 Sedimenl'soil samples are generally reported on a dry weight basis, while
sludges and wastes are reported on a wet weight basis.

19.4.2 Where applicable, an estimate of concentration for non-calibrated components
in the sample is made. The formulas given above shall be used with the
following modifications: The areas Ax and Ajs shall be from the total ion
chromatograms. and the RF for the compound shall be assumed to be 1.
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19.4.2.1 The concentration obtained is an indication that the value is an
estimate, and identifies which internal standard was used to
determine concentrations. Use the nearest internal standard free of
interferences.

19.4.3 When duplicates and spiked samples are analyzed, report all data obtained
with the sample results.

19.5 Results arc reported to three significant figures.
19.6 Data is reported in units of ug/L or ppb for waters, and ug/kg or ppb for soils and

sludges. (Sec Appendix 4 for detailed information on significant figures.)
19.7 All data is stored b> Work Order number in filing cabinets in the lab. The data is also

"backed up" on ALPHA LIMS.

20.0 DATA RECORDING
Data is recorded as a quantilaiion report that is generated by the computer system. All
calculations and comments arc recorded directly on the quantitation reports.

21.0 QUALITY CONTKOI.KFQI IKF.MF.NTS
21.1 Frequency of Qua I it \ Control Activities

21.1.1 Initial and Continuing Calibration

21.1.1.1 Before the analysis of any blanks, spikes or samples, the instrument
must be calibrated. This multilevel initial calibration is used to
establish the linearity of the instrument for the analytes of interest.
Once this calibration is in place, the frequency thereafter is
determined from the analysis of continuing calibration standards.

21.1.1.2 In method 8260B/A, the continuing calibration standard is also used
to verify the instrument calibration compared to the last multilevel
calibration analyzed. However, when performing analysis according
to the protocol set down by this method, the continuing calibration
check must be performed every 12 hours.

21.1.2 Blank Analysis

21.1.2.1 Method Blanks are used to determine background (laboratory)
concentrations of target analytes that have the potential of interfering
with sample analysis. For method 8260B/A, a blank is analyzed
with each analytical sequence.

21.1.2.2 Other types of blanks can be used to determine possible
contamination from various points in the process. Trip Blanks can
be used for evaluating the bottles in which the samples are collected.
Field Blanks are used to discover potential interferences that may
originate from the collection process. The frequency at which such
blanks are analyzed are determined by the client (internal or
external). Refrigerator or Storage Blanks are analyzed on at least a
weekly basis to determine the cleanliness of the storage area.

21.1.3 Spike and Duplicate Analysis

21.1.3.1 Accuracy is monitored through the analysis of sample spikes.
Matrix spikes are performed for every Quality Control batch up to a
maximum of 20 samples of similar matrix.
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21.1.3.2 Precision is monitored through the analysis of duplicates. For
method 8260B, the matrix spike or sample is duplicated. This
ensures the availability of two sets of results for comparison.

21.1.4 Laboratory Control Samples (LCS) are used to determine if the process is in
control. If a matrix spike fails due to matrix related interference, then the
analysis of the LCS demonstrates that the instrument is in control. The
continuing calibration check (CCV) may be used as an LCS if it is a second
source standard. Analyze the LCS in each 12 hour sequence. The LCS may
be analyzed before the method blank as the CCV.

21.1.5 Surrogate spikes must be added to all standards, blanks, spikes, duplicates,
and samples.

21.2 Acceptance Limits for Quality Control Activities

21.2.1 Initial Calibration

21.2.1.1 Although initial calibration includes all analytes of interest, the
criteria for acceptance for method 8260B/A is based on System
Performance Check Compounds (SPCC) and Calibration Check
Compounds (CCC). The average response factor (RF) for the five
levels are calculated for each of the SPCCs (Chloromethane, 1,1-
Dichloroethane, Bromoform, 1,1,2,2-Tetrachloroethane, and
Chlorobenzene). The minimum acceptable average RF for these
compounds is: 0.1 for Chloromethane and 1,1-Dichloroethane and
Bromoform, 0.3 for Chlorobenzene and 1,1,2,2-Tetrachloroethane.
The percent relative standard deviation (%RSD) must be calculated
for using each level for all the CCCs. The %RSD for each
individual CCC (1,1-Dichloroethene, Chloroform, 1,2-
Dichloropropane, Toluene, Ethylbenzene, and Vinyl chloride) must
be less than thirty percent (30%). In order to quantitate samples the
analytes average % RSD must be less than 15%. See section 15 for
all calibration criteria.

RF £ ^
(A,sCx)

Where:
Ax = Area of the characteristic ion for the compound being measured
Cjs = Concentration of the specific internal standard
Ajs =Area of the characteristic ion for the specific internal standard
Cx = Concentration of the compound being measured

%RSD = 4 S X 100
x

Where:
RSD = relative standard deviation
x = mean of 5 initial RFs for a compound
SD = standard deviation of average RFs for a compound
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21.2.2 Continuing Calibration

21.2.2.1 When analyzing samples by method 8260B/A, the instrument
calibration must be verified every 12 hours through the analysis of a
continuing calibration standard. Although this standard contains
every analyte of interest, the criteria for acceptability are based on
the CCCs and SPCCs. The criteria for the SPCCs are the same as
for the initial calibration (see section 21.2.1.1). The percent
difference must be less than 20% for each CCC.

IRF, - RF I
% Difference = j = - x 100

RFi
Where:
RF. = Average response factor from initial calibration
RJC = Response factor from current calibration check standard

21.2.3 Method blank criteria requires that concentrations of ail analytes of interest must
be below the client reporting limit. Ideally, all target analyte concentrations
should be below the laboratory method detection limit, however, concentrations
below reporting limits are acceptable. The analyst should take corrective action
to ensure that target analytes do not exceed the reporting limits.

21.2.4 Matrix Spikes/Duplicates.

21.2.4.1 The 8260B/A criteria for both matrix spikes and matrix spike
duplicates will be statistically determined after the analysis of 20 to
30 matrix pairs. Accuracy and precision data from Tables 6, 7, and
18 should be used as guidance. If data is not available for specific
compounds, a guidance of 70 - 130% recovery for spikes.

21.2.4.2 The criteria for sample duplication when analyzing samples using
method 8260B/A are that any target present over five (5) times the
detection limit must be within ±20% of each other. As a statistical
database is built, statistical process control (SPC) limits are

21.2.5 A Iaborat8ppt^frt)l sample must be analyzed in every 12-hour analytical
sequence. Statistical control limits for each compound should be derived after
the analysis of up to 20 to 30 LCSs (per matrix, annually).

NOTE: For SC DHEC, if SPC limits are wider than 70-130%, the LCS
acceptance criteria shall default to 70-130% for spiked analytes in the LCS
solution.

21.2.6 The three surrogates used in Method 8260B/A are: Tolulene-d8, 4-
bromofluorobenzene, and dibromofluoromethane. The criteria are determined
statistically at least annually utilizing a minimum of 20 data points. The
method suggested recovery is 70 - 130%. These values will change as the
data base becomes large enough to generate SPC limits.

21.3 Nonconformance
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21.3.1 When analyzing a multi-point calibration for many analytes at once, the
chances are high that a few may not meet the criteria. Additional standards
for just the compounds not meeting may be reanalyzed. If they still do not
meet the requirements, the instrument may need maintenance before
continuing or new standards may be needed.

21.3.2 If the continuing calibration fails any of the criteria in Section 21.2.2, the
analyst must take action to correct the situation. This may be retuning,
reanalyzing the standard, adjusting the purge flow, or any number of
maintenance practices in order to meet the daily calibration. If all attempts
fail, the analyst must analyze a new series of multi-point calibration standards.

21.3.3 When the blank fails the criteria defined in Section 21.2.3, the analyst must
find and eliminate the source of contamination before proceeding with the
analyses. Another blank must be run before samples can be analyzed.

21.3.4 If any surrogate out of the three fails the criteria in Section 21.2.6, the sample
must be reanalyzed. If the surrogates fail a second time, in the same manner,
and the blank and LCS recoveries do not indicate a system problem, the
failure is attributed to matrix effects.

21.3.5 For SC DHEC, the laboratory monitors the recoveries of a representative
group of arulytes from the total analyte list for control purposes. All analyte
recoveries in the LCS should meet recovery limits of 70-130%. . If any of
these analyte recoveries are outside the LCS limits, the analysis should stop
and corrective action should be attempted before continuing with the analysis.
Corrective action may include repeating the analysis, opening a new spike mix
and reanalyzing, or more complex actions may be attempted. If re-tuning the
instrument, the analyst must analyze a tune check (BFB) and calibration
verification standard before reanalyzing the LCS.

NOTE: Most federal clients (Navy, DOE, DOD) require the laboratory to
spike all target analytes of interest in the LCS. The laboratory should
develop SPC limits for each analyte. Reporting requirements for the LCS
should be stated per client contract.

21.4 The manner in which data will be accepted or rejected is described in the flowchart in
Figure 1.1.
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IDENTIFY ANALYTES BY
COMPARING THE
SAMPLE AND STANDARD
MASS SPECTRA AND
RELATIVE RETENTION
TIME

t
CALCULATE THE
CONCENTRATION OF
EACH ANALYTE

21.5

21.6

SPC limits are determined by criteria set forth in EPA Method 8000B. For a given
matrix, calculate the upper and lower control limit for method performance for each
standard of interest as follows:

Upper control limit (UCL) = p + 3 s
Lower control limit (LCL) - p - 3 s

Where:
p = Average percent recovery
s = Standard deviation of percent recovery

In addition to the quality control requirements described above, each GC/MS system
must be demonstrated to meet the tune criteria listed in Appendix 3 for Bromofluoro-
benzene every 12 hours.
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22.0 DATA REVIEW, VALIDATION AND APPROVAL PROCEDURES
22.1 All data must be reviewed by another analyst before it is reported. The reviewer must

check the data report against the raw data and verify the validity and accuracy of the

22.2 &Hiata is reviewed in a batch before that batch is sent to "DONE".

22.3 The levels of review responsibility are:

22.3.1 First level review: The analyst must ensure the overall quality of the data.
Included in this rev iew are: the BFB tune criteria, samples within tune time,
calibration verification standard check, method blank, matrix spikes,
laboratory control sample, surrogate recovery, internal standard response,
over range concentrations include a dilution, reanalyses as required, manual
integrations arc appropriate and correct.

22.3.2 Second level rev icw: A peer must review all of the data before it can be
released from the lab. The peer performs all of the checks that the first
analyst did and compares the data with the run log. Particular attention must
be paid to the 12 hour tune window, the check standard, and internal standard
area counts. All hits must also be reviewed very carefully. When the second
level rev icw is complete, the peer reviewer initials the data.

22.4 Items checked in the first level review are the tune, continuing calibration, blanks,
spikes, spike duplicates, and each sample. In each sample the dilution is verified,
surrogates arc.checked, and each hit is checked to verify its validity and accuracy.

22.6 In addition, the rev icwcr initials the checked data report.

22.7 All raw data, along with a cop> of the data report and the run log, is needed to complete
the review process

22.8 A flow chart showing the process b> which papers and documents undergo review
follows:

1
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23.0 DATA TRANSMITTAL

After the data has been peer reviewed and is ready for reporting, the report is sent to

24.0 RE^QfciSs MANAGEMENT AND DOCUMENT CONTROL
19.1 All data associated with the performance of this procedure, including relevant

logbooks, are maintained as quality records in accordance with GL-QS-E-008 for the
Management and Disposition of Quality Records.

19.2 All standards are recorded in ALPHA LIMS.

25.0 LABORATORY WASTE HANDLING AND DISPOSAL
For the proper handling and disposal of sample and reagent wastes from this procedure, refer
to the "Laboratory Waste Management Plan" (GL-LB-G-001).
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APPENDIX 1
(For Illustrative Purposes Only)

METHOD 8260B VOLATILE ANALYTES

Ethyl Acetate
Dichlorodifluoromcthanc
Chloromethane
Vinyl Chloride
Bromomethane
Chloroethane
Trichlorofluoromethane
Acrolein
Acetone
1,1-Dichloroethene
Iodomelhane
Carbon Disulfide
Methylene Chloride
Acrylonitrile
trans-1,2-Dichloroethcne
Vinyl Acetate
1,1-Dichloroe thane
2,2-Dichioropropane
cis-1 ,2-Dichloroethene
Bromochloromethane
2-Butanone(MEK)
Chloroform
1,1,1 -Trichloroethane
1,2-Dichloropropane
1,1-Dichloropropenc
Carbon Tetrachlonde
Benzene
2-Chloroelhylvinyl ether
trans-1,3-Dichloropropene
Trichloroethene
Dibromomethane
cis-1,3-Dichloropropene
4-Methyl-2-pentanone (MIBK)
Toluene
1,1,2-Trichlorocthane
1,2-Dibromoethane
2-Chloro-1,3-butadiene (chloroprene)
Methacrylonitrile
Pentachloroethane
Isobutyl alcohol
cis-l,4-Dichloro-2-buiene
2-Nitropropane
1,2-Dichloroethane
1,4-Dioxane
Methyl tert-butyl ether (MTBE)
Cyclohexane
Methyl cyclohexane

1,1,2-Trichloro-1,2,2-Trifluoroethane
1,3-Dichloropropane
2-Hexanone
Dibromochloromethane
Tetrachloroethene
Chlorobenzene
1,1,1,2-Tetrachloroethane
Ethylbenzene
m,p-XyIenes
Bromoform
Styrene
o-Xylene
1,1.2.2-Tetrachloroethane
Isopropylbenzene
Bromobenzene
1,2,3-Trichloropropane
n-Propy 1 benzene
2-Chlorotoluene
1,3.5-TrimethyIbenzene
4-Chlorotoluene
tert-Butylbenzene
1,2,4-Trimethylbenzene
sec-Butylbenzene
Isopropyltoluene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
n-Butylbenzene
1.2-Dichlorobenzene
1 ,Dibromo-3-chIoropropane
1.2,4-Trichlorobenzene
Hexachlorobutadiene
Naphthalene
1,2.3-Trichlorobenzene
Bromodichloromethane
Acetonitrile
Allylchloride
Ethyl methacrylate
Methyl methacrylate
trans-1,4-Dichloro-2-butene
Propionitrile
Benzyl Chloride
bis(2-chloroisopropyl)ether
Ethyl ether
Cyclohexanone
n-butanol
Methyl acetate
Tetrahydrofuran
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APPENDIX 2
(For Illustrative Purposes Only)

Calibration Mixes

Cone.

0.2ppb

0.5ppb

l.Oppb

2.0ppb

5.0ppb

lOppb

20ppb

50ppb

lOOppb

O.Sppm

4^/10ml

1 .Oppm

5^/10ml

5^i/5ml

2.0ppm

5^/10ml

5Ml/5mI

5.Oppm

4nl/l 0ml

5jil/5ml

lOppm

5jil/10ml

5nl/5ml

20ppm

5^1/10ml

5nl/5ml

50ppm

4^1/10ml

5nl/5ml

lOOppm

5^10ml

5^1/5ml

200ppm

5^10ml

General Engineering Laboratories, LLC
P.O. Box 30712 Charleston SC 29417



5-Mar-04
Volatile Organic Compounds (VOC) by Gas Chromatography/Mass Spectrometer

SOP Effective 2/16/98 GL-OA-E-038 Revision 8
Revision 8 Effective March 2003 Page 35 of 41

APPENDIX 3

BFB MASS - INTENSITY SPECIFICATIONS
(4-BROMOFLUOROBENZENE)

Mass Intensity Required (relative abundance)

50 15-40% of mass 95

75 30-60% of mass 95

95 base peak, 100% relative abundance

96 5-9% of mass 95

173 less than 2% of mass 174

174 greater than 50% of mass 95

175 5-9% of mass 174

176 greater than 95% but less than 101 % of mass
174

177 5-9% of mass 176
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APPENDIX 4
(For Illustrative Purposes Only)

Significant Figures
Significant figures in a measurement are defined as all the digits which are known with certainty plus

one final digit which is estimated. It is acceptable, and in fact, advisable, to carry all of the digits during
intermediate calculations. However, only the significant figures should be reported in the final result.

Several basic rules will help you report only significant figures.
1: Addition and Subtraction

In the case of whole numbers, note the number that contains the fewest number of significant
figures and retain this number of significant figures in the answer.

In the case of decimal fractions, note the number that contains the fewest digits to the right of the
decimal point and retain this number of digits in the answer.
Example:

1090
100 I

0 485
111.485

Report 111.5

2. Multiplication and Division
The number of significant figures retained in the result of a multiplication or division calculation
is determined by the precision of the individual measurements, not by the number of significant
figures in the measurements
Example: Consider the multiplication of two numbers, 87.75 and 43.
The product or 87 75 and 43 is 2.773.25.
The precision of 87 75 i s* 0.01 in 87.75 or 0.01%.
The precision of 43 is ± I in 43 or 2.3%
Therefore the result should be rounded to reflect a precision as close to 2.2% as possible.
If we round to 3.773 the implied precision is ± 1 in 3,773 or 0.03%.
If we round to 3.770 the implied precision is ± 10 in 3,770 or 0.26%.
If we round to 3.800 the implied precision is ± 100 in 3,8000 or 2.6%.
The result of this calculation should be reported correctly then as 3,800.

3. Zeros
All trailing zeros to the right of the decimal point are considered to be significant. If a zero to the
left of the decimal point is significant, it should be followed immediately by the decimal point.
Use scientific notation if necessary in this case to place the decimal point. Example:

300 no zeros are significant
300 both zeros are significant

3.0 x 10*- one zero is significant

A zero should always be placed to the left of a decimal fraction simply to reassure the reader that
the decimal is intended, however, this zero is not considered to be a significant figure.

4. Rounding: Three rules apply to rounding.

a: If the number to be rounded is greater than 5, round up.
For example. 476 rounded to two significant figures is 480.

b: If the number to be rounded is less than 5, round down.
For example. 474 to two significant figures is 470.

c: If the number to be rounded is equal to 5, always round to an even number.
For example, 475 rounded to two significant figures is 480 while 465 rounded to two
significant figures is 460.

5. ALPHA L1MS automatically reports three significant figures.
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APPENDIX 5
(For Illustrative Purposes Only)

SURROGATE SPIKE RECOVERY LIMITS FOR
WATER AND SOIL/SEDIMENT SAMPLES

Surrogate Compound

4-Bromofluorobenzenea

Dibromofluoromethanea

Toluene-d8a

Low/High
Water

70-130

7 0 - 130

7 0 - 130

Low/High
Soil/Sediment

70-130

70-130

70- 130

aLimits are taken from reference SW-846 Method 8000B.

The limits will change when data from 20 or more analyses

are calculated.
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APPENDIX 6

SW846 8260B/EPA 624 CALIBRATION STANDARD CONCENTRATION LEVELS

FlucrobancneflS)
Dibromofluoromethane (surr)

Dichlorodifluoromethane

Chloromethane

Vinyl chloride

Bromomethane

Chloroethane

Trichlorofluoromethane

1,1-Dichloroethenc

Acetone

Iodomethane

Carbon disulfide

Acetonitrile

Methylene chloride

trans-1 ,2-Dichloroethene

1,1-DichloFoethane

Vinyl acetate

cis-1,2-Dichloroethene

2,2-Dichloropropane

2-Butanone

Bromochloromethane

Chloroform

1,1,1 -Trichloroethane

1,1 -Dichloropropene

Carbon tetrachlonde

Benzene

1,2-Dichloroe thane

Trichloroethene

1 ,2-Dichloropropane

Dibromomethane

Bromodichloromethane

2-Chloroethylvinylether

cis-1,3-Dichloropropene

2-Nitropropane

Ethyl acetate

Acrolein

Trichlorotrifluoroethane

Allyl chloride

Acrylonitrile

1,4-Dioxane

tert-Butylmethylether

Isobutyl alcohol

Methacrylonitrile

Propionitnle

Methyl methacrylate

2-Chloro-l,3-butadiene(chloroprene)

Ethyl ether

n-Butyl alcohol

Level 1*

1

1

1

1

1

1

1

1

5

5

5

25
1

1

1

5
1

1

5
1

1

1

1

1

1

1

1

1
1

5
1

5

5

10

5

5

10

50
1

50

5

5

5

1

1

50

Level 2

2

2

2

2

2

2

2

2
10

10

10

50

2

2

2
10

2
T

10

2

2

2

2

2

2

2

2

2

2
2

10

2

10

10

20
10

10

20

100

2
100
10

10
10
2

2
100

Level 3

5

5

5

5

5

5

5

5

25

25

25

125

5 "

5

5
25

5

5
25

5
5

5

5
5

5

5

5

5

5
5

25

5

25

25

50

25

25

50
250

5
250
25

25
25
5
5

250

Level 4

10

10

10

10

10

10

10

10

50

50

50

250

10

10

10

50

10

10
50

10

10

10

10
10

10

10

10

10

10
10

50

10

50

50

100

50

50

100

500

10
500
50

50
50
10

10
500

Levels

20

20

20

20

20

20

20

20

100

100

100

500

20

20

20

100

20

20

100

20

20

20

20

20

20

20

20

20

20
20

100
20

100

100

200

100

100
200

1000

20

1000
100

100
100
20

20
1000

Level 6 #

50

50

50

50

50

50

50

50

250

250
250

1250

50

50

50

250

50

50

250

50
50

50

50

50

50

50

50

50

50
50

250

50

250

250

500

250

250
500

2500

50
2500
250

250

250
50
50

2500

Level 7

100

100

100

100

100

100

100

100

500

500

500

2500

100

100

100

500

100

100

500

100
100

100

100

100

100

100

100

too
100
100

500

100

500

500

1000

500

500

1000

5000
100

5000
500

500
500

100
100

5000
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CttaotaumwdS (IS) >, "..«-' ? '
Toluene-d8 (SUIT) ~ ~ ~ ~ ~ ~ ~ " ~ " |
4-Methyl-2-pentanone

Toluene
trans-1,3-Dichloropropene

1,1,2-Trichloroetnane

Tetrachloroethene

1,3-Dichloropropane

2-Hexanone
DibromochloTomethane

1,2-Dibromoethane
Chlorobenzene

1,1,1,2-Tetrachloroethane

Ethylbenzene

m,p-Xylene
o-Xylene

Stryene

Cyciohexanone

Ethyl methacrylate

BromofluoTobenzene (surr)

Brornofbnn
Isopropylbenzene
1,1,2,2-Tetnchloroethane

1 ̂ ,3-Tnchkxoprooane

n-Propylbenzcne
2-Chlorotoluene
1,3,5-Trimethylbenzene

4-Chlorotoluene
1 ,2,4-Triinethylbenzene
sec-Butylbenzene

1,3-Dichlorobenzene

teit-Butylbenzene
Isopropyltoluene

1,4-Dichlorobefizene
n-Butylbenzene

1 ,2-Dichlorobenzene
1 ̂ -Dibromo-J-chloropropane

1 ,2,4-Trichlorobenzene

Hexachlorobutadiene

Naphthalene
1 ,2,3-Trichlorobenzene
cis-1,4-Dichlon>2-butene

trans-1,4-Dichloro-2-butene

Tetrahydrofuran
Pentachloroethane

Benzyl chloride
>isT2-Chlon>-isODroDvltether

1
5

1

1

1

1

1

5
1

1
1

1
1

2
1

1

50

5

1

1

1
1

1
1

1

1

1
1

1
1

1

1
I

1
1

1

1

1
1

1

1
5
5

5
5

5
5

2
10

2

2

2

2

2
10

2

2

2

2

2
4

2

2
100

10

2
2

2

2

2
2

2
2

2

2
2
2

2
2
2

2
2

2

2

2

2

2
2

10
10

10
10

10
10

a-

5

25

5

5

5

5

5
25

5

5

5

5

5

10
5

5

250

25

5
5

5
5

5
5

5
5

5
5

5
5

5
5
5

5
5

5

5

5

5

5
5

25
25

25
25

25
25

' . . - -̂  Sf.

10
50

10

10

10

10

10

50

10

10

10

10

10

20
10

10

500

50

10
10
10

10

10
10

10

10
10

10

10
10

10

10
10

10
10

10

|0
10
10

10
10
50
50

50
50

50
50

20

100

20
20

20
20

20

100

20

20

20

20

20

40
20

20
1000

100

20
20

20
20

20
20
20

20

20
20

20
20

20

20
20

20
20

20

20

20

20

20
20
100

100

100
100

100
100

: "*. .. "—>r»"
50

250

50

50

50

50

50

250
50

50
50

50

50

100

50

50

2500

250

50

50
50

50

50
50

50
50

50

50

50
50

50
50
50

50

50

50
50

50
50

50
50

250

250

250
250

250
250

100

500

100

100

100

100

100
500

100

100
100

100

100

200

100

too
5000

500

100
100

100

100

100
100

100
100

100
100

100
100

100
100
100

100

100

100

100

100

100

100
100

500
500
500
500

500
500

* Laboratory Practical Quantitation Limits (PQL) except for Methylene
•'•"PQL for Methylene chloride

# Indicates calibration verification concentration level
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APPENDIX 7
EPA 524.2/Low level SW846 8260B
Calibration Standard Concentration Levels

" • ' • " ' ! ] * .'1 ' . . ' - . B B * ' * - ' - -
Dibromofluoromethane (surr)

Dichlocodifluoromtthane

Chloromethane

Vinyl chloride

Bromomethane

Chloraethane

Tnchlorofluoromethane

1.1 -Dichloroetncne

Acetone

lodomethane

Carbon disulfide

Methylene chloride

trans-1 J-Dichloroetbene

I.l-Dichloroethane

Vinyl acetate

as-1.2-Dichloroethene

2>Dich1oropropanc

2-Butanone

Bromochloromethane

Chloroform

I.l.l-Trichloroerhane

1.1 -Dichloropropene

Carbon tetrachloride

Benzene

U-Dichloroethane

Tnchloroethene

1,2-Dichloropropane

Jibmiuuintlhanc

Bromodi chloromethane

ci«-13- Dichloropropene

ten-Butyhnethylether

ralnrnlipami iH(B)

Totuene-dS (surr)

4-Methyl-2-pentanone

Toluene

trans-13- Dichloropropene

1,1,2-Trichloroethane

Temchloroethenc

1,3-Dichloropropane

2-Hexanone

Djbromochloromethane

1,2-Dibromoethane

Chi orobenxenc

1.1.1 ,2-Tetrachloroethane

Etnylocnzcnc

m,p-Xylene

Level 1*

1

1

1

1

1

1

1

Level la1

0 5

0 5

0 5

0 5

0 5

0 5

0 5

0 5

2 5

2 '

2 5

0 5

0 5

0<

2 A

0 «

0 «

0 «

0 '

u «

0 5

O«

°'
0 5

« «

0 5

0 5

0 «

0 <

0 5

25

0 5

0 5

0 *

0 5

0 «

2 5

0 5

0 5

0 5

0 5

0 5

1

Level 2

1

1

1

1

1

1

1

1

5

5

5

1

1

1

5

1

1

i

1

1

1

1

1

1

1

1

1

1

1

1

1

1

5

1

1

1

1

1

5

1

1

1

1

1

2

Level 3

2

2

2

2

2

2

2

2

10

10

10

2

2

2

10

2

2

10

2

2

2

2

2

2

2

2

2

2

2

2

2

2

10

2

2

2

2

2

10

2

2

2

2

2

4

Level 4 #

S

5

5

5

5

5

5

5

25

25

25

5

5

5

25

5

5

25

5

5

5

5

5

5

5

5

5

5

5

5

5

25

5

5

5

5

5

25

5

5

5

5

5

10
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Levels

fee. -i ^
10

10

10

10

10

10

10

10

so
50

so
10

10

10

50

10

10

50

10

10

10

10

10

10

10

10

10

10

10

10

10

10

so
10

10

10

10

10

50

10

10

10

10

10

20

Level 6

so
so
50

50

so
50

50

so
250

250

250

50

SO

so
250

50

50

250

50

so
SO

SO

SO

50

50

so
SO

50

so
SO

SO

250

so
SO

50

50

SO

250

SO

SO

SO

50

so
100

Level 7

:#ls;* "V. ;

100

100

100

100

100

100

100

100

500

500

500

100

100

100

500

100

100

500

100

100

100

100

100

100

100

100

too
100

100

100

100

100

500

100

100

100

100

100

500

100

100

100

100

100

200
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o-Xylene

Stryene

Bronofluorobenzene (surr)

Dfomofono

Isopropylbenzenc

1,1,2.2-Tetrachloroethane

Bromobcnzcnc

] ,2.3-Tnchloropropane

n-Propylbenzene

2-Chlorwoluene

1,3,5-Tritnethylbenzene

4-Chtorocolucne

1,2,4-Tnmethylbcnzene

ice-Butyl benzene

1,3-Dichlorobenzcne

ten-Buy Ibenzene

Isopropyholuene

1,4-CHchlocobemene

n-Butyl benzene

1.2-Dichkmbanene

1,2- Di of 01110- 3-ciil oropropVK

1 ,2.4-Tnchlorobenztne

Hexachlorobutadiene

Naptuhalene

1,2 .3-Tnchlorobenzene

0 5

05

0 5

<M

0 «

0 <

0 »

o «

li •

b •

I *

I «

V *

c <

0 '

V «

« >

II >

• «

V <

1* «

c >

L *

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

t

1

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

so
50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

100

100

100

100

100

100

too
100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

* Practical Quanriation Limit for Lt\t\ I m4 i < i l r> * I • > • * t ~ k < i l > i l r i l la - I P * 5:4 2|

# Indicates calibration verification c
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1.0 STANDARD OPERATING PROCEDURE FOR THE EXTRACTION OF SEMIVOLATILE AND
NONVOLATILE ORGANIC COMPOUNDS FROM SOIL, SLUDGE AND OTHER
MISCELLANEOUS SOLID SAMPLES

2.0 PURPOSE

To describe the manner in which soil or sludge samples are extracted for EPA SW-846
organic analysis methods 827OC. 8081, 8081 A, 8082, 8015A, 8310, Florida Department of
Environmental Protection FL-PRO. University of Connecticut CT-ETPH, and Alaska
AK102andAK103.

3.0 DISCUSSION

Analytes listed in the above referenced methods are partitioned from soil or sludge
matrices, using sonication extraction. The extract is concentrated using Kuderna-Danish
techniques coupled with nitrogen gas blowdown. These techniques prepare the sample
such that analytes of interest arc in solvent and at concentrations suitable for analysis using
gas or liquid chromatography.

4.0 DEFINITIONS

4.1 Blank - Anhydrous sodium sulfate used to determine that no background
contaminants are present in the extraction process. For AK102/AK.l 03, Ottawa
sand is used.

4.2 Laboratory Control Sample (LCS) - Anhydrous sodium sulfate containing the
spiking solution to indicate the process is in control and to indicate accuracy. For
AK1O2/AKIO3. Ottawa sand is used.

4.3 Laboratory Control Sample Duplicate (LCS DUP) - A duplicate of the LCS to indicate
reproducibilit) and to indicate precision. For AK102/AK.l03, Ottawa sand is used.

4.4 Matrix spike (MS) - A sample in which BNA spiking solution is added. The recovery
of matrix spike compounds indicates the presence or absence of matrix interferences.

4.5 Sample Duplicate • A duplicate of a sample indicating reproducibility.

4.6 Surrogate - A solution added to each sample and quality control sample to monitor
the efficiency of the extraction process. It contains compounds similar to those being
analyzed. For compounds and concentrations refer to Organic Extraction Working
Standards Recipe and Production Log. Surrogate solutions expire six months from
date opened or date prepared, whichever comes first. All standards are screened prior
to use in extractions.

4.7 Spike - A solution added to the laboratory control samples and matrix spikes that
contain compounds defined by the referenced method. For compounds and
concentrations refer to Organic [Extraction Working Standards Recipe and Production
Log. The spiking solutions expire six months from date opened or date prepared,
whichever comes first. All standards are screened prior to use in extractions.

5.0 SAFETY, HEALTH, AND ENVIRONMENTAL HAZARDS

WARNING
METHYLENE CHLORIDE IS A POSSIBLE CARCINOGEN.
HEXANE IS FLAMMABLE AND TOXIC.

GKNIRAL ENGINbtR'NG LABORATORIES, LLC
P O Box 30712 Charleston SC 29414
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CARDON DISULFIDE IS TOXIC.
ACETONITRILE IS FLAMMABLE AND TOXIC.
ACETONE IS HIGHLY FLAMMABLE.

WARNING
PREVENT SKIN AND EYE CONTACT BY USING SPECIFIED PERSONAL PROTECTIVE
EQUIPMENT WHEN MAKING STOCK REAGENTS.
WORK UNDER A HOOD TO PREVENT INHALATION WHEN MAKING STOCK REAGENTS.
5.1 Wear eye protection with side shields while working in the laboratory.

5.2 All chemicals and samples should be treated as a potential health hazard and
exposure to these chemicals must be reduced to the lowest level possible. GEL
maintains a current awareness file of Occupational Safety and Health Administration
(OSHA) regulations regarding the safe handling of the chemicals. A reference file of
Material Safety Data Sheets (MSDS) and individual client sample MSDSs are also

, , maintained
5.3 Personal protective equipment

5.3.1 Gloves arc required when working with solvents, standards and samples.
Solvents, along with any solute in them, can absorb easily through the skin.

5.3.2 Work under a hood when using concentrated acids.

5.3.3 To protect clothes and skin from corrosive material, wear a lab coat.

5.4 Prior to handling radioactive samples analysts must have had radiation safety
training and understand their full responsibilities in radioactive sample handling.
Some general guidelines follow:

5.4.1 Wear a dosimeter at all limes while working in the lab to monitor radioactive
exposure

5.4.2 Wear a plastic apron over lab coat when working with radioactive samples.

5.4.3 Protect counter tops with counter paper or work from radioactive sample
handling trays.

5.4.4 Prohibit admittance to immediate work area.

5.4.5 Post signs indicating radioactive samples are in the area.

5.4.6 Take swipes of the counter tops upon completion of work. Deliver those
swipes to the designated swipe count box.

5.4.7 Segregate radioactive wastes. Radioactive waste containers are obtained
from Waste Management.

5.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

5.5.1 Segregate solid wastes from liquid wastes in the satellite area containers.

5.5.2 Segregate oil wastes from water-soluble wastes in the satellite area containers.

5.6 Snyder columns may shoot off due to pressure inside the K-D.

GENERAL ENGINEERING LABORATORIES, IXC
P.O. Box 30712 Charleston SC 29414
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5.7 In the event of an accident or medical emergency call for help immediately. When
time and safety permit, an accident report form should be completed and turned in
to the safety committee.

5.8 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition, fire safety equipment such as fire extinguishers is located in the
lab. Training is available on the proper operation of this equipment.

6.0 APPARATUS AND MATERIALS

(Unless otherwise indicated, all apparatus and materials are suggested only.)

6.1 Glassware

6.1.1 4-oz. amber glass wide mouth jars with Teflon-lined screw caps.

6.1.2 Concentrator tube. Kuderna-Danish 10-mL graduated (Kontes K-570050-
1025 or equivalent). Calibration must be checked at the volumes employed
in the test. Ground glass stopper is used to prevent evaporation of extracts.

6.1.3 Evaporative flask, Kuderna-Danish 500-mL (Kontes K-570001-0500 or
equivalent). Attach to concentrator tube with springs.

6.1.4 Snyder column, Kuderna-Danish three ball macro (Kontes K-503000-0121
or equivalent). Rotary evaporation set-up may be used alternatively.

6.1.5 Two mL glass vials with Teflon-lined cap (autosampler vials).

6.1.6 Disposable pipettes: Pasteur.

6.1.7 Glass or Teflon funnels.

6.1.8 200 or 400 mL beaker

6.2 Boiling chips - Approximately 10/40 mesh. Heat to 400°C for 30 minutes or
Soxhlet extract with methylene chloride.

6.3 Water bath - Heated with concentric ring cover, capable of temperature control
±2°C). The bath should be used in a hood.

6.4 An analytical balance capable of accurately weighting 0.0001 g should be used for
preparing standards and percent moisture determination. A top-loading balance
capable of weighing to the nearest 0.01 g should be used for sample preparation.

6.5 Stainless steel spatula.

6.6 Sonication.

6.6.1 Ultrasonic cell disrupter: A horn-type sonicator equipped with a titanium tip
should be used. A Heat Systems-Ultrasonics, Inc., Model W-385 (475 watt)
sonicator or equivalent (power wattage must be a minimum of 375 with
pulsing capability and No. 200 l/2inch Tapped Disrupter Horn) plus No.
2073/4inch Tapped Disrupter Horn, and No. 419 1/8 inch Standard tapered
Microtip probe.

6.6.2 A Sonabox or equivalent is recommended with the above disrupter for
decreasing sound (Heat Systems-Ultrasonics, Inc., Model 432 13 or
equivalent).

6.7 Nitrogen evaporator with high purity (grade 4.5 or equivalent) nitrogen gas source.

GENERAL ENGINEERING LABORATORIES, LLC
P.O. Box 30712 Charleston SC 29414



5-Mar-04
The Extraction of Semivolatile and Nonvolatile Organic Compounds from Soil,

Sludge, and Other Miscellaneous Solid Samples
SOP Effective 2/93 GL-OA-E-010 Rev 10
Revision 10 Effective June 2002 Page 6 of 12

6.8 TurboVap

6.9 TurboVap Concentrator Tubes

7.0 PROCEDURES

7.1 Sample Handling and Preservation:

7.1.1 Sample containers are glass or Teflon with a Teflon lined screw cap. Plastic
containers are not used to prevent phthaiate or hydrocarbon contamination.

7.1.2 Protect sample containers from light. Some analytes are light sensitive.

7.1.3 Samples will be maintained at 4° ±2°C until extraction begins.

7.1.4 Samples must be extracted within fourteen days from coliection.

7.1.5 If samples are not in appropriate containers or holding time has expired,
initiate an NCR. For instructions, refer to GL-QS-E-004 for
"Documentation of Nonconformance Reporting and Disposition ing, and
Control of Nonconforming Items."

7.2 Reagents must meet ACS Analytical criteria. Reagents will not be stored in plastic
containers.

7.2.1 Solvents will be screened prior to use.

7.2.1.1 Methylcnc Chloride (CH2CL2) - Pesticide quality or equivalent

7.2.1.2 Acetone (CH)COCH3) - Pesticide quality or equivalent

7.2.1.3 Hcxanc (G.Hu) - Pesticide quality or equivalent

7.2.1.4 Acctonitrilc (CHjCN) - Pesticide quality or equivalent

7.2.2 1:1 Methylcnc Chloride/Acetone - add 1000 mL Methylene Chloride to
1000 mL of Acetone in 2000 mL tilt.

7.2.3 Anhydrous sodium sulfate (NaiSCM - muffle granular and powder Na2SO4
at 400°C for 4 hours: rinse granular Na2SC»4 with CH2CL2 prior to use.

7.2.4 Glass wool - rinse with extraction solvent prior to use.

7.2.5 Ottawa sand.

7.3 Set Up

7.3.1 All batches (up to 20 samples) will be extracted with a blank, LCS, LCS
DUP, MS, and a DUP or MSD.

7.3.2 Rinse all glassware with (CHjCLi). Label glassware with sample number.

7.3.3 Decant and discard water layer. For AK102 and AK103 samples-Note
what percent of the sample the water represents and, if sufficient volume
exists, extract and analyze the water for DRO. Also note the apparent
condition of the sample (presence of foreign materials, variable particle size,
presence of oil sheen, multiple phases, etc.). Homogenize sample. Discard
sticks, leaves, rocks, etc.

GENERAL ENGINEERING LABORATORIES, LLC
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NOTE: It is assumed that material within the sample container is considered "the
sample." Removal of any extraneous material (twigs, leaves, large rocks, etc.) must
be documented in the case narrative and bench logbooks.

7.3.4 To avoid loss of more volatile compounds, rapidly weigh 30 g of sample
into 200 or 400 mL beaker. Record to nearest 0.1 g.

7.3.4.1 For Paint chip analysis for PCBs, weigh 1.0 g of sample. Record to
the nearest 0.1 g. Proceed to Section 7.3.6.

7.3.4.2 For swipe analysis, calculations are determined per swipe. Extract
the entire swipe. Proceed to Section 7.3.6.

7.3.5 Add anhydrous sodium sulfate (Na2SO4> powder and mix well (up to 60 g
can be added) to obtain free-flowing sample.

NOTE: Specific clients (i.e., Navy) require step 7.3.6 to precede this step.

7.3.6 Add I mL appropriate surrogate to all samples and quality control samples.
Add 1 mL appropriate spiking solution to quality control samples to be
spiked. For appropriate surrogate and spiking solution, refer to Appendix 1.

7.3.7 Immediately add appropriate extraction solvent. For extraction solvent, refer
to Appendix 1. Solvent is added to cover sample allowing the sonicator probe
tip to be approximately 1 inch below the surface without touching the

_ . j , sediment.
7.4 Extraction

7.4.1 Place in properly tuned ultrasonic extractor with tip of 3/4" probe about 1
inch below surface. Sonicate for three minutes with 50% duty cycle and
output control set at 8.

7.4.2 Decant and filter extracts through Whatman No. 41, or equivalent filter
paper, usjng vacuum flask with Buchner funnel and rubber stopper.

7.4.3 Repeat three minute sonication twice more with appropriate solvent. Final
sonication: pour entire sample into funnel and rinse with extraction solvent.
Use vacuum.

7.4.4 Pour sample through solvent rinsed drying funnel containing glass wool and
granular Na2SC>4 into Kuderna-Danish (K-D) with 10 mL concentrator tube
for TPH, FL-PRO, CT-ETPH, and AK102/AK103. For BNA, PCB and
Pesticides, pour the extract into a turbo-vap tube to be concentrated using
the turbo-vaps. Quantitatively wash the extraction flask and drying funnel
with 20 - 30 mL extraction solvent. Add these rinses to the K-D.

7.5 Concentration and Packaging

CAUTION
ANALYTES OF INTEREST MAY BE LOST IF SAMPLES ARE CONCENTRATED
TOO LOW.

7.5.1 For TPH, FL-PRO, CT-ETPH and AK102/AK103, add a boiling stone and
attach 3-ball Snyder column to K-D. Pre-wet column with 1 - 2 mL CH2CI2
for safety and place on 80° - 90°C water bath. (At proper distillation rate,
balls will chatter, but chambers will not flood.)

GENERAL ENGINEERING LABORATORIES, LLC
P.O. Box 30712 Charleston SC 29414
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7.5.2 At approximately 5 mL, remove from water bath and allow to cool.

7.5.3 For BNA, concentrate sample to 1 mL. For PCB and Pesticides, concentrate
to 5 mL in turbo-vap tube and proceed to step 6.5.4.

CAUTION

ANALYTES OF INTEREST MAY BE LOST IF SOLVENT IS NOT MIXED PROPERLY
AND PRESSURE FORCES SOLVENT THROUGH TOP OF SNYDER COLUMN.

7.5.4 Refer to Appendix 1 to determine if solvent exchange is required. If solvent
exchange is required, add approximately 50 mL solvent, rinsing down sides
of turbo-vap tubes. Concentrate to final volume of 1 mL.

7.5.5 For TPH, FL-PRO, CT-ETPH and AK102/AK103, carefully dry the outside
of glassware around concentrator tube/K-D joint to prevent water from
contaminating the extract. Remove snyder column and K-D.

7.5.6 Prepare Nitrogen (N2) Evaporator (N-Evap) for samples by rinsing needles
with final solvent to prevent contamination from previous samples. Place
concentrator tube on N-Evap with water temperature about 35*C.

CAUTION

ANALYTES OF INTEREST MAY BE LOST IF SAMPLES ARE CONCENTRATED
TOO LOW OR TOO FAST.

7.5.7 Use a gentle stream of N2 concentrate just below desired final volume and
reconstitute with final solvent. If solvent exchange was necessary,
concentrate to approximately half of desired final volume and then
reconstitute with final solvent.

7.5.8 Proceed with clean up if necessary. Concentrate extract using K-D and/or N2.

7.5.9 Transfer to 2 or 4 mL amber vial with Teflon-lined screw cap. Record final
volume. Label with LIMS generated barcoded label. Mark the meniscus. All
extracts with the exception of those to be analyzed using AK102 and AK103
should be store at 4° ±2°C. The AK102 and AK103 extracts should be stored
in a frost-free freezer at <-10°C.

7.5.10 Rinse glassware with last solvent used before having glassware washed.

8.0 RECORDS MANAGEMENT

8.1 Documentation of Training

8.1.1 Extraction technicians must be properly trained to perform the contents of
this SOP. Personnel will extract four laboratory control samples for each
analytical SOP referenced within this SOP as training commences. Training
is documented per GL-HR-E-003 for Maintaining Technical Training
Records.

8.2 Documentation of Extraction

8.2.1 Complete Sample Tracker Form and Data Review Sheet (Appendix 3).
Record initial weight of sample, final volume of extract, amount of
surrogate and spikes added, and any comments about the extraction process.
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Also record all reagent lot numbers like surrogate, spike and solvent lot
numbers. (See Appendix 2.) Also note any deviations from this standard
operating procedure in the comment section.

8.2.2 Enter initial weight and final volume of each sample into the Laboratory
Information Management System (LIMS) and print a hard copy.

8.2.3 Have batch peer reviewed using data review sheet. Note all discrepancies
about sample handling and preservation.

8.2.4 These documents are stored in ascending order by batch number in a current
notebook. When the current notebook is full, usually two weeks time, the
documents are bound and stored. Typically, every three or four months, the
bound documents are boxed and relocated to the document storage area.

8.3 Documentation of Standards

Refer to "Laboratory Standards Documentation" (GL-LB-E-007) and "Control of
Laboratory Standards" (GL-LB-E-015).

8.0 REFERENCES

9.1 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/Chemical
Methods. Volume IB. SW-846. 3rd Edition. Nov. 1986. Method 3550A. "Ultrasonic
Extraction," Rev I, Sept. 1994. USEPA, Washington, D.C. 20460.

9.2 Florida Department of Environmental Protection "Method for Determination of
Petroleum Range Organics (Method * FL-PRO).

9.3 Analysis of Extractable Total Petroleum Hydrocarbons (ETPH) using Methylene
Chloride, Gas Chromatograph/Flame lonization Detection, Environmental Research
Institute, University of Connecticut March 1999.

9.4 Determination of Diesel Range Organics, Alaska Method AK102, Version 3-1-99.

9.5 Determination of Residual Range Organics, Alaska Method AK103, Version 3-1-99.
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APPENDIX 1: EXTRACTION CONDITIONS

Extraction Conditions for Various Sonication Analyses

Prep

BNA

Pesticide/

PCBb

PCB

TPH

PAH

FL-
PRO/CT-
ETPH
AK102
AK103

Analysis

8270 B

8081
8081A

8082

8015 B

8310

TPH

TPH

Surrogate/Spike3

BNA Surrogate
BNA Spike
Pesticide Surrogate/
Pesticide Spike

PCB Soil Surrogate/
PCB Soil Spike

TPH Surrogate'
TPH Spike
PAH Surrogate'
PAH Spike
FL-PRO surrogate
FI.-PRO Spike

AklO: AK103 surrogate
AKI02 "AKI03
DRORROICS

Extraction solvent

1:1 CH2C12: Acetone

1:1 CH2Cl2:Acetone

1:1 CH2CI2:Acetone

CH2CI2

1:1 CHXI,: Acetone

Ch2CI2

Ch:CI2

Solvent
exchange
None

Hexane

Hexane

None

Acetonitrile

None

None

Clean up

None

Florisil

KMnCy
H2SO4

None

None

Silica Gel

None

a: Other spiking compounds rru\ he used if client requests non-regulated compounds.

b: GEL has defined Method 8081 into two classes: Pesticides and Pesticides/PCBs.
When a batch consists of samples for which Pesticides and/or Pesticides/PCBs are
requested, use Pesticide Surrogate and Pesticide Spike.

c: All spikes and surrogates arc stored at 4° ±2°C except AK102 and AK103 surrogates
and spikes. These standards should be stored at -10° to -20°C.

NOTE: For recipes, concentrations, ana lues and diluents generally used, refer to the current
Standards Logbook in the Organic Prep Fxtraction Laboratory.
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APPENDIX 2: DATA REVIEW CHECKLIST
DATA REVIEW CHECKLIST FOR EXTRACTABLE ORGANICS

QUALITY CRITERIA YES NO
1. Verify that samples have been extracted within hold

time.

2. Verify that samples and QC on sample tracker
correspond to batch sheet.

3. Verify that surrogate, spike, and solvents have
been recorded on sample tracker.

4. If batch is BNA, did sample change color when
acid and/or base was added.(Pink or Yellow)

5. Verify that there is a vial for every extract listed
on the tracker.

6. Verify that the meniscus is marked on
every vial.

7. Verify the vials are barcoded to ensure
traceability.

i. Verify that surrogate and spike checks were
were made.(witness the addition of)

9. Verify paperwork is legible. Strike
overs are initialed and dated.

10. Verify lims data report with the written tracker
for errors.

11. Verify that temperature monitoring was done.
according to SOP#GL-LB-E-004.

12. Verify that no error messages were received
while entering standards into database.

REVIEWERS SIGNATURE

COMMENTS

ANALYST DATE

PEER/GROUP LEADER DATE
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Prep#
Date:
Matrix W S Other
Prep Method:

Solvent Lots
Hexane:
Acetone:
Ether:

APPENDIX 3: EXTRACTION
CH2CI2
Toluene:
Isooctane:
Methanol:

TRACKER FORM
Cleanup or Derivation Techniques
GPC bead Lot:
Silica gel Lot:
Alumina Lot:

Sulfur Lot:
Florisil Lot:
Acid Lot:

Surrogate Std. Sol. ID:
MB/LCS Std. Sol. ID:

Cone.
Cone.

Vol. Added (mL):
Vol. Added (mL):

GEL SOP Reference
GL-OA-E-
GL-OA-E-
GL-OA-E-
GL-OA-E-
GL-OA-E-
GL-OA-E-

Rev#

Client

MS
MSD

Method
Blank
LCS
#1
LCS n

GEL
Sample ID#

Dale
Extracted

Sample
Wl (g)or
Vol (ml.)

Sample pll

Int Sec
Int ExI Ext

Extract
Analyst

Spikes
Verified

By

Cleanup
(clnup)

Applied or
Derivation

Volumes of Extract (ml.)
Prior Ami A Her Final
to Clean Clnup Ext

Clnup ed Vol

Final
Solv

Date
Cleaned
or Denv
Si. Initials

Re-
ext

smpl
X

Comments
(Include SDG# when applicable)

SOPs-OA/OrgExtTracker
R»v 2 Effective 8/00
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VERIFY THE VALIDITY OF THIS SOP EACH DAY IN USE

STANDARD OPERATING PROCEDURE

FOR

EXTRACTION OF SEMIVOLATILE AND
NONVOLATILE ORGANIC COMPOUNDS
FROM GROUNDWATER, WASTEWATER,

AND OTHER AQUEOUS SAMPLES

(GL-OA-E-013 REVISION 12)

PROPRIETARY INFORMATION

This document contains proprietary information that is the exclusive property of General
Engineering Laboratories. l.l.C (GLL). No contents of this document may be reproduced
or otherwise used for the benefit of others except by express written permission of GEL.

•

—J GEL's Document Control

Officer oerttfies this

document to be a true copy

of the fully executed

original. I wtd
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1.0 STANDARD OPERATING PROCEDURE FOR THE EXTRACTION OF SEMIVOLATILE AND

NONVOLATILE ORGANIC COMPOUNDS FROM GROUNDWATER, WASTEWATER AND
OTHER AQUEOUS SAMPLES

2.0 PURPOSE

To describe the manner in which groundwater, wastewater, and other aqueous samples
are extracted for organic analysis methods 8270C, 8081, 8081 A, 8082, 8015A, 8015B,
8310, 625, 608, Florida Department of Environmental Protection FL-PRO, Alaska
AK.102, and Environmental Research Institute University of Connecticut CT-ETPH.

3.0 DISCUSSION

Analytes listed in the above referenced methods are partitioned from water matrices using
separator/ funnels for a liquid/liquid extraction. The extract is concentrated using
Kuderna-Danish techniques coupled with nitrogen gas blowdown. These techniques
prepare the sample such that analytes of interest are in solvent and at concentrations
suitable for analysis using gas or liquid chromatography.

4.0 DEFINITIONS

4.1 Blank - Organic free reagent water used to determine that no background
contaminants are present in the extraction process.

4.2 Laboratory Control Sample (LCS) - Organic free reagent water containing the
spiking solution to indicate the process is in control and to indicate accuracy.

4.3 Laboratory Control Sample Duplicate (LCS DUP) - A duplicate of the LCS to
indicate reproducibility and to indicate precision.

4.4 Matrix spike - A sample in which the spiking solution is added. The recovery of
matrix spike compounds indicates the presence or absence of matrix interferences.
This may be duplicated (MSD) at a client's request and if enough sample is
provided.

4.5 Sample Duplicate - A duplicate of a sample indicating reproducibility.

4.6 Surrogate - A solution added to each sample and quality control sample to monitor
the efficiency of the extraction process. It contains compounds similar to those
being analyzed. For compounds and concentrations refer to the Create/Edit/View
Reference Materials section of ALPHA LIMS. Surrogate solutions expire six
months from date opened or date prepared, whichever comes first. All standards
are screened prior to use in extractions.

4.7 Spike - A solution added to the laboratory control samples and matrix spikes that
contain compounds defined by the referenced method. For compounds and
concentrations, refer to the Create/Edit/View Reference Materials section of
ALPHA LIMS. The spiking solutions expire six months from date opened or date
prepared, whichever comes first. All standards are screened prior to use in
extractions.

5.0 SAFETY, HEALTH AND ENVIRONMENTAL HAZARDS
WARNING

METHYLENE CHLORIDE IS A POSSIBLE CARCINOGEN. HEXANE IS FLAMMABLE AND
TOXIC. ACETONITRILE IS FLAMMABLE AND TOXIC.
SODIUM HYDROXIDE CAUSES SEVERE BURNS AND MAY BE FATAL IF SWALLOWED.
CARBON DISULFIDE IS TOXIC.
SULFURJC ACID IS CORROSIVE, CAUSES SERIOUS BURNS AND MAY BE FATAL IF
SWALLOWED.

GENERAL ENGINEERING LABORATORIES, LLC
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WARNING
PREVENT SKIN AND EYE CONTACT BY USING SPECIFIED PERSONAL PROTECTIVE
EQUIPMENT WHEN MAKING STOCK REAGENTS.

WORK UNDER A HOOD TO PREVENT INHALATION WHEN MAKING STOCK REAGENTS.

5.1 Wear eye protection with side shields while working in the laboratory.

5.2 Treat all chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness file
of OSHA regulations regarding the safe handling of the chemicals in the laboratory
as well as a reference file of Material Safety Data Sheets (MSDS.) These
documents and client sample MSDS forms are maintained in the laboratory.

5.3 Personal protective equipment

5.3.1 Gloves are required when working with solvents, standards and samples.
Solvents, and any solute in them, can absorb easily through the skin.

5.3.2 Work under a hood when using concentrated acids.
5.3.3 To protect clothes and skin from being exposed to corrosive material,

wear a lab coat.

5.4 Prior to handling radioactive samples analysts must have had radiation safety
training and understand their full responsibilities in radioactive sample handling.
Some general guidelines follow:

5.4.1 Wear a dosimeter at all times while working in the lab to monitor
radioactive exposure.

5.4.2 Wear a lab coat when working with radioactive samples.
5.4.3 Protect counter tops with counter paper or work from radioactive sample

handling trays.
5.4.4 Prohibit admittance to immediate work area.
5.4.5 Post signs indicating radioactive samples are in the area.
5.4.6 Take swipes of the counter tops upon completion of work. Deliver those

swipes to the designated swipe count box.

5.4.7 Segregate radioactive wastes. Radioactive waste containers are obtained
from Waste Management.

5.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

5.5.1 Segregate solid wastes from liquid wastes in the satellite area containers.
5.5.2 Segregate oil wastes from water-soluble wastes in the satellite area

containers.

5.6 Solvent in a closed separatory funnel creates excessive pressure, so always vent
immediately when beginning to shake.

5.7 When venting a separatory funnel, point stopcock end toward fume hood and
always away from other people working in the area to minimize solvent fumes.

5.8 Hood doors should be pulled down partially while K-D apparatus are on the bath.
Snyder columns may shoot off due to pressure inside the K-D.

5.9 In the event of an accident or medical emergency, call for help immediately. When
time and safety permit, an accident report form should be completed and turned in
to the safety committee.

GENERAL ENGINEERING LABORATORIES, LLC
P.O. Box 30712 Charleston SC 29417



5-Mar-04
The Extraction of Semi volatile and Nonvolatile Organic Compounds from Groundwater, Wastewater, and Other

Aqueous Samples
SOP Effective 2/93 GL-OA-E-013 Rev 12
Revision 12 Effective July 2003 Page 5 of 12

5.10 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition, fire safety equipment such as fire extinguishers is located in
the lab. Training is available on the proper operation of this equipment.

6.0 APPARATUS AND MATERIALS

(Unless otherwise indicated, all apparatus and materials are suggested only.)

6.3 Glassware

6.3.1 Scparalor> funnel - 2000-mL with Teflon stopcock or equivalent.

6.3.2 Concentrator tube. Kudema-Danish 10-mL graduated (Kontes K-570050-
1025 or equivalent). Calibration must be checked at the volumes
employed in the test.

6.3.3 Evaporative flask, Kudema-Danish 500-mL (Kontes K-570001-0500 or
equivalent). Attach to concentrator tube with clips.

6.3.4 Snyder column. Kudema-Danish three ball macro (Kontes K-503000-
0121 or equivalent). Rotary evaporation set-up may be used alternatively.

6.3.5 Two mL glass vials with Teflon-lined cap (autosampler vials).

6.3.6 Disposable pipettes: Pasteur.

6.3.7 Graduated cylinders: 250-mL.
6.3.8 Glass or Teflon funnels.

6.4 Boiling chip* - Approximately 10/40 mesh. Heat to 400°C for 30 minutes or
Soxhlet extract vuth meihylene chloride.

6.5 Water bath - Heated with concentric ring cover, capable of temperature control
(±2°C) The bath should be used in a hood.

6.6 Nitrogen evaporator with high purity (grade 4.5 or equivalent) nitrogen gas source.

7.0 PROCEDt/RES
7.1 Sample Handling and Preservation

7.1.1 Sample containers should be glass or Teflon with a Teflon lined screw
cap. Plastic containers must not be used to prevent phthalate or
hydrocarbon contamination.

7.1.2 Sample containers should be protected from light, for some analytes are
light sensitive.

7.1.3 Samples arc to be maintained at 4*C ±2 until extraction begins.
7.1.4 Samples must be extracted within seven days from collection.
7.1.5 If samples are not in appropriate containers or holding time has expired,

write an NCR. For instruction on writing an NCR, refer to
"Documentation of Nonconformance Reporting and Dispositioning, and
Control of Nonconforming Items" (GL-QS-E-004).

7.2 Reagents: Reagents should meet ACS Analytical criteria. Reagents should not be
stored in plastic containers.

7.2.1 Solvents - should be screened prior to use

7.2.1.1 Methylene Chloride (CH2CI2) - Pesticide quality or equivalent
7.2.1.2 Acetone (CH3COCH3) - Pesticide quality or equivalent
7.2.1.3 Hexane (C6Hj4) - Pesticide quality or equivalent
7.2.1.4 Acetonitrile (CH3CN) - Pesticide quality or equivalent

GENERAL ENGINEERING LABORATORIES, LLC
P.O. Box 30712 Charleston SC 29417



5-Mar-04
The Extraction of Semi volatile and Nonvolatile Organic Compounds from Groundwater, Wastewater, and Other

Aqueous Samples
SOP Effective 2/93 GL-OA-E-013 Rev 12
Revision 12 Effective July 2003 Page 6 of 12

7.2.2 1:1 Sulfuric acid (H2SO4) - slowly add 100 mL sulfiiric acid to 100 mL of
organic free reagent water in Erlenmeyer flask

7.2.3 10 N Sodium Hydroxide - dissolve 40 g NaOH in organic free reagent
water and dilute to 100 mL

7.2.4 Anhydrous sodium sulfate (Na2SO4) - muffle granular Na2SO4 at 400°C for
4 hours and rinse with extraction solvent prior to use

7.2.5 Glass wool - rinse with extraction solvent prior to use

7.3 Set Up

7.3.1 All batches (up to 20 samples) are extracted with a minimum of quality
control samples including blank, LCS, MS, MSD or duplicate.

7.3.2 Rinse all glassware with Methylene chloride (CH2CI2). Label glassware
with sample number.

7.3.3 Mark meniscus on sample bottle for eventual volume determination.
7.3.4 Check pH and record.

NOTE: All pH measurements require the use of a pre-rinsed, 1 mL serological
glass pipet to deliver a small aliquot of sample to a wide-range pH indicator strip.

7.3.5 Transfer sample to separatory funnel.

7.3.6 Add appropriate surrogate to all samples and quality control samples.
Add appropriate spiking solution to quality control samples to be spiked.
For appropriate surrogate and spiking solution, refer to Appendix 1. For
volume of surrogate and spike added, refer to Appendix 2.

7.3.7 Adjust pll to extraction range. (See Appendix 1.)

7.3.8 Add 60 mL of CH:CI; to sample container to rinse. Transfer to separatory
funnel.

7.4 Extraction WARNING
METHYLENE CHLORIDE CREATES EXCESSIVE PRESSURE VERY RAPIDLY,
POSSIBLY CAUSING SEPARATORY FUNNEL TO EXPLODE.

7.4.1 Shake vigorously for one to two minutes. Vent often. Allow layers to
separate. If emulsion interface between layers is more than 1/3 size of
solvent layer, employ one of the following mechanical techniques to break
emulsion: stirring, quantitative filtration through glass wool,
centrifugation. or other physical procedures.

7.4.2 Drain CH;CI; layer through pre-rinsed thistle funnel containing prepped
glass wool and muffled anhydrous sodium sulfate (Na2SC>4) into a K-D
with 10 mL concentrator tube.

7.4.3 Add 60 mL of C) \2C\2 and repeat steps 6.4.3 through 6.4.4 for a total of
three extractions using the appropriate volume of CH2CI2.

7.4.4 Adjust pll if additional extractions are required and repeat steps 6.4.1
through 6.4.3. Refer to Appendix 1 for pH adjustment criteria.

7.4.5 Rinse thistle funnel with 20 - 30 mL CH2C12. Add this rinse to the K-D.

7.4.6 Measure initial volume by filling sample container to marked meniscus.
Transfer contents to 1 liter graduated cylinder and record volume to
nearest 5 mL.
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NOTE: The use of a solvent-rinsed graduated cylinder is required by
specific clients (i.e. Navy).

7.5 Concentration and Packaging
CAUTION

ANALYTES OF INTEREST MAY BE LOST IF SAMPLES ARE CONCENTRATED TOO LOW.

7.5.1 Add small prepped boiling chip and Snyder column to K-D. Pre-wet
column with 1 - 2 mL CH2CI2 for safety and place on 80 - 90°C water bath.
(At proper distillation rate, balls will chatter, but chambers will not flood.)

7.5.2 At approximately 5 mL, remove from water bath and allow to cool.
CAUTION

ANALYTES OF INTEREST MAY BE LOST IF SOLVENT IS NOT MIXED PROPERLY AND
PRESSURE FORCES SOLVENT THROUGH TOP OF SNYDER COLUMN.

7.5.3 Refer to Appendix 1 to determine if solvent exchange is required. If
solvent exchange is required, add solvent through Snyder column until
approximately 10 mL of solvent is in concentrator tube. Mix in large part
of K-D. Return to bath for 30 minutes or until solvent volume has
concentrated to approximately 1 mL. Remove from bath, rinse Snyder
column with small amount of solvent, and allow to cool.

7.5.4 For FL-PRO TPH/CT-ETPH analysis, proceed with the silica gel cleanup
procedure (See GL-OA-E-049). Since solvent exchange is not required,
the extract is then concentrated using the N-Evap to 1.0 mL, and then
brought to a final volume of 2.0 mL with carbon disulfide.

7.5.5 Carefully dry the outside of glassware around concentrator tube/K-D joint
to prevent water from contaminating the extract. Remove snyder column
and K-D. Be sure to label concentrator tube with sample number.

7.5.6 Prepare Nitrogen (N2) Evaporator (N-Evap) for samples by rinsing needles
with final solvent to prevent contamination from previous samples. Place
concentrator tube on N-Evap with water temperature about 35*C. Do not
adjust flow rate of needle, only of the entire unit.

CAUTION
ANALYTES OF INTEREST MAY BE LOST IF SAMPLES ARE CONCENTRATED TOO
LOW OR TOO FAST.
7.5.7 Using a gentle stream of N2 concentrate just below (not below 0.3 mL)

desired final volume and reconstitute with final solvent. If solvent exchange
was necessary, concentrate to approximately 1 mL, reconstitute with final
solvent to 2 mL, and then concentrate to desired final volume.

7.5.8 Proceed with clean up if necessary. See Appendix 1 for appropriate clean up.

7.5.9 Using GENTLE stream of N2 concentrate to appropriate volume.
7.5.10 Transfer to 2 or 4 mL amber vial with Teflon-lined screw cap using a 1 mL

syringe. Record final volume. Label with LIMS generated barcoded label.
Mark the meniscus. Store at 4" ±2"C. For Alaska DRO, store at -10° Cor
colder.

7.5.11 Rinse glassware with ChemSolve solution before having glassware washed.
8.0 RECORDS MANAGEMENT

8.1 Documentation of Training
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8.1.1 Extraction technicians must be properly trained to perform the contents
of this SOP. Personnel must extract four laboratory control samples for
each analytical SOP referenced within this SOP as training commences.
Training documentation is maintained per "Employee Training" (GL-
HR-E-002).

8.1.2 LCS/LCS DUP demonstrates on a continuing basis that personnel are
properly trained.

8.2 Documentation of Extraction

8.2.1 Complete sample tracker form and Data Review Sheet (Appendix 3).
Record initial \olumc of sample, final volume of extract, amount of
surrogate and spikes added, the concentration of surrogate and spiking
solutions, and any comments about the extraction process. Also record
all reagent lot numbers like surrogate, spike and solvent lot numbers.
(See Appendix 4.) Also note any deviations from this standard
operating procedure in the comment section.

8.2.2 Enter initial and final volume of each sample into the Laboratory
Information Management System (LIMS) and print a hard copy.

8.2.3 These documents are stored in ascending order by batch number in a
current notebook. When the current notebook is full, usually two weeks
time, the documents are bound and stored. Typically, every three or four
months, the bound documents are disposed. A copy is maintained with
the analytical data.

8.3 Documentation of Standards

8.3.1 Refer to the folio* ing SOPs for standards documentation:

8.3.1.1 ~Laborator> Standards Documentation" (GL-LB-E-007)
8.3 1.2 -Control of Laboratory Standards" (GL-LB-E-015).

9.0 LABORATORY WASTE HANDLING AND DISPOSAL
For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan. GL-LB-G-001.

10.0 REFERENCES
10.1 Test Methods for Evaluating Solid Waste: Laboratory Manual: Physical/Chemical

Methods. Volume IB. SW-846, Third Edition. November 1986. Method 3510C,
"Separatory Funnel Liquid-Liquid Extraction," Revision 3, December 1996.

10.2 40 CFR Part 136. Guidelines Establishing Test Procedures for the Analysis of
Pollutants Under the Clean Water Act: Final Rule and Interim Final Rule and
Proposed Rule, Frida>. October 26, 1984, Methods 625 and 608.

10.3 Florida Department of Environmental Protection "Method for Determination of
Petroleum Range Organics (Method # FL-PRO).

10.4 Analysis of Extractablc Total Petroleum Hydrocarbons (ETPH) using Methylene
Chloride. Gas Chromatograph/Flame Ionization Detection, Environmental Research
Institute, Univcrsit) of Connecticut, March 1999.

10.5 Method AK 102. "Determination of Diesel Range Organics," Version 3-1-99.
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APPENDIX 1: EXTRACTION

Extraction Conditions for Various Water Analyses
Prep

BNA

Pesticide/

PCBC

PCB

TPH

PAH

BNA

Pesticide/
PCB
PCB

BNA

Pesticideb

FL-
PRO/CT-
ETPH
AK102

Analysis

8270 C

8081
8081A

8081
8082

8015 A
8015 B
8310

625

608

608

TCLP

TCLP

TPH

TPH

Surrogate/Spike3

BNA Surrogate/
BNA Spike
Pesticide Surrogate/
Pesticide Spike

PCB H2O
Surrogate/
PCB H2O Spike
TPH Surrogate/
TPH Spike
PAH Surrogate/
PAH Spike
BNA Surrogate/
625 Spike
Pesticide Surrogate/
608 Spike
PCB H2O
Surrogate/
PCB H2O Spike
BNA
Surrogate/TCLP
BNA Spike
Pesticide
Surrogate/TCLP
Pesticide Spike/
Toxaphene/
Chlordane
FL-PRO Surrogate
FL-PRO Spike

TPH Surrogate
AK102 Spike

Extraction
PH
<2

5 - 9

5 - 9

<2

5 - 9

<2

5-9

5 - 9

<2

5 - 9

<2d

<2d

CONDITIONS

pH Change

>11

None

None

None

None

>11

None

None

>11

None

None

None

Solvent
Exchange
None

Hexane

Hexane

None

Acetonitrile

None

Hexane

Hexane

None

Hexane

None

None

Clean up
Required

Florisil

KMnO4/ H2SO4

Florisil

KMnO4/ H2SO4

Silica Gel

a: Other spiking compounds may be used if client requests non-regulated compounds.
b: Due to chromatography of pesticide compounds regulated by TCLP, extract

separately a TCLP spike, a Toxaphene spike, and a Chlordane spike for each spiked
sample.

c: GEL has defined Method 8081 into two classes of compounds: Pesticides and
Pesticides/PCBs. When a batch consists of samples requesting Pesticides and/or
Pesticides/PCBs, use Pesticide Surrogate and Pesticide Spike.

d: Samples should arrive preserved with either HCl or H2SO4 giving a pH of less than
2. If the pH of the sample is greater than 2, do not adjust the pH yourself. Do not
acidify the method blank or LCS.

NOTE: For recipes, concentrations, analytes and diluents generally used, refer to the
Create/Edit/View Reference Materials section of ALPHA LIMS.

GENERAL ENGINEERING LABORATORIES, LLC
P.O. Box 30712 Charleston SC 29417
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APPENDIX 2: SURROGATE AND SPIKE VOLUMES

Typical Volumes: Initial, Final, Surrogate/Spike, and Solvent

Prep

BNA
Pesticide/
PCB
PCB

TPH

PAH
BNA
Pesticide/
PCB
PCB
BNA
Pesticide
FL-
PRO/CT-
ETPH
AK102

Analysis

8270 C
8081
8081A
8081
8082
8015 A
8015 B
8310
625
608

608
TCLP
TCLP
TPH

TPH

Initial
Volume3

lOOOmL
lOOOmL

lOOOmL

lOOOmL

lOOOmL
lOOOmL
lOOOmL

lOOOmL
100 mL
20 mL
1000 mL

lOOOmL

Final
Volume
1 mL
1 mL

1 mL

1 mL

1 mL
1 mL
1 mL

1 mL
1 mL
1 mL
2mLb

1 mL

Surrogate/
Spike Volume
lmL
1 mL

1 mL

1 mL

1 mL
1 mL
1 mL

1 mL
lmL
1 mL
lmL

lmL

a: These volumes are guidelines. Due to nature of sample or amount of sample
collected, other volumes may be used if diluted to 1000 mL with organic free water.
Surrogate, spikes, and final volumes should be adjusted to maintain reporting
limits.

b: Sample extract is concentrated to 1.0 mL in methylene chloride and brought to a
final volume of 2.0 mL with carbon disulfide.

c: All spike and surrogate solutions are stored at 4° ±2°C except for Alaska DRO.
Alaska DRO standards are stored in a frost-free freezer at -10°C to 120"C.

GENERAL ENGINEERING LABORATORIES, LLC
P.O. Box 30712 Charleston SC 29417
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APPENDIX 3: DATA REVIEW CHECKLIST

QUALITY CRITERIA YES NO
1. Verify that samples have been extracted within hold

time.

2. Verify that samples and QC on sample tracker
correspond to batch sheet.

3. Verify that surrogate, spike, and solvents have
been recorded on sample tracker.

4. If batch is BNA, did sample change color when
acid and/or base was added (Pink or Yellow)

5. Verify that there is a vial for every extract listed
on the tracker.

6. Verify that the meniscus is marked on
every vial.

7. Verify the vials are barcoded lo ensure
traceability.

8. Verify that surrogate and spike checks were
were made.(witness the addition of)

9. Verify paperwork is legible. Stnke
overs are initialed and dated

10. Verify lims data report with the written tracker
for errors.

11. Verify that temperature monitoring was done.
according to SOP#GL-LB-E-0O4

12. Verify that no error messages were received
while entering standards into database.

1
REVIEWERS SIGNATURE

COMMENTS

ANALYST DATE

PEER/GROUP LEADER DATE

GENERAL ENGINEERING LABORATORIES, LLC
PO Box 30712 Charleston SC 29417
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APPENDIX 4: SAMPLE TRACKER FORM
Prep#
Date:
Matrix W S Other
Prep Method:

Solvent Lots
Hexane:
Acetone:
Ether:

CH2CI2
Toluene:
Isooctane:
Methanol:

Cleanup or Derivation Techniques
GPC bead Lot:
Silica gel Lot:
Alumina Lot:

Sulfur Lot:
Florisil Lot:
Acid Lot:

Surrogate Std. Sol. ID:
MB/LCS Sid. Sol. ID:

Cone.
Cone.

Vol Added (ml.)
Vol Added (ml.)

GEL SOP Reference
GL-OA-E-
GL-OA-E-
GL-OA-E-
GL-OA-E-
GL-OA-E-
GL-OA-E-

Rev#

Clienl

MS

MSD

Method
Blank #1

LCS#I

LCSM

(.11.
Sample I D *

Dole
f xtiacied

"»jmplf
Wl l l ) m
Vol (ml )

Si/nple P'l

Im fee
Im 1 it 1 «i

I uiki
Arwl>«

spikri
Vn.r»J

R>

llranur
l(lnur)

\ttmmim

Soiumnof 1 «ifnt|ml )
Pirni Amt AlVf final
<n ( kwi ( \nup 1 il

(tffuf) t4 Vot

Date
(lr»nrJ
« l»Tftv
k Imltili

Kr-

»mpl
X

Comments
(Include Sl)( i* when applicable)

SOPs-OA/OrgExtTracker
R«v 2 Eftactlv* 8/00

GENERAL ENGINEERING LABORATORIES, LLC
P.O. Box 30712, Charleston, SC 29414

This document is controlled only when an original Set ID Number appears on the cover page (I) .



5-Mar-04

SOP Effective 12/94
Revision 7 Effective September 2002

Polynuclear Aromatic Hydrocarbons
GL-OA-E-030 Rev 7

Page 1 of 16

VERIFY THE VALIDITY OF THIS SOP EACH DAY IN USE

STANDARD OPERATING PROCEDURE
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1.0 STANDARD OPERATING PROCEDURE FOR POLYNUCLEAR AROMATIC
HYDROCARBONS

2.0 METHOD CODES

2.1 EPA SW-846 Method 8310

2.2 EPA SW-846 Method 8000B

3.0 METHOD SUMMARY. OBJECTIVE AND PURPOSE
3.1 This is a liquid chromatographic procedure for quantitatively determining certain

Polynuclear Aromatic Hydrocarbons. The analytical guidance for the detection and
quantitation of the applicable Polynuclear Aromatic Hydrocarbons has been taken
from Methods 8310 and 8000B of "Test Methods for Evaluating Solid Waste," EPA
Manual SW-846.

3.2 This method applies to ground water, soil, leachates, and miscellaneous matrices.
Referenced procedure is 8310 and 8000B of "Test Methods for Evaluating Solid
Waste" (EPA Manual SW-846.)

The follow ing compounds can be quantitatively determined by this procedure:

Compound Name CAS Number
Accnaphthcne 83-32-9
Acenaphthylene 206-96-8
Anthracene 120-12-7
BenzcMa)anthracene 56-55-3
Bcn7o(«)pyrrne 50-32-8
Bcruo(b)fluoranthcnc 205-99-2
Bcnzo(ghi)per>lcnc 191-24-2
BcrtfcKMfluoranthcne 207-08-9
Chrysene 218-01-9
Dibenzo(a.h)anthracenc 53-70-3
Fluoranthcnc 206-44-0
Fluorenc 86-73-7
lndcno(1.2.3-cd)pyrene 193-39-5
Naphthalene 91-20-3
Phenanthrenc 85-01-8
Pyrenc 129-00-0
I-Mcthylnaphthalcne 90-12-0
2-Methylnaphthalene 91-57-6

3.3 This method provides the High Performance Liquid Chromatographic (HPLC)
conditions for detection of trace levels of polynuclear aromatic hydrocarbons. Prior
to use of this method, the appropriate sample extraction technique must be used.
(See "Extraction of Semivolatile and Nonvolatile Organic Compounds from Soil,
Sludge and Other Miscellaneous Samples" (GL-OA-E-010) for solids, and
"Extraction of Semivolatile and Nonvolatile Organic Compounds from
Groundwater. Wastewater, and Other Aqueous Samples" (GL-OA-E-013) for
liquids.) A 20uL aliquot is usually injected into the HPLC system. The sample
then passes through the reverse phase column, which performs analyte separation.
The separated analytes then pass through the diode array detector (DAD) and
fluorescence detector (FLD). Analyte confirmation is performed by the signals
from the diode array detector (DAD) and fluorescence detector (FLD). Signal

General Engineering Laboratories, LLC
P.O. Box 30712 Charleston SC 29417
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output is collected and processed initially using Hewlett Packard Chemstation
software. Additional data reduction is performed using Thru Put Target software.

4.0 METHOD PERFORMANCE ANALYST VERIFICATION
4.1 See the Group Leader for current MDL studies for liquid and solid matrix MDLs

and PQLs.
4.2 Method Precision: See the Group Leader for current SPC limits for RPD and %R.
4.3 LCS and LCS %Recovery: See the Group Leader for current SPC limits for RPD

and %R.
4.4 Method Bias: See the Group Leader for current SPC limits for surrogate recovery.
4.5 MS and MSD %Recovery: See the Group Leader for current SPC limits for RPD

and %R.

5.0 DEFINITIONS
5.1 HPLC - High performance liquid chromatography

5.2 DAD - Diode array detector

5.3 FLD - Fluorescence detector

5.4 ALPHA LIMS - GL:Ls laboratory information management system.
5.5 ChemStation - Software package used to control HPLC instruments including data

acquisition and temporary storage.

5.6 Calibration Standard (CAL) - A solution prepared from the primary stock solution.
The CAL solutions are used to calibrate the instrument.

5.7 Check Standard (CCV/ICV/CVS) - A solution of the method analytes used to
evaluate the performance of the instrument with respect to a defined set of criteria.
The check standard concentration is at the calibration midpoint and is prepared
from a separate source than the calibration standards.

5.8 Matrix Spike (MS) - An aliquot of a known sample to which known quantities of
the method analyies are added in the laboratory. The MS is analyzed like a sample
and its purpose is to evaluate the accuracy of the method.

5.9 Laboratory Control Sample (LCS) - An aliquot of reagent water to which a known
quantity of the method analyte is added in the laboratory. The LCS is analyzed
exactly like a sample, and its purpose is to determine if methodology is in control.

5.10 Method Blank • An aliquot of reagent water that is treated exactly as a sample
including exposure to all glassware, equipment, solvents and reagents which are
used with other samples. The method blank is used to determine if method analytes
or other interferences are present in the laboratory environment.

5.11 Sample Duplicate (Dup) - A duplicate of a selected sample. The Dup will
demonstrate analytical precision.

5.12 TARGET - Data Analysis Software used to process and store analytical data.

6.0 METHOD VARIATION
Referenced procedure requires each organization to develop a method of verifying possible
PAH compounds. By using the full spectrum of the DAD, an alternative positive
verification is accomplished by comparing the suspect compound spectrum against a
compound standard spectrum.

General Engineering Laboratories, LLC
P O Box 30712 Charleston SC 29417
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7.0 SAFETY PRECAUTIONS AND WARNINGS
The toxicity/carcinogenicity of various compounds used in this procedure has not been
precisely defined. Treat all chemicals as a potential health hazard and limit exposure to
them to the lowest level possible. GEL maintains a current awareness file of OSHA
regulations regarding the safe handling of the chemicals used in this SOP. A reference file
of Material Safety Data Sheets (MSDS) is available to all personnel involved in this SOP
via GEL's Intranet. If necessary, contact the safety coordinator for specific MSDS sheets.

8.0 INTERFERENCES
8.1 Solvents, reagents, glassware and other sample processing hardware may yield

discrete artifacts and/or elevated baselines causing misinterpretation of the
chromatograms. All of these materials must be demonstrated to be free from
interferences, under the conditions of the analysis, by running method blanks.
Specific selection of reagents and purification of solvents by distillation in all-glass
systems may be required.

8.2 Interferences from phthalates can best be minimized by avoiding contact with any
plastic materials. Exhaustive cleanup of reagents and glassware may be required to
eliminate background phthalate contamination.

8.3 Interferences co-extracted from the sample will vary considerably from source to
source. Although a general cleanup technique is provided as part of the method,
individual samples may require additional cleanup approaches to achieve the
sensitivity required.

8.4 The chromatographic conditions described allow for a unique resolution of the
specific PAH compounds covered by this method. Other PAH compounds, in
addition to matrix artifacts, may interfere.

9.0 APPARATUS AND MATERIALS; REAGENTS; EQUIPMENT AND INSTRUMENTS
9.1 General Items

9.1.1 Microliter syringes
9.1.2 2 mL amber vials with Teflon™-lined septa's and screw caps.
9.1.3 PTFE filters, 0.45 mm or greater

9.2 Chemicals (Vendors listed subject to change)

9.2.1 PAH Performance Check Solution (presently purchased from
AccuStandard, Inc.)

9.2.2 Acetonitrile HPLC grade or better (presently purchased from VWR)
9.2.3 Surrogate Decafluorobiphenyl (presently purchased from Chem Service

and O2SI)
9.2.4 HPLC grade H2O or better (presently purchased from EM Science)
9.2.5 8310 PAH Calibration Standard (presently purchased from O2SI)

9.3 Equipment
9.3.1 Presently use a Vydac 250 x 4.6 mm C-l 8 reverse phase column
9.3.2 Gradient pumping system HP model 1100 or equivalent
9.3.3 Software capable of average calculations
9.3.4 DAD HP model 1100 or equivalent
9.3.5 Fluorescence HP model G1321A or equivalent

General Engineering Laboratories, LLC
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NOTE: The apparatus listed above is the recommended instrumentation and
equipment This does not list all of the required equipment, but the minimum
needed to complete the analysis.

10.0 SAMPLE HANDLING AND PRESERVATION REQUIREMENTS
10.1 Samples must be collected in an amber glass bottle with a Teflon lined cap. The

collection container must be washed with acetone and hexane, rinsed, and dried
before use in order to minimize contamination.

10.2 Protect samples from light and store as stated in the current revision of "Sample
Receipt, Login and Storage" (GL-SR-E-001). All liquid samples have a holding
date of seven days from the date of collection to the time of extraction. Once
extracted, the extract must be analyzed within forty days. However, during this
period of time the extracts are kept refrigerated at 4°±2°C in amber vials with
Teflon lined screw caps. When holding dates are missed, the data is flagged by
ALPHA LIMS, the analyst and the data reviewer.

10.3 If the sample is outside of the holding time window, notify the applicable group
leader or project manager for guidance.

10.4 Sample holding times, also mentioned in Section 6.0 of Method 8310, are as follows:
10.4.1 Liquids are to be extracted within seven (7) days after sample collection.
10.4.2 Solids are to be extracted within fourteen (14) days after sample collection.
10.4.3 All samples are to be analyzed within forty (40) days after extraction.

11.0 SAMPLE PREPARATION TECHNIQUES
Refer to EPA Method 8310, GEL SOPs "Extraction of Semivolatile and Nonvolatile
Organic Compounds from Soil, Sludge and Other Miscellaneous Samples" (GL-OA-E-
010) for solids, and "Extraction of Semivolatile and Nonvolatile Organic Compounds from
Groundwater, Wastewater, and Other Aqueous Samples" (GL-OA-E-013) for liquids.

12.0 PREPARATION OF STANDARD SOLUTIONS AND QUAUTY CONTROL STANDARDS
12.1 Standard Solutions

12.1.1 Source Standard Solutions are prepared commercially by AccuStandard,
Inc. or other certified suppliers for Polynuclear Aromatic Hydrocarbons.
They are stored in a breakseal amber vial or equivalent in the
refrigerator at 4°±2°C. They are replaced according to the expiration
date designated on the vial by the vendor or in accordance with GL-LB-
E-007 for Laboratory Standards Documentation and GL-LB-E-015 for
Control of Laboratory Standards.

12.1.2 Calibration Standards are prepared at a minimum of five concentration
levels for each compound. It is prepared by diluting the stock solution
with acetonitrile. The concentration ranges for the calibration standards
are found in the standards log.

See standards log for recipes for making all calibration and quality
control samples.

12.2 Calibration Check Standard is a standard from a different source than the
calibration standards used to verify that the instrument is calibrated correctly. The
reading must be within 85% - 115% of the actual value. The stock for the check
standards is prepared by commercial vendors. It is stored in a Teflon-lined screw
cap vial at 4°±2°C. The concentrations of the check standards are prepared at the

General Engineering Laboratories, LLC
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midpoint of the curve. See the standards log in ALPHA LIMS for current
concentrations and recipe for preparing check standards.

12.3 The source standards are received with a certificate of analysis and labeled in
accordance with GL-LB-E-007 for Laboratory Standards Documentation. For any
intermediate or working standards prepared from one or more source standards, GEL
assigns an expiration date to these standards equal to but not exceeding the earliest
expiration date of any source standard used to make one of these intermediate or
working standards.

12.4 When a standard is prepared, an identification number is assigned to that standard.
If another standard is prepared by diluting the first, the diluted standard must be
given a unique identification number also.

12.5 All standards are maintained in Refrigerator Number 22.

12.6 The surrogate is prepared at a nominal concentration of 250 ppm. However this
may differ based on instrument/sample conditions. Refer to ALPHA LIMS for
concentrations and recipes.

12.7 The spiking solution containing some or all of the compounds listed below is
prepared with the following nominal concentrations:

Naphthalene 50 ppm
Acenaphthylene 50 ppm
Acenaphthcnc 50 ppm
Flourenc 50 ppm
Phenanlhrcnc 50 ppm
Anthracene 50 ppm
Fluoranlhene 5 ppm
Pyrenc 5 ppm
Benzo(a)anthraccne 5 ppm
Chrysene 5 ppm
Benzo(b)nuoranthene 5 ppm
Benzo(k)fluoranlhcne 2.5 ppm
Benzo(a)pyrene 5 ppm
Dibenzo(a.h)anthracene 5 ppm
Benzo(g,h.i)perylene 5 ppm
Indeno{l,2.3.-cd)pyrene 5 ppm
1-Methylnaphthalene 50 ppm
2-Methylnaphthalene 50 ppm

However, this may differ based on instrument/sample and dilution requirements.
Refer to ALPHA LIMS for nominal concentrations and recipes.

12.8 The surrogate is prepared at a nominal concentration of 250 ppm. However, this
may differ based on instrument/sample conditions. See ALPHA LIMS for current
concentrations and recipes.

Calibration standards currently being used but not limited to those listed below are:

Ultra Scientific EPA-2138N
250 Smith Street EPA-2139N
North Kingstown, RI 02852 RAH-044

RAH-045

AccuStandard 610-QC
General Engineering Laboratories, LLC
P.O Box 30712 Charleston SC 29417
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Chem Service
660 Tower Lane
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NSI Environmental Solutions
2 Triangle Drive
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610-QC-FL
610-QC-FL-10X

G-1160
F-904AS

1288
0562

110092-01

12.8.1 The current calibration standards are made from O2SI (110092-01) and
the appropriate solvent. (Refer to ALPHA L1MS for current recipes).

Analyte concentrations arc listed in the following table:
TABLE 1

CALIBRATION STANDARDS

Analyte (jig/mL)

Decafluorobipheny 1
Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene
Indeno(l ,2,3-cd)pyrene
1 -Methylnaphthalene
2-Methylnaphthalene

Ultra
LPA-2I38N

-
1000
•
1000
1000
-
1000
-
100
•

too
-
50
-
-
-
100
-
-

Ultra
F.PA-2I39N

-
•
1000
-
•
1000
•
100
-
100
-
100
•
100
100
100
-
-
-

Accustandar
d
610-QC
-
1000
1000
1000
1000
1000
1000
100
100
100
100
100
50
100
100
100
100
-
-

Accustandar
d
610-QC-FL
-
1000
1000
1000
1000
1000
1000
100
100
100
100
100
50
100
100
100
100
1000
1000

O2SI
110092-01

5000
1000
1000
1000
1000
1000
1000
100
100
100
100
100
50
100
100
100
100
1000
1000

Other standards have the folkming concentrations:
Chem Service:

G-1160
F-904AS

Dccafluorobiphenyl
Deca fl uorobipheny 1

lOOOug/mL
2000

General Engineering Laboratories, LLC
PO Box 30712 Charleston SC 29417
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O2SI

000387-03 Decafluorobiphenyl 5000 ug/mL

NSI:

1288 1-Methylnaphthalene 5000 ug/mL
0562 2-Methylnaphthalene lOOOpg/mL

12.8.2 The alternate check may be made from AccuStandard 610-QC or 610-
QC-FL and the appropriate surrogate and solvent.

13.0 INSTRUMENT CALIBRATION AND PERFORMANCE
13.1 Instrument Setup and Configuration.

13.1.1 Recommended system setup.
13.1.2 Initial flow rate may be set to 1.5 mL/min with a 50% Acetonitrile and

50% HPLC water gradient. The gradient after this point is generated
upon installation of a new column. A general gradient may be:

Time HPLC water ACN
5.00 50 50
12.00 10 90
20.00 0 100
24.00 50 50

13.1.3 The DAD is programmed throughout the run cycle to shift monitoring
wave lengths. The basic setup is as follows:

Decafluorobiphenyl (surrogate) is monitored at 224 NM

2-Methylnaphthalene, Fluorene, Phenanthrene, Benzo (b) fluoranthene,
Benzo (a) pyrene, and Indeno (1,2,3-cd) pyrene are monitored at 250 NM.

Anthracene, Benzo (k) fluoranthene, Fluoranthene and Pyrene analytes
are monitored at 234 NM

Acenaphthylene, Acenaphthene, Dibenzo (a,h) anthracene, and Benzo
(g,h,i) perylene analytes are monitored at 270 NM

Naphthalene, 1-Methylnaphthalene, Benzo (a) anthracene, and Chrysene
analytes are monitored at 230 NM

13.1.4 The fluorescence detector is programmed to change emission levels and
excitation throughout the run. The basic setup is as follows:

Initial settings EX 230 EM 330 for Naphthalene analytes

Changed to EX 210 EM 314 for Acenaphthene, Fluorene

1-Methylnaphthalene and 2-Methylnaphthalene analytes

Changed to EX 250 EM 368 for Phenanthrene and Anthracene analytes

Changed to EX 237 EM 440 for Fluoranthene and Pyrene analytes

Changed to EX 277 EM 376 for Benzo(a)anthracene and Chrysene analytes
Changed to EX 255 EM 420 for Benzo(b)fluoranthene,
Benzo(k)fluoranthene and Benz(a)pyrene analytes

Changed to EX 230 EM 453 for Dibenz(a,h)anthracene,
Benzo(ghi)anthracene and Indeno(l,2,3-cd)pyrene analytes
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NOTE: Acenaphthylene and Decafluorobiphenyl are transparent to the
emission at its elution time.

13.2 An external standard technique is used to calibrate the instrument. The calibration
is obtained by analyzing the standards using the same method used for samples.
Each standard must contain the same analytes, but at different concentration levels.
A minimum of five concentration levels is analyzed for each analyte. Presently, an
average calibration is used in which the ratio of the peak area of die target analyte
in the sample or sample extract is compared to a similar ratio derived for each
calibration standard. This ratio is termed Response Factor (RF) and all analytes
must have a relative standard deviation (RSD) of 20% or less before the system can
be considered calibrated. If the average calibration is not used, the following linear
calibration technique may be used as an alternative to calibrate the system. The
area counts of each peak along with the concentration of that particular analyte is
used to plot a linear calibration curve. The correlation coefficient (r) for each
compound of interest must be 0.995 or greater before the system can be considered
calibrated. If the system is calibrated, a check standard prepared from a second
source is used to verify the calibration. This check must be within 15% of the true
concentration for both average and linear calibrations.

13.3 The HPLCJD ChemStation is an instrument control, data acquisition and evaluation
system for IIP liquid chromatography. ChemStation and Target each offer the
standard report calculations: ESTD. and ISTD. Quantification calibration features
such as muln-levcl calibration, multi-signal calibration, multi-internal standards,
multi-time reference peaks, and calibration bracketing are available. Presently, an
average calibration is used for calibration of the HPLC system.

13.4 Prior to analysis of samples

13.4.1 The HPLC system must be stabilized prior to use. This is checked by
observing that pump pressure ripple is within -2% to 2% range. This
value displays proper mixing and shows that all solvents have been
degassed.

13.4.2 Before samples can be analyzed, the base line must be stable with little
or no background noise.

13.4.3 The continuing calibration check standard must pass +15% of true value.

13.5 A hard copy of the continuing calibration standard and the runlog are maintained
with each group of samples.

13.6 The calibration range varies depending on the analyte. Refer to ALPHA LIMS for
correct calibration ranges. These are the current levels and are sample dependent.
They may change to reflect responses found in samples.

13.7 Currently, confirmation analysis is performed with a Fluorescence detector (FLD)
and spectral comparison. Analytes are considered confirmed when the
representative response from the primary detector (DAD) and the confirmation
detector (FLD) are within the appropriate retention time windows. The
confirmation analyte mass normally is within a 30% difference from that of the
primary detector. However, due to matrix interference and co-eluting peaks,
analytes may be considered suspect and are narrated accordingly. The values
reported are from the primary detector. The confirmation detector is used for
qualitative purposes only.
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13.8 For most DOE clients, some target analytes whose concentrations greatly differ
between the primary and confirmation analysis (greater than 40% difference) are
flagged with a "P" qualifier. Because both columns or detectors indicated an
acceptable peak in the appropriate retention time window for these analytes, the
analytes are reported as positive results. Due to the high percent difference
between the two columns, it is indicated as such on the appropriate Form I with the
"P" qualifier. Those analytes reported with a percent difference greater than 40%
but less than 70% are qualified as presumptive evidence of the presence of the
material. Analytes reported with a percent difference greater than 70% should be
qualified as undetected.

13.9 Samples with responses for analytes on both columns or detectors that indicated an
acceptable peak within the retention time window and acceptable concentration
match maybe qualified with an "X" qualifier if the result is suspected to be matrix
interference. Although method criteria has been satisfied for reporting a positive
result for these analytes, the results are considered a false positive due to matrix
interference and are indicated as such on the appropriate Form I with the "X"

14.0 A N A L Y ^ ' A ^ D INSTRUMENT OPERATION
14.1 Check standards and calibration standards are prepared as specified in the current

recipe. All standards are directly injected into the HPLC system by the auto
sampler. All samples are extracted per GEL SOPs "Extraction of Semivolatile and
Nonvolatile Organic Compounds from Soil, Sludge and Other Miscellaneous
Samples" (GL-OA-E-010) for solids, and "Extraction of Semivolatile and
Nonvolatile Organic Compounds from Groundwater, Wastewater, and Other
Aqueous Samples" (GL-OA-E-013) for liquids.

14.2 The run sequence is entered into the ChemStation software with the proper QC
bracketing of each group of samples. Multiple injections from a sample vial is
allowed. The following is a suggested sequence of QC and samples:

14.2.1 Instrument blank
14.2.2 Check standard
14.2.3 Method blank
14.2.4 LCS
14.2.5 LCSDUP
14.2.6 MS of 14.2.8
14.2.7 MSD of 14.2.8
14.2.8 First sample
14.2.9 Second sample
14.2.10 Third sample through fifth sample
14.2.11 Check standard
14.2.12 Sixth sample through fifteenth sample
14.2.13 Check standard
14.2.14 Repeat steps 14.2.12 through 14.2.13 for every group of 10 samples.
14.2.15 Always end the sequence with a check standard.
14.2.16 For batches of more than 20 samples, repeat steps 14.2.2 through

14.2.14 as needed.
NOTES:
1. Every analytical run of 10 samples is bracketed with a check standard.

After every 10 samples, another check standard is analyzed.

General Engineering Laboratories, LLC
P.O. Box 30712 Charleston SC 29417



5-Mar-04
Polynuclear Aromatic Hydrocarbons

SOP Effective 12/94 GL-OA-E-030 Rev 7
Revision 7 Effective September 2002 Page 12 of 16

2. At least daily, an instrument blank is run to verify the instrument and the
solvents used by the instrument.

14.3 Daily or for each group of samples run, a runlog will be generated displaying which
samples were run and in what order.

14.4 General Operation of the HPLC System.

14.4.1 Allow system to warm for 15 minutes after turning on all pumps
and detectors to allow instruments to be flushed thoroughly and
the internal temperatures of the detectors to equalize.

14.4.2 Once the instrument has been allowed to warm up, purge each
channel for approximately 5 to 10 minutes of any air bubbles that
may be present. Then allow the instrument to equilibrate to
operational pressure for a minimum of 15 minutes or 5 times
column void time. Monitor pump pressure difference prior to
stating analysis.

14.4.3 Verify column is preconditioned prior to starting the run sequence.
The method has a built in post column flush to precondition
column between samples. A preconditioned column back
pressure will be approximately 160 BAR.

14.4.4 If back pressure exceeds 250 BAR, column or system cleaning should be
performed to prevent over pressurizing the system and possible column
damage, or the column is replaced.

14.4.5 1 BAR equals 14.35 PSI.

14.5 System Operations

14.5.1 Startup

14.5.1.1 Check that the vacuum degasser is ON and operating.
14.5.1.2 Check all solvent containers and refill as necessary. Empty

any waste containers that are greater than V* full.
14.5.1.3 Start system by selecting "System On" from the instrument sub

menu.
14.5.1.4 Monitor pump pressure difference. When difference is in -2%

to 2% range (usually stabilizes at about 0.5%), system is ready
to start analysis.

14.5.2 For system shutdown select "System Off" from instrument sub menu.
This will turn off all pumps and detectors. For long shutdowns also turn
off both helium and air tanks.

14.6 Presently the HPLC 1100 system is configured for a 20 \iL injection. This can be
changed through the instrument sub menu, but should not be changed because
present method and MDLs were performed at this setting. If the injection volume is
changed, a new calibration must be run.

14.7 When Running Multiple Samples

14.7.1 Place all samples on the sample tray.
14.7.2 Verify run sequence against sample locations in the trays.
14.7.3 In the sequence table enter starting through ending sample if performing

a partial run to prevent possible over writing of data. When starting a
new sequence this step is not required.
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14.7.4 Start system by selecting "Run Sequence" from run control main menu.

14.8 System is designed for minimal maintenance; however, whenever repairs are
required consult manufacturer's technical manual for guidance.

14.9 The data report will be client specific. The Target software is capable of generating
custom reports based on the client's needs.

15.0 EQUIPMENT AND INSTRUMENT MAINTENANCE
For all routine and nonroutine maintenance see applicable technical manual.

16.0 DATA RECORDING, CALCULATION AND REDUCTION METHODS
16.1 All raw data files are transferred to the server and magnetically backed up. A

computer printout is generated for the data review process. Sample data, runlogs
and sequence logs are generated by the system before, during or after the instrument
has completed the analysis. For each group of samples all data is placed in a folder
and that batch number, date run and instrument shall be placed on the front cover
and/or on the file tab. Also placed in the folder is a copy of the retention time
window study for that day, prep data report, a copy of any applicable
nonconformances. and any other appropriate data.

16.2 The Target software is set up to calculate concentrations of sample extracts. When
the raw data is entered into L1MS, a final data report is generated which includes all
prep factors. (It may or may not include a percent moisture).

16.3 Upon completion of all reviews, all records are filed for approximately six months.
After this period, all records arc then moved to the long term storage area.

16.4 The following calculations arc used to generate sample results when using Method
8310:

16.4.1 Initial Calibration:
A calibration of response factors or calibration factors is applied for an
average calibration, which uses a ratio of area to concentration. A
calibration plot of peak area versus concentration is used as an
alternative and the calibration curve applied is linear.

16.4.2 %RSD:
The percent relative standard deviation (RSD) should be less that 20%
for each compound. However, the %RSD for each individual analyte
must be less that 15%.

%RSD= 22x100
X

Where:
RSD = relative standard deviation
X = mean of 5 or more initial RFs for a compound
SD = standard deviation of average RFs for a compound
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16.4.2.1 If the % RSD of any compound is 20% or less, then the
relative response factor is assumed to be constant over the
calibration range and the average relative response factor
may be used for quantitation. If the %RSD for any
compound is greater that 20%, a calibration curve of peak
area versus concentration is made and the curve applied is a
linear fit.

16.4.2.2 If the analyst chooses to use linear regression, he/she must
not force the calibration line through the origin.

16.4.3 Instrument Values

RF = A/C
Where:

A = peak area of the analyte detected
C = concentration of the analyte detected.

y = mx

Where:

y = area of target analyte detected
m = slope of line determined by initial calibration
x = concentration

16.4.4 Sample Result: (This calculation is performed by the LIMS rather than
the instrument software.)

SR = IV • PF • DF

Where:
IV = Instrument value
PF = Preparation factor:

(final extract weight/sample weight)
PFsolid =

(I00-%moisture/100
PF liquid = (final extract volume/sample volume)

DF = Dilution factor
SR = Sample result

17.0 QUALITY CONTROL REQUIREMENTS
17.1 Before analysis of any samples, the instrument must be calibrated, and the RSD for

the averaged calibration must be less than or equal to 20%, or the calibration curve
correlation coefficient (r) must be at or above 0.995 if a linear calibration curve is
applied. A Calibration Verification Standard (CVS) is used to verify the calibration.
Each day the check standard must be analyzed and be within 15% of the true value.
A CVS must be analyzed before and after each batch to verify the calibration curve.
If at any time the standard fails, a second run will be performed to verify the first
standard. If the second standard also fails, the cause must be investigated and

General Engineering Laboratories, LLC
P.O Box 30712 Charleston SC 29417



5-Mar-04
Polynuclear Aromatic Hydrocarbons

SOP Effective 12/94 GL-OA-E-030 Rev 7
Revision 7 Effective September 2002 Page 15 of 16

corrected prior to running any additional samples. All samples not bracketed by
valid CVS shall be rerun to confirm the original data.

17.2 A method blank is used to determine background concentrations of analytes of
interest that have potential to interfere with the sample analysis. These blanks run
with each batch of 20 or less samples. All analytes of interest must be below
present PQL to meet the quality control requirements.

17.3 A laboratory control sample and sometimes a laboratory control sample duplicate are
run for each batch of 20 samples or less. The accuracy and precision of the
extraction procedure may be monitored with these samples. Sample duplicates and
sample spikes are also used for this purpose. If matrix spike and matrix spike
duplicate recoveries are unacceptable, but the LCS recoveries meet current control
limits, the interference shall be reported with a text comment added explaining
matrix interference. If the matrix spike, matrix spike duplicate and LCS recoveries
are outside of the acceptable ranges, the entire batch must be re-extracted and rerun.

17.4 Decafluorobiphenyl (or other suitable surrogate) is added to all samples that undergo
extraction. The surrogate is used to continuously monitor the sample extraction
process. If the surrogate falls outside acceptable limits, that sample will be re-
extracted. If the surrogate recovery fails a second time, the failure is attributed to
matrix interference. A text comment is added to the data, and a non-conformance
may be submitted.

17.5 The retention time window is established on a daily basis by using the initial
calibration check standard. See GEL SOP "Establishing Retention Time Windows
for Gas Chromatographic Analysis" (GL-OA-E-001). To report a concentration
from the external calibration table, the retention time of that particular analyte must
be within its established window.

17.6 Any positive identification and quantification must be supported by the second
detector (FLD) unless the concentration is below detector range. Any target analyte
or surrogate that falls within its retention time windows is confirmed.

17.7 Most DOE clients have contract requirements that mandate that the data must have
a passing LCS. If this not met, the samples must be re-extracted.

18.0 DATA REVIEW, APPROVAL, AND TRANSMITTAL
18.1 After completion of run data is collected and raw values are entered into LIMS, a

data review check is then generated. The analyst places the case narrative-data
review sheet along with prep sheet and all raw data into a folder marked with the
batch number, date run, and instrument used. After the analyst reviews the data and
other folder contents, a peer review is done by a data reviewer or qualified analyst.
The batch is then sent to "Done" status in ALPHA LIMS.

18.2 Analyst review: The analyst checks all raw data along with the ALPHA LIMS
calculations. The analyst also verifies that the check standards pass for the analytes
of interest. If a target compound is detected above PQL, that compound is checked
against retention time windows. If it is within the acceptable range, this hit is
verified with the second detector. If, while reviewing the data, the analyst detects a
target concentration above the DAD calibration range, the sample is rerun at a
suitable dilution.

18.3 Data Review level review: The data reviewer review ensures that the
concentrations appearing as raw data are entered correctly into the LIMS. The

General Engineering Laboratories, LLC
P.O. Box 30712 Charleston SC 29417



5-Mar-04
Polynuclear Aromatic Hydrocarbons

SOP Effective 12/94 GL-OA-E-030 Rev 7
Revision 7 Effective September 2002 Page 16 of 16

validator verifies that check standards are within 15% of true value and that the
LCS and its duplicate and all surrogates are within acceptable ranges. The validator
also checks date, time, dilution factors, and analyst initials against the data report.
If everything is acceptable, the validator initials each quant report and all other
appropriate documentation and routes the data package to the appropriate person to
send it to "Done" status in ALPHA LIMS.

19.0 RECORDS MANAGEMENT
19.1 All data associated with the performance of this procedure, including relevant

logbooks, are maintained as quality records in accordance with GL-QS-E-008 for
the Management and Disposition of Quality Records.

19.2 All standards are recorded in ALPHA LIMS.

20.0 LABORATORY WASTE HANDLING AND DISPOSAL: SAMPLES, EXTRACTS,
DIGESTATES AND REAGENTS
For the proper handling and disposal of sample and reagent wastes from this procedure,
refer to the "Laboratory Waste Management Plan" (GL-LB-G-001).

21.0 REFERENCES
21.1 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/Chemical

Methods. Volume 1 (Part 4) Section B. SW846, 3rd edition. Method 8310,
"Polynuclear Aromatic Hydrocarbons," Revision 0, September 1986; and Method
8000B, "Determinative Chromatographic Separations," Revision 3, December
1996. US EPA Office of Solid Waste and Emergency Response, Washington, DC.

21.2 Hewlett-Packard Series 1100 Auto Sampler Manual

21.3 Hewlett-Packard Series 1100 Diode Array Detector Manual

21.4 Hewlett-Packard Series 1100 Fluorescence Detector Manual

21.5 Hewlett-Packard Series 1100 HPLC System Manual

21.6 Hewlett-Packard ChemStation Software Manuals

21.7 HPLC for Environmental Analyses, Hewlett-Packard Publication number 12-5091-
9750E (5/94)

21.8 Target Data Analysis Software

21.9 Data Validation Standard Operating Procedures for CLP Routine Analytical
Services. USEPA Region IV Science and Ecosystem Support Division of Quality
Assurance Athens, Georgia, Revision 21, July 1999.
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1.0 STANDARD OPERATING PROCEDURE FOR POLYCHLORINATED BIPHENYLS
2.0 METHOD CODES

2.1 EPA SW-846 Methods 8000B and 8082
2.2 EPA 608

3.0 METHOD OBJECTIVE AND PURPOSE
This is a gas chromatographic procedure for quantitatively determining certain
polychlorinated biphenyls. The analytical guidance for the detection and quantitation of the
applicable polychlorinated biphenyls has been taken from Methods 8082 and 8000B "Test
Methods for Evaluating Solid Waste," EPA Manual SW-846, June 1997, Final Update III.

4.0 METHOD APPLICABILITY AND METHOD SUMMARY
4.1 The following analytes can be quantitatively determined by this procedure:

Aroclorl016 Aroclor 1221 Aroclor 1232
Aroclor 1242 Aroclor 1248 Aroclor 1254
Aroclor 1260 Aroclor 1262 Aroclor 1268
PCB Congeners (see Appendix 1)

4.2 This method applies to the following matrices:

4.3.1 Groundwater
4.3.2 Wastewater
4.3.3 Soil
4.3.4 Sludge
4.3.5 Miscellaneous matrices
4.3.6 Oil
4.3.7 Filters/Swipes

4.3 This method summarizes the procedures necessary to analyze a sample extract for
Polychlorinated Biphenyls by gas chromatography. Laboratory control samples
(LCS) and matrix spike/matrix spike duplicates (MS/MSD) are used to verify the
accuracy and precision of the extraction technique.

5.0 METHOD SCOPE AND PERFORMANCE CHARACTERISTICS
5.1 The calibration ranges for Aroclors and Congeners are compound specific. The

lowest concentration calibration standard is used as the quantitation limit.
5.2 The test concentration ranges are:

5.2.1 The tested concentration ranges for liquid matrices are listed below. Please
note that these may change and are listed here for guidance only. These
limits include an ideal prep factor and are based on a typical calibration.
Compound Concentration Ranee
4-CMX
DCB
Aroclor 1016
Aroclor 1221
Aroclor 1422
Aroclor 1248
Aroclor 1254
Aroclor 1260
Aroclor 1262

0.01 ug/L-
0.01 ug/L -
0.
0.
0.
0.
0.
0.
0.1

I u g / L - 4
1 u g / L - 4
1 u g / L - 4
1 ug /L-4
I u g / L - 4
I u g / L - 4

ug /L-4

0.4 ug/L
0.4 ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
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Aroclor 1268 0.1 ug/L - 4 ug/L
Congeners 0.01 ug/L - 0.5 ug/L

5.2.2 The tested concentration ranges for solid matrices are as follows.
Compound Concentration Ranee

4-CMX 0.33 ug/Kg - 13.3 ug/Kg
DCB 0.33 ug/Kg - 13.3 ug/Kg
Aroclor 1016 3.3 ug/Kg-133 ug/Kg
Aroclor 1221 3.3 ug/Kg- 133 ug/Kg
Aroclor 1422 3.3 ug/Kg - 133 ug/Kg
Aroclor 1248 3.3 ug/Kg- 133 ug/Kg
Aroclor 1254 3.3 ug/Kg- 133 ug/Kg
Aroclor 1260 3.3 ug/Kg - 133 ug/Kg
Aroclor 1262 3.3 ug/Kg - 133 ug/Kg
Aroclor 1268 3.3 ug/Kg-133 ug/Kg
Congeners 0.33 ug/Kg - 16.7 ug/Kg

5.3 Method Detection Limit (MDL) studies for Polychlorinated Biphenyls are
performed annually.

5.4 Precision is determined by the Relative Percent Difference (RPD) between the
Laboratory Control Sample (LCS) and the Laboratory Control Sample Duplicate
(LCSD), when required, or the Matrix Spike (MS) and the Matrix Spike Duplicate
(MSD). The RPD is determined through Statistical Process Controls (SPC),
which are updated on an annual basis.

5.5 Accuracy is determined by the percent recovery on LCSs and MSs and the control
ranges are determined through SPC limits that are updated annually.

6.0 REFERENCES
6.1 EPA 608 and Test Methods for Evaluating Solid Waste: Laboratory Manual

Physical/Chemical Methods. Volume I (Part 2 and Part 3) Section B. SW-846,
Third Edition. USEPA Office of Solid Waste and Emergency Response,
Washington, DC 20460, June 1997.

6.1.1 Method 8000B, "Determinative Chromatographic Separations," Rev. 2, Dec. 1996.
6.1.2 Method 8082, "Polychlorinated Biphenyls (PCBs) by Gas Chromatography,"

Revision 0, December 1996.

7.0 INTERFERENCES TO TH E METHOD
7.1 Interference by phthalates can pose a major problem in PCB determinations and

quantitation. These compounds generally appear in the chromatogram as large late-
eluting peaks. Common flexible plastics contain varying amounts of phthalates that
are easily extracted or leached from such materials during laboratory operations.
Cross contamination of clean glassware routinely occurs when plastics are handled
during extraction steps, especially when solvent-wetted surfaces are handled.

7.2 Interference for phthalates can best be minimized by avoiding contact with any
plastic materials. Exhaustive cleanup of reagents and glassware may be required
to eliminate background phthalate contamination.

7.3 The presence of elemental sulfur will result in broad peaks that interfere with the
detection of early-eluting peaks. Sulfur contamination should be expected with
sediment samples. Method 3600 is used for sulfur removal.
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7.4 The presence of oil or petroleum wastes in the sample will create interferences with
target analytes in the chromatogram. The majority of these contaminants can be
removed by using the alumina column cleanup procedure in method 361 IB. This
involves passing the sample extract through a glass pipet with a glass wool plug that
contains approximately 10 - 12 g of neutral pH alumina. The sample extract is
recovered by gently forcing air through the column with a pipet bulb. There is
some loss of sample volume with this procedure since the column is not rinsed with
any additional solvent which would result in a dilution of the extract. Any
associated quality control samples, such as method blanks and laboratory control
samples, must also undergo this procedure. This is to ensure that any additional
contamination has not been introduced and that the target analytes have not been
affected by the cleanup procedure.

8.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
8.1 Treat all chemicals and samples as a potential health hazard and limit exposure to

these chemicals to the lowest level possible. GEL maintains a current awareness
file of OSMA regulations regarding the safe handling of the chemicals in the
laboratory as well as a reference file of Material Safety Data Sheets (MSDS).
These documents and client sample MSDS forms are maintained in the laboratory.

8.2 Personal protective equipment
8.2.1 Gloves arc required when handling the chemicals in this procedure. Latex

gloves are approved for this procedure.
8.2.2 Laboratory coats and safety glasses should also be worn.

8.3 Prior to handling radioactive samples analysts must have had radiation safety
training and understand their full responsibilities in radioactive sample handling.

8.4 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

8.5 Never leave gas cylinders unchained or untied, including when they are on the
moving carts.

8.6 In the event of an accident or medical emergency, call for help immediately.
When time and safct) permit, an accident report form should be completed and
turned in to the GLL Safety Officer.

8.7 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition, fire safct} equipment such as fire extinguishers is located
throughout the lab. Training is available on the proper operation of this equipment.

9.0 CAUTION WARNINGS
The helium, nitrogen and hvdrogen tanks should be replaced when pressure drops to
approximately 500 psi. li is recommended that the injection port septum be changed daily.

10.0 APPARATUS AND MATERIALS; REAGENTS; EQUIPMENT AND INSTRUMENTS
10.1 Ancillary equipment may include:

Volumetric flasks
Pasteur pipettes
Microliter syringes (10, 25, 50, 100, 250, 500, 1000)
Capillary cleaving tool
2 mL amber and clear auto sampler screw-capped vials with Teflon-lined
septa or 2 mL amber and clear auto sampler crimp top vials with 500 uL
inserts.

10.
10.
10.
10.
10.

.1

.2

.3

.4

.5
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10.1.6 Supeltex 0.5 and 0.8 mm ferrules (or equivalent)
10.1.7 Glass Y-splitter or stainless steel column connector

10.2 Reagent, chemicals and standards

10.2.1 Solvents: Acetone, Hexane, Isooctane, and Toluene (pesticide grade or
equivalent)

10.2.2 For chemical standards, see Section 14.0

10.3 Instrumentation
10.3.1 GC: MP6890 Series Plus with electronic pressure control

HP7683GC Auto Sampler
10.3.2 Columns:

J&W Scientific DB-17MS 0.25 micron x 30 meters
J&W Scientific DB-5 0.25 micron x 30 meters
Restck CLP I 0.25 micron x 30 meters
Rcstck CLP2 0.20 micron x 30 meters

NOTE: The instrumentation and columns listed above are merely the
recommended instrumentation and columns for use with the method.

11.0 SAMPLE HANDLINC AND PRESERVANTION REQUIREMENTS
11.1 Samples must be collected in an amber glass bottle with a Teflon-lined cap. The

collection containers are bought precleaned from a certified vendor.

11.2 All liquid samples have a holding date of seven days from the time of collection
to be extracted while all solid samples have fourteen days from the collection date
to be extracted Samples are protected from light and stored at 4° ± 2°C after
collection. Once extracted, the extract must be analyzed within forty days.
However, dunng this period of time, the extracts are refrigerated at 4° ± 2°C in
amber vials with Teflon sealed screw caps. When holding dates are missed, the
data is automatically flagged by the computer when inputting data.

12.0 SAMPLE PREPARATION TECHNIQUES
12.1 See "Extraction of Semivolatile and Nonvolatile Organic Compounds from

Ground Water. Waste Water, and Other Aqueous Samples" (GL-OA-E-013), and
"Extraction of Semivolatile and Nonvolatile Organic Compounds from Soil,
Sludge and Other Miscellaneous Samples"(GL-OA-E-010).

NOTE: It is assumed that material within the sample container is considered "the
sample." Removal of any extraneous material (twigs, leaves, large rocks, etc.)
must be documented in the case narrative and sample extraction logbook.

12.2 See "Extraction of Semivolatile and Nonvolatile Organic Compounds from
Groundwater. Wastewater, and Other Aqueous Samples" (GL-OA-E-013), and
"Extraction of Semivolatile and Nonvolatile Organic Compounds from Soil,
Sludge and Other Miscellaneous Samples" (GL-OA-E-010).

13.0 EQUIPMENT AND INSTRUMENT MAINTENANCE
13.1 In order to mainuin the gas chromatograph's columns and detectors, the gases should

be changed when the tank pressure is below 500 psi. The gas chromatograph's
septum in the injection port should be changed daily. Column maintenance is
performed when baseline rise is present or when the column becomes contaminated.

13.2 Routine Maintenance
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COMPONENT DAILY WKLY MTHLY AS NEEDED ANNUALLY
Injector septum X
Gases X
Column Maintenance X
Detector Wipe Test X
Detector Cleaning X

13.3 Non-routine Maintenance
13.3.1 When a check standard fails, the standard is examined for signs of

evaporation or degradation. If nothing is found, column maintenance
should be performed. Approximately one loop of each column, or two
loops of guard column should be cleaved. The instrument is then baked
out until an acceptable baseline is obtained. If an acceptable baseline is
not obtained, the column is leaking and column maintenance must be
performed again.

13.3.2 When contamination occurs, first replace or clean the auto sampler
syringe. If contamination is still present, column maintenance should be
performed. If contamination is still present after column maintenance has
been performed and the system has been cleaned thoroughly, replace the
column. The column must then be leak checked and baked. The
instrument must then be checked to determine if the problem is solved and
if the instrument is stable. If not, the in-house service technician is called.

13.4 When maintenance is done on the instrument, it must be recorded in the
maintenance logbook. It must be initialed and dated.

14.0 PREPARATION OF STANDARD SOLUTION AND QUALITY CONTROL SAMPLES
14.1 Source Standard Solutions

14.1.1 Source standard solutions are purchased from Restek, ChemService,
Protocol, AccuStandard, and other certified vendors. These standards are
traceable to National Institution of Standards and Technology (NIST)
standards. The source standards are received from the company
Purchasing Agent. The standard is given a unique identifying number for
that day and is recorded in the Standard notebook or ALPHALIMS. This
standard expires either six months from the date opened, one year from the
date received if not opened, or on the vendor expiration date, whichever
comes first.

14.2 For guidance on standard documentation, refer to "Laboratory Standard
Documentation" (GL-LB-E-007).

14.3 For standards traceability, refer to "Organic Standards Preparation and
Traceability" (GL-OA-E-002).

14.4 All stock standard solutions expire six months from date prepared/opened if no
expiration date is provided by the vendor. All other standard solutions must be
replaced after six months.

15.0 INSTRUMENT CALIBRATION
15.1 The instrument should be checked for cleanliness and stability prior to analyzing

calibration standards. The standards are loaded onto the auto sampler with the
lowest standard being analyzed first to prevent carryover.

GENERAL ENGINEERING LABORATORIES, LLC
P.O. Box 30712, Charleston, SC 20417



5-Mar-04
Polychlorinated Biphenyls

SOP Effective 2/1/98 GL-OA-E-040 Rev 6
Revision 6 Effective November 2002 Page 8 of 18

15.2 An external standard technique is used to calibrate the instrument. Calibration is
obtained by analyzing the standards using the same method used for samples. Each
standard must contain the same analytes, but at different concentration levels. The
area counts of each peak along with the concentration of that particular analyte can
then be used to plot a calibration curve. For multi-component peaks such as PCBs,
major peaks are chosen to represent the pattern. PCBs require a minimum of five
peaks except Aroclor-1221 that requires a minimum of three peaks for quantitation.
The area counts of these peaks are then used to obtain a curve. Note that the same
peaks are to be used for each concentration level and that a curve is obtained for
each peak. The same peaks used in the calibration of the multi-component
compounds must be used in any quantitation associated with that calibration curve.
The chosen peaks must be at least 25% of the height of the largest Aroclor peak.

15.3 The initial calibration consists of two parts.
15.3.1 A standard containing a mixture of Aroclor 1016 and Aroclor 1260 will

include many of the peaks represented in the other Aroclor mixtures.
This standard is used to demonstrate linearity of the detector and that a
sample docs not contain peaks that represent any one of the Aroclors. It
can also be used to determine the concentrations of either Aroclor 1016
or Aroclor 1260. should they be present in the sample. Therefore, an
initial five-point calibration is performed using this mixture.

15.3.2 Standards of the other Aroclors are necessary for pattern recognition.
These standards arc also used to determine a single point calibration
factor for each Aroclor, assuming that the Aroclor 1016/1260 has been
used for detector response. The standards for these Aroclors should be
analyzed before the analysis of any samples and may be analyzed before
or after the anal) sis of the five 1016/1260 standards.

15.3.3 In certain situations the analyst has the option to employ a five-point
calibration for all Aroclors and Aroclor 1016/1260 calibration.

15.4 Updating of the calibration curves is done automatically by the Target system.
Because the samples are introduced into the gas chromatograph using a syringe,
the ratio of the response to the amount injected, defined as the calibration factor
(CF), can be calculated. Also calculate the mean calibration factor and the
relative standard deviation for each analyte at each standard concentration using
the formula below.

NOTE: Certain specific clients (i.e.. Navy) require that both columns meet all
acceptance criteria for each analyte of interest before running samples.

15.4.1 Calculate the calibration factor for each analyte at each concentration as:

Peak Area of the Compound in the Standard

Mass of the Compound Injected (in nanograms)

15.4.2 Calculate the mean calibration factor for each analyte as:

±CF,
CF = ̂

n

Where n is the number of standards analyzed.
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15.4.3 Calculate the standard deviation and the RSD of the calibration factor
for each analyte as:

_ -CFf
SD = 1-* SD

• = = ^ 1 0 0

If the percent relative standard deviation (%RSD) of the calibration
factor is < 20% over the working range, linearity through the origin can
be assumed, and the mean calibration factor can be used to quantitate
sample results. When this is not the case, linearity cannot be assumed
and the analyst must use a calibration curve. In the case of EPA 608,
%RSDmustbe<10%.

15.5 If the analyst chooses to use linear regression, he/she must not force the
calibration line through the origin.

15.5.1 Make certain that the instrument response is treated as the dependent
variable (y) and the concentration as the independent variable (x). The
regression will produce the slope and intercept terms for a linear
equation in the form:

y = ax + b
Where:

y = instrument response
a = slope of line (also called the "coefficient of x")
x = concentration of the calibration standard
b = the intercept

15.5.2 The analyst should not force the line through the origin, but have the
intercept calculated from the five data points. Otherwise, the problems
noted'with the RSD value will occur, i.e., a line through the origin will
not meet the QC specifications. In addition, do not include the origin (0,
0) as a sixth calibration point.

15.5.3 The regression calculation will generate a correlation coefficient (R) that is
a measure of the "goodness of fit" of the regression line to the data. A
value of 1.00 indicates a perfect fit. In order to be used for quantitative
purposes, R must be > 0.99. The calculated intercept value needs to be
evaluated before reporting sample results. If the system you are using
calculates the coefficient of determination (R2), the value must be > 0.9801.

15.5.4 A positive value for the intercept indicates that there is some threshold
instrument response that is the limiting factor in establishing linearity. A
negative intercept value can be transformed into an x-intercept value that
represents a threshold concentration, which is the limitation. If the
intercept is positive, then, as a general rule, results where the instrument
response is less than three time (3x) the intercept value may be unreliable.
This will afford some protection against false positive results. If the
intercept is negative, results below the concentration of the lowest
concentration calibration standard may be unreliable.

NOTE: For Navy clients, these adjustments to the quantitation limits
will apply to all samples analyzed using the regression line.
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15.5.5 In calculating the sample concentrations, the regression equation is
rearranged to solve for the concentration (x) as shown below:

(v-b)
x = a

15.6 A minimum number of five calibration standards is required by the method.
15.7 Continuing Calibration

15.7.1 The initial calibration curve must be checked and verified prior to
conducting any sample analysis. This is accomplished by analyzing a
calibration standard of Aroclor 1016/1260 that is at a concentration near
the midpoint concentration for the working range of the GC. The
standard must also be injected at intervals no less than once every
twenty samples (after 10 is recommended to minimize the number of
samples requiring re-injection when the QC limits are exceeded) and at
the end of the analysis sequence. The continuing calibration check
standard must be a second source standard. It must be obtained from a
second supplier. This will determine the validity of the initial
calibration on a daily basis.

15.7.2 Calibration verification for linear calibrations involves calculation of the
percent drift or the percent difference of the instrument response between
the initial calibration and each subsequent analysis of the verification
standard. Use the equation below to calculate % Drift or % Difference.

% Drift = Calculated Concentration - Theoretical Concetration x 100
Theoretical concentration

Where the calculated concentration is determined using the calibration
factor or response factor from the initial calibration and the theoretical
concentration is the concentration at which the standard was prepared.

% Difference = C F _ 1 _ C F * X100

Where:
CFy = response factor from current verification check standard.

If this criteria is exceeded, inspect the gas chromatographic system to
determine the cause and perform whatever maintenance is necessary
before verifying calibration and proceeding with sample analysis. If no
source of the problem can be determined after corrective action has been
taken, a new five-point calibration will be generated.

15.7.3 Each sample must be bracketed with an acceptable continuing
calibration standard. The continuing calibration check standard must
pass ±15% of the true value. When a calibration verification standard
fails to meet the QC criteria, all samples that were injected after the last
acceptable standard must be re-injected.

15.7.4 When simultaneous analyses are performed from a single injection, it is
not practical to designate one column as the primary and the other as
confirmatory. Since the calibration standards are analyzed on both
columns, the results for both columns must meet the calibration
acceptance criteria. (See section 21.7)
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16.0 INSTRUMENT PERFORMANCE REQUIREMENTS
16.1 Recommended Gas Chromatography Conditions

Detector Temperature: 350° C Make-up Gas: Nitrogen
Injector Temperature: 250° C Initial Temperature: 130° C
Column A: CLP Pesticides I Hold = 0 min
Column B: CLP Pesticides II Ramp = 25° C/min
Column Flow = 5 mL/min Final Temperature: 320° C
Det. Flow = 30 mL/min Hold = 0.5 min

Carrier Gas: Helium Run Time: « 8 min

NOTE: Slight variations may be needed as column length changes. In addition,
please note that other columns and analytical parameters may be used.

16.2 Before samples can be analyzed the baseline must be stable with little or no
background noise. The continuing calibration check standard must pass ±15% of
the true value.

16.3 A hard copy of the continuing calibration check standard is kept with the quality
control samples and client samples that were analyzed after it. After every ten
samples a continuing calibration check standard must be analyzed and be ±15% of
the true value. If not the system must be inspected for malfunctions. All samples
must be bracketed by passing check standards.

The results from the bracketing standards must meet the calibration criteria as
specified above. When a calibration verification standard fails to meet the QC
criteria, all samples that were injected after the last standard that last met the QC
criteria must be evaluated to prevent mis-quantitations and possible false negative
results and re-injection of the sample extracts may be required. More frequent
analysis of standards will minimize the number of sample extracts that would
have to be reinjected if the QC limits are violated for the standard analysis.

However, if the standard analyzed after a group of samples exhibits a response for
an analyte that is above the acceptance limit, i.e., >15%, and the analyte was not
detected in the specific samples analyzed during the analytical shift, then the
extracts for those samples do not need to be reanalyzed, as the verification standard
has demonstrated that the analyte would have been detected were it present. In
contrast, if the analyte above the QC criteria was detected in a sample extract, then
re-injection is necessary to ensure an accurate quantitation. If an analyte was not
detected in a sample and the response is more than 15% below the initial calibration
response, then rc-injection is necessary to ensure that the detector's response has
not deteriorated to the point that the analyte would not have been detected even
though it was present (i.e., a false negative result).

EXCEPTION. IT IS A NAVY REQUIREMENT THAT ALL NAVY SAMPLES BE
RE-ANALYZED IF THIS CHECK FAILS.

16.4 Sample injections may continue for as long as the calibration verification
standards and standards interspersed with the samples meet instrument QC
requirements. The sequence ends when the set of samples has been injected or
when qualitative QC criteria are exceeded.
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17.0 ANALYST AND METHOD VERIFICATION REQUIREMENTS
17.1 To establish that the analyst can perform the procedures in an acceptable manner

and that the method generates data of acceptable bias and precision, the following
operations are performed.

17.1.1 A quality control (QC) check standard must be prepared containing each
analyte of interest. It must be prepared from pure standard material or
purchased as a certified solution. It must be made from a source
independent of that used for calibration.

17.1.2 Four samples must be prepared and analyzed by the same procedures
used to prepare and analyze actual samples.

17.1.3 Calculate the average recovery (X) in ug/L and standard deviation of the
recovery (S) in MgT-. for each analyte of interest using the four results.

17.1.4 For each analyte compare S and X with the corresponding acceptance
criteria for precision and accuracy, respectively, given in the quality
control table at the end of the method. If the S and X for all analytes of
interest meet the acceptance criteria, the system's performance is
acceptable and analysis of actual samples can begin. If any individual S
and X exceeds the precision limits or falls out of the range for accuracy,
the system's performance is unacceptable for that analyte and a check
standard for that analyte must be prepared and reanalyzed. A copy of
this data is kept in a file within the Organics Laboratory area.

17.2 Method detection limits are also determined and documented annually. Precision
and accurac) are matrix dependent and are documented by means of a Laboratory
Control Sample (l.CS) and a Laboratory Control Sample Duplicate (LCS DUP).
(See Section 5.4 and "Determination of Method Detection Limits" (GL-LB-E-001).

17.3 Analysts are git en continual performance evaluation samples as an ongoing
assessment of their abilit) to perform this procedure.

18.0 ANALYSIS PROCEDURES AND INSTRUMENTAL OPERATION
18.1 Standards, samples, blanks and quality control samples are introduced into the

instrument via direct injection. Retention time windows must be centered daily
for each analyte. See "F.stablishing Retention Time Windows for Gas
Chromatographic Anal>sis~ (GL-OA-E-001) as to when and how often retention
time windows should be established.

18.2 Samples are analyzed in a set referred to as analysis sequence or run sequence.
The sequence begins with the initial check standards with the representative
multi-component standards for pattern recognition followed by the sample
extracts. A mid-lcvcl calibration check standard must be analyzed after every 10
extracts and at the end of each run sequence. The sequence ends when all extracts
have been injected and anal) zed.

18.2.1 The follow ing information is entered for the sample identification:

/Sample ID/Dilution/

18.3 The data is entered into the computer and a data report is generated. The
sequence file is created by the analyst on the computer. It lists every injection
made by the instrument, in order, for a given date. The raw data along with a
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copy of the run sequence, batch sheet, case narrative, and a copy of the retention
time window are maintained together.

18.4 Gas chromatographs are used to analyze extracts for PCBs. When the gas
chromatograph indicates that it is ready, all temperatures are at their desired
starting point. The running indicator light will also come on. When the run is
complete, a computer print out of the chromatogram and an external standards
table will be printed.

18.5 1.0 ul of the extract is injected into the instrument.

18.6 All HP6890 Gas Chromatographs are equipped with the HP7683 GC autosampler.
The digital integrator converts the analog from the instrument to digital information
that is processed into a graphic format showing concentration based on peak area.

18.7 The automated sequence is initiated by starting the "run sequence" made in
Chemstation, which, in turn, controls the auto sampler.

18.8 Samples containing target analyte concentrations that exceed the linear range of
the analyte calibration curve must be diluted. The dilution level should be
performed to place the highest analyte concentration between the middle and high
points of the calibration curve (on column). If a sample is initially diluted and
target analytes are not detected and non-target analytes are not interfering with the
analysis, the sample must be reanalyzed at a lower dilution. Analysts should be
aware that diluting samples will increase the detection limits for undetected
analytes. Random dilutions without due cause are not acceptable. Samples
should undergo appropriate clean up methods prior to diluting for observed matrix
problems.

19.0 CALCULATIONS AND DATA REDUCTION METHODS
19.1 The concentration of each analyte in an extract can be determined by comparing

the response obtained from analyzing the extract to the calibration curve. The
concentration of a specific analyte is matrix specific and is calculated as follows:

Aqueous Sample

Concentration(fig/L) =

Where:
C = Concentration (|ig/L) calculated by data system from total area substituted

into the linear equation derived from the multilevel calibration
D = Dilution factor, if made prior to analysis. I f n o t , D = l .
Vt = Total volume of the extract in L
Vj = Initial volume of sample in mL

Nonaqueous Samples

Concentration!fig/kg) = * A A ''

Where:
C = Concentration (ug/L) calculated by data system from total area substituted

into the linear equation derived from the multilevel calibration
D = Dilution factor, if made prior to analysis. If not, D = 1.
Vt = Total volume of the extract
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W = Weight of the sample extracted

19.2 A copy of the External Data Table is shown in Appendix 2.

19.3 Results are reported to the nearest one tenth for all matrices.
19.4 The reporting units are micrograms of analyte per liter of sample for aqueous

samples, micrograms of analyte per kilogram of sample for soils, and milligrams
per liter for TCLPs.

20.0 DATA RECORDING
Data is recorded and calculated by the Target system. It is stored on a remote server. The
data is also entered into the Laboratory Information Management System.

21.0 QUALITY CONTROL REQUIREMENTS
21.1 Before analysis of any quality control samples, the instrument must be calibrated.

An outside source initial calibration check standard is analyzed to verify that the
curve is linear. This outside source check standard must be analyzed every time a
new curve is obtained. This check standard must be within ±15% of the true
value. A continuing calibration check standard must be analyzed after every ten
to verify that the instrument remained calibrated throughout the run. This too
must be within ±15% of its true value.

21.2 A method blank is used to determine background concentrations of analytes of
interest that have the potential to interfere with sample analysis. These blanks are
analyzed with every analytical batch that has a maximum number of twenty
samples. The criteria for acceptance is that there are no target analytes of interest
present above the practical quantitation limit.

If the analyte of interest is present at a concentration between the MDL and PQL,
all data is qualified with a "B" flag and reported. If the analyte of interest is
present at a concentration above the PQL and the samples contain the analyte of
interest at a concentration of greater than 10 times the concentration found in the
blank, the data is qualified with a "B" flag and reported. If the concentration
found in the sample is less than 10 times that found in the blank and greater than
the PQL, the samples must be re-extracted. If the samples do not contain the
analytes of interest, the data is reported.

21.3 A laboratory control sample and its duplicate (when requested) are analyzed with
every batch. The accuracy and precision of the extraction and analysis are
monitored with these samples. Sample spikes and sample duplicates are also used
for this purpose. The criteria for acceptance is that the recoveries must be within
the fixed range for any given analyte for a specific matrix. See Section 5.4.

21.4 4-CMX and Decachlorbiphenyl surrogates are added to all extracts including
standards. Its acceptance is based on statistically derived limits and is matrix
specific. See Section 5.5. 4-CMX is added to all congener analyses.

21.5 The retention time (RT) window must be established using the continuing
calibration check standard over a 72-hour period. See "Establishing Retention
Time Windows for Gas Chromatographic Analysis" (GL-OA-E-001) for
instructions. In order to report a concentration from the external standard table,
the retention time of that particular analyte must be within its established window.
If not, the concentration is not reported.

21.6 Nonconformance
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21.6.1 When running a calibration curve for more than one analyte at a time,
some of the analytes may not meet the acceptance criteria. Additional
standards containing the compounds that were not acceptable may be
analyzed. If the curve still does not meet the acceptance criteria,
maintenance should be performed or a new standard may be needed.

21.6.2 If the percent recovery in the matrix or matrix spike duplicate falls outside
the established SPC limits for recovery, the analyst should evaluate the
LCS recoveries and method blank analyses. If the LCS and method blank
analyses do not indicate a problem with the preparation procedures, the
matrix spike recoveries may be attributed to matrix effect. Surrogate
recovery data should also be used to evaluate the data. Recoveries of both
matrix spike compounds and surrogates that are outside the acceptance
limits suggest more pervasive analytical problems than problems with the
recoveries of either matrix spikes or surrogates alone. Analysts are not
required to reanalyze the matrix spikes for failing recoveries, however
they should seek additional technical support before deciding not to
reanalyze matrix spikes samples.

21.6.3 If the continuing check standard fails any criteria in section 21.1, the
analyst must lake action to correct the situation. This may be
performing any of the maintenance steps described in Section 13 to get
the instrument to meet its daily calibration. If all attempts fail the
analyst must analyze a new series of calibration standards, thus
obtaining a new calibration curve.

21.6.4 If a surrogate in a sample falls outside the acceptance limits, the sample
must be re-extracted, unless the failure duplicates in an MS, MSD or
sample duplicate. If the surrogate fails the second time, the failure is
attributed to matrix interference and the data from the first extraction is
reported. When a sample or batch is sent back to be re-extracted, and
passes, a nonconformance form must be completed. The form describes
the reasons for rc-cxtraction. (See "Documentation of Nonconformance
Reporting and Dispositioning. and Control of Nonconforming Items"
(GL-QS-i:-004))

21.7 Any positive identification and quantitation of an analyte of interest must be
confirmed on a separate column and/or GC/MS. The confirmation column or
GC/MS must meet all quality control acceptances described in the method
(calibration, retention times, etc.). Calculate the relative percent difference
between the two results using the formula:

RPD = IR|-R-I xlOO
Ri or R;. whichever is lower

21.7.1 Since the same method criteria specified in Sections 21.1 - 21.5, and
instrument calibration specified in Sections 15.1 - 15.6 are applied
uniformly to both columns, either column can be selected to serve as the
primary or confirmatory column.

21.7.2 If one result is significantly higher (>40%), check the chromatograms to
see if an obviously overlapping peak is causing an erroneously high result.

GENERAL ENGINEERING LABORATORIES, LLC
P.O Box 30712, Charleston, SC 20417



5-Mar-04
Polychlorinated Biphenyls

SOP Effective 2/1/98 GL-OA-E-040 Rev 6
Revision 6 Effective November 2002 Page 16 of 18

21.7.3 If no anomalies are noted, review the chromatographic conditions. If there
is no evidence of chromatographic problems, report the result from the
primary column. The higher value is reported in all cases, unless a client
specifically requests otherwise. As of the effective date of this SOP, no
clients receive the lower value.

NOTE: Navy requirements specify that both columns must meet the quality
control acceptance criteria and that the confirmed analyte will be reported off the
column with the lowest concentration. The higher MDL is also reported.

22.0 DATA REVIEW, VALIDATION, AND APPROVAL PROCEDURES
22.1 Upon completion of a batch, the analyst enters the data. A data report is

generated and it is placed in a folder along with the batch and all other raw data
(chromatograms). This folder is given to the peer review analyst for reviewing.

22.2 Levels of review and their responsibilities

22.2.1 First level review - The analyst must check all chromatograms. They will
also calculate the percent recoveries for the spike, duplicate, and all
surrogate recoveries. They must check to see if the check standard passes
for the analytes of interest. If a target compound confirms on the
conformation column, it must be checked to see if the retention time of the
analyte is within the daily retention time window. The peak's shape must
also be checked to ensure that it is indeed a peak and not noise. If the hit
meets both of these requirements, its concentration should be reported.

22.2.2 Second level review - The data reviewer or other qualified reviewer must
ensure that the concentration that appears in the external standards table is
indeed what has been entered into the computer. They must check to see if
the calibration check standard is acceptable and if the LCS and its duplicate
and the surrogates are all within acceptable ranges. The reviewer must also
check the date analyzed, dilution factor, and time of analysis from the raw
data against the data report. If everything is acceptable, the reviewer must
then initial and date the batch report and the quantitation report, and then
complete the checklist to make sure that every item that appears on the
review checklist is acceptable. The run log must also be dated and
initialed. The data report is then sent to a status of "Done".

22.2.3 To complete a review process, all chromatograms of the calibration
check standard, blank, LCS and its duplicate, samples and the spike
and/or duplicates of the sample must be present. The batch sheet,
sample tracker log, and the data report should all be present.

22.3 A flow chart of the review process follows on the next page:
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23.0 DATA TRANSMITTAL
After the review process is complete, Data Management receives the data.

24.0 RECORDS MANAGEMENT AND DOCUMENT CONTROL
All data associated with the performance of this procedure, including relevant logbooks,
are maintained as quality records in accordance with GL-QS-E-008 for the Management
and Disposition of Quality Records.

25.0 LABORATORY WASTE HANDLING AND DISPOSAL: SAMPLES, EXTRACTS,
DIGESTATES AND REAGENTS
Refer to the Laboratory Waste Management Plan, GL-LB-G-001 for the proper handling
and disposal of sample waste.
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APPENDIX 1: LIST OF CONGENERS APPLICABLE TO GL-OA-E-040

2,2',5-Trichlorobiphenyl (18)

2,4'-Dichlorobiphenyl (8)

2,4,4'-Trichlorobiphenly (28)

Heptachlorobiphenyl (170)

Heptachlorobiphenyl (180)

Heptachlorobiphenyl (183)

Heptachlorobiphenyl (184)

Heptachlorobiphenyl (187)

Heptachlorobiphenyl (189)

Hexachlorobiphenyl (128)

Hexachlorobiphenyl (138)

Hexachlorobiphenyl (153)

Hexachlorobiphenyl (156)

Hexachlorobiphenyl (157)

Hexachlorobiphenyl (167)

Hexachlorobiphenyl (169)

Nonachlorobiphenyl (206)

Octachlorobiphenyl (195)

PentachlorobiphenyI (101)

Pentachlorobiphenyl (105)

Pentachlorobipheny I (114)

Pentachlorobiphenyl (118)

Pentachlorobiphenyl (123)

Pentachlorobiphenyl (126)

Pentachlorobiphenyl (87)

Tetrachlorobiphenyl (44)

Tetrachlorobiphenyl (49)

Tetrachlorobiphenyl (52)

Tetrachlorobiphenyl (66)

Tetrachlorobiphenyl (77)

Tetrachlorobiphenyl (81)

Dechachlorobiphenyl (209)
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1.0 STANDARD OPERATING PROCEDURE FOR NITROAROMATICS AND NITRAMINES BY
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

2.0 METHOD CODES:

2.1 EPA SW-846 Method 8000B
2.2 EPA SW-846 Method 8330

3.0 METHOD SUMMARY, OBJECTIVE AND PURPOSE
3.1 This is a liquid chromatographic procedure for quantitatively determining trace

analysis of explosives residues. The analytical guidance for the detection and
quantitation of the applicable Nitroaromatics and Nitramines has been taken from
Methods 8330 and 8000B of "Test Methods for Evaluating Solid Waste," EPA
Manual SW-846.

3.2 This method applies to ground water, soil, leachates, and miscellaneous matrices.
Referenced procedures are 8330 and 8000B of "Test Methods for Evaluating Solid
Waste," EPA Manual SW-846.

3.3 The following compounds can be quantitatively determined by this procedure:

ComDOiind Name
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
Hexahydro-1,3,5-trinitro-1,3,5-triazine
1,3,5-Trinitrobenzene
1,3-Dinitrobenzene
Methyl-2,4,6-trinitrophenylnitramine
Nitrobenzene
2,4,6-Trin itrotol uene
4-Amino-2,6-d in itrotol uene
2-Amino-4,6-dinitrotoluene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Nitrotoluene ,
3-Nitrotoluene
4-Nitrotoluene

Abbreviation
(HMX)
(RDX)
(1,3,5-TNB)
(1,3-DNB)
(Tetryl)
(NB)
(2,4,6-TNT)
(4-Am-DNT)
(2-Am-DNT)
(2,4-DNT)
(2,6-DNT)
(2-NT)
(3-NT)
(4-NT)

CAS No.
2691-41-0
121-82-4
99-35-4
99-65-0
479-45-8
98-95-3
118-96-7
1946-51-0
355-72-78-2
121-14-2
606-20-2
88-72-2
99-08-1
99-99-0

3.3.1 Pentaerythritol Tetranitrate (PETN) (CAS number 78-11-5), Nitroglycerin
(CAS number 55-63-0), and Picric Acid (CAS number 88-89-1) can also
quantitatively be determined by this procedure. Nitroglycerin, however,
coelutes with 8330 compounds on the primary column. Therefore, a separate
set of LCS/LCSD and MS/MSD are extracted and analyzed, and a separate
standard is analyzed.

3.4 This method provides the High Performance Liquid Chromatographic (HPLC)
conditions for the detection of trace levels of explosive residue. Prior to use of this
method, samples must undergo an extraction procedure. (See Appendix 1 for liquids
and Appendix 2 for solids). A portion of the extract is injected into the HPLC system.
The sample then passes through the reverse phase column that performs analyte
separation. The separated analytes then pass through the Diode Array Detector (DAD).
The output of the detector is sent to the ChemStation software package that collects,
processes and quantifies the signals from the detector into usable data. Analyte
confirmation is performed using a cyano (CN~) column. Due to the coelutions on the
cyano column, confirmation analysis is for qualitative purposes only.

GENERAL ENGINEERING LABORATORIES, LLC
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4.0 METHOD PERFORMANCE ANALYST VERIFICATION

4.1 For present liquid and solid matrix MDLs and PQLs, see Group Leader for current MDL
tables.

4.2 Method Precision: Refer to current SPC charts for RPD limits.
4.3 LCS %Recovery and LCS-LCSD RPD: Refer to current SPC charts for % recovery

limits and RPD.
4.4 Method Bias: See SPC limits for current surrogate recovery.

5.0 DEFINITIONS
5.1 HPLC - High performance liquid chromatography
5.2 DAD - Diode array detector

5.3 UV 3^ - Three-dimensional view of UV Spectrum (used for compound verification.)
5.4 ChemStation - Software package used to control HPLC instruments including data

acquisition and temporar) storage.
5.5 Calibration Blank - A volume of reagent water without the analytes, internal

standards, or surrogates used within the calibration curve.

5.6 Calibration Standard (CAL) • A solution prepared from the primary stock solution.
The CAL solutions are used to calibrate the instrument.

5.7 Check Standard (CVS/ICV/CCV) - A solution of the method analytes used to
evaluate the performance of the instrument with respect to a defined set of criteria.
The check standard concentration is at the calibration midpoint and is prepared from
a separate source than the calibration standards.

5.8 Matrix Spike (MS) - An aliquot of a known sample to which known quantities of the
method ana I vies arc added in the laboratory. The MS is analyzed like a sample and
its purpose is to evaluate the accuracy of the method.

5.9 Field Duplicate (FD) • Two separate samples collected at the same time, placed under
identical conditions, and treated exactly the same way throughout the field and
laboratory process.

5.10 Linear Calibration Range (l.CR) - The calibrated concentration range over which the
instrument response is linear.

5.11 Laboratory Control Sample (LCS) - An aliquot of reagent water to which a known
quantity of the method analytc is added in the laboratory. The LCS is analyzed
exactly like a sample, and its purpose is to determine if methodology is in control.

5.12 Method Blank - An aliquot of reagent water that is treated exactly as a sample
including exposure to all glassware, equipment, solvents and reagents which are used
with other samples. The method blank is used to determine if method analytes or
other interferences arc present in the laboratory environment.

5.13 Sample Duplicate (Dup) • A duplicate of a selected sample. The Dup will
demonstrate analytical precision.

5.14 TARGET - Data Analysis Software used to process and store analytical data.

6.0 METHOD VARIATION
6.1 Referenced procedure requires that each organization develop a method of verifying

possible explosive compounds. By using the full spectrum of the DAD, positive
verification can be supported by comparing the suspect compound spectrum against a
compound standard spectrum. Positive verification can be accomplished by a second
column confirmation analysis.

CiLNKRAL KNGINEERING LABORATORIES, LLC
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6.2 SW-846 method 8330 sample extraction method is incomplete, and detection limits
are unattainable. GEL has developed an extraction technique that does obtain the
required MDL for solids and is within the acceptable range for liquids. (See
Appendices 1 and 2 for extraction procedures.) GEL presently concentrates the
extract prior to the addition of water. All MDL studies were performed with this step
included, and no recovery problems were encountered.

6.3 For soil extraction procedure - Due to the nature of the calculation in determining
final concentration within the laboratory information management system, a
correction factor is added to the prep data prior to entering the data. When soil
samples are prepped, half of the extraction fluid is discarded in the filtering phase and
transferring stage to the concentrator tubes. Due to the loss of half of the fluid during
the extraction procedure the final volume is corrected to compensate for the loss.
Normally the final volume would be 1.6 mL. However, since one half the solution
was discarded prior to finishing the extraction, one half the amount of target
analyte(s), if present, is also discarded. To compensate, the final volume entered into
the laboratory information management system is 3.2 mL.

6.4 The final extract solvent for all samples is acetonitrile. If some of the standards were
in methanol, some problems may be introduced into the sample analysis. These may
include but are not limited to peak broadening, retention time shift, and poor elution
of peaks. By using the same solvent for standards and samples, these problems and
others are kept to a minimum.

6.5 The pH of some batches may be lowered from the initial pH prior to extraction to
prevent alkaline hydrolysis of several analytes. A weak acid such as acetic acid is
used to lower the pH. The pH change is indicated on the extraction tracker.
NOTE: Step 6.5 is included at the suggestion of the Army Corps of Engineers
(USACE).

7.0 SAFETY PRECAUTIONS AND WARNINGS
WARNING

ALL OF THESE COMPOUNDS ARE EITHER USED IN THE MANUFACTURE OF EXPLOSIVES
OR ARE THE DEGRADATION PRODUCTS OF THE COMPOUNDS USED FOR THAT
PURPOSE. WHEN MAKING STOCK SOLUTIONS FOR CALIBRATION, TREAT EACH
COMPOUND WITH THE UTMOST CAUTION.
THIS METHOD IS RESTRICTED TO PERSONNEL EXPERIENCED WITH THE USE OF HPLC,
SKILLED IN THE INTERPRETATION OF CHROMATOGRAMS. AND EXPERIENCED WITH
EXPLOSIVE MATERIALS. WORK UNDER A HOOD TO PREVENT INHALATION WHEN
MAKING STOCK REAGENTS.

WARNING
STANDARD PRECAUTIONARY MEASURES USED FOR HANDLING OTHER ORGANIC
COMPOUNDS SHOULD BE SUFFICIENT FOR THE SAFE HANDLING OF THE ANALYTES
TARGETED BY THIS METHOD. THE ONLY EXTRA CAUTION THAT SHOULD BE TAKEN IS
WHEN IT IS NECESSARY TO HANDLE NEAT MATERIAL OR IN THE RARE CASE OF HIGHLY
CONTAMINATED SOIL SAMPLES.

WARNING
ALL SAMPLES MUST BE SCREENED PRIOR TO ANALYSIS. ANY SAMPLES WITH A
CONCENTRATION ABOVE 1% TOTAL EXPLOSIVES WILL BE PULLED FROM THE SYSTEM AND
HELD IN THE HPLC ROOM. THE PROJECT MANAGER, TEAM LEADER AND CLIENT WILL BE
NOTIFIED. NO ACTION WILL BE TAKEN ON THE SAMPLE UNTIL A RESOLUTION AND SAFE
HANDLING REQUIREMENTS ARE DETERMINED. IF NEEDED, GEL WILL SCREEN ALL SAMPLES
ACCORDING TO APPENDIX 3

7.1 Wear eye protection with side shields while in the laboratory.

GENERAL ENGINEERING LABORATORIES, LLC
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7.2 Treat all chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness file
of Occupational Safety and Health Administration (OSHA) regulations regarding the
safe handling of chemicals. A reference file of Material Safety Data Sheets (MSDS)
and individual client MSDS forms are also maintained.

7.3 Personal protective equipment

7.3.1 Gloves are required when handling the chemicals in this procedure. The
gloves approved for this procedure are:

7.3.1.1 Nitrile gloves for concentrated acids and bases.
7.3.1.2 Latex gloves or equivalent will be worn at all times when handling

any solvents or samples within the prep area.
7.3.1.3 For prolonged handling of solvents Chemi-Pro gloves should be worn.
7.3.1.3 For handling explosives with high concentrations (1 to 5%), leather

gloves and face shield are required during the drying and grinding
phase of the sample extraction.

7.3.1.4 For samples with high level explosives (greater then 5%) special
instructions will be generated specifically for handling that sample
and a copy retained with the data.

7.3.2 Work under a hood when using concentrated acids and bases.

7.4 Prior to handling radioactive samples analysts must have had radiation safety training
and understand their full responsibilities in radioactive sample handling. Some
general guidelines follow:

7.4.1 Wear a plastic apron over lab coat when working with radioactive samples.
7.4.2 Protect counter tops with counter paper or work from radioactive sample

handling trays.
7.4.3 Prohibit admittance to immediate work area.
7.4.4 Post signs indicating radioactive samples are in the area.
7.4.5 Take swipes of the counter tops upon completion of work. Deliver those

swipes to the designated swipe count box.
7.4.6 Segregate radioactive wastes in radioactive waste containers provided by

Waste Management.

7.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

7.5.1 Segregate solid wastes from liquid wastes in the satellite area containers.
7.5.2 Segregate oil wastes from water-soluble wastes in the satellite area containers.

7.6 Never leave gas cylinders unchained or untied, even when they are on the cylinder
carts. The helium and air tanks should be replaced when pressure drops to -500 psi.

7.7 The compounds of interest are considered fire and explosion hazards in their pure
form. When diluted to less then 33% the primary hazard is the solvent, not the
explosive material itself. If for any reason it is suspected that the explosives have
recrystallized or particles of explosive exist in the sample, it will be treated as a pure
explosive compound.
NOTE: The solvents used in the method are considered flammable and are handled in
accordance with all MSDS sheets. The volume of solvents is minimized, but not to
preclude performing routine analysis.

GENERAL ENGINEERING LABORATORIES, LLC
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8.0 INTERFERENCES

8.1 Solvents, reagents, glassware, and other sample processing hardware may yield
discrete artifacts and/or elevated baselines, causing misinterpretation of the
chromatograms. All of these materials must be demonstrated to be free from
interferences, under the conditions of the analysis, by running method blanks.
Specific selection of reagents and purification of solvents by distillation in all-glass
systems may be required.

8.2 Interferences from phtha laics can best be minimized by avoiding contact with any
plastic materials. Exhaustive cleanup of reagents and glassware may be required to
eliminate background phlhalatc contamination.

8.3 Interferences co-extracted from the sample will vary considerably from source to
source. Although a general cleanup technique is provided as part of the method,
individual samples may require additional cleanup approaches to achieve the
sensitivity required.

8.4 The chromatographic conditions described allow for a unique resolution of the
specific explosive compounds covered by this method. Other explosive compounds,
in addition to matrix artifacts, may interfere.

8.5 During the liquid extraction process final concentration step, it is important that no
salt be carried over from 100 mL volumetric to centrifuge tube. The salt will build up
on the column causing erratic results and degrade the column.

9.0 APPARATUS AND MATERIALS; REAGENTS; EQUIPMENT AND INSTRUMENTS

9.1 General items:
9.1.1 Microliter syringes
9.1.2 2 mL amber vials with Teflon-lined septum and screw caps
9.1.3 Volumetric flasks: 1000 mL. 100 mL. 10 mL
9.1.4 Graduated c>linders: 2000 mL. 1000 mL. 250 mL, 100 mL, 25 mL, 10 mL
9.1.5 PTFE filters 0 45 um or greater
9.1.6 5 mL and 10 mL syringes
9.1.7 25 mL Lrlcnmeyer flasks
9.1.8 20 mL Scintillation vials
9.1.9 40 mL amber vials
9.1.10 Magnetic stirring bars: 1000 mL and 100 mL size
9.1.11 Weigh boats, large and small capacity
9.1.12 125 mL sample bottles
9.1.13 Dropper bottle
9.1.14 Regular and Large capacity disposable pipettes
9.1.15 Concentrator tubes or equivalent
9.1.16 Sieves. 30 mesh

9.2 Chemicals: (Vendors listed are subject to change)

9.2.1 Acetonitrilc HPLC grade or better (presently purchased from VWR)
9.2.2 Methanol IIPLC grade or better (presently purchased from VWR)
9.2.3 NaCI, 12kg boxes (presently purchased from VWR)
9.2.4 8330 Standards (presently purchased from AccuStandard)
9.2.5 HPLC grade water or better
9.2.6 Surrogate: I.2-Dinitrobenzene (presently purchased from AccuStandard)

GENERAL ENGINEERING LABORATORIES, LLC
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9.2.7 Tetrabutylammonium hydroxide, 10% by weight or better (presently
purchased from Aldrich)

9.2.8 8330 Standards (presently purchased from Supelco)
9.2.9 Sulfuric acid (presently purchased from Mallinckrodt)
9.2.10 Acetone HPLC grade or better (presently purchased from VWR)

9.3 Equipment:
9.3.1 Presently using a Agilent Technologies BDS 250 x 4.6 mm C-18 reverse

phase column for primary analysis. Confirmation analysis is performed using
a Phenomencx CN-5ug, 250 x 4.6 mm column.

9.3.2 Gradient pumping system HP model 1050 or 1100
9.3.3 Software capable of linear calculations
9.3.4 DAD HP model 1050 or equivalent
9.3.5 Ultrasonic sink with chiller
9.3.6 Magnetic stirring plate (heavy duty)
9.3.7 Voncx mixer
9.3.8 Organomation N-Evap apparatus
9.3.9 Drying oven without heat element
9.3.10 Computer, capable of running Windows-based programs and capable of

controlling analytical instruments
NOTE: The apparatus listed above is the recommended instrumentation. The
equipment listed is not all of the required equipment, but just a minimum
needed to complete the analysis.

10.0 SAMPLE HASDLINC AND PRESERVATION REQUIREMENTS
10.1 Samples must he collected in an amber glass bottle with a Teflon lined cap. The

collection container must be washed with acetone and hexane rinsed, and dried before
use in order to minimize contamination.

10.2 Samples must be protected from light and stored at 4° ±2°C after collection. All
liquid samples have a holding date of seven days from the date of collection to the
time of extraction All solid samples have a holding date of 14 days from the date of
collection to the time of extraction. Once extracted, the extract must be analyzed
within forty days of the extraction date. However, during this period of time, the
extracts should be kept refrigerated at 4° ±2°C in amber vials with Teflon lined
screw caps. When holding dates are missed, the data should be flagged by the analyst
and by the Quality Control department.

10.3 If the sample is outside of the holding time window, notify applicable project
manager for guidance.

10.4 Sample holding times, addressed in Section 6.1 of Method 8330, are as follows:

10.4.1 Liquids are to be extracted within seven (7) days after sample collection.
10.4.2 Solids are to be extracted within fourteen (14) days after sample collection.
10.4.3 All samples are to be analyzed within forty (40) days after extraction.

11.0 SAMPLE PREPARATION TECHNIQUES
11.1 See Appendix I for the extraction of liquid explosive samples.
11.2 See Appendix 2 for the extraction of solid explosive samples.

GENERAL ENGINEERING LABORATORIES, LLC
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12.0 PREPARATION OF STANDARDS SOLUTIONS AND QUALITY CONTROL STANDARDS
12.1 Standard Solutions:

12.1.1. Source standard solutions are prepared commercially by AccuStandard or
other certified suppliers for Nitroaromatics and Nitramines. They are stored
in a breakseal amber vial or equivalent in the refrigerator at 4°±2°C. They
are replaced according to the expiration date designated on the vial by the
vendor, or one year from the date of receipt, whichever time period is shorter.

12.1.2 Calibration Standards are prepared at a minimum of five concentration levels
for each compound. They are prepared by diluting the stock solution with a
1:4 mixture of acidified DI water and Acetonitrile mixture. The concentration
ranges for the calibration standards are found in ALPHA LIMS. See ALPHA
LIMS for appropriate recipes for making all calibration and quality control
samples.

12.1.3 Calibration check standard is a standard from a different source and/or lot
than the calibration standards. It is used to verify that the instrument is
calibrated correctly. The reading of the check standard must be within 85% -
115% of the initial calibration. The stock for the check standards is
commercially prepared by an approved vendor. It should be stored in a
Teflon-lined screw cap vial at 4°±2°C. The concentrations of the check
standards should be prepared at the mid point of the curve. See ALPHA
LIMS for current concentrations and recipe for preparing check standards.
The calibration check standard is diluted with acidifed, DI water prior to
analysis.

12.1.4 The surrogate, 1,2-dinitrobenzene, is made from AccuStandard M-8330-SS.
The analyte is at 1000 pg/mL.

12.2 The source standards are received with certificates of analysis, which are maintained
in Quality Systems. Upon arrival the source standard is given a unique identification
number. The date received is written on the bottle and/or vial and initialed. The
standard is then stored in the refrigerator at 4°±2°C until needed. See "Organic
Standards Preparation and Traceability" (GL-OA-E-002) for explanation. The
complete number is then logged into ALPHA LIMS. The supplier, concentration, lot
number, date opened, date received, and expiration date must also be entered, if
available. The standard should be checked for signs of evaporation before use. After
the standard has been opened, it is only usable until the expiration date assigned by the
vendor, or one year from the date of receipt, unless it shows signs of deterioration
before this time period has elapsed.

12.3 When a standard is prepared, an identification number is assigned to that standard. If
another standard is prepared by diluting the first, the diluted standard must also be
given a unique identification number.

12.4 All standards are maintained in the explosion proof refrigerator, number 22.
12.5 Holding times of specific calibration standards are defined in Method 8330. More

specifically, those working standards prepared with the addition of water in the final
step are to be used the same day as prepared. An expiration date of 24 hours is used
for these standards.

12.5.1 No specifically defined holding time is mentioned for intermediate standards
above 1000 pg/L or working standards that do not include the addition of water
in their recipe in Method 8330. General Engineering Laboratories assigns an
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expiration date to these standards equal to but not exceeding the earliest
expiration date of any Source Standard used to make one of these working
standards.

12.5.2 Section 5.4.2 of Method 8330, Revision 0, September 1994, refers to the holding
times of intermediate standards that cover the range of 2.5 - 1000 ug/L. Any
intermediate standard falling within this range may be used for thirty days.

12.5.3 Expiration dates of standards are written on each standard's vial label and
recorded in ALPHA LIMS.

12.6 Proper procedures for standard preparation are located in "Organic Standards
Preparation and Traceability" (GL-OA-E-002).

13.0 INSTRUMENT CALIBRATION AND PERFORMANCE

13.1 Instrument setup and configuration.

13.1.1 Recommended system setup for primary analysis.

NOTE: This gradient is similar to one listed by Hewlett-Packard (see page 95
of reference 21.6), the manufacturer of the column currently in use in this lab.

13.1.1.1 Initial flow rate set to 1.0 mL/min with a gradient of 35% Methanol
and 65% HPLC water. Gradient after this point is column dependent
and will be generated upon installation of a new column. The
general gradient is:

Time % water %MeOH
0
2

14
20
32
40

13.1.1.2 The DAD is programmed throughout the run cycle to shift
monitoring wavelengths. Presently wavelengths 214, 224, 235, 254
and 264 are monitored and quantitated. With our present system we
are capable of monitoring multiple signals. We have picked the
above wavelengths due to their respective response factors.

13.1.1.3 We presently are injecting 100 pL. This volume is programmable and
can be changed as necessary. Each time the injection volume is
changed, the system must be recalibrated and new MDLs generated.

13.1.1.4 Recommended system set up for confirmation analysis:
Time % water %MeOH

0
6

30
35
40

13.1.1.5 Currently, confirmation analysis is performed using a cyano column
with a six point calibration (50-20,000 ppb). Analytes are considered
confirmed when the representative responses from the primary
analysis and confirmation analysis are within the respective retention
time window. Also, the confirmation analyte mass normally is

65
60
60
35
35
65

35
40
40
65
65
35

65
65
30
65
65

35
35
70
30
35
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within a 30% difference from that of the primary analysis. However,
due to matrix interference and coeluting peaks, analytes may be
considered suspect and are qualified accordingly and narrated.

13.1.1.6 1 f an analyte is detected whose concentration differs between the
primary and confirmation analysis by more than 40%, then the results
are qualified as follows. In cases where both columns or detectors
indicate an acceptable peak in the appropriate retention time window
and the percent difference is greater than 40% but less than 70%, the
analyte is reported as a positive result. Due to the high percent
difference between the two columns, it is indicated as such on the
appropriate Form I or Certificate of Analysis (CofA) with a P qualifier.

In cases where both columns or detectors indicate an acceptable peak in
the appropriate retention time window and the percent difference is
greater than 70%, the analyte may be reported as a positive result,
depending on the client. Some clients, including DOE-AL, require that
all results be reported, including those with percent difference values
above 70%. These results are qualified with both a P qualifier and an X
qualifier. In this case, the X qualifier denotes that the percent
difference is greater than 70%. For all other clients, the analyte with a
>70% difference is not reported.

13.1.1-7 Samples with responses for analytes on both columns or detectors that
indicated an acceptable peak within the retention time window and an
acceptable concentration match may be qualified with an X qualifier
on the appropriate Form 1 or CofA if the analyst believes the hit is a
false positive. The analyst may feel that the hit is the result of matrix
interference or that the hit is another analyte altogether. If the X
qualifier is used, it is explained in the case narrative.

13.1.1.8 The following analytes coelute on the cyano column: a)2,4,6-Trinitro-
tolucnc, 2.4-Dinitrotoluenc, and 2,6-Dinitrotoluene; b) 1,3,5-
Trinitrobenzene and 1,3-Dinitrobenzene; b) m-,p- and o-Nitrotoluene.

13.1.1.9 The values reported are from the primary analysis. The
confirmation analysis is used for qualitative purposes only.

13.2 An external standard technique is used to calibrate the instrument. Calibration is
obtained by analyzing the standards using the same method used for sample analysis.
Each standard must contain the same analytes, but at different concentration levels.
The calibration standards must be run in random order. The area counts of each peak,
in addition to the concentration of that particular analyte are used to plot a calibration
curve. All calibration standards are automatically updated into the present method by
performing an automatic calibration update. The correlation coefficient (r) for each
compound of interest must be 0.995 or greater before the system can be considered
calibrated. When the system is calibrated, a check standard prepared from a second
source is used to verify the calibration. The analyte concentrations in this check must
be within +15% of the true concentration.

13.3 The HPLC^D ChemStation is an instrument control, data acquisition and evaluation
system for HP liquid chromatography instrumentation. The ChemStation and
TARGET each offer the standard report calculations: ESTD, and ISTD. Quantification
calibration features such as multiple level calibration, multiple signal calibration,
multiple internal standards, multiple time reference peaks, and calibration bracketing
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are available. Presently a linear calibration is used with the calibration curve forced
through zero. ChemStation is used for instrument control and data acquisition.
TARGET software is used to process, evaluate and store data.

13.4 Prior to analysis of samples
13.4.1 The HPLC system must be stabilized prior to use. This is checked by

observing the pump pressure ripple is within -2% to 2% range. This value
assures proper mixing and shows that all solvents have been degassed.

13.4.2 Before samples can be analyzed, the base line must be stable with little or no
background noise. The UV lamp radiation level could take up to one hour to
stabilize.

13.4.3 The continuing calibration check standard must pass ±15% of true value.

13.5 Samples containing target analyte concentrations that exceed the linear range of the
analyte calibration curve must be diluted. The dilution level should be performed to
place the highest analyte concentration between the middle and high points of the
calibration curve (on column). If a sample is initially diluted and target analytes are
not detected and non-target analytes are not interfering with the analysis, the sample
must be reanalyzed at a lower dilution. Analysts should be aware that diluting
samples will increase the detection limits for undetected analytes. Random dilutions
without due cause are not acceptable.

13.6 A hard copy of the continuing calibration standard and run log are maintained with
each group of samples.

13.7 The calibration range for target analytes is currently 50 ng/ml to 20,000 ng/mL.
14.0 ANALYSIS AND INSTRUMENT OPERATION

14.1 Check standards and calibration standards are prepared as specified in current recipes.
All standards are directly injected into the HPLC system by the auto sampler.

14.2 The run sequence is entered into the ChcmStation software with the proper QC
bracketing of each group of samples. Multiple injections from a sample vial are
allowed. The following is a suggested sequence of QC and samples:

14.2.1 Instrument blank
14.2.2 Check standard
14.2.3 Method blank
14.2.4 LCS
14.2.5 LCSDUP
14.2.6 MS
14.2.7 MS Dup of 14.2.6
14.2.8 Parent sample of MS/MSD 14.2.6/14.2.7
14.2.9 Second sample
14.2.10 Third sample through fifth sample
14.2.11 Check standard
14.2.12 Sixth sample through fifteenth sample
14.2.13 Check standard
14.2.14 Repeat steps 14.2.11 through 14.2.13 for each additional 10 samples.
14.2.15 Always end sequence with a check standard
14.2.16 For batches of more than 20 samples repeat steps 14.2.2 through 14.2.14 as

needed.

NOTE 1: Every analytical batch of 10 samples will be bracketed by the check
standard. After every 10 samples another check standard is analyzed.
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NOTE 2: At least daily, prior to analyzing samples, an instrument blank is run to
verify the instrument and solvents used by the instrument are suitable for analysis.
NOTE 3: Instrument blanks are generally not analyzed on a routine basis prior to or
following the check standard. Instrument blanks are only analyzed prior to a check
standard if the samples are suspected to cause the check standard to fail due to
interferences.

14.3 A runlog is generated daily for each group of samples analyzed, displaying which
samples were analyzed and in what order they were analyzed.

14.4 General Operation of the HPLC System.

14.4.1 Allow system to warm-up for 15 minutes after turning on all pumps and
detectors to allow instruments to be flushed thoroughly and the detector's
internal temperatures to equalize.

14.4.2 Once the instrument has been allowed to warm up, purge each channel for
approximately 5 to 10 minutes of any air bubbles that may be present. Then
allow the instrument to equilibrate to operational pressure for a minimum of
15 minutes or 5 times column void time. Monitor pump pressure difference
prior to starting analysis.

14.4.3 Verify column is preconditioned prior to starting the run sequence. A
preconditioned column back pressure will be approximately 260 BAR.

14.4.4 If back pressure exceeds 350 BAR, column cleaning must be performed to
prevent over pressurizing the system and possible column damage.

14.4.5 1 BAR equals 14.35 PSI.

14.5 System operation
14.5.1 Startup

14.5.1.1 Check all solvent containers and refill as necessary. Empty any
waste containers that are greater then 3/4 full.

14.5.1.2 Check helium and air tanks. Replace if pressure is 500 psi or less.

14.5.1.3 Start system by selecting "System On" from the instrument sub menu.
14.5.1.4 Monitor pump pressure difference. When the difference is in the -

2% to +2% range (usually stabilizes at +0.5%), system is ready to
start analysis.

14.5.2 System shutdown: To shutdown the system, select "System Off' from
instrument sub menu. This will turn off all pumps and detectors. For long
shutdowns also turn off both helium and air tanks.

14.6 The HPLC system may be configured for up to a 250 uL injection. This can be
changed through the instrument sub menu. The present method and MDLs are
performed at a 100 uL injection volume. If the injection volume is changed, a new
initial calibration must be run.

14.7 When running multiple samples:

14.7.1 Place all samples on sample tray (large external tray or smaller internal tray).
14.7.2 Verify run sequence against sample locations in the trays.
14.7.3 If performing a partial run in Sequence Table enter starting through ending

sample to prevent possible overwriting of data. When starting a new
sequence, this step is not required.
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14.7.4 Start system by selecting "Run Sequence" from Run Control main menu.

14.8 System is designed for minimal maintenance. However, whenever repairs are
required, consult manufacturer's technical manuals for guidance.

14.9 The data report will be client specific. The TARGET software is capable of
generating custom reports based on the client's need.

15.0 EQUIPMENT AND INSTRUMENT MAINTENANCE
Presently all maintenance is performed in accordance with Hewlett Packard technical
manuals. AH routine maintenance is also listed in the applicable technical manual.

16.0 DATA RECORDING, CALCULATION AND REDUCTION METHODS
16.1 All raw data files are magnetically backed up to the server; a computer print out is

generated for the data review process. Sample data, runlogs and sequence logs are
generated by the system before, during or after the instrument has completed the
analysis. For each group of samples all data is placed in a folder and the batch
number, date run and instrument will be placed on the front or tab. Also placed in the
folder is a copy of the retention time window study for that day, prep data report, and
a copy of any applicable nonconformance reports, and any other appropriate data.

16.2 The TARGET software is set up to calculate concentrations of sample extracts. When the
raw data is entered into the laboratory information management system, a final data report
is generated which will include all prep factors (but NOT a percent moisture for soils).

16.3 All records after completion of all reviews are filed in the HPLC cabinet for
approximately 6 months and then maintained in accordance with GL-QS-E-008 for
Management and Disposition of Quality Records.

16.4 The following calculations are used to generate sample results when using Method
8330:

16.4.1 Initial Calibration:

No calibration of response factors or calibration factors are necessary.
Instead, a plot of peak area vs. concentration is made and the curve applied is
a linear fit forced through zero.

16.4.2 Instrument Values:

y = mx

where:
y = area of target analyte detected
m = slope of line determined by initial calibration
x = concentration

16.4.3 Sample Result: (This calculation is performed by the laboratory information
management system rather than the instrument software.)

SR = IV * PF * DF

where:
IV = Instrument value
PF = Preparation factor
PF solid = (final extract weight/sample weight)
PF liquid = (final extract volume/sample volume)
DF = Dilution factor
SR = Sample result

17.0 QUALITY CONTROL REQUIREMENTS
GENERAL ENGINEERING LABORATORIES, LLC
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17.1 Before analysis of any samples the instrument must be calibrated, and all calibration
curve correlation coefficients must be at or above 0.995. A second source calibration
check standard is used to verify the calibration. Each day the second source calibration
check standard must be analyzed and be within ±15% of the true value. A continuing
calibration standard must be analyzed before and after each batch and after each group
of 10 samples to verify calibration curve. This value must also be within ±15% of the
true value. If at any time the standard fails, a second analysis is performed to verify
first standard. If second standard also fails, the cause is investigated and corrected
prior to running any additional samples. AH samples not bracketed by good check
standards are rerun to confirm the original data.

17.2 A method blank is used to determine background concentrations of analytes of
interest that have potential to interfere with the sample analysis. These blanks are run
with each batch of 20 or less samples. All analytes of interest must be below present
PQLs to meet the quality control requirements.

17.3 A laboratory control sample and/or duplicate are run for each batch of 20 samples or
less. The accuracy and precision of the extraction procedure may be monitored with
these samples. Sample duplicate and sample spike may be used for this purpose.

17.3.1 If the percent recovery in the matrix or matrix spike duplicate falls outside the
established SPC limits for recovery, the analyst should evaluate the LCS
recoveries and method blank analyses. If the LCS and method blank analyses
do not indicate a problem with the preparation procedures, the matrix spike
recoveries may be attributed to matrix effect. Surrogate recovery data should
also be used to evaluate the data. Recoveries of both matrix spike compounds
and surrogates that are outside the acceptance limits suggests more pervasive
analytical problems then problems with the recoveries of either matrix spikes or
surrogates alone. Analysts are not required to reanalyze the matrix spikes for
failing recoveries, however, they should seek additional technical support
before deciding not to reanalyze matrix spikes samples.

17.3.2 If matrix spike and duplicate recoveries are unacceptable, but the LCS
recoveries meet current control limits, the matrix" spike and Dup may be rerun
to verify matrix interference.

17.3.3 The interference is reported with a text comment added explaining matrix
interference, and a nonconformance is submitted.

17.3.4 If sample spike and duplicate and LCS recoveries are outside of the
acceptable range, the entire batch is re-extracted and rerun.

17.3.5 Most DOE clients have contract requirements that mandate that the data must
have a passing Laboratory Control Sample. If this is not met then the samples
are re-extracted.

17.4 1,2-Dinitrobenzene (or other suitable surrogate) is added to all samples that undergo
extraction. The surrogate is used to continuously monitor the sample extraction
process. If the surrogate falls outside acceptable limits, a non-conformance report is
submitted. That sample is re-extracted. If the surrogate recovery fails a second time,
the failure is attributed to matrix interference. The data is reported with a text
comment added to the data, and a non-conformance report is submitted.

17.5 A daily retention time window is generated from each check standard in an analytical
sequence. These daily RT windows are determined from a previous retention time
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study. See "Establishing Retention Time Windows for Gas Chromatographic
Analysis" (GL-OA-E-001).

17.6 All detected responses found on the C- 18 column, below or above the PQL, will be
confirmed by injection on a CN- column or equivalent. The primary quantitation will
be derived from the C-18 column unless this is not in agreement with specific clients'
requirements. When requested by certain clients (i.e., Navy), the reported value will
be the lower concentration. The detection limit, however, will be the higher one.
The spectral library may be used to further confirm the positive measurements.

17.7 NELAC certification requires a monthly analysis of the check standard to be
performed at half the concentration and two times the concentration. This is used to
verify the instrument is within calibration specification. Due to coelution and large
concentration for 2-AM-DNT/4-AM-DNT and 2,4-DNT/2,6-DNT separate standards
may be analyzed for the required two times the check standard verification.

18.0 DATA REVIEW, APMION AL. AND TRANSMITTAL

18.1 After a sample batch has been run. data is collected and raw values are entered into
the laboratory information management system. A data review check is then
generated (placing the batch into the DR.EV status). The analyst places the case
narrative data review sheet along with the prep sheet and all raw data into folder
marked with the batch number, date run, and instrument used. After the analyst
reviews the data and other folder contents, additional review is done by the group
data reviewer or other qualified reviewer. The batch is then sent to 'Done'.

18.2 Analyst review - The anaKst checks all chromatographs and checks the computerized
calculation of the percent recoveries for the spike, duplicate, LCS's and all surrogates.
The analyst then verifies that the check standards pass for the analytes of interest. If
a target compound it detected on the C- 18 column, that compound is checked against
retention time windows. If it is within the acceptable range, the detected analyte is
confirmed on the CN column This review is then placed in the folder with the other
raw data. The analvst then initials the appropriate documentation and passes it on for
the data validation review.

Both reviews are done independently. If the analyst detects a target concentration
above the DAD calibration range, the sample is rerun at a suitable dilution.

18.3 Second level rev icw - The Data Validator or other qualified reviewer assures that the
concentrations that appear as raw data are entered correctly into the laboratory
information management svstcm. They will verify that check standards are within
±15% of true values and that the LCS, its duplicate and all surrogates are within
acceptable ranges The rev icwer also checks date, time, dilution factors, and analyst
initials against the data report. If everything is acceptable, the reviewer initials the
documentation, and routes the data package to the appropriate person to send the
package to "Done" in the system

18.4 An archived data package will have the following items: all chromatographs of the
calibration check standards, method blank, LCS, LCS DUP, samples and sample
spike and duplicate must be present. The batch sheet, sample batch sheet, prep data
sheet, retention time window spreadsheet, and the data report must be present. The
instrument method, calibration table, calibration curves, run log, and any other
appropriate data arc also included.
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18.5 Proper technique for standard preparation is contained in "Organic Standards
Preparation and Traceability" (GL-OA-E-002). In addition, after a recipe is entered into
ALPHA LIMS, the calculations are checked and verified by a peer or equivalent.

19.0 RECORDS MANAGEMENT

19.1 AH data associated with the performance of this procedure, including relevant
logbooks, are maintained as quality records in accordance with GL-QS-E-008 for the
Management and Disposition of Quality Records.

19.2 All Standards are recorded in ALPHA LIMS.

20.0 LABORATORY WASTE HANDLING AND DISPOSAL • • - , > . •

Sample and reagent wastes are handled and disposed in accordance with the Laboratory
Waste Management Plan, GL-LB-G-001.

21.0 REFERENCES

21.1 Test Methods for Evaluating Solid Waste, EPA Manual SW-846,3rd Edition.
Method 8330, "Nitroaromatics and Nitramines by High Performance Liquid
Chromatography (HPLC)," Revision 0, September 1994.

21.2 Hewlett-Packard Series 1050 Auto Sampler
21.3 Hewlett-Packard Series 1050 Diode Array Detector
21.4 Hewlett-Packard Series 1050 HPLC System
21.5 Hewlett-Packard ChemStation software
21.6 HPLC for Environmental Analysis, Hewlett-Packard Publication Number 12-5091-

9750E, (5/94).
21.7 TARGET Data Analysis Software.

21.8 Data Validation Standard Operating Procedures for CLP Routine Analytical Services.
USEPA Region IV Science and Ecosystem Support Division of Quality Assurance
Athens, Georgia, Revision 21, July 1999.
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APPENDIX 1: EXTRACTION PROCEDURE FOR EXPLOSIVE LIQUID SAMPLES

Setup:
1. Calibrate open top balance.
2. Prepare saltwater by adding 325 grams NaCI to large beaker and then add 1000 mL. This solution

is good for 30 days. OR. make daily by adding 243.75 grams NaCI to 750 mL of reagent water in a
1000 mL amber bottle.

3. Rinse all glassware with CHjCN prior to use to prevent possible contamination.
4. Ensure sufficient spiking solution and surrogate is prepared prior to starting analyses.
5. Record all data on sample prep sheet for solid extraction.

Procedure:
1. Measure 251.3 grams NaCI and add to each 1000 mL volumetric flask. Place one large magnetic

stirring bar in flask.
2. Measure 770 mL of sample into a glass graduated cylinder. For LCS or sample blanks measure 770

mL of grade A water.
3. Add an appropriate amount of surrogate to sample in volumetric flask to yield 250 ppb in 0.4 mL of

extract.
4. Add an appropriate amount of spike to LCS, LCS Dup and matrix spikes if necessary matrix spike

dup to the sample in volumetric flask to yield 500 ppb in 0.4 mL of extract.
5. Transfer 770 mL of sample to 1000 mL volumetric flask, bring magnetic stirrer to the maximum

speed possible. (Position flask in best position on stirring plate.)
6. Stir sample until NaCI » TOTALLY dissolved.
7. Once NaCI is dissolved, add 160 mL of CH,CN to sample while spinning by magnetic stirring.

Add CHjCN slowly to allow all entrapped air to escape and not overflow volumetric flask.
8. After CH3CN has been added, allow sample to stir for a minimum of 15 minutes. Ensuring all

CH3CN is completel) mixed into sample.
9. Turn off magnetic slirrer and wait 20 minutes for CH]CN layer to develop at top of sample.
10. Transfer CHjCN layer from 1000 mL volumetric flask to 100 mL volumetric flask. At this time a

small amount of salt water will not affect the analysis.
11. Add 10 mL of CH,CN to 1000 mL volumetric flask and repeat steps 8 through 10.
12. Add a small stirring bar to 100 mL volumetric flask. Then add 84 mL of saltwater to 100 mL

volumetric flask. (325 g NaCI/L water.)
13. Stir volumetric flask for a minimum 15 minutes ensuring CH3CN is completely mixed in with salt water.
14. Tum off stirrer and allow CHjCN layer to develop for 20 minutes.
15. Transfer CH3CN layer from 100 mL volumetric flask to graduated centrifuge tube, ensuring no salt

water is transferred A small amount of saltwater will produce a large solvent front degrading the
sample chromaiograph. Salt will also build up on the column shortening the column life and
lessening column efficiency.

16. Add 1.0 mL of CH,CN to 100 mL flask and repeat steps 13 through 15.
NOTE: If samples will not be analyzed immediately, STOP at this point until samples will be analyzed.
Tetryl will slowly decompose in the presence of water; to prevent this, water is not added until just prior
to sample analysis.
17. Place centrifuge tubes on N-evap apparatus and concentrate samples to 0.4 mL. DO NOT EVAPORATE

SAMPLE TO DRYNESS. If sample is evaporated to apparent dryness, discard and re-extract.

18. Add 1.2 mL acidified Dl water to centrifuge tube. Filter extract through 0.45 jim filter to remove
any suspended panicles.

19. Transfer extract to sample vial.
20. Place all glassware on cart, and place at glassware prep station.
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APPENDIX 2: EXTRACTION PROCEDURE FOR EXPLOSIVE SOLID SAMPLES

Setup:
1. Calibrate open top balance.
2. Measure out 2 grams of building sand for each QC sample.
3. Prepare CaCl2 using 5 grams per liter of DI water. This solution is used to remove -by coagulation-

any clay that may be in the samples.
4. Rinse all glassware with CH3CN prior to use to prevent possible contamination.
5. Assure sufficient spiking solution and surrogate is prepared prior to starting analyses.
6. Record all data on prep sheet.
Procedure:
1. If screening results indicate less than 1 % contamination, then no special handling requirements are

required. If sample screening results are 1% or greater special instructions are required before
proceeding beyond this point.

2. Measure 5 to 10 grams of solid matrix into small plastic weighing tray and place in drying oven. Dry
sample to apparent dryness in drying oven. This step may take several hours depending on liquid in the
sample.

3. Sift sample through sieve (30 mesh). Transfer 2.0 grams of sample from sieve tray to scintillation vial.
4. Add an appropriate amount of surrogate to sample in scintillation vial to yield 250 ppb in 0.4 mL of extract
5. Add an appropriate amount of spike to LCS, LCS Dup, matrix spike and, if necessary, matrix spike

Dup to the sample in the scintillation vial to yield 500 ppb in 0.4 mL of extract.
6. Add enough CH3CN to total 10 mL of liquid (surrogate, CH3CN, and if appropriate, spiking

solution) to each vial. Cap and gently stir to mix contents.
7. Mix sample on vortex mixer for 30 seconds or until sample is completely mixed with solvent which

ever takes longer.
8. Place samples in vial rack in sonicator.
9. Turn on chiller unit and set temperature to be al least a minimum of 5 degrees less then room

temperature. Turn on sonicator.
10. Place samples in sonicator and record date and time on prep sheet. Cover sonicator with cover.

Sonicate for 18 hours.
11. After 18 hours in the sonicator, remove samples. If no other samples are to be sonicated, turn off

chillier and sink. Let samples settle for 30 minutes. If there are more samples to be extracted, repeat
steps 4 through 11.

12. Transfer 5 mL of sample from vial to centrifuge tube, filtering extract if extract is still cloudy after
the 30 minute settling time.

NOTE: If samples will not be analyzed immediately, STOP at this point until samples will be analyzed.
Tetryl will slowly decompose in the presence of water. To prevent this, water is not added until just prior
to sample analysis.
13. Place centrifuge tubes on N-evap apparatus and evaporate samples to 0.4 mL. DO NOT EVAPORATE

SAMPLES TO DRYNESS. If a sample is evaporated to apparent dryness, discard and re-extract.
14. Add 1.2 mL of acidified DI water. If the solution is cloudy from suspended clay, add instead 1.2 mL

of CaCl2 solution to remove any clay from suspension in the extract. All standards and samples will
then need to be brought to volume with the CaCl2 solution.

15. Transfer extract from centrifuge tube to HPLC micro vial, filtering extract through 0.45 um filter to
remove any suspended particles.
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APPENDIX 3: SCREENING METHOD FOR METHOD EPA-8330

The following equipment (or equivalent) may be used:
125 mL wide mouth sample jars
Wooden spatulas
PTFE syringe filters, 0.45 nm, 25 mm
30 cc disposable syringes
Developer solution, 10w% Tetrabutylammonium hydroxide
Solution of known concentration, TNT standard
Acetone
Spec 20 spectrophotometer or equivalent
Balance, one place accuracy or greater
Vortex mixer

Waste container
SAMPLE EXTRACTION. PREPARATION AND ANALYSIS:
To ensure reproducible, qualitative results make sure the sample is homogeneous and, if a soil, contains
<10% moisture.
A. Weigh out 10 ±0.1 grams or measure 10 ±0.1 mL into a sample bottle.

B. Add 50 mL of Acetone for soils, 40 mL of Acetone for waters, and 50 mL of Acetone for the
known.

C. Mix with the vortex mixer for 30 seconds minimum or until the sample appears to be well mixed.
D. -Let the sample settle for 5 minutes minimum.
E. Repeat steps A-D for each sample.
F. Repeat steps A-D with sand or DI water for a suitable blank.

G. To prepare a known solution, add 25 uL of 1000 ppm TNT solution to another appropriately
prepared blank solution and proceed.

H. Using a 30 cc syringe, draw a 25 mL aliquot of the liquid.
I. Attach a syringe filter and dispense into the sample cuvette.
J. Obtain a background Absorbance reading at 540 nm (Absjnitial) and record it on the data logsheet.

K. Add one drop of developer solution and mix for 2-4 seconds.
L. Obtain a final Absorbance reading (Absfmai). Record it on the data logsheet.

M. Multiply the Absjnjtial by 4 and enter it into the formula:

TNT (ppm) = [Absfinal - (Absinitjal x 4)]/ (0.0323)1
N. Record it on the data logsheet.
O. Repeat steps H-N for each sample.
SPECTROPHOTOMETER SETUP:

A. Energize the instrument for 30 minutes minimum.
B. Place selector switch on Transmission and zero the instrument.
C. Place the selector switch on absorbance.
REFERENCE:

A. TNT SOIL TEST SYSTEM, Ensys, Inc., RTP, NC
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APPENDIX 4: EXPLOSIVES AND TNT DEGREDATION PRODUCTS

METHOD 8330

Explosives:

HMX

RDX

Tetryl

2,4,6-TNT

PETN

Bursting/High Explosives, Impurity in RDX manufacture

Bursting/High Explosives

Auxiliary Explosive ie, Initiators, Primers and Detonators

Auxiliary Explosive ie, Initiators, Primers and Detonators

Auxiliary Explosive ie, Initiators, Primers and Detonators

TNT Metabolites:

1,3,5-TNB

1.3-DNB

NB

2-AM-4.6-DNT

4-AM-2.6-DNT

2,4-DNT

2,6-DNT

2-NT

4-NT

3-NT

Photochemical decomposition product

Impurity in production grade TNT

Reduction product

Anaerobic biodegradation product

Aerobic biodegradation product

Impurity in production grade TNT

Impurity in production grade TNT

Reduction product

Reduction product

Reduction product
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1.0 STANDARD OPERATING PROCEDURE FOR ACID DIGESTION OF TOTAL RECOVERABLE
OR DISSOLVED METALS IN SURFACE AND GROUNDWATER SAMPLES FOR ANALYSIS BY
ICP OR ICP-MS

2.0 PURPOSE

To describe the manner in which surface and groundwater samples for Inductively
Coupled Plasma (ICP) and Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)
analysis are digested by EPA SW-846 Method 3005A. Samples digested by this
procedure are applicable for analysis by SW-846 methods.

3.0 DISCUSSION

This procedure deviates from Method 3005A as follows: sample and reagent volumes
are half of the method recommendations.
3.1 Total Recoverable Metals - The entire sample is acidified with nitric acid at the

time of collection. This sample is then refluxed with nitric acid and hydrochloric
acid until the volume is reduced. The sample is diluted to a final volume, and then
is ready for analysis.

3.2 Dissolved Metals - The sample is filtered at the time of collection. The liquid phase
is acidified at the time of collection with nitric acid. Samples for dissolved metals
do not need to be digested, as long as the acid concentration in the standards
matches the acid concentration in the samples.

4.0 DEFINITIONS

4.1 Blank - Type I water that has been taken through the digestion process. The blank
is used to determine the amount of background contamination.

4.2 Laboratory Control Sample (LCS) - A certified reference material that has been
taken through the digestion process. The LCS is used to determine digestion
accuracy and to determine if the digestion process is in control.

4.3 Laboratory Control Sample Duplicate (LCS DUP) - A duplicate of the LCS. The
LCS DUP is used to determine reproducibility and to indicate precision.

4.4 Matrix Spike (MS) - A sample that has added to it a known amount of solution
containing known concentrations of analytes. The MS is used to determine the
presence or absence of interferences and matrix effects in the digested sample.

4.5 Matrix Spike Duplicate (MSD) - A duplicate of the MS. The MSD indicates
reproducibility.

4.6 Sample Duplicate (DUP)-A duplicate of a sample. The DUP indicates
reproducibility.

4.7 Type II water - Water that conforms to the following performance specifications:

Electrical resistivity, min., 1.0
Total organic carbon, max., ug/L 50
Sodium, max., ug/L 5
Chlorides, max., ug/L 5
Total silica, max., ug/L 3

Type II water is dispensed throughout the laboratory through a centralized
distribution system.

4.8 Type I water - Water that conforms to the following performance specifications:

General Engineering Laboratories, LLC
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Electrical resistivity, min., 16.67
Total organic carbon, max., |ig/L 100
Sodium, max., ug/L 1
Chlorides, max., ug/L 1
Total silica, max., ug/L 3

Type I water is dispensed within the metals prep lab by the "MilliQ" water system.

4.9 HNO3 - Concentrated reagent grade 70.9% nitric acid.

4.10 HC1 - Concentrated reagent grade 37% hydrochloric acid.

5.0 PROCEDURES
A batch consists of samples of the same matrix and quality control (QC) samples that are
digested together. Each of the quality control samples listed in section 4.1 through 4.6
must be included in each batch at the frequency listed or as per client request. The blank,
LCS and/or LCS DUP are digested at a frequency of one in 20 or per batch, whichever is
more frequent. The MS, MSD and/or DUP are digested at a frequency of one in 20 or
per batch, whichever is more frequent, or per specific client/program requirements.

5.1 Glassware preparation:

5.1.1 Glassware that has been cleaned according to "Glassware Preparation" (GL-
LB-E-003) is soaked in a water and acid mixture for at least 30 minutes.

5.1.2 After soaking, the glassware is rinsed with copious quantities of Type II
or Type I water, then inverted over clean, absorbent paper or onto a rack
for drying.

5.2 Label Teflon beakers or centrifuge tube with the sample numbers in the batch.

5.3 Mix the sample to achieve homogeneity. Transfer a 50 mL aliquot of sample to the
appropriately labeled beaker with a graduated cylinder. (If centrifuge tube is used, it
must be calibrated before usage).

5.4 Quality control samples are prepared prior to digestion.

5.4.1 The beaker or tube to be used for the blank, MS, MSD and/or DUP, LCS
and/or LCS DUP is labeled.

5.4.2 Unless otherwise noted, at least 50 mL of the sample is transferred to the
MS, MSD and/or DUP beaker or tube.

5.4.3 Unless otherwise noted, 50 mL of Type I water is transferred to the LCS
and/or LCS DUP beaker or tube.

5.4.4 The MS, MSD, LCS, and/or LCS DUP are spiked with known amounts of
spiking solution.

5.4.5 The Teflon beaker or centrifuge tube to be used for the blank is labeled.
50 mL of Type I water is transferred to the beaker or tube. No spike or
sample is added to the blank.

5.5 Sample digestion:

5.5.1 Add I mL of HNO3 and 2.5 mL of HC1 to the samples and quality control
samples.
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5.5.2 Cover the sample with a watchglass and heat the sample to 90 to 95° C
until the sample volume is reduced to 7.5 to lOmL.

5.5.3 Do not allow the sample to go to dryness. Do not allow the sample to boil.

5.5.4 Remove the sample from the hot plate or block.

5.5.5 Allow the sample to cool.

5.5.6 If the sample contains paniculate material that could clog the nebulizer, if
necessary, you may filter or centrifuge the sample.

5.5.6.1 Be advised that filtration is a common cause of contamination.
If a sample is filtered any QC associated with the sample must
also be filtered. Additionally, if any sample in the batch is
filtered the method blank and laboratory control sample must
also be filtered.

5.5.7 Transfer the sample to a labeled centrifuge tube.

5.5.8 Dilute the sample to 50 mL with Type I water.

5.5.9 Cap the samples, organize them into a storage container, and label the
storage container w. ith the batch number of the sample group.

6.0 SAFETY, HEALTH AND ENVIRONMENTAL HAZARDS
WARNING

CONCENTRATED HCI AND UNO, ARE EXTREMELY CORROSIVE AND CAN CAUSE
SEVERE BURNS TO TIIL SKIN

6.1 Wear eye protection M ith side shields while performing procedures in the laboratory.

6.2 All chemicals and samples should be treated as a potential health hazard and
exposure to these chemicals must be reduced to the lowest level possible. GEL
maintains a current awareness file of Occupational Safety and Health Administration
(OSHA) regulations regarding the safe handling of the chemicals. A reference file of
Material Safety Data Sheets (MSDS) and individual client sample MSDSs are also

6.3 PlJMfl^rtcctivc equipment

6.3.1 Disposable gloves arc worn and changed frequently when working with
acids, glassuarc. or samples. Dirty gloves pose a contamination hazard to
the samples. Gloves that have holes can be dangerous to the wearer by
allowing acids and toxic metals to come in contact with the skin.

6.3.2 Hood doors are pulled down partially while digesting samples. Acidified
samples can splash and pop as they are being heated.

6.3.3 To protect clothes and skin from being exposed to corrosive material, wear a
lab jacket.

6.4 Prior to handling radioactive samples analysts must have had radiation safety
training and understand their full responsibilities in radioactive sample handling.
Some general guidelines follow:

6.4.1 Wear plastic apron over lab coat when working with radioactive samples.
6.4.2 Protect counier tops w ith counter paper or work from radioactive sample

handling trays.
6.4.3 Prohibit admittance to immediate work area.
6.4.4 Post signs indicating radioactive samples are in the area.
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6.4.5 Take swipes of the counter tops upon completion of work. Deliver those
swipes to the designated swipe count box.

6.4.6 Segregate radioactive wastes. Radioactive waste containers are obtained
from the Waste Management.

6.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

6.5.1 Segregate solid wastes from liquid wastes in the satellite area containers.

6.5.2 Segregate oil wastes from water-soluble wastes in the satellite area
containers.

6.6 In the event of an accident or medical emergency call for help immediately. When
time and safety permit, an accident report form should be completed and turned in
to the safety committee.

6.7 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition, fire safety equipment such as fire extinguishers is located in the
lab. Training is available on the proper operation of this equipment.

7.0 RECORDS MANAGEMENT

7.1 Upon completion of batch preparation, digestion data shall be entered into the
LIMS Prep Logbook (see Appendix 1) following the guidelines in GL-LB-E-008
for "Basic Requirements for the Use and Maintenance of Laboratory Notebooks,
Logbooks, Forms, and Other Record Keeping Devices."

7.2 Data to be entered into the logbook includes analyst name, prep data and time,
initial volume or weight with units, and final volume with units.

7.3 Standards and reagents may also be entered into the logbook and fall under the
guidelines of GL-LB-E-015 for "Control of Laboratory Standards," and GL-LB-E-
007 for "Laboratory Standards Documentation."

7.4 Upon entry of prep data, obtain a printout of the logbook. The analyst listed on the
logbook should sign and date the page near their printed initials. The logbook page
is kept with the samples with which it is associated.

7.5 The entry of correct prep data is peer reviewed (correct dates, times, weights,
volumes, SOP/revision, spikes, spike amounts and reagent information, etc.) Once
data is reviewed, the batch is statused to DONE in LIMS, the logbook is signed and
dated by the reviewer and the batch is ready for analysis.

7.6 Before a batch is to be peer reviewed, commit the analyst, date, time, initial
volume, initial volume units, final volume, and final volume units into the
Laboratory Information Management System.

8.1 LABORATORY WASTE
For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.

9.0 REFERENCES
9.1 Test Method for Evaluating Solid Waste. Physical/Chemical Methods. SW-846,

Method 3005A, Revision 1, July 1992.

9.2 1992 Annual Book of ASTM Standards. D1193-91, "Standard Specification for
Reagent Water"
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1.0 STANDARD OPERATING PROCEDURE FOR THE ACID DIGESTION OF SEDIMENTS,
SLUDGES, AND SOILS

2.0 PURPOSE
To describe the manner in which sediments, sludges and soils for Inductively Coupled
Plasma (ICP) and Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) analysis are
digested by EPA SW-846 Method 3050B. Samples digested by this procedure are
applicable for analysis by SW-846 methods.

3.0 DISCUSSION

A representative portion of sample is digested with nitric acid and hydrogen peroxide.
This digestate is then refluxed with hydrochloric acid for ICP analysis only. This
procedure deviates from Method 3050B in that sample volumes are half the method
recommendations.

4.0 DEFINITIONS
4.1 Blank - Type I water that has been taken through the digestion process. The

blank is used to determine the amount of background contamination.

4.2 Laboratory Control Sample (LCS) - A certified reference material that has been
taken through the digestion process. The LCS is used to determine digestion
accuracy and to determine if the digestion process is in control.

4.3 Laboratory Control Sample Duplicate (LCS DUP) - A duplicate of the LCS. The
LCS DUP is used to determine reproducibility and to indicate precision.

4.4 Matrix Spike (MS) - A sample that has added to it a known amount of solution
containing known concentrations of analytes. The MS is used to determine the
presence or absence of interferences and matrix effects in the digested sample.

4.5 Matrix Spike Duplicate (MSD) - A duplicate of the MS. The MSD indicates
reproducibility.

4.6 Sample Duplicate (DUP) - A duplicate of a sample. The DUP indicates
reproducibility.

4.7 Type II water - Water that conforms to the following performance specifications:

Electrical resistivity, min., 1.0
Total organic carbon, max., u/L 50
Sodium, max., ug/L 5
Chlorides, max., ug/L 5
Total silica, max., ug/L 3

Type II water is dispensed throughout the laboratory through a centralized
distribution system.

4.8 Type I water - Water that conforms to the following performance specifications:

Electrical resistivity, min., 16.67
Total organic carbon, max., ug/L 100
Sodium, max., ug/L 1
Chlorides, max., ug/L 1
Total silica, max., ug/L 3

Type I water is dispensed within the metals prep lab by the "MilliQ" water system.
4.9 HNO3 - Concentrated reagent grade 70.9% nitric acid.
4.10 HC1 - Concentrated reagent grade 37% hydrochloric acid.
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4.11 H2O2 - Concentrated 30% hydrogen peroxide.

5.0 PROCEDURES

A batch consists of samples of the same matrix and quality control (QC) samples that are
digested together. Each of the quality control samples listed in section 4.1 through 4.6,
must be included in each batch at the frequency listed or as per client request. The blank,
LCS, and/or LCS DUP are digested at a frequency of one in 20 or per batch, whichever is
more frequent. The MS, MSD and/or DUP are digested at a frequency of one in 20 or
per batch, whichever is more frequent, or per specified client/program requirements.

5.1 Glassware preparation:

5.1.1 Glassware that has been cleaned according to "Glassware Preparation" (GL-
LB-E-003) is soaked in a water and acid mixture for at least 30 minutes.

5.1.2 After soaking, the glassware is rinsed with copious quantities of Type II or
Type I water and then inverted over clean, absorbent paper or onto a rack
for drying.

5.2 Label the Teflon beakers or centrifuge tube with the sample numbers in the batch.
If centrifuge tube is to be used, it must be calibrated before usage. See SOP GL-
LB-E-026 for centrifuge testing procedure.

5.3 Mix the sample to achieve homogeneity. Weigh approximately 0.5 grams of
sample. Transfer the weighed sample to the appropriately labeled Teflon beaker
or centrifuge tube.

5.3.1 Sample aliquots should not be taken from the top of an unmixed sample
because large particles tend to rise in solid matrixes and heavy materials
tend to sink in liquid matrixes.

5.3.2 Powdered samples may be homogenized by gently rocking the sample side
to side. Then a representative aliquot may be taken from the center of the
powder.

5.3.3 Other matrixes must be stirred, turned or mixed before sampling.

5.4 Quality control samples are prepared prior to digestion.

5.4.1 The beaker or tube to be used for the blank, MS, MSD and/or DUP, LCS,
and/or LCS DUP is labeled.

5.4.2 Weigh approximately 0.5 of sample and transfer to the MS, MSD and/or
DUP beaker or tube.

5.4.2.1 The MS. MSD, LCS and/or LCS Dup are spiked with known
amounts of spiking solution.

5.4.3 Select a LCS. Mix the LCS to achieve homogeneity. Weigh approximately
0.5 of the sample and transfer to the LCS and/or LCS DUP Teflon beaker or
centrifuge tube.

5.4.4 The blank beaker or tube is labeled and no water, spike, or sample is added
to it.

5.5 Add 2.5 mL HMO3 to the samples and quality control samples.

5.6 Gently swirl the sample acid mixture.

5.7 Cover the sample with a watch glass and heat the sample on a hot plate/block to
near boiling. Reflux the sample for 10 to 15 minutes.
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5.8 Remove the sample from the hot plate or block and allow the sample to cool.
5.9 Add 2.5 mL of concentrated HNO3, replace the watch glass and reflux for 30

minutes.

5.10 Using a ribbed watchglass or vapor recovery system, allow the solution to
evaporate to approximately 0.5 mL without boiling, or heat for 2 hours.

5.10.1 Remove the sample from the hot plate or block and allow the sample to
cool.

5.11 Add 1.5 mL of H2O2 and 1.0 mL of Type I water. Return the sample to the hot
plate or block and allow the peroxide reaction to occur. Continue to add H2O2 to
the sample until the effervescence subsides. Do not add more than 5 mL H2O2.

5.11.1 Cover the sample with a ribbed watchglass, heating the acid-peroxide
digestate until the volume is reduced to approximately 2.5 mL, or heat at
95° C ± 5° C without boiling for 1 hours.

5.12 If the sample is being prepared for ICP:

5.12.1 Remove the sample from the hot plate or block. Allow sample to cool.
5.12.2 Add 5 mL of concentrated HC1. Return the covered beaker or tube to the

hot plate or block and reflux, without boiling, for 15 minutes.
5.12.3 Remove the sample from the hot plate/block.
5.12.4 Allow the sample to cool.
5.12.5 Dilute the sample to 50 mL with Type I water
5.12.6 Cap and shake the sample.
5.12.7 Organize the samples in a storage container and label the container with the

batch number of the sample group.

5.13 If the sample is being prepared for ICP-MS analysis:

5.13.1 Do not allow the sample to go to dryness.
5.13.2 Remove the sample from the hot plate or block.
5.13.3 Allow the sample to cool.
5.13.4 Dilute the sample to 50 mL with Type I water.
5.13.5 Cap and shake the sample.
5.13.6 Filter each sample with a 2.0 urn pore size plunger type filter (PTF grade) or

allow to settle overnight.
5.13.7 Organize the samples in a storage container and label the container with the

batch number of the sample group.

5.14 If the sample contains paniculate material that could clog the nebulizer, if
necessary, you may filter or centrifuge the sample.

5.5.14.1 Be advised that filtration is a common cause of contamination. If
a sample is filtered any QC associated with the sample must also
be filtered. Additionally, if any sample in the batch is filtered the
method blank and laboratory control sample must also be filtered.

6.0 SAFETY, HEALTH AND ENVIRONMENTAL HAZARDS

WARNING
CONCENTRATED HCI AND HNO3 ARE EXTREMELY CORROSIVE AND CAN CAUSE
SEVERE BURNS TO THE SKIN.
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CONCENTRATED 30% H2O2 IS A VIOLENT OXIDIZER. KEEP AWAY FROM OPEN
FLAMES AND RINSE WITH WATER IF SKIN CONTACT OCCURS.
6.1 Wear eye protection with side shields while performing procedures in the lab.

6.2 Treat all chemicals and samples as a potential health hazard and reduce exposure
to these chemicals to the lowest level possible. GEL maintains a current
awareness file of OSHA regulations regarding the safe handling of the chemicals.
A reference file of Material Safety Data Sheets (MSDS) and individual client
sample MSDSs are also maintained.

6.3 Personal protective equipment

6.3.1 Disposable gloves are worn and changed frequently when working with
acids, glassware, or samples. Dirty gloves pose a contamination hazard to
the samples. Gloves that have holes can be dangerous to the wearer by
allowing acids and toxic metals to come in contact with skin.

6.3.2 Hood doors are pulled down partially while digesting samples. Acidified
samples can splash and pop as they are being heated.

6.3.3 To protect clothes and skin from exposure to corrosive material, wear a
lab jacket.

6.4 Prior to handling radioactive samples analysts must have had radiation safety
training and understand their full responsibilities in radioactive sample handling.
Some general guidelines follow:

6.4.1 Wear plastic apron over lab coat when working with radioactive samples.
6.4.2 Protect counter tops with counter paper or work from radioactive sample

handling trays.
6.4.3 Prohibit admittance to immediate work area.
6.4.4 Post signs indicating radioactive samples are in the area.
6.4.5 Take swipes of the counter tops upon completion of work. Deliver those

swipes to the designated swipe count box.
6.4.6 Segregate radioactive wastes. Radioactive waste containers are obtained

from the Waste Management.

6.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

6.5.1 Segregate solid wastes from liquid wastes in the satellite area containers.

6.5.2 Segregate oil wastes from water-soluble wastes in the satellite area containers.

6.6 In the event of an accident or medical emergency call for help immediately.
When time and safety permit, an accident report form should be completed and
turned in to the safety committee.

6.7 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition, fire safety equipment such as fire extinguishers is located in
the lab. Training is available on the proper operation of this equipment

7.0 RECORDS MANAGEMENT
7.1 Upon completion of batch preparation, digestion data shall be entered into the

LIMS Prep Logbook (see Appendix 1) following the guidelines in GL-LB-E-008
for "Basic Requirements for the Use and Maintenance of Laboratory Notebooks,
Logbooks, Forms, and Other Record Keeping Devices."
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7.2 Data to be entered into the logbook includes analyst name, prep data and time,
initial volume or weight with units, and final volume with units.

7.3 Standards and reagents may also be entered into the logbook and fall under the
guidelines of GL-LB-E-015 for "Control of Laboratory Standards," and GL-LB-
E-007 for "Laboratory Standards Documentation."

7.4 Upon entry of prep data, obtain a printout of the logbook. The analyst listed on
the logbook should sign and date the page near their printed initials. The logbook
page is kept with the samples with which it is associated.

7.5 The entry of correct prep data is peer reviewed (correct dates, times, weights,
volumes, SOP/revision, spikes, spike amounts and reagent information, etc.)
Once data is reviewed, the batch is statused to DONE in LIMS, the logbook is
signed and dated by the reviewer and the batch is ready for analysis.

8.1 LABORATORY WASTE

For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.

9.0 REFERENCES
9.1 Test Method for Evaluating Solid Waste; Laboratory Manual Physical/ Chemical

Methods. Method 3O5OB, Revision 2, December 1996.

9.2 1992 Annual Book of ASTM Standards. Standard Dl 193-91, "Standard
Specification for Reagent Water."
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APPENDIX 1: SAMPLE PREP LOGBOOK

(for illustrative purposes only)
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1.0 STANDARD OPERATING PROCEDURE FOR DETERMINATION OF METALS BY ICP

2.0 METHOD CODES
2.1 EPA SW-846 Method 6010B
2.2 EPA Method 200.7
2.3 EPA Method 200.7 CLP-M (modified Contract Laboratory Program)
2.4 Customer contract specifications.

3.0 METHOD OBJECTIVE AND PURPOSE

This standard operating procedure (SOP) describes the procedure for the determination of
metals with Thermo Jarrell Ash (TJA) 1CP-61E TRACE Spectrometer and the Perkin
Elmer (PE) Optima Model 4300.

4.0 METHOD APPLICABILITY AND METHOD SUMMARY

4.1 Analytes: Ag. Al. As. B. Ba. Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni,
Pb, Sb, Se, Si, SiO2. Sn. Sr, Ti, Tl. U, V, Zn, P, and S.

4.2 Applicable Matrices: These methods are applicable to the determinations of any of
the analytes listed above for various matrices including waters, oils, soils, sludges,
Toxicity Characteristic Leachate Procedure (TCLP) extracts and other more
unusual types of sample which are generally classified as a miscellaneous matrix.

4.3 General Method Summary: After samples are prepared in accordance with the sample
preparation SOP. they are analyzed by Inductively Coupled Plasma (ICP) as follows:

4.3.1 The instrument is calibrated with a minimum of two calibration points for
each element to be analyzed. The points consist of a calibration blank
solution to define the lower calibration point and at least one standard
calibration solution at the analyte concentrations to define the higher
calibration point(s). A correlation coefficient of 0.995 or better is required
for each analytc or the instrument is recalibrated for the analyte of interest.

4.3.2 Prepared client samples, check standards, and quality control samples
identified in paragraph 21.1 arc then analyzed. The check standards and
quality control samples are used to determine the quality and acceptability
of the analytical data.

4.3.3 Continuing Calibration Verification Samples (CCV) are analyzed a
minimum of every 10 samples to ensure that the instrument is continuing
to perform correctly.

5.0 METHOD SCOPE AND PERFORMANCE CHARACTERISTICS

5.1 Calibration Range: The calibration range consists of the concentrations between
the calibration blank and that of the highest calibration standard for each analyte.

5.2 Tested Concentration Range: For ICP analyses, the upper limit of the linear range is
determined by analyzing a linear range verification check standard, near the expected
linear range limit. The analytically determined concentration of this standard shall be
within ± 10% of the true value (± 5% for CLP).

5.3 Method Detection Limit studies for each analyte are performed or verified at least
quarterly. These studies are conducted and calculated in accordance with SW-846,
Chapter 1, Section 5.0. and "The Determination of Method Detection Limits" (GL-
LB-E-001). The Reported Quantitation Limit (RQL) reflects the current MDL
study. If reporting data by CLP protocol, an Instrumental Detection Limit (IDL)
study is performed quarterly in accordance with USEPA CLP, Inorganic Statement
of Work, ILM04.0.
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5.4 Method Precision: To assure analytical precision of methods used, Laboratory
Control Samples (LCS) and Laboratory Control Sample Duplicates (LCSD) are
analyzed with each batch or as method requires.

5.5 Method Bias (Accuracy): Determined by calculating recoveries of LCS of a similar
matrix.

6.0 REFERENCES

6.1 Perkin Elmer Optima 4300 Operator's Manual

6.2 Perkin Elmer Optima 4000 Series Hardware Guide

6.3 Thermo Jarre 11 Ash ICP-61E Trace Operators Manual
6.4 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/ Chemical

Methods. Volume I A. SW-846. 3fd edition. Nov. 1986. Method 60I0B. "Inductively
Coupled Plasma-Atomic Emission Spectroscopy", Rev 2, Sept. 1994. USEPA Office
of Solid Waste and Emergency Response, Washington, DC 20460.

6.5 EPA Method 200.7. Revision 5.4

6.6 USEPA CLP. Inorganic Statement of Work, ILM04.0

7.0 INTERFERENCES TO THE METHOD
ICP analysis is subject to three types of interferences:
7.1 Physical interferences are those physical properties of a sample solution that prevent

their introduction to the plasma with an efficiency equal to that of the calibration
standards. This type of interference can be corrected via the bias correction
calculation in SW-846. Chapter I. Section 5.0; through the use of an internal
standard, in accordance with the instrument operating manual; or by diluting the
sample in reagent blank solution until the percent recovery is acceptable.

7.2 Chemical interferences arc minimal in ICP Spectroscopy because the extremely
high energ) of the plasma breaks chemical bonds.

7.3 Interelemcnt Spectral Interference can be overcome by use of Interelement
Correction (IEC) factors.

8.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
WARNING

PREVENT SKIN AND EYE CONTACT BY USING SPECIFIED PERSONAL PROTECTIVE
EQUIPMENT WHEN MAKING STOCK REAGENTS.
WORK UNDER A HOOD TO PREVENT INHALATION WHEN MAKING STOCK REAGENTS.
8.1 Sample digestates are not extremely volatile or spontaneously combustible, but they are

normally acidic and should be handled with care. Small spills may generally be wiped
up with paper towels that can be disposed of in the trash. Larger spills may require the
use of a mop. The mophead may have to be disposed of as potentially hazardous waste
in accordance with the Laboratory Waste Management Plan, GL-LB-G-001. If the
spilled digcsiates begin any obvious fuming or reacting, pour a generous amount of the
acid neutralizer. located in each lab, onto the spill before attempting to clean it up.

8.1.1 Approved gloves will be worn to avoid skin contact with the digestate
during clcan-up.

8.1.2 Wear eye protection with side shields while performing procedures in the
laboratory. An eyewash station is located in each analysis lab.

8.1.2 Do not persist in cleaning up a spill in the presence of strong fumes. Move out
of the area, attempt to isolate the area, and notify your supervisor immediately.
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8.2 These instruments use high voltage electricity and therefore should be shut completely
down any time electronic components may be exposed to personnel or any liquids.

8.3 Prior to handling radioactive samples analysts must have radiation safety training
and understand their full responsibilities in radioactive sample handling. Some
general guidelines follow:

8.3.1 Protect counter tops with counter paper or work from radioactive sample
handling trays.

8.3.2 Prohibit admittance to immediate work area.
8.3.3 Post signs indicating radioactive samples are in the area.
8.3.4 Take swipes of the counter tops upon completion of work. Deliver those

swipes to the designated swipe count box.
8.3.5 Segregate radioactive wastes. Radioactive waste containers are obtained

from Waste Management.
8.3.6 For additional guidance, see "Radioactive Material Handling," (GL-RAD-

S-004), and the Laboratory Waste Management Plan, GL-LB-G-001.

8.4 Treat all chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness file
of OSHA regulations regarding the safe handling of the chemicals in the laboratory as
well as a reference file of Material Safety Data Sheets (MSDS). Individual sample
MSDS forms provided by the clients are also maintained.

8.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

8.5.1 Segregate solid wastes from liquid wastes in the satellite area containers.
8.5.2 Segregate oil wastes from water-soluble wastes in the satellite area

containers.

8.6 Never leave gas cylinders unchained or untied, even when they are on moving carts.

8.7 In the event of an accident or medical emergency call for help immediately. When
time and safety permit, an accident report form should be completed and turned in
to the safety committee.

8.8 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition, fire safety equipment such as fire extinguishers is located in the
lab. Training is available on the proper operation of this equipment.

9.0 CAUTION WARNINGS
Special care should be taken when handling HF to ensure that the acid does not come into
contact with the skin.

10.0 APPARATUS AND MATERIALS; REAGENTS; EQUIPMENT AND INSTRUMENTS
10.1 Ancillary Equipment

10.1.1 Replacement glass parts for the ICP such as quartz torch bodies, purge
extension windows, injector tips, nebulizers and spray chambers may be
ordered from an approved vendor through GEL's Purchasing Agent.

10.1.2 High purity Argon and Nitrogen Gases are provided to the ICP instruments,
via a network of pipelines, into the lab from liquid storage tanks located
outside the building. The argon and nitrogen are purchased from a GEL
approved vendor.
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11.0

12.0

13.0

10.1.3 Consumable materials such as tubing are often attainable from various
scientific product companies. The GEL Purchasing Agent can help to find
the best prices from an approved vendor. AH orders are placed through
GEL's Purchasing Agent.

10.2 Reagents, Chemicals, and Standards

10.2.1 Reagents: Reagent grade and ultrapure acids (HNO3, HC1), 5% or 1 % Li
solutions, 1000 ug/ml Scandium solution, 5% Cesium, and 1000 ug/ml
Yttrium solution.

10.2.2 Standards: See "Metals Standards" (GL-MA-E-004).

10.2.3 Other Chemicals: Additional compounds, surfactants, oils, cleaning agents,
etc. may be routinely ordered through GEL's Purchasing Agent.

10.3 Instrumentation

10.3.1 TJA ICAP 61E Trace with IBM compatible PC and printer
10.3.2 PE Optima 4300 with compatible PC and printer
10.3.3 TJA Autosampler
10.3.4 Optima Autosampler
10.3.5 Polyscience6I05 PE Chiller
10.3.6 Appropriate Nebulizer (i.e., Meinhard or Burgener Mira Mist)
10.3.7 Refrigerated recirculating bath for Trace ICP

SAMPLE HANDLING AND PRESERVATION REQUIREMENTS
11.1 Aqueous samples should be preserved with HNO3 to a pH of < 2 prior to receipt by

the analyst. Sediment samples should be kept at 4°C ±2° prior to analysis.

11.2 See "Sample Receipt, Login, and Storage" (GL-SR-E-001).

SAMPLE PREPARATION TECHNIQUES
12.1 All samples, except drinking water with Turbidity <1 NTU and samples specifically

exempted by contract, are prepared in accordance with the SOPs for Metals Digestion:
GL-MA-E-006 (USEPA SW-846 Method 3005A), GL-MA-E-008 (USEPA SW-846
Method 3010A), GL-MA-E-009 (USEPA SW-846 Method 3050A), GL-MA-E-015
(USEPA SW-846 Method 3051), and GL-MA-E-012 (CLP Method ILM04.0). Other
digestion procedures may also be used.

12.2 Additional filtration may be required to prevent clogging of sample introduction
system.

12.3 Sample spills should be handled as stated in Section 8.1.
EQUIPMENT AND INSTRUMENT MAINTENANCE
Routine Preventative and Special Operational (Failure)

13.1 Routine Preventative Maintenance (PM) is recommended as follows:

Frequency
When Needed

Procedure
Oil the peristaltic pump with silicon spray
Replace peripump sample introduction tubing
Change pump hoses on drain systems
Check drain waste collection containers and empty as needed
Clean/replace nebulizer
Clean/replace torch. Align according to manufacturer's specifications
Clean/replace air filters
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13.2 Non-Routine Maintenance Procedures (Special, Operational or Failure Mode
Maintenance)

13.2.1 1 f the instrument will not function properly see the trouble shooting section
in the appropriate operator's manual.

13.2.2 If the analyst is unable to fix the instrument, call the GEL Instrument
Technician, and if needed, the manufacturer's Service Department.

13.3 See ICP Maintenance Logbook for routine records. Preventative maintenance and
service should be recorded in the maintenance logbook.

14.0 PREPARATION OF STANDARD SOLUTION AND QUALITY CONTROL SAMPLES

14.1 Source standards records are recorded in the Metals Source Standards Logbook, which
is maintained in the Metals laboratory. The preparation of working standards is fully
described in the "Maintain Reference Materials" application in ALPHA LIMS.

14.2 Standards are receipted, labeled, prepared and stored in accordance with GL-LB-E-
007 for Laboratory Standards Documentation and GL-LB-E-015 for Control of
Laboratory Standards.

15.0 INSTRUMENT CALIBRATION

15.1 Calibration and sample analysis are conducted automatically using the autosampler.
(Samples can also be analyzed manually.)

15.1.1 Profiling: All analytical channels were aligned within specifications during
initial installation or realigned after relocation of the instrument by profiling
dail). all elements will be peak-on-center. Profiling should be done after
plasma warm-up prior to sample analysis and verified routinely during the day
(more frequent I \ on days with high temperature and humidity fluctuations).

15.1.1.1 Operate/Profile instrument using the procedures found in the
corresponding ICP Operator's or Hardware Manual.

15.1.1.2 On the TJA Trace ICP. the profile spectrum shift position should
fall within +/- 0.1 spectrum shift units. If the profile exceeds this
range, recalculate the new spectrum shift position. Repeat the
recommended profiling procedure as necessary to attain the +/-
0.1 spectrum shift specification.

15-1.1.3 The PE Optima 4300 is autoprofiled using an Hg lamp.
15.1.1.4 When an acceptable profile is attained, print the graphical profile

and display and record the profile data in the appropriate profile
logbook.

15.1.2 Standardization: Standardization is required every twenty-four hours in
which the instrument will be used. Additionally, ^standardization and/or
recalibration is required when calibration checks fail.

15.2 Calculations arc described in the instrument manuals.
15.3 Calibration standards may vary according to method. A minimum of a blank and

standard arc required, but a typical calibration uses a blank and three standards of
varying concentration. For the multiple standard curve, the correlation coefficient (R)
must be equal to or greater than 0.995.

15.4 For typical (recommended) calibration standards refer to Appendix 2.
15.5 For continuing calibration requirements see Section 21.
15.6 For actions concerning a calibration verification failing to meet requirements, see

Section 21.3.
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16.0 INSTRUMENT PERFORMANCE REQUIREMENTS

16.1 Before samples may be analyzed the instrument must be calibrated and verified
using a calibration standard readback analyses (for CLP only), an Initial Calibration
Verification (1CV) which is prepared from an independent source, an Initial
Calibration Blank (1CB), Interference Check Sample(s) (ICS-A, ICS-AB) and
Practical Quantitation Limit (PQL or CRI). These must meet the requirements
stated in Section 21.2 for each analyte being reported, unless specified otherwise by
the client or contract.

16.2 The instrument calibration and all continuing verification data is maintained on the
printed hard copy and electronically saved onto the computer network. The
printouts are kept in chronological order by instrument. Recent files are stored in
the respective metals laboratories and older records are archived in the warehouse.

17.0 ANALYST AND METHOD VERIFICATION REQUIREMENTS

17.1 Analyst training is conducted in accordance with "Employee Training" (GL-HR-E-
002).

17.2 Method performance is verified by the conductance of MDL studies in accordance
with the "The Determination of Method Detection Limits" (GL-LB-E-001), and by
the evaluation of laboratory proficiency samples (audits).

18.0 ANALYSIS PROCEDURES AND INSTRUMENTAL OPERATION

18.1 All samples are introduced to the instrument via a peristaltic pump. The amount of
sample entering the instrument is dependent on the pump speed, the diameter of the
pump tubing, and the nebulizer efficiency.

18.2 Run Sequence

18.2.1 Calibration sequence (may vary slightly under different autosampler
files/see Appendix 2 also).

SO (reagent blank-3% HCI/l%rfNO3)
SO. I (100 ppb standard)
S0.5 (500 ppb standard)
SCAL (1000 ppb standard)

S10 (20-50 ppm standard)

18.2.2 The calibration verification steps include:

Calibration Standard Readbacks (required for CLP only)

1CV
ICB
PQL (required for 6010B)
CRI (required for CLP)
ICS-A
ICS-AB
CCV (required for CLP prior to sample analysis)
CCB (required for CLP prior to sample analysis)

18.2.3 Samples (10 samples or less)

18.2.4 Continuing Calibration Verification (CCV) and Continuing Calibration
Blank (CCB)

18.2.5 Repeat steps 18.2.3 and 18.2.4 through the end of the run or until
applicable verification is out of specifications.

18.2.6 Final verification steps in order:

General Engineering Laboratories, LLC
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CRI (required for CLP only)
ICS-A (required for CLP only)
ICS-AB (required for CLP only)
CCV
CCB

18.3 For data storage see section 24.1.

18.4 General operation of the instrument

18.4.1 The Thermo Jarrell Ash 61E TRACE is a simultaneous axial inductively
coupled argon plasma emission spectrometer. As configured for General
Engineering Laboratories, LLC, it is capable of analyzing 32 elements: Ag,
Al, As, B. Ba. Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, Sb,
Se. Si, SiO2, Sr, Ti, Sn, Tl, U, V, and Zn. The operating software of the
system is a menu driven type.

18.4.2 The Perkin Elmer Optima 4300 is a simultaneous, dual view, inductively
coupled, argon plasma emission spectrometer. As configured for General
Engineering Laboratories, LLC, it is capable of analyzing 33 elements: Ag,
Al, As, B. Ba. Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S,
Sb, Se, Si, SiO2, Sr, Ti, Sn, Tl, U, V, and Zn. The operating software of the
system is a menu driven type.

18.4.3 Typical Analysis Problems

18.4.3.1 Sample Overrange: If an analyte is saturated for a sample, even if
this element is not required, it is advisable to dilute the sample to an
acceptable range and rerun, especially if the saturated element is an
interferant on an analyte. Dilutions are required if the value of an
analyte exceeds 100% of the working linear range when the element
of interest is being reported, or is interfering with an element that
will be reported. Dilution factors must be taken into account when

, reporting final values. Additionally, further rinse and/or an
acidified rinse solution may be required before continuing with the
next sample.

18.4.3.2 Torch/Sample Introduction Drift: Various changes in torch
plasma conditions, sample introduction, or other external factors
can have a great effect on the analysis.

• If sample introduction drift is suspected several items should be
reviewed. Check the peristaltic pump tubing for wear and replace
as needed. Check the internal standard to make sure it is being
introduced to the instrument at a constant rate. Check the
nebulizer to ensure that it's free of clogs and that the spray is a
continuous mist.

• Profile drift may mimic torch/sample introduction drift.
Reprofiling should be done routinely. Profile drift is a function
of temperature and should be checked more frequently when
large temperature swings are observed. During an analytical run
profile drift is evident when a clean blank shows significant
deviation from zero. As suggested by the manufacturer, two
elements to track for this problem are Na and Al.
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• Tubing connections may become loose, allowing air to bubble
into the sample path. Tighten or replace tubing connection as
necessary.

18.5 Power switches and auxiliaries are addressed in detail in the appropriate operator's
manual and/or hardware guide.

18.6 Start-up and shutdown procedures are addressed in detail in the appropriate
operator's manual and/or hardware guide.

18.7 Sample quantity requirements vary based on several different factors such as
nebulizer type, diameter of tubing, and pump rate.

18.8 Autosampler can be used with various nebulizers by attaching the sample
introduction tube to the autosampler sample tube. The autosampler rinse should be
setup by connecting the autosampler rinse tubing to the peristaltic pump in the

19.0 CALdOfSHTORfe AND DATA REDUCTION METHODS

19.1 Any dilutions, concentrations, or preparation factors must be taken into account
prior to reporting data to a client. The appropriate factors are entered into LIMS.

19.2 Care must be taken that the correct units are being employed. Analytical results
originating from the 61E TRACE/Optima are reported in ppb or pg/L.

20.0 DATA RECORDING
20.1 The 61-E TRACE data is generally stored on the network as a database file named

SAMPLES.DBF and printed at the instrument as each sample is analyzed. The
Optima 4300 is stored on the Network as a CSV file.

20.2 ICP samples and standards are generally analyzed in three replicates (minimum of 2)
and the reported value is the average of the replicates. At times one replicate may be
removed due to an attributable cause. This attributable cause should be documented
on the hard data (i.e. third replicate ran out of volume). The average of the two
remaining replicates are subsequently recalculated prior to reporting the data to the
client. The data for individual replicates is printed on the hard data along with the
average, but only the average of the replicates is typically stored in the Trace
computer.

20.3 Data is retrieved by the data entry personnel where unused data can be eliminated,
dilution factors entered, and conversions made prior to uploading to the Laboratory
Information Management System (ALPHALIMS).

21.0 QUALITY CONTROL REQUIREMENTS

21.1 Frequency of Quality Control Activities (see Appendix 3)
21.1.1 The SCAL and S10 are analyzed immediately following the calibration.

These analyses are sometimes called calibration standard readbacks. This
step only applies to CLP analyses.

21.1.2 The Initial Calibration Verification (ICV) is performed following each
calibration. The Continuing Calibration Verification (CCV) is performed
following every ten or less samples. For CLP analysis the ICV is performed
immediately following calibration. For CLP analyses the CCV is run prior to
the analysis of any samples and follows every ten or less samples. Any
quality control samples excluding the CCV and CCB are counted as samples.
Therefore, a CLP analytical run should end with a final CCV and CCB.
Additionally, no more than two hours should pass between analyzing
successive CCV's that bracket reportable data.
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21.1.3 An Initial Calibration Blank (ICB) is performed immediately following the
ICV and Continuing Calibration Blanks (CCB) must follow each CCV.

21.1.4 The PQL standard is analyzed after each calibration. This standard may
also be labeled as a CRDL standard. For CLP work, the CRI is analyzed at
the beginning and at the end of each analytical run, and at a minimum of
two times per eight hours. For CLP analyses the CRI is analyzed at two
times the CRDL or two times the IDL, whichever is greater.

21.1.5 An Interference Check Standard is analyzed after the calibration. For CLP
analysis, an ICSA and JCSAB must be performed before the final CCV, CCB.

21.1.6 A method blank is performed for each batch of twenty or fewer samples, or
more frequently per client contract requirement. For CLP analyses, the
requirement is one method blank per up to twenty samples in an SDG.

21.1.7 A matrix spike (MS) and a sample duplicate (DUP), or a matrix spike and a
matrix spike duplicate (MSD) are analyzed for each batch of 20 or fewer
samples or per client or method requirements. For a matrix spike recovery to
be applicable the sample value may not exceed four times the nominal
concentration of the spike. For CLP analyses, the requirement is one
MS/MSD or MS/DUP per up to twenty samples in an SDG.

21.1.8 A laboratory control sample (LCS) is normally analyzed with each batch of
twenty or fewer samples. An LCS Duplicate (LCS Dup) is performed at
the same frequency as the LCS when required by a specific program or

21.1.9 SePBfl- dilutions are analyzed to indicate the presence or absence of
interferences. The analyte concentrations must be greater than 50 times the
detection limit for a serial dilution to be applicable. The serial dilution is
generally performed at a 5 x dilution of the test sample.

21.1.10 When performing CLP analyses, a serial dilution will be performed for
each SDG of up to twenty samples.

21.1.11 When performing CLP analyses, a post-spike must be performed on the original
sample when the matrix spike recovery falls outside the control limits and the
sample result does not exceed 4x the spike added. Spike the unspiked aliquot of
the sample at 2x the indigenous level or 2x the CRDL, whichever is greater.
Post-spike analysis is not required for Ag.

21.2 Acceptance Limits (see Appendix 4)

21.2.1 For CLP (ILMO) methods, the calibration standard readbacks must fall between
95% and 105% of the true value. If data is to be reported by CLP, a linear range
verification check standard shall be performed and reported quarterly. The
linear range standard shall be run during a routine analysis and the determined
concentration shall fall within 5% of the true value.

21.2.2 ICV and CCV results must fall between 90% to 110% of the true values for
work under EPA SW-846 Method 6010B. ICV must be between 95% to 105%
of the true value for work under EPA Method 200.7 and USEPA CLP Method
200.7 CLP-M.

NOTE: The ICV is a second source standard and may be used as the CCV as
it also will show calibration verification.

21.2.3 For CLP, the ICB and CCB results must have an absolute value less than or
equal to the PQL results. For SW-846, the results of the calibration blanks must
agree within three standard deviations of the mean blank value. If not, repeat
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the analysis two more times and average the results. If the average is not within
three standard deviations, terminate the analysis and correct the problem.

21.2.4 The PQL should fall within 70% to 130% of the accepted value. For CLP
analysis no specific acceptance criteria have been established for the CRI,
however an unofficial range of 50% to 150% has been set for guidance
purposes. For CLP the CRJ is exempted for Al, Ba, Ca, Fe, Na, and K.

21.2.5 The analytes for the ICS-AB results must fall between 80% and 120% of the
true value. The analytcs for the ICS-A must have an absolute value +/- 2 times
the CRDL

21.2.6 Method blank results should fall less than the RDL but no less than twice the
negative RDL Additionally, the method blank may exceed the RDL provided
that the blank value is insignificant relative to the lowest value of the samples
in the batch. Specifically, the blank value must fall less than 10 times the
lowest value of the samples in the batch. For CLP analyses, the method blank
must have an absolute value less than the CRDL or less than 10 times the
lowest value of the samples in the batch. All failures must be reprepped.

21.2.7 Matrix spike and matrix spike duplicates recoveries should fall between 75%
and 125** or per client contract. Matrix spike recoveries are applicable to
those sample values that do not exceed four times the nominal concentration of
the spike Recoveries of one or more of the matrix spikes that fall outside
recommended ranges may indicate an improper sample digestion, sample
inhomogemtv. or matrix interference. The LCS and LCS DUP are therefore
used for indicators of sample digestion validity.

21.2.8 LCS and I CS 1)1'P recoveries and RPD's must fall within process control
limits as established hv Statistical Process Control, manufacturer's
certification, or method requirements.

21.2.9 Serial dilution results that agree within 10% of an initial raw value greater
than 50 times the 11)1 suggest the absence of interference. Failures of a
serial dilution should he noted, but arc not considered pass/fail criteria.

21.2.10 The relative percent difference (RPD) between an MS and MSD or a sample
and DUP should falls within ± 20% if the analyte level is sufficiently high
(5x the CRDI for CLP analyses).

21.3 Out of Control situations

21.3.1 ICV and or CCV failure requires a recalibration of the instrument and/or
repreparation of standard solutions. Samples bracketed by calibration
verifications that arc not acceptable for required analytes must be reanalyzed.
An ICV or CCV that has failed may be rerun provided there is an attributable
cause known to have affected the check standard only and not the previous
samples Lxamples of an acceptable cause may be a sample tip out of solution
during analvsis. an incorrectly prepared CCV. or obvious carryover in the
CCV from a very high sample immediately prior to the CCV. If a CCV is
rcanalv/ed. the data must be lined through, initialed and dated, and the reason
for the rerun must be documented on the raw data. In addition, corrective
action should be taken to eliminate the cause of the initial CCV failure to
prevent future occurrence.

21.3.2 ICB and CCB failure requires reblanking or recalibration of the instrument
and/or reprcparation of the calibration blank. When analyzing under SW-846,
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a CCB may be accepted above the RQL level under two conditions: 1) the
CCB is acceptable if the sample value is below the RQL and 2) the CCB is
acceptable if the level of analyte in the CCB is less than 1/10 the analyte value
in the lowest reported sample.

21.3.3 ICS failure requires that the interferences be corrected, via recalculation, of
Interelement Correction Factors or selection of background correction factors
so that the ICS can be read within the required limits before samples are
analyzed. ICS failure at the end of an analysis period will require that the
samples run for the affected analyte(s) during that period to be reanalyzed.
For CLP analyses, in the event of an ICS failure, terminate the analysis,
correct the problem, recalibrate the instrument, and reanalyze the analytical
samples analyzed since the last good ICS.

21.3.4 Calibration standard readback failure requires that the instrument be
recalibrated (for CLP only).

21.3.5 PQL failure should be evaluated, but no action is required if the results are
outside of the 70% to 130% range (50-150% for CLP).

21.3.6 Matrix spikes, duplicates and spike duplicates are used only as indicators of
method effectiveness on that sample and will not be used as acceptability
criteria for the process, unless it a special requirement of the client. For CLP
analysis, matrix spikes and duplicates that are outside the acceptance criteria
will be flagged according to the ILMO4.0 Inorganic Statement of Work.
Post spikes are performed for the analytes in which matrix spikes or spike
duplicates are outside the acceptance criteria. Exception is given to Ag.

21.3.7 LCS and/or LCS duplicate results outside of established acceptance limits
require the batch to be redigested and reanalyzed.

21.3.8 When analytical results suggest the presence of interference, one of the
methods listed in section 18.4.3.1 must be employed. For CLP analyses, serial
dilutions that suggest the presence of interference per Section 21.1.9 are
flagged according to the ILM04.0 Inorganic Statement of Work E-24 Section

21.3.9 The number of counts and percent RSD of the internal standard are
monitored per sample. However, there is no acceptance criteria per SW 846
and 1LMO methodology. The internal standard can serve as a guide for
troubleshooting instrument and/or sample problems.

21.4 Analytical data is evaluated for conformance with the requirements stated in Section
21.2 by the analyst during and/or after the analysis^ but before the data is entered into
the LIMS. Data may be accepted or rejected by the analyst at this point or by the data
reviewers) as stated in Section 22.

21.5 Corrective actions taken for data not conforming to the requirements in Section 21.2
are stated in Section 21.3. If these corrective actions can be taken by the analyst prior
to the acceptance of the data, then no nonconformance documentation is required.
However, if these corrective actions include redigestion of the batch or sample, if the
data has already been accepted, or if the corrective action requires an instrument
service call, then a nonconformance/ corrective action report should be completed.
This report includes the date, person requesting the action, sample(s) or batch(es)
affected and action requested, all provided by the requester. The person taking the
action will provide any pertinent comments and their signature and date the action is
completed. The disposition of the nonconformance will then be verified by the group
leader and QA officer if pertinent. These reports will be kept on file. See
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"Documentation of Nonconformance Reporting and Dispositioning, and Control of
Nonconforming Items" (GL-QS-E-004).

22.0 DATA REVIEW, VALIDATION, AND APPROVAL PROCEDURES

22.1 The LIMS Data Report and the original batch sheet are provided to the ICP reviewer.
22.2 A knowledgeable person other than the originating analyst shall review the data within

the day or specified time limit. When this review is completed and all of the data is
found to be acceptable, the reviewer signs and dates the batch data report. If the
reviewer determines that the reviewed data is not acceptable and requires additional
work or correction, it is returned to the group leader or representative with an
appropriate explanation.

22.3 Listed below arc the data review responsibilities at the Analyst, Peer Review and
Validator levels:

22.3.1 Anal> st Rev icw is performed by the analyst who generated the data before
the data is submitted for entry into the LIMS. The analyst uploads the data
to ALPHALIMS and completes the batch data report.

22.3.2 Peer Analyst Review is performed by an individual who did not perform the
anal>sis but is familiar with the analytical method used and the reporting
requirements This person reviews the complete data report after all data is
entered and ensures that any data entry corrections are made before it is
approved, and then signs the batch data report. If the data does not meet the
necessary quality requirements and needs further analysis, it is returned to the
ana I v si

22.3.3 Data Validation For data requiring forms packages, the forms are generated
per contract requirements and validated per GL-MA-E-017.

22.4 Specific items that arc reviewed at each level include the following:
22.4.1 Analv st Rev iew: Before data is submitted for entry into LIMS.

22 4 1.1 All analyses in the batch are completed with explanations of
exceptions.

22.4.1.2 Any corrections and comments on the data are properly initialed
and dated.

22.4.1.3 Proper standard identification numbers appear on the run log to
ensure Traceability from the data to original source standards.

22.4.1.4 Data acceptance limit criteria identified in Section 21.2 are met or
an explanation given.

22.4.2 Peer Analyst Review before Data is statused to DONE in ALPHALIMS:
22.4.2.1 All data is complete and accurate in the LIMS Data Report.
22.4.22 Any exceptions or shortcomings have been sufficiently explained

or corrected.
22.4.2.3 Data is reported in the proper units or an explanation is given.
22.4.2.4 Prep factor and dilution calculations by LIMS are present in the

data report and LIMS calculations are correct.
22.4.2.5 LCS and Spike Recoveries and RPD calculations by LIMS are

correct and are within control limits.

22.4.3 Validation: Before data is reported out of the lab:
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22.4.3.1 Analyst and Peer Level reviews have been completed and any
corrections or comments made.

22.4.3.2 Preparation data has been entered and reviewed by a peer.
22.4.3.3 Analytical data is present for all analyses.
22.4.3.4 Weight/Volume, dilution, spike recovery, RPD, and LCS

recoveries appear to be calculated correctly.
22.4.3.5 All forms, raw data and log sheets requested by the client are

22.4.3.6 RSSSRiare accurate on forms (see GL-MA-E-017).
22.5 Documentation and review process is reflected in the Data Review Flow Chart in

Appendix I.

23.0 DATA REPORT
23.1 To report data after the review process has been completed:

23.1.1 Enter the LIMS program through GEL home page and click on
ALPHALIMS Application.

23.1.2 Click on MAINTAIN BATCHES and type in the queue at SELCT A QUEUE
(ICP for Industrial and ICPF for Federal).

23.1.3 Select batch number at SAMPLE ID column, and the run status will show
whether data is ready to calculate.

23.1.4 When data is ready to calculate, click on CAL.
23.1.5 Click on SAVE to save the data.
23.1.6 Send data to review at STATUS column for quality purposes.
23.1.7 Print data, initial and date for final review.

23.2 The Final Reviewer is responsible for changing the batch status to DONE in
ALPHALIMS and to initial and date the data report. The Final Reviewer is also
responsible to make a copy of the data report and run log. (ONLY FOR FEDERAL.)

24.0 RECORDS MANAGEMENT AND DOCUMENT CONTROL
24.1 Records of the instrumental analysis, operation, and maintenance are maintained as

follows:

24.1.1 Run logs are an accurate chronology of what the instrument did during a
specified period of time. It details the standard name or sample number for
each standardization or analysis; the analyst identification; and the date and
time of each analysis or standardization. This information is periodically
retrieved from the instrument data files, printed in chronological sequence,
and maintained as documentation of the sequence of events and as a reference
for the raw data.

24.1.2 Extraction/Digestion Logs are maintained in accordance with the
established procedures in the areas where these processes are performed.

24.1.3 Instrument Maintenance Logs are chronological representations of all
maintenance activities involving the instrument operation. This record is
kept in bound composition books and consists of the details of the action,
who performed it, when it was performed, and when instrument was
returned to operation.

24.1.4 Batch Sheets accompany the batch of samples through digestion and analysis
and then accompanies the raw analytical data through data entry and data
review until the batch status is changed to "DONE" in the laboratory. The
person responsible for each of these actions writes their initials and date
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completed on the batch sheet. This record is maintained in the Metals group
files.

24.1.5 Batch Data Reports are generated from LIMS after the data is entered and
is attached to the batch sheet to be used in the peer review and validation.
After the batch is reviewed, corrected if necessary, and updated to
"DONE", the batch data report is stored with the Batch sheet.

24.1.6 Raw Instrument Data is generated as the analyses are performed and is used
in the data review process and kept in the Metals group files.

25.0 LABORATORY WASTE HANDLING AND DISPOSAL : -.

All Laboratory wastes are handled and disposed in accordance with the Laboratory Waste
Management Plan, GL-LB-G-001.
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APPENDIX 1: Production Flow Chart
(For Illustrative Purposes Only)

Data Review Flow Chart
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APPENDIX 2: CALIBRATION STANDARDS FOR TRACE
(for illustrative purposes only)

SO reagent blank (3%HCI / I%HN03)

S0.1 O.lppm (lOOppb) As. Ba, Be, B, Cd, Cr, Co, Cu, Pb, Mn, Ni, Se, Sr, Tl, U, V, Zn

Sb. Mo, Ag, Sn, Ti

0.2ppm (200ppb) S

0.5ppm (500ppb) Si, P

lppm(lOOOppb) Al, Ca, Mg, K, Na

S0.5 0.5ppm (500ppb) As, Ba, Be, B, Cd, Cr, Co, Cu, Pb, Mn, Ni, Se, Sr, Tl, U, V, Zn

Sb. Mo, Ag, Sn, Ti

lppm(1000ppb)S

2.5ppm (2500ppb) Si, P

5ppm (5000ppb) A I, Ca, Mg, K

SCAL lppm (lOOOppb) As. Ba. Be, B, Cd, Cr, Co, Cu, Pb, Mn, Ni, Se, Sr, Tl, U, V, Zn

Sb. Mo, Ag. Sn, Ti

2ppm (2000ppb) S

5ppm (5000ppb) Si, P

lOppm (lOOOOppb) A I. Ca, Mg, K, Na

S10 50ppm (50000ppb) Ca, Al, Mg
20ppm (20000ppb) Fe, Na

(Analytes and concentrations may change with further method development)
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APPENDIX 3: FREQUENCY OF QUALITY CONTROL ACTIVITIES
(for illustrative purposes only)

Frequency of Quality Control Activities

Method/
Frequency

Calibration Std
readbacks
Linear Range Std

ICV
ICB
PQL/CRI (CLP)

ICSA
ICSAB

CCV

CCB

Method Blank
LCS - liquid
LCS - soil
Matrix Spikes
Sample Duplicates
Serial Dilutions

SW-846 6010B

Not required

Quarterly (may be
more frequent per
contract)
Per calibration
Per calibration
Per calibration

Per calibration
Per calibration

Every 10 instrument
runs
Every 10
instrument runs
5% or per batch
5% or per batch

5% or per request
5% or per request
5% or per request

EPA 200.7

Not required

Quarterly (may be
more frequent per
contract)
Per calibration
Per calibration
Per calibration

Per calibration
Per calibration

Every 10 instrument
runs
Every 10 instrument
runs
5% or per batch
5% or per batch

10% or per request
5% or per request
5% or per request

200.7 CLP-M

95% - 105%
per calibration
Quarterly (may be
more frequent per
contract)
Per calibration
Per calibration
Per calibration; end
of analytical run
Per calibration
Per calibration;
every 8 hours after
or end of analytical
run
Every 10 instrument
runs
Every 10 instrument
runs
5% or per batch
5% or per batch

5% or per request
5% or per request
5% or per request

General Engineering Laboratories, LLC
P.O Box 30712 Charleston SC 29417



5-Mar-04

SOP Effective Date 11/95
Revision 8 Effective March 2003

Determination of Metals by ICP
GL-MA-E-013Rev8

Page 21 of 21

APPENDIX 4: ACCEPTANCE LIMITS

Method/
Acceptance Criteria

Calibration Std
readbacks
Linear Range Std
ICV
1CB

PQL/CRI (CLP)

ICSA

ICSAB

CCV
CCB

Method Blank

LCS - liquid
LCS - soil
Matrix Spikes

Sample Duplicates

Serial Dilutions

SW-846 6010B

Not required

± 10% of true value
90%- 110%
< absolute value of
RL
50% - 150%
advisory limits only
80-120% for major
components, 2XRL
for others
80%-120%

90%- 110%
-2X RDL - RDL

-IX RDL - RDL

80%- 120%
current SPC limits
75% - 125%, when
applicable
0% - 20% when
greater than 5X RL,
+/-RL when less
than 5X RL
0% - 10% of initial
raw value, when
applicable

EPA 200.7

Not required

±10% of true value
95%- 105%
< absolute value of
RL
50% - 150%
advisory limits only
80-120% for major
components, 2XRL
for others
80%-120% (may be
requested)
90%- 110%
-2X RDL - RDL

-2X RDL - RDL

85%- 115%
current SPC limits
75% - 125%, when
applicable
0% - 20% when
greater than 5X RLr
+/-RL when less
than 5X RL
0% - 10% of initial
raw value, when
applicable

200.7 CLP-M

95%-105%
per calibration
± 5% of true value
90%- 110%
< absolute value of
RL
50% - 150%
advisory limits only
80-120% for major
components, 2XRL
for others
80%-120%

90%- 110%
< absolute value of
RL
< absolute value of
RL
85%-115%
current SPC limits
75% - 125%, when
applicable
0% - 20% when
greater than 5X RL,
+/-RL when less
than 5X RL
0% - 10% of initial
raw value, when
applicable
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1.0 STANDARD OPERATING PROCEDURE FOR MERCURY ANALYSIS USING THE PERKIN
ELMER AUTOMATED MERCURY ANALYZER

2.0 METHOD OBJECTIVE AND SUMMARY

This Standard Operating Procedure (SOP) describes the digestion and analysis procedures
for the determination of mercury (Hg) in surface and saline waters, wastewaters, industrial
effluents, sanitary sewage, soils, sediments, bottom deposits, sludges, oils, and TCLP
extracts. This is a cold-vapor atomic absorption technique based on the absorption of
radiation at 253.7 nm by mercury vapor. Samples are treated with nitric acid and sulfuric
acid or hydrochloric acid in the presence of potassium permanganate and potassium
persulfate to oxidize all mercury to the mercuric (Hg"1"1") form. The mercury is then reduced
to its elemental state and evacuated from the sample. The mercury vapor passes through an
optical cell positioned in the light source of an atomic absorption spectrophotometer.
Absorbance is measured as a function of mercury concentration. This SOP is applicable for
the following methods:

2.1 EPA SW-846 Methods 7470A and 7471A
2.2 EPA Methods 245.1. 245.2 and 245.5
2.3 EPA Methods 245.1 CLP-M, 245.2 CLP-M and 245.5 CLP-M
2.4 Standard Method 3112B

3.0 METHOD APPLICABILITY
3.1 Calibration Range - The typical calibration range used for analysis of mercury is

0.2 ug/L to 10 0 ug/L. Other calibration ranges (e.g. 0.1 ug/L to 5.0 fig/L) may
be used per client contract request.

3.2 Tested Concentration Range - The range for the method is limited by calibration
and can be extended by diluting the sample.

3.3 Method Detection Limit (MDL) - The MDL is calculated using the procedure
described in "The Determination of Method Detection Limits" (GL-LB-E-001).
The MDL is verified quarterly, or whenever there is a significant change in the
instrument response.

3.4 Instrumental Detection Limits (IDL) • IDLs are determined on a quarterly basis
per EPA CLP. Inorganic Statement of Work, 1LM04.0, Exhibit E, Section V.
IDLs are performed on three non-consecutive days.

3.5 Method Precision • Analytical precision can be determined by calculating the
Relative Percent Difference (RPD) between a Laboratory Control Sample (LCS)
and a Laboratory Control Sample Duplicate (LCSD) or a Matrix Spike (MS) and
a Matrix Spike Duplicate (MSD).

3.6 Method Bias (Accuracy) - Accuracy can be determined by calculating recoveries
of a LCS and LCSD or an MS and MSD of a similar matrix.

4.0 DEFINITIONS
4.1 Tumble Blank (TB) - TCLP extraction fluid Type 1 or 2 that has been taken

through the TCLP tumbling process. The tumble blank is used to determine the
amount of background contamination resulting from the tumbling process.

4.2 Method Blank (MB) - Type I water that has been taken through the digestion
process. The method blank is used to determine the amount of background
contamination resulting from the digestion process.

4.3 Laboratory Control Sample (LCS) - A certified reference material that has been
taken through the digestion process. The LCS is used to determine digestion
accuracy and to determine if the digestion is in control.
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4.4 Laboratory Control Sample Duplicate (LCSD) - A duplicate of the LCS. The
LCSD is used to determine reproducibility and to indicate precision.

4.5 Matrix Spike (MS) - A sample that has added to it a known amount of solution
containing known concentrations of analytes. The MS is used to determine the
presence or absence of interferences and matrix effects in the digested sample.

4.6 Matrix Spike Duplicate (MSD) - A duplicate of the MS. The MSD indicates
reproducibility.

4.7 Sample Duplicate (DUP) - A duplicate of a sample. The DUP indicates reproducibility.

4-8 Method Detection Limit (MDL) - The minimum concentration of an analyte that can
be measured and reported with 99% confidence that the concentration is greater than
zero. The MDL is determined from analysis of a sample in a given matrix type
containing the analyte

4.9 Instrument Detection Limit (IDL) - Determined by multiplying by three the
standard deviation obtained for the analysis of a prepared standard solution of Hg at
a concentration three to five times the manufacturer's IDL on three non-consecutive
days with seven consecutive measurements per day.

5.0 METHOD VARIATIONS
This SOP varies from the referenced methods by utilizing a smaller sample aliquot.
Reagent amounts are adjusted accordingly.

6.0 SAFETY PRECAIT1ONS AND WARNINGS
WARNING

HYDROXYLAMINr HYDROCHLORIDE MAY EXPLODE WHEN HEATED TO 140 °C.
MERCURY COMPOUNDS ARE TOXIC IF INHALED OR ABSORBED THROUGH THE SKIN.
ADDITION OF HCI AND IINO3 IN THL PROPORTIONS 3 TO 1 FORMS AQUA REGIA.

ADDITION OF HYDROXYLAMINr. HYDROCHLORIDE - SODIUM CHLORIDE TO AQUA
REGIA CAN CAUSL Till SPONTANEOUS RELEASE OF CL2 GAS. PERFORM
DIGESTIONS USING AQUA REGIA UNDER A HOOD.
NITRIC ACID AND SULFURIC ACID ARE HIGHLY CORROSIVE.
CONTACT WITH OXIDI7F.RS MAY GENERATE EXPLOSIVE MIXTURES.
NITRIC ACID IS CORROSIVE AND A POISON.
MERCURY VAPORS ARL TOXIC. DIGEST SAMPLES AND STANDARDS UNDER A
FUME HOOD.
WHEN DIGESTING SOIL. OIL. AND SEDIMENT, BE CAREFUL TO AVOID INHALING
TOXIC NOX.

WARNING
PREVENT SKIN AND l.\h. CONTACT BY USING SPECIFIED PERSONAL PROTECTIVE
EQUIPMENT WHEN MAKING STOCK REAGENTS.
WORK UNDER A HOOD TO PREVENT INHALATION WHEN MAKING STOCK REAGENTS.
6.1 Wear eye protection w ith side shields while performing procedures in the lab.
6.2 Treat all chemicals as a potential health hazard and limit exposure to these

chemicals to the lowest level possible. GEL maintains a current awareness file of
OSHA regulations regarding the safe handling of the chemicals in the laboratory
as well as a reference file of Material Safety Data Sheets (MSDS). These
documents and individual sample MSDS forms are maintained in the laboratory.

6.3 Personal protective equipment
6.3.1 Gloves are required when handling the chemicals in this procedure.
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6.3.2 Work under a hood when using concentrated acids and bases.
6.4 Prior to handling radioactive samples analysts must have had radiation safety

training and understand their full responsibilities in radioactive sample handling.
Some general guidelines follow:
6.4.1 Protect counter tops with counter paper or work from radioactive sample

handling trays.
6.4.2 Prohibit admittance to immediate work area.
6.4.3 Post signs indicating radioactive samples are in the area.
6.4.4 Take swipes of the counter tops upon completion of work. Deliver those

swipes to the appropriate swipe count box.
6.4.5 Segregate radioactive wastes. Radioactive waste containers are obtained

from Waste Management.

6.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

6.6 Never leave gas cylinders unchained or untied, including when they are on the
moving carts.

6.7 In the event of an accident or medical emergency, call for help immediately.
When time and safety permit, an accident report form should be completed and
turned in to the safety committee.

6.8 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition, fire safety equipment such as fire extinguishers is located in
the lab. Training is available on the proper operation of this equipment.

7,0 INTERFERENCES TO THE METHOD
7.1 Potassium permanganate is added to eliminate possible interference from sulfide.

Concentrations as high as 20 mg/L of sulfide as sodium sulfide do not interfere
with the recovery of added inorganic mercury from reagent water.

7.2 Copper has also been reported to interfere; however, copper concentrations as high
as 10 mg/L had no effect on recovery of mercury from spiked samples.

7.3 Seawaters, brines, and industrial effluents high in chlorides may require additional
permanganate (as much as 25 mL) because, during the oxidation step, chlorides are
converted to free chlorine, which also absorbs at 253.7 nm.

7.4 Certain volatile organic materials that absorb at 253.7 nm may also cause

8.0 APPARJWftfaNWfttATERIALS; REAGENTS; EQUIPMENT AND INSTRUMENTS
8.1 Ancillary Equipment

50 mL digestion tubes
Flask, Volumetric, (100 mL and 250 mL)
Variable and single volume Pipette and Micro Pipettes
Hot Block (Temperature controlled at 95° ± 5° C)
Non-Mercury thermometers
Culture tubes

8.2 Reagents:

8.2.1 Type I water - Water that conforms to the following performance
specifications:
8.2.1.1 Electrical resistivity, min., 16.67
8.2.1.2 Total organic carbon, max., ug/L 100

8.
8.
8.
8.
8.
8.

1.1
1.2
.3
.4

1.5
.6

GENERAL ENGINEERING LABORATORIES, LLC.
2040 Savage Road Charleston SC 29417



5-IVBHM*-04

Mercury Analysis using the Peikin Elmer Automated Mercury Analyzer
SOP Effective 2/94 GL-MA-E-010 Rev 13

8.2.1.3 Sodium, max., ug/L 1
8.2.1.4 Chlorides, max., ug/L 1
8.2.1.5 Total silica, max., u.g/L 3

Type I water is dispensed within the metals prep lab by the "MilliQ" water
system.

8.2.2 Nitric Acid (HNO3), Concentrated, ACS grade certified for AA use.

8.2.3 Sulfuric Acid (H2SO4), Concentrated, ACS grade certified for AA use.

8.2.4 Hydrochloric Acid (HC1), Concentrated, ACS grade certified for AA use.

8.2.5 3%HCI: Dissolve 30 mL concentrated HC1 in Type I water and dilute to
1000 mL. Volume may be scaled proportionately.

8.2.6 Potassium Permanganate Solution (KMnCU), 5%: Dissolve 5 g potassium
permanganate in Type 1 water and dilute to 100 mL. Volume and weight
may be scaled up proportionally.

8.2.7 Potassium Pcrsulfate Solution (K2S2O8), 5%: Dissolve 5 g potassium
pcrsulfate in Type I water and dilute to 100 mL. Volume and weight may
be scaled up proportionally.

8.2.8 Sodium Chloridc-Hydroxylamine Hydrochloride Solution (NaCl- NH2OH
HCI): Dissolve 12 g of sodium chloride and 12 g of hydroxylamine
hydrochloride in Type I water and dilute to 100 mL. (Hydroxylamine
sulfate may be used in place of hydroxylamine hydrochloride.) Volume and
weight ma> be scaled up proportionally.

8.2.9 Stannous Chloride Solution (SnCb), 1.1%: Dissolve 11 g stannous
chloride in 3% hydrochloric acid and dilute tol L. Volume and weight
may be scaled proportionately.

8.2.10 Aqua rcgia: Combine 3 parts cone. HCI and 1 part cone. HNO3. Prepare
fresh before use.

NOTE: Due to the inherent dangers of working with full strength Aqua
rcgia. a 1 + 1 solution is prepared for use with the sample preparation.

8.2.11 Mercury Source Standard (Hg), 1000 ppm, from an Approved Vendor.
Standards are received, labeled, prepared and stored according to GL-LB-
E-007 for Laboratory Standards Documentation.

8.2.12 Liquid Nitrogen or Compressed Nitrogen at pressures 75-100 psi.

8.3 Instrumentation

8.3.1 Perkin Elmer FIMS400 and FIMS100 Automated Mercury Analyzers
8.3.2 Balance

9.0 SAMPLE HANDLING AND PRESERVATION REQUIREMENTS
9.1 Aqueous samples must be acidified to a pH <2 with HNO3. The suggested

maximum holding time for these samples is 28 days. When performing CLP
analyses, the holding time is 26 days from verified time of sample receipt.

9.2 Non-aqueous samples shall be refrigerated and analyzed as soon as possible. The
preservation required for soil/sediment samples is maintenance at 4° ± 2°C until
analysis.
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9.3 TCLP extracts have a maximum holding time of 28 days before extraction and 28
days after extraction for a total of 56 days.

10.0 SAMPLE PREPARATION TECHNIQUES

10.1 Prior to determining the concentration of mercury, all samples, calibration
standards, check standards, laboratory control samples, and blanks must be digested
using the following procedures:

10.1.1 For standards preparation, see the Mercury recipe section of the ALPHA
LIMS Standards Logbook.

10.1.2 Label each digestion tube with a sample number or lab Quality Control
(QC) number. Establish a one to one relationship between client samples,
QC samples, and digestion tubes.

10.2 Aqueous Sample Preparation by Methods EPA SW-846 7470A, EPA 245.1,EPA
245.2 and Standard Method 3112B

10.2.1 Transfer 20 mL of Type I water, 20 mL of a well mixed representative
sample, or an aliquot of sample diluted to 20 mL with Type I water, to a
labeled digestion tube. Record the volume of sample dispensed into the
digestion tube in the Mercury Prep logbook.

10.2.2 For TCLP and MISC-L matrices, transfer 18 mL of Type I water, 2 mL of
a well-mixed representative sample, or an aliquot of sample diluted to 20
mL final volume, to a labeled digestion tube. Record the volume of
sample dispensed into the digestion tube in the Mercury Prep logbook.

10.2.3 The following calibration standards are required: 0.2, 0.5, 2.0, 5.0, 10.0
ug/L, ICV/CCV. ICB/CCB, and CRA. Other calibration standards may be
prepared per client request.

10.2.4 Add the appropriate amount of spiking solution to each appropriate QC
sample tube. Add 0.5 mL concentrated HNO3 and then 1.0 mL
concentrated U;SO4 to each digestion tube and mix.

10.2.5 Add 3 mL of 5% KMnO 4 solution to each digestion tube and mix. Let
sample stand for 15 minutes after addition of KMnC»4. If sample does not
maintain its brown/purple color, add an additional 3 mL aliquot of the 5%
KMnO4 to the sample and all associated QC. Record this additional
aliquot on the comment section of the Mercury Prep logbook. If after the
second aliquot is added, the sample is still not able to maintain its
purple/brown color throughout the digestion process, then redigest the
sample using an appropriate dilution.

10.2.6 Add 1.5 mL of 5% K:S2Og solution to each digestion tube and mix. Cap
each digestion tube and place in a Hot Block for two hours at 95° ± 5°C.

10.2.7 After two hours, remove digestion tubes from the Hot Block and allow to
cool. Cooling can be facilitated by moving samples to the walk-in cooler
for no greater than 90 minutes. When the samples have been cooled to
room temperature, add 1 mL of NaCl-NH2OHHCl solution to each
digestion tube to reduce any excess KMnC>4. Cap tubes and shake until
the samples are fully reduced. The samples are now ready for analysis.
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10.3 Sediment, Oil and Soil Sample preparation by Methods EPA SW-846 7471 A, and
EPA 245.5
10.3.1 Weigh triplicate 0.2 g portions of a representative sample (for a total of

approximately 0.6 grams) and place all three aiiquots into a digestion tube.
Record the weight in the Mercury Prep logbook. LCS water is used for oil
or any other samples that are not a soil or in soil form.

10.3.2 The following calibration standards are required: 0.2, 0.5, 2.0, 5.0, 10.0 ug/L,
1CV/CCV, ICB/CCB, and CRA. Other calibration standards may be
prepared per client specification.

10.3.3 Add 5 mL of Type I Water to each tube. Add the appropriate amount of
spiking solution to each appropriate QC sample tube. Add 3 mL of 1+1
Aqua regia to each sample and associated QC and mix.

10.3.4 Place each digestion tube in a Hot Block at 95° ± 5°C for two minutes.
10.3.5 Remove digestion tubes from the Hot Block. Cool for at least 15 minutes.

Then add 25 mL of DI water and 7.5 mL of 5% KMnO4 solution and mix
thoroughly.

10.3.6 Cap each digestion tube and again place each digestion tube in a Hot
Block 95° ± 5°C for 30 minutes.

10.3.7 Remove tubes from the Hot Block and allow to cool to room temperature
for at least 60 minutes.

10.3.8 CAUTION: This next step can cause Cb gas to be generated. Perform the
following step under a hood.

10.3.9 Uncap the digestion tubes under a hood. Add 2 mL of sodium chloride-
hydroxylamine hydrochloride solution to each tube. Cap and shake until
samples are fully reduced. Uncap and allow time for CI2 gas to evolve and
vent from the digestates. The samples and standards are now ready for
analysis.

10.4 Aqueous Sample Preparation by method 245.1 CLP-M and 245.2 CLP-M

NOTE: If client permits, the reduced volume sample preparation described in
section 12.1.3 will be employed in order to reduce laboratory waste.

10.4.1 Transfer 20 mL of Type I water, 20 mL of a well-mixed representative
sample, or an aliquot of sample (containing not more than 1.0 ug of
mercury) diluted to 20 mL with Type I water, to a labeled digestion tube.
Record the volume of sample dispensed into the digestion tube in the
Mercury Prep logbook.

10.4.2 For TCLP and MISC-L matrices, transfer 18 mL of Type I water, 2 mL of
a well-mixed representative sample, or an aliquot of sample diluted to 20
mL final volume, to a labeled digestion tube. Record the volume of
sample dispensed into the digestion tube in the Mercury Prep logbook.

10.4.3 The following calibration standards are required: 0.2, 0.5, 2.0, 5.0, 10.0
ug/L, 1CV/CCV, ICB/CCB, and CRA. Other calibration standards may be
prepared per client specification.

10.4.4 Add the appropriate amount of spiking solution to each appropriate QC
sample tube. Add 0.5 mL concentrated HNO3 and then 1.0 mL
concentrated H2SO4 to each digestion tube and mix.
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10.4.5 Add 3 mLof 5% KMnO4 solution to each digestion tube and mix. Let
sample stand for 15 minutes after addition of KMnC>4. If sample does not
maintain its brown/purple color, add an additional 3 mL aliquot of the 5%
KMnO4 to the sample and all associated QC. Record this additional
aliquot on the comment section of the Mercury Prep logbook. If after the
second aliquot is added, the sample is still not able to maintain its
purple/brown color throughout the digestion process, then redigest the
sample using an appropriate dilution.

10.4.6 Add 1.5 mL of 5% K2S2O8 solution to each digestion tube and mix. Cap
each digestion tube and place in a Hot Block for two hours at 95° ± 5°C.

10.4.7 After two hours, remove digestion tubes from the Hot Block and allow to
cool. Cooling can be facilitated by moving samples to the walk-in cooler for
no greater than 90 minutes. When the samples have been cooled to room
temperature, add 2 mL of NaCl-N^OHHCl solution to each digestion tube
to reduce any excess KMnO,*. Cap tubes and shake until samples are fully
reduced. The samples are now ready for analysis.

10.5 Soil/Sediment Sample Prep by method EPA 245.5 CLP-M

10.5.1 Weigh triplicate 0.2 g portions of a representative samples (for a total of
approximately 0.6 grams) and place all three aliquots into a digestion tube.
Record each weight on the Mercury Prep logbook.

10.5.2 The following calibration standards are required: 0.2, 0.5, 2.0, 5.0, 10.0
ug/L, ICV/CCV, ICB/CCB, and CRA. Other calibration standards may be
prepared per client specification.

10.5.3 Add 5 mL of Type I Water to each tube. Add the appropriate amount of
spiking solution to each appropriate QC sample tube. Add 3 mL of 1+1
Aqua regia to each sample and associated QC and mix.

10.5.4 Place each digestion tube in a Hot Block at 95 ± 5° C for two minutes.
10.5.5 Remove digestion tubes from the Hot Block. Cool for at least 15 minutes.

Then add 25 mL of DI water and 7.5 mL of 5% KMnC>4 solution and mix
thoroughly.

10.5.6 Cap each digestion tube and again place each digestion tube in a Hot
Block at 95 ± 5°C for 30 minutes.

10.5.7 Remove tubes from the Hot Block and cool to room temperature for at least
60 minutes.

10.5.8 CAUTION: This next step can cause Cl2 gas to be generated. Perform
the following step under a hood.

10.5.9 Uncap the digestion tubes under a hood. Add 3 mL of sodium chloride-
hydroxylamine hydrochloride solution to each tube. Cap and shake each
tube until samples are fully reduced. Uncap and allow time for CI2 gas to
evolve and vent from the digestates. The samples and standards are now
ready for analysis.

11.0 PREPARATION OF STANDARD SOLUTIONS AND QUALITY CONTROL SAMPLES

11.1 Source standard solutions
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11.1.1 Source standard solutions are purchased from a certified vendor. These
standards are traceable to National Institute of Standards and Technology
(N1ST) standards. The source standards are received from Purchasing.

11.2 Intermediate and working standards must be PREPARED FRESH DAILY.
11.3 For guidance on standard documentation, refer to "Laboratory Standard

Documentation" (GL-LB-E-007).
11.4 For Kerr-McGee Samples, reprep and reanalyze the samples if MB or CCB is

greater than the RL and samples are between IDL and RL. If samples are less
than IDL or greater than 10 times the RL they can be reported.

12.0 INSTRUMENT CALIBRATION AND PERFORMANCE

12.1 Instrument calibration is performed using the following prepared mercury
standards: 0.0, 0.2, 0.5, 2.0, 5.0 and 10.0 ug/L.

12.2 An example of a data calculation based on fictitious information follows. Other
concentrations may be employed for the calibration curve and ICV.

12.3

12.4

12.5

12.6

12.7

CONCENTRATIO
N

0.0 ug/L
0.2 ug/L
0.5UR/L

2.0 ug/L
5.0 ug/L

10.0 ug/L

%RSD

8.2760
0.7089
1.3778
1.6793
0.5449

1.6070

INSTRUMENT RESPONSE

0.0007
0.0023
0.0059
0.0243
0.0600

0.1160

Performing a linear regression on these data, using the instrument response as the
independent variable and the concentration as the dependent variable results in a
slope = 86.103, intercept = -0.0521, and a correlation "r" = 0.9998. Thus the
concentration of a sample will be calculated by solving the equation:

Concentration (ug/L) = 86.103 (instrument response) - 0.05214

TRUE
VALUE

0-5 ug

0.0 ug

0-2 ug

SAMPLE
NAME

ICV

ICB

0.2 CRA

INSTRUMENT
RESPONSE

0.00580

0.0002

0.0026

CALCULATED LINEAR
(ug/L)
0.4447

0.02

0.17

Report data to the appropriate number of significant figures.

Data is reported in ug/L, mg/L, ug/Kg or mg/Kg Hg depending on client
preference. Sample units are defined before data is input into the laboratory
information management system by the analyst.

Any sample concentration less than 100% of the highest recorded calibration
standard is acceptable. If sample concentrations are over 100% of the high standard,
then these samples must be re-analyzed at a dilution that will bring the sample
concentration within the range. Dilutions are made with digested blanks.

A CRDL standard for AA (CRA) is required to be run following calibration. The
result of the CRA should be within the range per client request. When performing
CLP analyses, the acceptance criteria for the CRDL standard (CRA) has not yet
been established by EPA.
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12.8 The acceptable performance requirements for the Hg instrument are a verification
of stability by showing that there is no drift, correlation coefficient of 0.995 or
better, and ICV and CCV within the acceptance range prescribed in Section 16.2.

12.9 Proof of instrument performance during actual sample analysis is provided by
records of the calibration curve, ICV, CCV, and CCB.

13.0 ANALYSIS AND INSTRUMENT OPERATION

13.1 Before actual operation, all samples, including standards and QC samples, are
prepared and digested as described in Section 10. Instrument operation includes a
calibration phase and a sample analysis phase. The two phases are usually run as
one continuous procedure, but the instrument may be calibrated prior to loading
and running samples. Also note that the analyst needs to monitor the process to
ensure that the calibration is satisfactory prior to analyzing samples. If the
calibration process is unsatisfactory it will need to be terminated, problems
corrected, and the calibration rerun.

13.2 Turn on computer.

13.3 Use password **hgl~ for HMS400 and "hg2" for FIMS100.
13.4 Turn on Hg KIMS instrument - note that the autosampler initializes. Let it warm

up for at least 30 minutes.

13.5 Prepare daily-1.1% SnClj reducing solution in 3% HC1 in amber bottle. Shake well
and put in the appropriatcl) labeled reductant reservoir bottle that feeds the

13.6 rflfrl2AWFrnfnstrumcnt reser\oir bottle with 3% HC1 for instrument rinse and carrier
acid.

13.7 Double-click AA Winl-ab Analysis icon.

13.8 Click on the middle button [automated analysis].

13.9 Click [Sample Info) button

13.10 The standards Mill he in positions l-l I and they are already entered into the
system, but don't show up here (I -BC. 2-0.2 ppb. 3-0.5 ppb, 4-2.0 ppb, 5-5.0 ppb,
6-10 ppb. 7-CCV. 8-CCB. 9-ICV. 10-ICB. II-CRDL. Go to Autosampler
location 12 to t>nc in information from batch sheet.

13.11 #12 - enter sample Ids from Batch Sheet following the naming convention
outlined in the instrument user manual.

13.12 File: save as sample file info (name it with the "yymmdd", followed by W# for
waters or S» for soils) (The # indicates the FIMS model used.)

13.13 Click (Auto) button.

13.14 Double click on *l cell, select the soil or water method as appropriate from the
list [OK]. The) arc Water 1 or Soil I depending on matrices.

13.15 Sample info file: browse, select your "mmddyy" [OK].

13.16 Result data set name: browse, enter "mmddyy" [OK].

13.17 Double click on the line under "method" and click on the box under "use entire
sample info file". An "x" will appear in the box.

13.18 Check the [Com] icon button by clicking on the icon. Remove the FIMS cell, and
then click on Autozcro. Rc-install the FIMS cell.

13.19 Load standards. Put standards in the autosampler rack.
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13.20 Load samples beginning in position #12. Note that samples go in the 15 ml
digestion tubes. A CCV and CCB must separate each group of 10 samples. All
samples must be bracketed by a satisfactory CCV and CCB.

13.21 Install new membrane filter, rough side up (in final assembly position). Screw
cap on tightly.

13.22 Hook up and clamp pump tubing. Check all pump tubing daily.

13.23 Click [FIAS] button icon.

13.24 To flush things out: Click [pump 1] (adjust to 100 rpm) and [pump 2] (adjust to
120 rpm for FIMS 400 only) icons.

13.25 Adjust gas flow to 40-70 cmVmin.

13.26 Verify flow rates of reductant (5-7 mL/min, red/red tubing) and carrier (9-11
mL/min, blue/yellow tubing) with DI water using graduated cylinders.

13.27 Cycle [valve fill/inject] to further flush things out. Give it a minute or so in each
position. Unclick all three buttons and close the window.

13.28 In the "Automated Analysis" window click on "Analyze Tab" then click on
[Analyze All].

14.0 EQUIPMENT AND INSTRUMENTATION MAINTENANCE

14.1 If there are problems: During the analysis the foreground window is usually the
"Results" text window that is also automatically printed, and the background
window is the "Automated Analysis" window. If you need to abort a run, you
must wait for the hourglass mouse cursor to change to an arrow, then click on the
"Automated Analysis" window to bring it to the foreground. Then unclick the
[Analyze All] button. A dialog box will come up giving you a couple of options.

14.2 For non-routine maintenance procedures see Perkin Elmer manual for troubleshooting.

14.2 Whenever instrument is serviced or adjusted, an entry needs to be made in the
maintenance log. The entry includes the analyst's initials, date, nature of the
problem, and actions taken to correct it.

15.0 DATA RECORDING, CALCULATIONS AND DATA REDUCTION

15.1 The concentration of Hg can be determined by comparing the response obtained
from analyzing the sample digestate to the calibration curve. The sample
concentration of Hg is matrix specific and is calculated as follows:

15.1.1 Aqueous Sample

Concentration (ng/1) = ( C ) ( P X V l}

Where:
C = Concentration (fig/1) digestate
D = Dilution Factor
V, = Total Volume of sample digestate
V, = Initial Volume of sample in L

15.1.2 Non-aqueous Samples

Concentration (ng/kg) = ( C ) ( D ) ( V | )

W(%S)

Where:
C = Concentration (jag/ml) digestate
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D = Dilution Factor
Vt = Total Volume of the sample digestate
W = Weight of the sample digested
%S = Percent Solids

16.0 QUALITY CONTROL REQUIREMENTS
16.1 Frequency of Quality Control Activities

16.1.1 ICV is performed immediately following each calibration and CCV is
performed after every 10 analysis.

16.1.2 ICB is performed immediately following the ICV and CCB must follow
each CCV.

16.1.3 A method blank is analyzed for each batch of 20 or less samples.

16.1.4 A matrix spike and matrix spike duplicate or matrix spike and a sample
duplicate are analyzed for every 20 or less samples in a batch, or per client
requirements. When performing CLP analyses, the requirement for matrix
spike analysis is one per every sample delivery group (SDG) of 20
samples or less.

16.1.5 A LCS is analyzed with each batch of 20 or less samples. Additionally, a
LCS duplicate also may be analyzed due to client specific requirements.

16.2 Acceptance Limits

16.2.1 Acceptance limits for the following methods are outlined below:

Method/
Acceptance
Criteria
ICV
ICB
CRA

CCV
CCB
Method Blank
LCS - liquid
LCS - soil

Matrix Spikes
Sample
Duplicates

SW-846 747OA
SW-846 747IA
SM3II2B
90%- IIO«4
-0.2 ug/L - 0.2 ujtl.
50%- 150% advisor} limits
onlv
80%- 120%
-0.2 ug/L - 0.2 UR/L

-0.2 ug/L - 0.2 ug/L
80%- 120%
Certified SPC limits from
ERA
75%- 125%
0 - 20%

EPA 245.1
EPA 245.5
EPA 245.2
95%- 105%
-0.2 ug/L - 0.2 ug/L
50%- 150% advisory
limits onlv
90%- 110%
-0.2 ug/L - 0.2 ug/L
-0.2 ug/L - 0.2 ug/L
85%- 115%

75%- 125%
0 - 20%

245.1 CLP-M
245.5 CLP-M
245.2 CLP-M
90%-110%
-0.2 ug/L - 0.2 ug/L
50% - 150% advisory limits
only
80% -120%
-0.2 ug/L - 0.2 ug/L
-0.2 ug/L - 0.2 ug/L
80% -120%
Certified SPC limits from
ERA
75%-125%
0 - 20%

16.2.2 All reported sample concentrations must be less than the highest calibration
standard. Samples greater than the highest calibration standard must be
diluted to bring the concentration within range.

16.2.3 The ICV is prepared from a second standard source other than the source
employed for initial calibration. Generally, the concentration of the ICV
is 5.0 ug/L.

16.2.4 The method blank must have an absolute value below the CRDL for CLP
analyses.

16.2.5 Matrix spikes, matrix spike duplicates and sample duplicates are
indicators of method performance for a specific sample matrix.

GENERAL ENGINEERING LABORATORIES, LLC.
2040 Savage Road Charleston SC 29417



Mercury Analysis using the Perkin Elmer Automated Mercury Analyzer
SOP Effective 2/94 GL-MA-E-010 Rev 13

Acceptance limits are based on guidelines outlined in the specific methods
and are listed in the table above.

16.2.5.1 The spike percent recovery (%R) must be within the acceptance
limits. Results that fall outside these limits are flagged with an
"N" or "*". However, spike recovery limits do not apply when
sample concentration exceeds the spike concentration by a factor
of 4 or greater. This data is reported unflagged even if the %R
docs not meet the acceptance criteria.

16.2.5.2 The control limit of ± 20% for the relative percent difference
(RPD) is used for original and duplicate sample values greater than
or equal to 5X the reporting limit. A control limit of ± RL is used
if cither the sample or duplicate value is less than 5X the RL. In
the case where only one result is above 5X the RL and the other is
below, the ± RL criteria applies.

16.2.5.3 All LCS recoveries must fall within the stated acceptance limits.
Statistical process control limits are established for LCS soils.

16.3 Out of Control situations

16.3.1 ICV and/or CCV failure requires recalibration of the instrument and/or
preparation of new standard solutions. Samples analyzed between
calibration verification that fail must be reanalyzed. An ICV or CCV that
has failed may be rerun provided there is an attributable cause known to
have affected the check standard only and not the previous samples.
Examples of an acceptable cause may be a sample tip out of solution
during analysis, no solution in the sample cup or obvious carryover in the
CCV from a very high sample immediately prior to the CCV. If the CCV
is reanalyzed, the data must be lined through, initialed and dated, and the
reason for the rerun must be documented on the raw data. In addition,
corrective action should be taken to eliminate the cause of the initial CCV
failure to prevent future occurrence.

16.3.2 ICB or CCB failure requires recalibration of the instrument and/or
repreparation of the calibration blank. When analyzing under SW-846, a
CCB may be accepted above the RDL level under two conditions: 1) the
CCB is acceptable up to the MDL level if the MDL is higher than the
RDL and 2) the CCB is acceptable if the level of analyte in the CCB is
less than 1/10 the analyte value in the lowest reported sample.

16.3.3 Method blank results higher than the RDL and greater than 10% of any
sample value in that batch which has concentrations above the RDL
requires that batch be rcdigested, reanalyzed, and/or reported with the
appropriate qualifier. If the method blank results are less than - IX RDL,
then there may be significant interference, calibration or contamination
problems with the sample, instrument or calibration standards which must
be resolved before the batch can be reported. When performing CLP
analyses, method blank results that have absolute values higher than the
CRDL and greater than 10% of any sample in the batch require that the
samples be redigested and reanalyzed.

16.3.4 Matrix spikes, duplicates, and spike duplicates are used only as indicators
of method effectiveness on that sample and will not be used as
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acceptability criteria for the process, but the results for matrix spikes and
spike duplicates must be at least higher than the sample concentration.

17.0 DATA REVIEW, APPROVAL AND TRANSMITTAL
17.1 The printout from the instrument is attached to the Laboratory Information

Management System (LIMS) data report, original batch sheet, and the Mercury
Prep Logbook.

17.2 The metals department analyst reviews mercury data by verifying that the values
from the printout agree with values entered into the mercury data run logbook,
and with the values that appear on computer printed data report sheets. The
calibration standards, the correlation coefficient, CCV, LCS, duplicates, and
spikes are also reviewed to make sure values are within the limits.

17.3 Levels of review responsibility are described below:

17.3.1 Analyst Review - Hg data is reviewed by the analyst after the run is
complete and checked once more after data is entered in LIMS system.

17.3.2 Peer Analyst Review - Another analyst familiar with Hg and its data
reviews all data in detail.

17.4 Review of each level

17.4.1 Analyst Review - Analyst checks his/her own data and makes necessary
corrections on any errors (i.e. writing wrong numbers, checks correlation
coefficient again, dilution factors, and continuous calibration standards).

17.4.2 Peer Analyst Review - Reviews all data on the printout, data reported in
the Mercury Data Run Logbook, Mercury Prep Logbook and information
that is on the computer printed data report. It is important at this level to
check what preparation date was entered, dilution factors, concentrations
of spikes, and CCVs. The Case Narrative Report is used to standardize
items checked by peer analysts.

17.5 The complete data review process requires the use of the Mercury Prep Logbook,
Prep data report, batch sheet, LIMS data report, raw instrument data, auto-run
sequence record if the samples were analyzed using an autosampler, and Case
Narrative Report

18.0 RECORDS
18.1 Prep data is recorded in accordance with Section 10 of this SOP.

18.2 Data from an analysis is recorded on a printout from the instrument and stored in
digital format on the instrument computer or on the network server.

18.3 Reported values come from one sample run if the instrument calibration and other
required instrument specifications are met. The data is reported as a raw value
along with any dilution factors used.

18.4 Uploading data into LIMS

This can be done by double clicking on the icon AA Winlab Reformat (2). Open
design - double click on LIMS upload, click the file name, click on save data,
close the ICM window.

18.4.1 If there is no typo, double click on Convert into CSV file. Close window.
18.4.2 If there is a typo, double click on the Review Data icon. Make the

necessary changes, go to file, and then exit D.

GENERAL ENGINEERING LABORATORIES, LLC.
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18.4.3 Double click the Upload LIMS icon and send file to the packager. Once
the two window displays are gone, close the window.

18.4.4 Double click the Run log icon. The Runlog is printed at this time and may
be retrieved at the printer.

18.4.5 If there is another analyst in addition to the primary analyst, perform
19.4.1 through 19.4.3, double click the Edit Upload for Other Analysts
icon and change the analyst's initials to the person performing the
analysis. Save the file.

18.4.6 Double click the Run Upload for Other Analysts, and then double click on
Runlog to retrieve your Runlog from the printer.

18.4.7 When this is complete, the data will be ready for review in LIMS and a
data report will be generated for data validation

19.0 RECORDS MANAGEMENT
AH data associated with the performance of this procedure, including relevant logbooks,
are maintained as quality records in accordance with GL-QS-E-008 for the Management
and Disposition of Quality Records.

20.0 LABORATORY AND WASTE HANDLING AND DISPOSAL

20.1 Standard solutions that must be disposed of are transferred by the Waste
Management Technician to be disposed of in accordance with the Laboratory
Waste Management Plan, GL-LB-G-001.

20.2 Special caution must be taken when samples are radioactive. Handling, delivery,
transfer, and disposal of radioactive samples and residues must follow the related
SOPs. Persons handling radioactive materials must first pass the training course.

21.0 REFERENCES
21.1 Methods for the Determination of Metals in Environmental Samples, Supplement

I, EPA 60011-94-1II. Method 245.1, Revision 3.0, May 1994.
21.2 Methods for the Determination of Metals in Environmental Samples, EPA/600/4-

91/010. Method 245.5, Revision 2.3, April 1991.
21.3 Standard Methods for the Examination of Water and Wastewater, 19th Edition,

pp. 3-18 - 3-19, Method 3112B (1995).
21.4 USEPA Contract Laboratory Program Statement of Work for Inorganic Analysis,

Multi-Media, Multi-Concentration, Document Number ILM04.0 and ILM04.1.
21.5 Perkin Elmer FIMS400/FIMS100 Flow Injection Mercury System.
21.6 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/ Chemical

Methods. Volume I A. EPA SW-846, Final Update III, June 1997. USEPA Office
of Solid Waste and Emergency Response, Washington, D.C. 20460:

21.7 Method 7470A, "Mercury in Liquid Waste (Manual Cold-Vapor Technique),"
Revision I, September 1994.

21.8 Method 7471 A. "Mercury in Solid or Semisolid Waste (Manual Cold-Vapor
Technique)," Revision 1, September 1994.

21.9 Methods for Chemical Analysis of Water and Wastes, 1983, (EPA-600/4-79/020-
PB84-128677).
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1.0 STANDARD OPERATING PROCEDURE FOR TURBIDITY
2.0 METHOD CODE

EPA 180.1

3.0 METHOD OBJECTIVE/PURPOSE
To determine the turbidity of water or wastewater samples in the range of 0 to 40
nephelometric turbidity units (NTU).

4.0 METHOD SUMMARY
This method is applicable to all water and wastewater that is free of debris and coarse
sediment in the turbidity range of 0 to 40 nephelometric turbidity units (NTU). The
intensity of the light scattered by a sample is compared to the intensity of light scattered
by a standard reference solution.

5.0 APPLICABLE MATRICES
5.1 Ground water
5.2 Drinking water
5.3 Domestic and industrial wastewater

NOTE: Clients may request that this analysis be performed on miscellaneous liquid
samples. In these cases, the procedure is modified as necessary.

6.0 HOLDING TIME
Analysis should begin as soon as possible. Analysis must begin within 48 hours from the
time and date of collection until the start of analysis unless otherwise specified by
contract.

7.0 SAMPLE CONTAINER/PRESERVATION/COLLECTION/STORAGE REQUIREMENTS
7.1 The sample may be stored in a plastic or glass container. Minimum 100 mL should

be provided.

7.2 Samples must be unprcserved.

7.3 Sample must be stored at 4° ± 2° C to minimize microbiological decomposition of
solids. -

8.0 INTERFERENCES/LIMITATIONS

8.1 Interferences:

8.1.1 Debris and coarse sediment will produce erratic readings.

9.0 PERFORMANCE CHARACTERISTICS
9.1 Method concentration range: 0.1 to 40 NTU
9.2 Calibration range: 0.02 to 1000 NTU
9.3 Method detection limit (MDL): Refer to current MDL study.
9.4 Method precision: Refer to current SPC limits.
9.5 Method accuracy: Refer to current SPC limits.

10.0 DEFINITIONS
10.1 NTU - Nephelometric turbidity units

10.2 Calibration blank - A portion of reagent water is run through the analysis process.
This produces your null reading for your instrument.

10.3 Method blank - Reagent grade water is used to determine the level of laboratory
contamination in reagents, solvents, glassware, etc.

GENERAL ENGINEERING LABORATORIES, LLC
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11.0 ANALYST VERIFICATION
Technicians and analysts do not analyze client samples without supervision until they
have been fully trained and have demonstrated the ability to generate acceptable data.
Training records are maintained as quality records.

12.0 DOCUMENTATION OF DATA

12.1 Sample preparation data is recorded in AlphaLIMS.

12.2 As data is obtained, it is recorded in AlphaLIMS.

13.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
13.1 Wear eye protection with side shields while in the laboratory.

13.2 Treat all chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness file
of OSHA regulations regarding the safe handling of the chemicals in the laboratory as
well as a reference file of Material Safety Data Sheets (MSDS). Individual sample
MSDS forms provided by the clients are also maintained.

13.3 4000 NTU Formazin Stock Suspension may cause skin irritation.

14.0 SAMPLE RECEIPT FOR ANALYSIS
The analyst/technician gives a list of samples needed to the sample custodian. The
sample custodian removes the appropriate samples from the cooler and either delivers
them to the analyst/technician or places them on the "pick-up" shelf in the main cooler.

15.0 INSTRUMENTATION/EQUIPMENT/GLASSWARE
15.1 Volumetric flasks, 100 mL
15.2 Microliter pipet with tips
15.3 Sample vials, optical quality
15.4 Turbidimeter, HF Scientific

15.5 Calculator
15.6 KimWipes

16.0 REAGENTS
16.1 D1H2O
16.2 4000 NTU Formazin Stock Suspension (ordered from HACH)

16.3 0.02, 10, and 1000 NTU premade standards (ordered from HACH)

17.0 PREPARATION OF SAMPLES
Not Applicable

18.0 PREPARATION OF STANDARDS
18.1 Documentation of standards and their preparation is maintained in AlphaLIMS in

accordance with SOP GL-LB-E-007 for Laboratory Standards Documentation.

18.2 Prepare Formazin standards by pipetting known amounts of standards into a 100
mL volumetric flask. Bring to volume with deionized water. Standards are
prepared monthly for calibration and expire after 24 hours. The 0.5 NTU standarad
is prepared and analyzed with every batch and is not part of the calibration.

NOTE: Shake Formazin Stock Suspension each time before pipeting to ensure
even dispersion of the suspension.

GENERAL ENGINEERING LABORATORIES, LLC
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19.0

20.0

21.0

STANDARD
CONCENTRATION (NTU)

1000
10
0.02
0.5

PARENT
STANDARD
VOI (ML)

25.0
1.0
0.2
20

PARENT
STANDARD
CONC (NTU)

4000
1000
10
10

FINAL STANDARD VOL
(ML)

100
100
100
100

18.3 Check standards: Aficr calibrating monthly with the formazin standards, the
reference standards arc read from the fresh curve and assigned a value. This value is
used for 1 month or until the instrument is recalibrated with fresh formazin standards.

18.4 The LCS is the 10 NTU check standard.

INSTRUMENT/EQUIPMENT START-UP PROCEDURE

Turn on the Turbidimetcr and allow at least a 2-hour warm-up for maximum stability.
Place 0.02 NTU reference standard into optical well.

QUALITY CONTROL (QC) RFQUIREMENTS
20.1 The instrument manufacturer has a preset correlation coefficient. If it is not met an

error message Mill appear and rccalibration is required.

20.2 Frequency of QC:

20.2.1 A matrix duplicate is run for every batch of < 10 samples and for each set
often samples in hatches with > 10 samples.

20.2.2 MB. l.CS. 0 02 M l ' and 1000 NTU reference standards are run once for
each set of 20 samples in a batch or once for batches that contain < 20
samples.

20.2.3 A 0.5 NTH standard is analyzed with every batch to ensure accuracy at the
regulatory level.

20.3 Acceptance limits:

20.3.1 Matrix relative percent difference (RPD): See current control chart
20.3.2 Method blank: < 0.1 NTU
20.3.3 LCS: Sec current control chart
20.3.4 Check standards: •/-IO% maximum.

20.4 Handling out-of-control situations:

20.4.1 Samples > 40 NTU must be diluted with Dl water and reanalyzed.

20.4.2 If an error message appears after calibration, recalibrate or see the
manufacturer's guide for troubleshooting.

20.4.3 If method blank is above lowest standard, rerun blank sample.

20.4.4 If the check standard fails, repeat the check standard. If second check
standard fails, repeat analysis.

RUN SEQUENCE
21.1 Calibration standards: 0 02. 10.0. 1000 NTU
21.2 LCS (10 NTU reference standard)

21.3 Method blank
21.4 Samples I through x where x < 10

(iLNIRAL ENGINEERING LABORATORIES, LLC
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21.5 Sample x duplicate
21.6 Check standard 10.0 NTU
21.7 Repeat steps 21.3 - 21.6 for each sequence of 10 samples

21.8 0.5 NTU check standard.

22.0 PROCEDURE
22.1 Calibration standards

NOTE: Cuvettes must be clean and free of smudges or scratches. Clean by washing in a
detergent solution then rinsing thoroughly 8 to 10 rinses in distilled water to remove all
streaks.

22.1.1 Being careful to avoid entrapment of air bubbles, transfer well shaken
standard to sample cuvette. Wipe with lint free wipes ensuring no
smudges or fingerprints are on the sample cuvette. Place vial in unit
sample well.

NOTE: Settling particles or air in the sample may cause the digital reading to
change rapidly. Readings are taken as soon as instrument stabilizes but before
turbid particles settle.

22.1.2 Record the concentration, identification number, sample volume, and
instrument reading obtained for each standard in the appropriate columns
in AlphaLIMS.

22.1.3 Repeat steps 22.1.1 - 22.1.2 for each calibration standard described in
section 21.1.

22.1.4 Follow the manufacturer's instructions for calibration.
22.1.5 If an error message appears after calibration, troubleshoot the cause and

recalibrate. Refer to manufacturer's instructions if necessary.

22.2 Sample analysis:

NOTE: Cuvettes must be clean and free of smudges or scratches. Cleaning is
accomplished by washing in a detergent solution then rinsing thoroughly 8 to 10
rinses with distilled water to remove all streaks.

22.2.1 Being careful to avoid entrapment of air bubbles, transfer well shaken
sample to sample cuvette. Wipe with lint free wipes ensuring no smudges
or fingerprints are on the sample cuvette. Place vial in unit sample well.

NOTE: Settling particles or air in the sample may cause the digital
reading to change rapidly. Readings are taken as soon as instrument
stabilizes but before turbid particles settle.

22.2.2 If turbidity exceeds 40 NTU, volumetrically dilute sample with deionized
water and repeat analysis on diluted sample. Record all dilutions in the
AlphaLIMS.

22.2.3 Data is entered into AlphaLIMS as it is obtained.
22.2.4 Repeat steps 22.3.1 - 22.3.3 for each sample in the batch.

22.3 Calculation/reporting of results:
22.3.1 Results are reported in NTU.
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22.3.2 The RPD is calculated by subtracting the lower concentration from the
higher concentration of the duplicates, dividing by the average of the two,
and then multiplying the result by 100. The formula is as follows:

( 1 0 0 ) .
Average of the high and low concentrations

22.3.3 If the RPD is within current statistical limits or if the concentrations of
both the sample and its duplicate are < the Minimum Detectable Limits,
the duplicate is acceptable. If the values are above the MDL, and the RPD
is greater than the current statistical limit set by the laboratory, then the
sample and its duplicate are rerun.

22.3.4 For LCS recovery use the calculation below:

obtained value x 100 = SR%

22.3.5 Report results

NTU
0.0 - 1.0
1 - 10
10-40
4 0 - 100
100-400
400- 1000
>IOOO

theoretical value

as follows:

Record to nearest
0.05
0.1
1
5
10
50
100

23.0 INSTRUMENT/EQUIPMENT SHUT-DOWN PROCEDURE
Turn instrument off. Leave 0.02 NTU reference standard in optical well.

24.0 DATA REVIEW, VALIDATION, AND APPROVAL PROCEDURE
Refer to GL-GC-E-092 for data packaging and validation.

25.0 DATA TRANSMITTAL
When a batch is given the departmental "DONE" status, the data becomes available to
reporting personnel.

26.0 RECORDS MANAGEMENT
All data associated with the activity described in this procedure, including relevant
logbooks, are maintained as quality records in accordance with GL-QS-E-008 for the
Management and Disposition of Quality Records.

27.0 ROUTINE INSTRUMENT/EQUIPMENT MAINTENANCE

Refer to HF Scientific Instruction Manual.

28.0 LABORATORY WASTE HANDLING AND DISPOSAL
For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.

29.0 METHOD VERIFICATION
Method detection limit studies are conducted in accordance with GL-LB-E-001 for the
Determination of Method Detection Limits.

30.0 REFERENCES
30.1 Standard Methods for the Examination of Water and Wastewater, 18th ed. pp. 2-8

through 2-11, Method 2130 (1992).
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30.2 Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, Method
180.1 (1979).

30.3 HF Scientific Inc. MICRO lOOLaboratory Turbidimeter Operators Manual

APPENDIX I
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1.

2.

3.

4.

5.

6.

Press the / » 7 k e y . Once this key is pushed the "Went" block and the "CaP block will
illuminate on the display.
The turbidity value displayed is the lower row of '
the display should read 1000 NTU. This is the first
standard that must be used in calibration. Insert the
1000 NTU calibration standard into me sample well
(sec figure 3) by aligning the notch and the
indexing pin (see section 5.1 if you have not already
indexed the standard) and wait for rhe reading to
stabilize.

Press the enter key < = ^ when the standard is in
position. After the enter key has been pressed, the
instrument will calibrate on the 1000 NTU level
(the "Store" block will flash) and the upper row of
the display should display 1000 NTU. The lower
row of the display now shows that the 10.0 NTU
calibration standard should be placed in the sample
well for continuing the calibration sequence.
Insert die indexed 10.0 NTU calibration standard
into the sample well by aligning the notch and the
indexing pin (see section 5.1 if you have not already
indexed the standard) and wait for rhe reading to
stabilize.

kMriintfbkxk.

bqundstondoidfarAie twttlMinSMMtfisin
mlbwhmiMdt

Rgure3
Display appearance during cafcratton

of the 1000 NTU standard

Press the enter key <2^when the standard is in
position. After the enter key has been pressed, the instrument will calibrate on the 10.0 NTU level
(rhe "Store" block will flash) and the upper row of the display should display 10.0 NTU. The
lower row of die display now shows that the 0.02 NTU calibration standard should be placed in the
sample well for continuing die calibration sequence and wait for the reading to stahiltzr
Insert the indexed 0.02 NTU calibration standard into the sample well by aligning the notch and rhe
indexing pin (see section 5.1 if you have not already indexed die standard).

7. Press die enter key ^ ^ when the standard is in position. After die enter key <=i/nas been
pressed, the instrument will calibrate on the 0.02 NTU level. The instrument antomaticaDy exits
out of the calibration mode and men returns to the normal automatic mode. The display should read
0.02 NTU since this is the mrbidiry level of the standard that is still in the sample well. At this
point, you have calibrated the instrument so that it measures accurately across the full range of the
instrument.

8. Proceed to use die instrument normally.
NOTE: During calibration, the MICRO 100 will perform some system self-diagnostics. Several
error messages may be displayed. If there is an error, one of the four error messages £01, £02,
E03, and E04 will be displayed in the lower row of the display (see section 12).

NOTE: At any point in time during calibration, yon can cycle through the required calibration

points (0.02 NTU, 10 NTU, and 1000 NTU) by pressing either the cE7 ox Z i ' k e y s to
indiridnally calibrate with a particular calibration standard. If you wish to exit the calibration

mode you may do so at any time by simply pressing the <—s key. However, exiting the
calibration process without completing the steps for calibration may cause me accuracy of the
instrument to be diminished.
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1.0 ALKALINITY - TOTAL, BICARBONATE, CARBONATE, HYDROXIDE, AND
PHENOLPHTHALEIN

2.0 METHOD CODE
2.1 EPA Method 310.1

2.2 Standard Methods 18th edition, Method 2320B

3.0 METHOD OBJECTIVE/PURPOSE
This standard operating procedure (SOP) describes the method used to determine the
concentration of alkalinity (total, bicarbonate, carbonate, and hydroxide alkalinity)
present in water samples.

4.0 METHOD SUMMARY
4.1 Summary: A sample aliquot is titrated with standardized sulfuric acid (H2SO4)

solution to the phenolphthalein alkalinity (pH of 8.3) endpoint and then to the total
alkalinity (pH of 4.5) endpoint. The total alkalinity concentration corresponds
directly to the amount of titrant used to reach the pH 4.5 endpoint. Bicarbonate,
carbonate, and hydroxide alkalinity can be determined for a sample using an
alkalinity relationship table.

4.2 Synonym: Alkalinity as CaC<>}

5.0 APPLICABLE MATRICES
5.1 Ground water

- 5.2 Drinking water
5.3 Domestic and industrial wastewater

NOTE Clients may request that this analysis be performed on miscellaneous liquid or
solid samples. In these cases, the procedure is modified as necessary.

6.0 HOLDING TIME
The holding time is 14 days from the date and time of collection until the start of analysis
unless otherwise specified by contract.

7.0 SAMPLE CONTAINER/PRESERVATION/COLLECTION/STORAGE
REQUIREMENTS
7.1 Samples are collected in glass or plastic containers.

7.2 Samples are unpreserved. Since the alkalinity concentration determination is based
on the pH of a sample, preserved samples are not analyzed.

7.3 During collection, samples should not be agitated and/or exposed to the air for a
prolonged period. Both conditions could affect the pH of the sample.

7.4 Samples are stored at 4 ± 2° C in accordance with GL-SR-E-001 for Sample
Receipt, Login, and Storage.

8.0 INTERFERENCES/LIMITATIONS
8.1 Interferences:

8.1.1 Oil and grease can coat the pH electrode and cause a sluggish response.

8.1.2 Salts present in large amounts can cause interference in the pH
measurements.

8.1.3 Samples containing high concentrations of mineral acids should be titrated
to an electromagnetic endpoint of 3.9. Refer to ASTM Standards, part 3,
"WATER," D-1067, Method D (1976).

General Engineering Laboratories, LLC
PO Box 30712 Charleston SC 29417



5-Mar-04

SOP Effective 11/1/93
Revision 2 Effective November 2001

Alkalinity-Total, Bicarbonate, Carbonate, Hydroxide and Phenolphthalein
GL-GC-E-033 Rev 2

Page 4 of9

8.2 Limitations

8.2.1 Avoid titration volumes greater than 50 mL by using one of the following:

8.2.1.1 Use a more concentrated sulftiric acid titrant.
8.2.1.2 Use a smaller sample volume.

8.2.2 The sample cannot be filtered, diluted, or concentrated prior to analysis
without compromising the integrity of the results.

9.0 PERFORMANCE CHARACTERISTICS
9.1 Method detection limit (MDL): Refer to current MDL limits.
9.2 Method precision: Refer to current SPC limits.
9.3 Method accuracy: Refer to current SPC limits.

10.0 DEFINITIONS
Not applicable

11.0 ANALYST VERIFICATION
Before a technician/analyst is allowed to analyze samples without supervision, he/she will
be trained by qualified personnel. Training records are maintained as quality records.

12.0 DOCUMENTATION OF DATA
As data is obtained, it is recorded in the alkalinity logbook. When the analysis is
complete, the results are entered into ALPHA LIMS.

13.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
13.1 Wear eye protection with side shields while performing procedures in the lab.

13.2 Treat all chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness file
of OSHA regulations regarding the safe handling of the chemicals in the laboratory
as well as a reference file of Material Safety Data Sheets (MSDS.) These
documents and client sample MSDS forms are maintained in the laboratory.

13.3 Use care when handling concentrated forms of sulfuric acid.

14.0 SAMPLE RECEIPT FOR ANALYSIS
14.1 The analyst/technician gives the list of samples needed to the sample custodian. The

sample custodian removes the appropriate samples from cooler and either delivers
them to the analyst/technician or places them on the "pick-up" shelf in the main cooler.

14.2 Analysts and technicians are responsible for retrieving their own samples when the
sample custodian is not available.

15.0 INSTRUMENTATION/EQUIPMENT/GL ASS WARE
15.1 Beakers: Capacity of 150 mL required
15.2 Graduated cylinders: Minimum capacity of 100 mL is needed
15.3 Magnetic stir plate
15.4 Stir bar
15.5 Magnetic stir bar retriever
15.6 Squeeze bottle for deionized water
15.7 Hotplate
15.8 Buret with a minimum of 0.5 mL increments: Recommended capacity -10 mL to

20 mL

General Engineering Laboratories, LLC
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15.9 Watch glass
15.10 pH meter and probe
15.11 Oven capable of maintaining 250 ± 50° C

NOTE: The temperature of the oven is monitored in accordance with GL-LB-E-004.

15.12 Volumetric flask, 1 L
15.13 Aluminum weigh boat
15.14 Desiccator and desiccant
15.15 Analytical balance: Capable of weighing to 0.0001 g

NOTE: Balances are calibrated in accordance with GL-LB-E-002 for Balances.

16.0 REAGENTS
16.1 Reagents

16.1.1 Sodium Carbonate (Na2CO3)

16.1.2 Sulfuric Acid (H2SO4)
16.1.3 ASTM type II deionized water
16.1.4 pH buffers

16.1.4.1 p H = 4
16.1.4.2 pH = 7

16.1.4.3 pH=10

16.1.5 Sodium Borate(Na2B4O7»lOH2O)

16.2 Solutions

16.2.1 0.05 N sodium carbonate solution (Na2CO3)

16.2.1.1 Dry 3 - 5 g of Na2CO3 in an oven at 250 ± 50° C for 4 hours.

16.2.1.2 Remove the Na2CC»3 from the oven and cool in a desiccator.
16.2.1.3 Weigh 2.5 ± 0.2 grams of the dried Na2CO3 and transfer to a

one-liter volumetric flask.

NOTE: Record the weight of the Na2CO3 to the nearest mg in
the standardization logbook. The weight is needed in the
standardization of the sulfuric acid titrant.

16.2.1.4 Bring to volume with deionized water and mix well.

16.2.1.5 Discard after one week.

16.2.2 0.1 N sulfuric acid titrant

16.2.2.1 Transfer 3.0 mL of concentrated sulfuric acid to a one-liter
volumetric flask.

16.2.2.2 Bring to volume with deionized water.

16.2.3 Standardization of the 0.1 N sulfuric acid titrant

NOTE: This must be done monthly

16.2.3.1 Transfer 40.0 mL of 0.05 N sodium carbonate to a 250 mL
beaker.

16.2.3.2 Add 60 mL of deionized water.
16.2.3.3 Put a stir bar in the beaker and place on a stir plate.
16.2.3.4 Measure the pH of the solution.

General Engineering Laboratories, LLC
PO Box 30712 Charleston SC 29417



5-Mar-04
Alkalinity-Total, Bicarbonate, Carbonate, Hydroxide and Phenolphthalein

SOP Effective 11/1/93 GL-GC-E-033 Rev 2
Revision 2 Effective November 2001 Page 6 of 9

NOTE: Refer to the GL-GC-E-008 for pH.
16.2.3.5 Fill a buret with the 0.1 N sulfuric acid solution.
16.2.3.6 Record the initial volume of titrant in the standardization log.
16.2.3.7 Using the sulfuric acid solution as the titrant, titrate the sodium

carbonate solution to a pH of approximately 5. Record the
volume of titrant used.

16.2.3.8 Remove the beaker from the stir plate.
16.2.3.9 Place a watch glass over the beaker and put the beaker on a hot

plate.
16.2.3.10 Boil the solution gently for 3 - 5 minutes.
16.2.3.11 Cool to room temperature.
16.2.3.12 Rinse any moisture or residue on the watch glass into the same

beaker of Na2CO3.
16.2.3.13 Titrate the Na2CO3 solution again with the H2SO4 titrant until a

pH of 3.7 is reached.
16.2.3.14 Record the volume of titrant used in the standardization

logbook.
16.2.3.15 Calculate the exact normality of the sulfuric acid solution using

this formula:

Normality of the H2SO4 solution = A x B
53.00 x C

Where:
A = grams of Na2CO3 used in preparing Na2C(>» solution (refer
to 16.2.1.3)
B = volume in mL of the Na2CO3 solution transferred to the
beaker (refer to 16.2.3.1)
C = total volume of the 0.1 N H2SO4 acid titrant used to reach a
pHof3.7

16.2.4 0.02 N sulfuric acid

16.2.4.1 Dilute 200 mL of the 0.1 N sulfuric acid to one liter with DI
water.

16.2.5 Standardization of the 0.02 N sulfuric acid

16.2.5.1 Standardize the sulfuric acid solution monthly.
16.2.5.2 Transfer 15.0 mL of 0.05 N Na2CO3 solution to a 250 mL beaker.
16.2.5.3 Add 85 mL of deionized water.
16.2.5.4 Put a stir bar in the beaker and place on a stir plate.
16.2.5.5 Measure the pH of the solution.

NOTE: Refer to GL-GC-E-008 for pH.

16.2.5.6 Fill a buret with the 0.02 N sulfuric acid solution.
16.2.5.7 Record the initial volume of titrant in the standardization log.
16.2.5.8 Using the sulfuric acid solution as the titrant, titrate the sodium

carbonate solution to a pH of approximately 5. Record the
volume of titrant used.

16.2.5.9 Remove the beaker from the stir plate.
General Engineering Laboratories, LLC
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16.2.5.10 Place a watch glass over the beaker and put the beaker on a hot
plate.

16.2.5.11 Boil the solution gently for 3 - 5 minutes.
16.2.5.12 Cool to room temperature.
16.2.5.13 Rinse any moisture or residue on the watch glass into the same

beaker of Na2CC>3.
16.2.5.14 Titrate the Na2CO3 solution again with the H2SO4 titrant until a

pH of 3.7 is reached.
16.2.5.15 Record the volume of titrant used in the standardization

logbook.
16.2.5.16 Calculate the exact normality of the sulfuric acid solution using

this formula:

Normality of the H2SO4 solution = A x B

53.00 x C

Where:
A = grams of Na2CC»3 used in preparing Na2CC»3 solution (refer
to 16.2.1.3)
B = volume in mL of the Na2CC»3 solution transferred to the
beaker (refer to 16.2.5.2)
C = total volume of the 0.02 N H2SO4 acid titrant used to reach
a pH of 3.7

16.2.6 Add Sodium borate LCS.
16.2.6.1 Weigh 3.814 g of Sodium borate • 10 hydrate (Na2B4O7»lOH2O)

into a 1000 mL volumetric flask. Dilute to volume with DI
water. Discard after six months.

17.0 PREPARATION OF SAMPLES
Not applicable

18.0 PREPARATION OF STANDARDS
Not applicable

19.0 INSTRUMENT/EQUIPMENT START-UP PROCEDURE
Refer to GL-GC-E-008 for pH.

20.0 QUALITY CONTROL (QC) REQUIREMENTS
20.1 Frequency of QC:

20.1.1 Matrix duplicate is analyzed for every batch of < 10 samples and for each set
often samples in batches with > 10 samples.

20.1.2 LCS is analyzed with each alkalinity batch of < 10 samples. Recovery must
be 100%± 10%.

20.1.3 Prepare LCS by diluting 5 mis of Sodium borate solution (16.2.6) to 100 mis
with DI water. Analyze as if it were a sample.

20.1.4 A matrix spike (MS) is prepared with each alkalinity batch of < 10 samples.
Add 5 mis of LCS (Sodium borate) solution to 95 mis of sample. Recovery
must be 100%± 10%.

20.2 Acceptance limits:

General Engineering Laboratories, LLC
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20.2.1 Matrix relative percent difference (RPD): Refer to current control charts.

21.0 RUN SEQUENCE
21.1 Samples 1 through x where x < 10
21.2 Sample x duplicate

22.0 PROCEDURE
22.1 Analysis:

22.1.1 Calibrate the pi I meicr as described in GL-GC-E-008 for pH.

22.1.2 Record the batch number, matrix, initials, date, and time of analysis in the
alkalinity logbook.

22.1.3 Using a graduated cylinder, transfer 100 mL of sample to a 150 mL beaker.

22.1.4 Record the client ID, sample ID, and the volume of sample used in the
appropriate columns of the alkalinity logbook.

22.1.5 Measure the pH of the sample. (Refer to the GL-GC-E-008 for pH.)

22.1.6 Record this initial plf in the alkalinity logbook.

22.1.7 Fill the buret with one of the standardized H2SO4 titrants and record the
normality of the chosen titrant in the alkalinity logbook.

22.1.7 I Use 0 02 N H:SO4 if the alkalinity is expected to be < 1000
mgLCaCOi.

22 1.7 2 Use 0 I N H ;SO4 if the alkalinity is expected to > 1000 mg/L
CaCO,

22.1.8 Record the initial volume of the H2SO4 acid titrant in the appropriate
column of the alkalinity logbook.

22.1.9 Titrate the sample with the H;SO4 titrant until the appropriate endpoint is
obtained

2 2 1 9 1 Phenolphthalein alkalinity: Endpoint = pH of 8.3
22 I 9 2 Total alkalinity: Endpoint = pH of 4.5

22.1.10 Record the final volume of the titrant and the total volume of titrant used
(final volume - initial volume) in the appropriate columns of the alkalinity
logbook.

22.1.11 Repeat steps 22 I 4 - 22.1.10 for each sample and quality control sample
in the batch

22.2 Calculation, rcportini; of results:

22.2.1 Calculate the total alkalinity using this formula:

alkalinity in mgl . = Vl x N x 50000 where
Vs

Vt = volume in mL of H:SO4 used to reach the pH 4.5 endpoint
N = normality of the H;SO4 titrant
Vs = volume in mL of sample used

22.2.2 Calculation of the phenolphthalein alkalinity (P)

22.2.2.1 Calculate P using this formula

P in mg'L = Vt x N x 50000 where
Vs

General Engineering Laboratories, LLC
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Vt = volume in mL of H2SO4 used to reach the pH 8.3 endpoint
N = normality of the H2SO4 titrant
Vs = volume in mL of sample used

22.2.3 Calculation of carbonate, bicarbonate, and hydroxide alkalinity.

22.2.3.1 These forms of alkalinity are calculated using the calculations
found in Standard Methods, 19th Edition, Method 4500-CO2D.

23.0 INSTRUMENT/EQUIPMENT SHUT-DOWN PROCEDURE
Refer to the GL-GC-E-008 for pH for shutdown procedures.

24.0 DATA REVIEW, VALIDATION, AND APPROVAL PROCEDURE
Refer to GL-GC-E-092 for General Chemistry Data Review and Validation.

25.0 DATA TRANSMITTAL
When a batch is given General Chemistry departmental "DONE" status, it is
automatically transferred via ALPHALIMS to reporting personnel.

26.0 RECORDS MANAGEMENT
All logbooks and data generated as a result of this procedure are maintained as quality
records in accordance with GL-QS-E-008 for Quality Records Management and Disposition.

27.0 ROUTINE INSTRUMENT/EQUIPMENT MAINTENANCE
Refer to GL-GC-E-008 for pH for instrument maintenance.

28.0 LABORATORY WASTE HANDLING AND DISPOSAL
For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.

29.0 METHOD VERIFICATION
29.1 Method detection limit studies are performed in accordance with GL-LB-E-001 for

Method Detection Limits

29.2 EPA Method 310.1 states that for a sample with a total alkalinity concentration of <
20 mg/L, the analyst should titrate the sample to pH in the range of 4.3 to 4.7 and
the amount of titrant and pH recorded. The pH is then lowered exactly 0.3 pH units
and the volume of titrant required to do this recorded. In this SOP, all samples
being tested for total alkalinity are titrated to pH of 4.5 regardless of the alkalinity
concentration.

29.3 EPA method 310.1 states that analysis should begin as soon as it is practical. This
SOP allow 14 days from the date of collection until the start of analysis in
accordance with the holding time listed in the Federal Register Volume 49 Number
209 Part 136.3 Table II.

30.0 REFERENCES
30.1 Methods of Chemical Analysis of Water and Wastes. Alkalinity. EPA 600/4-79-

020. Method 310.1 (1979).

30.2 Standard Methods for the Examination of Water and Wastewater 18th Edition.
Method 2320 B. Alkalinity Titration Method.

30.3 Federal Register 40 CFR Part 136 "Guidelines Establishing Test Procedures for the
Analysis of Pollutants under the Clean Water Act", April 4, 1995.

30.4 Standard Methods for the Examination of Water and Wastewater, 19th Edition,
Method 45OO-CO2D, Carbon Dioxide and Forms of Alkalinity by Calculation.
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1.0 STANDARD OPERATING PROCEDURE FOR TOTAL, TOTAL INORGANIC, AND TOTAL
ORGANIC CARBON (TOC) USING THE OI-ANALYTICAL MODEL 1010 TOC ANALYZER

2.0 METHOD CODE

2.1 EPA Method 415.1

2.2 EPA SW-846 Method 9060

3.0 METHOD OBJECTIVE/PURPOSE
The purpose of this Standard Operating Procedure (SOP) is to describe the procedure
used to run samples for total, total inorganic, and total organic carbon using the O-I
Analytical Model 1010 TOC analyzer.

4.0 METHOD SUMMARY
4.1 Total organic carbon is converted to carbon dioxide by chemical oxidation of the

organic carbon in the sample. The carbon dioxide is measured using a non-
dispersive infrared detector.

4.2 Synonym: Non-purgeable organic carbon

5.0 APPLICABLE MATRICES
5.1 Ground water

5.2 Drinking water

5.3 Domestic and industrial wastewater
NOTE: Clients may request that this analysis be performed on miscellaneous
liquid or solid samples. In these cases, the procedure is modified as necessary.

NOTE: SC DHEC requires analysis by SW846 9060 if samples are not drinking
water or wastewater and the data is to be used for regulatory purposes.

6.0 HOLDING TIME
Holding time is 28 days from the time and date of collection until the start of analysis
unless otherwise specified.

7.0 SAMPLE CONTAINER/PRESERVATION/COLLECTION/STORAGE REQUIREMENTS
7.1 Storage of samples in amber glass bottles is preferred. Polyethylene bottles may

be used if blanks are collected to show that the containers do not contaminate the
samples.

7.2 Unless samples are to be analyzed within two hours of collection, they should be
acidified to a pH of two or less with H2SO4.

7.3 Samples should be stored at 4 ± 2° C.
7.4 If the concentration of dissolved organic carbon is to be determined, samples

should be filtered through a 0.45 um filter at the time of collection.

8.0 INTERFERENCES
Carbonates and bicarbonates must be removed before analysis for TOC.

9.0 PERFORMANCE CHARACTERISTICS
9.1 Method concentration range: 0.2 - 20 mg/L with the sample loop set at 5 mL loop

size.
9.2 Calibration range: 0.2-20 mg/L.
9.3 Method detection limit (MDL): Refer to current MDL study.
9.4 Method precision: Refer to current SPC limits.
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9.5 Method accuracy: Refer to current SPC limits.

10.0 DEFINITIONS

10.1 Laboratory Control Sample (LCS) - A standard, usually of the same matrix as the
sample batch being organized, taken through the same prep process as the
samples, then analyzed with the batch.

10.2 Total Organic Carbon - All carbon in a sample besides carbonates and bicarbonates.

10.3 Non-purgeable Organic Carbon - All organic carbon that is not removed by
sparging.

10.4 Total Carbon - Total amount of carbon in a sample.

10.5 Total Inorganic Carbon - All inorganic carbon in a sample that is separated from
organic carbon by acidification.

10.6 Dissolved Organic Carbon- All organic carbon in a sample that has been filtered
through a 0.45 micron filter.

11.0 ANALYST VERIFICATION
Technicians and analysts do not analyze client samples without supervision until trained
by qualified personnel and upon successful analysis of a proficiency sample. Training
records are maintained as quality records.

12.0 DOCUMENTATION OF DATA
12.1 As data is obtained, computer printouts of the data are generated. These dated

hard copies of the data are stored in the TOC-1010 binder. Results are uploaded
into the laboratory information management system.

13.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
13.1 Wear eye protection with side shields while performing procedures in the lab.

13.2 Treat all chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness
file of OSHA regulations regarding the safe handling of the chemicals in the
laboratory as well as a reference file of Material Safety Data Sheets (MSDS.)
These documents and client sample MSDS forms are maintained in the
laboratory.

14.0 SAMPLE RECEIPT FOR ANALYSIS
14.1 The analyst/technician gives the list of samples needed to the sample custodian.

The sample custodian removes the appropriate samples from cooler and either
delivers them to the analyst/technician or places them on the "pick-up" shelf in
the main cooler.

14.2 Analysts and technicians are responsible for retrieving their own samples when
the sample custodian is not available.

15.0 INSTRUMENTATION/EQUIPMENT/GLASSWARE
15.1 1-0 Analytical Model 1010 TOC Analyzer including:

15.1.1 Reaction module

15.1.2 Detector/electronics module

15.1.3 Printer module

15.1.4 Autosampler module
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15.2 Compressed nitrogen (zero grade) and two stage regulator
15.3 Flow meter
15.4 Personal computer (for entering data)

16.0 REAGENTS

16.1 Raw materials: (Chemicals should be at least ACS grade or equivalent)

16.1.1 Potassium acid phthalate, KHC8H4O4

16.1.2 Concentrated phosphoric acid, H3PO4 ( 85%)

16.1.3 5% (by volume) Phosphoric acid reagent,

Dilute 59mls of H}PO4 (85%) to 1000ml using Dl H2O.

16.1.4 ASTM Type 11 deionized water.

16.1.5 Sodium bicarbonate, NaHCO3

16.2 Persulfate reagent:

Dissolve 100 g sodium persulfate in a 1 liter volumetric flask using deionized (DI)
water.

Bring to volume with DI water.

17.0 PREPARATION OF SAMPLES
Not applicable.

18.0 PREPARATION OF STANDARDS AND QUALITY CONTROL SAMPLES
18.1 Standards are prepared according to the recipes found in ALPHALIMS.

Standards are stored in the Reagent Cabinet.

Stock standards arc stored in amber bottles and are good for six months.
18.2 Documentation of standards and their preparation are maintained in ALPHALIMS

in accordance with GL-LB-E-007 "Laboratory Standards Documentation."

18.3 Laboratory Control Sample(s) (LCS): The LCS is prepared by spiking an aliquot of
DI water with the TOC stock standard solution. _

18.3.1 The LCS is made up daily from 2nd source standard.

18.4 Calibration standards: The concentrations used are listed below:

20.0 mg/L
10.0 mg/L
1.00 mg/L
0.20 mg/L
0.0 mg/L

18.4.1 Calibration standards are made up daily from 1 ° stock standard.

18.5 Initial Calibration Verification (ICV): The ICV is a 10.0 mg/L standard made
from the second source stock standard. The ICV must be run immediately after
the calibration standards.

18.6 Continuing Calibration Verification (CCV): The CCV is a 10.0 mg/L standard
made from the same source stock standard as the calibration standards. A CCV
must be run after every 10 samples and after the last sample in the run.

18.7 Total Inorganic Carbon (TIC) Check standard: This standard is analyzed once per
run to ensure that the instrument is adequately removing inorganic carbon.
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19.0 INSTRUMENT/EQUIPMENT START-UP PROCEDURE

19.1 Refer to Chapter 4: Operation of the O-I Model 1010 Wet Oxidation Total
Organic Carbon Analyzer Operator's Manual.

19.2 Before a run is started, make sure there is an adequate amount of sodium
persulfate reagent to complete the analysis.

19.3 Prior to the start of analysis, ensure that the nitrogen flow is between 40 and 60 psi.

20.0 QUALITY CONTROL (QC) REQUIREMENTS

20.1 Instrument QC

20.1.1 An initial calibration verification (ICV) is analyzed immediately after the
calibration standards. This standard must be made from a different source
than the calibration standards.

20.1.2 An initial calibration blank (ICB) is analyzed following the ICV.

A continuing calibration verification (CCV) is analyzed after every 10 analytical
samples and after the last analytical sample in the run.

A continuing calibration blank (CCB) is analyzed after every CCV.

A TIC check standard is immediately after the ICB.

20.2 Batch QC

20.2.1 A matrix spike and a matrix duplicate are analyzed for every batch of < 10
samples and for each set often samples in batches with > 10 samples
(unless otherwise required by client contract).

A method blank and laboratory control sample (LCS) are analyzed at least once for
every batch of 20 samples or less.

For liquid samples, the LCS is normally a 10 mg/L standard taken through the same
process as the samples.

LCS duplicates are analyzed if required by client contract.

20.3 Acceptance limits:

20.3.1 Correlation coefficient must be 0.995 or greater.

20.3.2 ICV recovery must be 90-110% for all batches (unless otherwise specified
by client contract). If not, the ICV should be remade and reanalyzed. If
the ICV continues to be out of range, the primary calibration standard
should be remade and reanalyzed.

CCV recovery must be 90-110% for all batches (unless otherwise specified by client
contract). If the CCV continues to be out of range, the instrument must be
recalibrated.

Matrix relative percent difference (RPD): Refer to current SPC limits

Matrix spike recovery: Refer to current SPC limits.

Method blank: Must be less than the CRDL.

LCS: Refer to current SPC limits.

LCS RPD: Refer to current SPC limits.

If analysis by EPA Method 415.1 is requested, the samples are analyzed in
duplicate. The Relative Percent Difference (RPD) between the two values
must be < 20% when the values are greater than 5 mg/L.
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) If analysis by SW-846 9060 is requested, samples are analyzed quadruplicate. The
Relative Percent Difference (RPD) between the two values must be < 20%
when the values are greater than 5 mg/L.

The TIC check standard is acceptable if the concentration of total organic carbon
determined from its analysis is less than the 0.5 mg/L.

20.4 Handling out-of-control situations:

20.4.1 If a sample result exceeds the concentration of the highest calibration
standard, the sample must be diluted appropriately with DI water and
reanalyzed.

20.4.2 The correlation coefficient must be at least 0.995. If it is less than 0.995
the calibration standards must be reanalyzed. Analysis of samples cannot
begin until a correlation coefficient of 0.995 is obtained.

21.0 RUN SEQUENCE
21.1 Calibration standards, including DI Blank
21.2 ICV
21.3 ICB
21.4 TIC check standard
21.5 Up to 10 analytical samples including LCS, Method Blank, and sample QC (refer

to Section 20)
21.6 CCV (Continuing Calibration Verification)
21.7 CCB
21.8 Repeat steps 21.5 - 21.7 for remaining samples in the run ending with CCV and

CCB.

22.0 PROCEDURE
22.1 Analysis: Refer to Chapter 4 (pages. 62-71), Operation of the Model 1010 Wet

Oxidation Total Organic Carbon Analyzer Operator's Manual.

22.2 Calculation/reporting of results:

22.2.1 As the data is obtained; it is uploaded into ALPHALIMS.

22.2.2 If a sample is analyzed by EPA 415.1, the average of the two replicates is
reported for the TOC or Total Carbon Concentration.

22.2.3 For samples analyzed by SW 846-9060, all four replicates plus the average
are reported for the TOC concentration.

23.0 INSTRUMENT/EQUIPMENT SHUT-DOWN PROCEDURES
Refer to Chapter 4, page 74, Operation of the Model 1010 Wet Oxidation Total Organic
Carbon Analyzer Operator's Manual.

24.0 DATA REVIEW, VALIDATION, AND APPROVAL PROCEDURE
Refer to GL-GC-E-092 for Data Packaging and Validation.

25.0 DATA TRANSMITTAL
When a batch is given General Chemistry departmental "DONE" status, it is made
available to reporting personnel.

26.0 RECORDS MANAGEMENT
All logbooks and data generated as a result of this procedure are maintained as quality
records in accordance with GL-QS-E-008 for Quality Records Management and Disposition.
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27.0 ROUTINE INSTRUMENT/EQUIPMENT MAINTENANCE

Refer to Chapters 5 and 6 of the O-I Model 1010 Wet Oxidation Total Organic Carbon
Analyzer Operator's Manual.

28.0 LABORATORY WASTE HANDLING AND DISPOSAL

For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.

29.0 METHOD VERIFICATION

29.1 To ensure accuracy, % error is calculated for the duplicate values of all
concentrations greater than 1 mg/L.

29.2 The % error must be 10% or less for samples logged according to Method 415.1.
If not, the samples must be reanalyzed.

30.0 REFERENCES
30.1 Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020.

"Organic Carbon, Total", Method 415.1 (Combustion or Oxidation), March 1979.
30.2 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/

Chemical Methods. Volume IC. SW-846, Third Edition, November 1986.
Method 9060, "Total Organic Carbon," Revision 0, September 1996. USEPA
Office of Solid Waste and Emergency Response, Washington, DC 20460.

30.3 O-I Analytical Model 1010 Wet Oxidation Total Organic Carbon Analyzer
Operator's Manual.
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1.0 STANDARD OPERATING PROCEDURE FOR TOTAL DISSOLVED SOLIDS
2.0 METHOD CODE

2.1 EPA 160.1
2.2 Standard Methods 18th Edition 2540 C

3.0 METHOD OBJECTIVE / PURPOSE
This procedure is used to measure total dissolved solids (TDS) in waters and
waste waters. TDS are those solids capable of passing through a standard glass fiber filter
and dried to a constant weight at 180° C.

4.0 METHOD SUMMARY
4.1 Summary: In this gravimetric procedure, a water sample is filtered through a glass

fiber filter into a preweighed porcelain crucible. The filtrate is evaporated to
dryness and dried to a constant weight at 180° C. The increase in the dish weight
represents the total dissolved solids.

4.2 Synonym: Residue, Total Filterable (Dried at 180° C)

5.0 APPLICABLE MATRICES

5.1 Groundwater

5.2 Drinking water

5.3 Domestic and industrial wastewater
NOTE: Clients ma> request that this analysis be performed on miscellaneous liquid
samples. In these cases, the procedure is modified as necessary.

6.0 HOLDING TIME
Seven days filtration from the time and date of collection unless otherwise specified by
contract.

7.0 SAMPLE CONTAINER, PRESERVATION, COLLECTION, STORAGE
REQUIREMENTS
7.1 Samples may be stored in glass or plastic containers.

7.2 Preservation:

7.2.1 No preservatives are required. Preserved samples should never be analyzed.
7.2.2 Documentation of temperature and pH are documented at Login. Refer to

GL-SR-E-OOI for Sample Receipt, Login, and Storage.)

7.3 Refrigerate sample at 4° ± 2° C until analysis to minimize microbiological
decomposition of solids.

8.0 INTERFERENCES
8.1 Highly mineralized waters containing significant concentrations of calcium,

magnesium, chloride and/or sulfate may be hygroscopic and will require prolonged
drying, desiccation, and rapid weighing.

8.2 Samples containing high concentrations of bicarbonate will require careful and
possibly prolonged drying at 180° C to ensure that all the bicarbonate is converted
to carbonate.

8.3 Too much residue in the evaporating dish will crust over and entrap water that will
not be driven off during drying. Total residue should be limited to about 200 mg.
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9.0 PERFORMANCE CHARACTERISTICS

9.1 Method concentration range: 10 mg/L to 20,000 mg/L

9.2 Method detection limit (MDL): Refer to current MDL study

9.3 Method precision: Refer to SPC limits

9.4 Method accuracy: Refer to SPC limits

10.0 DEFINITIONS

10.1 Hygroscopic - Attracting, absorbing, and retaining atmospheric moisture.

10.2 Gravimetric - Pertaining to measurement by weight.

10.3 Desiccant - Material used to absorb moisture present.

11.0 ANALYST VERIFICATION
Technicians and analysis do not analyze client samples without supervision until trained
by qualified personnel and upon the successful analysis of a proficiency sample.
Training records arc maintained as quality records.

12.0 DOCUMENTATION OF DATA
As data is obtained, it is recorded in AlphaLlMS.

13.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
13.1 Wear eye protection with side shields while performing procedures in the lab.

13.2 Treat all chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness
file of OSHA regulations regarding the safe handling of the chemicals in the
laboratory as well as a reference file of Material Safety Data Sheets (MSDS.)
These documents and client sample MSDS forms are maintained in the

14.0 S A M P l f t l S W p T FOR ANALYSIS
14.1 The analyst/technician gives the list of samples needed to the sample custodian.

The sample custodian removes the appropriate samples from cooler and either
delivers them to the anaKsl'tcchnician or places them on the "pick-up" shelf in the
main cooler.

14.2 Analysts and technicians are responsible for retrieving their own samples when the
sample custodian is not available.

15.0 INSTRUMENTATION / EQUIPMENT / GLASSWARE
15.1 Analytical balance, capable of weighing to 0.0005g.

NOTE: The balance must be calibrated in accordance with the procedure
outlined in the GI.-LB-E>002 for Balances.

15.2 Drying oven, for operation at 180° ± 2° C.

15.3 Drying oven for operation at approximately 100° C. (Optional)

15.4 Desiccator w ith a color-indicating desiccant.

15.5 Porcelain crucibles. 100 ml capacity or larger.

15.6 Glass fiber filter paper. 4.7 cm.

15.7 Filtration flask. (Minimum size is 250 mL)

15.8 Magnetic filter funnel.
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15.9 Tongs.

15.10 Vacuum source.

15.11 Graduated cylinders. (Typical capacity required is 100 mL.)

15.12 Thermometers are calibrated in accordance with GL-LB-E-004 for Temperature
Monitoring and Documentation Requirements for Refrigerators, Freezers, Ovens,
Incubators, and other Similar Devices, and capable of recording temperatures up to
182° C.

16.0 REAGENTS
16.1 Sodium chloride, NaCI

16.2 ASTM Type II Deionized Water

17.0 PREPARATION OF SAMPLES
Not Applicable

18.0 PREPARATION OF STANDARDS
18.1 Documentation of standards and their preparation is kept in maintained in

AlphaLIMS in accordance with to GL-LB-E-007 for standards documentation.

18.2 Laboratory control sample(s) (LCS): 300 mg/L sodium chloride, NaCI. Weigh
0.300 g of NaCI and dilute to 1000 mL with deionized water.

The LCS should be discarded after six months.
19.0 INSTRUMENT / EQUIPMENT START-UP PROCEDURES

19.1 Preparation of desiccators:

19.1.1 Ensure that the desiccant is activated by observing the blue color indicator.
NOTE: If < 50% of the indicator desiccant is blue, change the desiccant.

19.1.2 Desiccator must be sealed. Any moisture absorbed by the crucibles can
cause erroneous results.

19.1.3 Label desiccators to be used with the date and what they will contain.

19.2 Preparation of crucibles:

19.2.1 Crucibles are cleaned by the glassware technicians, according to GL-LB-E-
003 for Glassware Preparation, and stored in a drying oven.

19.2.2 Crucibles are marked by the analyst with a grease pencil and identified with
a letter and/or a number.

19.2.3 The analyst is responsible for the preparation of the crucibles as follows:

19.2.3.1 Place cleaned crucibles in the drying oven at 180 ± 2° C.

19.2.3.2 Set the temperature at or 180° C.

19.2.3.3 Crucibles should remain at the specified temperature for a
minimum of one hour.

NOTE: The oven/furnace temperature should not be allowed to drop
below 100° C before the crucibles are removed and placed in desiccators.

19.2.3.4 Using tongs, remove the crucibles from the oven or furnace and
place in a desiccator immediately.
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19.2.3.5 Allow crucibles to cool in desiccators to room temperature
before use. If it is possible, allow crucibles to cool for at least 12

19.3 Filter Papers (if pWvflshed, certified filters are being used, no filter preparation is
needed):

19.3.1 Place glass fiber filter in filter apparatus.
19.3.2 Rinse with 100 mL of deionized water.
19.3.3 Apply vacuum until water is removed from the filter.

19.3.4 Place the filter in an oven to dry at approximately 100° C and store in a
desiccator until needed.

NOTE: If necessary, the filter can be washed just prior to use and can be used
without drying in an oven.

20.0 QUALITY CONTROL (QC) REQUIREMENTS
20.1 Frequency of QC:

20.1.1 A matrix duplicate should be analyzed for every batch of < 10 samples and
for each set often samples in batches with > 10 samples.

20.1.2 A method blank and laboratory control sample (LCS) should be analyzed
once for every batch containing < 20 samples.

NOTE: LCS duplicates are analyzed if required by contract or requested by
client or if matrix QC is not available

20.2 Acceptance limits:

20.2.1 Matrix relative percent difference (RPD): Refer to current SPC limits.
20.2.2 Method Blank: less than the CRDL.
20.2.3 LCS: Refer to current SPC limits.

20.4 Handling out-of-control situations:

20.4.1 Notify the group leader or team task leader immediately.

20.4.2 If the LCS, LCS RPD, matrix RPD, or blanks fall outside of current
acceptance limits, the samples to which the unacceptable QC pertains must
be reanalyzed.

20.4.3 The analyst should document in case narrative for the batch the specific QC
that is out-of-control and cross-reference data from any subsequent
reanalysis.

21.0 SUGGESTED RUN SEQUENCE

21.1 Samples 1 through x where x < 10

21.2 Sample x duplicate

21.3 Method blank

21.4 Repeat steps 21.1 - 21.3 for every group of ten samples in the batch.

21.5 LCS

22.0 PROCEDURE

22.1 Calibration of equipment/instrumentation:

22.1.1 Balance
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22.1.1.1 Ensure that the analytical balance to be used has been calibrated
and is within control limits before use. Refer to the balance
logbook and GL-LB-E-002 for balances, for limits.

22.1.1.2 Check and document, in the logbook provided, the calibration of
the balance before use. Refer to GL-LB-E-002 for balances.

22.1.2 Oven
22.1.2.1 Make sure that the oven to be used is at a temperature that is

within acceptance limits.

22.1.2.2 Control limits for the drying oven are documented on the
temperature log.

22.1.2.3 The oven temperature log format provides the required
documentation to ensure that the oven temperature was in control
during the drying process.

22.1.2.4 Refer to GL-LB-E-004 for Temperature Monitoring.

22.2 Analysis:

22.2.1 Remove the prepared crucibles from the desiccator.

NOTE: Crucible should be removed from the desiccator just immediately
prior to weighing.

NOTE: NEVER touch the crucibles with your hands. Always use tongs
or kimwipes.

22.2.2 Record the crucible ID. sample number, and the weight of each crucible to
be used in AlphaLIMS in the appropriate columns.

22.2.3 Place a prepared glass fiber filter in the filter apparatus.

22.2.4 Thoroughly mix the sample to be analyzed.
22.2.5 Filter the sample through the glass fiber filter into a clean filter flask.

Volume of filtrate needed is 100 mL.

22.2.6 Allow the vacuum pump to remain on after fiJtration to remove as much
water as possible. (Approximate time required is 2-3 minutes.)

22.2.7 Measure a 100 mL aliquot of the filtrate with a clean graduated cylinder and
transfer it to the designated preweighed crucible.

NOTE: Volume of filtrate used may vary depending upon the matrix of
the sample.

22.2.8 Place the crucible and filtrate in an oven at 180 ± 2°C until the filtrate
evaporates to dryness. If the analyst feels there will be a problem putting
the crucible and filtrate directly into the 180 ± 2°C oven such as splattering,
the crucible and filtrate may first be placed in an oven at 100°C until the
filtrate evaporates to dryness.

22.2.9 Continue to dry for a minimum of 1 hour in an oven at 180 ± 2° C.
CAUTION: The temperature of the oven must be recorded or results may
be considered invalid.

22.2.10 Rinse the used funnel thoroughly before beginning to filter the next sample.
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22.2.11 Repeat steps 22.2.3-22.2.10 for all samples, blanks, duplicates, and LCS to
be analyzed.

22.2.12 Using tongs to remove the crucibles from the oven and cool to room
temperature in a desiccator.

22.2.13 Weigh and record the weight of each crucible in AlphaLIMS in the
appropriate column.

22.2.14 Put the crucibles back into an oven at 180± 2° C for a minimum of one hour.

22.2.15 Repeat 22.2.12-22.2.14 until a constant weight is obtained. Constant weight
is defined by EPA 160.1 as weight loss or gain of .0005 g.

22.3 Calculation/reporting of results:

22.3.1 Calculate TDS as follows:
TDS, mg/L = (A-B)x 1000000

C

A= final weight of dried residue + crucible (in grams)
B = initial weight of crucible (in grams)
C = volume of filtrate used (in mL)

22.3.2 Results are reported in mg/L.
22.3.3 LCS recoveries are calculated as follows:

Actual [TDS1 mg/L obtained x JQO

Known [TDS] mg/L

22.3.4 RPDs are calculated as follows:
FTPS mg/LI sample - [TDS mg/L] duplicate

Average [TDS mg/L] of the sample + duplicate

23.0 INSTRUMENT AND EQUIPMENT SHUT-DOWN PROCEDURES
Not Applicable ,

24.0 DATA REVIEW, VALIDATION, AND APPROVAL PROCEDURES
Refer to GL-GC-E-092 for Data Packaging and Validation.

25.0 DATA TRANSMITTAL
When a batch is given General Chemistry departmental "DONE" status, the data is
automatically available to reporting personnel.

26.0 RECORDS MANAGEMENT
All logbooks and data generated as a result of this procedure are maintained as quality
records in accordance with GL-QS-E-008 for Quality Records Management and Disposition.

27.0 ROUTINE INSTRUMENT / EQUIPMENT MAINTENANCE
27.1 Ovens and Thermometers

27.1.1 Refer to GL-LB-E-004 for Temperature Monitoring and Documentation
Requirements for Refrigerators, Freezers, Ovens, Incubators, and other
Similar Devices.

27.2 Balance

27.2.1 Refer to GL-LB-E-002 for Balances.
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27.3 Procedure for maintenance of desiccant

27.3.1 Analysts are responsible for ensuring that the desiccators are maintained by
replacing the desiccant whenever 50% of the blue indicator starts to turn
pink.

27.3.2 Dry desiccant for reuse as follows:
27.3.2.1 Spread desiccant out in an aluminum pan.
27.3.2.2 Place in drying oven capable of maintaining 105° C for one hour

or more.
27.3.2.3 Remove from oven.

NOTE: All desiccants should be blue. If not, discard the
dessicant.

27.3.2.4 Place in a desiccator immediately to cool.
28.0 LABORATORY WASTE HANDLING AND DISPOSAL

For the proper handling and disposal of all types of wastes from this procedure, refer to
GL-LB-G-001, the Laboratory Waste Management Plan.

29.0 METHOD VERIFICATION
29.1 Step 19.3.2 differs from the method. The method mentions three 20 mL rinses of

the filter paper with deionized water. As written, this SOP asks for the filter papers
to be rinsed only once with 100 mL of deionized water.

29.2 MDLs are calculated in accordance with GL-LB-E-001 for Determination of
Method Detection Limits.

29.3 Methods SM2540C and EPA 160.1 require that the filtrate be evaporated in a steam
bath before being dried at 180° C. This SOP replaces the steam bath with an oven
at 100° C. This oven is only used if the analyst feels there will be a problem
placing the sample directly in the 180°C oven when liquid is present.

30.0 REFERENCES

30.1 Federal Register 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants under the Clean Water Act," April 4, 1995

30.2 Manual of Methods For Chemical Analysis of Water and Wastes. US EPA
Technology Transfer, EPA-625/6-74-003a, 1976

30.3 Methods for Chemical Analysis of Water and Wastes EPA 600/4-79-020. March
1979. Method 160.1, "Total Dissolved Solids."

30.4 Standard Methods for the Examination of Water and Wastewater, 18th Edition.
Method 2540 C.

30.5 Compilation of ASTM Standard Definitions, sponsored by ASTM Committee on
Terminology. 7th Edition, American Society for Testing and Materials 1990.
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1.0 STANDARD OPERATING PROCEDURE FOR TOTAL SUSPENDED SOLIDS
2.0 METHOD CODE

2.1 EPA 160.2
2.2 Standard Methods 18th Edition 2540 D

3.0 METHOD OBJECTIVE/PURPOSE
This procedure is used to measure total suspended solids (TSS) in waters and
wastewaters. TSS are those solids that are retained by a standard glass fiber filter and
dried to a constant weight at 103 - 105° C.

4.0 METHOD SUMMARY
4.1 Summary: In this gravimetric procedure, a water sample is filtered through a

preweighed glass fiber filter. The filter is then dried to a constant weight at 103 -
105° C. The weight of the residue on the filter represents the total suspended solids.

4.2 Synonym: Residue, total non-filterable

5.0 APPLICABLE MATRICES
5.1 Groundwater
5.2 Drinking water
5.3 Domestic and industrial wastewater

NOTE: Clients may request that this analysis be performed on miscellaneous liquid
samples. In these cases the procedure is modified as necessary.

6.0 HOLDING TIME
Holding time is seven days from the time and date of collection until the start of analysis
unless otherwise specified by contract.

7.0 SAMPLE CONTAINER/PRESERVATION/COLLECTION/STORAGE
REQUIREMENTS
7.1 Samples may be stored in glass or plastic containers.

7.2 No preservatives are required. Preserved samples should not be analyzed.

7.3 Nonhomogeneous particles such as leaves, sticks, fish, and lumps of fecal material
should be excluded from the sample.

7.4 Refrigerate samples at 4 ± 2° C until the start of analysis to minimize
microbiological decomposition of solids.

8.0 INTERFERENCES/LIMITATIONS
8.1 Too much residue on the filter will entrap water and may require prolonged drying.

8.2 For samples that are high in dissolved solids, thoroughly wash the filter to ensure
the removal of the dissolved material.

8.3 Prolonged filtration times resulting from filter clogging may produce high results
due to the excessive capture of solids on the clogged filter.

9.0 PERFORMANCE CHARACTERISTICS
9.1 Method concentration range: 4 mg/L - 20,000 mg/L
9.2 Method detection limit (MDL): Refer to current MDL study
9.3 Method precision: Refer to current SPC limits
9.4 Method accuracy: Refer to current SPC limits

General Engineering Laboratories, LLC
P.O. Box 30712 Charleston SC 29417



5-Mar-04
Total Suspended Solids

SOP Effective 9/93 GL-GC-E-012 Rev 5
Revision 5 Effective November 2002 Page 4 of 9

10.0 DEFINITIONS
10.1 Hygroscopic - Attracting, absorbing, and retaining atmospheric moisture.
10.2 Gravimetric - Pertaining to measurement by weight.
10.3 Desiccant - Material used to absorb moisture.

11.0 ANALYST VERIFICATION
Technicians and analysts do not analyze client samples without supervision until trained
by qualified personnel and upon successful analysis of a proficiency sample. Training
records are maintained as quality records.

12.0 DOCUMENTATION OF DATA
As data is obtained, it is recorded in the TSS logbook. When the analysis is complete, the
results are uploaded into ALPHA LIMS.

13.0 SAFETY PRECAUTIONS AND HAZARD WARNING
13.1 Wear eye protection with side shields while performing procedures in the lab.

13.2 Treat ail chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness
file of OSHA regulations regarding the safe handling of the chemicals in the
laboratory as well as a reference file of Material Safety Data Sheets (MSDS.)
These documents and client sample MSDS forms are maintained in the laboratory.

14.0 SAMPLE RECEIPT FOR ANALYSIS
14.1 The analyst'technician gives the list of samples needed to the sample custodian.

The sample custodian removes the appropriate samples from cooler and either
delivers them to the analyst/technician or places them on the "pick-up" shelf in the
main cooler

14.2 Analysts and technicians arc responsible for retrieving their own samples when the
sample custodian is not available.

15.0 INSTRUMENTATION/EQUIPMENT/GLASSWARE
15.1 Analytical balance capable of weighing to 0.1 mg.

NOTE The balance must be calibrated in accordance with the procedure
outlined in GL-LB-E-002 for Balances.

15.2 Drying oven for operation at 103 - 105° C.
15.3 Desiccator with a color indicating desiccant.
15.4 Glass fiber filter paper, 4.7 cm

NOTE: If filters arc not certified to be pre-washed they must be prepared
according to step 19.2.

15.5 Filtration flask (minimum size: 250 mL)
15.6 Magnetic filter runnel
15.7 Tweezers
15.8 Vacuum source
15.9 Graduated cylinders (typical capacity required: 100 and 500 mL)
15.10 Thermometer calibrated according to GL-QS-E-007 for Thermometer Calibration

and capable of measuring temperatures of 103 - 105° C.
15.11 Aluminum weigh boats
15.12 Volumetric flask (100 mL capacity)
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16.0 REAGENTS
16.1 ASTM Type II deionized water (DI)
16.2 Desiccant
16.3 Celite

17.0 PREPARATION OF SAMPLES
Not Applicable

18.0 PREPARATION OF STANDARDS
18.1 500 mg/L Celite standard

NOTE: This standard serves as the LCS.

18.2 Add 0.0500 g of Celite to a 100 mL volumetric flask that is partially filled with DI
water.

18.3 Bring to volume with deionized water. Mix well.

18.4 Prepare a separate standard for each LCS and LCS duplicate.

18.5 Document preparation of standards in the TSS Standards logbook according to GL-
LB-E-007 for Laboratory Standards Documentation and GL-GC-E-004 for
Standards Definition and Preparation.

19.0 INSTRUMENT/EQU IPMENT START-UP PROCEDURE
19.1 Preparat ion o f desiccators:

19.1.1 Ensure that the desiccant is activated by observing the blue color indicator.

NOTE If < 50* • of the indicator desiccant is blue, change the desiccant.
19.1.2 Desiccator must be sealed. Any moisture absorbed by the filters can cause

erroneous results

19.1.3 Label desiccators to be used. Include the date that the desiccant was
changed and what will be stored in the desiccator.

Filter papers

NOTE: If pre-washed filter papers are being used, proceed to step 22):

19.2.1 Place a glass fiber filter in the filter apparatus.

19.2.2 Rinse with 100 mL of DI water.

19.2.3 Apply vacuum until the water is removed from the filter.

19.2.4 Place the filter on aluminum foil in an oven to dry at 103 -105° C for one
hour.

19.2.5 Store the washed filter in a desiccator.

19.2.6 Alternatively, prewashed filters may be used as purchased.

20.0 QUALITY CONTROL (QC) REQUIREMENTS
20.1 Frequency of QC

20.1.1 A method blank and matrix duplicate are analyzed for every batch of < 10
samples and for each set often samples in batches with > 10 samples.

20.1.2 A laboratory control sample is analyzed for every batch containing < 20
samples.

NOTE: An LCS duplicate is analyzed per client request.

General Engineering Laboratories, LLC
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20.2 Acceptance limits:

20.2.1 Matrix relative percent difference (RPD): Refer to current SPC limits

NOTE: If the difference between the sample concentration and
duplicate concentration is less than or equal to 5, the results are
acceptable even though the RPD may exceed current SPC limits.

20.2.2 Method blank: - CRDL < method blank < CRDL

20.2.3 LCS: Refer to current SPC limits

20.2.4 LCS RPD: Refer to current SPC limits

20.3 Handling out-of-control situations:

20.3.1 Notify the group leader immediately.

20.3.2 If the matrix or LCS RPD, blank, and/or LCS recovery fall outside of
current acceptance limits, the samples to which the unacceptable quality
control {QC) pertains must be reanalyzed.

20.3.3 Document in the TSS logbook the specific QC that is out of control and
cross-reference data from any subsequent reanalysis.

21.0 RUN SEQUENCE
21.1 Samples 1 through x where x < 10
21.2 Method blank

. 21.3 Sample J duplicate
21.4 Repeat steps 21.1 - 21.3 for every group of 10 samples in the batch.
21.5 LCS

22.0 PROCEDURE
22.1 Calibration of equipment/instrumentation:

22.1.1 Balance

22.1.1.1 Ensure that the analytical balance to be used has been
calibrated and it is within control limits before use. Refer to
the balance logbook and GL-LB-E-002 for Balance.

22.1.2 Oven

22.1.2.1 Make sure that the oven to be used is at a temperature that is
within acceptance limits.

22.1.2.2 Control limits for the drying oven are documented on the
temperature log.

22.1.2.3 The oven temperature log format provides the required
documentation to ensure that the oven temperature was in
control during the drying process.

22.1.2.4 Refer to GL-LB-E-004 for Temperature Monitoring and
Documentation Requirements for Refrigerators, Freezers,
Ovens, Incubators and Other Similar Devices.

22.2 Analysis:

22.2.1 Label an appropriate number of aluminum weigh boats (one per sample).

22.2.2 Remove, immediately prior to weighing, the pre-washed glass fiber filter
prepared as described in section 19.0 from the desiccator.
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NOTE: NEVER touch the filter with your hands. Always use tweezers
or tongs.

22.2.3 Record the weigh boat ID, sample number, and the weight of each filter to
be used in the appropriate columns in the TSS logbook.

22.2.4 Dry the filters for at least one hour at 103 - 105° C.

22.2.5 Remove the filters from the oven and cool in a desiccator until they reach
room temperature.

22.2.6 Weigh each filter and record its weight in the appropriately labeled column
of the TSS logbook.

22.2.7 Repeat the cycle of drying, cooling, desiccating, and weighing until a
constant weight is obtained for each filter. Constant weight is defined as a
weight loss or gain < 0.5 mg or 0.0005 g.

22.2.8 Place the filter on the filter apparatus.

22.2.9 Thoroughly shake the sample to be analyzed.

22.2.10 Rapidly transfer 100 mLof the sample to the filter by means of a 100 mL
graduated cylinder. Record the volume of sample used in the TSS
logbook.

NOTE The volume of sample to be used can be increased or decreased
depending upon the matrix of the sample. If there is minimal residue (<
I Omg) on the filter after filtering 100 mL, an additional 900 mL of
sample must be filtered. (Total volume of sample: 1000 mL). In some
cases the filter may clog, preventing additional sample from being
filtered If this happens, the analyst must document in the records that a
10-mmutc filtration time was used to meet the 1 .Omg requirement.

NOTE: 500 mL of deionized water must be filtered for the blank.

20.2.11 Apply the vacuum and filter the sample.

20.2.12 Rinse the graduated cylinder three times with DI water and transfer the
nnsate to the funnel to ensure that all residue is transferred.

20.2.13 Remove any lingering residue from the funnel by rinsing thoroughly with
three successive volumes of deionized water (approximately 10 mL each).

20.2.14 Continue to apply the suction after the filtration is complete in order to
remove as much water as possible.

20.2.15 Carefully remove the filter from the filter apparatus.

20.2.16 Repeat steps 22.2.8 - 22.2.15 for each sample or QC sample in the batch.

20.2.17 Dry the filters for at least one hour at 103 - 105° C. If time allows, allow
the filter to dry overnight.

20.2.18 Weigh each filter and record its weight in the appropriately labeled column
of the TSS logbook.

20.2.19 Repeat the cycle of drying, cooling, desiccating and weighing until a
constant weight is obtained for each filter.

NOTE: The amount of residue on the filter should fall in the range of
10-200 mg.
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22.3 Calculation/reporting of results:

22.3.1 Calculate TSS as follows:

T _ . . . A - B x 1,000,000
TSS (mg/L) =

Where:

A = Final weight of the filter plus residue in grams
B= Weight of the filter paper in grams. (This is the last weight
of the filter obtained prior to filtration.)
C = Volume of the sample in mL.

22.3.2 Results are reported in mg/L.

22.3.3 RPDs are calculated as follows:

([TSS mg/L] sample - [TSS mg/L] duplicate)
•yv. 1 \)\J

Average [TSS mg/L] of sample and duplicate

23.0 INSTRUMENT/EQUIPMENT SHUT-DOWN PROCEDURE
Not Applicable

24.0 DATA REVIEW, VALIDATION, AND APPROVAL PROCEDURE
Refer to GL-GC-E-092 for General Chemistry Data Packaging and Validation.

25.0 DATA TRANSMITTAL
When a batch is given General Chemistry departmental "DONE" status, the data is
automatically available to reporting personnel.

26.0 RECORDS MANAGEMENT
All logbooks and data generated as a result of this procedure are maintained as quality
records in accordance with GL-QS-E-008 for Quality Records Management and Disposition.

27.0 ROUTINE INSTRUMENT/EQUIPMENT MAINTENANCE
27.1 Ovens and Thermometers:

27.1.1 Refer to GL-LB-E-004 for Temperature Monitoring and Documentation
Requirements for Refrigerators, Freezers, Ovens, Incubators, and other
Similar Devices.

27.2 Balances:

27.2.1 Refer to GL-LB-E-002 for Balances.

27.3 Procedure for the maintenance of desiccant:

27.3.1 Analysts are responsible for ensuring that the desiccators are maintained
by replacing the desiccant whenever 50% of the blue indicator starts to
turn pink.

27.3.2 Dry desiccant for reuse as follows:

27.3.2.1 Spread desiccant out in an aluminum pan.
27.3.2.2 Place in drying oven capable of maintaining 105° C for one

hour or more
27.3.2.3 Remove from the oven.

NOTE: All desiccant should be blue.

27.3.2.4 Place in a desiccator immediately to cool.
Genoa] Engineering Laboratories, LLC
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27.3.2.5 Place a label on the desiccator indicating the day that the
desiccant was changed and the next scheduled change.

28.0 LABORATORY WASTE HANDLING AND DISPOSAL
For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.

29.0 METHOD VERIFICATION
29.1 Step 19.2.2 differs from EPA method 160.2 and SM 2540 D. Both methods

mention three 20 mL rinses of the filter paper with deionized water during filter
preparation. As written, this SOP asks for the filter papers to be rinsed only once
with 100 mL of deionized water.

29.2 Constant weight is defined in EPA 160.2 and SM 2540 D as a weight loss or gain <
4% of the previous weight or 0.0005 g. Constant weight is defined in this SOP as a
difference equal to or less than 0.0005 g.

29.3 MDLs are calculated in accordance with GL-LB-E-001 for Determination of
Method Detection Limits.

29.4 Step 22.2.10 is in accordance with EPA 160.2 but differs from SM 2540 D, which
calls for the pipetting of the sample aliquot to the filter instead of transferring by a
graduated cylinder.

30.0 REFERENCES
30.1 Federal Register 40 CFR Part 136, "Guidelines Establishing Test Procedures for the

Analysis of Pollutants under the Clean Water Act," April 4, 1995.

30.2 Methods for Chemical Analysis of Water and Wastes. EPA 600/4-79-020, March
1979, Method 160.2, "Residue, Non-Filterable."

30.3 Standard Methods for the Examination of Water and Wastewater, 18th Edition
Method 2540 D.

30.4 Compilation of ASTM Standard Definitions. Sponsored by ASTM Committee on
Terminology, 7th Edition, Philadelphia, American Society for Testing and
Materials, 1990.

30.5 Manual of Methods for Chemical Analysis of Water and Wastes. EPA Technology
Transfer, EPA-625/6-74-003a, 1976.
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1.0 STANDARD OPERATING PROCEDURE FOR ION CHROMATOGRAPHY (IQ
2.0 METHOD CODES

2.1 Standard Method 4110-B. 18th Edition
2.2 EPA Method 300.0
2.3 SW-846 Method 9056
NOTE: The basic principles of these methods have been adapted for TATB, which will
be reported as a GEL Method.

3.0 METHOD OBJECTIVE/PURPOSE
3.1 This standard operating procedure (SOP) provides necessary instructions for the

determination of the following inorganic anions by Ion Chromatography:

Bromide, Bromatc. Chloride. Chlorate, Chlorite, Fluoride, Nitrate-N, Nitrite-N,
Sulfate, ortho-Phosphatc-P. Oxalate, and 1,3,5-triaminotrinitrobenzene (TATB) is
also discussed.

NOTE: For EPA Method 314.0 (Perchlorates by IC) see GL-GC-E-096.

3.2 The applicable matrixes lo this method are as follows:

3.2.1 Drinking water
3.2.2 Surface water
3.2.3 Ground water
3.2.4 Wastewater
3.2.5 Reagent waters
3.2.6 Solids (after extraction)
3.2.7 Leachaies (when no acetic acid is used)

3.3 A small volume of sample is introduced into the Ion Chromatograph (IC). The
anions of interest are separated and measured after traveling through a series of
columns and a suppressor device. The sample passes through a conductivity
detector (CDM) (used for anions) or a variable wavelength detector (VDM) (used
for TATB).

3.4 An extraction procedure must be performed to use this method for solids.
3.5 Approximately 4.9 ml of sample for Dionex IC's and 1 Omls of sample for Metrohm

IC's is flushed through the sample loop prior to injecting the sample. The large
amount of sample flushing prevents sample cross- contamination.

METHOD APPLICABILITY
4.1 Method Detection Limit: The MDL is updated and verified every six months.

4.2 Method Precision: The limits arc static at 100 ± 10%.

4.3 Method Accuracy: See the current SPC limits for these methods.
4.4 Technicians and anal) sts do not analyze client samples without supervision until

they have been full) trained and have demonstrated the ability to generate
acceptable data. Training records are maintained as quality records.

DEFINITIONS
5.1 Calibration Blank - A volume of reagent water without the analytes, internal

standards or surrogates used within the calibration curve.

5.2 Calibration Standard (CAL) - A solution prepared from the primary stock solution.
The CAL solutions arc used to calibrate the instrument.

1.0

5.0
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5.3 Instrument Calibration Verification (ICV) - A solution of the method analytes used
to evaluate the performance of the instrument with respect to a defined set of
criteria. The ICV concentration is at or near the calibration midpoint and is
prepared from a different source than the calibration standards.

5.3.1 A synonym for ICV's is an Instrument Performance Check (IPC).

5.4 Continuing Calibration Verification (CCV) - A solution of the method analytes
used to evaluate the performance of the instrument with respect to a defined set of
criteria. The CCV concentration is varied throughout the calibration range.

5.5 Matrix Spike (MS) - An aliquot of a known sample to which known quantities of
the method analytes are added in the laboratory. The MS is analyzed like a sample
and its purpose is to determine whether the sample matrix contributes to the
analytical results.

5.6 Field Duplicate (FD) - Two separate samples collected at the same time and placed
under identical conditions and treated exactly the same way throughout the field
and laboratory process.

5.7 Laboratory Control Sample (LCS) - An aliquot of reagent water to which known
quantities of the method analytes are added in the laboratory. The LCS is analyzed
exactly like a sample, and its purpose is to determine whether methodology is in
control.

5.7.1 A synonym for LCS is a Lab Fortified Blank (LFB).

5.8 Linear Calibration Range (LCR) - The concentration range over which the
instrument response is linear.

5.9 Method Blank - An aliquot of reagent water that is treated exactly as a sample
including exposure to all glassware, equipment, solvents and reagents which are
used with other samples. The Method Blank is used to determine if method
analytes or other interferences are present in the laboratory environment.

6.0 METHOD VARIATIONS
TATB is analyzed using a different instrument setup than that used for normal anions in
accordance with SW846 9056 and EPA 300.0. These differences are described in sections
9.4.3, 9.5.3 and 11.4.

7.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
WARNING

HYDROCHLORIC ACID IS A CORROSIVE AND A POISON.
SODIUM HYDROXIDE IS A CORROSIVE AND A POISON
TATB IS HIGHLY EXPLOSIVE AND SHOULD BE HANDLED WITH EXTREME CAUTION!
PREVENT SKIN AND EYE CONTACT BY USING SPECIFIED PERSONAL PROTECTIVE
EQUIPMENT WHEN MAKING STOCK REAGENTS.

WORK UNDER A HOOD TO PREVENT INHALATION WHEN MAKING STOCK REAGENTS.

7.1 Wear eye protection with side shields while in the laboratory.
7.2 All chemicals and samples should be treated as a potential health hazard and

exposure to these chemicals must be reduced to the lowest level possible. GEL
maintains a current awareness file of OSHA regulations regarding the safe handling
of the chemicals in the laboratory as well as a reference file of Material Safety Data
Sheets (MSDS). Individual sample MSDS forms provided by the clients are also
maintained.

GENERAL ENGINEERING LABORATORIES, LLC
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7.3 Personal protective equipment

7.3.1 Gloves are required when handling the chemicals in this procedure. The
gloves approved for this procedure are:

7.3.1.1 Nitrile gloves for concentrated acids and bases.
7.3.1.2 Non sterile ambidextrous gloves for sample prep and standard

handling.

7.3.2 Work under a hood when using concentrated acids and bases, and Acetonitrile.

7.4 Prior to handling radioactive samples analysts must have had radiation safety
training and understand their full responsibilities in radioactive sample handling.
Some general guidelines follow:

7.4.1 Protect counter tops with counter paper or work from radioactive sample
handling trays.

7.4.2 Prohibit admittance to immediate work area.
7.4.3 Post signs indicating radioactive samples are in the area.
7.4.4 Take swipes of the counter tops upon completion of work. Deliver those

swipes to the designated swipe count box.
7.4.5 Segregate radioactive wastes in radioactive waste containers are obtained

from Waste Management.

7.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

7.5.1 Segregate solid wastes from liquid wastes in the satellite area containers.

7.5.2 Segregate oil wastes from water-soluble wastes in the satellite area
containers.

7.6 Never leave gas cylinders unchained or untied, including when they are on the
moving cans.

7.7 In the event of an accident or medical emergency call for help immediately. When
time and safety permit, an accident report form should be completed and turned in
to the safety committee.

7.8 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition, fire safety equipment such as fire extinguishers is located in the
lab. Training is available on the proper operation of this equipment.

8.0 INTERFERENCES/LIMITATIONS
8.1 Interferences may be caused by substances with similar retention times which

overlap those of the anions of interest. High concentrations of one analyte may
interfere with the detection of another analyte. Usually a sample dilution and/or a
gradient elution will overcome interferences evidenced by retention time problems.

8.2 Limitations may occur if particulates remain in a sample after filtration, or if the
client insists that the sample is analyzed without filtration.

8.3 Many interferences are caused by contaminants in the reagent water, reagents,
glassware, etc., which lead to elevated baselines or artifacts on the chromatograms.

8.4 Any anion that is not retained by the column or just slightly retained will elute in
the area of fluoride and interfere. Known coelution is caused by carbonate and
other small organic anions. At concentrations of fluoride above 1.5 mg/L this
interference may not be significant.

GENERAL ENGINEERING LABORATORIES, LLC
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8.5 Because nitrite, ortho-phosphate and bromide elute very closely together, they are
potential interferants. When any of these anions are to be quantified in the presence
of others dilutions may be necessary to completely resolve the anaiytes.

9.0 APPARATUS, MATERIALS, REAGENTS, EQUIPMENT AND INSTRUMENTATION
9.1 Apparatus and Equipment for Dionex IC:

9.1.1 Dionex 5 ml. sample vials and filter caps or equivalent
9.1.2 Dionex 5 mL automated sampler cassettes or equivalent
9.1.3 4 L reservoirs
9.1.4 Helium tanks (minimum purity, 99.995%) or equivalent
9.1.5 1 -5 mL Oxford. 10-100 uL, and 100-1000 uL Eppendorf pipets or equivalent
9.1.6 0.20 or 0.45 um Acrodisc syringe filters or equivalent
9.1.7 10 cc disposable syringes or equivalent
9.1.8 100. 250 and 500 mL volumetric flasks
9.1.9 25. 50 and 100 mL graduated cylinders

9.2 Apparatus and Equipment for Metrohm Peak IC:

9.2.1 Metrohm 10ml sample vials and caps or equivalent
9.2.2 1L reservoirs: Working Eluent, IOOmM H2SO4 and DI H2O for

suppressors.
9.2.3 Helium tank (minimum purity, 99.995%) or equivalent
9.2.4 1 -5mL Oxford. 10-1 OOuL and 100-1000 uL Eppendorf pipettes or

equivalent.
9.2.5 0.20 or 0 45um Acrodisc syringe filters or equivalent.
9.2.6 lOcc disposable syringes or equivalent.
9.2.7 100. 250 and 500mL volumetric flasks
9.2.8 25. 50. and lOOmL graduated cylinders.

9.3 Analyte Reagents: All reagents must be American Chemical Society certified or
equivalent.

9.3.1 Potassium oxalale stock solution at lOOOppm

9.3.2 Sodium Chloride

9.3.3 NaOII

9.3.4 Acctonitrilc

9.3.5 HCL(conc)

9.3.6 Sodium Carbonate

9.3.7 Sodium Bicarbonate

9.3.8 1,3.5-triaminotrinitrobenzene (TATB)- supplied by client

9.3.9 H;SO4(conc)

9.3.10 Stock standards for anions of interest at concentration of lOOOppm or
greater. These are usually purchased as certified solutions either in
individual standards or in mixes of anions.

9.3.11 2-Fluorocinnamic Acid, 98% or equivalent (for use with Bomb Prep
LCS))

9.3.12 Tin (IV) chloride bis (2,4-pentanedionate) (95% or equivalent) (for use in
Bomb Prep LCS)

9.3.13 Adenine Sulfate 98% or equivalent (for use with Bomb Prep LCS)
GENERAL ENGINEERING LABORATORIES, LLC
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9.3.14 2-Amino-5-Bromobenzoic acid 98% or equivalent (for use in Bomb Prep
LCS)

9.4 Eluent for IC methods 9056/300.0 performed on the Dionex IC

9.4.1 Eluent stock: 12.0 mM sodium carbonate/8.0 mM sodium bicarbonate

Add 63.60g of sodium carbonate and 33.60g of sodium bicarbonate to a

IOOOmL volumetric flask and fill to volume.

9.4.2 Working eluent: Dilute 20mL stock (from 9.3.1) per liter of DI water

Sparge with Helium to degas.

9.4.3 Eluent for TATB: 0.152 M sodium carbonate/ 0.212 M sodium
bicarbonate/ 0.171 sodium chloride solution.

Dissolve 20 g Na2CO3, 16.8 g NaHCO3, and 10.0 gNaCL in
approximately 800mL of DI H2O. Stir until dissolved, then dilute to 1L.

Sparge with helium to degas.

9.5 Eluent for IC methods 9056/300.0 preformed on the Metrohm Peak IC.

9.5.1 Working Eluent: 3.2 mol/L sodium carbonate/1.0 moI/L sodium
bicarbonate.

9.5.1.1 Add 0.339g of sodium carbonate and 0.084g of sodium

bicarbonate to a 1 OOOmL volumetric flask and fill to volume.

9.6 Column Cleaning Solution.

Combine 800mL acetonitrile with 20mLs cone HCL and 180mL DI.

9.7 Instrumentation:
9.7.1 Dionex Model 4500 Ion Chromatography instrument consisting of the

following components:

9.7.1.1 Gradient pump Model GPM-2 or Model AGP-1

9.7.1.2 Autosampler Models ASM-3 and AS40

9.7.1.3 Conductivity Detector Model CDM-2 or CDM-3

9.7.1.4 Variable Wavelength Detector Model VDM-2

9.7.1.5 Eluent Degas Module Model EDM-2

9.7.1.6 Computer Interface: Advanced Computer Interface (ACI)

9.7.1.7 Computer: 486/33 PC of better

9.7.1.8 Instrument Operation Software: Dionex AI-450 V3.3.3.or
equivalent

9.7.1.9 50 uL sample loop (used for anions methods)

9.7.1.10 ImL sample loop (used for TATB)

9.7.2 Metrohm ion Chromatography instrument consisting of the following

components:

9.7.2.1 709 IC Analytical Pump Module

9.7.2.2 788 Filtration Autosampler

9.7.2.3 732 IC Conductivity Detector with cell

9.7.2.4 IC separation Center with 2 injectors
GENERAL ENGINEERING LABORATORIES, LLC
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9.7.2.5 Automation Interface, Dual Channel Full control \

9.7.2.6 IC Stand Alone Suppressor Module

9.7.2.7 Computer 486/33 PC or better

9.7.2.8 Instrument Operation Software: IC Net or equivalent

9.7.2.9 1 OmL sample loop (used for anions method)

9.7.3 Dionex columns for anions by 9056/300.0

9.7.3.1 Analytical Column; Dionex AS9HC

9.7.3.2 Guard Column; Dionex AG9HC

9.7.3.3 Prccolumn: Hamilton PRP-1 cartridge

9.7.4 Metrohm Columns for Anions by 9056/300.0:

9.7.4.1 Analytical Columns: Metrostep A Supp 5

9.7.4.2 Guard Column: Metrohm RP Guard

9.7.5 Columns for TATB

9.7.5.1 Analytical Column: Dionex AS4ASC

9.7.5.2 Guard Column: Dionex AG4ASC

10.0 SAMPLE HANDLING AND PRESERVATION
10.1 Sample containers can be either glass or plastic. Samples should have no chemical

additives for preservation purposes. All samples should be stored at an
approximate temperature range of 4°±2°C from the time of collection until the

10.2 ATI anions nave'28-day holding times except nitrate (NO^), nitrite (NCU) and o-

Phosphatc - P (PO4), which have 48 hours. There is no holding time stated for
TATB. Holding times are calculated from the time and date of collection until the
start of analysis, unless otherwise specified by the contract.

10.3 If sample analysis is not performed before holding time expires, the Project
Manager will be notified. The project manager will determine if analysis should
continue. If for any reason the project manger is unavailable, analysis will be
performed and appropriate people notified as soon as possible.

10.4 Sample retrieval

10.4.1 The analyst/technician gives the list of samples needed to the sample
custodian. The list is typically in the form of a computer-generated batch
sheet and is placed on the clipboard outside of the main cooler. The
sample custodian removes the appropriate samples from the cooler and
either delivers them to the analyst/technician or places them on the "pick-
up" shelf in the main cooler.

10.4.2 Analysts and technicians are responsible for retrieving their own samples
on the weekends and after 5:00 p.m. on weekdays.

11.0 PREPARATION OF SAMPLES
11.1 All IC samples are marked in login as "UNPRESERVED"; only unpreserved samples

should be run on the IC. Any sample preparation is done only with the consent of
the analyst. Most sample preparations are in the form of filtrations and can be
performed by using acrodisc filters and a syringe.

GENERAL ENGINEERING LABORATORIES, LLC
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NOTE: It is assumed that material within the sample container is considered the
"sample." Removal of any extraneous material (leaves, twigs, large rocks, etc.)
must be documented in the case narrative.

11.2 Extractions: Most extractions are performed on soil samples where a known weight
of approximately 4.0 g of sample is diluted with DI water to a volume of 40 mL.
Mix thoroughly for a minimum of five minutes. The sample is then allowed to
settle for a minimum of 30 minutes. After 30 minutes, if necessary, a centrifuge
may be used. The extract is then filtered prior to injecting on the instrument. All
prep data is recorded in ALPHA LIMS prep logbooks. TATB soil extractions are
performed as above except 1 ml of 5M NaOH is added to the sample. The vessel is

allowed to heat at approximately 90 C in a water bath for approximately 1 hour
prior to settling, centrifuging and filtering.

11.3 Bomb Prep: Bomb preps are performed on sample matrices such as coal or oil.
Here a known weight of approximately 0.5 g of sample is used and after being
bombed, the residuals are filtered into a 100 mL volumetric flask and brought to
volume with DI water. For instructions on performing a bomb prep see GL-GC-E-
079 for Bomb Preparation Method for Solid Waste. All material referenced from
ASTM D 808-91. This prep procedure will not involve the various reagents from
ASTM D 808-91 since the final analysis will be done by Ion Chromatography
rather than gravimetrically. All prep data is recorded in the ALPHALIMS Prep

11.4 Tj$TB°Tfquid samples are spiked with 1 mL of 5M NaOH solution to give optimal
color development and to equilibrate the samples with the standard solutions.

12.0 PREPARATION OF STANDARDS SOLUTIONS AND QUALITY CONTROL STANDARDS
12.1 Vendor-prepared stock standards are used to prepare calibration and check standard

solutions for this analysis. Both individual analyte solutions and mixes of analytes
may be purchased for use as standards. All stock standards are at least lOOOppm
concentration and are stable for at least one month when stored at 4 ± 2°C.
Unopened stock solutions may be stored at ambient temperatures and their
expiration is 1 yr from receipt or the manufacturer's expiration date, whichever is
sooner. There must be at least 2 independent sources of standards materials for
calibration and calibration verification standard preparation.

NOTE: Due to its extremely hazardous nature and limited availability, no second
source sample is used for TATB analysis.

12.2 Calibration standards are prepared from stock standards at a minimum of five
concentration levels per analyte. The working standards expire 24 hours after
preparation.

12.3 Standard preparations are recorded in the ALPHA LIMS system for documentation
and recording of standards and reagents. Refer to GC-LB-E-007 for details on
assigning unique standard IDs and establishing traceability.

12.4 Laboratory control sample(s) (LCS) may be prepared from the calibration standard
source.

12.5 Typical Calibration Standards preparations are as follows:

12.5.1 High Standards made from individual analyte parent standards

Analyte Parent Cone Parent V Final V Cone in Level 7
Fluoride lOOOmg/L l m l 100ml lOmg/L

GENERAL ENGINEERING LABORATORIES, LLC
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Chloride
Nitrite-N
Bromide
Nitrate-N

lOOOmg/L
lOOOmg/L
lOOOmg/L
lOOOmg/L

o-Phosphate-P lOOOmg/L
Sulfate

12.5.2 High

Analyte
Fluoride
Chloride
Nitrite-N
Bromide
Nitrate-N

1 OOOmg/L

2 ml
1 ml
2 ml
1 ml
2 ml
4 ml

Standards made from Custom

Parent Cone.
lOOOmg/L
2000mg/L
lOOOmg/L
2000mg/L
1 OOOmg/L

o-Phosphate-P 2000mg/L
Sulfate 4000mg/L

Parent V
Iml
1 ml

ml
ml
ml
ml

1 ml

100ml
100ml
100ml
100ml
100ml
100ml

GL-GC-E-086Revl0
Page 10 of 20

20mg/L
lOmg/L
20mg/L
lOmg/L
20mg/L
40mg/L

Mix (containing all analytes)

Final V
100ml
100ml
100ml
100ml
100ml
100ml
100ml

12.5.3 Preparation of Calibration Standards, CCVs, ICVs

Cal Level
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1
High CCV

12.5.4 ICVs

Parent
Level 7
Level 7
Level 7
Level 7
Level 7
Dl
Level 7

are prepared at
the standards used in

Parent V
50 ml
10 ml
5 ml
2.5 ml
1.0 ml
0.0 ml
75 ml

Final V
100 ml
100 ml
100 ml
100 ml
100 ml
100 ml
100 ml

Level 6 concentration but are
the calibration curve.

Cone, in Level 7
lOmg/L
20mg/L
lOmg/L
20mg/L
lOmg/L
20mg/L
40mg/L

and other standards

Cone (of Fluoride)
5mg/L
1 mg/L
0.5mg/L
0.25 mg/L
0.10 mg/L
0.00 mg/L
7.5 mg/L

a separate source from

12.5.5 CCVs are varied in concentration and may be from the same source as the
calibration standards.

12.5.6 Spiking compounds are added from commercially prepared standards
solutions such as is detailed here.

Analyte

Fluoride
Fluorine
Chloride
Chlorine
Nitrite-N
Bromide
Bromine
Nitrate-N
o-Phosph-P
Sulfate
Sulfur

12.5.7

Parent Cone

250 mg/L
250 mg/L
500 mg/L
500 mg/L
250 mg/L
250 mg/L
250 mg/L
250 mg/L
500 mg/L
1 OOOmg/L
334 mg/L

Parent V
In Liquids
100 ul

100 ul

100 ul
100 ul

100 ul
100 ul
100 ul

Preparation of Bomb Prep

Weigh 0.02g of each of the
9.3.14.

GENERAL

Parent V
In Solids

800 ul

800 ul

800 ul

800 ul

LCS Standard

' analytes listed

ENGINEERING LABORATORIES,
P.O. Box 30712 Charleston SC 20417

Final V
of aliquot
5 mis
40 mis
5 mis
40 mis
5 mis
5 mis
40 mis
5 mis
5 mis
5 mis
40 mis

in 9.3.11,9.3.

LLC

Final
Cone
5 mg/L
5mg/kg
10 mg/L
lOmg/kg
5 mg/L
5 mg/L
5mg/kg
5 mg/L
10 mg/L
20 mg/L
6.68 mg/kg

12, 9.3.13 and
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Add this amount into the bomb container and continue prep as for the
other samples. Refer to 12.5.6 for true values.

13.0 INSTRUMENT CALIBRATION AND PERFORMANCE
13.1 Establish ion chromatographic operating conditions for the determination of target

ions. An external calibration is then performed.

13.1.1 For each analyte of interest prepare a minimum of five calibration
standards and a blank by adding accurately measured volumes of source

standards to a known volume of reagent water. One of the calibration
standards shall be at the PQL.

13.1.2 The standards are placed on the instrument (see Section 14.2) for analysis
from highest to lowest. To automatically update the calibration curve
enter AUTOCAL in the sample ID, followed by the level number.

13.1.3 Tabulate each concentration against area count. Include the blank in the
linear calibration curve. Do not force the points through zero. The results
determine a calibration curve.

13.1.4 The final calibration curve must have a correlation coefficient of .995 or
better. If one standard is inconsistent with the rest of the standards it is
acceptable to rerun that one standard and replace it in the curve.

13.1.5 If a sample analyte concentration is greater than the highest standard in the
calibration range the sample will be diluted with reagent water to
approximately mid range and reanalyzed.

13.1.6 The anal}tes retention time is updated from the last standard run. A
typical retention window size is 5-10%. This can be modified based on
the analyst's experience.

13.2 Calibration is verified daily or with every batch of samples. If the concentration or
retention time window shifts by more than 10% from the expected value, a new
calibration must be performed prior to the analysis of any samples.

13.3 Linear Calibration Range (LCR)- The LCR is determined initially by acceptance
criteria of the curve of the curve (0.995 correlation coefficient or better for each
analyte). It is verified by using a blank and at least 3 standards. The ICV which is
run daily may be used as a LCR verification, and the alternating concentrations of
CCVs may also be considered for the same purpose. Acceptance Criteria is 90-
110% for all of these standards.

14.0 ANALYSIS AND INSTRUMENT OPERATION
14.1 Typical Run Sequence

14.
14.
14.
14.
14.
14.
14.
14.
14.
14.

.1 ICV/IPC
.2 ICB
.3 MB (if required)
.4 LCS (and LCS Duplicate if required)/LFB
.5 Sample I through 8
.6 Duplicate of any one sample
.7 Spike of any one sample
.6 Spike Duplicate of sample in 14.1.7 (if applicable)
.8 CCV
.9 CCB

GENERAL ENGINEERING LABORATORIES, LLC
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14.1.10 One LCS (and LCS duplicate, if applicable) per batch of 20 samples, and
one matrix duplicate, matrix spike, and matrix spike duplicate (if
applicable) per batch of 10 or fewer samples.

NOTE: A CCV and CCB are to be run after every 10 samples and at the end of the
analysis sequence.

14.2 Analysis by Dionex IC:
14.2.1 Fill the eluent reservoir as necessary with the proper eluent for the method

that will be analyzed. This will be performed at the start of the working
day. This will allow the daily checks to verify the calibration curve due to
changing eluent.

14.2.2 Turn on the helium tank, if off, and adjust the regulator pressure to 100
psi. The tank should be left on at all times. When tank pressure reaches
100 psi change out the tank.

14.2.3 Locate the eluent degas module (EDM) and tum the "system" toggle
switch to the "on" position, used reservoir to the "on" position, and the
used reservoir's "mode" switch to the "sparge" position. The system
pressure should be set to 5 to 10 psi.

14.2.4 Allow the eluent to sparge for at least five minutes.
14.2.5 Reduce the flow to just a small bubble rate in the eluent containers to

conserve helium. Do not tighten the container caps. Keep the caps loose.
NOTE: The reservoir numbers directly correspond to the numbers located on the
system's toggle switches.
14.2.6 All components except the Autosampler should be in the "remote" position.
14.2.7 Method: On the computer, call up the main menu on the AI-450 software.

Select the "Method" function. A blank, untitled screen will appear. Most
methods are generic and are simply renamed as necessary according to the
\C file naming convention. Simply call up a previous method, rename it
with the naming convention, making changes as necessary, save it in drive
C, and use it as the new method. If a new method needs to be created,
designate the parameters desired for the run. Such items include turning
the pump, CDM, and VDM on or off as well as designating which eluent
reservoir to use. Details of these and other features can be found in the
Dionex AI-450 Chromatography Software User's Guide under "Method".

14.2.8 Schedule: It is good practice to create a new schedule daily. To do so call
up main menu "Schedule"; at the blank schedule screen, enter the initial
calibration and method verification sample names (ICV and ICB) and
using the naming convention designate the data file names (EX:
C:\TMP\HORIZON\AZHCDC input into the Horizon DataStore system.

14.2.9 Load: Go to the main menu "run" screen. At the run screen, choose
"load". Under load, choose either "method" or "schedule" (if you have
created a schedule in step 19.3, choose load schedule and the method from
that schedule will also be loaded). Designate the method or schedule as
demonstrated in step 19.3.

NOTE: For the CDM, the temperature compensation defaults to 1.7, and the output
range is set to 10.0 uS. For the VDM, the output range is set at 0.1 AU and the
wavelength must read 205 nm. With the carbonate/ bicarbonate eluent, the pump will

GENERAL ENGINEERING LABORATORIES, LLC
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flow at 1.1 ml/min for anions, (l.Oml/min for TATB) and the pump pressure should
normally be between 2200 and 2500 psi when using Dionex columns.

14.2.10 Prepare the initial rack of samples as follows:

14.2.10.1 In position #1, place a sample vial containing 5 mL of the ICV.
14.2.10.2 In position #2, place a sample vial containing 5 mL of the ICB.
14.2.10.3 Put caps on all of the vials and place this rack in the auto

sampler with position #1 nearest the center.

14.2.11 Place 5 mL of the samples to be analyzed in the sample vials and place in
the rack(s) as before; make necessary dilutions at this time.

14.2.12 With the first rack in the auto sampler, switch auto sampler "hold/run"
switch to "run".

14.2.13 Go to the computer terminal and pull up the main menu "Run" screen.

14.2.14 On the run screen, under "load" choose "schedule."

NOTE: A method should have been loaded in the start-up procedure.

Sample, method, and data file names are located in each schedule.
Creating a schedule allows the analyst to designate which method to use
for each sample in the run, as well as where and with what file name the
analyst wishes to store the data. Remember, this run information should
be entered in the main menu "Schedule" screen and saved with the
appropriate naming convention.

NOTE: Section 22.1.11 is also described in the start up procedure.

14.2.15 At the load schedule screen, give the name of the schedule for the run. On
the next screen, designate the injection number if other than 1 to start the run

14.2.16 At this point (still under main menu run) make sure the auto sampler is in
the run position and choose the "run" command.

14.2.17 Under run, select "start" and confirm at the OK prompt. The run will begin.

NOTE: Instrument shutdown is either performed manually or by method.

14.3 Manual Shutdown:

14.3.1 To perform a manual shutdown make sure all local/ remote switches are
on local. Manual shutdown does not completely turn off the instrument
but reduces flow to 0.5ml/min.

14.3.2 Proceed to turn off the system by first turning the pump off.
NOTE: For system # 1, the self-regenerating suppressor (SRS) controller must be

turned off prior to turning the pump off.
14.3.3 Finally, turn all the detector cells off.

14.4 Remote Shutdown:
14.4.1 To perform a remote method shutdown, make sure all local/remote

switches, except the auto sampler (still on local), are on remote.

14.4.2 Go to the AI-450 main menu and choose the schedule icon. From there,
each IC has its own shutdown method that can be reused day after day.

14.4.3 Under "file" select "open" and call up the active schedule.

14.4.4 In the method column, after the last sample, type the drive and the
shutdown method name for the appropriate IC (found in C:\ as shtdwnlfor
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IC #1 or as shtdwn for IC #2). Remember, save any intentional changes
made to the existing schedule.

14.5 New Shutdown Method:

14.5.1 If a new shutdown method is necessary, go to main menu method and
designate in the method what items to turn off at shutdown and save the
method.

14.5.2 Enter the method into the schedule the same as before. For further details
see the AI-450 Software User's Guide.

14.6 Analysis by Metrohm Peak IC:

14.6.1 Fill the eluent reservoir as necessary with the proper eluent for the method

that will be analyzed. This will be performed at the start of the working
day. This will allow the daily checks to verify the calibration curve due to
the changing eluent.

14.6.2 Turn on the helium tank, if off, and adjust the regulator pressure to 100
psi. The tank should be left on at all times. When tank pressure reaches
100 psi change out the tank.

14.6.3 All components should be on and the 709 IC pump Ext (remote) button
ON.

14.6.4 Method:

On the computer, open the IC net software

Enter the Password (analyst specific)

Open the IC 4.smt system icon, open the control tab

Click on the Startup Hardware (Measure Baseline)

If the system is left on then Connect to Workplace remains checked.

14.6.5 Schedule:

Open the System tab -

Click on the Sample Queue

Enter the new sample queue name, n815 (n=year, 8=month, 15=day)

Click on the edit button to enter the sample information/schedule.

After entering schedule, click on the green check button.

Open the report options icon, click on the printer and file options and enter
the Sample Queue, i.e. n815, and click accept to close the window.

14.6.6 Load:

After the system has been on for about 15 minutes or until the baseline has
become steady at zero, click Start on the Sample Queue window to start
the schedule

NOTE: The flow is set for 0.7mL/min, the conductivity should be around
15uS, and the pump pressure should be between 4.5-4.9mPa when using
the Metrohm column.

14.6.7 Prepare the initial samples as follows on the autosampler turret:
14.6.7.1 In position #1, place a sample vial containing lOmL of the ICV.
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14.6.7.2 In position # 2 , place a sample vial containing lOmL of the ICB.

14.6.7.3 Place the remaining sample vials in order by the schedule.

14.6.7.4 Refill the tip and line rinse reservoirs with DI water.
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14.7 Manual Shutdown:

14.7.1 In the IC net software, go to the IC 4.smt System icon, click Disconnect to
Workplace. Close the IC Net software.

14.7.2 Turn off each component (turn the 762 IC interface off first).

14.8 Remote Shutdown:

14.8.1 All components remain on.

14.8.2 In the IC Net software, go to the IC 4.smt System icon, open the System
tab, click on the Sample Queue, check the box Shut Down System after
the Queue finishes. Do not close the IC Net Software.

15.0 EQUIPMENT AND INSTRUMENT MAINTENANCE
Routine maintenance for the IC most often includes the changing of eluent or of the
helium tank, as well as, priming the pump and clearing the flow lines of any trapped air
bubbles. It may also include any column work, such as cleaning, or it may call for
regenerating the suppressor or changing of filters. These subjects are covered in the
Dionex DX-300 Series Chromatography System manual and the Metrohm 8.110.1626
leaflet for Metrosep A Supp 5. The column cleaning solution is made as detailed in
section 9.6.

16.0 DATA RECORDING, CALCULATION, AND REDUCTION METHODS
16.1 The raw data is processed by the IC software system. The software creates a data

file including the method, which is stored on the network drive. The software then
provides a print out with the following information: sample name, method used to
process data, date and time run, (if report time differs from collection time both will
be listed), analytes found with concentration, analytes not found and the sample
chromatography.

16.2 An external program is used to generate a runlog, which is placed in the runlog
binder. The runlog contains the following information in summary format: sample
name, date and time run, batch number, dilution, QC type and description.

16.3 The following calculations are used in processing the data.

CSTD % Recovery = Reported Value/ E x p e c t e d V a lue xlOO

RPD = Sample 1 - Sample 2 / ( S a m p , e 1 + S a m p | e 2 ) / 2 xlOO

% Rec = Spike - Sample/Mo,^,^ Concentration xlOO

Bomb Prep = Sample x Final Volume/ S a m p l e Weight

Extraction = Sample x Final Volume/S a m p i e Weight

16.3 For Bomb Calculation:

16.3.1 Calculate the concentrations of each element detected in the sample
according to the following equation:

x V c o m x DF x %moisture x 100

Where:
Co = Concentration of element in the sample, mg/kg
Ccc, = Concentration of element in the combustate, mg/L
VOT = Total volume of combustate, mL
DF = Dilution Factor
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Wo = Weight of sample combusted, g

16.4 A computer printout listing acceptable range for concentration and retention times
will be generated. Each compound of interest will have to be within the
acceptable range to be reported as a hit. If the instrument is re calibrated during
the day, the retention windows will be reset after the multipoint is complete.

17.0 QUALITY CONTROL (QC) REQUIREMENTS
17.1 According to EPA Method 300.0, a formal Quality Control Program for this

method must be maintained by each laboratory. The GEL QC Program for
method 300.0 consists of 2 main components.

17.1.1 MDL Study: a new MDL study covering IC analytes under EPA 300.0
Part A is performed every 6 months, using the guidelines set forth in GL-
LB-E-001.

17.1.2 Quality Control Sample (QCS) study: A commercially available standard
(traceable to NIST standards when possible) is run each time a client,
state, or federal performance evaluation study is done. The results of this
known must be within the vendor guidelines for the PE sample result to be
considered acceptable. If the result is not acceptable the analyst must
troubleshoot the problem immediately and reanalyze both the vendor
known and the PE sample.

18.0 INSTRUMENT AND BATCH QC REQUIREMENTS
18.1 Instrument QC

18.1.1 A calibration curve is run any time the values or retention times of the
check standards shift by more than 10%.

18.1.2 An initial calibration verification (ICV) is run as the first sample in each
day's run. When analyzing perchlorates, this is referred to as the
Instrument Performance Check (IPC).

18.1.3 An initial calibration blank (ICB) is run following the ICV.

18.1.4 A continuing calibration verification (CCV) of varying concentration is
run after every 10 analytical samples and after the last analytical samples
in the run.

18.1.5 A continuing calibration blank (CCB) is run after every CCV.

18.1.6 The ICV. ICB, CCV's of varying concentrations, and CCB's are used
throughout the analysis to constantly check the linear range of the
instrument. The ICB and CCB must not exceed the concentration of the
low standard in the calibration curve. The ICV and CCV's of the varying
concentrations must recover within 10% of the true value of the standard.

18.2 Batch QC
18.2.1 A sample spike and sample duplicate are run for every batch of <10

samples and for each set often samples in batches with >10 samples.
18.2.2 A method blank and Laboratory Control Sample (LCS) are run at least

once for every batch of 20 samples or less.

18.2.3 For solid batches where the sample is prepped using DI water extraction,
the LCS is made by spiking the aliquot of the Source standard onto 40ml
of DI water.
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18.2.4 For nonaqueous liquids or solids not easily DI extracted, the LCS and
method blank are bomb prepped in the same manner as the samples.

NOTE: Some clients have statements of work that call for additional QC such as
LCS Duplicates or Matrix Spike Duplicates.

18.3 Acceptance limits:

18.3.1 Correlation coefficient must be 0.995 or greater.
18.3.2 ICV recovery must be 90-110% for all batches.
18.3.3 CCV recovery must be 90-110% recovery for all batches.
18.3.4 Matrix relative percent difference (RPD): is determined yearly by the

Statistical Process Control (SPC) system of LIMS. The limits are given in
spreadsheet form to each analyst.

18.3.5 Matrix spike recovery: The Limits are static at 80-120% recovery.
18.3.6 Method Blank: Must be less than the CRDL or Practical Quantition Limits

(PQL).
18.3.7 LCS: is determined yearly by the Statistical Process Control (SPC) system

of LIMS. The limits are given in spreadsheet form to each analyst. If the
% Recovery falls outside these limits, the batch must be reanalyzed. For
Method 300.0 the LCS acceptance limits are set at 90-110% for all liquid
matrix batches.

18.3.8 LCS RPD: is determined yearly by the Statistical Process Control (SPC)
system of LIMS. The limits are given in spreadsheet form to each analyst.
If the RPD falls outside these limits, the batch must be reanalyzed.

19.0 DATA REVIEW, VALIDATION, AND APPROVAL PROCEDURE
19.1 Before submitting results for data entry into LIMS, check the following items:

19.1.1 The run is dated and initialed.
19.1.2 All cross-outs are dated and initialed.
19.1.3 Standard preparation is documented in the LIMS standards logbook and

standard identification numbers are recorded with the run in LIMS.

19.1.4 All dilution factors are clearly marked.

19.1.5 Sample prep logbook in LIMS has been filled out completely.

19.1.6 Calculations are shown on the hard copy

19.1.6.1 Matrix and LCS duplicate RPDs
19.1.6.2 Matrix spikes and LCS recoveries
19.1.6.3 An example of the calculations used to obtain sample results

19.1.7 Correlation coefficient is recorded accurately and is > 0.995.
19.1.8 All quality control samples such as blanks, duplicates, and spikes are

clearly identified and fall within current acceptance limits.

19.1.9 The correct units are recorded for the results.

19.1.10 Each nonconformance has been noted in the comment section

19.1.11 All manual reprocessing of chromatograms must have a reason for the
reprocess. The changes must be signed by the person doing the
reprocessing and a qualified peer.
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19.2 After ensuring that the above items are properly documented, print the batch report.
(Data is automatically transferred to LIMS.)

19.3 Review data report to ensure that all data is in, then status the batch to "Review."
This will trigger the qualifiers.

19.4 The batch sheet, data report, and case narrative are stapled together. This is the
package that enters the main data review process.

19.5 The data review is done by the analyst who performed the analysis. The analyst
completes the review, noting and correcting any discrepancies.

19.5.1 When the analyst has a correct report of the data, the package is passed on
for peer review.

19.6 A qualified peer analyst then reviews the data package. He/she is responsible for
checking all appropriate items on the data review checklist and documenting this
review.

19.6.1 If typographical or transcription errors are found, the package is returned to
the analyst for corrections. The peer is then responsible for verifying that
the corrections have been made. The cycle of resubmitting the batch for
data corrections and review continues until all errors have been corrected.

19.6.2 If the peer reviewer finds a discrepancy between the LIMS logbooks or
the hard copy and the data report, it is his/her responsibility to address the
matter with the analyst and to ensure that the appropriate corrections are
made by the analyst, if possible.

19.6.3 If the batch does not meet the quality control requirements of the method,
then the peer reviewer informs the team leader that the samples in that
batch must be reanalyzed.

19.7 If the analyst is not available to review his/her data report, a second peer reviewer
will be assigned by the team leader.

19.8 When the data package associated with a given batch satisfactorily passes review,
the peer or analyst updates the batch to "DONE" status in LIMS.

19.9 The entire data package is stored for about six months. After six months, the data
is removed and placed in the long-term storage facility.

20.0 RECORDS MANAGEMENT
All data associated with the activity described in this procedure, including relevant
logbooks, are maintained as quality records in accordance with GL-QS-E-008 for the
Management and Disposition of Quality Records.

21.0 LABORATORY WASTE HANDLING AND DISPOSAL
For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.

22.0 REFERENCES
22.1 Dionex DX-300 Series Chromatography System

22.2 Dionex AI-450 Chromatography Software User's Guide

22.3 Dionex Operational Techniques of Ion Chromatography Training Manual

22.4 Dionex AI-450 Training Manual
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22.5 EPA Method 300.0, "The Determination of Inorganic Anions in Water by Ion
Chromatography"

22.6 Standard Methods for the Examination of Water and Wastewater, Method 4110B,
"Determination of Anions by Ion Chromatography", 18th edition.

22.7 SW 846, Method 9056, "Determination of Inorganic Anions by Ion
Chromatography," September 1994.

22.8 Metrohm Metrodata IC Net 2.1

22.9 Metrohm 732 IC Detector/733 IC Separation Center Instructions for use 8.732.1033

22.10 Metrohm 709 IC Pump Instructions for use 8.709.1023

22.11 Metrohm 753 Suppressor Module Instructions for use 8.753.1003.

22.12 Metrohm 762 IC Interface Instructions for use 8.762.1003

22.13 Metrohm 688 IC Filtration Sample Processor Instructions for use 8.788.1003
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VERIFY THE VALIDITY OF THIS SOP EACH DAY IN USE

STANDARD OPERATING PROCEDURE
FOR

CYANIDE SAMPLE DISTILLATION

(GL-GC-E-067-REVISION 5)

APPLICABLE TO METHODS:
EPA Method 335.1, 335.3 and 335.4,
SW-846 Methods 901 OB and 9012A,

and CLP Method 335.2-M.

PROPRIETARY INFORMATION

This document contains propnctary information that is the exclusive property of General
Engineering Laboratories, LLC. No contents of this document may be reproduced or
otherwise used for the benefit of others except by express written permission of GEL.

GEL's Document Control

Officer certifies this

document to bo a true copy

of the fully executed

original.
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1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

STANDARD OPERATING PROCEDURE FOR CYANIDE SAMPLE DISTILLATION
METHOD CODE
EPA Methods 335.1, 335.3 and 335.4, SW-846 Methods 9010B, 9012A, and CLP
Method 335.2-M.

METHOD OBJECTIVE/PURPOSE
This standard operating procedure provides the necessary instructions for distilling samples
of various matrices prior to analysis to determine the concentration of cyanide (CN) present.

GL-GC-E-095 is the analytical SOP.

METHOD SUMMARY
In this procedure, cyanide is released from cyanide complexes by acidification and heating.
The cyanide in the form of hydrocyanic acid (HCN) is carried into a hydroxide scrubber
solution. The cyanide in this solution is then determined by automated colorimetric means
as detailed in GL-GC-E-095.

APPLICABLE MATRICES
5.1
5.2
5.3
5.4
5.5
5.6

Groundwater
Drinking water
Domestic and industrial wastewater
Soil
Sludge
Oil

NOTE: Clients may request that this analysis be performed on miscellaneous liquid,
solid, air, or stack samples. In these cases the procedure is modified as necessary.
NOTE: DHEC requires SW-846 Method 9012 to be run for any matrices other than
drinking and wastewater when data is to be used for regulatory purposes.
NOTE: As of October 1993, Method 335.4 has only been promulgated as a drinking
water method.

HOLDING TIME
Holding time is 14 days from the time and date of collection until the start of analysis,
unless otherwise specified by the contract.

NOTE: US EPA CLP requirements specify a holding time of 12 days following sample
receipt by the contractor.

SAMPLE CONTAINER/PRESERVATION/COLLECTI6N/STORAGE REQUIREMENTS
7.1 Samples should be stored in a 500 mL or larger plastic bottle.
7.2 Any liquid sample should be preserved with approximately 2 mL of 10 N sodium

hydroxide per liter of sample.
7.3 The sample is stored at 4° C.

INTERFERENCES/LIMITATIONS
8.1 Possible sulfide interference is eliminated by the addition of bismuth nitrate as

stated in SW-846 Method 9010A/9012 or by the addition of cadmium carbonate
as stated in EPA Method 335.3.

8.2 Oxidizing agents that decompose cyanides may be removed by the addition of
ascorbic acid or sodium arsenite. SW-846 Method 9010A recommends sodium
arsenite, while 9012 and 335.3 recommend ascorbic acid. Sodium arsenite
appears to yield more consistent results.
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8.3 Thiocyanates produce a positive interference when they are decomposed to )
cyanide by ultraviolet digestion. This interference can be reduced by manual
distillation.

8.4 Interferences from nitrates and nitrites are eliminated by using sulfamic acid.

9.0 PERFORMANCE CHARACTERISTICS

9.1 Method concentration range: 5 to 500 ug/L

9.2 Calibration range: 5 to 200 ug/L

9.3 Method detection limit (MDL): Updated annually (See current study).
9.4 Method precision: See current SPC (Statistical Process Control) limits for relative

percent difference (RPD) found in the Lachat SPC log.

9.5 Method accuracy: See current SPC limits for % Spike Recovery found in the
Lachat SPC log.

10.0 DEFINITIONS
Total Cyanide - Refers to all inorganic cyanides present, including those as soluble salts
or metal complexes.

11.0 ANALYST VERIFICATION
Technicians and analysts do not analyze client samples without supervision until they
have been fully trained and have demonstrated the ability to generate acceptable data.
Training records are maintained as quality records.

12.0 DOCUMENTATION OF DATA
12.1 Sample preparation data is recorded in the Distillation logbook.

12.2 When the sample prep is complete, the results are submitted for prep data entry
into ALPHA LIMS.

13.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
WARNING

SULFURIC ACID, ACETIC ACID, AND SODIUM HYDROXIDE ARE HIGHLY CORROSIVE
POTASSIUM CYANIDE IS A CORROSIVE AND A CHEMICAL ASPHYXIANT.
POTASSIUM CYANIDE EMITS TOXIC FUMES WHEN HEATED OR MIXED WITH AN ACID.
USE CAUTION WHEN HANDLING SODIUM ARSENITE IS A CARCINOGEN. AVOID
INHALATION OR INGESTION.

PREVENT SKIN AND EYE CONTACT BY USING SPECIFIED PERSONAL PROTECTIVE
EQUIPMENT WHEN MAKING STOCK REAGENTS

WORK UNDER A HOOD TO PREVENT INHALATION WHEN MAKING STOCK REAGENTS

13.1 Wear eye protection with side shields while in the laboratory.

13.2 Treat all chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness
file of OSHA regulations regarding the safe handling of the chemicals in the
laboratory as well as a reference file of Material Safety Data Sheets (MSDS).
Individual sample MSDS forms provided by the clients are also maintained.

13.3 Personal protective equipment

13.3.1 Gloves are required when handling the chemicals in this procedure. The
gloves recommended for this procedure are:
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13.3.1.1 Nitrile gloves for concentrated acids and bases, potassium
cyanide, and sodium arsenite in neat form.

13.3.1.2 General purpose latex or vinyl gloves for sulfamic acid, bismuth
nitrate, and magnesium chloride.

13.3.2 Work under a hood when using concentrated acids and bases.

13.4 Prior to handling radioactive samples analysts must have had radiation safety
training and understand their full responsibilities in radioactive sample handling.
Some general guidelines follow:

13.4.1 Wear a plastic apron over lab coat when working with radioactive samples.

13.4.2 Protect counter tops with counter paper or work from radioactive sample
handling trays.

13.4.3 Prohibit admittance to immediate work area.

13.4.4 Post signs indicating radioactive samples are in the area.

13.4.5 Take swipes of the counter tops upon completion of work. Deliver those
swipes to the designated swipe count box.

13.4.6 Segregate radioactive wastes in the waste containers obtained from Waste
Management.

13.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

13.5.1 Segregate solid wastes from liquid wastes in the satellite area containers.

13.5.2 Segregate oil wastes from water-soluble wastes in the satellite area
containers

13.6 Never leave gas cylinders unchained or untied, including when they are on the
moving carts

14.0 SAMPLE RECEIPT FOR ANALYSIS
14.1 The analyst technician gives a list of samples needed to the sample custodian.

The sample custodian removes the appropriate samples from the cooler and either
delivers them to the analyslicchnician or places them on the "pick-up" shelf in
the main cooler

14.2 Analysts and technicians arc responsible for retrieving their own samples when
the sample custodian is not available.

15.0 INSTRUMENTATION/EQIIPMENT/GLASSWARE
15.1 Equipment

15.1.1 MIDI Cyanide Distillation System with all related glassware

15.1.2 Cold water source
15.1.3 Vacuum source
15.1.4 Well ventilated hood
15.
15.
15.
15.
15.

.5 Analytical balance capable of weighing to 2 decimal places

.6 10-100 u L adjustable air displacement pipet

.7 100-1000 u L adjustable air displacement pipet

.8 1 -5 mL adjustable pipet

.9 Potassium iodide (KI) starch paper strips
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IS.2 Glassware

15.2.1 50 mL graduated cylinders
15.2.2 Various sizes of volumetric flasks for reagent preparation
15.2.3 20 mL vials

16.0 REAGENTS
16.1 Raw materials:

16.1.1 ASTM Type II deionized (DI) water
16.1.2 Potassium cyanide, KCN (FW 56.11)
16.1.3 Sodium hydroxide, NaOH (FW 40.00)
16.1.4 Sulfamic acid, H3NO3S (FW 97.10)
16.1.5 Bismuth Nitrate Pentahydrate, Bi(NO3)«5H2O (FW 485.07)
16.1.6 Magnesium chloride heptahydrate, MgCl2#6H2O
16.1.7 Glacial acetic acid, CH3COOH
16.1.8 Dow Coming Antifoam 2210
16.1.9 Sodium arsenite, NaAsO2
16.1.10 Sulfuric acid, H2SO4

16.2 Preparation of reagents:

16.2.1 Sodium hydroxide absorbing solution, 0.25 N

16.2.1.1 Weigh out 10 g NaOH pellets and place in a 1 L volumetric
flask.

16.2.1.2 Dissolve and dilute to volume with DI water.

NOTE: This reagent may be prepared in larger quantities if the same
proportions are used.

16.2.2 Bismuth nitrate solution, (0.124M)

16.2.2.1 Dissolve 60 g bismuth nitrate pentahydrate Bi(NO3)»5H2O in 100
mL DI water.

16.2.2.2 While stirring, add 250 mL glacial acetic acid.

16.2.2.3 Pour solution into a 1000 mL volumetric flask and dilute to
the mark with DI water.

16.2.3 Sulfamic acid solution, H3NO3S, (0.8N).

16.2.3.1 In a 1000 mL volumetric flask dissolve 80 g sulfamic acid.

16.2.3.2 Mix well and dilute to the mark with DI water.

16.2.4 Magnesium chloride solution

16.2.4.1 Weigh out 510 g MgCl2'6H2O

16.2.4.2 Add to a 1 L volumetric flask, dissolve, and dilute to volume
with DI water.

16.2.5 Sodium arsenite solution (0.4 N)

CAUTION: Avoid skin contact. Wear gloves when preparing this
solution.

16.2.5.1 In a 1000 mL volumetric flask dissolve 51.2 g sodium
arsenite NaAsO2 using DI water.
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16.2.5.2 Bring up to volume with DI water and store in a Nalgene or
glass container.

16.2.6 1:1 Sulfiiric acid solution H2SO4

16.2.6.1 Pour 500 mL DI water into a 1000 mL graduated cylinder.

16.2.6.2 Under a hood, carefully add 500 mL concentrated sulfuric
acid to the cylinder.

16 2 6 3 Wait at least 20 minutes for the solution to cool, then store in
a 1L Nalgene or glass container.

WARNING

This solution generates a tremendous amount of heat upon makeup.

16.2.7 Potassium Cyanide (KCN) solution, (lml=1000ug CN-). Dissolve 2.51g
of KCN and 2g KOH in 900ml of DI. Standardize with 0.0192N silver
nitrate. AgNOj. Dilute to appropriate concentration to achieve lml =
1 OOOug of CN-. Alternatively a certified standard may be purchased.
Working standards as detailed in Appendix I are prepared from lOOug/L
stock solution.

NOTE: Detailed procedure for AgNOj standardization is described in "Standard
Methods for the Examination of Water and Wastewater", 18* Edition, (1992),
Method 45OO-CN D

NOTE All reagents are good for 6 months unless otherwise noted.

17.0 PREPARATION OF SAMPLES
17.1 Distillation of aqueous or homogenous solid samples using a Midi-Dist

distillation unit (See Appendix I).

17.11 The unit should be assembled as described in Figure 1 of the
MicroBlock Instruction Manual.

17.1.2 Using Potassium Iodide strips, test for presence of chlorine. If the paper
turns blue after being placed in the sample, chlorine is present. Remove
any chlorine by adding sodium arsenite solution dropwise until the KI
starch paper shows no color change.

17.1.3 Using lead acetate paper, test for the presence of sulfides. If the paper
turns black, sulfides are present. Add 2.5 mis of bismuth nitrate to the
sample. Test the sample again with lead acetate paper. If sulfides are
still present, add an adequate amount of bismuth nitrate to remove them.

17.1.4 Fill reflux tube with 50 mL liquid sample or a recorded weight of solid
sample to which 50 mL of 0.25N NaOH solution is added.

NOTE: A sample weight of 1.0 g is normally used for solid samples

17.1.5 For method blanks use 50 mL of 0.25N NaOH solution.

17.1.6 For matrix spikes, pipet 50 uL of 100 mg/L stock standard solution into
50 mL of sample.

17.1.7 For liquid the LCS, pipet 25 uL of the second source 100 mg/L stock
standard solution into 50 mL of 0.25N NaOH solution. This is the low,
50ug/L standard. For homogenous solid samples, weigh out 0.5g of
solid CN stock standard to use as the LCS. The nominal concentration

GENERAL ENGINEERING LABORATORIES, LLC
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on this purchased soil standard is approximately 277,000ug/kg. Diluting
the distilled LCS by 50X prior to analysis yields approximately
55.4ug/kg, the low standard.

NOTE: Standards of a different concentration may require different
dilution to approximate SOug/kg results.

17.1.8 For ICVs pipet 75ul of the second source 1 OOmg/L stock standard solution
into 50mL of O.25N NaOH solution. This is the high, 150ug/L standard.
Both solid and liquid batches have the same ICV.

17.1.9 Add 50 mL 0.25 N NaOH solution to the absorber tube.

17.1.10 Assemble all glassware as described in Section 11 of the Setup section of
the instruction manual.

17.1.11 Tum on the flow of cooling water to the reflux condensers. Adjust the
flow of the water so that the flowmeter reads 6 GPH (gallons per
hour) sample If all ten positions are used, the flow should be
approximately 60 GPH.

17.1.12 Tum on the vacuum source stopcock.

17.1.13 Adjust each vacuum valve so that a rate of three bubbles per second is
observed in each reflux tube.

17.1.14 Pipet 2 5 mL of sulfamic acid through each air inlet to eliminate interfaces
from nitrates.

17.1.15 Pipet 5 mL of I I sul func acid through the air inlet of each Reflux
impingcr

17.1.16 Pipet 2 mL magnesium chloride solution though the air inlet.
17.1.17 Press the red rocker switch on the top of the instrument so that the red

light glows

17.1.18 Set temperature to 150° C.

17.1.19 Set the timer for 1 hour. The heating block will automatically tum off.
Allow approximately 15 minutes of cooling time before turning off
cooling water and vacuum.

17.1.20 Close all vacuum control valves and disconnect each absorber gas inlet
tube from the associated reflux impinger.

17.1.21 Starting on the nght. open each vacuum valve to pull all solution out of the
fnt. Close each vacuum valve and remove each absorber impinger from
the unit.

17.1.22 Each impinger may now be sealed with Parafilm or the contents of the
impingcr may be transferred to another type of sealed container. The
distillate is then placed in a refrigerator at 4 C until time of analysis.

17.2 The analyst performing the distillations records the date, time, analyst initials,
batch number, client. lab number, volume or weight of sample, and any necessary
comments about the distillation into ALPHALIMS and prints a Prep Data Report
to be maintained in the Distillation logbook.

18.0 PREPARATION OF STANDARDS
18.1 Documentation of standards is handled as described in GL-LB-E-007 for

Laboratory Standards Documentation.

GENERAL ENGINEERING LABORATORIES, LLC
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18.2 All standards are prepared according to the recipes found in Appendix II

18.3 Each Batch of samples must include the following pretreated and distilled QC
items: Matrix Blank, (MB), Laboratory Control Standard (LCS), Matrix Spike
(MS), Matrix Spike Duplicate (MSD) if requested by client, and Initial
Calibration Verification (ICV).

18.4 Standards are prepared (in a 0.25N NaOH matrix) following the recipes in
Appendix II

18.5 A method blank is run for every batch of samples.

18.6 An LCS is run at least once for every batch of 20 samples or less. An LCS
duplicate is run only upon client request.

18.6.1 For liquid samples, the LCS is normally a 50 (low) ug/L standard taken
through the same process as the samples.

18.6.2 For solid batches, the LCS is a solid standard from a standards supplier
that is taken through the same process as the samples.

18.7 A matrix spike, and matrix duplicate are run for every batch of < 10 samples and
for each set often samples in batches with > 10 samples.

18.8 An initial calibration verification (ICV) is run immediately after the calibration
curve. This standard must be made from a different source than the calibration
standards and is normally prepared at 150 (high) ug/L. Both solid and liquid
batches have the same ICV.

19.0 INSTRUMENT/EQUIPMENT START-UP PROCEDURE
Refer to Section 17 of this method for details on startup of distillation apparatus.

20.0 QUALITY CONTROL (QC) REQUIREMENTS
20.1 Batch QC

20.1.1 A method blank, matrix spike, and matrix duplicate are run for every
batch of < 10 samples and for each set often samples in batches with >
10 samples.

20.1.2 An ICV (Initial Calibration Verification) standard is prepped with each
batch. This is a 150 ug/L standard made up from the second source stock
standard. Both Liquid and Solid Batches have the same ICV.

20.1.3 An LCS and (LCS duplicate if requested by the client) are run at least
once for every batch of 20 samples or less.

20.1.4 The LCS is normally a 50 ug/L standard taken through the same process
as the liquid samples.

20.1.5 For solid batches, the LCS is usually a solid standard from a standards
supplier that is taken through the same process as the samples.

NOTE: For solid batches, a dilution of the LCS is required prior to
instrument analysis.

21.0 RUN SEQUENCE
Refer to GL-GC-E-095 for Total Cyanide Analysis for the analytical run sequence.

22.0 PROCEDURE
This SOP is a prep method. For analytical methodology, refer to GL-GC-E-095 for Total
Cyanide Analysis.

GENERAL ENGINEERING LABORATORIES, LLC
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23.0 INSTRUMENT/EQUIPMENT SHUT-DOWN PROCEDURE
Refer to section 17 for details of shutting the distillation apparatus down.

24.0 DATA REVIEW, VALIDATION, AND APPROVAL PROCEDURE
After distillation is complete, the prep batch data is entered into ALPHALIMS and the
batch assigned DONE status. The analytical results are generated using GL-GC-E-095.

25.0 DATA TRANSMITTAL
When a batch is given General Chemistry departmental "DONE" status, the data becomes
available to reporting personnel.

26.0 RECORDS MANAGEMENT
All data associated with the performance of this procedure, including relevant logbooks,
are maintained as quality records in accordance with GL-QS-E-008 for the Management
and Disposition of Quality Records.

27.0 LABORATORY WASTE HANDLING AND DISPOSAL
For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.

28.0 METHOD VERIFICATION
28.1 The three different methods sometimes call for different reagents to remove

interferences For consistency, most of the reagents used in this SOP come from
Method 9010A'9012. Sec Section 8 for more detailed explanations.

28.2 The concentrations of the bismuth nitrate and sulfamic acid solutions are doubled
from the concentrations listed in Method 9010A/9012. This allows half the volume
being added to the samples, avoiding dilution problems.

29.0 REFERENCES
29.1 Methods for Chemical Analysis of Water and Wastes. March 1984, EPA-600/4-

79-020, "Cyanide", Method 335.3 (Colonmetric, Automated UV) StoretNo.
00720, Environmental Monitoring and Support Laboratory, Office of Research
and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio.

29.2 EPA Method 335.4, "Determination of Total Cyanide by Semi-Automated
Colorimetry," Revision 1.0, August 1993.

29.3 USEPA Contract Laboratory Program Statement of Work for Inorganics Analysis,
Document Number ILMO 3.0. "Method for Total Cyanide Analysis by Midi
Distillation," Method 335.2 CLP-M (Semiautomated Spectrophotometric).

29.4 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/ Chemical
Methods, Volume 1C. SW-846, Third Edition, November 1986. Method 9012,
"Total and Amenable Cyanide (Colonmetric, Automated UV)," Revision 0,
September 1986. USEPA Office of Solid Waste and Emergency Response,
Washington, DC.

29.5 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/ Chemical
Methods, Volume IC. SW-846, Third Edition, November 1986. Method 9010A,
"Total and Amenable Cyanide (Colonmetric, Manual)," Revision 1, July 1992.
USEPA Office of Solid Waste and Emergency Response, Washington, D.C.
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Cone of Std
200 ppb

150 ppb

100 ppb

50 ppb

10 ppb

5 ppb

Cyanide Sample Distillation

APPENDIX II

InitVol of Stock
200jilof lOOppmstd

150 pi of lOOppmstd

100 |il of lOOppmstd

50 jil of lOOppmstd

10 Lil of lOOppmstd

5 Lil of lOOppmstd
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Final Vol of Std
100mL0.25NNaOH

100mL0.25NNaOH

100mL0.25NNaOH

100mL0.25NNaOH

100mL0.25NNaOH

100mL0.25NNaOH

WAD, Amenable, Total, Reactive, Free
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1.0 STANDARD OPERATING PROCEDURE FOR TOTAL CYANIDE ANALYSIS BY

LACHAT QUIKCHEM 8000 FIA
2.0 METHOD CODE

2.1 EPA Methods 335.1. 335.3 and 335.4
2.2 SW-846 Methods 9010B and 9012A
2.3 CLP Method 335.2-M

3.0 METHOD OBJECTIVE/PURPOSE
The purpose of this Standard Operating Procedure (SOP) is to determine total cyanide in
various sample matrices using the l-achat QuikChem 8000 Flow Injection Analyzer after
the samples have been distilled b> SOP GL-GC-E-067, and if necessary, pretreated for
amenability to chlorinalion as in SOP GL-GC-E-040.

4.0 METHOD SUMMARY
Cyanide is released from c>anidc complexes by digestion and distillation. The liberated
hydrogen cyanide is converted to cyanogen chloride by reaction with chloramine-T
reagent at a pH of less than eight. The cyanogen chloride then reacts with the pyridine-
barbituric acid reagent to form a red colored complex. This complex is measured
colorimetrically at 570 nm.

5.0 APPLICABLE MATRICES
5.1 Ground water
5.2 Drinking water
5.3 Domestic and industrial uastewater
5.4 Soil
5.5 Sludge
5.6 Oil

NOTE: Clients ma> request that this analysis be performed on miscellaneous liquid,
solid, air, or stack samples. In these cases the procedure is modified as necessary.

NOTE: CDHEC requires S W-846 Methods 9012A lo be run for any matrices other than
drinking and waste*ater when data is to be used for regulatory purposes.

6.0 HOLDING TIME
Holding time is 14 da>s from the time and date of collection until sample preparation,
unless otherwise specified b\ the contract.

NOTE: US EPA CLP requirements specify a holding time of 12 days following sample
receipt by the contractor.

7.0 SAMPLE CONTAINER/PRESERVATION/COLLECTION/STORAGE REQUIREMENTS
7.1 Samples should be stored in 500 mL or larger plastic or glass bottles.
7.2 Liquid samples are preserved with approximately 2 mL of 10 N sodium hydroxide

per liter of sample to obtain a pH of 12 or higher.

7.3 The sample is refrigerated at 4°+2°C.

8.0 INTERFERENCES/LIMITATIONS
8.1 Possible sulfidc interference is eliminated by the addition of bismuth nitrate as

stated in S W-846 Methods 9010B and 9012A. This is added during distillation as
detailed in SOP GL-GC-E-067.

8.2 Oxidizing agents that decompose cyanides may be removed by the addition of
ascorbic acid or sodium arscnite. SW-846 Methods 9010B and 9012A recommend

UKNKRAL ENGINEERING LABORATORIES, LLC
PO Box 30712 Charleston SC 29417
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sodium arsenite, while EPA 335.3 recommends ascorbic acid. Sodium Arsenite has
produced consistent results and is added during distillation as detailed in SOP GL-
GC-E-067.

8.3 Thiocyanates produce a positive interference when they are decomposed to cyanide
by ultraviolet digestion. This interference can be reduced by manual distillation.

8.4 Interference from nitrates and nitrites is eliminated by using sulfamic acid. It is
added during distillation as detailed in SOP GL-GC-E-067.

9.0 PERFORMANCE CHARACTERISTICS
9.1 Method concentration range: 5 to 500 ug/L (according to EPA Method 335.3)

9.2 Calibration range: 5 to 200 ug/L

9.3 Method detection limit (MDL): Updated yearly

9.4 CLP instrument detection limit (IDL): Updated quarterly
9.5 Method precision: See current Statistical Process Control (SPC) limits for

relative percent difference (RPD)

9.6 Method accuracy: See current SPC limits for % Spike Recovery

10.0 DEFINITIONS
10.1 Total Cyanide - Refers to all inorganic cyanides present including those as soluble

salts or metal complexes.

10.2 CRDL - Contract required detection limits.

11.0 ANALYST VERIFICATION
Technicians and analysts do not analyze samples without supervision until trained by
qualified personnel and upon successful analysis of a proficiency sample. Training
records are maintained as quality records.

12.0 DOCUMENTATION OF DATA
When Cyanide analysis is complete, the results are uploaded into ALPHA LIMS.

13.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS
WARNING

SODIUM HYDROXIDE IS HIGHLY CORROSIVE.
HYDROCHLORIC ACID IS A CORROSIVE AND A POISON.
POTASSIUM CYANIDE IS A CORROSIVE AND A CHEMICAL ASPHYXIANT.
PREVENT SKIN AND EYE CONTACT BY USING SPECIFIED PERSONAL PROTECTIVE
EQUIPMENT WHEN MAKING STOCK REAGENTS.
WORK UNDER A HOOD TO PREVENT INHALATION WHEN MAKING STOCK REAGENTS.

WARNING
POTASSIUM CYANIDE EMITS TOXIC FUMES WHEN HEATED OR MIXED WITH AN
ACID. USE CAUTION WHEN HANDLING AND WEAR GLOVES.

WARNING
PYRIDINE IS FLAMMABLE AND A TOXIC UPON INHALATION. PREVENT
INHALATION BY USING PYRIDINE UNDER A HOOD.
13.1 Wear eye protection with side shields while in the laboratory.

13.2 Treat all chemicals and samples as a potential health hazard and limit exposure to
these chemicals to the lowest level possible. GEL maintains a current awareness
file of OSHA regulations regarding the safe handling of the chemicals in the

GENERAL ENGINEERING LABORATORIES, LLC
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laboratory. A reference file of Material Safety Data Sheets (MSDS) and
individual sample MSDS forms are maintained in the laboratory.

13.3 Personal protective equipment

13.3.1 Gloves are required when handling the chemicals in this procedure. The
gloves approved for this procedure are:

13.3.1.1 Nitrile gloves for concentrated acids and bases, and potassium
cyanide in neat form.

13.3.1.2 Butyl gloves for Pyridine.

13.3.2 Work under a hood when using concentrated acids and bases, and Pyridine.

13.4 Prior to handling radioactive samples analysts must have had radiation safety
training and understand their full responsibilities in radioactive sample handling.
Some general guidelines follow:

13.4.1 Wear a plastic apron over lab coat when working with radioactive samples.

13.4.2 Protect counter tops with counter paper or work from radioactive sample
handling trays.

13.4.3 Prohibit admittance to immediate work area.

13.4.4 Post signs indicating radioactive samples are in the area.

13.4.5 Take swipes of the counter tops upon completion of work. Deliver those
swipes to the designated swipe count box.

13.4.6 Segregate radioactive wastes. Radioactive waste containers are obtained
from Waste Management.

13.5 All samples, chemicals, extracts, and extraction residues must be transferred,
delivered, and disposed of safely according to all related SOPs.

13.5.1 Segregate solid wastes from liquid wastes in the satellite area containers.
13.5.2 Segregate oil wastes from water-soluble wastes in the satellite area

containers.

13.6 In the event of an accident or medical emergency call for help immediately.
When time and safety permit, an accident report form should be completed and
turned in to the safety committee.

13.7 Fire escape routes are posted in the lab and all personnel should be familiar with
them. In addition. Tire safety equipment such as fire extinguishers is located in
the lab. Training is available on the proper operation of this equipment.

14.0 SAMPLE RECEIPT FOR ANALYSIS
14.1 The analyst/technician gives the list of samples needed to the sample custodian. The

sample custodian removes the appropriate samples from the cooler and scans them to
ALPHA LIMS using a barcode scanner. The analyst then takes custody of the samples
and scans the batch to the area where the samples will be prepped or analyzed.

14.2 Analysts and technicians are responsible for retrieving their own samples when
the sample custodian is not available.

15.0 INSTRUMENTATION/EQUIPMENT/GLASSWARE
15.1 Instrumentation

15.1.1 Lachat QuikChem 8000 Flow Injection Analyzer including:

15.1.1.1 Model ASX-500 XYZ autosampler
GENERAL ENGINEERING LABORATORIES, LLC
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cartridge pump

15.2 Equipment

15.2.1 25 pL syringe

15.2.2 10-100 ul. adjustable micropipette

15.2.3 100-1000 uL adjustable micropipette

15.2.4 10 mL disposable sample cups

15.2.5 pH strips

16.0 REAGENTS

16.1 Raw materials: (Chemicals used for standards should be of ACS grade or

f«HryPleBfarbituric acid, C4H4NO3 (FW 128.09)

16.1.2 Chloraminc-T. CHjCelUSChNNaClO^O (FW 281.70)

16.1.3 ASTM Type II dcionized (DI) water
16.1.4 Hydrochloric acid, concentrated HCI (FW 36.46)

16.1.5 Potassium dihydrogen phosphate, KH2PO4 (FW 136.09)

16.1.6 P>ndinc.C5H5N<FW 79.10)

16.1.7 Sodium hydroxide. NaOH (FW 40.00)
16.1.8 Potassium cyanide. KCN (FW56.I1)

16.2 Preparation of reagents:

16.2.1 Carrier. 0.25 M Sodium Hydroxide

16.2.1.1 In a 11. plastic container dissolve 10.0 g NaOH in 1L DI water.

16.2.2 Phosphate Buffer. 0.71 M

16.2.2.1 In a II. volumetric flask dissolve 97g potassium phosphate,
monobasic, anhydrous. (K.H2PO4) in approximately 800mL DI
water.

16.2.2.2 Dilute to just below the mark with DI water and invert to mix. Stir
for 30 minutes to dissolve completely. Prepare fresh monthly.

16.2.3 Chloraminc-T

16.2.3.1 In a 500 mL volumetric flask dissolve 2.0 g chloramine-T in
approximately 200 mL DI water.

16.2.3.2 Dilute to mark with DI water and mix well.

16.2.3.3 This reagent must be prepared daily.

16.2.4 Pyridinc-Barbituric Acid Reagent

16.2.4.1 Working under a hood, place 15.0 g barbituric acid into a 1 L
beaker. Use approximately 100 mL DI water to rinse the sides of
the beaker.

16.2.4.2 Place the beaker on a stirring plate and insert a magnetic stirring
bar.

GENERAL ENGINEERING LABORATORIES, LLC
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16.2.4.3 While the solution is stirring, add 75.0mL pyridine and 15.0 mL
hydrochloric acid.

16.2.4.4 Add 600 mL more DI water, cover the beaker, and continue
stirring until the barbituric acid is completely dissolved.

16.2.4.5 Transfer the solution to a 1000 mL volumetric flask, dilute to the
mark with DI water and mix well.

16.2.4.6 This solution must be prepared fresh weekly.

16.2.5 Potassium Cyanide (KCN) solution, (lmI=1000ug CN-).

16.2.5.1 Dissolve 2.51g of KCN and 2g KOH in 900ml of DI.

16.2.5.2 Standardize with 0.0192N silver nitrate, AgNO3. Dilute to
appropriate concentration to achieve lml = lOOOug of CN-.

16.2.5.3 Alternatively a certified standard may be purchased. Working
standards as detailed in Appendix I are prepared from lOOug/L
stock solution.

NOTE: Detailed procedure for AgNC»3 standardization is described in "Standard Methods
for the Examination of Water and Wastewater", 18th Edition, (1992), Method 4500-CN D.

NOTE: All reagents are good for 6 months unless otherwise noted.

17.0 PREPARATION OF SAMPLES
Refer to GEL SOP "Total Cyanide Sample Preparation" (GL-GC-E-067).

NOTE: It is assumed that material within the sample container is considered "the
sample." Removal of any extraneous material (twigs, leaves, large rocks, etc.) must be
documented in the case narrative and bench logbooks.

18.0 PREPARATION OF STANDARDS
18.1 Documentation of standards is handled as described in GL-LB-E-007 for

Laboratory Standards Documentation."

18.2 All standards are prepared from traceable solutions according to the recipes found
in Appendix I.

18.3 All cyanide standards, blanks, and samples are prepared using 0.25N sodium
hydroxide as diluent.

18.4 All cyanide calibration standards are prepared fresh daily.

18.5 Batches logged for Method CLP 335.2-M must include a calibration standard at
the Contract Required Detection Limit (CRDL).

19.0 INSTRUMENT/EQUIPMENT START-UP PROCEDURE
19.1 System start-up procedure:

NOTE: Before applying power to the system, check all electrical and hydraulic
connections.

19.1.1 Press the power switch "ON" to apply power to the system.
19.1.2 Set up manifold as shown in Appendix II
19.1.3 Connect all reagent tubes and the sample line to containers of freshly

prepared deionized water. Turn on pump and allow DI water to pump
through the system as the instrument warms up to temperature.

19.1.4 Set the temperature to 60°C and allow 15 minutes to warm up.

GENERAL ENGINEERING LABORATORIES, LLC
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19.1.5 Once the heater reaches 60°C move the reagent tubes from the DI water
and place them in the appropriate reagents. Allow the flow of reagents to
stabilize for 2 minutes. The flow should be smooth and consistent.

19.1.6 Place samples and/or standards in the autosampler. Input the information
required by the data system, such as concentrations, replicates and QC
scheme.

19.1.7 Place autodiluter diluent line in 0.25 M NaOH diluent.

19.1.8 Calibrate the instrument by injecting the standards and begin analysis.

19.2 Software startup

19.2.1 Power up the computer, monitor, and printer.

19.2.2 Click on 'Omnion FIA' icon

19.2.3 Refer to Lachat Software User Manual.

20.0 QUALITY CONTROL (QC) REQUIREMENTS
NOTE: Refer to GEL Quality Assurance Plan (GL-QS-B-001) for appropriate action
regarding unacceptable quality control parameters.

20.1 Instrument QC

20.1.1 The instrument calibration at the start of the run must contain six
standards plus a calibration blank. A linear fit is primarily used, although
a quadratic fit is acceptable, if documented.

20.1.2 An initial calibration verification (ICV) is run immediately after the
calibration curve. This standard must be made from a different source
than the calibration standards and is a distilled standard.

20.1.3 An initial calibration blank (ICB) is run following the ICV.

20.1.4 A continuing calibration verification (CCV) is run after every 10
analytical samples and after the last analytical sample in the run. CCV
standards are not distilled.

20.1.5 A continuing calibration blank (CCB) is run after every CCV and after
the final CCV.

20.1.6 All instrument standards and blanks are made up using 0.25 N sodium
hydroxide as diluent.

20.2 Batch QC

20.2.1 A matrix spike, and matrix duplicate are run for every batch of < 10
samples and for each set often samples in batches with > 10 samples. A
method blank is run for every batch of samples.

20.2.2 An ICV (Initial Calibration Verification) standard is propped with each
batch. This is a 150 yg/L (high) standard made up from the second
source stock standard.

20.2.3 An LCS is run at least once for every batch of 20 samples or less. An
LCS duplicate is run only upon client request.

20.2.4 For liquid samples, the LCS is normally a 50 ug/L (low) standard taken
through the same process as the samples.

20.2.5 For solid batches, the LCS is a solid standard from a standards supplier
that is taken through the same process as the samples.

GENERAL ENGINEERING LABORATORIES, LLC
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NOTE: For solids batches, a 150 ug/L liquid standard ICV is also prepped.

20.3 Acceptance limits:

20.3.1 The coefficient of determination (R2) must be 0.995 or greater. If the
calibration fails, the calibration curve must be reanalyzed. If it still fails, all
calibration standards must be re-made and a new calibration conducted.

20.3.2 ICV recovery must be 85-115% for all batches logged for Methods CLP
335.2-M and SW846 9012A. ICV recovery must be 90-110% for
Method EPA335.4. If the ICV fails, the calibration curve must be
reanalyzed. If the ICV fails again, new standards must be re-made and a
new calibration conducted.

20.3.3 CCV recovery must be 85-115% for all batches logged for Method CLP
335.2-M. CCV recovery must be 90-110% for Methods EPA 335.4 and
SW846-9012A. If the CCV fails, all samples bracketed by the out of
control CCV must be re-analyzed.

20.3.4 Matrix relative percent difference (RPD): See current acceptance limits
in LACHAT SPC logbook. If the RPD falls outside these limits, the
analyst must enter a text value comment into ALPHALIMS.

20.3.5 Matrix spike recovery: Refer to current acceptance limits in LACHAT
SPC logbook. If the %Spike Recovery falls outside these limits, the
analyst must enter a text value comment into ALPHALIMS.

NOTE: The matrix spike recovery for CLP batches must fall between
75-125%. If not, a post spike must be added to the distilled sample. This
value must also be reported. An exception to this rule is granted in
situations where the sample concentration exceeds the spike
concentration by a factor of four or more.

20.3.6 Prep blank and/or calibration blanks: Must be less than the CRDL.

20.3.7 LCS RPD: Refer to current acceptance limits in LACHAT SPC logbook.
If the RPD falls outside these limits, the batch must be reanalyzed.

20.3.8 Due to the scope of the test and method, peaks are verified visually.
These peaks should have a steady rise and fall. Any peak that is sharp in
nature with jagged edges must be reanalyzed for verification.

21.0 RUN SEQUENCE
21.1 Calibration Standards: 200, 150, 100, 50, 10, 5, and 0 ug/L
21.2 ICV
21.3 ICB
21.4 5 ug/L standard (CRDL)

21.5 Up to 10 analytical samples including LCS, Method Blank, and sample QC (refer
to Section 20)

21.6 CCV
21.7 CCB
21.8 Repeat steps 21.5 - 21.7 for remaining samples in the run. End with CCV and CCB.

22.0 PROCEDURE
22.1 Create Sample Table:

GENERAL ENGINEERING LABORATORIES, LLC
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22.1.1 Click on 'Open' and choose file to open.
22.1.2 Fill in the Sample table according to the Run Sequence 21.0.
22.1.3 Enter the sample ID and dilution factor.
22.1.4 Check to ensure the cup location is incremented correctly.
22.1.5 Load samples onto the autosampler as listed on the printed sample table.

22.2 Check to make sure all reagents and lines are pumping correctly.
22.3 Click on'Start".

23.0 INSTRUMENT/EQUIPMENT SHUT-DOWN PROCEDURE
23.1 Place the reagent lines in deionized water and allow DI water to pump through the

system for 5 minutes.
23.2 Remove the reagent tubes from the DI water and allow air to pump through the

system for 5 minutes, or until water no longer appears in the lines.

23.3 Turn off power, and release platen tension.

24.0 DATA REDUCTION, REVIEW, VALIDATION, AND APPROVAL PROCEDURE
24.1 Refer to GL-LB-E-005 and GL-GC-E-092 for data review and validation

24.2 ffaWTtetion
24.2.2 Linear regression is used for calibration. The analyst must not force the

calibration line through the origin.

24.2.2.1 Make certain that the instrument response is treated as the
dependent variable (y) and the concentration as the independent
variable (x). The regression will produce the slope and intercept
terms for a linear equation in the form:

y = ax + b

Where:
y = instrument response
a = slope of line (also called the "coefficient of x")
x = concentration of the calibration standard
b = the intercept

24.2.2.2 The analyst should not force the line through the origin, but have
the intercept calculated from the standard data points.

24.2.2.3 The regression calculation will generate a correlation coefficient
(R2) that is a measure of the "goodness of fit" of the regression
line to the data. A value of 1.00 indicates a perfect fit. In order to
be used for quantitative purposes, R2 must be ^0.995. The
calculated intercept value needs to be evaluated before reporting
sample results.

24.2.2.4 A positive value for the intercept indicates that there is some
threshold instrument response that is the limiting factor in
establishing linearity. A negative intercept value can be
transformed into an x-intercept value that respresents a threshold
concentration which is the limitation. If the intercept is positive,
then, as a general rule, results where the instrument response is
less than three time (3x) the intercept value may be unreliable.
This will afford some protection against false positive results. If

GENERAL ENGINEERING LABORATORIES, LLC
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the intercept is negative, results below the concentration of the
lowest concentration calibration standard may be unreliable.

NOTE: For Navy clients, these adjustments to the quantitation
limits will apply to all samples analyzed using the regression line.

24.2.2.5 In calculating the sample concentrations, the regression equation
is rearranged to solve for the concentration (x) as shown below:

fv-b)
x = a

24.2.2.6 The curve must meet all criteria set forth in Section 20.0

24.3 Calculation

24.3.1 Report the values for the Total CN concentration and the Chlorinated CN
concentration in the CN-CI logbook.

24.3.2 Subtract the Chlorinated value from the Total value to get the CN
Amenable to Chlorination concentration.

24.3.3 If the final value is less than "0", the Amenable to Chlorination
concentration is reported as "0" with a text value comment to explain the
result.

24.3.4 If the Total CN value is less than the PQL (5 yg/L), the Amenable to
Chlorination result is reported as "0".

24.4 Data Upload

24.4.1 Click on "Run" tab in RunProperties window.
24.4.2 Check box that says "export as CSV file."
24.4.3 Click on "Format" and "Export Now."
24.4.4 Click on "Upload to ALPHA LIMS" from desktop screen.

25.0 DATA TRANSMITTAL
Refer to GL-LB-E-005 and GL-GC-E-092 for data review and validation procedures.

26.0 RECORDS MANAGEMENT
All logbooks and data generated as a result of this procedure are maintained as quality
records in accordance with GL-QS-E-008 for Quality Records Management and Disposition.

27.0 ROUTINE INSTRUMENT/EQUIPMENT MAINTENANCE
Refer to the Lachat QuickChem 8000 Operation Manual.

28.0 LABORATORY WASTE HANDLING AND DISPOSAL
For the proper handling and disposal of sample and reagent wastes from this procedure
see GL-LB-G-001, the Laboratory Waste Management Plan.

29.0 METHOD VERIFICATION
29.1 The three different methods sometimes call for different reagents to remove

interferences. For consistency, most of the reagents used in this SOP come from
Method 9010B. See Section 8 for more detailed explanations.

29.2 The pyridine/barbituric acid concentration comes from the Lachat method. This
is one-fourth the concentration listed in Method 9012A.

29.3 The standard curve concentrations listed in Section 7.4.1 of Method 9012A are
not representative of the needs of the environmental testing industry. The
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industry standard is to have a PQL of either 5 yig/L or 10 jag/L. Therefore, the
curve shows lower concentration values.

30.0 REFERENCES
30.1 Methods for Chemical Analysis of Water and Wastes. March 1984. EPA-600/4-

79-020, "Cyanide," Method 335.3 (Colorimetric, Automated UV) StoretNo.
00720, Environmental Monitoring and Support Laboratory, Office of Research
and Development, U.S. EPA, Cincinnati, Ohio 45268.

30.2 EPA Method 335.4, "Determination of Total Cyanide by Semi-Automated
Colorimetry, Revision 1.0, August 1993.

30.3 USEPA Contract Laboratory Program Statement of Work for Inorganics Analysis.
Document Number 1LMO 3.0. "Method for Total Cyanide Analysis by Midi
Distillation," Method 335.2 CLP-M (Semiautomated Spectrophotometric).

30.4 Test Methods for Evaluating Solid Waste: Laboratory Manual Physical/
Chemical Methods. Volume IC. SW-846, Third Edition, June 1997. USEPA
Office of Solid Waste and Emergency Response, Washington, D.C. 20460.

30.4.1 Method 9012A, "Total and Amenable Cyanide (Colorimetric,
Automated UV)," Revision 1, December 1996

30.4.3 Method 9010B, "Total and Amenable Cyanide (Distillation)," Revision
2, December 1996.

30.5 Lachat QuickChcm 8000 Operation Manual. August, 2000, Lachat Instruments,
Milwaukee, WI 53218.

30.6 QuikChem Method 10-204-00-1-A, "Determination of Cyanide in Waters,"
Revision 08/28/00.
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ConcofSTD
200 ppb

150 ppb

100 ppb

50 ppb

10 ppb

5 ppb

APPENDIX 1

Vol of Stock
200nlof lOOppmstd

150 pi of lOOppmstd

100 pi of lOOppmstd

50 MI of lOOppmstd

10 M> of lOOppmstd

5 pi of 100 ppm std

Final Vol of Std
100mL0.25NNaOH

100mL0.25NNaOH

100mL0.25NNaOH

100mL0.25NNaOH

100mL0.25NNaOH

100mL0.25NNaOH

WAD. Amenable, Total, Reactive, Free
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APPENDIX 2

CYANIDE MANIFOLD DIAGRAM

PUMP FLOW

orange

orange

CARRIER
yeltow
SAMPLE
green

Probe Rinse

pycicune/barbcunc acid

^Oft * X

hnffrr

to port 6 of next valve
or waste

Carrier: 0.25M sodium hydroxide solution (Reagent 1).
Manifold Tubing: 0.8 mm (0.032 in) i.d. This is 5.2 pL/cm.
AE Sample Loop: 150 cmx 0.8 mm id.

QC8000 Sample Loop: 150 cm x 0.8 mm i . i
Interference Filter: 570 nm

Apparatus: An injection valve, a 10 mm path length flow cell, and a colorunetric detector

module is required. The L ^ B M ~ shoWs 650 cm of tubing wrapped around the
heater block at the specified temperature.

4 5 : 70 cm of tubing on a 4.5 cm coil support

Notel: 200 cm backpressure loop, 0.52 mm i.d.
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Section 1: Sample Receipt, Storage and Handling
Paradigm Analytical Laboratories - Standard Operating Procedure

Last Revised By:

W.M. Larkins

Asst. Lab Director

CK. Comwell

QA Officer

Greg Dickinson

Purpose
This SOP applies to all methods used in this lab and describes procedures used to record sample receipt and analysis information.

Summary
Samples arrive at PAL in the sample receiving area. The chain-of-custody and any other associated documentation is reviewed.
Coolers are inspected for damage and then opened Containers within the coolers are removed and inspected for damage.
Temperature of each sample is measured using an infrared thermometer. If necessary, sample pH and proper use of any necessary
preservatives are confirmed Results of these inspections are noted on the Sample Receiving Checklist. Sample information is
then entered into the UMS system and umpies are assigned unique identification codes. The UMS system is then used to print a
set of labels for each sample These labels are used for the original containers received by the laboratory as well as glassware and
containers used in the analytical procedures The samples are stored in refrigerators and freezers, and temperatures in these units
are monitored daily. Upon completion of the Sample Receipt process, the project folder is delivered to the Technical Director.

1.1 Login and Storage

1.1.1 Equipment
• Infrared dicmnmum

1.1.2 Supplies
• Folders, folder labeh awl sample labels

1.1.3 Procedure
• Upon delivery lo the lab all containers will be checked for damage which may have affected the integrity of

their comenu
• Contamen. BwaDy cookers, should be opened and contents examined for damage.
• Record the rnnptramre a* below in Section 1.2 on the chain-of-custody (COC). Sign and date/time the COC.
• Remove and t u m a c cmiuci Verify that all information on the sample bottle labels match the COC. fill out

the Sample Receipt Cfcedhu (SRC) and note any discrepancies
• If air umpln are preseM m the shipment, contact a membq of management for a verification of sample

identification
• When required check samples for correct preservation and pH
• Enter sample information mo me sample receipt log The complete log consists of the LIMS information, the

customers COC. die SRC A printout of the UMS information is stored in the project folder.

1.2 Temperature Measurement of Sample Containers

1.2.1 Equipment

• Infrared tlM.imonn.iu (RT)

1.2.2 Procedure

1.2.2.1 Priority of temperature procedures
• Read the tnp thermometer if present.
• Take temperature from temp blank (if present) using the IRT.
• Take temperature from a representative sample using the IRT.

1.2.2.2 Use of the IRT
• Tum on the unit and wail for a stable reading
• If a sample is to be used for cooler temperature a 1L amber should be used. A 125mL plastic is the

next choice A 0 85 emmisinviry is used for both of these bottles. Be careful not to handle the bottle
where you aim the gun 40mL volatile containers may also be used with an emmisirivity of 0.86.

• The tRT is calibrated once per quarter.

13 Temperature Monitoring of Storage Units

1.3.1 Equipment/Supplies
• Walk-in cooler (Location W2)
• Freezer (Location Fl)
• Logbook

1.3.2 Procedure
• All units contain thermometers that are traceable to N1ST for accuracy.
• Each morning before heavy use of these units the temperature is recorded in the logbook.
• Refrigerators must be maintained at 4±2°C.
• Freezers must be kept ai <- IO°C. Thermostats are set at -20°C
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• Whenever these limits are not met. the failure is noted in the logbook. An attempt to correct the thermostat is
made. A repeated failure warrants moving the samples to another unit and placing a service call to a vendor to
repair the unit.

1.4 Sample Labeling

1.4.1 Summary
Sample labeling consists of applying water/organic solvent proof labels on the glass wall of the sample container
(e.g., vials, centrifuge or other fraction-collection tube) and the bottle and bottle's cap for incoming samples. The
labels must be durable and utili/r indelible ink. The label contains information such as the Paradigm project/sample
number and the clients sample idennficauon. The PAL Project number is automatically generated by the LJMS
system. All required sample containers will be pre-labeled at the start of any step.

1.4.2 Procedure
• Upon entry of the client i name into the LDMS, a new project number will be issued by the LJMS. This number

is sequential and specific lo the project (GIOO-1)
• Each individual lample container it assigned a unique laboratory sample identification number automatically by

thcLIMS<GIO(U K")

1.4.3 Printing
Once the information u entered imo the LJMS. a series of labels are printed which will be used to label the in-
coming sample bottle and cap Additional labels will be printed at the time of sample extraction for use throughout
the remainder of the Urwraor> pracnia The labels must be waterproof and of appropriate size to accommodate
the various sample conlainen Additionally, the use of highlighted labels for QC samples such as the OPR is
recommended

1.5 Sample Acceptance Policy

1.5.1 Summary
Samples received by the Uhoraicry mutt men certain criteria in order for the associated analytical data to meet
method criteria Samptet mni he property documented and shipped in appropriate containers at specified
temperatures Holding u i m n u be mei and the amount of sample provided must be sufficient for the required
extraction procedure*

1.5.2 Procedure
The validity and drirnuNhrt of analytical data is highly dependent upon proper delivery of samples to the
laboratory. It ma) he impnuihte lea tfte laboratory lo perform the required analyses if samples are not property
documented and tturped m a omd> fatiaan mun$ appropriate containers and shipping materials. The following
criteria are used m oafcuar *e UHUhilit> of umpies poor lo their acceptance for analysis:
a) Documeiuaooa All vamp4n mmi be accompanied by chain-of-custody forms indicating unique sample

identificaiHa date aid tnr ot tampimg location of collection, collector's name, any preservatives used,
sample type le | Mai ••*> eu I mjurucd analyses and any special remarks concerning the samples.

b) Chain-of <cmaurf> krao aani avcompant the umpici and cannot be sent separately.
c) Sample Laheiing f*.fc wmpte mni be given a unique identifier thai allows for cross-referencing with the

chain-of-c«tiud> wlormMw Vimr*r laoeli most be durable enough lo remain attached to the containers and
utilize indrfchir ink m irman IrgiNr dunng thipptng

d) Sample Comaium Vwnptn mni be thipped in containers appropriate for the required analyses. Liquid and
solid vamptn coilnttd k» organ*, t analytet should be shipped in glass containers. Other matrices may require
special conumrrt ic g air tamptet I Any questions regarding sample containers must be resolved prior to
collecting Ihe twoptet CiMamrrt thould be packaged in such a way as lo preclude breakage or leaking during
shipping

e) Damage Sample* thnutd he impeded for signs of damage Discrepancy Procedure: Damaged containers
must be mfrlt rrj-M kntrd and fmmmaitrd Record ihe damage found and action taken. Report container
damatt to <Item unuet

0 Conumination The ihtpmem thould be inspected for signs of contamination. Discrepancy Procedure: Safely
separate the vimptn and remove any further means of contamination Record the condition of the samples and
action i^en Krpurt potential cunuimnahon lo client services

g) Preservation k it gcncrelh rcquimj that umpies be chilled lo < 4° C and kept at that temperature during
shipping TherrfiwT. tamptet thould be placed in insulated coolers with ice to keep mem at or near this
temperature until delivery m the laboratory Samples that arrive above 6°C and are not on ice will be rejected
and the client »ill he contacted lor further instructions, such as re-sampling if for compliance monitoring.
Discrepancy Pn* rdurr btadrqmuie preservation must be reported to client services.

h) Holding Timet In order lo pro* wte accurate, defensible data, analytical methods strictly limit the amount of
time thai rruv elapse between collection and extraction of samples. Data taken from the analysis of samples
which have eicccOcd the required holding limes is generally considered to be invalid and is not legally
defensible Thetrlm. u is imperative that samples be sent to the laboratory as quickly as possible after
collection Ue.ilI\ the vampie\ »ill be sent via overnight courier on the same day as collection. When this is
not possible, ihe umptct mini arrive at the laboratory with enough time left to allow for proper login
procedures before ihe holding time elapses. Samples received with few days left in the holding time may not
be accepted b> Ihe bhoraitio

i) Sample Volume Sufficient tampte volume must be sent for all required tests. Each method specifies the
required sample volume lor each applicable matrix. Questions regarding required sample volumes must be
resolved poor lo sampling

Revision DC35.091003.10
Section 1, Page 2 of 3



j) Client Notification: When sample login is completed, a summary of the samples received and entered into the
LJMS is generated. This can be faxed to the client upon request This fax will include client sample ids, lab
ids, dates, analyses requested and status summaries in short form.

The laboratory will attempt to contact the client and resolve any issues with sample acceptance. Samples that are
immediately rejected are ones with impiopei preservation, damage or show signs of contamination. In other cases,
it may be possible to continue with analysis, although the analysis may be compromised. For instance, samples
received with insufficient volume may be analyzed with the resniting data reflecting increased detection limits due
to the insufficient volume, and minor discrepancies in sample documentation may be easily resolved. In such cases,
the Technical Director/Project Manager will contact the client and describe the problem and any potential effects on
the data. The client may then determine if the resulting data is likely to meet their needs. In other instances (e.g.
samples received without labels or in broken containers), it may be impossible for the lab to proceed with analysis.
In all cases, the Technical Director/Project Manager will make the final decision regarding the laboratory's
acceptance of samples

1.6 Internal Chain of Custody
• Samples requiring an Internal Chain of Custody (ICOC) as specified per client contracts will have ICOCs

generated ai the lime of initial login. Each ICOC shall list the sample ID, number of containers received, and
storage location as well as any pertinent information from the submitted COC. Login personnel will sign the
ICOC and the samples, along with their respective ICOCs, will be released to a designated person from the
extraction department Samples requiring an ICOC are to be kept in locked storage to be accessed only by a
designated person from the extraction department.

• After the sample has been extracted, the extraction department will generate a second ICOC to track the newly
generated sample extract The ICOC for the extract will contain the same information as for the sample ICOC.
All extracts will be kept in locked storage until the time of analysis. Only the designated person from the
extraction lab and the GC/MS analyst shall have access to the controlled extract storage.
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Section 4: 8290 Data Analysis & Reporting
Paradigm Analytical Labs - Standard Operating Procedure

Last Revised By:

W.M. Larkins

Asst. Lab Director

C K Comwell

QA Officer.

Greg Dickinson

Purpose
To describe the processes used in operating the HRGC/HRMS system, as well as the procedures followed in the generation,
interpretation and review of laboratory dau for Method 8290.

Summary
This SOP details how 10 analyze and report samples by EPA Method 8290 (Analyte list found in Table 1). HRGC/HRMS is used
to detect and quantify PCDD/F* Samples arrive at the MS lab having been extracted and fractionated using procedures in Section
3. Analyses are grouped into 12-hour nans, which include analyses of samples and standards mixtures. Upon completion of the
run, the analyst reviews the dau associated with both standards and samples in order to confirm the validity of the run and to
determine any potential need for rc-analyvs or re-extraction The analyst generates quanbtation reports and chromatograms using
sophisticated software These reports are used to generate forms that summarize the results of the analysis.

Table 1: Analyte List with Reporting Limits per Matrix

Analyte
2378TCDD
12378 PeCDD
123478-HxCDD
123678 HxCDD
123789- HxCDD
1234678 HpCDD
OCDD

2378TCDF
12378 PeCDF
23478 PeCDF
123478-HxCDF
123678 HxCDF
234678-HxCDF
123789 HxCDF
1234678-HpCDF
1234789 HpCDF
OCDF

Solid
(Pg/g)

1
5
5
5
5
5
10

1
5
5
5
5
5
5
5
5
10

Aqueous
(pg/L>

10
50
50
50
50
50
100

10
50
50
50
50
50
50
50
50
100

4.1 Operation of HRGC/HRMS

4.1.1 Equipment

• HP6890 GC. Micromass Autospec Ultima high resolution mass spectrometer, vortex mixer, 10-100 uL
pipette

4.1.2 Procedure
Recall the GC tempcranire/pressure/flow program.
Recall the MS experiment (see Table 2).
Perform any necessary maintenance.
Tune the MS resolution to 100 ppm at 5% height.
Acquire location data to calibrate the MS and print a copy of function one MS resolution.
Inject the window derimng/GC resolution/continuing calibration mix (RETCON). Evaluate descriptor-
switching times for accuracy. If any window defining peaks have shifted outside the descriptor
windows, adjust the switching times before injecting any samples. This injection is also used to verify
that there is less than or equal to 25% peak to valley for the two close eluters of 2,3.7,8-TCDD. Print a
copy of the GC resolution check. If the valleys are within specifications, proceed to calibrate or verify
a previous calibration. If not, further investigation and/or maintenance may be required. Re-inject this
solution after maintenance to check for improvement.
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Now that the GC/MS resolution and descriptor switching times have been verified, a series of five
initial calibration standards may be injected and reviewed for method requirements. If an initial
calibration already exists, a RETCON may be analyzed to verify continuing calibration. If the curve or
the RETCON passes method requirements, sample analysis may begin.
Reconstitution of a sample is accomplished by adding nonane containing the injection standards (JS),
capping the vial, and mixing well with a vortex mixer. The amount of standard to be added can be
found in the spike profile document.
Samples are injected under conditions identical to those used to establish calibration.
A "back-end" RETCON must be injected within 12 H from the front end RETCON or the RETCON in
the curve This standard is used to verify sufficient stability of the calibration after sample analysis. It
has requirements set by the method. Depending on the back-end CS3 results, different calibration files
maybe required to quantify the samples.
A "back-end" pnnt out of the MS resolution must also be performed.
The calibration data from a sequence is filed in a folder cabinet under the day it was analyzed and
includes ihc all GC/MS resolution checks, window verification, valley verification, front/back end
RETCONs runlogs and window defining mix (WDM) retention time sheets.
Each sample hardcopy should include the quant report, totals pages, deviations, chromatograms, and
report forms
GC Column DB 5MS. 60 m. id 0.25 mm, 0.25 Jim.
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Table 2: Mass Descriptors used for Selected Ion Recording HRMS

Function Channel Mass Dwell Time I.C. Delay

(#) (#) (amu) (ms) (ms)
1

i

i

1

1

1

1

i

i

i

I

i

2

2

2

2

2

- 2

2

2

2

2

2

3

3

3

3

1

2

3

4

5

6

7

8

9

10

11

12

1

2

3

4

5

6

7

8

9

10

11

1

2

3

4

303 9016

305 8987

315 9419

316 9624

316 9824

3179389

3198965

321 8936

327 8847

331 9368

333 9339

375 8364

339 859;

341 8568

3519

353 8S7

3S5 8S46

3578517

366 9782

366 9792

367 8949

369 8919

409 7974

373 8207

375 8178

380 976

380 976

100

100

40

20

(Lock)

40

100

100

40

40

40

30

100

100

40

40

100

100

20

(Lock)

40

40

X

IX

100

20

(Ux*>

20

10

10

10

50

10

10

10

10

10

10

20

20

10

10

10

10

10

10

SO

10

10

20

20

10

10

50

Function Channel Mass Dwell Time I.C. Delay

{#) (#) (amu) (ms) (ms)
3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

6

7

8

9

10

11

1

2

3

4

5

6

7

8

9

10

11

1

2

3

4

5

6

7

8

9

383.8639

385.861

389.8156

391.8127

401.8559

403.853

445.7555

407.7818

409.7788

417.82S3

419.822

423.7767

425.7737

430.9728

430.9728

435.8169

437.814

479.7165

441.7427

443.7398

454.9728

454.9728

457.7377

459.7348

469.778

471.775

513.6775

40

40

100

100

40

40

30

100

100

40

40

100

100

20

(Lock)

40

40

30

100

100

20

(Lock)

100

100

40

40

30

10

10

10

10

10

10

20

20

10

10

10

10

10

10

50

10

10

20

20

10

10

50

10

10

10

10

20

4.2 Data Generation. Interpretation and Review
Paradigm Analytical Labs defines a batch of samples as no more than 20 samples processed with in a 12-hour shift.
One LMB and one OPR are processed in every analytical batch, following the same procedures used for the field
samples Generally, soil is replaced by salt (Na?SO4). effluent by deionized water and biological tissues by
vegetable oil An invalid LMB or OPR requires a re-extraction of the affected samples.

4.2.1 Interferences

Solvents, reagents, glassware, and other sample processing hardware may yield artifacts and/or elevated
baselines causing misinterpretation of chromatograms. The use of high purity reagents and solvents helps
minimize interference problems. All new materials used in the analysis shall be demonstrated to be free
from interferences by running an initial reagent blank. Interferences co-extracted from samples will vary
considerably from source to source, depending on the diversity of the site being sampled. Interfering
compounds may be present at concentrations several orders of magnitude higher than the analytes. The
elimination of interferences is essential. Cleanup steps are used to reduce or eliminate these interferences
and thereby permit reliable determination of the analyte as close as possible to the specified sensitivity.

4.2.2 Method Detection Limit Study and IPR Schedule
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On an annual schedule, the laboratory shall perform a Method Detection Limit study (MDLs) utilizing a
solid and aqueous matrix. MDLs are to be calculated for each 23,7,8-substituted congener. All MDL
studies will be conducted following the guidelines set forth in 40 CFR, Pan 136, appendix B. An MDL
verification sample will be analyzed concurrently at an estimated 2 to 3 times the expected calculated MDL
value for use with US ACE clients. In addition, at the time of the MDL a continuing calibration will be
analyzed at a concentration other than the normally utilized CS3 to further demonstrate instrument
performance.

Each analyst is required to successfully complete an Initial Demonstration of Precision and Accuracy (IPR)
before working on samples. An IPR is conducted for each matrix and extraction technique utilized. IPRs
are repeated with each relevant change to a technique.

4.2.3 Initial Calibrations

On an annual schedule. Paradigm uses the concentrations in Table 4 to construct the initial calibration. The
percent relative standard deviations for the mean response factors from the seventeen unlabeled standards
must not exceed +/- 209 The percent relative standard deviations from the labeled standards (i. e.
extraction standards, cleanup standards and sampling standards) must not exceed +/- 30%. The signal to
noise ratio for all signals present must be > 10. The ion abundance ratios must be within specified control
limits (see Table 3) Paradigm uses the concentrations in Table 4 to construct the initial calibration. The
concentration of the lowest calibration point is a modification of the referenced method. It is lower than
required.

Table 3. Theoretical Ion Abundance Ratios and Their Control Limits

Level of Chlorination

4
5
6
6*
7

r
8

Theoretical Ratio

077
1.55
1 24
0.51
1.04
044
08*)

Control
Lower
0.65
1.32
1.05
0.43
0.88
0.37
0.76

Limits
Upper
0.89
1.78
1.43
0.59
1.20
0.51
1.02

' Used only for 13C-HxCDF
b Used only for 13C-HpCDF

A new initial calibration n required when the continuing calibration criteria below are not met. Routine
maintenance may be performed to correct any failures. Any major maintenance to the analytical system
such as slit cleaning, analyzer lens cleaning, magnet shifts, and detector disk changes warrant a new ICAL.
At a minimum, a new initial calibration must be performed annually.
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Analyte

Table 4. Initial Calibration Concentrations
Concentration (pg/|iL)

CS-1 CS-2 CS-3 CS-4 CS-5

Unlabeled

2378-TCDD
2378-TCDF
12378-PeCDD
12378-PeCDF
23478-PeCDF
123478-HxCDD
123678-HxCDD
123789-HxCDD
123478-HxCDF
123678-HxCDF
123789-HxCDF
234678-HxCDF
1234678-HpCDD
1234678-HpCDF
1234789-HpCDF
OCDD
OCDF

Extraction Standards
13C-2378-TCDD
13C-2378-TCDF
l3C-12378-PeCDD
l3C-12378-PeCDF
l3C-123678-HxCDD
13C-123478-HxCDF
13C-1234678-HpCDD
l3C-1234678-HpCDF
I3C-OCDD

CleanUD Standards
37CI-2378-TCDD
l3C-23478-PeCDF
l3C-123478-HxCDD
l3C-123478-HxCDF
l3C-1234789-HpCDF

Injection Standards
I3C-1234-TCDD
l3C-123789-HxCDD

0.25
0.25
1.25
1.25
.25
.25
.25
.25
.25
.25
.25
.25
.25
.25
.25

2.5
2.5

100
100
100
100
100
100
100
100
200

0.25
100
100
100
100

100
00

2
2
10
10
10
10
10
10
10
10
10
10
10
10
10
20
20

100
100
100
100
100
100
100
100
200

2
100
100
100
100

100
100

10
10
50
50
50
50
50
50
50
50
50
50
50
50
50
100
100

100
100
100
100
100
100
100
100
200

10
100
100
100
100

100
100

40
40
200
200
200
200
200
200
200
200
200
200
200
200
200
400
400

100
100
100
100
100
100
100
100
200

40
100
100
100
100

100
100

200
200
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
2000
2000

100
100
100
100
100
100
100
100
200

200
100
100
100
100

100
100

4.2.4 Continuing Calibrations

Check that all paperwork is present. A CCal package should contain the documentation listed below.

• Pass: Run log HRMS Resolution Checks. WDM retention time sheet. WDM chromatograms. GC
performance for 2.3,7.8-TCDD. CCal quanutation page. CCal chromatograms. injection preparation
log

• Fail: The analysi listed on the run log can provide any missing paperwork.
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Review the Run log.

• Pass: Check that the 12-hour windows have not been exceeded between the front end and back end
CCals.

• Fail: Re-analysis of samples.

Review the HRMS Resolution checks.

• Pass: Verify lOOppm width at 5% height for PFK mass 318 or higher. Compare the resolution check
times to those on the run log to be sure they bracket each sequence.

• Fail: Should a back-end resolution check fail, an assessment should be made to determine any data
quality impact.

Review the Window Defining Mix and GC Performance Documentation.

• Pass: Check thai the sample numbers on the WDM sheets match those on the runlog. Check that the
retention times arc correct for the WDM chromatograms.

• Check that the valley between 2.3,7.8-TCDD and its close eluters does not exceed 25%.
• Fail: Any missing peaks in the window-defining sample should be re-identified with a survey scan.

Determine proper switching times. These must be entered into the HRMS ion function descriptors
before analysis may resume If the GC performance valley is greater than 23% instrument
maintenance may be required. When a valley fails all samples must be reinjected.

Review the CCal Quantitation and Chromatograms.

• Pass: All ion ratios must be within the control limits given in Table 3. The measured RRFs obtained
during the front and back-end CCals must be within i20% of the mean values established during the
1CAL for unlabeled standards, and within ±30% of the mean values for labeled standards. Quanntate
using the ICAL when no compounds above 20/30% on the back-end retcon. Quanntate using averaged
CCALs when there are no more than two unrelated compounds above 20/30% but less than 25/35% on
the back-end retcon If an RRF is biased high, the CCal is acceptable for all samples in which the
failed analyte is not delected

• Fail: Routine instrument maintenance such as installing new injection port hardware, inner source
cleaning, retiming, column clipping etc. will usually correct a calibration failure. If these measures do
not work, then the laboratory will demonstrate performance after corrective action with either two
consecutive acceptable CCALs or a new initial calibration.

Review the Injection Prep log sheet.

• Pass: Check that all samples have been spiked with 2 ng injection standard. Verify that final volume
is 20 uL. Be sure that any dilutions or other comments are noted

• Fail: Calculations of sample concentrations should reflect any deviations from normal injection prep
parameters.

4.2.5 Quality Control Work Groups

The following elements should be present in a complete work group file:

LMB topsheets
LMB totals sheets
LMB chromatograms (11 pages)
OPR topsheets
OPR chromalograms
Extraction log sheet
Cleanup log sheet
ASE/Cleanup observation forms
Dry weight sheet (where applicable)
Any additional information (ex. re-extract request sheet) •

The following procedure should be used for reviewing a work group:

• Review the header information on the LMB topsheets. Verify that the method and client sample ID
(LMB or OPR) are correct

• Review the footer information on the LMB and OPR topsheets. Verify that the following information
is correct, extraction date, analysis date, method, matrix, sample weight/volume, percent solids/lipids,
pH. work group number, sample data file, retcheck data file, beginning cal data file, ending cal data
file and ical data file.

• Verify thai no target analytes are present in the LMB above the lower method calibration limit
(LMCL). Verify that no target analytes are present above one-half the LMCL for USAGE projects.
And. that no estimated detection limits (EDL) exceed the LMCL. If target analytes or EDL's are
above this limit, the associated samples must have concentrations that exceed 10 times the LMB
concentration for the specified analyte. Otherwise, samples must be re-extracted.

• Review the totals data for the LMB. Be sure that any ghosting peaks are removed from the totals
concentrations and the associated detection limits are elevated to reflect me subtracted peaks.

• Verify thai extraction standards are within method specifications (40-135%) for the LMB and OPR,
found on the topsheets.

• Verify that unlabeled recoveries in the OPR meet Paradigm's recovery limits of 70-130%.
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4.2.6 Data Review

For quick reference, refer lo the chart below

4.2.6.1 Initial Review
• Summary form generation and organization of leal, Ccal, Samples and QC data is

conducted by the analyst.
• Analysts review data upon generation and elicit peer review.
• Data is then released to a secondary review level with the analyst's signature.

4.2.6.2 Final Review
• Assemble project samples and QC data
• Review client information and documentation.
• Complete Data Review Checklist (Section 4, Appendix A) and sign reports.
• Samples are released lo clients with the data reviewer's signature after the complete

package is reviewed by a QA Manager or Lab Director.

Paradigm's Quality Control Requirements for Method 8290
QC Check

Method Blank

initial Calibration (ICAL)

Mass Resolution

Descriptor Defining komcrs

GC Performance Isomers

OPR (LCS)

OPRD (LCSD)

Extraction Standards (ES)

Continuing Calibration
(CCAL)

Lab Sample Duplicate (DUP)
Matrix spike/duplicate

(MS/MSD)

Frequency
One per extraction batch.

As needed to maintain
acceptable CCAL. after
major maintenance, or
at a minimum one per
year

Before and after each 12 hour
analytical sequence

Al the beginning of each I2h
analytical tequence

At the begimunf: of each 1 In
analytical icquence

One per extraction batch

One per extraction batch

Every sample must receive ES
before extraction

Pre and post sample analysis
within I2h

Per client request
One pair per method, per

matrix, per extraction
technique, per 30 days,
per 20 samples

Limits
PCDD/F< SOP RL or <10%

of level in sample.
20* RPD for native and 30%

RPD for labeled
species.

Mass resolution must be at
10.000 as estimated
from a printout of a
PFKpeak.

First and last eluters must be
present within the
switching times..

Must be <25% valley.

70 130 native.

70 130. < 20%RSD.

40-135*

20/30* Average CCALs if
no more then 2
unrelated compounds
above 20/30% but less
than 25/35% on the
back end.

<25%Diffcrcnce.
±25* recovery. 20% RPD.

Corrective Action
Affected samples must be re-

extracted.
An acceptable ICAL must be

established before
sample reporting may
begin.

MS maintenance.

Perform a survey scan to
identify the correct
switching times.

GC maintenance.

Re-extract batch if low and
delected. Evaluate data
quality for high and
non-detected.

If needed and fails, re-extract
batch.

Evaluate data quality, and if
needed re-extract
sample.

Acceptable bracketing CCALs
must be established
before sample reporting
may begin.

Flag failures.
Flag failures, report OPRD.

4.2.7 Calculations

4.2.7.1 Relative Response Factor
• RRF = iSum Ion Abun. of anal vteWES Amount)

(Sum Ion Abun. ESMAnalyte Amount)

4.2.7.2 Percent Difference, as for CCal evaluation.
• * D = (CCal RRF- ICal RRFKI0O)

ICalRRF

4.2.7.3 Target compound calculation
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PCDtVPCDF (ppt) = (Sum Ion Ahug, nf a^alyteVES Amount)
(Sum Ion Abun. of tot StdXRRF from ICaiXAmt. of Sample)

EMPC(ppl) = (SumIon Abun. of analvteXES Amount)
(Sum Ion Abun. of Int. StdXRRF from ICaiXAmt. of Sample)

EDL = 2.5 (Height of NoiseXStd. Amount)
< Height of Noise from Int. STD.XRF from ICaiXAmt. of Sample)

The iiuinimrnutKW software calculates the noise level. However, manual noise determination
nu> he employed at the reviewer's discretion in order to more accurately report peaks of
imcfnt

4.2.7 4 Extraction Standard Recovery Calculation

"» Reco»er> = (Sum Ion Abun. of ESMJS Amount)
(Sum ion Abun of JSKES RRF from ICalXES Amount)

The clean ap tundjnj recoveries are calculated as above, substituting the ion abundances from
the mfcvKfcul clean up uandaid for the extraction standard

4.2.8 Requests for Re extraction

Posi-analnit •» an earl* pUcr n> discover the need for re-extraction, so it is important to review all
supporting dau Thn m. twin tptke profiles, extraction togs, clean-up lop. injection prep logs,
observauun knot and me tampte tracking forms in the folder The project or wort group folder may
contain cuxpoou a change* ID oaf routine spiking procedures

One thraikl ahn chnk Che tample (or problems relating to analysis These problems include response
facton tfia aat> lamOucr miMHimiir erron. interference that could be diluted out (yellow extracts), or
any iiirtma».r that u n o dr mmnf or chnxnaiographK conditions that could lead to quantitative errors.

Many thmf\ ca» caaw iltr ami lor t rr-eitraction Extraction or clean-up recovery problems not detailed
in the iriaird i—|»i»»«t akacjar aV need to talk to the penontt) involved. This type of communication
can tolvt <•««.»• pruMemt aad arlp to enuue thai the rr-extraction is planned well.

In plu—wi a nr n n m aV mwlvema* of a technical rrvieotr is invaluable. Reviewers notice trends
and pnMno «wi m i tail nv aenl lu> nr extraciin|! a hatch of lampies. They can give insights as to
whether nr <tn.twm »iU even help or if a diffeitnt extraction approach should be considered.

Our O V V orTk.n U>«U he cnaviacd »hen re-extraction is considered so that the impact on other
sampan or ptaemialh t hafc.li can he acccucd

The (J4AJC crffucr »iD tchntuk the re<xtractKiMi) by fcnerating a form indicating the information
ncceuar> •«• die lah lo du aar nr «*tracoon Some info include* the sample id, re-extraction due date, and
reuon k» nr-euraL-ataiinrf lono 1X718)

When the GCAtS analvu n n v e i the form, the samples are marked "REX" in the LJMS.

When the r i n i M t i i receive* me lorm. the samples arc scheduled in as other samples are; they can tell
thai ihi» it • re otranton h> the REX indicator in the report column The sample id will receive an R
suffix lor the nr <«tr».tio«i H Ux any reason a sample requires a second or third re-extraction, the sample
id vuffn sill >.njnpr k< S then T. and to on The sample id with the suffix should be used in all
panentort irttraLtmn. clean «r> micciion prep, and run logs)

4.3 Safety

4.3.1 Each employee musi read, understand and follow the safety guidelines in the
Chemical H>gicnc PUn

4.3.2 For further safety precautions, please refer to the referenced test method.

4.4 References
Method 8390. Puiychkmnaieii Ikhen/iaiioxins (PCDDs) and Polychlorinaled Dibenzofurans (PCDFs) by High
Resolution Gas Chmmjii)gnph>/>ligh Resolution Mass Spectromelry (HRGC/HRMS), Revision 0, September,
1994

Controlled document irtetrnceU for umpte preparation include DC 01-12. 16-18, 24, 27-29 and 55.
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Last Revised by Mike Larkins
Signature:

Approved by Greg Dickinson
Signature:

Section 4: Appendix A—Data Review Checklist
Paradigm Analytical Labs - Standard Operating Procedure

PAL Project No.:

Work Group:

No. Of Samples:

Pass•
D

D

Fi=F
•
•

Method: 8290; 1613; 23

Data Review Check List

ConCal:
Pass Flag
• D
•
•

•
•

ICAL: m8290-122203b
m8290-b111003b
m1613-122203b
m1613-b111003b

Item

1. Project Information
> Check COC and any correspondence for special instructions

> Verify that COC is signed and dated.

> Verify that method information is correct.

> Login report is present.

> Check SRC for anomalies.

> Verify that number of samples is consistent with client's request and COC.

> Verify sample collection and receipt dates on sample datasheets.

> Mark folder if EDD is required.

2. Work Group Review (Scanned)
> Verify sample preparation information

> Note any comments on the bench sheets.

> Verify that any positive results in the LMB are less than the MCL or ML (1/2 ML for USACE)

> Verify that OPR meets recovery requirements.

> Check %solids table for transcription errors.

> Verify sample extraction date, matrix, weight, and volume.

> Check OPR/OPRD form for consistency.

> If applicable, include raw data for batch QC sample, ms and msd and MS/MSD form.

3. Instrument Performance Review (Scanned)
> Injection log: verify the time and date for the system performance checks (12-hr)

> 100 ppm in mass for the resolution at m/z 331.

> <25% valley for 2.3.7.8-TCDD

> RRFs in ConCal are within ±20% (unlabeled) and ±30% (labeled).

> If back-end RRFs within ±25% (unlabeled) and ±35% (labeled), bracketing RRPs are averaged
when no more than two unrelated cmpds are effected.

> Verify that ion abundance ratios passed.

> Label first and last eluiers in window defining mix chromatography.

> Verify sample filename, ICAL, and RetCon files on datasheets.

> Compare instrument run log with the injection prep log to account for all sample/std. injections.

4. Sample Data Review
> Verify client name.
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> Verify project ID.

> Verify method.

> ES. SS, and CS meet method requirements.

> Averaged RRFs are used for computation, if applicable.

> Check for RT shift.

> Check that DL is raised to allow for any ghosting of ES.

> Check first eluting PeCDF.

> Examine SiCPs for saturated peaks: check that dilution is reported.

> OC check ion does not vary by more than ± 20% within the RT windows (Q).
> Examine PCDPE SiCPs tor the cc-eluting interferences (DPE).

> Verify s/n all peaks « * m RT window >2.5 x s/n appear on datasheet as either positive or
EMPC.

> Perform manual caicuiabon (usmg total ion response and prep raw data) of native analyte.

> Perform manual caicutakon (usmg total ion response and prep raw data) of ES and CS
recovery.

> Check resolution oi 2376 TCDF. if positive. Check 2348- integration, if present

> Verify that MCL « correct tor 'A' qualifier

> Detected congeners do not have NO for totals

> Correct units appear on datasheets

> EMPC tor congener must have EMPC value tor totals

> Verity that the correct TEF shave been reported.

> Check totals caicutamn tor at least one sample.

> Check TEF c t e u t o n tor at least one sample m a project.

> Calculate EDL tor at least one sample m a protect

Notes to be used for the Cover Letter or Narrative
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TITLE: Determination of PAH by HPLC
Reviewer: S. Qeri
Implementation Date: 2/23/04
Revision: 7 | Status: Final

Peer Reviewer: T. Uebier
Last Review Date: 2/17/04
Method: 8310

1.0 SCOPE AND APPLICATION
1.1 This SOP describes the procedure for the HPLC analysis of PAH compounds from extracts of water or

soil matrices.
1.2 Use of Method 8310 presupposes a high expectation of finding specific compounds of interest (Sec-

tion 1.2, Method 8310). No HPLC column has been developed for the confirmation of all PAHs.
Fluorescence detection provides a more sensitive detector for some compounds. I t is not a means of
confirmation.

1.3 For routine testing, all positive PAH results are flagged as "not confirmed with a second column." Ad-
ditional information concerning a positive identification may be available from another analysis per-
formed on the same sample (e.g., semivolatile analysis by GCMS). See Section 13 for project-specific
requirements regarding second columns.

2.0 METHOD SUMMARY
2.1 A water sample is extracted with methylene chloride using separatory funnel or continuous liq-

uid/liquid extractor techniques; soils are prepared using sonkation.
2.2 Extracts are concentrated, and the methylene chloride exchanged to acetonitrile.
2.3 This final extract is analyzed on a reverse phase HPLC column with ultraviolet (UV) detection.

3.0 HEALTH AND SAFETY
3.1 Many of the target compounds are classified as carcinogens. Preparation of all standards should be

performed in a laboratory hood with proper ventilation.
3.2 All laboratory employees should protect themselves at a minimum with protective gloves, lab coat,

and safety glasses. For more information see the Analytical Services Center Chemical Hygiene Plan
located in the QA Library Island, shelf 2.

3.3 Pollution Prevention - Purchase chemicals based on expected usage, shelf life, and disposal cost.
Prepare standard volumes on anticipated usage. Make appropriately sized dilutions and use serial di-
lutions where practical.

4.0 REFERENCES
4.1 Method 8310, Rev. 0 (9/86), SW846, Third Edition, Update in , June 1997.
4.2 SOP EXT.13 (water) and SOP EXT.25 (solids).
4.3 Level 1 Initial and Level 2 Peer Data Review Checklist (C-037V
4.4 Training SOPs QA.5 and A.23.
4.5 Data Review SOP A.25.
4.6 Laboratory Quality Assurance Manual (L-001).
4.7 MDLSOPA.18.
4.8 Corrective Action Procedure SOP QA.1.

5.0 DEFINITIONS/ACRONYMS
5.1 See generic list in the Quality Assurance Manual.

6.0 INTERFERENCES/POTENTIAL PROBLEMS
6.1 Solvents, reagents, glassware may cause discrete artifacts and/or elevated baselines. All of these

materials must be demonstrated to be free from interferences.
6.2 The chromatographic conditions described allow for a unique resolution of the specific PAH com-

pounds. Other PAH compounds, in addition to matrix artifacts, may interfere.

<C:»to»>l\ktpfo.j6Cr*FmtKJOtCJjnnmmmmm of PAH ty HPLC.MeAn) OlODfac
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7.0 INSTRUMENTATION AND EQUIPMENT
Equipment:

Filtering apparatus, 13-mm 0.2-nM PTFE
Gastight syringes (1-mL, 50-, 100-, and 500-tiL)
Pasteur pipettes
2 mL Autosampter vial with Teflon*-lined cap

HPLC System:

Hewlett-Packard HP1050 HPLC equipped with an HP variable UV wavelength detector.
#79853A, fixed at 254 nm

HP quaternary pump #79852A
HP auto sampler #79855A - Equipped to deliver 25 nL Injection volume
C-18 Reverse phase HPLC column, Keystone Hypersil 100 cm x 4.6 mm
C-18 Reverse phase HPLC column, Phenomenex Envirosep 125 cm x 3.2 mm
HP data system
HP column heater

8.0
8.1

REAGENTS AND MATERIALS
See Table 8 -1 , Summary of Standards, Reagents, and Consumables.

Table 8-1

SUMMARY OF STANDARDS AND REAGENTS

Description
PAH Caibration Mix

1-Methylnaphthalene
2-Methylnaphthalene Mix

1-Methylnaphthalene
2-Methylnaphthalene Mix
(2" source)
PAH Reference Mbc
(2"* source)

Source
Accustandard or equivalent

Accustandard or equivalent

Absolute Standards Inc.

Ultra Scientific or equivalent

Compound
Acenaphthtene
Acenaphthvlene
Anthracene
Benzo(a)anthracene
Benzo(a)oyrene
Benzofb)fluoranthene
DenzofoJiOoerylene
BenzoflOfluoranthenc
Ovysene
DfcenzotaJOanthracene
Ruoranthene
Huorene
Indenod,23-od)Dyrene
Naphthalene

menantnrene
Pyrene
1-methvinaphtnalene
2-methylnaphthalene

1-methylnaphthalene
2-methylnaphthaiene

Acenaphthene
Acenaphthvlene
Anthracene
Benzo(a)antfncene
Benzo(a)pyrene
BenzoODfluoranthene
Benzc<k)fluoranthene
Benzo(o/(hJ)perylene

ConciiDatton
(ua/mL)

500
500
50
50
50

100
250
100
250
100
500

1000
100
500
CAA
Mill
500

1000
1000

1000
1000

500
500
50
50

100
100
100
250

• oTPAH b» HPIX>l«tod DI IU IDC
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Table 8-1

SUMMARY OF STANDARDS AND REAGENTS

Description

ASTM Type I I water
Methytene chloride
Ultra Resi qrade
Acetonitrile - HPLC grade
Surrogate, TerphenyJ-d^
Decafluorobiphenyl (DFB) Stock
f.2"1 surrogate)
Revision: 7 Status: Fina

Source

ASC water purification system
J.T. Baker or equivalent

J.T. Baker or equivalent
Cambridge Isotope Labs
Ultra Scientific or equivalent

Method: 8310

Compound
Chrysene
Dibenzo(a,h)anthracene
Fhjoranthene
Ruorene
Indenofl,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
ASTM Type I I water
Methytene chloride

Acetonitrile
Terphenyt-di4
Decafluorobiphenyl

| Minor Revision Date: 4/5/04

Concentration
(uo/mL)

250
100
500

1000
100
500
500
500
NA

Neat

Neat
Neat
1000

8.2 Stock standards expire 1 year from the date opened, unless an earlier vendor-supplied expiration date
supersedes. Intermediate standards are good for 6 months from the date prepared unless expiration
is superceded by stock expiration. The CCV standards are prepared weekly.

8.3 All standards are stored at 2°-6° C.

8.4 Standard Solution Preparation

Table 8-2

STANDARD AND REAGENT PREPARATION

Standard Name
PAHSTDS

PAHSTD4

PAH STD 3; CCV

PAHSTD2

PAH STD 1

PAH Calibration
Intermediate Mix
ICV Intermediate

PAH Spite

Stock
PAH Calibration
Intermediate Mix
PAH Calibration
Intermediate Mix

PAH Calibration
Intermediate Mix

PAH Calibration
Intermedate Mix

PAH CaSbraton
Intermediate Mix

PAH Calibration Mix

PAH Reference Mix

PAH Reference Mix
(second source)

Amount of
Added to

200 uL of Intermediate plus 200
ML of acetonitrile
200 (iL of PAH Calibration Inter-
mediate Mix plus 600 (iL of ace-
tonitrile
100 nL of PAH Calibration Inter-
mediate Mix plus 900 jiL of ace-
tonltrte
50 HL of PAH Intermediate Cali-
bration Mix plus 950 pL of aceto-
nitrfle
10 (iL of PAH Cafibration Inter-
mediate Mix pks 990 ML of ace-
tonitrile
l mL of PAH Calibration Mix dilute
to 5.0 mL with acetonitrile
100 pL of PAH Reference Mix plus
900 uL of acetonitrile
2.0 mL of PAH Reference Mix to
100 mL with methanol.

Final
Concentration

Refer to Table 8-3

Refer to Table 8-3

Refer to Table 8-3

Refer to Table 8-3

Refer to Table 8-3

0.2 x Table 8-1 values

0.1 x Table 8-1 values

Acenaphthene 10
Acenaphthytene 10
Anthracene 1.0
Benzo(a)anthracene 1.0
Benzo(a)pvrene 2.0
Benzo(b)ftuorantnene 2.0
Benzo(k)nuoranthene 2.0

Spike ID
Type

of PAH by HPLCJUohod 13 IOJDC
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Table 8-2

STANDARD AND REAfiENT PREPARATION

Standard Name

ICV

PAHTerphenyl
Surrooate Stock
PAHTerphenyl
Surrogate Spike

OFB Surrogate Inter-
mediate
DFB Surrogate

OFB Level 5

DFB Level 4

DFB Level 3

DFB Level 2

DFB Level 1

MeNpSTD5

MeNpSTD4

MeNpSTD3;CCV

MeNp STD 2

MeNpSTDl

1,2-MeNp Reference
IntermecSate
{T* source)
1,2-MeNp Reference
Standard

Stock

ICV Intermediate

Terphenyl d-M

PAH SUIT Stock

OFB Stock Solution
1000|g/mL
DFB Stock Solution
lOOOna/mL
DFB Surrogate
Intermediate Solution

DFB Surrogate
Intermediate Solution

DFB Surrogate
Intermediate Solution

DFB Surrogate
Intermedate Solution

DFB Surrogate
Intermedate Solution

1-Methyhaphthalene

Mix
MeNpSTDS

MeNpSTD5

MeNpSTD5

MeNpSTDS

1-Methylnaphttalene
2-Methylnaphthalene

1-Methytnaphthalene
2-Methylnaphthatene

Amount of
Added to

100 yl ICV Intermediate plus 900
j i L acetonitrile

0.1 g terphenyl d- t4 diluted to 500
mL with l / l methanol/acetonJtrile
2.0 mL of PAH Terphenyl Surro-
gate Stock diluted to 100 mL
with methanol
200 ML of DFB Stock Solution plus
800 vl of acetonitrte
2.0 mL DFB Stock Solution diluted
to SO mL with methanol
500 nL of lntermedate PAH plus
200 nL DFB Stock Intermedate
Solution diluted plus 300 nL of
acetonjtrile
200 pi. of DFB Stock Intermediate
Solution plus 200 jiL of acetoni-
thle
200 ML of DFB Stock Intermediate
Solution plus 800 pL of acetoni-
trile
100 ML of DFB Stock Intermediate
Solution plus 900 pL of acetont-
trte
20 |iL of DFB Stock Intermediate
Solution plus 980 nL of acetort-
trfle
200 »il. of 1,2-MeNp diluted to 5
mL with aoetonitrtte

100 (iL of MeNp STD 5 plus 100
j i l of acetonrtrie

200 |iL of MeNp STD 5 plus 800
nL of acetonitrile
100 j*L of MeNp STD 5 plus 900
uL of acetonitrile
20 nL Of MeNp STD 5 plus 980 |iL
of acetonitrile
100 (iL of 1-MeNp plus 100 |U- of
2-MeNp plus
BOO uL of acetonitrile
SO »iL of Intermedate plus 950 |iL
of acetonitrte

Final
ConcantraUon

Benzo(g>h,i)perylene 5.0
Oirysene 5.0
Dibenzo(a,h)anthracene 2.0
Fkjoranthene 10
Fkjorene 20
Indeno(U^-cd)pyrene 2.0
Naphthalene 10
Phenanthrene 10
Pyrene 10
Refer to Table 8-5

200|ig/mL

4ng/mL

200ng/mL

40pg/mL

200tig/mL

100ng/mL

40tig/mL

20ng/mL

4pg/mL

SOiig/wL

Refer to Table 8-4

Refer to Table 8-4

Refer to Table 8-4

Refer to Table 8-4

Refer to Table 8-4

Refer to Table 8-4

Spike ID
Type

AS1

AS2

Revision: 7 | Status: Final | Method: 8310 | Minor Revision Date: 4/5/04
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Table 8-3

PAH CALIBRATION STANDARDS
(uO/mL)

Parameter
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Berso(a)Dyrene
Benzo(byfluoranthene
Benzoto.hjJjDerytene
BenzodOfluoranthene
Chrysene
Decafluorophenyl (DFB)
Dibenzo(a,h)anthracene
Ruoranthene
Fluorene
lndeno(l#2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
D-TerDhenvWM

PAHSTD5
50.0
50.0
5.0
5.0
S.O

10.0
25.0
10.0
25.0

200.0
10.0
50.0

100.0
10.0
50.0
50.0
50.0
20.0

PAHSTD4
25.0
25.0
2.5
2.5
2.5
S.O

12.5
S.0

12.5
100.0

5.0
25.0
50.0
5.0

25X
25.0
25.0
10.0

Revision: 7 Status: Final Method: 8310

PAHSTD3
10.0
10.0
1.0
1.0
1.0
2.0
5.0
2.0
5.0

40.0
2.0

10.0
20.0
2.0

10.0
10.0
10.0
4.0

PAHSTD2
5.0
5.0
0.5
0.5
0.5
1.0
2.5
1.0
2.5

20.0
1.0
5.0

10.0
1.0
5.0
5.0
5.0
2.0

PAHSTD1
1.0
1.0
0.1
0.1
0.1
0.2
0.5
0.2
0.5
4.0
0.2
1.0
2.0
0.2
1.0
1.0
1.0
0.4

Minor Revision Date: 4/5/04

Parameter
1-Methynaphthalene
2-Methynaphtnalene
Revision: 7 | Status

Table 8-i

MeNp CAUBRAnON

MeNpSTD5
50
50

MeNpSTD4
25
25

: Final | Method: 8310

1

STANDARDS

MeNpSTD3
10
10

HeNpSTD2
5
5

MeNpSTDl
1.0
1.0

Minor Revision Date: 4/5/04

Table 8-5

INZTXAL CAUBRAnON VERIFICATION

Parameter
Aoenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzofatovrene
Benio(b)fluoranthene
Benzo(g,h.i)perylene
Benzo(k)fluorantnene
Chrysene
Dt>enzo(a,h)anthracene
Fluor anthene
Ruorene
Indeno(l,2,3<d)pyrene
Naphthalene
Phenanthrene
Pvrene

Concentration
(M/mU

5.0
S.O
0.5
0.5
1.0
1.0

1.0
2.5
1.0
5.0

10.0
1.0
5.0
5.0
5.0

Revision: 7 | Status: Final | Method: 8310 | Minor Revision Date: 4/5/04
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9.0 PRESERVATION, CONTAINERS, HAN DUNG, AND STORAGE

Table 9-1

H0LDIN6 TIMES

Matrix
Sold

Water

a lent/
Project

Standard

Standard

Revision: 7

Preparation from
Collection

(Days)
14

7

Analysis f rom
Preparation

(Days)

40

40

Container Type and
rmcnrlDVC

Store samples in a secure area at
2*-e*c
Store samples in a secure area at

Status: Final | Method: 8310 Mhor Revision Date: 4/5/04

10.0 PROCEDURE
10.1 Instrument Conditions and Maintenance

10.1.1 Degas with helium.
10.1.2 For the Keystone column: Initial 60/40 - watenacetonitrile, linear gradient elution to 100%

acetonitrile over 20 minutes at 1.0 mL/min. flow rate. Run 100% acetonitrile until the end of
the run at 28 minutes. Column temperature 28° C.

10.1.3 For the Phenomenex column: Isocratic elution for 5 minutes using 60:40 watenacetonitrile,
then linear gradient elution to 100% acetonitrile from 4-12 minutes at 1.0 mL/min flow rate.
Run 100% acetonitrile until the end of the run at 28 minutes. Column temperature 28° C

10.1.4 Both analytical columns have 10 minutes post-run time to allow for equilibration of the col-
umn conditions, bade to initial conditions.

10.2 Initial Calibration
10.2.1 Record all standard preparations in the standard prep logbook.
10.2.2 Retention time windows under normal operating conditions are set at 2%, based on the re-

tention time of the analytes in the calibration table. The table is updated daily for retention
time using the retention time of the dairy calibration standard. (Trie 2% window is slightly
greater than statistically determined retention time windows that is determined annually).

10.2.3 Analyze and prepare a calibration curve using the standards as described in Tables 8-3 and
8-4. Inject these standards in order of increasing concentration. The caHbration standards
are reported in ug/mL

10.2.4 Calculate the ratio of the response to the amount injected, defined as the calibration factor
(CF), for each analyte at each standard concentration.

Calibration Factor (CF) =
Total Area of Peak

Mass Injected (in nanograms)

10.2.5 Calculate the mean calibration factor for all compounds and surrogates. Calculate the %
Relative Standard Deviation (%RSD) of the CF, values for the initial caHbration using the fol-
lowing equations:

SD:

where:
n - 1 CFx

• of PAH b, HHjC.mmiJ CKMoc
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SQ = Standard derivation using sample population (n-1).
CFX = Mean CF for each compound Sc"
CFj = Calibration factor for each calibration level T for the compound V of interest.
n = Number of calibration levels.

10.2.6 If the % RSD of any compound is 20% or less, linearity through the origin Is assumed and
the calibration factor is assumed to be constant over the calibration range, and the mean
calibration factor may be used for quantitation.

10.2.7 If any analytes are greater than the 20% RSD, the initial calibration is valid as long as no one
analyte is greater than 40% RSD and the mean of the RSD values for all analytes in the cali-
bration is less than 20%. Note: The analyst and the data user must be aware that the use of
the approach listed in this section (i.e., the average of all RSD values < 20%) will lead to
greater uncertainty of those analytes for which the RSD is greater than 20%. T he analyst
and the data user should review the associated quality control results carefully, with particular
attention to the matrix spike and laboratory control sample results to determine if the calibra-
tion linearity poses a significant concern. If this approach is not acceptable for a particular
application, then the analyst may need to adjust the instrument operating conditions and/or
the calibration range until the RSD is < 20%, or apply a regression analysis.
10.2.7.1 The mean RSD criterion applies to all analytes in the standards, regardless of

whether or not they are of interest for a specific project.
10.2.7.2 The data user must be provided with either a summary of the initial calibration data

or a specific list of those compounds for which the RSD exceeded 20% and the re-
sults of the mean RSD calculation.

10.2.8 If the RSD of the calibration or response factors is greater than 20% over the calibration
range, then linearity through the origin cannot be assumed. The analyst may then utilize a
linear regression equation that is not forced through the origin.

10.2.9 Linear regression can also be used for analytes that da meet the RSD limits in Section 10.2.6.
Calibration is valid when the regression calculation generates a correlation coefficient for each
compound of interest greater than or equal to 0.995.

10.2.10 If the linear correlation coefficient is <0.995, a second order curve may be used if at least 6
calibration standards are used. If the coefficient of determination of the second order curve
is >0.990, use this second order curve for quantitation of the compound of interest Addi-
tional concentration levels of standards are required for higher order curves. Refer to
Method 8000 for guidance. Do not apply higher order curves without consulting the super-
visor.

10.2.11 If initial calibration requirements mentioned in the above sections cannot be met, then cali-
bration is not valid and, therefore, the analyst should check instrument operation conditions
and recalibrate.

10.2.12 Analyze a reference standard from a second source (ICV) immediately following an initial
calibration to verify the curve. The curve is deemed acceptable provided each analyte in the
reference standard calibration is within 15% difference of the mean calibration factor or
within 15% of the theoretical concentration, depending on whether quantitation will be by
mean calibration factor or from regression analysis, respectively.

10.2.13 If the ICV and the continuing calibration verification are used at the same concentration,
then after each initial calibration and ICV analyze an additional standard that is of a differ-
ent concentration.

10.2.14 Quantitation of samples must continue to be done using the procedure Initially used.

» eTPAH by HPUC
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10.3 Daily Calibration and Continuing Calibration Verification
10.3.1 The working calibration curve or calibration factor must be verified after the injtial curve, at

the beginning of the analytical sequence, and if a lapse in time >12 hours has occurred from
last continuing standard.

10.3.2 A calibration check standard (continuing calibration verification) equivalent to the mid-level
calibration standard must be analyzed at the beginning of the analytical sequence and after
no more than every 10 samples or no longer than 12 hours (PAH calibration mix PAH STD3;
CCV).

10.3.3 Continuing calibration and daily calibration verifications must be Judged against the quantita-
tion method used at the start. That is, if using a curve, judge standards as acceptable if
< + 20% Drift of their true value; if using the mean calibration factor, judge standards' cali-
bration factor as acceptable if < ± 20% difference against the mean calibration factor.

Calculate % Drift and % Difference using the equations below. When using a curve:

. , _._ Calculated Cone - Theoretical Cone , „
% Drift * 100

Theoretical Cone.

When using mean calibration factor:

. . _ , „ CF Verification Standard -CFX , ~
% Difference- — 100

CFX

10.3.4 If the mean calibration factor is used for quanttatton, then the calibration factor of the ana-
lyte must be £ 15% difference from the mean calibration factor.

10.3.5 If the regression curve is used for quantftating anarytes In samples, then the concentration of
the anah/te in the caNbration check standard must be < 20% drift from the theoretical con-
centration (i.e., 80%-120% recovery).

10.3.6 If the percentage deference or drift is greater than 20% for one or more anarytes, the stan-
dard is acceptable provided no one anaryte %D exceeds 30% and the mean of all anarytes'
%D in the standard is 20% difference. However, the discussion in Section 102.7 applies.

10.3.7 Instrument blanks (acetonltrile) are allowed before CCV to verify the analytical system does
not contain carryover into the CCV to avoid invalidation of the curve due to random carryover.
Indication of carryover from one sample to another requires reanarysis of the potenbafly
contaminated sample only.

10.4 Calibration Verification Corrective Action
10.4.1 If initial or continuing calibration criteria is not met, stop sample analysis immediately. In-

spect the system. Minor corrective action may be performed such as changing the septum or
injection port liner.

10.4.2 If after the minor corrective action a compliant CCV is analyzed, sample analysis may con-
tinue. Any samples not bracketed by valid CCVs must be reanalyzed and bracketed by com-
pliant CCVs.

10.4.3 If minor corrective action does not fix the problem, major corrective action may be taken such
as cleaning the injection port, cleaning the detector, or installing new columns. If major cor-
rective action is taken, a new calibration curve must be run and all associated samples re-
analyzed.
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10.5 Sample Analysis
10.5.1 Once a successful initial calibration is complete, the primary analytical daily or batch sequence

may begin (see Table 10-1).

Table 10-1

DAILY RUN SEQUENCE
Instrument Bank (acetonltrile)

CCV (PAH STP 3) Standard
Samples, including QC samples, not to exceed 10 samples or 12 hours

CCV
Samples, including QC samples, not to exceed 10 samples a 12 hours

CCV
Revision: 7 | Status: Final ] Method: 8310 I Minor Revision Date: 4/5/04

10.5.2 Analyze an instrument blank (acetonitrile) once each day to demonstrate an acceptable back-
ground. If background is not acceptable (i.e., all analytes <PQL), perform maintenance and
reanalyze instrument blank.

10.5.3 Analyze CCV. The CCV must meet criteria in Section 10.3 and Table 12-1.
10.5.4 Filter the sample extract through a 13-mm 0.2-um PTFE using a 5-ml syringe.
10.5.5 Inject the filtered extract onto the HPLC column using a 25-uL injection volume.
10.5.6 Quantitate based on the initial calibration procedure used.
10.5.7 If any analyte is detected in a sample at a level that exceeds the linear range of the calibra-

tion curve, the sample must be diluted to within the calibrated range. The dilution of samples
may also be required to bring the chromatogram on scale even when no analytes of interest
are detected.

10.5.8 Instrument blanks (acetonitrile) may be interspersed throughout the analytical run to check
for carryover or when the system is run unattended (autosampter).

10.5 Confirmation Analysis (see Section 13 for project-specific requirements)
10.5.1 Fluorescence detection is not considered a confirmatory tool. No second dissimilar column is

currently available.
10.5.2 Flag all positive PAH results as *N: Not confirmed with a second column."
10.5.3 Confirmation may be available from another technique if concentrations are at sufficient levels

for detection, e.g., by GCMS.

11.0 DATA REDUCTION/EVALUATION/REPORTING
11.1 The instrument printout for processed samples is in ug/kg or ug/L if appropriate weights and volumes

are used. The equations below are based on quantitatkxi versus the curve and are provided as a
check.

Soil Samples

where:

A. = Response of analyte in sample (area).
B = Curve intercept (area),
m = Slope of curve (area/cone.; cone, in ug/mL).

ii]VrnriTi»inimn_rnnn»ni rrrwujimrjirtmimniim
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S = Mass of sample, g.
V = Final volume of acetonitriie extract (mL).

1000 = Conversion factor, 1000 g/kg.
Bracketed term = Concentration (ug/mL) on curve associated with area A*.

Typically, S = 30 g; V = 1.0 mL

Water Samples

x

lm
where;

Response of analyte in sample (area).
Curve intercept (area).
Slope of curve (area/cone).

A,
B
m
Vs = Volume of sample extracted, L
V = Final volume of acetonitriie extract (mL).

Commonly, V, = 1 L; V = 1 mL

11.2 For all spiked samples:

. , _ Amount Determined . . . .. . . , . « _
% Recovery= Amount found in original • 100

Amount Added

Araryte
lMM>wkMyMtt

HXIWI IU Kate
Aoenaphthyiene
Anthracene
Benzo(atoyrene
Benzotefcnthracene
Benzofl>)fluoranthene
BenzofaAitoerytene
BenzoQOAuoranthene
Chrysene
Diberao(a,h)anthracene
Fhiorene
Ruoranthene
Indeno(l,23-cd)pyrene
Naphthalene

Table 11-1

TARGET ANALYTES AND QUAffTTTATXON UMXTS

Water PQL
(HO/LI

1
1
0.1
0.2
0.1
0.2
OS
0.2
0.5
0.2
2
1
0.2
1

SoMPQL
(HO/Kfl)

BO
80
333
6.67
343
6.67

16.7
6.67

16.7
6.67

66.7
33J
6.67

333

• oTPAH by HPLCMcdnd B I U >
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Phenanthrene
Pyrene
Revision: 7

Analyte

| Status:

Table 11-1

TARGET ANALYTES AND QUANTTTAT1ON UMITS

hnal

Water POL
(ug/L)

l
l

Method: 8310 Mmor Revision Date:

SoRPQL
(IM/Kfl)

333
333

4/5/04

Table 11-2

CUSTOM ANALYTES AND QUANTCTATION UMITS

Analyta
1-Methyl naphthalene
2-Methylnaphthalene
Revision: 7 | Status, hnal

Water PQL
(UQ/U

1.0
1.0

Soil PQL
(uo/Kg)

Method: 8310 | Minor Revision Date: 4/5/04

12.0 QUALITY CONTROL/QUALITY ASSURANCE/CORRECTIVE ACTION

Table 12-1

ROUTINE QUALITY CONTROL SAMPLES

QCType

ICV

Method
Blank

CCV

MS/MSD

LCS

Surrogate

Frequency

After an initial
calibration
1 per batch of 20
or fewer samples

Every 10 samples
and at the end
1 per batch of 20
or fewer samples

1 per batch of 20
or fewer samples
Al samples

Preparation
Instructions

See Table 8-2

Refer to SOP EXT.13
(Mater) or EXT.25 (sal)

See Table 8-2

Refer to SOP EXT.13
(water) or EXT.25 (sol)

Refer to SOP EXT.13
(water) or EXT.25 (soil)
Refer to SOP EXT.13
(water) or EXT.25 (soil)-

Acceptance
Criteria

85%-115%

<PQL target compound,
acceptable surrogate
recovery.

80%-120% recovery

Project requirements if
speaneo.

Compare against LCS
Imttsfor bias.
By reference, laboratory
test code specification.
By reference, laboratory
test cooc spcuncaiion.

Take corrective action; repeat caftra-
tton.
If >PQU reextract samples with con-
centration above PQL and which are
< 10 times the blank concentration. If
surrogate failure, reextract batch.

Take corrective action; repeat analysis
from last acceptable CCV.
Evaluate results In conjunction with
other QC infmnwlion to determine the
effect of the matrix on the bias of the
analysis. Comment, if appropriate, in
narrative.
Reextract and reanalyze the entire
batch.
Reextract and reanalyze sample.

Revision: 7 Status: Hnal 1 Method: 8310 | Mfrior Revision Date: 4/5/04

Table 12-2

CONTROL LIMITS FOR ROUTINE QUALITY CONTROL SAMPLES

QCType

Surrogate

LCS

Parameters
Charted

TerphenyHlM
Decafluorobjphertyl
See Table 12-4

Type of
Samples Chatted

Water/Soil

Water/Soil

Source of
Limits

ASC limits

ASC Units

FrvQucncy
Updated

Annual

Annual

»«f TAH by HPLCJHlltoJ 13IO*K
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QCType

Revision: 7

CONTROL LIMITS FOR

Parameters
Charted

| Status: Final | Method:

Table 12-2

ROUTINE QUALITY CONTROL SAMPLES
Type of

Samples Charted
Source of

Limits

8310 | Minor Revision Date: 4/5/04

Frequency
Updated

Table 12-3

ACCEPTANCE CRITERIA FOR ROUTINE QUALITY CONTROL SAMPLES

QCType

Surrogate

Surrogate

Revision: 7

Parameter

Terphenyl-dn

Decafluorobiphenyl

| Status: Final

Matrix

Water/Soil

Water/Sol

SpOte Amount
Water
fuo/L)

4

40

Spfte Amount Sol
(ug/kg)

133.3

133.3

| Method: 8310 | Minor Revision Date: 4/5/04

Recovery
f < * l

See Table 12-1

See Table 12-1

Table 12-4

ACCEPTANCE CRITERIA FOR ROUTINE QUALITY CONTROL SAMPLES

QCType
LCS

MS/MSD

Parameter
Acenaphthene
Acenaphthytene
Anthracene
Benzo(a)pvrene
Benzo(a}anthracene
Benzo(b)fkiorantriene
Benzo(g,h>i)peryiene
Benzo(k)fluoranthene
Chrysene
Dlbenzo(a,h)anthracene
Ruoranthene
Huorene
Indeno( 1, 23-cd)pyrene
Napthalene

Pyrene
Same as LCS

Matrix
Water/Soil
Water/Sod
Water/Son
water/Sol
Water/Sol
Water/Sol
Water/Sol
water/Sol
Water/Sol
Water/Sol
Water/Sol
Water/Sol
Water/Sol
Water/Sol
U/^ar/OiH

Water/Son
water/Sol

Revision: 7 | Status: Final | Method: 8310

Spfce Amount
Water (u j /L )
10.0
10.0
1.0
2.0
1.0
2.0
5.0
2.0
5.0
2.0
10.0
20.0
2.0
10.0
in A

10.0
Same as LCS

Spike Amount
SoN

fun/kg)
3333
3333
333
66.7
333
66.7
166.7
66.7
166.7
66.7
3333
666.7
66.7
3333

3333
Same as LCS

Recovery
ttb)

See Table 12-1

Mmor Revision Date: 4/5/04

13.0 SPECIAL PROJECT REQUIREMENTS
13.1 Jacobs; Otis requires LCS/LCSO.

13.2 US. Army Corps of Engineers (ACE)
13.2.1 Method Quantitation Umit (MQL) is between 3-10 times MDL The low calibration standard

concentration must be >3 times MDL The Method Reporting Umit (MRL) may slide between
two times the MDL and project-specific or regulatory requirements. Results below the MRL
must be reported "ND." Results between the MQL and MRL must be reported as estimated (J
flagged).

• f PAH by H P i C l l l t e l O10L4DC
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13.2.2 If using the grand mean approach for RSD (Section 10.2.7), no single analyte may be greater
than 40% RSD.

13.2.3 If using linear regression, the correlation coefficient must be >0.995.
13.2.4 Initial Calibration Verification. The initial calibration curve shall be verified as accurate with a

standard purchased or prepared from an independent source. This initial calibration verifica-
tion (ICV) involves the analysis of a standard containing all of the target anatytes, typically in
the middle of the calibration range, each time the initial calibration is performed. The % re-
covery of each target analyte in the ICV is determined from the initial calibration and com-
pared with the specifications for the CCV in each method (except for mercury by CVAA) as
outlined in the Shell Document Tables 7 -14.
Note for methods which report several (>S) target analytes, a small percentage of
sporadic marginal failures may be tolerated (I.e., will not trigger reextraction and
analysis of the entire batch). The number of target analytes reported for the
method will dictate the number of allowable QC failures as given below.
Refer to the individual method tables for details on the implementation of this concept.

Number of
Target Analytes

5-15
16-30
31-45
46-60
61-75
76-90

91 - 105

Nuflnbor of ANowcd
Marginal Failures

1
2
3
4
5
6
7

The marginal failure allowance entails the application of an expanded acceptance criterion. If
these QC criteria are not met, a new initial calibration must be performed.

13.2.5 For method blanks, check that no target compounds are found above one-half the required
quantitation limit

13.2.6 ACE criteria are summarized in Table 13-2.

Table 13-2

SUMMARY OF METHOD QUALITY OBJECTIVES FOR METHOD 8310

QC Element

Initial Calibration
(ACE Shell Document
Section 9.2.2.2)

ICV (ACE Shell Document
Section 9.3/9-3.1)
CCV (ACE She! Document
Section 9.5/9.5.2/93 2.2)

MB (ACE Shell Document
Section 10.2.1/1.4.1)
LCS (ACE Shell Document
Section 10.2.2/11.4.2)

Target Analyte/Surrogate

Primary Evaluation:
r >0.995, %RSD <20%,
HK1.990

Alternative. Evajuation:
Mean %RSD for al target
anarytes<20%
%Rec = 85% -115%

Primarv Eyahja îon:
%Drift <15%, %D <15%

Alternative Eyajuafion: Mean
%Drift/%D for a l target analytes
<15%
Analytes < MDL Check Sample (~2X
MDU
Water: %Rec - 50% -130%
SoSds: %Rec = 50% - 130%

Sporadic Marginal FaKure

No allowance

Alternative Evaluation-
Maximum atowabie %RSD for each target
analyte <40%
Sooradc Marafeial Failure^1:
%Rec = 70% - 130%
No allowance

Alternative Evaluation'
Maximum allowable %Drirt/%D for each tar-
get anatyte <30%

NotAppfcable

Sooradie Marginal Fajyps1' %Rec = 30% •
150%

of PAH by HPLC.HHlml OIQAC
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Table 13-2

SUMMARY OF METHOD QUALITY OBJECTIVES FOR METHOD 83X0

QC Element

MS (ACE Shel Document
Section 10.2.3/11.43/11.4.3.2)
MSD/MD (ACE Shel Document Section
102.4/11.4.4)
Surrogates (ACE Shell Document Sec-
tion 10.2.5/11.45)

Target Analyte/Surrogate

%Rec = 40% • 140%

RPD<50%

Interference-Free Matrix:
Water: %Rec = 50% -130%
Solids: %Rec = 50% • 130%
Project SamDle Matrix:
%Rec = 40% -140%

Sporadic Marginal Fafcire

Sooradic Maroinal Failures1'
%Rec = 30% - 1 5 0 %
RPD<60%

Not Applicable

The number of Sporadic Marginal Failure (SMF) allowances depend upon the number of target analytes reported from the analysis.
Refer to Section 9.3 of ACE Shel Document f a additional information on the application of sporadic marginal failures.

13.3 Illinois DOT
13.3.1 Fluorescence detection in series (low-level requirements).

13.4 AFCEE
13.4.1 Second column must be fully calibrated and results quantitative. The second column is an

AFCEE requirement.
13.4.2 LCS must contain all target analytes.
13.43 All AFCEE projects are subject to project-specific variances.
13.4.4 Reporting
13.4.5 MDL may not be > 1/2 reporting limit (RL) unless a variance was obtained.
13.4.6 A calibration standard at or below the RL must be included.
13.4.7 Apply a "U" flag if analyte result <MDL; an "F" flag if MDL < analyte result < RL
13.4.8 Calibration
13.4.9 All initial calibration curves, inorganic or organic, must be verified with an independent

source (vendor! standard prior to sample analysis unless an independent vendor is un-
available and a variance was obtained.

13.4.10 The daily (organic) and continuing (organic and inorganic) calibration verifications are not
required to be independent, however, the continuing calibration verification may not be
used as the LCS (volatfles, mercury, any test without a preparation).

13.4.11 Batching
13.4.12 An AFCEE analytical batch is the environmental samples that are similar in composition

(matrix) and are prepared at the same time and with the same lot of reagents.
13.4.13 A batch is not to exceed 20 samples. The sample duplicate, MS, MSD are considered

environmental samples; therefore, the actual number of unique samples is less
than 20, AFCEE QAPP 3.0.

13.4.14 Laboratory Control Sample
13.4.15 Laboratory Control Sample for solid must be prepared using Ottawa sand unless a vari-

ance was obtained.
13.4.16 The LCS must be prepared from second source material (Section 4.5.3. of AFCEE QAPP).
13.4.17 The LCSs must be spiked at a concentration < the midpoint of the calibration curve for each

analyte unless a variance was obtained.
13.4.18 Matrix Spike/Matrix Spike Duplicate
13.4.19 The MS and MSD must be spiked at a concentration < midpoint of the calibration curve fa-

each analyte unless a variance was obtained.
13.4.20 AFCEE samples must be used for spiking.
13.4.21 Surrogates (Organic analyses). A second surrogate, DFB, must be added for AFCEE. See

tables for prepared values.

D of r AH by mjC_Me*xl 010.**
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13.4.22 Whenever one surrogate is outside limits, corrective action must be performed.
13.4.23 When retention time is outside windows, perform corrective action.
13.4.24 Method blank must be less than RL unless a variance was obtained.
13.4.25 Holding times for analysis is calculated from the time of extraction completion to the time of

completion of all analytical runs including dilutions, confirmation, reanaryses.
13.4.26 AFCEE Project-Spedfic Method Requirements
13.4.27 Retention times must be updated at each initial calibration and each calibration verification

unless a variance was obtained.
13.5 Florida DEP

13.5.1 Analyze 1-methylnaphthalene and 2-methylnaphthalene and attendant QC.

Table 13-3

ACCEPTANCE CRITERIA FOR ROUTINE QUALITY CONTROL SAMPLES

QCType
LCS

MS/MSD

1-Methyinaphthalene
2-Metfiytnaphthalene
Same as LCS

Revision: 7 | Status: Final

Matrix
Water/Soil
Water/Soil
Water/Soil
Method: B310

Spike Amount
Water
fug/L}

4.5
4.5

Same as LCS

Soil

150
150

Same as LCS

Recovery

See Table 12-1

Minor Revision Date: 4/5/04

14.0 ROUTINE MAINTENANCE
14.1 Document preventative maintenance in the maintenance log. Indicate 'As Found' condition or prob-

lem, the maintenance performed to correct the specific problem, and note the 'As Left condition (i.e.,
that the problem was corrected). Initial, date.

Instrument
HPlOSOpump
HP1050 pump
HP1050 auto sampler
HP1050pump

Table 14-1

ROUTINE MAINTENANCE PROCEDURES

Symptom
High pressure
High pitssure
High pressure
Low pressure

Replace tn-tnc frit
Replace in-ine tubing
Replace injector capillary
Replace pump head seals

As needed
As needed
As needed
As needed

Revision: 7 Status: final Method: 8310 T t t n o r Revision Date: 4/5/04

15.0 SAMPLE DISPOSAL
15.1 See waste disposal SOP A.10.

END OF SOP

ef PAH k> HIUCJIi*aJ BKtdnc
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TITLE: PCB Analysis by Method 8082
Reviewer: K. Wily
Implementation Date: 6/13/01
Revision: 1 I Status: Final

Peer Reviewer: G. Harm
Last Review Date: 8/29/02
Method: 8082

1.0 SCOPE AND APPLICATION
1.1 This Standard Operating Procedure (SOP) describes the procedure for identifying and quantifying

poiychlorinated biphenyl compounds in surface waters, groundwater, soils, sediments, and oils by a
gas chromatographic procedure.

2.0 METHOD SUMMARY
2.1 Extracts of water or soil samples (SOP EXT.4 or EXT. 19) or dilutions of oils and wipes for PCB are

analyzed on a gas chromatograph equipped with capillary columns and electron capture detectors.
The GC is calibrated by injecting 5 levels of the anatytes of interest and measuring response. An ali-
quot of a sample is injected into the GC and quantitative analysis is performed on the resulting chro-
matogram by comparing sample response to standard response. Qualitative Confirmation is accom-
plished by simultaneously injecting onto a second column.

2.2 The following deviations from the method are taken.
2.2.1 The target list of compounds usually reported by this method is listed in Table 11-1. This SOP

does not cover use of this method for specific PCB congeners.
2.2.2 Minor changes in chromatographic conditions may be used to optimize separation and sensi-

tivity.
2.2.3 DCB is the primary surrogate, TCMX is a secondary surrogate.
2.2.4 Due to the likelihood that one or more surrogates may be interfered with, the following crite-

ria are applied.
2.2.4.1 DCB in Laboratory Control Samples and method blanks must be recovered within in-

house limits.
2.2.4.2DCB recovery will be determined for all samples; if recovery is outside in-house limits,

TCMX recoveries will be evaluated and reported.
2.2.4.3 Cases where both DCB and TCMX recoveries fail to meet criteria, and matrix effects

are not evident, will require re-extraction and reanalysis of affected samples.

3.0 HEALTH AND SAFETY
3.1 All employees should protect themselves at a minimum with safety glasses, protective gloves, and a

lab coat. For more information see the Analytical Services Center Chemical Hygiene Plan located in
the QA Library Island shelf 2.

3.2 Pollution Prevention - Purchase chemicals based on expected usage, shelf life, and disposal cost
Prepare standard volumes on anticipated usage. Make appropriately sized dilutions and use serial di-
lutions where practical.

4.0 REFERENCES
4.1 SW-846 3rd Edition, Update I I I , June 1997, Methods 8000B, 8082, 36606, 3665A.
4.2 Training SOPs QA.5 and A.23.
4.3 Data Review SOP A.25.
4.4 Laboratory Quality Assurance Manual (L-001).
4.5 MDL SOP A.18.
4.6 Corrective Action Procedure QA.l.
4.7 Initial and Peer Data Review checklist (C-055).

tBAJSOMmmNXXCnjCB Axalyia by Untod KK2.dK
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5.0 DEFINITIONS/ACRONYMS
5.1 MDL - Method Detection Limit as determined by 40 CFR Part 136, Appendix B.
5.2 PQL - Practical Quantitation limit is the concentration above the MDL that can be reasonably ob-

tained and is used as the limit of reporting (Table 11-1).
5.3 TCMX - Tetrachlorometaxylene.
5.4 DCB - Decachlorobiphertyt
5.5 Arodor 1660 - Shorthand notation for Arodors 1016 and 1260 mixture.

6.0 INTERFERENCES/POTENTIAL PROBLEMS
6.1 Phthalates may cause false positives. Care should be exercised to reduce exposure of samples to

plastics.
6.2 Elemental Sulfur - if present in the samples, may cause interferences. Sulfur dean-up using cop-

per may be required. Refer to sulfur cleanup in SOP EXT.4 or SOP EXT. 19.
6.3 Heavy baseline and organks in samples may be cleaned up using acid-partitioning (see Section

10.6.6).

7.0 INSTRUMENTATION AND EQUIPMENT
Varian 3400 or Hewlett Packard 5890 equipped with electron capture detector and autosampter
PE Nelson data system with TURBO*CHROM Software
Restek RTX CLPesticides, 30 m column x 0.53 mm 0.5 urn film (or equivalent)
Restek RTX CLPesticides n, 30 m column x 0.53 mm 0.42 um film (or equivalent)
Volumetric flasks, Fisher or equivalent
Gastight syringes, Kracketer or equrvatent
Screwcap vials with Tefton-Rned septa, Kracketer or equivalent
Disposable Wiretrof* pipettes, Krackeler, Restek, or equivalent

8.0 REAGENTS AND MATERIALS
8.1 See Table 8 -1 , Summary of Standards, Reagents, and Consumables.

T a b t e t - l

SUMMARY Of STANDARDS AND REAGENTS

Description

AR1016/1260 MIX
AR 1254 MIX
AR 1248 MIX
AR 1242 MIX
AR 1232 MIX
AR 1221 MIX
Pesoade Surrogate Mb

Copper 30-40 Mesh

Revision: 1 Status: Rnat

Source

Restek or equivalent
Restek or equivalent
Restek or equivalent
Restek or equivalent
Restek or equivalent
Restek or equivalent
Restek or equivalent

Supetco

Method: 8082

•̂ •iin I«^ I . I I M

1000 vo/mL each
lOOOng/mL
lOOOnoymL
lOOOno/rtiL
lOOOiia/mL

iooona/mi
200 jig/mL TCMX and 200 Hfl/mL DCB

Neat

M*or Revision Date: 9/11/03

8.2 Standard Solution Preparation
8.2.1 All stock solutions commercially obtained shall be certified. Certificates are to be kept on file

for all stocks received. All stocks and standards are to be stored at 2c-6° C or lower.
8.2.2 Stock standards expire one year from the date opened, unless an earlier vendor supplied ex-

piration date superosdes.
8.2.3 Working standards expire six months from date prepared unless expiration is superceded by

stock expiration.
8.2.4 Unopened stock standards expire per vendor-specified date; if not provided, 1 year from Date

of Receipt

02i.ttOKIHMltCCXX73.KX AMlyu b, Mdkod
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Table 8-2

STANDARD AND REAGENT PREPARATION
Standard

Name
Pest Sun-. Int.

AR1660L

AR1660ML

AR1660M

AR1660MH

AR1660H

AR1254L

AR1254HL

AR1254M

AR1254MH

AR1254H

AR1221L

AR1221ML

AR1221M

AR1221MH

AR1221H

AR1232L

AR1232ML

AR1232M

AR1232MH

AR1232H

AR1242L

AR1242ML

AR1242M

AR1242MH

AR1242H

AR1248L

AR1248ML

Stock
Pesticide Surrogate Mix

AR1016/1260 Mix Pest Surr. Int

AR1016/1260 Mix Pest Surr. Int

AR1016/1260 Mix Pest Surr. Int

AR1016/1260 Mix Pest Surr. Int

AR1016/1260 Mix Pest Surr. Int

AR1254 Mix
Pest Surr Int
AR1254 Mix
Pest Surr Int
AR1254 Mix
Pest Surr Int
AR1254 Mix
Pest Surr Int
AR1254 Mix
Pest Surr Int
AR1221 Mix
Pest Surr Int
AR1221 Mix
Pest Surr Int
AR1221 Mix
Pest SUIT Int
AR1221 Mix
Pest Surr Int
AR1221M<x
Pest Surr Int
AR1232MJX
Pest Surr Int
AR1232Ma
Pest Surr Int
AR1232 Mix
Pest Surr Int
AR1232 Mix
Pest Sun-Int
AR1232Mix
Pest Surr Int
AR1242 Mix
Pest Surr Int
AR1242 Mix
Pest Sun-Int
MU242 Mix
Pest Surr Int
MU242 Mix
Pest Surr Int
MU242 Mix
Pest Surr Int
MU248Mix
Pest Surr Int
MU248Mix
tet Surr Int

Amount of Stock
Diluted To

50 pL to 10 m l hexane

2.5 pL plus
25 uL to SO ml hexane
5uLptus
50 pL to 50 ml hexane
10 pL plus
100 uL to 50 mL hexane
20 pL plus
200 uL to 50 m l hexane
50 pL plus
500 pL to 50 mL hexane
2.5 p i plus
25 uL to 50 mL hexane
5uLplus
50 pL to SO mL hexane
10 pL plus
100 uL to SO mL hexane
20 pL plus
200 uL to 50 mL hexane
50 pL plus
500 uL to 50 mL hexane
5 p i plus
25 pL to 50 mL hexane
10 pL plus
50 pL to SO mL hexane
20 pL plus
100 uL to 50 mL hexane
40 pL plus
200 iiL to 50 mL hexane
SO pL plus
500 uL to 50 mL hexane
2.5 pL plus
25 pL to 50 mL hexane
SpLplus
SO pL to 50 mL hexane
.0 pL plus

100 pL to 50 mL hexane
20 pL plus
200 uL to 50 m l hexane
50 pL plus
500 uL to SO mL hexane
2.S pL plus
25 pL to 50 mL hexane
5uLplus
50 uL to 50 m l hexane
0 p i plus

100 u l to 50 mL hexane
20 ut plus
200 pL to 50 mL hexane
50 pL plus
500 pL to 50 mL hexane
2-5 u l plus
25 uL to 50 mL hexane
5pLDkS
50 pL to 50 mL hexane

Hnal
Concentration

lOug/mL

See Table 8-3

See Table 8-3

See Table 8-3

See Table 8-3

See Table 8-3

See Table 8-4

See Table 8-4

See Table 8-4
See Table 8-4

See Table 8-4

See Table 8-5

See Table 8-5

See Table 8-5

See Table 8-5

See Table 8-5

See Table 8-6

See Table 8-6

See Table 8-6

See Table 8-6

See Table 8-6

See Table 8-7

See Table 8-7

See Table 8-7

See Table 8-7

See Table 8-7

See Table 84

See Table 8-8

Spike ID
Type

ta.-LJsattnmtcexxn.KB AMIJW b, M«*O4 KKJO.



Ecology and Environment, Inc. SOP Number: GC 73
Revision No.: 1
Minor Revision Date: 9/11/03
Next Review Date: 8/29/04
Page 4 of 13

Table S-2

STANDARD AND REAGENT PREPARATION
Standard

Name
AR1248M

AR1248MH

AR1248H

AR166O PCB fish
Strike
Pesticide/PCB Rsh
Surrogate

Revision: 1

Stock
AR1248MK
PestSurrlnt
AR1248Mix
PestSurrlnt
AR1248MK
PestSurrlnt
Arodor 1016/1260

Pesticide Surrogate Mix

| Status: Rnal

Amount of Stock
Diluted To

10 pL plus
100 uL to 50 mL hexane
20 uL plus
200 uL to 50 mL hexane
50 uL plus
500 uL to 50 mL hexane
300 pL to 50 mL with methylene
chloride. Good for 3 months.
300 pL Pesticide Surrogate M R to
100 mL with methylene chloride.
Good for 3 months.

Method: 8082

Final
Coiftcciiti •HJon

See Table 8-8

See Table 8-8

See Table 8-8

6-Onfl/mL

0.6|>g/mL

Spice ID
Type

P7

PS4

Minor Revision Date: 9/11/03

Table 8-3

COMPONENTS AND CAUBRATION CONCENTRATIONS OF AR 1660 (1016/1260)

Compound

TCMX

AR1016

AR1260

DCB

ug/mL

AR1660L

0.005

0.050

0.050

0.005

AR1660ML

0.010

0.100

0.100

0.010

AR1660M

0.020

0.200

0.200

0.020

AR1660MH

0.040

0.400

0.400

0.040

AR1660H

0.100

1.000

1.000

0.100

I Revision: 1 | Status: Rnal | Method: 8082 Mhor Revision Date: 9/11/03

Table 8-4

A R U M CAUBRATION LEVELS

Compound

TCMX

AR1254

DCB

ug/mL

AR1254L

0.005

0.050

0.005

Revision: 1 | Status: Rnal

AR1254ML

0.010

0.100

0.010

Method: 8082

AR1254M

0.020

0.200

0.020

AR1254MH

0.040

0.400

0.040

| Minor Revision Date: 9/11/03

AR1254H

0.100

1.000

0.100

FINAL

Compound

TCMX

AR1221

DCB
Revision: 1

CONC

Status: final

.fcHIRA

Low
0.005

0.100

0.005

Table 8-5

TIONS (ufl/mL) OF AR1221 - 5-POINT CAUBRATON

Mod. Low

0.010

0.200

0.010

"jMethod: 8082

Level

Mod

0.020

0.400

0.020

Medrfigh

0.040

0.800

0.040

Mnor Revision Date: 9/11/03

High

0.100

1X00

0.100
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Table 8-6

FINAL CONCENTRATIONS (ug/mL) OF AR1232 - 5 POINT CALIBRATION

Compound

TCMX

AR1232

DCS

Level

Low

0 005

0 050

0.005

Revision: 1 Status: Final

Med. Low

0.010

0.100

0.010

Method: 8082

Med

0.020

0.200

0.020

Minor Revision

Med High

0.040

0.400

0.040

Date: 9/11/03

High

0.100

1.000

0.100

Table 8-7

HNAL CONCENTRATIONS hig/mL) OF AR1242 - 5 POINT CALIBRATION

Compound

TCMX

AR1242

DCS

Revision: 1 | Status: 1

Leva!

Low

0.005

0.050

0.005

Med. Low

0.010

0.100

0.010

-n* | Method: 8082

Med

0.020

0.200

0.020

Mad High

0.040

0.400

0.040

| Mror Revision Date: 9/11/03

High

0.100

1.000

0.100

FINAL m n u m K A T K

Compound

TCMX

AR1248

DCB

Table 8-8

DNS (ug/mL) AR1248 • S POINT CALIBRATION
Level

Low

0 005

0.050

0 005

Med. Low

0.010

0.100

0.010

Med

0.020

0.200

0.020

Med High

0.040

0.400

0.040

Hsyh

0.100

1X00

0.100

Revision: 1 Status: Final Method: 8082 | Minor Revision Date: 9/11/03

9.0 PRESERVATION, CONTAINERS, HANDUNG, AND STORAGE

Table 9-1

HOLDING TIMES

Matrix Cflant/Project
Pn ration

fOavrt
Analysis
(Pays)

Container Type and

Water or
Solid

Standard Seven for water;
14 for sol.

The PCS extracts from sample
preparation are to be ana-
lyzed within 40 days from
extraction date.

Extracts are stored In a secure
area in a separate refrigerator
from original samples at 2*-6* C

Water or
Solid

NYSDEC Five for water
and sals from
verified Ome of
sample receipt

The PCS extracts from sample
preparation are to be ana-
lyzed within 40 days from
extraction date.

Extracts are stored in a secure
area in a separate refrigerator
from original samples at 2*-6a C

Revision: 1 Status: Final | Method: 8062 Minor Revision Date: 9/11/03



Ecology and Environment, Inc. SOP Number GC73
Revision No.: 1
Minor Revision Date: 9/11/03
Next Review Date: 8/29/04
Page 6 of 13

10.0 PROCEDURE
10.1.1 The GC is equipped with two columns connected by a "Y" connector to one injection point

and two electron capture detectors.
10.1.2 The carrier gas flow and temperature profile may vary somewhat to optimize analytical sepa-

ration.
10.1.3 Recommended temperatures are set as follows: Injector = 200° C; Detector = 300° C Tem-

perature program: Column Initial = 150° C. Initial Hold = 1.0 min. Column Rate = 5° C/min.
Column Final = 280° C. Final Hold = minimum of 10 minutes and may be extended due to
presence of late-eluting compounds in extracted samples.

10.1.4 The autosampler injects 1.0 uL of sample extract into each GC column (i.e., 2.0 uL total in-
jection). Transfer of extracts to instrument autosampler vials shall be accomplished with dis-
posable pipettes or graduated Wiretrof® micropipettes.

10.2 Establishing Retention Time Windows
10.2.1 Make three injections of mid level Arodor 1016/1260 standard over 72-hour period.
10.2.2 Calculate the multicomponent retention time windows based on five peaks of the Arodor

1016/1260 mixture. The windows will apply to all multicomponents. Pattern recognition is
still the primary means of identification.

10.2.3 The retention time window is defined as plus or minus 3 times the standard deviation from
the retention time of the initial mid-level standards in the continuing calibration sequence.
However, analyst experience should weigh heavily. Pattern recognition should primarily be
used for multi-response products.

10.2.4 Retain this data so that it can be easily retrieved.
10.2.5 To facilitate analyte identification, the retention time windows are set as percentages (±% re-

altime of daily calibration) into the data system. These values are slightly wider than calcu-
lated windows.

10 J Initial Calibration
10.3.1 Compound list and Quantitation Limits (Table 11-1).
10.3.2 Analyze an instrument blank (hexane) to verify the analytical system does not contain car-

ryover that will interfere with the identification or quantification of target compounds.
10.3.3 The initial calibration of PCBs is performed at the five levels identified with suffix L, ML, M,

MH, and H (see Tables 83 - 8.8.). See Table 10-1 for specific calibrations.
10.3.4 Initial calibration for PCBs only require five-point calibration for AR1660 and a single point

mid-level standard (AR1221M et al.) for Arodors 1221,1232,1242,1248, and 1254. Should
any additional PCB be detected, or suspected, calibration must be verified for that Arodor. If
not verified, new initial calibration must be done for that Arodor.

10.3.5 Note: Hexane = Instrument blank.
TabtalO-1

INITIAL CALIBRATION SEQUENCE
WITH AROCLORS 1660 f 10X6 AND 12601

Hexane

AR1660L

AR1660ML

AR1660M

AR1660MH

AR1660H

AR1660 Reference (T" source) (KV)

See Section 103.4. FoBowing AR1660 atbraOon, the instrument
is rtcatbratedforany addWonatsuspectedoridentifiedPCBs.

qM.ASOrWfWGOCC73.WJ Amfrij by Iliilw it WKTdbc
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10.3.6 Inject 1.0 uL per column (i.e., 2 jiL total injection) of each calibration standard. Tabulate
area responses against the mass injected. The results are used to prepare a calibration curve
for each analyte.

10.3.7 Calculate the ratio of the response to the amount injected, defined as the calibration factor
(CF), for each analyte at each standard concentration.

r- . u .• r ^ , , -« TotalAreaof Peaks *Calibration Factor (CF) = •
Mass Injected (in nanograms)

*Use the total area of the S largest peaks for quanmation. The number andspecific peaks mayneedto be adjusted, depending if
sample matrix interferences or pattern weathering exfsts(see Section 11.2).

10.3.8 Calculate the mean calibration factor for all Aroclors and surrogates. Calculate the % Relative
Standard Deviation (%RSD) of the CF, values for the initial calibration using the following
equations:

SD =
n - 1

SD

where:

SQ = Standard derivation using sample population (n-1).
CFX = Mean CF for each Arodor *x."
CF, = Calibration factor for each calibration level T for the Arodor V of interest
n = Number of calibration levels.

10.3.9 If the % RSD of any Arodors is 20% or less, linearity through the origin is assumed and the
calibration factor is assumed to be constant over the calibration range, and the mean calibra-
tion factor may be used for quantitation.

10.3.10 If any anar/tes are greater than the 20% RSD, the initial calibration is valid as long as no
one analyte is greater than 40% RSD and the mean of the RSD values for all analytes in the
calibration is less than 20% (Grand Mean approach). Note: The analyst and the data user
must be aware that the use of the approach listed in this Section (I.e., the average of all
RSD values < 20%) will lead to greater uncertainty of those analytes for which the RSD is
greater than 20%. The analyst and the data user should review the associated quality
control results carefully, with particular attention to the matrix spike and laboratory control
sample results to determine if the calibration linearity poses a significant concern. If this
approach is not acceptable for a particular application, then the analyst may need to adjust
the instrument operating conditions and/or the calibration range until the RSD is < 20%, or
apply a regression analysis.
10.3.10.1 The mean RSD criterion applies to all analytes in the standards, regardless of

whether or not they are of interest for a specific project

IIT i vrrTiirMirmrrTLm TIJIJITIJ
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10.3.10.2 The data user must be provided with either a summary of the initial calibration
data or a specific list of those compounds for which the RSD exceeded 20%
and the results of the mean RSD calculation.

103.11 If the RSD of the calibration or response factors is greater than 20% over the calibration
range, then linearity through the origin cannot be assumed. The analyst may then utilize a
linear regression equation that is not forced through the origin.

10.3.12 Linear regression can also be used for anaiytes that dc meet the RSD limits. Calibration is
valid when the regression calculation generates a correlation coefficient for each analyte of
interest greater than or equal to 0.995.

10.3.13 If the linear correlation coefficient is <0.995, a second order curve may be used If at least 6
calibration standards are used. If the coefficient of determination of the second order curve
is £0.990, use this second order curve for quantitation of the analyte of interest Additional
concentration levels of standards are required for higher order curves. Refer to Method
8000 for guidance. Do not apply higher order curves without consulting the supervisor.

10.3.14 If initial calibration requirements mentioned in the above sections cannot be met, then cali-
bration is not valid and, therefore, the analyst should check instrument operation conditions
and recalibrate.

103.15 Analyze a reference standard from a second source (ICV) immediately following an initial
alteration to verify the curve. The curve is deemed acceptable provided each analyte in the
reference standard calibration is within 15% difference of the mean calibration factor or
within 15% of the theoretical concentration, depending on whether quantitation will be by
mean calibration factor or from regression analysis, respectively. The Grand Mean Approach
may be used for the ICV except where instructed otherwise for specific clients. See Section
13.

10.3.16 Quantitation of samples must continue to be done using the procedure initially used.
10.3.17 When PCBs other than AR1016 or AR1260 are unexpectedly found at a given site, standard

curves for those anaiytes must be run and checked against samples for pattern recognition.
If positively identified, calibration must be established before samples can be quantified.

10.4 Dairy Calibration and Continuing Calibration Verification
10.4.1 The working calibration curve or calibration factor must be verified at the beginning of the

analytical sequence, and if a lapse in time >12 hours, has occurred from last continuing stan-
dard.

10.4.2 An instrument blank (hexane) is run to verify that the analytical system does not contain
carryover that will interfere with the identification or quantification of target compounds

10.4.3 A calibration check standard equivalent to the mid-level calibration standard must be analyzed
at the beginning of the analytical sequence and after no more than every 20 samples. Use
AR1016/1260 mid-level (AR1660M).

10.4.4 Continuing calibration and daffy calibration verifications must be judged against the quantita-
tion method used at the start.

10.4.5 Calculate % Drift and % Difference using the equations below. When using a curve:

• 100
Theoretical Cone.

When using mean calibration factor:

M M r CF Verification Standard-CFx tnn% Difference = = • 100
CFx

a£LttONffMftGCIOC73_KB Aa*y* t* Makod I M U D C
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10.4.6 If the mean calibration factor is used for quantitation, then the calibration factor of the ana-
hyte must be < 15% difference from the mean calibration factor.

10.4.7 If the regression curve is used for quantitating anatytes in samples, then the concentration of
the analyte in the calibration check standard must be < 15% drift from the theoretical con-
centration (i.e., 85-115% recovery).

10.4.8 If the percentage difference or drift is greater than 15% for one or more analytes, the stan-
dard is acceptable provided no one analyte %D exceeds 30% and the mean of all analytes'
%D in the standard is <15% difference or drift (Grand Mean approach). However, the dis-
cussion in Section 10.3.10 applies.

10.4.9 Instrument blanks (hexane) are allowed before CCV to minimize chances for carryover into
the CCV to avoid invalidation of the curve due to random carryover. Indication of carryover
from one sample to another requires reanatysis of the potentially contaminated sample only.

10.5 Calibration Verification Corrective Action
10.5.1 If initial or continuing calibration criteria is not met, stop sample analysis immediately- In-

spect the system. Minor corrective action may be performed such as changing the septum or
injection port liner.

10.5.2 If after the minor corrective action a compliant CCV is analyzed, sample analysis may con-
tinue. Any samples not bracketed by valid CCVs must be reanalyzed and bracketed by com-
pliant CCVs.

10.5.3 If minor corrective action does not fix the problem, major corrective action may be taken such
as cleaning the injection port clipping the column ends, baking out the detectors, or installing
new columns. If major corrective action is taken, a new calibration curve must be run and all
associated samples reanalyzed.

10.6 Sample Analysis
10.6.1 Once a successful initial calibration is complete, the primary analytical daily or batch sequence

may begin (See Table 10-6).

Table 10-6

DAILY CALIBRATION SEQUENCE
WITH AROCLORS 1660 (1016 AND 1260)

Instrument Bank
Arodorl660M
Alternate PCBs as needed.
Samples, not to exceed 20.10 recommended.
Arodor 1660 M.
Alternate PCBs as needed.
Samples, not to exceed 20,10 is recommended.
Repeat

10.6.2 After every 20 samples or less, an Arodor 1660 mid-level standard is analyzed. If any PCB is
detected in a sample at a level that exceeds the linear range of the calibration curve, the
sample must be diluted to within the calibrated range.
10.6.2.1 Instrument blanks (hexane) may be interspersed throughout the analytical run to

check for carryover or when the system is run unattended (autosampier).
10.6.3 Additional instrument blanks may be run after suspect samples or before standards to help

eliminate matrix carryover.
10.6.4 Peak detection is prevented by the presence of elemental sulfur. Samples are copper treated

prior to analysis; however, further treatment may be required for those samples that contain
larger amounts of sulfur.

UfcL-UOIMfiMMCVaCB J O AMlyM by Mnkod M U x
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10.6.5 If samples are suspected to contain matrix interference (samples are colored) or after initial
analysis samples have matrix interference, samples must under go sulfuric add cleanup. This
procedure is as follows.

10.6.6 Sulfuric Acid Cleanup
10.6.6.1 Using a disposable pipette, transfer 1 mL of the hexane extract to a 2-mL vial and,

in a fume hood, carefully add 0.5 mL of the concentrated sulfuric add. Caution:
Make sure that there is no exothermic reaction nor evolution of gas prior
to proceeding.

10.6.6.2 Cap the vial tightly and vortex for 30 seconds. Caution: Stop the vortexing imme-
diately if the vial leaks. AVOID SKIN CONTACT, SULFURIC ACID BURNS.

10.6.6.3 Allow the phases to separate for at least 1 minute. Examine the top (hexane)
layer, it should not be highly colored nor should it have a visible emulsion or cloudi-
ness.

10.6.6.4 If a dean phase separation is achieved, proceed to Section 10.6.6.7.
10.6.6.5 If the hexane layer is colored or the emulsion persists for several minutes, remove

the hexane layer from the vial and place in a 2.0-mL vial. Add another 0.5-mL por-
tion of the dean sulfuric acid and perform another add cleanup.

10.6.6.6 Vortex the sample for one minute and allow the phases to separate.
10.6.6.7 Analyze the hexane layer only.

10.7 Confirmation Analysis
10.7.1 Confirmation is not required by Method 8082.
10.7.2 If required by the client, a PCB is confirmed as present if the recognizable pattern is present

on the confirmation column.
10.73 The confirmation analysis is qualitative only, unless quantitation is required by the dient

11.0 DATA REDUCnON/EVALUATION/REPORTING
11.1 If quantitating from a linear curve, the equation below is provided as a manual check.

Concentration = mg/kg, gg/

where:

y = Area of target anaryte from initial curve,
b = Intercept (area),
m = Slope (area /[ug/mL]).
S = Mass of soO sample extracted In grams (g) or volume of water sample extracted In Hters(L).
Vt = Final volume of the extract in milliliters (mL).
Df = Dilution factor. The dilution factor equals |iL of extract used to make dilution + uL dean solvent

used to make dilution divided by uL of extract used to make dilution.

11.2 Due to weathering effects or matrix interference, it Is not always possible to quantitate samples using
the same 5 peaks used in calibrating. All samples must be quantitated using a minimum of 3 peaks
for each PCB and these same peaks from the calibration must be used to calculate concentrations. In
cases where there are multiple PCBs detected, fewer peaks may be used. Peaks used for quantitation
must be clearly identified on chromatograms of standards and samples.
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Arodor-1016
Arodor-1221
Arodor-1232
Arodor-1242
Arodor-1248
Arodor-1254
Arodor-1260
TCMX
DCB
Revision: 1

Table11-1

TARGET ANALYTES AND QUANTITATION UMITS

AnsJyte

j Status: final

SoilPQL

(MB/k«)

20
40
20
20
20
20
20
NA
NA

Method: 80B2 | Minor Revision Date:

Water PQL

04J/L)

0.50
1.0
0.50
0.50
0.50
0.50
0.50

NA
NA

9/11/03

Table 11-1.1

TARGET ANALYTES AND QUANTCTATION UMZTS (WIPES)

Arutyte

Arodor-1016
Arodor-1221
Arodor-1232
Arodor-1242
Arodor-1248
Arodor-1254
Arodor-1260
TCMX
DCB
Revision: 1

Wipe PQL
(W)

1.5
3.0
1.5
1.5
1.5
1.5
1.5
NA
NA

Status: Final | Method: 8082 | Minor Revision Date: 9/11/03

Table 11-1-2

TARGET ANALYTES AND QUANTITATION UMITS

Analyte

Arodor-1016
Arodor-1221
Arodor-1232
Arodor-1242
Arodor-1248
Arodor-1254
Arodor-1260
TCMX
DCB

OB PQL
(M8/9)

5
10
5
5
5
5
5

NA
NA

Revision: l | Status: Final | Method: 8082 Minor Revision Date: 9/11/03
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12.0 QUALITY CONTROL/QUALITY ASSURANCE/CORRECTIVE ACTION
12.1 Refer to the Quality Control Table below and the following sections for corrective actions.
12.2 Each sample is spiked with the surrogates DCB and TCMX. The DCB is the primary surrogate. Calcu-

late its recovery. If peaks interfere with DCB, TCMX should be evaluated for acceptance. Proceed
with corrective action when two surrogates are out of limits for a sample.

12.3 The sample is to be reextracted and reanalyzed unless it can be documented (chromatogram) that
factors such as matrix effects are responsible. A corrective action report must be filed.

12.4 If any quality control criteria cannot be met, but the problem is correctable, the sample(s) affected
must be reanalyzed.

12.5 Data that must be submitted with out of control events must be accompanied by a corrective action
report

12.6 If any criteria cannot be met, but the problem is correctable, the sampte(s) affected must be reana-
lyzed.

Table 12-1

ROUTINE QUALITY CONTROL SAMPLES

QCType

Method Blank

Matrix Spike (MS)
Matrix Spike Duplicate
(MSD)

Laboratory Control
Sample (LCS)

LCSDupteate
Surrogate
(SUR)

Revision: 1

Frequency

1 per preparation
bitch Of 20 or fewer
samples
1 per preparahor
batcn of 20 or fewer
samples

1 per extiamon batch
of 20 or fewer sam-
ples
aentSpecfted
Every sample, blanks
and QC sample

Acceptance
Criteria

<PQL

Project reQurements If speo-
ftefl.

Water 20% RPD
• Sol 35% RPD

Laboratory limits

Otent SDedfted
DCB must meet acceptance
•rrHts far method blanks and
LCS samples.
At least 1 surrogate must
meet cuter la in samples.

Corrective
Action

Reanalyze samples having concentrations >
PQL

Project requirements if any, otherwise
evaluate results in conjunction with other
QC information to determine the effect of
the matrix on the bias of the analysis.
Comment in narrative if appropriate.
Nottfy Project Manager immedWely. Reex-
tract and reanalyze trie entire batch.

dent specified
Reextract batch for blank or LCS fafcre.

Reextract affected sampie(s) unless matrix
effect Is evident from chromatogram.

Status: fin* | Method: 8082 | Minor Revision Date: 9/11/03

Table12-2

CONTROL CHARTED QUALITY CONTROL SAMPLES
QCType

MS/MSD
LCS
Surrogate (SUR)
Secondary Surrogate (SURj
Revision: 1 | Status: Final

Anatytes Charted
Per client
Analytes per customer request
DCB
TCMX

Matrix Charted
Soil. Water. OM. Wipes
Soil. Water, Oil. Wipes
Soil. Water, Oil, Wipes
Soil, Water, 09. Wipes

Method: 80B2 | Minor Revision Date: 9/11/03
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13.0 SPECIAL PROJECT REQUIREMENTS
13.1 AFCEE

13.1.1 % Difference or drift may not be averaged.

13.2 U.S. Army Corps of Engineers (ACE)
13.2.1 Method Quantitation Limit (MQL) is between 3-10 times MDL. The tow calibration standard

concentration must be >3 times MDL. The Method Reporting Limit (MRL) may slide between
two times the MDL and project-specific or regulatory requirements. The MRL may be higher
or lower than the MQL Results below the MQL must be reported as estimated (J flagged).

13.3 North Carolina DENR
13.3.1 If quantising from a curve, a zero standard must be incorporated as well as five non-zero

standards.
13.3.2 Alternate use of a midconcentration range continuing verification standard with a lower stan-

dard every 12 hours. The standard AR1660M is NOT at midconcentration of the calibration
range.

13.33 Two MS/MSD pairs must be prepared and analyzed every 10 samples.

14.0 ROUTINE MAINTENANCE
14.1 Document preventative maintenance in the maintenance log. Indicate 'As Found' condition or prob-

lem, the maintenance performed to correct the specific problem, and note the 'As l e f t condition (i.e.,
that the problem was corrected). Initial, date.

Table 14-1

ROUTINE MAINTENANCE PROCEDURES
Equipment/
Instrument

V3400/HP5890

V3400/HP5890

V3400/HPS890

Symptom
Retention time shift

High baseline

Non-linear cafibrabon
Revision: 1 | Status: Final

Operation
Change septum
Bake out column, detector

Replace detector; replace column

Frequency
Dairy (or as neededl

As needed

As needed
Method: 8082 | Minor Revision Date: 9/11/03

15.0 SAMPLE DISPOSAL
15.1 See waste disposal SOP A. 10.
15.2 Waste containing >50 ppm total PCB must be segregated and identified as "PCB Waste."

END OF SOP

tfcLttCmnMMaGCH.PC* Amtfim b) Mated MCite
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TITLE: Extraction of PAH in Water for Subsequent Analysis by HPLC
Reviewer: M. Davis
Implementation Date: 3/7/03
Revision: 3 | Status: Final

Peer Reviewer: G. Hahn
Last Review Date: 3/1/04
Method: 3520/8310

1.0 SCOPE AND APPLICATION
1.1 Extraction/concentration of potynudear aromatic hydrocarbons (PAH) in water samples for analysis by

high performance liquid chromatography (HPLC).

2.0 METHOD SUMMARY
2.1 One liter of aqueous sample to which surrogate has been added is extracted in a continuous liquid-

liquid extractor using methytene chloride. The methylene chloride extract is concentrated and solvent
exchanged to acetonrtrite.

3.0 HEALTH AND SAFETY
3.1 All employees should protect themselves at a minimum with safety glasses, protective gloves, and a

lab coat. For more information see the Analytical Services Center Chemical Hygiene Plan located in
the QA Library island she* 2.

3.2 Extraction concentration is performed in an operational fume hood.
3.3 All glassware should be Inspected for defects (stains, cracks, bubbles, etc.) prior to each use. Do not

use defective glassware.
3.4 Pollution Prevention - Purchase chemicals based on expected usage, shelf life, and disposal cost.

Prepare standard volumes on anticipated usage. Make appropriately sized dilutions and use serial di-
lutions where practical.

4.0 REFERENCES
4.1 SW-846 Method 3520C, Method 8310.
4.2 Standard Operating Procedure LC7 (Analysis Method 8310).
43 Training SOP QA.5 and A.23.
4.4 Data Review SOP AJ2S.
4.5 Laboratory Quality Assurance Manual (L-001).
4.6 MDL SOP A. 18.
4.7 Corrective Action Procedure, QA. 1.
4.8 GC and HPLC Surrogate/Spike Table (F-224).

5.0 DEFINITIONS/ACRONYMS
5.1 See general list located in the Quality Assurance Manual.

6.0 INTERFERENCES/POTENTIAL PROBLEMS
6.1 Interferences from dirty glassware can cause problems. Make sure glassware is dean before use.

7.0 INSTRUMENTATION AND EQUIPMENT
80-mm Drying funnel
Kuderna-Danish (K-D) Apparatus
Concentrator tube, 10-mL graduated
500-mL Evaporation flask (Kontes K-57001-500 or equivalent)
Snyder column, micro (569261-031 or equivalent)
Snyder column, 3 ball macro (Kontes K-503000-0121 or equivalent)
Boiling chips, solvent extracted (10/40 mesh Fisher or Equivalent)
Water bath heated with concentric ring cover capable of temperature control of ± 5° C
Full flow hood

0£i,-\SOT<tfta>r£XT\EXT13_Mcdui 3520.13 tOOOC
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Glass beads (hollow, 6-mm, Fisher Scientific)
Glass vials with screw cap PTFE-lined tops (2 mL)
pH test paper, universal (Whatman 2C13991 or equivalent)
Graduated cylinders (1 L)
Benchtop centrifuge (Fisher or equivalent)
PTFE centrifuge tubes
Pipettes ( l mL)
Class A volumetrics for standards preparation
Whatman 54 filter paper
Heating mantle and voltage regulator
Continuous liquid-liquid extraction chamber
Round bottom flask (500 mL)
Condenser
Contrad NF or equivalent
Pasteur pipettes

8.0
8.1

REAGENTS AND MATERIALS
See Table 8-1, Summary of Standards, Reagents, and Consumables.

s
DMcnpuon

Methylene chloride (MeClj),Ultr3 Res
Analyzed
Sodium sutfate - ACS Grade
Acetonitme (HPLC grade), pesticide
a equivalent
Methanol
PAH Terphenyl Surrogate (AS1)
PAH Spike (Al)

Contrad NF

ASTM Type n Water
Revision: 3 | Status: Rnal |

Table 8-1

UHMARY OF STANDARDS AND

J.T. Baker or equivalent

J.T. Baker or equivalent
J.T. Baker or equivalent

J.T. Baker or equivalent
GC (see SOP LC7)
GC(secSOPLC7)

Fisher or equivalent

ASC System
Method: 3520/8310

REAGENTS

Neat

ACS specification
Neat

Neat
4pg/mL

Acenaphthene

Aosnaphthylene

Anthracene

Chrysene

Dfcenzo(a,h)anthracene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

BenzofoAQperytene
Benzo(k)fluoranthene

rtuorarttnene

Fkjorene

Indeno(lA3-cd)pyrer«

Naphthalene

Phenanthrene

Pyrene

ua/mL
10
10

1.0

5.0

2.0
1.0

2.0
2.0
5.0
2.0
10
20
2.0
1.0
10
10

NA

NA
Minor Revision Date: None
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8.2 Standard Solution Preparation

Table 8-2

STANDARD AND REAGENT PREPARATION

Standard Name
1:1 (v/v)
Methytene Chloride/
Acetone

Ottawa of play sand
Revision: 3

Stock
Methylene chloride;
acetone

Amount of Stock
Added to

Using a 1-L graduated cylinder,
measure out a volume of acetone and
add to a solvent bottle. Add the
same volume of methylene chloride
to the bottle. Do not shake the bottle
wth the cap on tight. Pressure may
burst the bottle.
Baked at 120* C for 16 hours.

Final
Concentration

1:1 Methylene chloride,
acetone

Status: Final | Method: 3520/8310 | Minor Revision Date: None

9.0 PRESERVATION, CONTAINERS, HAN DUNG, AND STORAGE

Table 9-1

HOLDING TIMES

Matrix
Water
Water
Revision:

Client/Project
Standard
NYSDEC

Preparation
(Days)

7 days from collection
7daysVT5R

Analysis
(Days)

40
40

3 | Status: final | Method: 3520/8310

Container Type and
Preservative

2 1-L amber gjass, refrigerated 2°-6° C
2 1-L amber glass, refriqerated 2°-6° C

Minor Revision Date: None

10.0 PROCEDURE
10.1 Glassware Preparation

10.1.1 Manually wash all glassware in hot soapy tap water using Sparkleen or equivalent, or auto-
matically wash using Contrad NF.

10.1.2 At a minimum, rinse manually washed glassware three times with tap water, followed by
three times with ASTM Type n water.

10.1.3 If glassware still appears dirty, sonicate or dean with NOCHROMIX. Then rerun through the
above cleaning procedure.

10.2 Preventing Contamination
10.2.1 Before use, rinse all glassware with acetone followed by methylene chloride.
10.2.2 Dry sodium sulfate (Na2SO«) (recommended 120° C, overnight or longer. Store in oven.).

Rinse with methylene chloride before use.
10.23 Soxhlet extract any glass wool used.

10.3 Stock Solution Preparation
10.3.1 Prepare stock standard surrogate solutions in methanoi or methylene chloride and using

volumetric flasks and an analytical balance.

10.4 Sample Extraction Procedure
Each sample setup consists of a liquid-liquid extraction set and drying funnel. Set up the Waters
Preparation Logbook. A witness must oversee the addition of all surrogates and spikes to the samples
and QC The witness must sign and date the observation in the logbook.

r£XTI)_Moknd3»Lt3taDOC
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10.4.1 Sample Extraction Procedure - Continuous Liquid-Liquid (Method 3520C)
10.4.1.1 Add (approximately 500 mL) methylene chloride to the bottom of the extractor to a

depth of at least one Inch (1") above the bottom of side arm. Extractor should be
attached to a round bottom flask containing three glass beads.

10.4.1.2 Sample Volume Measurement and Spike Addition
10.4.1.2.1 Mark the meniscus on the outside of the sample bottle. Record sample

container number in prep log.
10.4.1.2.2 Add surrogate and/or spikes (Table 12-1) into bottle and shake. If the

bottle lid does not have the PTFE lining, do not shake. Phthalate con-
tamination may occur. Instead, let stand 10 minutes to equilibrate.

10.4.1.2.3 Transfer to extractor.
10.4.1.2.4 Rinse bottle with small volume of extraction solvent (methylene chlo-

ride), and add to extractor.
10.4.1.2.5 At completion of set up, add tap water to the mark on the sample bot-

tle and measure the volume used (to the nearest 10 mL) by pouring
into a graduated cylinder.

10.4.1.2.6 Record this as the sample volume. Record sample container number in
prep log.

10.4.1.3 The 1-L bottles should not be assumed to hold 1000 mL IT the level is at a certain
height in the bottle. Volumes must be measured.

10.4.1.4 Should the container be significantly larger than the 1-L size (e.g., half-gallon jugs),
then
10.4.1.4.1 Measure out 1000 mL of sample in a graduated cylinder. Record sam-

ple container number in prep log.
10.4.1.4.2 Add surrogate and/or spike while in graduated cylinder and let stand 10

minutes to equilibrate.
10.4.1.4.3 Transfer to extractor.
10.4.1.4.4 Rinse cylinder with small volume of extraction solvent (methylene chlo-

ride) and add to extractor.
10.4.1.5 LCS and Method Blank Spike Addition

10.4.1.5.1 Measure 1000-mL ASTM Type I I water in a graduated cylinder.
10.4.1.5.2 Add surrogate and/or spike while in graduated cylinder and let stand

10 minutes to equilibrate.
10.4.1.53 Transfer to extractor.
10.4.1.5.4 Rinse graduated cylinder with small volume of methylene chloride and

add to extractor.
10.4.1.6 Measure pH of sample using wide-range pH indicator strips. Record pH. Adjust pH

to between 5-9 with 6N sodium hydroxide and/or 6N sulfuric add. Record adjusted
pH and lot number.

10.4.1.7 Take care that the sample does not spill over the side arm of the extraction cham-
ber into the distilling flask. If It does, repeat the sample preparation. (Note: A
layer of glass wool may be placed between the methylene chloride and sample if
the sample contains a large amount of suspended solids that may precipitate.)

10.4.1.8 Attach condenser, turn on heating mantle, voltage regulator, and extract for a
minimum of 18 hours but no more than 24 hours. Maintain methylene chloride drip
rate at 10-15 mL per minute. Turn water on to an appropriate pressure.

10.4.1.9 At completion, turn off heating mantle and voltage regulator. Cool. Tip extractor
to empty most of the methylene chloride into the distilling flask. Cover flask with
foil.



Ecology and Environment, Inc. SOP Number. EXT.13
Revision No.: 3
Minor Revision Date: None
Next Review Date: 3/1/06
Page 5 of 7

10.5 Concentration Procedure
10.5.1 Kuderna-Danish Apparatus

10.5.1.1 Boiling chips are pre-rinsed with methylene chloride.
10.5.1.2 Assemble a Kuderna-Danish (K-D) apparatus by attaching a 10-mL concentrator

tube containing a single boiling chip to a 500-mL evaporative flask.
10.5.1.3 Quantitatively transfer the extracts from the distilling flasks to the K-D; rinsing the

flasks with 10-20 mL methylene chloride. Use a 80-mm funnel with Whatman 54
filter paper and 15-20 g of dried sodium sulfate.

10.5.1.4 Attach a 3-ball Snyder column and pre-wet by adding 1-2 mL methylene chloride.
Place on a hot water (80°-90° C) bath and gently shake until bubbles appear. Ad-
just water temperature and vertical position to complete concentration in 15-20
minutes.

10.5.1.5 Concentrate to a volume of < 10 mL Remove from steambath. Allow it to settle
and cool (at least 10 minutes) to room temperature. At no time should the extract
be allowed to go to dryness throughout the concentration procedure. If it does, re-
extract the sample.

10.5.1.6 Turn steambath to ~95C C. Add fresh boiling chips and microcondensor concen-
trate to apparent volume of 2.0 mL Add 4.0 mL acetonitrile and concentrate to fi-
nal volume of 1.0 mL

10.5.1.7 If during concentration, solvent vapor stops escaping from the Snyder column be-
fore the final volume is reached, this indicates that the extract contains large con-
centrations of high-boiling constituents. Concentration should be stopped and the
extract brought to the nearest multiple of 5 mL final volume. Final volume should
be noted accordingly in the Waters Preparation logbook.

10.5.1.8 Dry the outside of the joint between the concentrator tube and the K-D if conden-
sation has formed. Remove concentrator tube, and provided large concentrations
of high boiling constituents is not a problem, the sample can be further reduced.

10.5.1.9 Place concentrator tube in N-Evap water bath at 40° C. Using a gentle stream of
nitrogen, blow the extract down to 1.0 mL. If necessary, adjust final volume to 1.0
mL with acetonitrile. (Note: The measurement of final volume is critical to the ac-
curacy of the analysis.) Ensure that there is only one layer.

10.5.1.10 Place the extracts in labeled 2-mL vials with PFTE-Kned caps and mark the menis-
cus. The marking ensures that the extract in the vial represents the final volume
transferred and will indicate that no loss has occurred in storage. Record final
extract volume.

10.5.1.11 If at any time a sample is lost during concentration (e.g., lost on steambath,
spilled, etc.), note in extraction log and file a corrective action form notifying the
project manager and supervisor.

10.5.2 Turbovap Concentration
10.5.2.1 Quantitatively transfer the extracts from the distilling flask to Zymark Turbovap

tube as volume permits. Use a 80-mm funnel with Whatman 54 filler paper and
15-20 g of dried sodium sulfate.

10.5.2.2 Place the tube in the Turbovap, set at 40° C (acceptable working range is from
38° C to 45° Q with a gentle stream of nitrogen.

10.5.2.3 Start the concentration. Remove the sample tube from the water bath when the
beep signals. Failure to remove the tube promptly may result in anaryte loss.

10.5.2.4 Add 10 mL acetonitrile and concentrate to final volume of 1.0 mL
10.5.2.5 With a Pasteur pipette, add solvent to the 1-mL line.
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10.5.2.6 Take the entire 1-mL sample into the Pasteur pipette and rinse the lower 25% of
the Turbovap tube (i.e., 2 inches above the cone shape on the cylinder wall) 10 to
15 times.

• «akjma el 1O tti

10.5.2.7 Solvent evaporation during this rinsing will have reduced the volume. Add fresh
solvent to bring the sample t o l m L Rinse the tube walls two more times and
transfer the sample to an autosampter vial.

10.5.2.8 Concentrate to 1.0 mL (or nearest 5 mL if evaporation/concentration cannot be
brought down to 1 mL).

10.5.2.9 Record the final volume in the notebook. Transfer the concentrated extracts to a 2-
mL vial with PTFE-lined cap. Mark the meniscus. Label the vial. (Note: The
measurement of final volume is critical to accuracy of the analysis.) Ensure that
there is only 1 layer.

10.5.2.10 If at any time a sample is lost during concentration (e.g., lost on steambath,
spilled, etc.), note in extraction log and file a corrective action form notifying the
project manager and supervisor.

11.0 DATA REDUCTION/EVALUATION/REPORTING
11.1 Complete the batch in Khemia, fill out the concentration portion of the checklist and arrange for a

peer review of the data. Place a copy of the extraction batch and checklist in the notebook in the in-
strument lab.

11.2 The entire extraction batch is placed in a storage box in the appropriate secure storage area at 2°-6° C

12.0 QUALITY CONTROL/QUALITY ASSURANCE/CORRECTIVE ACTION

Table 12-1

ROUTINE QUALITY CONTROL SAMPLES

QCTyp.

Surrogate

Matrix Spike (MS)

Matrix Spike Dupfcate
(MSD)

Laboratory Control
Sample (LCS)

Method Bank

Frequency

Each sample, spike, blank, LCS

1 per 20 samples or fewer in batch. Must be
^extracted If lost during concentration with
the parent sample and MSD.
1 per 20 samples or fewer in batch. Must be
reextracted if lost during concentration with
parent sample and MS.
1 per batch

1 per batch or minimum l per 20 samples

1.0 mL of PAH Terphenyi Surrogate (AS1)
added to al samples and QC in sample con-
tainer or graduated cylinder.
1.0 mL of PAH Spike (Al) added to sample
container or graduated cyfcxJer.

Same as matrix spike.

1.0 mL PAH Spike (Al) added to 1 L ASTM Type
H Water in graduated cyinder.

1L ASTM Type D water.

Revision: 3 1 Status: Final | Method: 3520/8310 | Mnor Revision Date: None
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13.0 SPECIAL PROJECT REQUIREMENTS
13.1 IDOT samples require low level detection limits - use 100 uL surrogate and 100 nL of spike solution.

Do not use liquid-liquid extraction.

13.2 AFCEE
13.2.1 A batch is 20 environmental samples. These 20 samples include M^ MS/MSD or MS/MD for

AFCEE 3.0.
13.2.2 Currently URS AFCEE projects require exactly 1-L sample. If sample bottle is <1000 mL, sup-

plement with additional volume from another container. Note this additional container num-
ber and volume used in sample comments column on prep log page.

14.0 ROUTINE MAINTENANCE
14.1 Document preventative maintenance in the maintenance log. Indicate 'As Found' condition or prob-

lem, the maintenance performed to correct the specific problem, and note the 'As Left condition (i.e.,
that the problem was corrected). Initial, date.

Table 14-1

ROUTINE MAINTENANCE PROCEDURES
Equipment/
Instrument

Steambath
Fume Hood

Revision: 3 ^Status:

Symptom
Not heating
No Draw

Final

UDersoon
Replace heating cote
Contact Lab Manager

Frequency
As needed
As needed

Method: 3520/8310 | Minor Revision Date: None

15.0 SAMPLE DISPOSAL
15.1 Follow waste disposal instructions in SOP A. 10, Waste Disposal.

END OF SOP
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SOP No: F.1

Title: Sample Chain-of-Custody Procedures

Scope: This Standard Operating Procedure describes the
be followed by Laboratory Personnel. -•

1.0 SAMPLE RECEIPT CHAIN-OF-CUSTOGY

*?

The appropriate ^
Samples received from the SampleManagementOfficej^KD) musltave a complete
Chain-of-Custody (COC) record, s^ta|thi^eiarnple.§ f&&fa data which must be legafly
rifeitfe T Y f r f - - " * - " -^—- ' -—»—s£i . i i - . = ; . .**«-•£.•£*:

samples

1.1

1.4

Sample receipt *nd inipecfiortBh^J be performed as described in SOP ?2.
Sample"ReCdpt Irttpktioa Pteservation and Storage CondOion Requir
The sample receipt shall be documented using the Sample Receipt Checkfet, or
for CLP JBamples CLP Form DC-1 (see SOP F.2, Sample Receipt, Inspection.
Preservation and Storage Condition Requirements).

After .pompieting the sample inspection and documentation process and finding no
dscrapancies, the original form is retained and included in the respective project

••He. Upon receipt, the dierfs Chain-of-Custody Form is signed by Sample
Custodians to document time and date. A copy is returned to the dent or
designated sample management agency.

Samples shal be logged into the Laboratory Information Management System
(UMS) as described in SOP F.3 "Sample Logging and Record Keeping
Procedures".

The Project Management Group shall be responsUe for contacting the dent (or
SMO) to resolve any discrepancy or to report occurrences such as broken
samples, improperiy preserved samples, samples not feted on COC, insufficient
sample volumes or inappropriate amounts or containers. The problem and the
resolution shafl be documented on the Sample Receipt Checkist Form.

t\ I - llLii I I i 51; - . i : ; . tUJB.- i: II •"?"*? * f " 1 1 ! -I I t . ' "*
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2.0 LABORATORY CHAIN-OF-CUSTODY

Equally important to sample receipt Chain-of-Custody procedures is laboratory Chain-of-
Custody documentation Samples and sample extracts, dkjestates must be in custody of
section supervisor or designated personnel at ad times.

2.1 Samples are requested from Sample Control through the use of the Sarnpje
Request Form (Figure 1). These forms are available from SaJ^le Q f t ^
completed by the analyst requesting samples. The form
requestong the samples enter their name, the date.-fcmeqg p , .fc #spkj| j^
and the date of the request This information is located atlftfe fop 0f$& \^
samples requested are documented by entering the^ampieS' GP fturpef
analysis The location block is compltied by the flcilyst after a * d
oeen transmnea. unce custooy pr me
Coordinator notes the date and tiarae f ie
the form The form is retained o n r y f t J r i h e p p ^ ^ e y
Control personnel for use in assessing work load, afid ther}tn$JE be

2.2 When a request tor samples it received by Sample Control, the analyst shall first
locate the samples ;Bqu»sted«6 Wed ^ W S a i n p i e Log Book. TheLIMS
Fraction Shaft (tee SQP F£, ^arBpieiogging iflfd Record Keeping) lists all

^ W W ^ ^ Transfers are
menwJ on We COC tormj Ajte^oples'can be found at the assigned locations

urtest frwfarted-to Ub pewynet Transfers shall be documented on the in
house Cham-of-Opstody Form'(Figure 2) The Chain-of-Custody document serves
as an eHectrve means In detwuuiiing sample locations.

2.3 Once dtarmrtng that samples are available for transfer, the analyst locates and
removes the samples before placing on workbench. The identification of the
samples • checked against the Sample Request Form, and the UMS Chain-of-
Custody Form If the samples do not match the Sample Request Form or the
UMS Chan-of-Custody Form, the identity question must be resolved before any
transfer can take place rf there are no problems, the samples are transferred to
the analyst.

2.4 To transfer the samples to the laboratory the following information must be
completed on the UMS Chain-of-Custody Form.

Fraction Id

Enter the sample fraction Id designation for the samples being transferred.
Since Chain-of-Custody Forms are work order specific only the three digit
sample identifier need be entered.

•i — -I—T jfHiiimn'i r a. .i:!M--Mrrt^i r- M *-tii Mir
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Released By

Enter the name of the Sample Custodian releasing the samples.

Date/Time ;

Enter the date and time of the transaction. ;: .,: j}. ^ \

Transferred To -*•'•••;/• --> *K £ i "i.»j-i

Enter the name of the person the samples ire beirigtransferre^f-tqrEJiJ? 5; si"
^ &•; m~-r. ? , -„- ,a ; ; ;

2.5 When samples are returned to Sample" Control th£8hange^p custojy
be documented. The i o ^ n t i f k ^ o r ^ f ^ sampleVfet^ecl^ varst' '
Custody to verify sample identity. t^f ioB6| j^g jN?djjrflatio#jfc cbmf
same line previously used when the samples ̂ wefe Initially Jdggett oat:

Accepted By ' ':" ' " ?.rT

Enter the name of the Sam^leCustodiart receiving the samples.

Date/Time " . - •

Enter the date^dtiTieof the1 transaction.

Disposition

Enter the disposition of the samples, i.e. returned to sample location.
Empty sample containers are taken to the disposal area for proper discard.

2.6 Laboratory personnel accepting samples must take full responskifity for those
samples. Samples must remain under the custody of that individual, and shad not
be transferred to another chemist without documentation on the proper forms
(Figures 2 & 3).

2.7 When sample disposal is approved, or when a sample is completely
consumed, the information shad be noted on the LIMS Chain-of-Custody
Form. Empty sample containers should be returned to Sample Control
for documentation and disposal.
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3.0 TRANSFER OF SAMPLE CUSTODY TO ANOTHER LABORATORY

3.1 When it becomes necessary to sub-contract sample analyses to another
laboratory, custody of the sampte(s) must be transferred to that laboratory in the
form of a Chain-of-Custody for Subcontracted Analysis (Figures 4 and 5). The
forms are avaitabie in the Sample Control office. Sample control will complete the <
rrformation on the Chain-of-Custody regarding the name and address of thefcbf; '
and the sample information. The Sample Custodian/CoordiartW i
date the form to release custody of the sampte(s), and i
the Chain-of-Custody record corresponding to the spprnpte($:
Custody will accompany the samples in the sealed i&ntainljt
sub-contracted lab. The individual responsible for t #
sign and date the record, return the document to @{£L I
the Sample Control office and/or prbjtf* i
shall be placed in the data package being;fsnt todfont.

H I : I I i !r»ti: 11 i f,i ' •!; • • M<. >: ; i - ' - + I — | H1 S f i t •
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Figure 1
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Figure 2
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'tiSOP No:

TWe:

Scope:

F.2
'^%&

Sample Receipt. Inspection, Preservation and Storage

This Standard Operating Procedure describes procgilures tj^be
Control personnel in the inspection of incoming sarrfijes anftHhe
storage requirements of those samplej.

1.0 SAFETY CONSIDERATIONS

When working
required that
handling sample*]
should be m.
"SpilCtei

1.1 When working wift laboratottfampiet, «jpj»r|)sgje of pwconcem.
•coat, and gjovlsve worn wtte unpacking or

shodd be tii#il as a chemical spiland
usirf, proper sop cleanup procedures (see SOP

top should rbutipFbe covered with a bench bier, which
"Ooo^lperebnal hygiene procedures shodd be

fje Sirnpje Conj^l Area, specificaly. it is recommended that
;sltedl*«fjj§ie oriinrneldtately after leaving the area, food or drink shall

tkitihall not be applied, and smoking is forbidden in the
Area phd throughout all areas of the building.

INSPECTION

I 3 I %§. ~
2.1 Ti. :tiThe(inspection of all incoming sample shipments shat be documented on the

"1*i*an»Vj« p^-i«t Checklist (Figure 1), except that those samples received under the

2.2

Contract Laboratory Program shall be documented on CLP Fonn DC-1 (Figure 2).
The Checklists shall be used to coordinate the inspection of the shipment and to
record important information about the condition of the shipment and the
documentation received.

The Sample Receipt Checklist documents the following information: The top
section of the page documents receipt of the shipment, the identity of thedient,
the assigned Work Order Number and information relevant to the client's project.
The next section of the checklist section contains specific items which must be
checked and documented. Included in the section are spaces to document the
sample and sample bottle count for comparison to the dent supplied paper work
and to document the necessity of a pH check, when applicable. If a pH check is
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1 **•*•:

2.3

2.4

2.5

required, it shall be documented on the Sample Preservation Check
Documentation Form (Figure 3).

The final section for cements is used to explain any problems or discrepancies
with the shipment Any *no* response to the previous section must be documented
in the spaces prowled The sample control personnel will sign and date the form
as indicated at the bottom cf the page.

2.6

CLP Form DC-1« used m the same manner as the Sample Receipt I
shall be used in place of that form for the documentation of inspection i
sample shipments Al CLP samples received must be docume^ed j»d^ua|J! cfj: |
Form DC-1 V ,ri:: .tflidii a. il* '&.'&.

The compleled checkfcst Is nduded with the originaj/paper ijfork
Project Management Group to be placed in the cerfBl projijict file,
completed Sample Recwo* Checklst <br Form D^Ul), is Neî with
supplied paper work, tne Work Orderand
Sample Log book martaned by Sample

Documentation of jny problems .
performed by »» Sample Qoqtom
DC-1). The Project MWagemejirorpupii then'^.^,
responstte w\ reatlrmg^e Istuat w«i the dent dissolution to any problems
must be dqcamiftdigr vp (Vsjeci Wanapemerf Group.

(c^orm
items and is

3.0 SAMPLE SjfefclfirrftBCElFT

p> overt of s»r»>e«*n»*ng by commercial earner must be accompanied by
in)i. mM tacfcar. or n«nrfest. The Sample Cooronator (also referred to as
^Mltyttodteo tor EPA CLP work), upon laking custody of the shipment.
4gn AejiiroeVrnanrfest and record the date and time the shipment was

tftthb space provrted on the document If no space is provided,
•an may be recorded on any open space or the back of the document

$W

.the Sample Coordnator shal next initiate a Sample Receipt Checklist or in the
case of a CLP sfrpmenL Form DC-1 The samples must be accompanied with a
Chain of Custody (COC) document The sample acceptance policy must include
that:

A. The person submittjTg the sample must provide full documentation with the
sample, when must ndude

Sample Identification
The location, date and time of collection
The collector name, preservative added
Matrix
Any special remarks concerning the sample
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B Each sample or group of samples must include trip blanks, fieldbianks,
equipment blanks, duplicates or other field submitted quafity measures as
required by the method.

C Each sample must show evidence of proper preservation and use of
sample containers allowed by the test method.

0. Each sample must be of adequate volume for the requested testing.

Any deviation from the policy, the client wB be contacted anct<jocumentedrT11te >>•
samplers) w i noi be processed.

Where requred by method. pH of the samples mustfce
onthecnecktsl The dent name, date and time revived,
the name of the Sample Coordinator shall be recorded in _
ofthefoms The presence or absence of the aytjsf'mantfdst si
ana. •> posseni. tne aiUnviiianiresT nuoK)er,SHssw BS"0|con>
temperaturs blank vial shoukl be located,

are

obtaned by Inserting the caibratad thermoritfttr/irib the
reaoVig the temp jfter 60-90 seconds. If notemp.fctank

wmomeier immcDt iisjeijNifi n v c tn ja r^ t n oBpier,
tocaied. and »» I>na4f to i r j ibe read after SQ-fl sltonds

3.3 In samplbs ajuslfceTeoeived en a weekend or hofiday, special
' thtjtfienl and the laboratory must be established,

coated the Project Management Group to arrange for the
At tna| timfcJQlent Services shaft ascertain if any samples

artorysfc are to be included in the shipment If this is the case,
it%fhaf be Tnade to have analytical staff available to perform the

Project Management Group shaN arrange to have a person
ontroi. or a property trained alternate, available to receive the
shipment shad be received and inspected as per this procedure,
paperwork shal be completed and, if necessary, sample

shal be venfied. Samples requiring immediate analysis are released
upon recwpt to me lab by the sample control personnel, before the completion of

; , ^ i;" the transmission of the work order. Thereby enabling the laboratory to meet the
•; '' requved holding time catena

4.0 SHIPPING CONTAINER INSPECTION

4.1 AH sample shipping containers shall be inspected for integrity and physical damage
upon receipt This shall be documented on Line 2 of the Checkfst Any problems
found must be documented in the comments section at the bottom of the page.
For Form DC-1. comments shall be made in the Remarks section.
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1

5.0

4.2 Safety Note: If a strong smefl is emanating from a shipping container, place the
container in the hood to be unpacked. If a liquid is leaking from a shipping
container, place container in the hood on a metal or plastic tray to contain the liquid
and prevent gross contamination of the Sample Control Area. Any leaking material
should be considered as a hazardous material and should be treated as such. All
sample shipments originating from the Sample Management Office (SMO) for the

Contract Laboratory Program (CLP) must be opened and unpacked under the
hood. In all cases, proceed with caution while checking for broken sample -

4.3 Once the shipping container has been examined
absence of custody seals is determined. The $amp^;rece
evaluate and document the use of chain of custod ~ ~ '
tamper evident variety. Then the overall condition
check shall be documented in the appropriate s

SAMPLE VESSEL INSPECTION

5.1 The shipping container shal be
removed, and it shall be
temperature of
in the provided teffljp
the container J t '
the sample
padoai
83!

•flwitBotfiefcif

;R *c 3$

•:;: ft %
: ; i"i S'.?i

ft s i

60-90 seconds. On
or absence of ice or cold

T > i Please note that if the
m.'fBr example preserved water samples

•f i f nSis<|e ch«ked and an explanation of N/A included in

ipjRfe wnjtoiMriishould be carefully unpacked and the incoming samples

if*'f
ical damage due to inadequate packing and/or protection.

Loss of sample due to inadequate and/or improper sealing of the sample
container (i.e., leakage of liquids, loss of paniculate material from fitters,
etc).

Possible contamination because of inadequate separation of sample types
or bulk sample materials (i.e., charcoal tubes or VOA vials shipped in the
same container as bulk liquid organics).

Adequate containment of volatile organic samples and total organic hafrJe
samples in septum vials; there should be zero headspace. If headspace is
found this shall be documented on Line 6 of the Checklist or noted in the
sample Remarks section of Form DC-1 and the Project Manager/Client
Services Group contacted, as the client may wish to re-sample.
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Proper use of special shipping procedures required to preserve the
samples. For example, if shipping instructions note that samples are to be
kept frozen, then samples should be frozen upon receipt

If samples are broken or evidence that sample integrity may have been
compromised, the incident shal be documented in the designated space of the
Checklist and detailed in the Comments section. For CLP samples this shall be
documented on Form DC-1, Line 8 and explained in the remarks section for the
affected samples and shall also be noted on the Sample Traffic Report Form. Th»
Project Management Group shall be notified of any such |
possible.

6.0 CONTRACT LABORATORY PROGRAM SAMPLE VESS!

6.1 For samples submitted by SMO, a reujew of
once the shipping container has bsercvni
possess a Chain-of-Custody Form m l a
samples contained within the shipping _
Label and a Sample Tag attached to fee texf*
bottles should also have a custody sort qvec
shall be reviewed; «nd dccuyintsd o**f o ty

6.2 Presence or ahiajijjB "ftojistoifr teals si*uttbe1j|jlprrnined. If present, condition
of custodyj^jB&Mte *****&• $ * (.rtfl bttocurnented on Line 1 in the

g» on sample bottles should be determined. The

riMdffthe EPA Traffic Report or SAS Packing list was included in
documentation shal be made on Line 4. _

rmined if the Chan-of-Custody document was included in the
Documentation shal be made on Line 3.

The Chain-of-Custody document shal be reviewed to verify the entry of Sample
' Tag numbers on the Chain-of-Custody. If tag numbers have not been recorded on

the Chain-of-Custody. the Sample Coordinator shall perform the document entries
and shal document the information in the remarks section for the affected sample.

6.7 The Chain-of-Custody shal be compared with the Sample Labels. Any
discrepancies shal be documented This shall be documented in the remarks
section for the affected sample.

6.8 The Chain-of-Custody shal be compared with the Sample Tags. Any
discrepancies shall be documented This shall be documented in the remarks
section for the affected sample.
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6.9 The Chairvof-Custody shall be compared with the EPA Traffic Reports.

Discrepancies shall be documented in the remarks section for the affected sample.

7.0 SAMPLE PRESERVATION INSPECTION

7.1 EPA Contract Laboratory Program (CLP) Samples

7.1 1 Samples which are submitted under the Contract Laboratory Program for J§
inorganic parameters (metals and cyanide) are preserved in the field i
may require pH adjustment These samples are to bj^jiecked 1
preservation upon receipt. Because of the nature of ̂
safety precautions must be observed. Safely gl;
disposable gloves shall be worn when handling the}
performing pH measurements. Gloves shallbe changed i
prevent contamination between both the samples of ©f the I

7.12

Samotet tpr
f ^

'$.

The pH check sha« be performed
pouring ( n t o i smafi disposable
stnp paper. Match the
provttdwjtnthepHjwpw.

_ w . ,..„ Sample-Preservation Check Documentation
The dfc $eyJ» rwaarded as less than the value required

fHtr&piot (i.-e <2), or greater than the required value for
(i.e >12 for NaOH preserved cyanide samples).f y

p* is iscotitred to be inadequately preserved, the exact pH
from * » p H check must be recorded. The form shall be signed

c»HBd-by the responsible pereon.

fc pH check Indicates that the sample was not adequately preserved,
contact the Project Manager immediately to receive instructions from the
Sample Management Office. Documentation of sample preservation
deficiencies, and instructions given by the Sample Management Office
shall be documented in the case file and the case narrative by the Project
Manager rf the Sample Management Office representative dictates that
the samples shall be preserved in the laboratory, documentation of this
activity shall be indicated on the Sample Preservation Check
Documentation Form (Figure 3). The samples may be preserved by
Sample Control or laboratory personnel, where applicable. In either case,
suitable quantities of the appropriate preservative shall be added to the
inadequately preserved samples Documentation of these activities shall
be indicated on the Sample Preservation Check Documentation Form
(Figure 3). Copy of the documentation form shat be filed in the case He.
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7.1.5 Table 1 provides information on required containers, holding instructions,
and holding times for USEPA CLP submitted samples.

7.2 Commercial Samples

7.2.1 EPA requires chemical preservation of water samples to be analyzed for
selected parameters. Table 2 presents information which lists parameters,
required containers, sample size needed, preservation techniques and , :
holding times for sample analysis performed by methods specified in ftp
CFR Part 136. Test Methods for Evaluating Solid Waste' SW
Methods for Chemical Analysis of Water and Wastes
Sample Coordinator is responsible for verify^ that
pH adjustment have been appropriately preserved

7.2.2 The pH check shal be performed by usingjff tnp
resulting color of the pH paper to the
Paper- ; -

U-i! >i'

7.2.3 Record the pH reading on.*'
Form (Fkjuje 3) ThejH npay be
foracid
NaOH
As an ahiDQpJMl>'<ft(h'ck'ffl8ifc mfcy n

I f iMmpte*

preseri
signify that the sample met

to be inadequately
The

§T fte p* cftocfindfiiss that the sample was not adequately preserved,
thcSaHpleiCbntrol Supervisor immediately. The Sample Control

wiUsontact the appropriate Project Manager who wi, after
ban with the client, instruct the Sample Control Supervisor of the

action to follow. Generally, the samples are preserved during
and the necessary documentation of the problem and the

resolution are performed. Also, notations are indicated in the final report
describing the situation. Samples may be preserved by Sample Control or
laboratory personnel. In either case, suitable quantities of the appropriate
preservative shad be added to the inadequately preserved samples. See
Table 2 for information on preservatives and criteria. Documentation of
these activities shal be made on the Sample Preservation Check
Documentation Form (Figure 3). Copy of the documentation form shaB be
filed in the case file.
Note: If drinking water metals samples are acidified in the laboratory, the
time that the samples are acidified must be recorded on the preservation
check form (Fig.3) in order to meet the 16 hour hold time requirement
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7.2.5 Failure to appropriately preserve the samples in the field may result in
invalid analytical data. It is the responsibility of Project Management Group
to advise the client of this potential.

AD acid preservatives are verified upon arrival to the lab.

7.2.6 Samples for State of North Carolina, which are chlorine sensitive, i.e.,
organics. ammonia, TKN and cyanide must be checked for the presence of
chlorine and treated, if required, before storage and analysis.
Documentation of these activities shall be noted on thjiji
chlorine check form (Figure 4).

7.3 pH Adjustment Procedure

7.3.1 Samples which require pH adjustment
the required preservative added. This
performed and must be property

7.3.2 Generaly. the preservative
Nitric or Sufunc AadA6M Nrijitt)** jj
Thereforef>n»y asrfljltp''"
sample aanoojiftif ̂ gropr ttftfyprapjjins mu#<6e observed While

'" '"' : tfnintM*t&%ii. lab coats and disposable
Moves Jhal bftttwged when so8ed to prevent

r - . >•'

i w torajte requires additional preservation the sample shad
n£|t »«llrt)uantity of the preservative added. The amount of

. ajtodtjpould be in increments of approximately 0.5ml/250ml
'iOnHfs the preservative is added the bottle shafl be securely

_ , £ shaken to distribute the preservative The bottle shal then be
fiibV opened, and observed for evidence of escaping pressure before

, setting the pH. The pH check shall be performed by removing an
aliquot of the sample, pouring it into a smalt plastic cup and depositing the
drop onto a stnp of pH paper. Match the resulting color of the pH paper to
the color scale provided with the pH paper. If the pH does not yet meet the
method specification, repeat the process until an acceptable value is
maintained

Documentation of the preservation adjustment shall be indicated on the
Sample Preservation Adjustment Documentation Form (Figure 3). Each
space shall be completed for each listed sample and the form shall be
signed and dated by the responsible person.

7.3.4
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7.4 Radiation Monitor

The radiotogical monitor meter wiN be used to screen samples at the client's
request or the samples were specifically requested for radtologicai test (i.e., Alpha,
Beta or Gamma)

7.4.1 To operate, l^stal a fresh 9 volt alkaline battery. Take 5 min survey of
backgrotrt reartngr then take the reading from the sample, range should $
be t i O S of the background reading. If it is off scale, document the raadihj -
and contact the project manager immediately who wpjj&psutt withi||jg& :r\ fc
client and appropriate action will be followed. .^li j j , ^ ! ! j | i^ £

7.4.2 The montor tenses ionizing rotation by mians of ^
wth a w n mea end window. The tube is f u ^ endued u

•Sk i -•
7.4.3 W^ri • r»y or p*r«e erf iorohg rj^ti " '

>v
7.44 Alwaysk«t>(he(a

eiiwat^impefatures or direct sunlight for

< n ^ » \ do not touch the instrument to the surface being

£C montor have proven to be very reliable instruments.
or servicing needed, contact the address below:

S E intomatDnal. Inc.
P.O Boi 39
436 Farm Road
Sumnertown. TN 36483
Tel: ( M l ) 964-3561
Fax (931) 964-3564
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Figure 1

SAMPLE RECEIPT CHECKLIST

W.O. No:

Client Name-

Date Received:

Time Received:

Received By:

Carrier Name:

Prepared (Logged In) By: /
Initials Date

AirbWMtnifest Present?

No.

Shipping Contener in Good Condition?

Custody Seals Present on Shipping Container?
CondMoni Broken ^^^^j

Intact-not dated or signed _ _ _ _
Mad-dated and signed

Usage of Tamper Evident Type

Chain-of-Custody Present?

Chain-of-Custody Agrees with

Chains-Custody Stgned?

Equip. Blank: | b . of
Field Duptkatjeta.

v r?VQteisls#iaJZan]Mi»«ltaiioJil m •&<£-

Any NO response must be detailed in the comments section below. If items are not applicable to particular samples or contracts, they
should be marked N/A/

COMMENTS:.

Checklist Completed By:.

Date:
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Figure 2

* 11
If

Si

WIMDCl
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Figure 3

Simple Pritttvition Check Documentation Form
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Figure 4

North CiroBn* Sample Residual Chlorine Check Form

WORK ORDER:

a

fo:- Q '":, *4

SOPNo:F.2V13
Page 13 of 22

Sample Check Ptrformtd by
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Table 1
Summary of Contract Laboratory Program Required

Containers, Preservation Techniques, and Holding Times1

Parameter Container
Holding

Instructions
Maximum Sample

Holding Tme

Metals

Mercury

Cyanide
(Total and amenable
to chtorinatton)

Volatites

Semtolatiles
(water)

Semivolatiles
(soi/sediment)

Pesticides/PCBs
(water)

P. G

P, G

P, G

PI

Room Temperature 180 days from VTSR

Room Temperature 26 <

Room Temperature ,;• 121
-;'• 'iiif i® f ' V

jijii i f ^ "

~'t ^ SfRJ)%lii'TFE-«ned septum
'••'.4:.- in'

& 4 f fi>:

g.is.*) Ays after extraction

i™
fTH-lined cap

5 days from VTSR*

10 days from VTSR"

I

;^ l - USEPA Contract Laboratory Program; Statement of Work for Inorganics
:";'Analysis; Kulti-media, Multi-concentration; SOW No. 3/90

USEPA Contract Laboratory Program; Statement of Work for Organica
Analysis; Multi-media, Multi-concentration; SOW No. 3/90
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Parameter Nama

BACTERIAL TESTS

CoHform, fecal and total

Fecal Streptococci

INORGANIC TESTS7

Acidity

Alkalinity

Ammonia

Biochemical Oxygen Demand

Bromide

Chloride

Chlorine, total residual

Color

Table 2
Sample Containars. Sample Votumes,

_ . _ . PrrtwnpBiji Techniques And Storage Requirements
•Y-.-TJ.;-;wr5-*F;s>ls (fronri 40 CFR Part 136)

Cool. 4-C. 0.008% Na,SjO,B

. 4-C. 0.008% '

i Holding Time*

6 hours

6 hours

i.:VT.'

fcSO, to pH < 2

fed.. ^ ^ '

14 days

14 days

28 days

48 hours

28 days

28 days

Analyze immediately

48 hours
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Parameter Name

Cyanide, total and
amenable to cMortnalion

Fluoride

Hardness

Hydrogen ion (pH)

3jeldahl and organic nitrogen

Chromium VI

Mercury

Metals, except Chromium VI
and Mercury

Nitrate

Nitrate-nitrite

Nitrite

SOP No: F.2V13
Page 16 of 22

^ f l . q Sample Containers, Sample Volumes,
.€»Mojte%JecrinIques And Storage Requirements

• v" T" " •"* (from 40 CFR Part 136)

Pr—fvtton

Cool. 4*C. H,SO. to pH > 12.
0 6g Moorbic add*

H?SO« to pH < 2

to pH < 2

P.G

P.G

P.G

200

200

200

Maximum HoWino Time4

14 days*

28 days

6 months

Analyze Immediately

28 days

24 hours

28 days

6 months

48 hours

28 days

48 hours
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Parameter Name

Sample Container*. Sample Volumes.
echnique» And Storage Requirements

4 0 C F R

SOP No: F.2V13
Page 17 of 22

Preservation1 Maximum Holdino Time4

Oil and Grease

Organic Carbon

Orthophosphate

Oxygen, dissolved (probe)

Wtnkler

Phenols

Phosphorous, elemental

Phosphorous, total

Residue, total

Residue, filterable (TDS)

Residue, nonfirterable (TSS)

Residue, settleable

P ( A ) . G<A) •_•

G Bottle

G Bottle

Gorily

G

P.G

P.G

P.G

P.G

P.G

ma T

endT

li

off*- *3ov

1000

2oe

200

200

200

200

200

Cool. 4«C, H2SO4 to pH < 2

Cool. 4-C. H,SO« to pH < 2

Immediately. Cool 4<>C

T **••£*.'.£* None Required

' , f̂ tc on site and store In dark

• . • > • • . - . COOC4-C. H tS04topH<2

..'.Codl.'W

Cool, 4»C

28 days

28 days

48 hours

Analyze Immediately

8 hours

28 days

48 hours

28 days

7 days

48 hours

7 days

48 hours
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Residue, volatile

Silica

Specific Conductance

Sulfate

Sulfide

Sirifite

Surfactants

Temperature

Turbidity

SOPNo:F.2V13
Page 18 of 22

•x*m. Tabte 2
uirud Sample Containers, Sample Volumes,

echnlques And Storage Requirements
(from 40 CFR Part 136)

Preservation"

, 4-C, add zinc acetate plus
to pH > 9

250 - ? ^ 3

250 Cool. 4-C

Maxlrrmm Holding Time4

7 days

28 days

28 days

28 days

7 days

Analyze Immediately

48 hours

Analyze

48 hours
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Parameter Name

ORGANIC TESTS'

Purgeable Hatocartoons

Putgeabte aromatic hydrocarbons

Acrolein and acrytorirsa

Phenols"

Benzidlnes1

11Phthalate esters

NitrosaminesMM

PCBs11 acrylonitrte

Table 2
I Sample Containers, Sample Volumes,

^Techniques And Storage Raqulreirants
(from 40 CFR Part 136)

Preservation

Cooi. 4-C. 0 008%

Cool 4-C. 0 008%
HCItopH?'

Cool. 4«C. 0 008%

G, Tef -lined cap

G, Tef.-inedcap

G. Tef Inedcap

G. Tef-Ined cap

G, Tef.-lined cap

QOQl 4»C, 0.008%

Cool. 4SC. store in dark.

2500

SOPNo:F.2V13
Page 19 of 22

Maximum HoMkia Time4

14 days

14 days

14 days

7 days until extraction;
40 days after extraction

4°C. 0.008% Na2S2Oj6 7 days until extraction13

7 days until extraction;
40 days after extraction

7 days until extraction;
40 days after extraction

7 days until extraction;
40 days after extraction
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Parameter Name

Nitroaromatics and isophorone1'

T . b l e 2

Sample Containers, Sannpte Volumes.
Storage Requirements

Pr—rvtton
Minimum Sample

Cod, 4°C, 0 008% Na2S3O,8

Store in dark

Polynudear aromatic hydrocarbons11 G. Tef.-lned gap <&&-:.«90D-Vviv . -y Cool. 4'C. 0.008%

Hatoethers"

Chlorinated hydrocarbons'

PESTICIDES

Pesticides"

RADIOLOGICAL TESTS

Alpha, beta, radium

G, Tef.-lned cap

G, Tef.-lined septum ':-i

G, Tef. -lined cap

i

P, G 2000

1000

SOP No: F2V13
Page 20 of 22

Maximum Hotdtng Time*

7 days until extraction;
40 days after extraction

7 days until extraction
40 days after extraction

7 days until extraction;
40 days after extraction

7 days until extraction;
40 days after extraction

7 days until extraction
40 days until extraction

6 months
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1.

2.

5.

6.

7.

8.

9.

SOP No: F.2V13
Page 21 of 22

Polyethylene (P) or Glass (G),

Sample preservation should be
preserved at the time of collection,
may be preserved by maintaining

When any sample Is to be shipped by
Transportation Hazardous Materials
ensuring such compliance. For the pn
Department of Transportation has detorm
acid (HCI) in water solutions at concentrations7

solutions at concentrations of 0.15% by weight or 1 M *
0 35% by weight or less (pH about 1.15 or greater): and
less (pH about 12.30 or less).

°t Nitric Acid

sample collection. For composite chemical samples each aliquot should be
sampler makes it impossible to preserve each aliquot, then chemical samples

sample splitting is completed.

h the United States Mails, it must comply with the Department of
The person offering such material for transportation is responsible for

II, the Office of Hazardous Materials, Materials Transportation Bureau,
Is Regulations do not apply to the following materials. Hydrochloric

less (pH about 1.96 or greater); Nitric acid (HNOj) in water
), Sutfunc acid (HjSO*) in water solutions at concentrations of

(N3OH) in water solutions at concentrations of 0.080% by weight or

Samples should be analyzed as soon as possible iifliu J< A i l l i W "tlfifflRwmJili il are the maximum times that samples may be held before
analysis and still be considered valid. Samples may be tiitd ferHMGPr&WfedB <>nly If the permittee, or monitoring laboratory, has data on file to
show that the specific types of samples under study are sM^fQrJ$MjJon()aMJ?njfcfog has received a variance from the Regional Administrator
under 136.3(e). Some samples may not be stable for the ma^S?OTJirjr^ p ^ r ^ j j j y ^ t n l h e table. A permittee, or monitoring laboratory, is
obligated to hold the sample for a shorter time if knowledge extll»fe»noW mat titi&WimMtoary to maintain sample stability. See 136.3(e) for
details. . - I r ^ - "

Should only be used In the presence of residual chlorine.

Maximum holding time is 24 hours when sulfide is present. OptKjnally^fil i i iaif JHiVhif'iMilllWlhlead acetate paper before pH
adjustments in order to determine if surftde is present If sutfide is present, it can be removed by the addition of cadmium nitrate powder until a
negative spot test is obtained. The sample is filtered and then NaOH is added, t

Samples should be filtered immediately on-site before adding preservative

Guidance applies to samples to be analyzed by GC. LC. or GC/MS for specific

Sample receiving no pH adjustment must be analyzed within 7 days of
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10.

11.

12

13

14.

15.

The pH adjustment is not req
days of sampling.

When the extractabte analytes
be observed for optimum safeguard ^ i
may be preserved by cooling to 4°C, JYJ

samples preserved in this manner may
preservation and holding time
footnotes 12 and 13 (re the analysis of be

SOP No: F.2V13
Page 22 of 22

Samples for acrolein receiving no pH adjustment must be analyzed within 3

If 1.20tpheny#iydraone ts IHety to be present;

Extracts may be stored up to 7 days before analysis VfttMtg* * <

For the analysis of diphenylniirosamtne. add 0 008% N a ^ , O , and

The pH adjustment may be performed upon receipt
collection. For the analysis of aldrtn, add 0.006% Na*SiO*

chemical category, the specified preservative and maximum holding times should
n the analytes of concern fall within two or more chemical categories, the sample

0.008% sodium thtosulfate, storing in the dark, and adjusting the pH to 6-9;
extraction and for forth days after extraction. Exceptions to this optional

the requirement for thiosulfate reduction of residual chlorine), and

to 4 0 • 0 2 to prevent rearrangement to beruidine.

(fader an Inert (oxidanl-free) atmosphere.

to 7-10 with MaOH w*Nn 24 hours of samplng

omitted I the samples are extracted within 72 hours of

* 'J'..
•ye...

•.r.V.ft»>..

TgT i
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SOP No: F.3 i..

Title: Sample Logging and Record Keeping ,•: -.. ,v

Scope: This Standard Operating Procedure describes stedMto bejjaken i
samples and the records to be maintained by thmjjfinple ijpntro!

1.0 SAMPLE LOGGaMG PROCEDURES

11 Al hcomng urnfjts must | * inspired ibflttnetfyi
Receipt inspector Privation and-Smage 9*n|jtion

1.2
; ' . • >

must tiaM i^rtfhqijioiii to differentiate between
«*risj.according to the identification
t i rwork and check the actual samples

contact** chant

dstnt papanworK ff there rs an inconsistency between the
and tht papatworti. the project manager will be notified and w l

StifeiftfttQeipt Checpst itdescribed in SOP F i
*• ' ' - I . 1 <

piEfc* shall be noted in the Comments section of the

14

Lea* tie samples In sequence until new GPL Laboratories sample labels are
l ($•« Section 2 of this SOP) The sample labels must be durable and

Each sample container must be given a unique sample identification
Dumber provided by the UMS. Samples requiring refrigeration should be placed
on the "temporary holding" cart in the refrigerator (location A) until data entry
procedures are complete and a permanent storage location is assigned. Note
that samples requiring voiaUe analyses should be stored in the stand-alone
refrigerators.

If a sample does not pass inspection, the Sample Coordinator should
immediately notify the Sample Control Supervisor. Any discrepancies should be
recorded m the Comments section of the Sample Receipt Checklist (Figure 1).
The Sample Control supervisor will verify that the Project Manager/dent
Services group is notified and provides specific instructions to the Sample
Coordinator.
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1.5 To facilitate the logging process, a Sample Receipt Checklist Form must be
completed. If the project is governed by the EPA CLP program, then the CLP
form DC-1 (Figure 2)must be used, instead of the sample receipt checklist form.

1.6 A Sample Preservation Check Documentation Form (Figure 3) must also be
completed if any samples containing acid preservative are received.

1.7 Attach the diem paperwork to the sample receipt checklist, preservation check •
form and forward to the project manager group. After review bythe project •>
manager, 2nd approval, the paperwork must be returned to sample r«»Mn$;

2.0 SAMPLE LOGGING SUMMARY - DATA ENTRY

2.1 The Laboratory Information Management SystemsfkJMS;

Two LIMS programs are
LIMS system: The "Prpje#
In" program. ; '•

The Proj^Managartaiei*
cntenng pfljjecj.
Management

.*: *

Mm/ ralponsible for entering sample
o th*illjp> #Mf)g the "Sample Log-In" program.

:

<•- T^e LIMS •wtqteatidjaj^ assigns unique lab identifiers to the samples and
£; adduces fjinT$j)usa1tf Jjy managers to track every sample from log-in to

2.1 J ;^n»naB Project Information
-it-,, * £ ' , j ., ^ j • •

'.: ; i. Log onto Xenco

2.1.1.1 Create dient information
Select Contacts & Companies icon at left of screen (icon has
faces on it).
Select the Clients/Contacts tab.
Clear screen (brush icon at top of screen).
Select new dient (green + icon at top of screen).
Check Company button.
Check Client? box at the right of the screen.
Create client code using company name and city: te,
CH2M_GAINESVILLE.
Fill in company name, address, phone number, fax number and e-
mail, as applicable.
Select the zip code from the drop down menu. If the zip code is
not on the list dick on the Cities icon on the left of the screen. (It
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•••r:'<:

is currently blank).
Type in the name of the city that you need in the indicated field.
From the drop down menu select the state and then Save (blue
cassette icon at top of screen).
Click on the Zip Code button at the bottom of the screen.
Type in the new zip code in the indicated field.
From the drop down menu select the dty and then Save.
The new zip code should now be in LIMS
If the city name but not the correct zip code is already in LIMJjf;;
dick on the Zip Code icon on the left of the screen. (& js cuffchtty

«•*>• ... i f ""••" "
Type in the zip code in the indicatedflteld. pi
From the drop down menu select the-fcity a(j
The new zip code should now be in |
Close the Cities and Zipr Code!
Go back to the Contedjl antf£o4M»es sc
drop down menu saiectl
When aU information Hi
Companies screen.:

(Tab.
i (green + on right side of

r,Pontact screen, type in first name and last name of
-tiitfl caBtaatiR indicated boxes.
^pi«k ocCodls-iwx to automatically create name code.

, i'jjlaiiii^n60'1 Successfully Saved message should appear.
'Close Abd New Contact screen.
Contact name should appear in Contact/Company column
Select Contacts Info button on right, below the green + button.
Project Managers screen wiB appear with the new contact name
showing.
Click on Name box at the bottom of the screen.
Use the drop down menu to select the company name to
associate with the contact
(Typing in the first few letters of the company name win take you
to that part of the list.)
Highlight the company name and click OK or Enter.
The company should appear in the Name box.
Save screen and close the Project Managers screen.
The person should now be added as a contact for the company.
Close Contacts & Companies.

2 112 C r e # ifJdDtittt Wormatton
-"" "^ rtOompanfetf
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2 1.1.3 Create Project
Select Project & Quotes Management (P icon below W icon at left
of screen).
Select the first tab, Project Specifications.
Clear screen (brush icon).
Select new project (green + icon).
Position cursor in Client box.
Click on the Client drop down menu and find the company thai
you created • :5 ;
(Typing in the first few letters of the company name will tahelyoV ;
to that part of the list.)
Highlight the company and dick OK or Enta
The company name should appear ifrthe i '
Using the tab key or mouse, go to
project name. .:;

Go to Project 10 and type inAe Intentional):;
Cick on location box. Tb Acfjjajfcally I ' '
as the default (lab bcaftxft' V- « •
Cick on Manager box andtqr* t * \ftpp dc
contact that yav crtattd. .';. I* * ' ;%& aj-
Ckot Oti pr Briar. The poiytact £n*shoukfr»ppear in th *

thtf^np down menu highlight the

,;•£> r - ' ^ r ^ vj

Thetonbct name should appear in the
Dirvctor Box.
CM* o*LaB&M box and from the drop down menu highlight the
G^L prftjecrnpnager.

.or Enter. The name should appear in the Lab PM Box.
Project Client box and from the drop down menu

: the company name.
Chck OK or Enter. The company name should appear in the
Protect Client Box.
Ckck on the Default TAT Box and from the drop down menu
rugnfcght the project TAT.
Click OK or Enter. The TAT should appear in the Default TAT
Box.
Click on the Comments box and type in whatever info is needed to
provide an analysts with the project requirements. At a minimum
the type of data package and EDD requirements should be
shown.
Save the screen.
Xenco will automatically assign the numbered Project Code at the
top of the screen.
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:.1.1.4 Create Methods
Still in Project & Quotes Management select the second tab,
Methods Requested.
The Method box at the left top of the screen will be highlighted.
In the Method box type in the method that you want to add to the
project SW846 methods aH begin as SW###. MCAWW
methods begin as E##*. CLP methods begin with CLP_XXX.
The % sign can be used as a wild card if you doni know the exact
method number. ;.'. :• ;>
After you have typed in a method number, ddufbfe dick onH.
will bnng up all methods, which begin, with '
typed m, m the Methods Selection li#on
screen
From Methods Selection dick ai
method/matrix that yotfiwant to
Click on the single right arrggi I
this method to the Methodijifcr
Contmue setecbng meftofi "'
methods/matrices needed fcx

ifjpnor. setifrthe i
n##^ck.

arreov right

and

get to the

I ^e torrect prep method for each analysis is showing.
i»n] fc change the prep method, dick on the box

fwg Miprep code that you want to change and then click
fl* Jjefr^b-button at the top of the tab. This wiN bring up all
aocif£d prep methods n the box below the selected methods.

' the prep code that you want to use and then dick on the
targe blue up arrow on the bottom left of jhe screen. This will
move the selected prep up to the selected method.
You may save as you add each method or after you have all
methods and prep codes selected
Xenco wiO bnrtg up the message. Column 10 <QC Group {29}> at
Row X a Required.
Chcfc on the No box and the Successfully Saved message should
come up.
The project should now contain all methods needed to tag-in
samples.

If you need to make a change after you have saved a method;
select the box that needs to be revised, make the change and
then highlight the entire row by clicking on the line number to the
left of the line Click Save. This wiV re-save only the line that had
the change If you want to delete an entire method/matrix,
highlight the entire row by dicking on the Tine number on the left
and then dick on the Delete button at the top of the screen (red



GPL Laboratories, LLLP SOP No: F.3V6
Page 6 of 18

X). Xenco will ask if you want to delete this information. Click
Yes and the line will be removed. In order for a change or
addition to work you may have to click anywhere in the section
where you are making the change and click the Refresh button.
You should then be able to make and save the change.

2.11.5 Select Method Analytes
Still in Project & Quotes Management select the Analyses
Requested tab. ;
All saved project methods will appear in the t%tk>x of the screen.
Select the first method and click on the
of the tab. *-1 ijft | ;
This will bring up all analytes associijed wnj phi '
box on the bottom left. m | i j
Double click on the Description h§M|r bariftd '
sort in ascending <Mpxr$gp §fcr,
with numbers first
Select each compound Jh——.» w , "K^B^PJI y p m &\
specifications, andfrefcclfc f i $e£ngle !J$*$m5p0 # left f
of ft* box. t c t ^ e t h ^ r i p i t$trkright ttpf you waifto

' f e n §M>n the*pi compounf hold
Son', &&Wm to highlight all analytes at

. th*rfr#fcnne a p d ^ - M f m iirW^rrow to move them all to

/ / • : A'f grfa#yt^:fc «eM|ltteS:in«Tbr Nt the single left arrow to move it

J 1 "

^

If yoii pih't i r^a needed compound check the Prom Master box
(onfy'n^in«ii'shows) at the top left of the tab. This will refresh

*•' '.||he.«sJ i i | analytes to bring up every compound associated with
'•. theifethod. If you still can't find the compound that you need ask
;.' . the System Admin to add it to the method/matrix.
y ; You may Save as each compound is added or after all

1 compounds have been selected and moved to the right.
The message X Rows Successfully saved will appear.

The project is now ready to use for logging in samples.

2.1.1.6 Making Changes

Projects may be updated/revised as foBows:

Company address, phone numbers or e-mail can be revised at
any time by doing the following:

Select Contacts & Companies.
Click the Enter Query icon at the top of the screen (red
light turns green).
Check the Company box.
Type in the company code or company name. The % sign
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• • &

.rft *

. • » • (

can be used as a wild card.
Click the Search Query icon at the top of the screen
(binoculars).
Companies matching the code or name will appear.
If more than one company is found dick on the right arrow
at the top left of the screen, next to the number 1, to move
from one to the next until you find the company that you
w a n t ,;•'.
Edit the company information as needed^except Code)
and then Save. . ; ^ i

Project name, Project ID, Manager,
Client, Default TA and Comments r A be
doing the foBowing: |s

Select Project ©Quotes tyroemi
S t h f t § r - "r:"

£

kv.
IS

CHckmeEnt^
ight turns g*e$)

eerqfi,<3pie$ k£* at the top of the screen
( ) ' . * •• • • ' . ' • > ' • '

projects M ĵitchtng the code or name wll appear.
intone company is found dick on the right arrow
left of the screen, next to the number 1, to move
to the next until you find the company that you

*:M
» : ": ;V:'Type in the new information or use the drop down menus
| | '* '' to make the changes and then Save.

List of analytes for each method may be changed at any time by
doing the following:

Follow the steps above to find the correct company and
project.
Select the Analytes Requested tab.
From the top box, select the method that you want to
revise and dick on the Refresh button to bring up the fist of
analytes.
For each analyte that you want to remove from the bottom
right box; highlight the entire row by clicking on the line
number on the left
Click the Delete icon (red X) at the top of the screen.
Xenco will ask if you want to delete this information.
Click Yes and the analyte(s) wil be removed.
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To add analytes select them from the bottom left box and
use the single right arrow to move them to the right box.
Save.

Methods can be removed as long as they have never been used
to log-in samples.

Follow the steps above to find the correct company and
project. :':

Select the Analytes Requested tab first... - - '?
In the top box, select the method that j
and click the Refresh button to brin
Afl analytes must be removedifrom \
using the procedure in the pfjiyioust
method can be deleted. $•
After all analytai have be#jfelete
Methods tali >; ,u :•>!•:;
You may have«j rfftlfch jMfpeti
8b*e to dehftt it B'p ± §
High&gra thft entlrt'iroi* aocitaihing I

^ warmfeMe mt&k the delete b l l (red X). f
JkfiqBya avkf•yoowanteoa-tete tWinformatkxf
$|btYe» and the me»to4i>f*be removed.

3

A B ofg^D »toj»puter work station, there will be a configured
v ktxtti »»nvteCji)Bd 1JMS*. A sub-menu hem labeled "Sample Log-In"

,:. '•;•/ 'r jttvM DO acttvattd t»k>ed the Sample Log-In program. Either the
'. '7' '••' iprdJFapi *A pipmpe for a user ID and password, or else security

?: 1(ifermiboa«nfbe automatically supplied by the operating system.

•V '-•: k'•• Stnlsring sample information is compnsed of 4 parts: entering shipment
" " ••'" (work order) record, entenng sample records, entering sample bottle

(fraction) records, and assigning analytical jobs to the samples.

The details of the procedure win depend on the software version being
used, but the following are the essential basic steps for entering sample
information.

Enter the shipment (work order) information: project ID, sampling
information, shipping information, date received, and turnaround
time

Add samples, entering sample information: client's sample ID,
matrix, date of sampling.

Add sample bottles (fractions), entering the storage location, and
the container type.
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Assign analytical jobs to the samples by adding jobs and
assigning the appropriate job codes.

2.13 Schedufeng the Shipment (Work Order)

After entering aB the nformation pertinent to a shipment (work order), the
record! must be nsened into the LIMS Activate the function (available '
from the program's menu), for transferring the shipment (work on
theLIUS Once completed, the records are visible to aS laboratory i
chedung and schedufcng modules. New work ordets a » |
when completed by sample management HVortc j f t | |
by the project manager and given status 30U*hen

2.1.4 Pnnmg Forms -A

After the wort otter • complete. tnfijjB jg»di»amp»fe

9% the tests to be performed on tnt SjinttleC

err^n: . . e ^ £ i*
:. . . .•-•." T ! ' - t i %<:H

» i p h | f C t d (JTi 4 )of Custody (JTigurr 4)
d t i h i d k hsts ail scheduled tests (Figure

C^aip of Custody (Figure 6).

,.;. I ;. ., Fonnsiraf be>prre»jlWnndjaily or using batches to redirect the form to
•.??'• *• •{• *': ; rs propr deBflnatxm wrhm the facility.
!• .il

v : . 2.13 Mating Correct***

•:' • After a snipment has been logged in. it may stdl be modified (for example,
a cfcem may rtque*! additional analyses) Samples may be added or
deleted, and jobs may be assigned or deleted after the shipment has
been scheduled Paperwork must be re-submitted after changes have
been maoe to alert project managers and laboratory personnel.

A correction may be required using the Analysis Request Form (Figure
7)

2.2 Labeling the Samples

2.2.1 Obtan the labels from trie label printer Remove the labels from the wax
paper backing and place on the corresponding samples. Verify that the
correct label 4 bemg attached to the appropriate sample. Do not conceal
any information that the client has provided on the sample.
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2.3 pH Check for Preserved Samples

2.3.1 Chemical preservation of water samples is required by EPA for certain
test parameters. SOP 12 "Sample Receipt, Inspection, Preservation,
and Storage Condition Requirements" provides detailed information on
this aspect of sample log-in. Special Note: Samples submitted from the
Sample Management Office (SMO) under the Contract Laboratory
Program (CLP) shall NOT be pH checked.

2.4 Organization of the Paperwork

2.4.1 Sample Receiving \t>[

Internal Chain of Custody fj!
Subcontracted Chain ftCustody # . $

2.4.2 Subcontractors

(sample botOe)/Test Sheet

^Supervisor will notify the appropriate Project
r viherfSamptes arrive that have a maximum holding time of 48

s, or require immediate analysis.

^Receipt Notification

••-2.6.1 Some clients require notification that samples have been received. In
such cases, the project manager supplies a copy of the COC, along with
a copy of the sample receipt check list(figure 8).

3.0 SAMPLE STORAGE

3.1 All samples received for analyses are logged in according to the procedures
detailed above and must be stored in such a manner as to maintain their
integrity. Discrete sample locations based upon type of sample have been
identified and are listed in SOP F.4, "Secure Sample Storage". Sample Control
is maintained with restricted access at all times.
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4.0 SAMPLE TRACKING

4.1 Samples may be'distributed for analysis only after they have been logged into
the LIMS system Once a sample has been logged and stored, laboratory
personnel must submit a request to Sample Control for the samples in
accordance with the procedure described in SOP F.1, "Sample Chain-of-
Custody" The analyst is ultimately responsible for the integrity of the sample
while it is m his/her custody Samples are to be returned to simple Control
immediately following analysis. •'..-* ::<V.

5.0 FINAL DISPOSITION OF SAMPLES

5.1 Commercial samples are kept for at least 90
received. After 90 days the samples fredisi
by the dient Disposal of all samptes|hust be
l09book .' % M f 1

Jill thi u. L\

5.2 Samples submitted for inorganic
Program

If-

year after data ubmi t t *a"

5.3 After the
the

i ^ of unless a written notice to
mite;l«sflbs»i* of all samples must be recorded In

. 16OP D:t Analytical Dirisi&Uboratory Waste Handling and Storage
•;,; • •*- Vtomdimeifpiondm ^tailed guidance on the disposal of laboratory samples.

, 1 •••r-
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Figure 1
Sample Receipt Checklist

W.O. No:

Client Name:

Date Received:

Time Received:

Received By:

Carrier Name:

Prepared (Logged In) By:
Initials Dale

Project.

Site:

VOA Holding Blank I.D. No:

AirbOVManifMt Present?

No

YES NO
Trip Blanks:
Field Blanks:

•tf:

Shipping Container in Good Condition?

Custody Seals Present on Shipping Container?
Condition: Broken

Intact-not dated or signed
Intact-dated and signed

Usage of Tamper Evident Type

Chain-of-Custody Present?

Chain-of-Custody /
M% ^n\•k _^_ k*J»^rifl$Sriipping Container?

Si \ ' . ::!i:'t'
,Ji. f i _ Container # Temp. Container t Temp.

Custody! »eais on Sample BottlM?

Total Niimbw- of: Sample Bottei
, ; : - t * • * • " ; ' - I

1
- y

Total Numbar of SampM ^

Samples Intact?

mple Volume for Indicated Tesl? Project Manager Contacted?
Name:
Date Contacted:

Any NO response must be detailed in trie comments section below. If items are not applicable to particular samples or contracts, they
should be marked WAI

COMMENTS:

Checklist Completed By:.

Date:
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Figure 2
FormDC-1

SAMPLE LOG-IN SHEET

U s Name

Received By (Print N**ei

Received iy (Signature*

Cue Suatoer

fcmarks:

1. Custody Seal If)

2 . Custody Seal Koa.

2. Chain-of•Cuitody
Records

la;aci/lroe.en

4. Traffic Reports cr »re»«pt/j>Sta*^ ' ". •
Packing List* « \ . v *$ . •

S. Airbill jp AWeJ*l/|i.csV "' >.'

S. Airbi l l No j •*•+ • ;„ * . • •>.

J ^ j" ?" ^S

UStW/Mtu Unea at
Qt.AiPt -COitoT/

9. Cooler Temperature " freeem/Absent*
lodieator Bottle

10: Cooler t'eaperatnre

11. Dqe>» iaforaatlon Tet/Ko*
oo-^Mitody record*.

TwfUlc Report i . and
fas0l* tags agree'

15 Date l.c*iv»d «t Lab

11. Tine Received _

Sample Traniicr

Fraction

Area «

•y

On

fraction

Area •

»y

On

Saifile Delivery Croup ifeV ,:^

jjMy

• •'' 3 i';

" , N • •;

Page c; __

• Contact

Reviewed

Date

SMO

By

aod attach record of resolution.

LogJxxW.

Logoook

No.

Pag. No.
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Figure 3
Sample Preservation Check Documentation Form

Work Order

Paramatar.

Preservative:

pH Value

Client ID

•I- i

• : • • • ( . • . . • • • . , : •

. .

• : • • • . ' ,

. . . .

••£*)."••• •'

Metals

KN03

<2

•

•X [:•

Phenol

H2SO4

•

J'H- " '•

4 J J ' •••

TPH

O&G

H2SO4

<2

X'1-

l ' - ' 1

.- -i'

Classical

Parameters

H2SO4

<2

•I -'

• . . I *
k? -! ffi

• ' . ; • •

Cyanida

NaOH

I ' 1 ' " ' • *

'+• ? "ft

^ %

;f „, 1?

SulMa

NaOH

>9

•r
i.- i

r1i

.

Radiology

H2SO4

••:fr

lii; ^ £
-j |

ill

Othtr

Preservations ::-|

li'ii : :

1 1 1 Sr

Sampl* Prwarvation Cheek Performed By: Dttt:
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Order: 211092

Samples Sign-On

Fraction Released By

ML

. . . $ '•"••

. , •. ' _ i . r

• •'.. -'•'• r • - | V - '~

. : ' ' • ' • ' ' • • • ; • • ' •

Received:

# Containers

Date

'.•'• • ' •

h >- "r

Figure
GPL Internal

16-NOV^C

'Time

;•

A * ••* •. ' .

- 1.

•

•

4
C-O-C

Releases To

-d

• r. : .V :»-IM

• * .
• - . . -t'

Received By: David CABILLAS |

Keep For': 90 Days

Sample Return

Drf/Eme^;

'i If ̂ ft

Wf. i» i 1 1

.it ^

-

• 1
Deposition |

MS 1w f 1P i 1y f 1

11
111

11111111
1l
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Figure 5
GPL Work Order

Laboratories

Work Order*: 211092

CPLP Amy Edward*

Projeet #: 7833

Project Nam LI4 25024

Comments: EXCEL EDD
GPL Level IV

Work Order Approval Page I o f l

DHUReceived Nov-16-2002 Client: O'Brien*Gere ; ';:..%
Fax D«« Date: Address: 700} Tf*)»th Atlantic tyjuSuije.202
HC Due Dateffcc-16-2002 Cad-."'

EDO D « Date Dec-) 6-2002 .. • • • « * . .

APPROVED c f c : J f c f i r f l jfe 1 1 |
79951 IB 1 1 ^ i i

«s i l l ! if

U b I D : 211092-001 Field ID:
MtthodfJamt

U b ID: 211092-002 Fttkl ID M«|Wi->1^at»*oltotted: ^ O
Com toe r«w» Clou AT ommcnti

NCTHI
HuMni,fM«tr»lilc (TPS A-5B COOL

A-SB NCPH2

ubn>'2*ii«»oga r
MuhoANamt
M»raryb3rBI*Ai*7«A

• -

•VVfA-* Ont^tolkcted :
Cr

w
w
w

14-NOV-02
Cow titrate Loc

2 A-5B

I A-SB

rtsmv Class
NCFU2

COOL

NCPH2

AT ommenU
SO

no
TD

U b U>: 2UO9lrOM Field ID
t-M .1 J I I _ . . _ ' ' ' .

MCWR02 D«teCull«ted:14-NOV-02
O Com ID

FilHnMc (TDS) »y EPA 1(0.1 w A-Jl COCW. 2SO

Mmli br " A «HB A-SB NCPH2

Approved By: Date »nd Tine Approved :_
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Figure 7
Analysis Request Form
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SOP No: F.4

Title: Secure Sample Storage

Scope: This Standard Operating Procedure describes the
secure storage eorxMons for laboratory samples aM e;

. , 4 SS &
1.0 SAMPLE SECURITY

1.1 Sample Control

The Sample Conaot «sjffy JMbe i
and stored It is i
all times and i

area. It is locked at
supervisors have keys to

ones, a sample request is
the samples. Samples are

proper cham-of-custody documentation

n w i resufl in extracts which may be stored prior to instalment
' IHese extracts ate n-ointained under secure conditions in locked

poor to anarysa) and. where applicable, for storage of the extracts.

2.0 SAMPLE CONTROL STORAGE LOCATIONS

SOP F.2," Sample Receipt. Inspection, Preservation and Storage Condition
Requirements * includes information on the storage conditions required for samples
analyzed by the laboratory.

Sample Control maintains storage areas for both room temperature and refrigerated
storage of samples. Each vtdmdual storage location (refrigerator or storage cabinet)
has a unique identifier code Within each unit each shelf is also identified with a tag for
further traceabiirty of storage location. Each individual location designation, location
description and the sample assignments are detailed below.
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Location Designation

A-itoA-8

A-13toA-18

A-19

A1

A2

A3

A9

A10

SOPNo:F.4V6
Page 2 of 5

Sample Assignment

All samples which

require refrigeration
except VOA samples

VOA soils only

VOA water only

VOA<

A11

Location Description

Walk-in refrigerator.

Shelving Units

Reach-in refrigerator

Reach-in refrigerator

Reach-in refrigerator

Reach-in refrigerator

Reach-in ret

jeration

•**-*• *|P!!|AH samples which
" require refrigeration

except VOA samples

All samples which
require refrigeration
except VOA samples

Room Temperature Cabinet All PE samples which
require room temperature
storage

Room Temperature Cabinet Aqueous metals samples
which require room
temperature storage

Room Temperature Cabinet Aqueous metals samples
which require room
temperature storage

i 4l'i .j^idiil! _.;• >'•? i & i

Room Temperature Cabinet Extra cabinet



GPL Laboratories, LLLP

8
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' • * •

'Mr

SOPNO.F.4V6
Page 3 of 5

Room Temperature Cabinet PCB samples only

Walk-in #2 Afl samples which
require refrigeration
except VOA samples

10

Room Temperature Cabinet TCLP extract storage

Room Temperature Cabinet TCLP extract storage

In order to monitor volatile storage area for cross contamination, thelaboratory I
least one storage blank in each volatile storage area at a l times,
from each storage area must be analyzed. The storage blank da
in VOA section. If storage blank analyses provides evtderj|e of i
during storage, corrective action must be taken. jH:

3.0 SAMPLE EXTRACT STORAGE

3.1 Organic Sample Extract Storage !;« &

Organic sample extracts are
They are stored
analysis. One
another is
maintained
superviso
ente:
the

complex is
Only employees and

the combination needed to
refrigerators is documented on

1) Sheet for each refrigerator. Organic
by and remains in the custody of the

^ metal analysis require a digestion process. The resulting
t rngm are transferred to the Metals Laboratory for storage. The sample

# Jigei&te bottles are placed in plastic trays labeled with the sample groups Work
*• Order number and are stored on designated shelving units within the High

Concentration Laboratory portion of the Metals Laboratory complex. The Metals
Laboratory is maintained as a secure lab through the use of cipher locks. Only
personnel who work in the area are given the access code. Metals dkjestates
are received, signed by and remains in the custody of the metals supervisor.

3.3 Wet Lab Digestate Storage

Digestates produced in the Wet Lab are stored in a designated refrigerator
located within Sample Control. Wet chemistry digestates are received, signed by
and remains in the custody of the section supervisor.
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3.4 VOA Samples

SOP No: F.4V6
Page 4 of 5

VOA samples are received and signed by the VOA section supervisor and stored
in the refngeralor located in VOA lab prior and after analysis, until returned to the
sample management office. Samples remain in the custody of the VOA section
supervisor at a'l times and the supervisor assigns the samples to designated
analysts The VOA lab is maintained secure by the use of siphon lock on all exit
doors. Only the designated staff have access to the VOA lab.

4.0 SAMPLE STORAGE CONDITIONS

4.1 Room Temperature

Room temperature storage cabinets are maintaii
samples are being stored or retrieved. Room1

recorded by Sample Control personnej daily. Exc
avoided S * K » Ine area s heated and&ir condil

4.2 Refrigerated Storage

Refrigerator temperatures ar».monh
temperature Is 4 &*C
section*
repar m requvadtM
G.6, Temperpuna

supervtsoT. If
Please see SOP

4 *;:a:
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SOP No: F.5

Title: Sample Container Quality Assurance Program v.i

Scope: This Standard Operating Procedure details the QiiSity
providing sample containers for use i f the colleriS«} of a

1.0 PURPOSE

1.1 The purpose of this p rc«^^ is ' t t (39 f i r l (^ | i re^
provides fully traceable, properly doctimfhted templing bofees of known quality
to field sampling operations. : >V :f: '. v> -•]• r

2.0 EQUIPMENT AND.

I Chem level 300- praHcteffiejg aijd certified

1:1 HNO, - prepared by adding equal quantities of metals grade nitric add to
laboratory ultra pure water

- 1:1 H2SO« • prepared by adding equal quantities of metals grade surfuric acid to
laboratory ultrapure water

- 1:1 HCL - prepared by adding equal quantities of metals grade hydrochloric add
to laboratory ultra pure water

5N NaOH - purchased as 5N solution

Hexane 2ml (pesticide grade)

Sodium thiosulfate 0.008% in water

2N-z/nc acetate

Ascorbic add

•a ; m ;i i ; - ! (.-ii- I P"J'
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CAUTION: Extreme care must be used when preparing solutions. Each solution
be prepared in a hood and the preparation container must be cooled to
prevent breakage. Always add acid to water when preparing solutions.

Personnel Safety Equipment

Safety glasses/goggles J.'
Rubber gloves •;.;.;- ;~&g
Lab coat .
Lab apron -;

3.0 SAMPLE CONTAINER DOCUMENTATION

Sample containers supplied by GPL Laboratories for cgfjigtion &ftan|»l<£ i j |
must be of the right type, appropriately p&pyredpiiBd pid&erly djir - i ' - - i i L ' "

3.1 Documentation of Sample Container-fleceipt \ , r;" : ' ; i ;

3.1.1 After sample containers have been checke^mrojgithe Sample'
Management gnup. the $f n>ffc tyanagj^ftnt group supervisor inspects
the amverf boxes and deternffief tri* cenolbn of sample containers

I and places them £i container storage room.

••-- 5 V

3.1.2 Class 1 sampli cont»«*ri jirehipre-cleaned, tested and come with
Ceritficatet of Analyst. ib\ numbers of the containers are noted on the
botte request iheels and Certificates of Analysis are gathered and
placed in the Certificate of Analysis files. Lot numbers are not assigned
by the lab since they are already assigned by the supplier. Class I
sample containers do not require testing and are placed on the
designated shelves for immediate use.

32 Sample Container Storage Area Monitoring

3.2.1 It is required that sample containers be stored in a contaminant-free area
to prevent container from being contaminated with potential analytes. To
meet this requirement the storage area shall be continuously monitored
for volatile contaminants.

3.2.3 A certified 40mL VOA vial shall be filled with laboratory ultra pure water
and placed in the storage area. The vial shall be changed bimonthly by
volatile staff. The vial which was removed shaD be analyzed for volatile
organics. When the data is reviewed by the Lab Director it should be
noted that any peaks represent contamination. Contaminants shall be
identified, possible sources investigated and recommendations made to
management on how to reduce the problem.

- 'i i: T ; 'arm !i:i .:\\ i-fl1 Mil T-r.trrf.vr n I1. I lil.tt:
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3.3 Sample Container Storage Location

Sample containers are stored in the office in hallway by the computer room.

4.0 SAMPLE CONTAINER SPECIFICATIONS

4.1 The containers required, whether plastic or glass, must be of good quality, iiiusl
be used with teflon liners were required, must seal c o m p l j k ^ d j f ^ i j
any way compromise the integrity of the sample. p ^ i n e ^ p u f
always be new and shall be discarded after use. • ; .-'V % ; : ^ i ?§

4.2 Plastic bottles shall be made of High Density
fitting pofyethytene or polypropylene caps.
polyethylene (HOPE) with a p o l y p ^ ^ n e p ^ p
polyethylene coated Sner. GlassiiotQes $m be ntade ^
amber glass as needed and shall tiaVe teffoB oap liners supplied.

5.0 SAMPLE CONTAINER PREPARATION - ' ^

5.1 Client orders for bottle requests are completed initie sample receiving area as
per the request of fhe project mafiager. A bottle j^feparation form must be

^ i ^ i The document specifies thep K j p j ^ L ( ^ i ^ ) p
client requr»nen& of the botSe ^le^ccording to the analyses. The information
includes the bottlf staftyptf. mqAejrpreservative, acid lot #, client information,
bottle QC and-other pertinlRttjrifdYmation. Bottles are prepared according to the
Information recorded on the preparation sheet and are packed in coolers for
shipment usng either bubbiewrap or vermiculite (bubWewrap unless otherwise
specified). Coolers win also contain a chain-of-custody form, custody seals, ice
packs and trip blanks, when specified.

5.2 The' following information details the preservation procedure for Hie listed
methods'

Metals analyses in water

500ml plastic add 2ml of 1:1 HN03
1 liter plastic add 4ml of 1:1 HN03

Ofl and Grease or TPH (418.1) analyses in water.

1 Dter amber glass add 2ml of 1:1 H2SO4

• Cyanide analyses in water

1 liter plastic add 2ml of 5N NaOH

• • i - ' t r •? ••aMrri:i:i-f r-!f :i;r. r-itrirr-r:- —--M--—t-ntir-
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BNA, Pesticide, PCBs or Herbicides in Water.

1 liter amber glass • unpreserved, unless specified by client

Volatile analysis in water ,.

2x40ml VOA vials with 1 ml of 1:1 HCL or unpreserved

The addition of preservatives is not necessary for bottles d&fgi
soil samples. '•' -^ ^ fyl

To prepare a sample trip blank, completely (zero-r^adsppfte) fill S §
ultra pure water. HCL is used as a pafeservativei^ wheX-the O*JBT3?I
are preserved. ~J .-- ?^^f ™

5.3 Documentation - ** ^ -^

Lot numbers of both aadfiflr^txJt&M are ^rardedWthe botUepwrth the
bottle preparation farm. Arafy # the fcrmfte subttftted to the cfent and
a copy is mfintained irflheoh--client fife|rJT> the sample receiving
department ;'' -f ; ? îv \\ -:' '•'•;/''

i—- n i . :1'gm
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Table 1

SAMPLE CONTAINER
SPECIFICATIONS

Container
Type Specifications

A Container 80 oz. amber glass, ring handle bot t le^ , 38
Closure: blue phenolic, baked polyethylene cap, 3flj-430
liner. V

B Container 40mL glass vial. 24mm nfck finish
Closure: blue phenolic, open-top, 6C*ew cap, ^
Septum: 22mm disc of .005 inch fcfloti latfvtedioni20 irjc*
thickness of .125 inch. ' (y \Z:.' ^ %

• • • - • • - -. / " ^ ~ - - ?

C Container 1 liter high-density polyethylene, cylinder-round bottle, 28mm neck
finish. •. ' : " ; . • . - _ . -
Closure: white polyethytene, bjueVribjfect, 28-410 size; F217 polyethylene liner.

D Container t2bmL wide mouth, gJasjVial, 48mm neck finish.
Closure: btue polypropylene t»p;-48^00 size; .015mm teflon liner.

E Container 16 oz. tall.-wid* mouth, straight-sided, flint glass jar, 63mm neck
finish.
Closure: blue phenolic, baked polyethylene cap, 63-400 size; 0.15 mm teflon
liner. " " ' ~ '

F Container 8 oz. short wide mouth, straight-sided, flint-glass jar, 70mm neck
finish.
Closure: blue phenolic, baked polyethylene cap, 58-400 size; .030 mm teflon
liner.

G Container 4 oz. tan, wide mouth, straight-sided, flint glass jar, 48mm neck
finish.
Closure: blue phenolic, baked polyethylene cap, 48-400 size; .015 mm teflon
liner.

H Container 1 liter amber, Boston round, glass bottle, 33mm pour-out neck finish.
Closure: blue phenolic, baked polyethylene cap, 33-430 size; .015 mm teflon
liner.

5
r r ! .3713 F ! i - i . " i •• ' I III r i •' -, I ;l • I T T t j . r l t . ."
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Table 1

S A M P L E C O N T A I N E R
S P E C I F I C A T I O N S

(Continued) :

Container , i::. j-S'.'i "& ff
Type Specifications • - ^-'4 5T ?•£ .'§!&

J Container 32 oz. t a l . wide mouth, straight-sided, flint glass jar, J |
finish. :--• ;. ''''.•• .:" S^ [ S JSg-
Closure blue phenobc baked polyethylene cap;NJS-400isfee; .OiSmjpt8lc>rj ^
hner. . . ;;-.'. • " .-•; ."• •/.: r K S «"•

K Container 4 Her amber glass, ring ̂ andie Boftte/jqfl, 38mm niclcllnfeh;-' ;^ r

Closure blue phenobc. baked polye*y»necap. 3S-430size; :015mm tt|on -:;'
Bner. ' ; ' * ';•:.

L Container. SOOmL rwgh-densfty pptyathytene, cylinder-round bottle. 28mm neck
finish. " ' •'• :.- :

Closure whft»pojypropylene ea»^ blue ribbed. 28-410 size; F217 polyethylene
liner.

:r-ff ana ; :i.i. .rr-i—i*ri
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Table 2

BOTTLE PREPARATION REQUEST

RaquMMBy:

Data R a q u M fay C M I *

8fapfflBnt Address? _ . . ^

IMhod of SNpcMflt

MMS

NO. Of

BottM

' . ' • " - ' _ "

Botf.8***.

> •_ ; . .. • r ^ '

• . " ' . , . . - • • : . • _ ' •

' • • - : " . • " : - • . ' - r - : :

-'..-'• "?5

• ' ' . " ' •

- ; -

1 | i*|i IP 1

VOATiipl

Ceoton:

letPMks:

cf Cuaody Fawr

CwtDdySMlc

Y M

Y M

Y M

Y M

Y M

Y M

AM boohs m EPA CwfffiW Chan Lmf f

MLMll

OMiBal

TBMNC

Lai Numtar

ShjpiMdBy: •Whod of StapnBfvTisdunp Noc

,'iiiii.i i JI..r Tt-t . i .
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SOP No:

TWe:

M.7

Method 5035 -Closed System Purge-and-Trap an
Organic* in Soil and Waste Samples

1.0 SCOPE AND APPLICATION

1.1 This method describes a
of volatile organic compounds
and solid waste). White the

low levels of VOQI.
solid samples
These
determinatiy

oily!
appropriate'
, but not limited to,

- generally applicable to and sols and other solid
in the range of 0.5 to 200ug/kg.

t compounds (VOCs) are determined either by collecting an
' 5g sample, weighed in the field at the time of coftedion, and

I it in a pre-weighed vial with a septum-seated screw-cap (aee Sec. 4) that
r contains a stirring bar and a sodium bisuffate preservative solution, or

"see Section 6 4 3. The vial is sealed and shipped to the laboratory. The entire
vial is then placed, unopened, into the instrument carousel Immediately before
analysis, organic-free reagent water, surrogates, and internal standards (If
applicable) are automatically added without opening the sample vial. The vial
containing the sample is heated to 40*C and the vottfles purged into an
appropriate trap using an inert gas combined with agitation of the sample-
Purged cornpooents travel via a transfer line to a trap. When purging is
complete, the trap is heated and backflusned with haHum to desorb the trapped
sample components into a gas chromatograph for analysis by an appropriate
determinative method.
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2.2

SOP No: M.7V4
Page2oM6

High concentration soil method - generaly appicabla to soils and other solid
samples with VOC concantrations greater than 200ug/kg.

The sampie introduction technique in Sec. 2.1 is not appicable to aH samples,
particularly those containing high concantrations (generally
greater than 200noAg) of VOCs which may overload either the volatile trapping
material or exceed the working range of the determinative instrument system
(e.g., GC/MS. GCFID. GC/EC, etc.). In such instances, this method describes
two sampie co lection options and the corresponding sampie purging
procedures. :, £

2.2.1 The Hist option is to collect a bulk sample in • vial
container without the use of the preservative,!
2.1. A portion of ftat sampie is removed
laboratory and is dnpented in a water-
voiatle organic constituents. An aliquot of I
reagent water in a purge 1
applicable) are added to I
and analyzed by an i
procedure InvoVes i
some v o t e * const*

2.2.2 The
that contains 5mL of a

At the time of analysis,
liquot of the solvent is removed

and analyzed by an appropriate

I - generaly applicable to oiry samples with
I^NMter than 200ng/kg that can be dfluted in a water-

i in the purge gas and from organic compounds out-gassing from the
I ahead of the trap account for the majority of contamination problems.

The analytical system must be demonstrated to be free from contamination
under the condMons of the analysis by running method blanks. Theuseofnon-
porytatrafluoroathytene (non-PTFE) plastic coating. non-PTFE thread sealants,
or flow controllers with rubber components in the purging device must be
avoided, since such materials out-gas organic compounds which wil be
concentrated In the trap during the purge operation. These compounds wHI
result in interferences or false positive* in the determinative step.
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3.2

3.3

3.4

SOP No: M.7V4
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Samples can be contaminated by diffusion of volatile organic* (particularly
methytene chloride and acetone) through the septum seal of the sample vial
during shipment and storage. A trip blank prepared from organic-free reagent
water and carried through sampling and handNng protocols serves as a check on
such contamnafaon.

Contamination by carryover can occur whenever high-concentration and low-
concentrstion samples ere analyzed in sequence. Where practical, samples with
unusually high concentrations of analytea should be followed by an analysis of
organio^ree reagent water to check tor cross-contamination. If the target
compounds present in an unusually concentrated sample;
present in the subsequent samples, the analyst must i
compounds are not due to carryover. Conversely, | 1
not present in the subsequent sample, then the arlly
water is not necessary. |jj

la?
The laboratory where voiatte analyst is |
solvents. Special precautions mtyijt pe ta
The anatyDcai and sample i
sources of methytene chloride, <
Snce methytene chloride <
•net and pupa gas |
tubng
fumes dunng ires can contribute to

solvents in the laboratory
to random background levels

I trap system employed at GPL requires 40ml dear screw cap vials
I low bleed septa.

f-Trap System

The purge-and-trap system consists of a Tekmar LSC-2000 trator
equipped with an Archon autosampler that automatically adds water, surrogates,
and internal standards (if appicable) to a vial containing the sample, purges the
VOCs using an inert gas stream while agitating the contents of the vial, and also
traps the released VOCs for subsequent desorption rrtoTthe gas enromatograph.

4.2.1 The purging device is capable of accepting 40ml vial that contains a 5g
sofl sample plus a magnetic stirring bar and lOmL of water. The device is
capable of heating a so9 vial to 40*C and hokfng t at that temperature
whie the inert purge gas is alcwed to pass through the sample. The
device is also capable of introducing at least 5mL of organic-free reagent
water into the sample vial while trapping the displaced heads pace vapors.
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It is also capable of agitating the sealed sample during purging (using a
magnetic stirring bar added to the vial prior to sample collection). The
analytes being purged is quantitatively transferred to an absorber trap.

4.2.1.1 The trap used for this method is 25cm bng, with an inside
diameter of 0.105 inches, made of charcoal and marketed under
VOCARB3000.

4.2.2 The desorber for the trap must be capable of rapidy heating the ...a
trap to the temperature recommended by the trap material manufacturer, ;;
prior to the beginning of the flow of desorption gas. Sftveral c o m n v a M l ••
desorbers (purge-and-trap units) are available. -:;ji^. ,. '?•[<%$,$:$

4.3 Syringe and Syringe Valves

4.3.1 25mL glass hypodermic syringes with Luerj jok (c
sizes are acceptable dependjjjjfr on j '" '

4.3.2 2-way syringe valves

4.3.3 25fiL micro syringe wj
(Hamitton#02N or,"

4.3.4 Micro

R, screw-cap, PTFE lined, septum-seated. Examine each vial
' to use to ensure that the vial has a flat, uniform seeing

surface.

Top-loading balance - Capable of accurately weighing to 0.01g.

4.4.3 Glass scintillation vials - 2 0 m l , with screw-caps and PTFE liners,
or glass cutture tubes with screw-caps and PTFE Iners, for dHution of oily
waste samples.

4.4.4 Volumetric flasks - Class A, 10mL and lOOmL, wrth ground-glass
stoppers.

4.4.5 2mL glass vials, for GCautosampler- used for oBy waste samples
extracted with methanol of PEG.

4.4.6 Spatula, stainless steel-narrow enough to fit into a sample vial.



GPL Laboratories, LLLP SOP No: M.7V4
Psg*5of16

4.4.7 Disposable Pasteur pipettes.

4.4.8 Magnetic stirring bars - PTFE-coated. Stirring bars are reused, provided
that they are thoroughly cleaned between uses.

5.0 REAGENTS

5.1

5.2

Organic-free reagent water - all references to water in this method refer to
organic-free reagent water, as defined in Chapter One of SWB46.

Methanol. CH,OH - purge-and-trap quality or equivalent
solvents.

6.0

5.3 Low concentration sample preservative.

5.3.1 Sodium bisurrate.NaHSO,- ACS reagent

5.3.2 The preservative should
and must be present in t

SAMPLE COLLECTION. PRESERVE

6.1 Preparation of

The specific depend on the expected
preparation procedures for tow
sol and sold waste sample*.

a>TJxed laboratory or other condoled
io the field location. Gloves should be worn

i tonoi

soil samples

lowing steps apply to the preparation of vials used in the collection
low concentration soil sample* to be analyzed by the doead-aystem

purge-and-trap equipment described in this SOP.

6.1.1.1 Add a dean magnetic stirring bar to each dean viaL

6.1.1.2Add preservative to each vial. The preservative is added to each
vial prior to shipping the vial to the field. Add approximately 1g of
sodium bisulfate to each vial. H sampies'jnarkady smafler or
larger than 5g are to be cotected. adjust the amount of
preservative added to correspond to approxJmalely (L2g of
preservative for each 1g of sample. Enough sodum bisulfate
should be present to ensure a sample pH of 52,
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6.1.1.3 Add 5ml of organic-free reagent water to each vial. The water
and the preservative w i form an acid solution that will reduce or
eliminate the majority of the biological activity In the sample,
thereby preventing biodegradation of the volatile target analytes.
If an efferesdng matrix is encountered samples should be
handled according to the procedure note in Section 6.2.1.2.

6.1.1 4 Seal the vial with the screw-cap and septum seal.

6.1.1.5 Affix a label to each vial. This eliminates the need 1
vis* in the field and assures that the tare wejg|^of
Indudes the label. (The weight of any
in the field is negKgUe). .,

6 1.1 6 Weigh the prepared vial to the nearest O.I
weight end write it onjie label.

6.1.1.7 Because voUtie
vial from the aqi
opened, si

to

the sample introduction

feted without a preservative.

jg pmpies are collected without a preservative, a
ci jpners may be employed, including 60mL glass
sews (see Sec. 4.4).

icentrabon toil samples collected and preserved in the field.

folowing steps apply to the preparation of vials used in the ooledion
of high concentration soO samples to be preserved in the field wth
methanol and analyzed by the aqueous purge-and-trap equipment
described in Method 5030.

6 1.3.1 Add 10ml of methanol to each vial.

6.1.3.2 Seel the vial with the screw-cap and septum seal.

6.1.3 3 Affix • label to each vial. This eliminates the need to label the
vials in the field and assures that the tans weight of the via!
includes the label. (Trie weight of any markings added to the label
in the field is negligible).
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6.1.3.4 Weigh the prepared vial to the nearest 0.01g, record the weight,
and write it on the label. Vials containing methanol should be
weighed a second time on the day that they are to be used. Vials
found to have lost methanol (reduction in weight of >0.0ig) should
not be used for sample collection.

6.1.3.5 Surrogates, internal standards and matrix spites (if applicable)
should be added to the vial containing the soil sample after it is
returned to the laboratory and prior to analysis.

6.2 Sample Collection |

This section is not applicable to the laboratory i
with sample coBection would help the analyst with|
Method 5035.

Collect the sample accordmg to
with any samping procedure for
disturbance of the sample in
components
relatively nar

'.and
handling the tared sample

devices such as
acut plastic

i sample collection device, collect
i of sample as soon as possible after the surface

I or other sold material has been exposed to the
fe. generaly wthin a few rrwwtes at most. Carefuty

i tha exterior of the sample collection device wtti a dean doth
or towel.

6.2.1.2 Using the sample coBection device, add about Sg (2-3cm) of soil
to the sample vial containing the preservative solution. Quickly
brush any sol off the vial threads and immedatery seal the vial
with the septum and screw-cap. Store samples on tee at 4°C.

NOTE: Soil samples that contain carbonate minerals (either from
natural sources or applied as an amendment) may effervesce
upon contact with the acidic preservative solution in the low
concentration sample vial. If the amount of gas generated is very
smal (ie.. several mL), any loss of votatlee as • result of such
effervescence may be minimal if the vial is sealed quddy.
However, if larger amounts of gas are generated, not only may
the sample lose a significant amount of analyte, but the gas
pressure may shatter the vial if the sample vial is sealed.
Therefore, when samples are known or suspected to contain high
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level* of carbonates, a taat sample should be collected, added to
a vial, and a checked for effervescence. If a rapid or vigorous
reaction occurs, discard the sample and collect low concentration
samples in vials that do not contain the preservative solution. Add
5ml of reagent grade organic free water to the sample vial. Then
samples should be shipped to the lab within 48 hours of collection
while kept at 4° ±2° . Upon sample receipt the lab must freeze
the samples at temperatures below minus 10°C for up to a period^
of 12 days. Overall sample analysis should bejwrformed
14 days from the colection date. Sample vjajgjgpust be
in the freezer to minimize the
expansion on the glass vial. .;i>-

6.2 1.3 When practical, use a portable bal
containing the sampleJp ensure
added. The balarajfr fjiould
appropriate weigh]
4.5.5). Record
to the nearest 0

6.2.1.4
length of the sol column in

the length of soil in the
i.5g. Discard each trial sample.

1 0 aqueous samples for voiatJIes. collect at
imples. This wBI allow the laboratory an

i for re-analysis. The second sample should be
i same soil stratum or the same section of the solid

I sampled, and wfthin dose proximity to the location
I which the original sample was coMactad.

.1.6 In addition, since the soil vial cannot be opened without
compromising the integrity of the sample, at least one addrbonal
aliquot of sample must be collected for screening, dry weight
determination, and high concentration analysis (if necessary).
This third afiquot may be collected in a 60mL glass vial or a third
40mL sol sample vial. However, this third vial must not contain
the sample preservative solution, as an aliquot wW be used to
determine dry weight If Ngh concentration samples are collected
in vials containing methanol, then two additional aliquots should
be colected. one for high concentration analysis colacted in a vial
containing methanol, and another for the dry weight determination
in a vial without either methanol or the low concentration aqueous
preservative solution.
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6.2.1.7 If sampiet are known or expected to contain target anatytas over
a wide range of mucenbaliunt, thereby requiring the analyses of
muKple sample aliquots, it may be advisable and practical to take
an addMonal sample alquot in a low concentration soB vial
containing the preservative, but collecting only 1-2g instead of the
5gcoeeded in Sec. 6.2.1.1. This aiquot may be used for those
anarytes that exceed the instrument caNbration range in the Sg
analysis.

8.2.1.8 The EnCore1" sampler has not been thoroughly evaluated by ESA
as a sample storage device. White preU
that storage tothe EnCore™ device may
48 hours, samples collected in this

I'

the e d sample vials as soon as
hours. Samples should be taken
shipped to the lab immeoiately
transfer the
etquotsof
the procedure In

the

in the field.

vials that contain methanol has been
preservation and extraction

procedure is not appropriate for use with the
described in this methodsod procedure

semptss ere known to contain volatiles at concentrations
high enough that the oiubon factor wtt not preclude obtaining
reeuRs wtttfei the celibrabon range of the appropriate
determinative method, a sample may be collected and
Immediately pieced in e sample viel containing purge-end-trap
grade methanol.

6.2.2.2 Using an appropriate sample coflecbon device, collect
meteiy Sg of sample as soon as possible after the surface

of the sod or other sofid material has been exposed to the
atmosphere: generally wttwi a few minutes at most. Carefully
wipe the exterior of the sample coUection device with a dean doth
ortowel. .
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6.2.2.3 Using the sample collection device, add about 5g (2-3cm) of soil
to the vial containing 10mL of methanol. Quickly brush any soil
off the vial threads and immedfrtely seal the vial with the septum
and screw-cap. Store samples on tee at 4°C.

6.2.2 4 When practical, use a portable balance to weigh the sealed vial
containing the sample to ensure that 5.0 ± 0.5g of sample were
added. The balance should be caibrated in the field using an
appropriate weight for the sample containers employed (Sec.
4.5.5). Record the weight of the sealed vial containing the i
to the nearest 0.01g

6.2.2.5 Alternatively, cosset several trial saqsjes w # p
Weigh each trial sample and note 1
the syringe. Use these data to i
syringe that corresponds to 5.0 ± I

,1! ™

6.2.2.6 Other sample
employed,
sensitivity of the

aliquot is required
as described in Sec.
should be shipped as

be dearly labeled as containing
are not analyzed using the dosed-

p equipment described in this procedure.

sample not preserved in the field.

i of high concentration soil samples that are not preserved
I generally follows similar procedures as for the other types of

i described in Sees. 6.2.1 and 6.2.2, with the obvious exception
ist the sample vials contain neither the aqueous preservative solution

nor methanol. However, when field preservation is not employed, It is
better to collect a larger volume sample, filing the sample container as
ful at practical in order to minimize the headspace. Such colectton
procedures generally do not require the collection of a separate aliquot
for dry weight determination, but it may be advisable to colleet a second
sample aliquot for screening purposes, in order tp minimize the toss of
votetlet in either aliquot

6.3 Sample handling and shipment
k..

AH samples tor volatiles analysis should be cooled to approximately 4°C, packed
in appropriate containers, and shipped to the laboratory on ice, as described in
the sampling plan.

10
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6.4 Sample Storage

6.4.1 Once in the laboratory, store samples at 4°C unta analysis. The sample
storage area should be free of organic solvent vapors.

6.4.2 Al samples should be analyzed within 14 days from collection date.

6.4.3
hours from coiection or transferred to 40ml VGA \
analyzed within 12 days. Refer to Section 6.2.1.2. J ; !

6.4.4 When the low concentration samples are i
calcareous in nature, the sodium bisulfate |
be'strong enough to reduce t|e) pH of 1
Therefore, when low <
suspected to be strongly \
may be required to |
of larger amounts of the i
samples,

thevial!
time for low

are employed, they should
project plans and datributed

See Sec. 6.2.1.2 for additional

i for the low concentration sol method and the high
High concentration samples are to be introduced into the

i using Method 5030.

sntrafon set method (approximate concentration range of 0.5 to
- the concentration range is dependent upon the determinative method

and the sensitivity of each analyta).

7.1.1 Initial Calibration

Prior to using this introduction technique for any GC or GC/MS method,
the system must be caJbratad. General cafcration procedures are
discussed in the related GC or GCMS method SOPs. Normaly, external
standard calibration is preferred for the GC rnjethods (non-MS detection)
because of possible interference problems with Internal standards. If
interferences are not a problem, or when a GC/MS method is used,
internal standard caabration may be employed.

11
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7.1.1.1 Assemble a purge-and-trap device that meets the specification in
Sec 4.2 and that is connected to a gas chromatograph or a gas
chromatograph/rnass spectrometer system.

7.1.1.2 Before i n * * use. a VOCARB 3000 trap should be conditioned 2
hours at 245«C by backflushing with an inert gas flow of at least
20mL/minuts. Priortodaly use, the trap should be conditioned
lor 10 minutes at 245*C with backflushing.

7.1.1.3 Estabssh the purge-and-trap instrument <
Adjust (he Instrument to inject 5ml i
40*0. and to hold the sample at 4 0 S for'
convnendno, the purge process, or 1
hetrument manufactujsr

reagent i
as thevolume used for
I before shipping it to the

added by the instrument),
also contain approximately the
Hate preservative as the sample

tof the preservative will affect the
ioftheanalytas. The kitemel standard solution

laddB automatically, by the instrument in the same
i used for the samples. Place the soil vial containing the

i in the instrument carousel, m order to caflbrate the
i using standards at five concentrations, it is necessary

to double the automatic addition of surrogates to each vial
ntaining a caHxation standard. Prior to purging, heat the

sample vial to 40*C for 1.5 minutes.

7.1.2 ConttnUng Ceibnrion

Refer to Method SOPs for detals on continuing calibration. A single
standard near the mid-point of calibration range is used for verification.
TWs standard should also contain approximately 1g of sodium bisutate.

7.1.3. dl i Units

Method detection limits for this method are listed in the GPL Laboratory
Method Detection Limit and Reporting Limit official book.

12
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7.1.4 Method Performance

The MDL concentrations fated in the GPL MDL book are generaly
obtained using organic-free reagent water. Results were also obtained
by extracting seven spiked replicates the same way as the samples and
analyzing them. MDL is defined as the minimum concentration of a
substance that can be measured and reported with 99% confidence that
the value is above zero. Precision and accuracy studies are performed
once a year et a minimum. Single operator precision, overs! precision
end method accuracy were found to be directly related to the ,.:
cancw Nation of the parameter.

7.1.5 Sample purge-end-trap

This method is designed for a 5g sample
may be used The soil vial * hermetically
end MUST remain so in ordefato guarai
Giovee must be worn whetf r
beentared. Ifanysolis :

be carsMy removed prio
the nearest 0.01 g. even
and recorsflha weig&r.Tf)fe

i should be advised on
I laboratory weights.

storage and allow M to warm to
the vial gently, to ensure that the

and that stirring w i be effective. Place the

si i-v '"•• V

instrument carousel.

'disturbing the hermetic seal on the sample viaL add 5mL
reagent water, the internal standards, and the

surrogate compounds. This is carried out using the automated
sampler. Other volumes of organic-free reagent water may be
used, however, it is imperative that a l samples, blanks, and
calbratiori standards have exactly the same final volume of
organic-free reagent water. Prior to purging, heat the sample vial
to 40*C for 1.5 minutes.

7.1.5.3 For the sample selected for matrix spiking, add the matrix spiking
solution described I Sec. 5.0 of Method 5000, either rnanualy. or
automaticafly. The concentration of the spiking solution and the
amount added should be estabishad as described In the mated
SOP. :

13
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7.1.5.4 Purge the sample with helium at a flow rate of up to 40mUminute
(the flow rate may vary from 20 to 40mL/min, depending on the
target analyte group) for 11 minutes whle the sample is being
agitated with the magnetic stirring bar or other mechanical means.
The purged anaJytes are aJowed to flow out of the vial through a
glass-lined transfer ine to a trap.

7.1.6 Sample Desorption

After the 11 minute purge, place the purge-and-trap system in the <
mode and preheat the trap to 245»C without a flow ofj
Start the flow of desorption gas at lOmL/minutB for;!j
Begin the temperature program of the gas i
acquisition. >#

7.1.7 Trap Reconditioning

After desorbing the
returning the
trap temperature at
trap heater and halt
cool, the

following the guidance given
SOPs. tf the concentration of

calibration range of the instrument, R wil
sample by the high concentration method,

only address those analytos for which the
the calibration range of the low concentration

if a sample aliquot of 1-2g was also collected (see
). it may be practical to analyze that alquot for the anaJytes

I the instrument calibration range in the 5g analysis.

method for sofl samples with concentrations generally greater

The high concentration method for soil is based on a solvent axliaction. Asofld
sample is either extracted or diluted, depending on sample solubility in a water*
miscible solvent An aliquot of fte extract is added to organic-free reagent water
containing surrogates and, if applicable, internal and matrix spiking standards,
purged according to Method 5030, and analyzed by an appropriate determinative
method.

14
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The specific sample preparation steps depend on whether or not the sample was
preserved in the field. Samples that were not preserved In the fieldare prepared
using the steps below, beginning at See. 7.2.1. If solvent preservation was
employed in the field, then the preparation begins with Sec. 7.2.4.

7.2.1

7.2.2

7.2.3

When the high concentration sample is not preserved in the field, the
sample consists of the entire contents of the sample container. Do not
discard any supernatant liquids. Whenever practical, mix the contents of.
the sample container by shaking or other mechanical means wRhoufe U
opening the vial. When shaking is not practical. quiaKJfcmix the i
of the vial with a narrow metal spatula and I

For soi and solid waste samples that are i
of methanol and 1 .OmL of the surrogate i
vial. Using a top-loading bah
the vial. Quickly cap the ]
0.1g. Shake the vial for:
methanol, but was i
above, but use O.OmL of I

methanol "or PEG
on the weight recorded

to the vial by injecting it
described above, and proceed

PI ml' of the extract from either Sec. 7.3.3 or 7.3.4
, using a disposable pipette, and seal the vial.

f the extract may be discarded. Add approximately 1mL
I or PEG to a separate GC vial lor use as the method blank for

t of samples extracted with the same solvent.

''The extracts must be stored at 4°C in the dark, prior to analysis. Add an
appropriate aliquot of the extract (see Table 2) to 50mL of organic-free
reagent water and analyze by Method 5030 in conjunction with the
appropriate determinative method.

If results are to be reported on a dry weight basis, determine the dry
weight of a separate aliquot of the sample, using, the procedure In Sec
7.3, after the sample extract has been transferred to a OC vial and the
vial sealed.

7.3 Determination of % Dry Weight *"

if results are to be reported on a dry weight basis, it is necessary to determine
the dry weight of the sample.

7.2.6

15
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NOTE: It is highly recommended that the dry weight determination only be made
after the analyst has determined that no sample aUquots w i be taken from the
60mL vial for high concentration analysis. This is to minimize loss of volatile*
and to avoid sample contamination from the laboratory atmosphere. There is no
holding time associated with the dry weight determination. Thus.tMs
determination can be made any time prior to reporting the sample results, as
long as the vial containing the additional sample has remained sealed and
properly stored.

7.3.1 W«gh5-i0g of the sample from tneSOmLVOA vial into a tared

7.3.2 Dry this afiquot overnight at 105eC. Alow to cool lr>
weighing Calculate the % dry weight as follows:

% dry weight * q of dry sample xjjjjOO $
g of sample

under the

is available to all

sefety glesses or e
cost

. generates can be handled in a fairly routine manner.
I the method for waste disposal of chemicals inducing

I rMgent solutions, and process waste, and samples is descrtoed
I Operating Procedures D.1 and D.2.

10.1 For definitions of terms used in this document, refer to GPL Laboratory SOP
G.14.

11.0 REFERENCES

EPA Test Methods for Evaluating Solid Waste, SW846, Revision 0, December
1996. i
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SOP No: M.5

Title: Volatile Orgarucs - Method 826OB

1.0 SCOPE AND APPLICATION

1.1 This method is used to identify a
water, soil, and vanous types of
compounds listed below include
parameters.

17^-Tnfluoroethane

Ca«ton
Methyl Acetate
Methytene Chlonde
Trans-1.2-Dichloroetriene
Methyl tert-Botyt Ether
1,1-Oicriloroethane
cs-1.2-Oichloroethene
2-Butanone
Chloroform
1.1 1-Tnchloroethane
Cydohexane
Carbon Tetrachlonde
Benzene
1,2-Dichioroethane
Trichtoroethene
Metrtyteydohexane
1,2-Oichloropropane
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•>#; ^
^

?? i 1 1 -B

Bromodichloromethane
Cis-1,3-Dichloropropene
4-Methyl-2-Pentanone
Toluene
Trans-1,3-Dichloropropene
1,1,2-Trichloroethane
Tetrachloroethene
2-Hexanone
Dibromochlorometnane
1,2-Dibromoethane
Chbrobenzene
Ethybenzene
Xylenes (total)
Styrene
Bromoform
Isopropylbenzene ::.;

i.i,2,2-Tetrachloro|kri|iej
1.3-Dichk

butadiene
methane

,4-Dichloro-2-butene
p-Dioxane*
Ethyl methacryiate
Isobutyl alcohol
Methacryionttrile
Methyl iodide
Methyl methacryiate

Pentachtoroethane
Propionitrile*
1,1.1,2-Tetrachloroethane
Hexachloroethane
1,2,3-Tnchloropropane
1,1-Dichloropropylene
1,4-Dioxane
Acroiein
Bromochioromethane

'Poor purging efficiency r*poor performers resulting in high EDL
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Additional Compounds

2, 2 - Dicbtoropropane
1,3-Dichloropropane
Bromobenzene
n - Propylbenzene
2 - Chlorotoluene
4 - ChlorotokJene
1, 3, 5 - Trimethylbenzene
tert - Butylbenzene
1,2,4 - Trimethytoenzene
sec - Butytbenzene
4 • IsopfopyttoJuene
n - Butylbenrene ,
HexacMorobutadiei^
Naphthalene
1.2.3-Tri
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TABLE 1

Comp

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)

35)
36)
37)
38)
39)
40)
41)
42)
43)

Compound
Name

DicWorodifl uoromethane
Chloromethane
Vinyl Chlorate
Bromomethane
Chloroethane
Tnchlorofluoromethane
1,1-Dichloroethene
1,1,2-Trichloro-1 ,2.2-Trifluoroethane
Acetone
Carbon Dsulfide
Methyl Acetate
Methytene chloride
trans-1,2-Dichtoroethene
Methyl tert-Butyl E
1.1-Di.
Cis-1,2-Dtchtoroe
2-Butanone
Chloroform
1.1.1-Ti
C

Quantitation
Ion

ne
oropropene

2-pemanone

"trans-1,3-Dichkxopropene
1.1,2-TricWoroethane
Tetrachloroethene
2-Hexanone
Dtbromochloromethane
1,2-Dibromoethane
Chlorobenzene

Xylene (total)
Styrene
Bromoform
Isopropyl benzene
1.1,2.2-Tetrachloroethane

'96
43
83
97
56

117
78
62

130
83
63
83
75
43
91
75
97

164
43

129
107
112
106
106
104
173
105
83
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44)
45)
46)
47)
48)

1,3-Dichlorobenzene
1,4-Dtchlorobenzene
1,2-Dichlorobenrene
1,2-Dibromo-3-Chloropropane
1,2,4-Trichtorobenzene

146
146
146
75
180

•Poor performers

2.0 SUMMARY OF METHOD

2.1

2.2

The volatile compound* am introduced into a gas i
and trap method.

An inert gas • bubbled through the solution at amt
temperatures tor soil samples), and ttji volatile <
transferee torn t** aqueous phaqj I
through a sorter* column where 1
purging • comp«*ad. tne sorbentj
gas to deso*tothe i
chromalograohK <
wlthamaasi

3.0 INTERFERENCES

iry considerably from source to
i or extract being tested. The

i checked to ensure freedom from
Al samples and QC samples must be

contarrunaton or carryover. If high
it) ana found in a sample, the next sample(s) on the

Kid (» checked for possible carryover. Concentrations
!he rtghest levels of the calferaUon range are considered a
i of carryover. UsuaBy those compounds that are quantified

1 second and third internal standards (applicable to volatile*) may
busc carryover Afle* (he analysis of a sample contaring high concentration of

i organic compounds one or more blanks should be analyzed to check for
cross-contamnation Alternatively, if the sample immediately following the high
concentration sample does not contain the organic compounds present in the
high level sample, freedom htm contamination has been established. If the
sample • suspected to have carryover, re-anatysis should be performed. The
ALS (Automatic Loud Sampler) position that conUined the sample with the high
levels of contaminants needs to be marked and cleaned. The next sample
loaded n thai potion reads to be monitored for any possibilities of carryover.
The contaminated ponton and corrective action performed must be documented
on the injection log Contamination generated by non-target compounds also
needs to be monitored The level of carryover by non-target compounds should
be compared to the internal standards. The significance of the non-target
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compound carryover should be evaluated by the supervisor to determine the
overall impact on the sample results.

4.0 APPARATUS AND MATERIALS

4.1 Gas Chromatograph

Hewlett-Packard 5890 Gas Chromatographic Systems (GC) are employed I
execution of this method. The GCs are complete with 1
capabilities, and all required accessories such as columns, |
and syringes. Sample introduction is accomplish
and trap systems.

4.2 Purge and Trap System

The Tekmar 2000/3000 purge ai
chromatographic system. The
position autosampler, and a sam.

The purge and
purger, the trap
capable of
The glass
organic vai

The sari
ber aSHpts glass'
grams of soil samples.
•nt contamination from

cm long and has an inside diameter of
B 3000 by vendors such as Supelco,

f the inner workings of this purge and trap model is
fiar 2000/3000 manual.

! HP-5970 quadruple Mass Selective Detector is used as the detection device
"for Method 82606. This system is capable of scanning from 35-260arnu every
one second or less, using 70 volts (nominal) electron energy in the El mode.
After proper tuning, the system produces a mass spectrum that meets at the
criteria in Table 4 when 50ng of 4-Bromofluorobenzene (BFB) are injected into
the gas chromatograph.

4.4 Data System

Each GC/MS system is attached to a dedicated 486 or pentium based computer
equipped with Enviroquant software for automated acquisition and processing.
The software generates total and extracted ion profiles of each compound and is
capable of performing library searches on spectra using a full EPA/NIH Mass
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5.0

6.0

d

Spectral Data Library. Each system is attached to an internal laboratory
computer network for additional data processing, storage and archiving.

4.5 Column

Megabore column. 60 meters in length, with a 0.53 mm internal diameter and 2.0
micron film thickness is used

4 6 Microsynnges - 10ul. 25ul. 100ul, 250ul, 500ul, and 10OOul.

4.7 Luerlock syringe - 5 and 25ml gas tight.

REAGENTS AND STANDARDS

5.1 Organic free reagent water.

5.2 Stock solutions

5.3 Methanol. High |

SAMPLE COLLECTION,

6.1 Water
least 40m

,11.

ing a total volume of at
top screw-cap. Soil samples

end tubas (e.g., brass sleeves) in
Headspace should be avoided. The

collection are outlined by the Region.

IS , the containers must be filled in such a manner
through the sample as the container is being filled. Seal

bubbles are entrapped in it.

are preserved to a pH of 2 at the time of collection.

! samples must be iced or refrigerated at 4°C (±2°C) from the time of coUectJon
until analyss.

6 5 All water and soil samples must be analyzed within 14 days of collection.

METHOD DETECTION UMIT

7.1 Method detection limits for this method are listed in the GPL Laboratory Method
Detection Limit and Reporting Limit official book.
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8.0 METHOD PERFORMANCE

8.1 The MDL concentrations listed in the GPL MDL book are generally obtained
using organic-free reagent water. Results were also obtained by extracting
seven spiked replicates the same way as the samples and analyzing them. MDL
is defined as the minimum concentration of a substance that can be measured .
and a reported with 99% confidence that the value is above zero. Precision and^ 8
accuracy studies are performed once a year at a minimum. Single operator£. | f *
precision, overall precision and method accuracy were f *
related to the concentration of the parameter.

9.0 CALIBRATION AND STANDARDIZATION

9.1 Calibration

Five concentration levels are ana
A minimum five point curve is
Calibration levels are analyzed at
analytes and
analyzed at 40 ,1

9.2

>• program;
Jmperature:

i holding time:
'temperature:

jrce temperature:
Transfer line temperature:
Carrier gas:

volts (nominal)
35-260amu
Not to exceed 1 second/scan
1O°C
4min
8" C/minutes
190° C
1 min
220° C
According to manufacturer's specifications
280° C (Preset to manufacturer)
Helium at about 8ml/min

9.3 Tuning

9.3.1 At the beginning of each day, each GC/MS system is injected with 50ng
of BFB and tuned to meet the criteria listed in Table 4. The analysis must
not commence unless the criteria are met This requirement must be met
for each 12 hour interval.
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9.4

9.3.2 One of the following approaches is used to evaluate the BFB tune.

• One scan at the apex without background subtraction.

• Three scans (the apex peak scan and the scan immediately
preceding and following the apex) are acquired and averaged.

• Use the mean of the apex and the preceding of̂ jhe
scans

• Use the average across the entire i

Calibration Requirements

Once turung requirements are me
must be estabtehed The{
estabtsftng the cakbrabon i
detarnanmg tfw response factors j

9 4 1 Tabulate
interWl standard,

pound relative to one of the
for the calculation of

standard with the retention
The RF is calculated as

Area of the characteristic k>n for the compound being
measured

Area of the characteristic ion for the specific internal
standard.

Concentration of the specific internal standard.
Concentration of the compound being measured.

The average RF must be calculated for each compound. A system
performance check should be completed before the calibration curve is
used. Five compounds, the System Performance Check Compounds, or
SPCCs. art checked for a minimum average response factor. These
compounds are chJoromethane, 1,1-dicWoroefriane, bromoform, 1,1,2,2-
tetrachloroethane, and chtorobenzene (see Table 3). The minimum
relative response factors for these compounds should be 0.1,0.1,0.1,
0 3 and 0 3 These compounds typically have RFs respectively, Of 0.4-
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0.6 and are used to check compound instability and check for
degradation caused by contaminated lines or active shes in the system.
Initial calibration is analyzed at a minimum of 5 levels. These levels are
5. 20. 50.100.150 and/or 200ug7l. The following compounds have
higher initial calibration levels.

Acrolem
AcrylonftriJe
2 - Chtoroetnyl Vinyl Ether

100
100
80

250
250
200

500
500
400

750m
Km

1000
i 1000

Using the RFs from the initial calibration,
standard deviation (% RSD) for all comp

%RSD

where

k analyzing the initial calibration standard, average response factor
should be calculated for each compound. The percent relative

standard deviation %RSD should be equal or less than 15% for each
compound However, Calibration Check Compounds (CCC's) must have
a %RSD less than or equal to 30%. It is likely that some analytes may
exceed the 20% acceptance limit for the %RSD. In those instances the
following steps should be considered:

• If the %RSD is greater than 20%, the analyst should review the
results (area counts, response factors, standard concentrations)
for those analytes to ensure that the problem is not associated
with a single standard. If so, that standard should be reanalyzed
and RSD recalculated. Replacing of standard may be necessary
in some cases.
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• It may also be necessary to narrow the calibration ranges to
achieve a better linearity. High standard may saturate the column
or/and the detector and need to be dropped from the calibration
curve accordingly. Similarly poor purging compounds that
exhibited erratic chromatographtc behavior in the lowest
calibration point could also be reviewed and dropped if necessary.
The changes to the upper end of the calibration w i affect the
need to dilute samples above that range, white the change to
lower calibration will affect the sensitivity and j & a t e the
hmit of the method When considering dro
to narrow the calibration range, a mipfnum
required for curve to be acceptable.

9.4.2.1 After visual inspection
and for those anatyjas
discretion of the
equation that does
order) model

snt(r)

il

9.4.2.2 If the i
considered as an option,

correlation coefficient (r2)

porfof the above alternatives, some of the
I in the compound list may exceed the

icntena. The initial calbration may still be
! mean of the RSD values for all analytes in the

5h is less than or equal to %15. The mean RSD is
ited by summing up the RSD value jot each analytes and
i by the total number of analytes in the calibration standard

regardless whether or not they are compound of interest. The
approach should be used only when limited number of poor
performing compounds exceeded the 20% RPD but inside the
40% established Imit When this approach is used the data user
should be aware that the use of this approach might lead to
greater uncertainty for those analytes for which RSD is greater
than 20% The laboratory should communicate the following
information within the case narrative to the client

• summary of all target analytes exceeding method
acceptance criteria

• the individual RSD results for those compounds

• and the mean RSD calculated
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9 4.2 4 Prior to use for sample analysis, the acceptability of initial
calibration curve must be verified through analysis of calibration
verification (ICV) solution obtained from second source.
Calibration verification analysis should meet the same acceptance
criteria used for continuing (daily) cafibration.

9 4.3 Continuing (Daily) Calibration

The initial calibration curve for each compound of in
checked and verified once every 12 hours i
accomplished by analyzing a 50ppb call
all compound of interest meet the ac
Daily calibration standard analysis must i

factor criteria for SPCC and i
check compounds (CCC) i
feted in Table 3 are not i
corrective action must be I
Potential problem include I
inlet contamination, >
and adivejites in,r
criteria for|
differenc

SRRFr - RRF. X 100
RRF,

response factor from continuing calibration standard

Mean relative response factor from the most recent initial
calibration meeting technical acceptance criteria

If the 20 percent difference for each CCC and non-CCC (except 8 poor
purging or performing compounds that could have %D less than or equal
to 40%) did not meet, corrective action should be taken. After corrective
action, if the source of the problem can not be determined, a new five
point calibration MUST be generated. This criteria must be met before
sample analysis begins. The internal standard response and retention
times in the calibration check standard must be evaluated immediately
after or during data acquisition. Tables 2 and 3 list SPCC and CCC
compounds.
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9.5 Retention Time and Area Change

9.51

9.5.2

If the retention time of any internal standard of a sample or QC sample
change by more than 30 seconds from the daily calibration verification
standard or if the daily calibration verification standard change by more
than 30 seconds from mid level standard of the latest initial calibration
corrections must be made. Affected samples must be reanalyzed after
problem is corrected.

If internal standard area in the samples changes by 4
4-100%) from the calibration standard \
made. After corrections reanaiysis of san
was malfunctioning is required. Area oft
verification must not change by.* factor of I
in the midpoint standard of J

10.0 DATA ANALYSIS AND CALCULATION

10.1 Quaitatrve

ananafyKby
the mass spectrum of a

must be satisfied to

the sample and standard must agree

i of the sample component and standard
snt mass spectra.

quirement for qualitative verification by comparison of mass
i are as follows:

All ions present in the standard mass spectra at a relative intensity
greater than 10% must be present in the sample spectrum. All ions
specified must agree within ±20% between the standard and sample
spectra, tons greater than 10% in the sample spectrum but not present
in the standard spectrum must be considered and accounted for.

10.2 Quantitative Analysis

When a compound is identified, quantification is based on the integrated
abundance of the primary characteristics ion and the response and amount of
the corresponding internal standard.

Concentration (ug/L) (AxWHslfD)

(AisKAvg RFKVo)
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Concentration (ug/kg) (AxMlsVD)
(Ate) (Avg RF) (W) (S)

where:

Ax
Is
Ais
Avg RF
Vo
D
W
S

Area of primary ion
Amount of internal standard, ug/L
Area of ion for internal standard
Mean relative response factor for
Volume of sample purged. L
Dilution factor
Weight in Kg
* Solid

. * ? '

10.3 For non-TCL components, a
target organic compounds shafl
Guidelines for ma

10.3.1 in

suld agree within +20%.

r reference spectrum should be present in

the sample spectrum but not in the reference
be reviewed for possible background contamination

sence of co-eluting compounds.

ample Preparation

11.1.1 For sample preparation and introduction of close system purge and trap
and extraction of soil and water volatile compounds to the mass
spectrometer, refer to GPL SOP M.7.

11.2 Water Samples

11.2.1 All samples and standard solutions must be allowed to warm to ambient
temperature before analysis.

11.2.2 BFB tuning criteria and daily GC/MS calibration criteria must be met
before analyzing samples.
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11.2.3 Adjust the purge gas (Helium) flow rate to approximately 40ml/min on the
purge and trap device.

11.24 Remove the plunger from a 5ml syringe. Open the sample and carefully
pour the umpie rto the syringe barrel to just short of overflowing.
Compress the sample Vent any residual air while adjusting the sample
volume to 5 Omi

11.2.5 Add 5 Oul of surogate spiking solution and 5J of i
solution (SOpprr each) through the valve bore of I
samples into tie sa-np* tube. Immediatelyjpjter I
verrfy the pH of tne sa-nptes using narrow i
shoukj not be opened to veofy pH prior to loping i

11.2.6 Lab Control Spfces (LCS) i
and at the same frequencf
target compound of i

p m s Oateponts
ortickJdejpH
the
acooal iptance Emits, all

No compound can

. «Jd 5ul of the matrix spike solution
to purged This wt yidd a final concentration

) m the final sample. Matrix spike QC sample
anarytes of interest (See Section 9.5 for criteria).

i are analyzed with appropriate dilution when the
i level of any analyte exceeds the calibration range. Dflutions

! made m the 5ml gas tight luer lock syringe by adding reagent water.
'Calculate the volume of reagent water needed for the dilution and add
n o a 5ml symge DOubon of samples should result in analysis with the
highest co»>c«m/al»on target analyte In the upper half of the caSbration
range Usmg a suUble synnge. add the exact volume of sample into the
reagent water m the 5ml syringe. Add 5ul of Internal Standard &
Surrogate and analyze as discussed above If the dflute sample has a
conceTtraUjfi of anaiytes that exceeds the initial calibration range, the
sample musi be reanalyzed at a higher dilution.

11.2.9 The spiked sample * njected into a purging tube attached to the Purge &
Trap device. Purge the sample for 11 minutes and desorb the contents
of the trap at 20tT for 2 minutes into the GC/MS.
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11.2.10 Low Concentration Method: This method is applicable to water
samples containing low levels of contaminants. The detection
limits are generally improved by analyzing larger sample volume
(25ml). The detection fenits of compounds with poor purging
efficiency (such as ketones) do not significantly improve when low
concentration method is utilized. The low concentration analytical
procedure is virtually the same as low level water analysis except.;
for concentration of the calibration, surrogate and internal
standards. The following concentration levelsj|lgl ranges
analyzed: « • •**

Calibration
Surrogates
Internal Si
Continuing

Acceptance criteri;
same as the norm
diffospncein

18

- .5H.10,

- .sl.io.a,4o.

B, the purge and trap cells are
! purge and trap cefls are cleaned

I mild soap, and rinsed with deionized
I trap cells are then baked in an oven at

Ffour hours. Upon completion of baking, the
I trap cells are placed in a container covered with

I "and Waste Samples

pLow Concentration method: Applicable for samples containing individual
compounds of <1mg/kg. All granular/porous waste/sediment/soil
samples can be analyzed using this method.

Weigh 5g of the sample into a glass sparge tube and record the weight to
the nearest 0.1g. Add reagent water to a 5ml kieriock type syringe and
adjust the volume to 5ml. Add Sul of internal standard and 5ul of
surrogate standard to the water. Connect the sparge tube with the
sample to the purge & trap device and add the spiked water to the

sample. Heat the sample to 40°C +1 °C and purge the sample for 11
minutes. Desorb the trap at 200°c for 2 minutes into the GCMS.
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If the concentration level of any analyte exceeds the calibration range
and is below img/kg, the sample should be analyzed by weighing 1g of
the sample. If the concentration level of any analyte is higher than
1mg/kg, then the high concentration method should be used.

11.3.2 All samples and standard solutions must be alewed to warm to ambient
temperature before analysis.

11.3.3 BFB tuning criteria and daily GC/MS calibration criteij^i|ust be mj|$$j &
before analyzing samples. i : > ^ •'&• '$""

11.3.4 Adjust the purge gas (Helium) flow rate toi
purge and trap device.

11.3.5 Weigh 5.0 grams of the
loading balance. Note and!
Quickly connect the d

11.3.6 Prepare a
standard
ofthesyrii _^___

itch or every 20 samples
LCS is spiked withal

I must be within the in-house
I control Imit are based on 20 data

i data set must not be selectively included
' of more than two LCS compounds fal outside

."corrective action must be taken. After corrective
ilyte recovery is still outside QC acceptance Emits, all

I samples batch must be reanalyzed. No compound can
["grossly the acceptance limit of 5O%-150%.

For the matrix spike analysis, add 5ul of the matrix spike solution
(SOppm) to the sample to be purged. This wW yield a final concentration
of 50ug/L (ug/kg for soils) in the final sample. Matrix spke QC sample
must contain aD target analytes of interest.

11.3.9 High Concentration Method: The method is based on extracting the
soi/sediment with methanol. Weigh 4gm of the sample into a 20ml vial
using a top loading balance. Record the weight to the nearest 0.1g.
Using a pipet, add 9.0ml methanol; then add 1.0ml of the surrogate
spiking solution into the vial. Close the cap and shake for 2 minutes.
Pipet approximately 1ml of the extract to a GC vial for storage, using a
disposable pipet. Transfer approximately 1ml of the method blank to a
separate GC vial for each set of samples. The standards, LCS and
blanks should contain 100^1 of a solvent to simulate the sample condition.
10Oul of the extract is added to reagent water collected in a 5ml luerlock
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syrmoe 5oi each of Internal Standard is added to the syringe. Proceed
with the analysis as outlined in the water sample analysis. If further
dilution is needed, a smaller extract volume is used and the same
procedure is repeated

A separate method blank containing 100ul methanol should be analyzed
prior to a rich concentration sample.

11.3.10

11.3.11

For matrix spike in the high concentration se<j
8.0ml of methanol, 1 0ml of surrogate spike i
spike solution is added to a 4g san
rwutes Add a 100^1 aliquot of the J
reagent water for purging.

Samples extracted jhr<j$gh To
Procedure by rerojT
method Onryl
am accounted tor
order to i

12.0 QUALITY CONTROL

12.4

12.5

the GC/MS meets BFB
) hour period for the method.

since the mftal tune, the GC/MS must be

. and retention tunes in the calibration checks, blanks
i evaluated. Retention time variation of any internal

TcaJibration standard must be less than 30 seconds from that in
I sandard n the caiferation standard. All other samples and QC

> must be competed to the daily CCV and should not vary by more than
' equal to 90 seconds If tnis cntena exceeds samples that did not meet the

"criteria shoutt be re-injected

Surrogate recoveries must be evaluated by determining whether the
concentrations fal inside the ntemaJ QC limits. If surrogate recoveries faHs
outside the estabtened QC Ints. then analyze the sample that fail the criteria.

A matrix spike and sp<ke dup&cate must be performed every tune or 20 samples,
whichever comes firtt. at tr>e concentration equal to mid-level calibration (50ug/I).
If matrix spike QC fecovenes does not meet established acceptance criteria, the

analyst and the manager must assess the batch to determine whether the spike
results are attributable to matrix affect, or the result of other problems in
analytical process. If aR batch QC elements which are not affected by matrix are
in control (e g . method blank. LCS) the poor recovery may be attributed to
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matrix affect If the native concentration is low, and the MS/MSD recoveries
confirm matrix interferences, dBute the MS/MSD and reanalyze. TCLP samples
are spiked with TCLP target compounds at 50ug/l concentration.

12.6 QC imto for MS/MSD. LCS and surrogates are established and publshed yearly
for ntemal U M

12 7 A method blank must be performed for each 12 hour time period

12.7.1 A method blank for volatile analysis must <
M of the reporting limits. Any method bla
samples must comply with the following)

• If the concentration of t
greater than MDL bull

and reanalyze the
level contaminatio
be

12.9

ly be necessary to wash the
it with organic free

device in an oven at
analyzed before the contamination

I per batch or every 20 samples and at the
I blank. LCS is spiked with all target compound of

i must be within the in-house established control limit.
Kit am based on 20 data points. Data points used in the data

' selectively included or excluded. If recovery of more than two
> fai outside the established limit, corrective action must be

\ if LCS analyte recovery is stifl outside QC
i imits. all the associated samples batch must be reanalyzed. No

"compound can exceed grossly the acceptance limit of 50%-150%.

For samples received from the state of California, travel blanlcs wHI be prepared
and analyzed for each batch of samples.

'After corrective action

13.0 SAFETY

13 1 Safety glasses, laboratory coats, and latex gloves must be worn.

13.2 Due to the toxuaty or carctnogenicity of each reagent, each chemical compound
should be treated as a potential health hazard.
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13.3 Material Safety Data Sheets (MSDS) can be found on the procurement
bookshelves located in the administrative area.

13.4 Standard preparation should be handled under a hood.

14.0 POLLUTION PREVENTION

14.1 GPL Laboratory operates in a safe manner to protect the air, water,
minimizing and controlling all releases from fume hoodsi
For more detail on pollution prevention, refer to GPL SOP I

15.0 WASTE MANAGEMENT

15.1 Several wastes that GPL generates
The process of describing the
standards and reagent solutions,
in Standard Operating

16.0 DEFINITIONS

16.1 For definitions of
G14

17.0 REFERENCES

hysical/Chemical Methods, SW846,

ry Quality Assurance Guide, February

Version 1.0, November 1998.
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TABLE 2

CALIBRATION CHECK COMPOUNDS

1 • 1.1-Dichloroethene

2 - Chloroform

3 - 1.2-DichJoropropane

4-Toluene

5 - Etfiytoenzene

6-Vinytchlonde
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TABLE 3

SYSTEM PERFORMANCE CHECK COMPOUNDS

1 - Chloromethane

2-1,1-Dichloroethane

3 - Bromof orm

4 - 1.1.2.2-Tetrachloroethane

5 - Chlorobenzene u-»

i
All other compounds must meet i .050
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TABLE 4

BFB KEY ION ABUNDANCE CRITERIA

Mass Ions Abundance Criteria

50 15 to 40% of mass 95

30 to 50% of mass 95

base peak, 100% relative al

5 to 9% of mass 95

less than

greater tha

5 to
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SOP NO: S.6

Title: Measurement of Pofynuctear Aromatic Hydi
Performance Liquid Chromatography (HPLC).

1.0 SCOPE AND APPLICATION

1.1 This method is used to identify
pdynudear aromabc hydrocarbons
fluorescence detection coupled «tri:
method 6310. .'''• . ^-, •••: UJS^ ;•;; :=;•

i:S * ?? ? | fL

thracene
anthene

Benzo(a}anthracene
Pyrene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fiuoranthene
Benzo(a)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene

2.0 SUMMARY OF METHOD

2.1 The PAH's are extracted from water and soil with organic solvent i entrated
and injected into an HPLC equipped with a fluorescence detector and a UV
detector in series. The sixteen PAH"s are separated on a specialty LC column
using an acetonitriie: water mobile phase operated at a gradient over 40 minutes.
Fourteen PAH's are identified and quantltated on the fluorescence detector and
two PAH's are identified and quantised on the UV detector at 264nm.
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3.0 INTERFERENCES

3.1 Solvents and reagants may contain artifacts vnhich may affect chromatography
8nd/or anaiyto separation. All solvents used must be UV grade and filtered using
a 0.45um filar to degas and remove particulaies. Water is de-kmized and
fltared. The mathod blanks must be demonstrated to be free of contaminants. ,

3.2 Inter K in a particular matrix are hanoied by fĵ a foflowing. & ,.,, „.,

32.1 A matrte bitarfersnoa on the fluorescent detector i
praeant on the UV detector. Depending)
anaiyla sarattjvKy. quantJtatjon may be |

Z22 Particular sol tampto axttadtt may

4.0 APPARATUS AND MATERIALS

4.1

i- ,ri iL" ? !-f T * * •"••yttcal tnatrumentatton and conditions are istad in Table 1 .

' ^3&S)ai i System

• ' - Envirequant. Hewlett Packard

REAGENTS

Deionfeed. organic free ««ater.

Acatonitria. Burdk* Jackson UV Grade

Certified IndMdual PAH standard stock solutions (1CXX)ug/ml), Protocol.

Surrogate Standard. p-Terphenyl, Aldrich Chem. Co.



GPL Laboratories, LLLP 8OPNo:S.6vS
Page 3 of 11

6.0 METHOD DETECTION LIMIT

6.1 Method detection limits for this method are listed in the GPL Laboratory Method
Detection Limit and Reporting Umtt official book.

7.0

8.0

METHOD PERFORMANCE

7.1 The MDL concentrations listed in the GPL MDL book are generally obtained ,., $
using organic-free reagent water. Results were also obtained by extracting %l '::

seven spiked repficates the same way as the samples and^|garyzing 1
is defined as the minimum concentration of a substance 1
and reported with 99% confidence that the value j
accuracy studies are performed once a year at a \
precision, overall precision and method accuracy!
related to the concentration of the pajameter.

SAMPLE COLLECTION. HANDLING

8.1 Water samples may be
samples may be collected

f
An samples
collection until

a1

8.2

8.3 from the date sampled ad
Analysis holding time is 40 days

and water samples.

a i

i SOP for the procedure for extracting water using EPA
• | -;;:'memod3510(separak^

(continuous extraction).

91.2 Refer to SOP for the extraction procedure of sol using EPA
method 3550 (sonicafion).

9.1.3 Prior to HPLC analysis the extraction solvent must be exchanged into
acetonitrile (1ml). The procedure is as follows. After coding, the
extraction solvent (~ 10ml) is concentrated to 0.5ml in a concentrator
tube under a gentle stream of N2 gas at 35»C. ThesoJventis
exchanged by adding 2.0ml of acetonitrite and concentrating the solvent
mixture to 1.0mL The 0.5ml methylene chloride wiB evaporate first
leaving the final solvent as acetonitrfle. The final extract is stored at 4°C



GPL Laboratories, LLLP SOPNo:S.6v5
Page 4 of 11

9.2 Calibration Standards: The fluorescence and UV detectors are calbrated using
external standards. Intermedote standards (10uQAnl) are prepared by adding
100ul of each PAH from the stock (1000ug/ml) toiOmlofacetonttrle. A
working standard is prepared by adding various amounts of each (ndhridual

9.3

achieve a combined mixture which produces relatively the same responses for afl
analytes. The amount of each analyte and the respective concentration is
provided in Table 2. l}

Initial calibration: Five caHbratkxi standards are used for!
each detector. The five levels are designated as (
CALSTD3, CALSTD4 and CALSTDS. The initial ]
prepared by diluting the working standard (WS) I
fotows.

CALSTD1
CALSTD2
CALSTD3
CALSTD4
CALSTD5 ^

The concentration
In Table 3. ' *

lOOulof
250ulof
500ulof
TSOulof

'Si ••{.•?•

Mttor (CF), is determined for afl
(%RSD)oltnecall)ration

the working range. Unaarity through the
average response factor can be used for

9.4

= SD X100
X

Standard deviation of CFs
Mean of 5 initial CFs

An Initial Calibration Verification standard must be analyzed immediately after
the calibration curve. This standard must be prepared from a source different
than that used to prepare the calibration curve standards. The concentration
must be near the mid-rangeof each compound's caflbrated range. The
%Deviation for all compounds must be iess than 25%.

Continuing Calibration: A c a i b r t t ^ starnjard at rrtd-level (CALSTD3) Is
analyzed at the beginning of an analytical a n . every 10 samples or twelve hours,
and at the termination of an analytical sequence. The percent Difference (% D)
of the continuing calibration should be less than 25% for each anaiyte. Ifoneor
twcxHTipoundshave%Doutskletre6mits,thestandartlisBtllwmiincx)ntn^
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Smlts If the average % D for the standard is less than 25%. Repeated failures of
the same compound, however, would Indteate a deviation from the caibration
curve, and a mw curve should be analyzed.

% D « CF.-CFc X100
CF,

CF,
CFC

average calibration factor from initial catibraisn
cafcratton factor from current caibration cj jpk
standard

The average caaVatton factor from the Initial <
quanttatkm If trw continuing calibration criteria i

9.5 Retention Time Estabeshment

A retention time window for
calculating the standard deviett
standards
plus and minus
window f o r t *
anarytss

mentation and conditions outlined in
• is installed as the first detector foNowed by

i fluorescence flow cell operates more effectively
Ibubbtes) when there is added back pressure. After

i the sample extracts may be analyzed. A blank containing
| should be analyzed immediately blowing analysis of an extract

i background and/or target compounds. Sample extracts must be
F so to the response of the highest analyte is within the catenation

-range. The UV detector can be used for confirming the identity and
quantttaoan of ten anarytas detected by the fluorescence detectoc
Sol samples concentrated to 1ml for tow level analysis typtealy contain both
dtosolved and undissc*ved co-extractives, especialy high organic content sons.
It is recommended that extracts be filtered using a 0.45um membrane fBter to
remove undosohwd pertfculates prior to analysis. In addition, dissolved
background substances in sol extracts often elevate and distort tfw
fluorescence detector baseline, thus requiring dUution of the soil extracts prior
toanaryeis.

Example retention times for each analyte and detector are fisted below. The
analytes not detected at the calibration concentrations are designated with an
NO.
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PAHAnalvtB

Naphthalene
Aosnaphthene
Acenaphthytene
Ruorene
Phenanthrene
Anthracene
Fluoninthane
Pyrene
p-Tefphenyt Surr. Std.
Ben2D(a)anthracene
ChryMne
Benxo(b)fluoranthene
Benzo(k)fluoranthene
Baruo(a)pyrene
Dtwnz(ajt)anthri

Retention Time

Fluorescence

12.96
17.50
ND
18.18
18.94
19.47
19.84
20.14
20.4C

UV254

baaed on the ntration of
i M ¥h«eo^|pntration of target analytes In water is

Target PAH)(Fv)(DF)

Sv

Concentration determined from initial
calbration
Fnai Extract Volume, ml
Sample Volume, fters
Dilution Factor

The concentration of target analytes in sol is detennined by the fblowing
equation.

Concuo/Kfl (ug/mJ Target PAH)(Fv)(OP)

Sa (% SoNds/100)
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Where:

ug/ml Target PAH

Fv
Sa
DF

10.0 QUALfTY CONTROL

Concentration determined from initial

Final Extract Volume, ml
Sample Amount, Kg
Dilution Factor

10.1 The initial calibration curve must have a %RSD for the
than or equal to 25%. Continuing calibration
verification standards must have percent

10.2 Water and soH samples must be
from the sampling date. Sample
the extraction date.

10.3 Water and sofl method
to be determined annually. . % U I ; ? ? 5 S

10.4 Control charts ^
water and sol.
dupficate

10.S

IS

11.Q

in
spike/matrix spike

analyzed wih each sample
to an inert matrix at a level to

standard.

: spike duplicate analyses are performed on a select
r every 20 samples, whichever occurs first PAHanaJytes

i level to correspond with the mid-level calibration standard.
• l-;';i -•'>? . y -

fyj. M*m$ blanks are extracted every batch of 20 samples or less. Blanks must
>»; t''J<t* l i e of target analytes (levels below the reporting finite).

11.1 Always wear safety glasses or a shield for eye protection, gloves and lab coat

11.2 Observe proper mixing when working with reagents and chemicals. Preparation
of samples and standards should be handled under the hood.

11.3 A reference file of material data handing sheet is available to a l personnel
Involving in these analyses.
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12.0 POLLUTION PREVENTION

12.1 GPL Laboratory operates in a safe manner to protect the air, water, and land by
minimizing and controling all releases from fume hoods and a bench operations.
For more detail on pollution prevenion, refer to GPL SOP D.S.

13.0 WASTE MANAGEMENT

13.1 Several wastes that GPL generates can be handled in a fairly routine mannar^ «*
The process of describing the method for waste disposal dffiiemfcate
standards and reagent solutions, and process waste, and i
in Standard Operating Procedures D.1 and D.2. ;

14.0 DEFINITIONS

14.1 For definitions of terms used in
G.14.
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TABLE 1
EPA METHOD 8310 INSTRUMENTATION AND CONDITIONS

INSTRUMENTATION

Waters Pump. Model 510 for Mobile Phase (A)
Waters Pump. Model 510 for Mobile Phase (B)
Waters Automated Gradient ControHer
Shimadzu Fluorescence Detector. Model RF-535 (Detector 1)

Excitation wavelength • 208nm
Emission wavelength = 380nm
SemJtMty • High

Waters UV Variable Wavelength Detector. Model 484
UV wavelength = 254nm
SensNrvty • 0.01 AUFS

Waters WISP Autoeampier. Model 712:
Supeto Specialty HPLC Column:

(5um)
Column Heater. Keystoryi!

CONOmONS

Mobile Phase:

Column Teflffi, '. :2«7Cr

it- *" W ' 4

*•. 2

Waters Ouvd<Pak PredPlumr

'• ' ' - 4r~
:<Qmji^':
•-Ifiiaaf

" 5'00
30.00
30.01
50.00
50.01
52.00
60.00

* Ebw
0.1
1.S
1.5
1.5
1.5
1.5
1.5
1.5
0.1

&A
40
40
40

100
100
100
40
40
40

60
60
60
0
0
0

60
60
60

0
0
0
0
0
0
0
0
0

Opa
' 6

6
6
1
1
1
1
1
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Table 2
PAH Caybration Standard Preparation - EPA Method 6310

WORKING STOCK <W3

s*l

L2iu-:a.:.*\--*!:m

i#y
9W5-&0

' %i>5-6i)
O05-S.0
OJOTVJO

0.05^Ba0
<**. . . .

• • • • '

W8
WS
W8
WS
WS

Amoortu'
1000
750
500
250
100

Volm.bi IcmcLuajiini IQtSmt '

*
. - *

000
000 <

1000
1000 •

. -

S M I
8—'
S M I
See1

U
•

•

hit:

ie:
bit!
lie:

-

H

ACM
ACf

10
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Table 3
Initial Calibration Coo

Naphthatam
Aoentphthene
Fkiorene
Phenanthrene
AnBncane

Concentration, ueftnl
CALSTD2 CALSTD3 CALSTP4

Chiysene .
B«izo{b)fluofinth«ne
BwooOOfiuoranthene

Dfean£0(ah)anUtfac8ne
BenzofghQpeiylene
p-Ttfpd14

UV254
AotnapMhyiene
Fbiorene
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SOP No: N.7

Title: Soil Extraction for Pesticides/PCBs Compoundf&y I
(Sonicaton Extraction) '.'<;:

Page 1 of?

111 A III II
• i i j s <?Sll i W ' p j j a 2 £ j t ; : i ^ |>'H l i ?

B|il £*!' ??J '${£',!•1 f|f

1.0 APPLICATION AND SCOPE

1.1 This mathod is a procedure for *>
compounds from solids such.
suitable for artfosis by i

1.2 Method
This SOP j+uMJtll'lih l>wi fewNrvei vefsioti

2.0

,'5'i5| Infill I

ijlevel extraction procedures,
lod 3550.

Wrth anhydrous sodium sulfate to form a free-flowing
is«xtrad»d with solvent three times using sonication. The

from the sample by filtration. The extract is ready for
oonce ntrotion.

Solvents, reagents, glassware, and other sample processing hardware may
yield artifacts and/or interferences to sample analysis. These materials must be
demonstrated to be free from interferences under the conditions of the analysis
of analyzing method blanks.

4.0 APPARATUS AND MATERIALS

4.1 Mortar Model 155 Gnnder. Fisher Scientific Company, or an equivalent brand
and model

4.2 Ultrasonic cell disrupter. Heat Systems - Ultra Sonic, Inc., Model W-385 (475
watt) Sonlcator or equivalent (power wattage must be a minimum of 375 with
pulsing capability and No. 200 1/2" Tapped Disrupter Horn) plus No. 207 3/4"
Tapped Disrupter Horn, and No. 419 1/8" Standard Tapped Microtip Probe
(where applicable)
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4.3 Pasteur Glass Pi pets, Disposable, 1ml

4.4 Beakers, 400ml

4.5 Filtration Apparatus

• Conical funnel
Filter paper Whatman No. 41 or equivalent

4.6 Kudema-Danish (K-D) Apparatus

^ fi'l
m \m

m M

SOP No: N.7V6
Page 2 of 8

4.6.1 Concentrator tube: 10ml graduated (Kontes K-fi-mjppp-pSj
equivalent). • ;;:! £^\ ; i : ' : ivl-.r'U*

4.6.2 Evaporator Flask: 500ml {Kontes K-570t|$1-05«! or e<f|j\|

4.6.3 Snyder Column:
equivalent).

4.7 Solvent extracted Boiling Chipi,
equivalent). £•*. . •'•. ~, l ^ l l m l A i " 0

W
ipable of temperature control4.8 Heated

(±5°C).

4.9 To^tfoaaf^i^iaytical Bdiancfe, ckpabfe of accurately weighing 0.01 grams.

i
i;:'iiii;i:'

5.0

,..,_ _._ , „._. ̂ ^eiliJBVaporation device equipped with a water bath that can be maintained

I'!!! W- >Y $%-'
"U|'H*WI? Spatula. Stainless steel or Teflon
| | j f;:;'-:'

p':*4.14 Syringe, 1ml

4.15 Large disposable glass pipets

4.16 20ml scintillation vials with caps

REAGENTS
5.1 Sodium Sulfate: Anhydrous and reagent grade, heated at 400°C for 4 hours,

cooled in a desiccator, and stored in a glass bottle. Baker anhydrous powder,
catalog #73898, or equivalent.

5.2 Methylene chloride: acetone (1:1, V:V)
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5.3 Methylene chloride (B&J GC2 grade or equivalent)

5.4 Hexane (pesticide quality or equivalent).

5.5 Concentrated sulfuric acid (reagent grade)

5.6 Florisil cartridges (0.5g packing B&J 9104 or equivalent)

6.0 PROCEDURE

6.1 Sample Handling and Storage

6.1.1 Samples are collected in appropriately
been precleaned and certified to b
shipped in coolers packed ijSth ice
2-6°C upon arrival. HdlSr^i jti .
collection date. Samples rtjwst$jerjbi
extraction begins. SpdrjP <^»hti*:

matrix spike and

6.1.2 .
especially composited
as sticks, .leaves, and rocks.

;wte:|!' Ts' $V '-'-'I ':-" ri i; • i'1 SI?': "
:>lfciiH sTBpis^otffl be peffartnftdto avoid loss of the more volatile

iiJU fitei^jap^>rcB*Tiaiery 30g of sample into a 400ml beaker. Record
t iS btendare£i&01 g. Add 1ml of surrogate standards to all samples,

jftks ̂  -^ortfte sample in each analytical batch selected for spiking,
JfjtHejrnBtrix spiking standard. The surrogates and spiking solutions
jJBOTCAroTe any processing of the sample and QC begins.
;$r wet samples (gummy or clay type) lacking a free-flowing sandy

M\ be mixed with 10-20g of anhydrous sodium sulfate using a spatula.
ip>., !tR (^'sample should be free-flowing at this point. Then immediately add 100ml

'iu!i W^' of-*Y: 1 methylene-chloride: acetone.

*ji€.3 Sonicator tuning procedure

6.2

m

PS I
0 $ '}?••

The sonicator is to be tuned weekly, at a minimum, and whenever any of the
components are changed or, at the discretion of the analyst The following
procedure is to be followed for tuning.

6.3.1 Turn the power output knob to zero.

6.3.2 Turn the sonicator mode switch to continuous mode.

6.3.3 Turn the sonicator power switch on.
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6 3 4 Press and hold the sonicator tune switch on with one hand for the
Tekmar sonicator; use the other hand to turn the power output knob or
the sonicator tuning knob as follows. For the Misonix sonicators, the
tune switch will stay on by itself

6.3.5 Slowly turn the power output knob toward 10 while watching the output
power meter reading. When the meter reading readies 50%, turn the
tuning knob until the minimum meter deflection is observed. The ,
minimum deflection can be determined by observing when the needle1-
starts to oo back up when turning the tuning knob,<
The tuning knob for the Tekmar sonicator and th| |
on the front panel of the generator.

6.3.6 Proceed again with step (6.5.5.) until reaching $
level 5 for miootjps). and adjust the tunr* ••--**
minimum deflection At Jhfc ĵviint,
and operational provided tficit
sonicator power output meter r.

6.3.7 If the tuning cnteriajaflt I
loose hAn to etune. If

rwith
still cant be met, notify the
or a loaner can be obtained,

of order, do not use".

;th« sontcafbr tune Switch, switch the sonicator mode switch
tide «rX» twifch the sonicator off.

the tunmo, in the appropriate sonicator maintenance fogs and

6.6

6.7

6.8

tflfc Bottom surface of the tip of the #207 3/4" disrupter horn about 1/2"
the surface of the solvent, but above the sediment layer.

Sonicate for 3 minutes with the output control knob set at 10 and the mode
switch set on putee ond the percent-duty cyde knob set at 8-10. DO NOT use a
microtip probe

Decant and filter extracts through Whatman No. -41 filter paper using filtration or
centrifuge and decant extraction solvent.

Repeat the extraction two more times with two additional 100ml portions of
solvent Decant off the extraction solvent after each sonication. On the final
sonication, pour the entire sample into the conical funnel and rinse with
extraction solvent

Assemble a Kudema-Danish (K-D) Concentrator by attaching a 10ml
concentrator tube to a 500ml evaporative flask.
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6.9

6.10

Dry the extract by passing it through a drying funnel filled with anhydrous
Sodium Sulfate. Collect the dried extract in a K-D Concentrator. Wash the
extractor flask and Sodium Sulfate Column with 100-125ml of extraction solvent
to complete the quantitative transfer.

Add one or two clean boiling chips to the evaporative flask and attach a three-
ball Snyder Column. Pre-wet the Snyder Column by adding about 1ml , £
methylene chloride to the top. Place the K-D apparatus on a hot water bdtttfjj
100°C) so that the concentrator tube is partially immerse
the entire lower rounded surface of the flask is bathed'
the vertical position of the apparatus and the water ten
complete the concentration in 10-15 minutes. A^he pt
the balls of the column will actively chatter but tjjj& chaif
condensed solvent. When the apparent volumetif liqujj
the K-D apparatus and add 50rpl df'Hexane
and continue concentration until liquid

6.11

612

Remove the Snyder Column and
concentrator tube with 1-2ml c
with hexane arfo proceed wth ihy

I*: w
If PCB s only
Transfer
•utfunc

jp may be done as follows:
vial, add 5mL concentrated

sr 2 minutes. Lot the layers
triljude if rtecesisky, 1f thftiextract (top layer) is still cloudy repeat
s'rtafiy times as inecessary by pipetting the extract into a clean
4M fr*th vtrtiimc of oad If extracts are to be used for separate
ff&B-analysis, split the extract by using 5mL for the acid cleanup

SmL save for subsequent florisil cleanup, if needed.

required, carefully homogenize the 10ml extract and take

j"V 6.13.1 Flonsil cartndge cleanup

Attach the vacuum manifold to a vacuum pump with a trap
installed between the manifold and vacuum source. Place 1
flonsil cartndge into vacuum manifold for each sample extract

Wash each cartridge with hexane/acetone (90:10) v:v. Pass at
least 5ml of hexane/acetone solution through the cartridge while
pulling a vacuum, adjust the vacuum so that the flowrate Is
approximately equal through each cartridge. DO NOT LET THE
CARTRIDGES GO DRY AFTER THEY HAVE BEEN WASHED.
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After the cartridges have been washed, release the vacuum, and
place a rack containing labeled 20ml vials inside the manifold.
Care must be taken to ensure that the solvent line from each
cartridge is in the appropriate cartridge as the manifold top is
replaced.

Once the flasks are in place, restore vacuum to the manifold and
place 1ml of the sample extract into the cartridge.

U
Elute the cartridge with 8ml
the cartridge with two 1 ml

ll of hexane/acefep»»e <9O:ioy$jj|i titoi*
portions of he>gi| .^ . | | | § jf

MM JiH
Shut off the vacuum, take off me/ffranH
20ml vials and place in the nitrogeh blc
the extract down to 1.0ml.

7.0 QUALITY CONTROL i*i

7.1 Method Blaflkl!

7.

i I! Iff #

Pipet the exfra<Hj;ritG£labeted
pipe, taking career hVis6,i$e sWi
ensure a quant
transferred for (

\2SO4) for soil
entire extraction. The method blank weight

i the sample weights being processed.

extraction must be performed per each batch of 20

7.3

Spike Duplicate

Matrix Spike/Matrix Spike Duplicate frequency of extraction

Matrix spike and matrix spike duplicate extraction must be performed per
each batch of 20 samples or less. If the batch of samples are received
periodically, then MS/MSD are extracted every 14 days.

Matrix Spiking Solution is prepared in acetone and 1.0ml is added to the
designated samples. The mixture contains the following compounds at the
given concentrations:

Anatyte

4,4"-DDD
4,4'-DDE
4,4'-DDT

P.nnr.

0.5PPM
0.5PPM
0.5PPM

Analyte Cone

Endosulfan
Endosulfan
Endrin

II
sulfate

0.5PPM
0.5PPM
0.5PPM



tones, uuLr

Aldrin
Alpha-BHC
Alpha-Chlordane
Beta-BHC
Delta BHC
Dieldrin
Endosulfan 1

0.5PPM
0.5PPM
0.5PPM
0.5PPM
0.5PPM
0.5PPM
0.5PPM

Endrin Aldehyde
Endrin Ketone
Gamma-Chlordane
Heptachlor
Heptachlor Epoxide

SOP No: N.7V8
Page 7 of 8

O.SPPM
0.5PPM
0.5PPM
0.5PPM
0.5PPM

Lindane (Gamma-BHC) 0.5PPM
Methoxychlor 0.5PPM

7.4

Arodors 1016 and 1260 are added when samples are extracted for PCBs oftyyvi
at a rnnrfintration nf 5 Oppm and 10 Oppm respectively. .££>,

Surrogate Spike A J i -^ l i S.

jfy,

i-^'l-U'H i l l ;̂!

mit;*-.: -'-•»r iiKf I!-,*-

Each sample, matrix spike, matrix spike duplicajra and bpbnR isjsj&i
surrogate compounds prior to extraction. The c|$icentj|ifion
table exhibits the concentration jn'lhe

7.5

DecachlqrobiphenyL
TCMX

i«
I | i|
m i i ti
atf
!̂l̂

itlS

10.0

as matrix spikes using
are the same as matrix spike

heeded LCS is spiked with AR1260 and
level are the same as matrix spike concentrations.

coat and gloves should be worn at all times during

reagents, spikes, surrogate solutions with solution type, concentration,
date, chemist's initials and shelf life.

POLLUTION PREVENTION

9.1 GPL Laboratory operates in a safe manner to protect the air, water, and land by
minimizing and controlling all releases from fume hoods and bench operations.
For more detail on pollution prevention, refer to GPL SOP D.5.

WASTE MANAGEMENT

10.1 Several wastes that GPL generates can be handled in a fairly routine manner.
The process of describing the method for waste disposal of chemicals including
standards and reagent solutions, and process waste, and samples is described
in Standard Operating Procedures D.1 and D.2.
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11.0 DEFINITIONS

11.1 For definitions of terms used in this document, refer to GPL Laboratory SOP
G14.

12.0 REFERENCES

12 1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods
3rd Edition

iim I!''! ;ih-. V'-t ;«.i ' •;. *• •• •

i l S m h ,• '& •-: 'A

Sir
•IB

:r I
I

t-A ft)! S?
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SOP No: N.6

Title: Method 3520C. Continuous Liquid-Liquid E:

1.0 SCOPE AND APPLICATION ^ ''•

1.1 This method is applicable to the istiatf6§&r
and slightly water-soluble ono$riidf}rSi._.
from water, wastewater, grourjdwiate^r
this method mat be analyzed toy Jtetff' ,

This method
extract for

DEFINITI

% ! '
Sues suitable for preparing the

trend in this rinraiment, refer to GPL Laboratory SOP

! volume of sample, usually 1 liter, is placed into a continuous liquid-
sjj# eWractor. adjusted, if necessary, to a specific pH and extracted with
inic solvent for 18 ± 2 hours The extract is dried, concentrated and

•i^ !| | p jj§ Jjfjjjp' exchanged into a solvent compatible with the step being employed,

^INTERFERENCES
• : . • : ! ' ? • • ' * •

4.1 Solvents, reagents, glassware, and other sample processing hardware may
yield artifact and/or interferences to sample analysis. All materials must be
demonstrated to be free from interferences under the conditions of the analysis
by analyzing method blanks
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5.0

SOP No: N.6v7
Page of 2 of 7

APPARATUS AND MATERIALS

Continuous Liquid-Liquid Extractor (Equipped with joints and snapring clips)

Drying Column (A glass funnel with pyrex glass wool at the neck of the funnel,
half filled with dry Na2SO<)

Kudema-Danish (K-D) Apparatus

Concentrator tube: 10ml. graduated (Korrtes K-52jOQ50-10251
equivalent). A ground-glass stopper is used to {g§jiint evap
extracts.

Evaporator flask: 500ml (Kontes
concentrator tube with springs.

K

Snyder column: Three^aj$n

ft '"
Solvent extracted Boiling Chipfej
equivalent)

Heated water'
5°C). The!

JegUirf pfe 2$ #12

ntrol (±

;£f heating Mantle

1 Class A Graduated Cylinder

x Glass Wool

1g fiorisil cartridge

Large disposable glass pipets

REAGENTS

• Reagent Water (water in which an interfarant is not observed at the method
detection limit of the compounds of interest).

Sodium Hydroxide Solution, 10N

(ACS) Dissolve 40g NaOH in reagent water and dilute to 100ml.
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7.0

8.0

Sodium Sulfate
(ACS) Granular, Anhydrous (purified by heating at 400°C for 4 hours in a
shallow tray)

Sulfurtc Acid Solution (1:1)
Slowly add 50ml of H2SO< (sp. gr. 1.84) to 50ml of reagent water.

Methyiene Chloride (B & J GC2 grade or equivalent)

Hexane (Pesticide grade)

Acetone (pesticide grade)

SAMPLE COLLECTION, PRESERVAI ION, SHIPMENJlANDi

7.1

PROCEDURE

8.1 Place a few
extractor

Samples are collected in 1 liter a;
preoeaned and certified to
coolers packed in ice and stored
extraction. The holding time fo#

sk ana assemble continuous

B.6

8.7

8.8

er, measure out 1 liter of sample and transfer it
-_-..,r. Rinse the sample bottle with 20-30ml methyiene
s extractor Add 1.0ml of surrogate spiking solution,
imple using wide range pH paper and adjust the pH to 7

10N NaOH. Use 1.0 liter of deionized water to another
the method blank preparation and analysis.

sample in each analytical batch selected for spiking, measure two
additional 1.0 liter aliquots. Add 1.0ml of the matrix spiking standard.

Add sufficient methyiene chloride to the extractor to ensure proper operation
and extraction for 18 ± 2 hours.

Allow to cool, then detach and label the boiling flask. The extract is then ready
to be dried and concentrated.

Assemble a Kuderna-Danish (K-D) Concentrator by attaching a 10ml
concentrator tube to a 500ml evaporation flask.

Dry the extract by passing it through a drying column containing about 10cm
anhydrous sodium sulfate. Collect the dried extract in a K-D concentrator.
Rinse the flask which contained the solvent extract with 20-30ml of methyiene
chloride and add to the column to complete the quantitative transfer.
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8.9

10

11

Add one or two clean boiling chips to the flask and attach a three ball Snyder
Column. Pre-wet the Snyder Column by adding approximately 1ml of methylene
chloride to the top of the column. Place the K-D apparatus on a hot water bath
(90-100°C) until the concentrator tube is partially immersed in the hot water and
the entire lower rounded surface of the flask is bathed with hot vapor. Adjust
the vertical position of the apparatus and the water temperature, as required, to
complete the concentration. When the apparent volume of liquid reaches abouij?
10ml, remove the K-D apparatus from the water bath and perform a solvent^
exchange by adding 50ml of hexane through the top of!
Continue concentration in the water bath until the volur
approximately 5ml

Take the K-D off the water bath and place on
Disconnect the concentrator tube and adjust

s
If flonsil cleanup is required, cafsftitly
1.0ml for cleanup !

8.11.1 Flonsil cartridge cleamipi

cuur _
vacuum source. Place 1
Id for each sample extract.

exane/acetone (90:10) v:v. Passat
tabihaVacetbne solution through the cartridge while

a^a&ufa.1 adjust the vacuum so that the flow rate is
Pt&imitsfy equal through each cartridge. DO NOT LET THE

IC&ES GO DRY AFTER THEY HAVE BEEN WASHED.

>r the cartridges have been washed, release the vacuum, and
place a rack containing labeled 20ml vials inside the manifold.
Care must be taken to ensure that the solvent line from each
cartridge is in the appropriate cartridge as the manifold top is
replaced

Once the flasks are in place, restore vacuum to the manifold and
place 1ml of the sample extract into the cartridge.

Elute the cartridge with 8ml of hexane/acetone (90:10), then rinse
the cartridge with two 1ml portions of hexane.

Shut off the vacuum, take off the manifold top and remove the
20ml vials and place in the nitrogen blowdown manifold and blow
the extract down to 1.0ml.
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Pipet the extract into labeled 1ml vials using a disposable pasteur
prpet, taking care to rinse the sides of the 20ml vial with extract to
ensure a quantitative transfer of extract The 1 ml vial is then
transferred for GC analysis.

9.0 QUALITY CONTROL

9.1 Method Blank

9.1.1 The method blank is a volume of deionized, lain
tnrougn tne entire extraction. The method blan
to 1 0 liter or the sample volumes being extra

9.1.2 Frequency of Method Blanks
Method blank extraction must be performed p
not to exceed 20 samples^per batch.

9.2 Matrix Spike/Matrix Spike Dupl!

9.2.1 MS/MSD Frequency o

very

ist be pepJrmed per
samples are received

14 days.

prepared in acetone and 1.0ml is added to the designated
mixture contains the following compounds at the given

4.V-DDD
4.4-DDE
4,4-DOT
Aldnn
Alpha BMC
Alpha-Chlordane
Beta-BHC
Deita-BHC
Dieldnn
Endosulfan I
Endosulfan II
Endosulfan Suifate
Endnn
Endnn Aldehyae
Endnn Ketone
Gamma-Chlordane
Heptachlor

OSppm
0.5ppm
0.5ppm
0.5ppm
0.5ppm
0.5ppm
0 5ppm
0.5ppm
0.5ppm
0.5ppm
0.5ppm
0.5ppm
0.5ppm
0.5ppm
0.5ppm
0.5ppm
0.5ppm
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Heptachlor Epoxide 0.5ppm
Lindane (Gamma-BHC) U.Sppm
Methoxychlor 0.5ppm

LCS spiking levels are the same as those used to spike samples.

9.4 Surrogate Spike (SS)

Each sample, matrix spike, and blank are spiked with surrogate compounds. 1 | ; j |
prior to extraction. The concentration in the following table, i
concentration in the spiking solution.

Compounds

Decachlorobiphenyl
TCMX

9.5 Lab Control Spike (LCS)

Blank spikes are extracted at mfe |
using deionizeqUwater asjfoe n

9.6 PCBs Spike (i
3 m& :Z

1.0ml of Oipjg/m||
1.0ml of oMig/m"

mm

i,mm
ill

ion procedure as
runs use 1.0ml of AR1260 and

ion of 10.0 and 5.0ug/ml, respectively.

(pjtoat, and gloves should be worn at all times during

f-|P -"
IF

regents, spikes, surrogate solutions by identifying the solution,
tration, date, chemist's initials, and shelf life.

Waste Disposal

10.3.1 Chlorinated solvent waste should be put into a polyethylene safety can
designated for methylene chloride. This will be disposed of by the
hazardous waste coordinator.

10.3.2 Water waste can be poured down the drain after neutralizing it using
H2SO4 or NaOH depending upon the pH of the waste.
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11.1 Several wastes that GPL generates can be handled in a fairly routine manner.
The process of describing the method for waste disposal of chemicals including
standards and reagent solutions, and process waste, and samples is described
in Standard Operating Procedure D.1 and D.2.

12.0 POLLUTION PREVENTION

12.1 GPL Laboratory operates in a safe manner to protect the ,̂
minimizing ana controlling all releases from fume I
For more detail on pollution prevention, refer to GPL i

13.0 REFERENCES

Test Methods For Evaluating Solid-Waste, PI;
84b. 3rd bdition.
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SOP No: Q.7

Title: SOP for Method 8082
Aroclor and PCB Congeners

1.0 SCOPE AND APPLICATION •" : ;

1.1 Method 8082 is used to deteftiipe: Hie concentrations of various potychlorinated
biphenyls (PCBs) as ArodoriiBfiai&Klividual PCB cbngenersin various matrices
such as aqueous, sojkja;:'»^ (jfoducts and wipes.: Table 1 indicates compounds
that may be determined tn̂  mis-^triod' *

TABLE 1

Tarbet Compounds -
2-Cftlorobiphenyl
2,3-Dichlorobiphenyl
2,2'.5-Trichlorobiphenyl
2,4"t5-Trichlorobiphenyl

2,3',4,4"-Tetrachlorobiphenyl
2,2.3,4,5"-Pentachlorobiphenyl
2,2',4,5,5'-Pentachlorobiphenyl
2,3,31,4',6-Pentachlorobiphenyl
2,21.3,4,41,5'-Hexachlorobiphenyl
2.21.3.4,5l5

1-Hexachlorobiphenyl
2,2',3,5,5',6-Hexachlorobiphenyl
2.2,4,4',5,5-Hexachlorobiphenyl
2,2',3.3',4.4',5-Heptachlorobiphenyl
2,2,3.4,4'15,5'-Heptachlorobiphenyl
2,2',3.4,4',51.6-Heptachlorobiphenyl
2,21.3,41.5,5'.6-Heptachlorobiphenyl
2,2',3,3',4,41,5,5',6-Nonachlorobiphenyl
Aroclor 1016
Aroclor 1260
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248

nt
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Arodor1254
Tetrachloro-m-xylene(Sur)
Decachiorobiphenyl (Sur) :

2.0 SUMMARY OF METHOD '? ^S\. ?•.

2.1 Method 8082 provides gas chromatographic conditions for the detection of ppjb
levels of certain pofychlorinated biphenyls and congeners. ' ::

Pnor to the use of this method, appropriate sample extraction techniques must
be used ." ^ ; : ;

3.0 INTERFERENCES ' \~ ;" -.;

3.1 Interferences by phthalate esters can pose a major problem in PCB
determinations when using thB electroni capture detector. These compounds
generally appear n the chnxnatogram as large-eluting peaks, especially in the
1 5 * and 50% fractal from cleanups Merferences from phthalates can best be
rrxrurruzed by avoiding contact with any plastic materials.

4.0 APPARATUS AND MATERIALS

4.1 Gas ChromatogrBph

Hewlett Packard GC Systems 5890 equipped with autosampter is used.
EnwoOuant software systems for data recording and processing is interfaced
with the GC system

4.2 Columns

4 2 1 Dual column connected with a "Y" connector to a single injection port is
used in the mode, material injected is split between the columns and
detected by 2 separate ECD detectors.

4.2 2 Column 1: 30 meter. 5% opphenyl Dl Methyl Polysiloxane (RTX-CLP)
fused sihca column is used.

4 2 3 Column 2 30 meter, 14% cyanopropyl methyl polysiloxane (RTX-CLP2)
fused s&ca column is used.

4.2 4 5 meter guard column (inert) is used at the "Y" connector.

uisr; ' i•2r-:mt\ •• : m 1-
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4.3 GC Condition

4.3.1 The following GC parameters are implemented when PCBs are analyzed:

• Injection port temperature 200*C
• Detectors temperature 300°C
• A double ramp temperature program is used

1st Ramp:
Initial temperature
Initial time •
Rate
Final temperature
Final time

2nd Ramp: - '<',
Initial temperature , :

:

Rate . •_'.'-. "l :'::
Final temperature
Final time

\ 150°C
.1.0 mm

.-'.- i5°6/mm
\ 200°C

4-0 rnin

"•.. 2u0°C
10°C/min
300°C
5.0 min

• Equilibrium time 0.75 mm
• Septum purge on at 0.75 min at about 2ml/min
• Attenuation 0
• Signal rages 0
• SpirUess purge 50ml/min
• Makeup gas 80ml/min

4.3.2 The foflowing GC parameters are implemented when PCTs are analyzed:

Injector Temp 200°C
Detector Temp 300°C
Initial Temp 150°C '
Initial Time 1.0 min.
Ramp Rate 15c/min. :
Final Temp 300°C
Final Time 15 min.

The Electronic Pressure Controller should be programmed as fbflows: ;

Initial Pressure Time 20min. j
Initial Pressure 8 PSI
Rate 99 PSI i
Final Pressure 25 PSI \
Final Time 13min. i

-. mt\
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4.4 Gases

4.4.1 Helium ultrapure grade is used as a gas carrier at about 5ml per min at ••
50° measured at the column end. : ; : ; v'

4.4.2 Make up gas is Argon/Methane (5% methane) and the flow rate is about
80 ± 5ml per min for each detector. |

5.0 CAUBRATION AND STANDARDIZATION -

Calibration standards are prepared at five .concentration levels through dilution of the
stock standards with hexane (refer to standard logbook). Concentrations of the five level;
calibration and single point Arodor are listed on Table 2. -

5.1 Aroclors

To demonstrate the incanty of the detector, a five point concentration of a
mixture of Arodor 1016 and Arodor 126b should be analyzed. Mid-level point of
other five Arodor (fisted in Table 1) are required to aid in pattern recognition and
single point calibration

5.2 PCB Congeners

If samples are to be determined for individual PCB congeners, prepare a
minimum of five concentrations of PCB congeners.

i

I 4
i ••mrr- - •• v ' ~ i » T t •• ! m - ti
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TABLE 2

Compound

2-Chlorobiphenyl
2,3-Dichlorobiphenyl
2,2',5-Trichlorobiphenyl
2,4',5-Trichlorobiphenyl
2,2',3,5-Tetrachlorobiphenyi
2,2,5,5-Tetrachlorobipheny 1
2,3',4,4'-Tetrachlorobiphenyl
2,2',3,4,5'-Pentachlorobiphenyl
2,2\4,5,5'-Pentachlorobipheny|
2,3,3'.4',6-Pentachlorob«pl5eiiy»:=- A
2,21.3,4,4',5t-Hexachlorobjpnehyl- •
2.2,3.4,5.5-HexachtorobiphenyJ
2,2',3,5,5\6-Hexachlorobiphenyl
2,21,4,4'.5,51-Hexachlorobiphenyl
2.2".3.31,4.41,5-Heptachlorobiphenyl
2,2i,3,4,4',5,5-Heptachlorobiphenyi
2,2\3,4.41,51.6-Heptachlorobjphenyl
2,2',3,4'.5.5'.6-Heptachlorobiphenyl

Level 1
(uq/U

5
5
5 ;

:5-
5
5•ft

: ?'* /-5
; ̂  :s-:- 5
- •••= "5

... ...5 ;

• • • • • 5

; 5
5
5

2,2\3,31.4.4',5,51.6-Nonachlorobiphenvl 5
AR1016
AR1221
ART232
AR1242
AR1248
AR1254
AR126O
Tetrachloro-m-xylene
Decachlorobiphenyl

100

200
5
5

Level 2
(ug/L)

25
25

: 25
25 ;

, ;'25 ;
25
25

• 25
25
25
25
25
25
25
25
25
25
25
25

250

500
12.5
12.5

Level 3
(UQ/U

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

500
500
500
500
500
500

1000
25.0
25.0

Level 4
;lag/y

75
75
75
75

: 75
: 75

75
75
75
75
75
75
75
75
75
75
75
75
75

750

1500
37.5
37.5

Iaev*l5

too -
150

: 100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

1000

2000
50.0
50.0

tit ir
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5.3 Surrogates. Tetrachloro-m-xyiene and Decachlorobiphenyl are used in PCB
analyses. Calibration levels are indicated on Table 2.

5.4 Calibration /

If samples are to be analyzed for Atodor. ' ; * .

5.4.1 Five-level calibration of a mixture of Arodor 1016 and Arodor 1260 are
initially analyzed. Percent RSD (Relative Standard Deviation) must be
£20% for the Arodors except surrogates. Analysis of single point TOid ;

level concentration of otne^ve ArqcJor lijjted in Table 1 are required. If
PCB's are detected in the j^mpWfatterins are compared for fingerprint
match with initial star>dards aritf ceiresiperiding PCB's and retention time.
Calculation is based on average irea quantiicatJon of five representative
peaks. Wr«n interfeA^«r^p^Rerk, those peaks-with less
interferences mayitj|«^s|Bn fpr p^ntificatiori. Fewer peaks (minimum

I of 3 peaks)jnapJbjp i^e^fonquBrtftetidrvf there are considerable
j interferences". r:?:.:- ;-i ;~t ^ •'.'• .•_'•-

; 5.4.2 Daily continuing calibratiprv: Analyst should alternate the use of high and
low concentrations of Arodor 1016 and Arodor 1260 at the beginning of
each shift. Percent 4$terence should be kept at ±5% for the Arodors
except for surrogates. If this criteria is exceeded for any Arodor, j

; calculate »he average percent difference for all analytes in the calibration. ' ;

: And if the calculated average response fador for all analyte is within
1 : \ 15%. then the calibration is considered valid.

: • • j 5.4.3 Mid sequence standard: mid-level mixture of Arodor 1016/1260 should j
' \ be injeded every ten injections of samples and/or QC and at the end of j
! : ' every 12 hours, whichever is more frequent All samples that were i
i ; injeded after the standard exceed the criteria of Knearity must be re- I
| : injected if analyses indicate the presence of specific target analyte. !
| However, if continuing calibration is >15% and no target analyte was j

deteded, re-injection of the samples is not necessary. If continuing i
calibration £15% and no target analyte was deteded, re-injection is
necessary. Experience of the chromatographer is an influential factor in
the determination of sample reanafysis.

If samples are to be analyzed for congeners.

5.4.4 Initially five point calibration of 19 congeners are analyzed. The mean of
the RSD value for all congeners must be equal or less than 20%. The
initial calibration must be verified at the beginning of each 12-hour
analytical shift during which samples are analyzed. A calibration
standard must also be injected at the interval of 10 samples or/and QC
samples, and at the end of the analysis sequence.
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% Difference = CR-CF * 100
CF,

W h e r e : --^ v " ^ :•

CF, = mean calibration factor from the initial calibration ;
CF = calibration factor from calibration verification standard";:. •'

The calibration factor for each apalyte calculated must not exceed a -
difference of more than 15% when compared to the mean calibration:
factor from the initial calibration. When calibration verification standard
failed to meet the QC criteria, all samples that were injected after the last
standard that met the QC criteria rnust.be re-injected. However, if the
sensitivity of the instrument hadjncrease and target compounds are not
present m the sample, (here is no need for re-analysis

6.0 SAMPLE COLLECTION. HANbLiriG.jPRESERVATION AND HOLDING TIMES

6.1 Sample extracts are preserved by keeping them cooled to 4°C.

6.2 The holding times for extraction of the samples are 7 days of sampling for water
samples and 14 days of sampling for soil samples. If sample has been extracted

. outside the holding time, note the aberration on the sample non-conformity
report, and notify the manager for further instruction.

6.3 Sample must be analyzed within 40 days of the extraction. If sample has been
analyzed outside the holding time, note the aberration on the sample non-
conformity report and notify the manager.

7.0. METHOD DETECTION LIMITS -

7.1 Method detecbon tamits for this method are listed in the GPL Laboratory Method
Detection Limit and Reporting Limit official book.

8.0 METHOD PERFORMANCE

8.1 The MDL concentrations listed in the GPL MDL book are generally obtained
using organic-free reagent water Results were also obtained by extracting
seven spiked replicates the same way as the samples and analyzing them. MDL
is defined as the minimum concentration of a substance that can be measured
and reported with 99% confidence that the value is above zero. Precision and
accuracy studies are performed once a year at a minimum. Single operator
precision, overall precision and method accuracy were found to be directly
related to the concentration of the parameter.

1 cirrr-1 •• -\- u r n ; irt ir
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9.0 PROCEDURE

9.1 Retention time wndows

9.1.1 Make 3 injections of aO single component standard mbtftires throughout
the course of a 72-hour period. Calculate standard deviation of the three *
absolute retention tomes for each single component standard. For multi-
response products, choose one major peak from the cluster and calculate
the standard deviation of the three retention times for that peak.

9 1 1 1 Plus or rmnus three times the standard deviation of the absolute
retention tones for each standard will be used to define retention
tone wndow For mutfpeiak products, primarily combination of
chnynatograptay pattern and retention times are used.

9 1 1 2 m tfioae caieiwnere the standard deviation for a particular
standanSis Serq. substitute the standard deviation of a close
aajbng. sWktf compound to develop a valid retention time
window.

9 1 1 3 W w n a new GC column is installed retention time window must
be •stationed

9.2 Sample Pi

For lampto preparation of tot and water, refer to GPL SOPs N.6 and N.7.

9.3 : When af cakbrabon rvqurwnents are met sample analysis may begin. After
.each batch of 10 runs kneanty should be checked before any more samples are

: \\ analyzed Al samples that were injected after the standard exceeding the criteria
must be re-n^eded. i the nbaJ analysis indicates the presence of a specific
Arodor that exceeded the criteria

9.4 Dilution must be made i the response exceed the linear range of the
compounds

9.5 Peak identihcaaon a based on detection on both columns. A daily retention time
window B estabftshed for each analyte from section 5.1 as the midpoint of the
window for that day The daly retention time window equals the midpoint ± 3
times the standard deviation determined in section 6.1.

'9.6 GCMS Confirmation may be implemented if the concentration permits.

9.7 Wipe samples are treated kke a solid sample and results are reported as ug per
wipe. AD OC parameters used for soil samples are applicable to wipes except for
MS/MSD analysis An actual MS/MSD analysis is impractical since only one wipe
is sampled at a location and it can not be split.

;&i:r : ̂ '—fflTrt i lit 11
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9.8 If peak detection and pattern identification are prevented by interferences, the
extract should undergo acid cleanup using Method 3665A or sulfur cleanup using
Method 36606. The experience of the analyst may prove mvaJaebie in
determining which cleanup method is appropriate for particu&rtamples

10.0 DATA ANALYSIS AND CALCULATIONS

10.1 AB quantifications are based on external standard calculations.

10.1.1 Calculation for calibration fifior • .

Calibration factor = TotarAveraoe Atea of Peak*
Mass injected (hortograms)

quatitfafi | i | i -:,

10.1.2 Percent Oiffereiice ['••'' ["'..

Percent.differ^ice - (BijJRz) X100

R, = Calibration factor from first analysis
R2 = Calibration factor from succeeding analyses

10.1.3 The concentration of each Aroclor in the sample may be determined by
calculating the amount of standard injected from the peak response,

' using the calibration factor determined from the initial five point calibration
for Aroclor 1016 and for 1260. For other Aroclor that may be present in
the sample, CF from the single point calibration standard of the specific
Aroclor will be used for calculation.

Aqueous Concentration (ug/L) = [(A,)(A)(Vt)(D)J/[(As)(Vi)(Vs)]

Solid Concentration (ug/kg) = [(A,XD)(A)(V,M(As)(Ws)(Vi)]

where:

A, = Response for the analyte in the sample, (area or peak height
A = Amount of standard injected in ng
As = Response for the external standard
Vi = Volume of extract injected
D = Dilution factor, if any
Vt = Volume of total extract
Vs = Volume of sample extracted
s = Weight of sample extracted

m - ir
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For non-aqueous samples, the unit is ng/kg and dry weight of sample is
' used for Ws.

11.0 QUALITY CONTROL . ; ; i : S -

11.1 Required Instrument QC

11.1.1 Percent RSD should be <2O% when 5 pointcalibration factors are-
compared. :

 :^ -

11.1.2 Percent difference of daily response iof a given analyte should be within
±15% when compared to initial responses.

11.1.3 All succeeding standante in an analysis sequence must fall within daily
retention timewindow established by thefirst standard of the sequence.

' • ' - 1 \ - i i i=y. ^ f i ::-~ S: '.'. - • ; ' • / '

11.1.4 Control imfts forMSj^S), LCS. surrogates are established and
published yearly for internal use. ;

11.2 Matrix Spikes . :

11.2.1 For each analytical batch of up to 20 samples MS and MSD must be
analyzed. If less than twenty samples are analyzed per month, MS/MSD
must be analyzed on per month basis. Percent recoveries and Relative
Percent Difference (RPD) should be calculated as follows:

Matrix Spike % = SSR-SR X 100
. Recovery SA

where:

SSR = Spike Sample Results
SR = Sample Results
SA = Spike Added from Spiking Mix
RPD = D1 • D2 X 100

(D1 + D2V2
D1 = First Sample Value
D2 = Second Sample Value

If samples are analyzed for PCBs only, then matrix spikes must be
analyzed for AR1016 and AR1260.

s::-! : '•1? iriBrM • • ; nt • I!
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11.3 Lab Control Sample (LCS)

11.3.1 A control check sample is extracted and analyzed at frequency similar to
MS/MSO with each extracted batch. Lab Control Spites (LCS) are::;:
analyzed per batch or every 20 samples, whichever comes first. LCS- •••'•'
compound must be within the in-house established control limit
Statistical control hmit are based on 20 data points. Data points used in
the data set must not be selectively included or excluded. If recovery of
LCS compound fate outside the established limit, corrective action must
be taken After corrective action, if LCS anar/te recovery is still outside
QC acceptance hmits. an the associated Samples batch must be rfe-
extracted I hotdmg tones have notekpsed. When PCB analysis is
needed the control check sample should be spiked with AR1016 and
1260 at the same levels as matrix spikes.

11.4 Blanks :

11.4.1 Blank • extracted and ttatyzed with each analytical batch. Blanks must
be contaminant free Concentration of any confirmed peak should be
less than the detection kml

11.5 Surrogates

11.5.1 Percent rpcovenet for the surrogates are periodically (minimum of once a
year) detemwad by plotting percent recoveries of surrogates measured
n 20 consecutive blanks Control limits for each surrogate compound is
measured usmg the foftowing formula

j ; Upper Control Limit (UCL) = p • 3s
: Lower Control Umit (LCL) = p - 3s

: where p a the mean recovery and s is the standard deviation.

11.5.2 Two surrogate (TCMX and DCB) are added to each sample, however,
only one need to be calculated for recovery. Calculate surrogate
standard recovery on all samples, blanks and spikes. Determine if the
recovery is wrtrun limits. If recovery is not within limit, re-extract and
reanalyze the sample.

12.0 SAFETY

'12.1 Safety glasses for eve protection, laboratory coasts for body protection, latex
gloves for hand protection

12.2 Due to the toxiaty or carcmogenicity of each reagent, each chemical compound
should be treated as a potential health hazard.

' 1 ?:-:• "ff lt l ; fit
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12.3 Material Safety Data Sheets (MSDS) can be found on the procurement
bookshelves located in the company library.

12.4 Preparation of the standard should be handled under a hood.. >"~:-i. ;;

13.0 POLLUTION PREVENTION . I L

13.1 GPL Laboratory operates in a safe manner to protect the air, water, and land by
minimiong and controlling all releases from fume hoods and bench operations. :

For more detaJ on pollution prevention', refer to SPL SOP D5 . -

14.0 WASTE MANAGEMENT

14 1 Several wastes that GPL generates can be handled in a fairly routine manner.
The process of describing tbs method for waste disposal of chemicals including
standards and reagentsoluflor* and process waste, and samples is described
in Standard Operating Procedures D 1 and D2.

15.0 DEFINITIONS

151 For denroens of terms used m th * document, refer to GPL Laboratory SOP
G14

16.0 REFERENCES

Test Methods for Evaluating Sohd Waste. Physical/Chemical Methods, SW846,
3rdEdrtion

\\\ \\



GPL Laboratories, LLLP Effective Date: February 2003
Version Number 15

Initiated By^
Approved Bv. rt 0

Page 1 of 13

SOP No: S.1

Title: HPLC Analysis of Nitroaromatic and Nitramine Explosive I
Water, Soil, and Sediment Samples

(•.:: w
Scope: This SOP describes the analytical methodology i

analysts of water, soil, and sediment extracts for e#osive!fcsidL
8330

1.0 METHOD SUMMARY

1.1 The purpose of this Standard Operating JRr
methodology usedin the analysis of Wpt "
explosive residue cornpqljndjl. The ityt!
SW846 method 83&0/r '
in Table I. -;

cts f
that

in this method are

• : ; ; • : : • ' ; ! > ! •

Tebyl
TNT

'4-ADNT
2.6-DNT
4- Nitrotoluene
RDX
1.3-ONB
Nitrobenzene
2-ADNT
2,4-DNT
2-Nitrotoluene
3-Nitrotoluene
•PETN
•Nitroglycerine
•Picric Acid

2691^1-0
99-35-4

479-45-8
118-96-7

1946-51-0
606-20-2

99-99-0
121-82-4
9945-0
98-95-3

355-72-78-2
121-14-2
88-72-2
99-08-1
78-11-5

55-63-0
88-89-1

•Diazodinitrophenol (DDNP)

'Same Extract used but analyzed on different calibration parameters
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2.0 REFERENCES

3.0

4.0

SW846 Method 8330 revision 0 September 1994.

INTERFERENCES

3.1 Glassware and other sample processing hardware must be clean to minimize,
interferences. ,: •,

3.2 2.4-DNT and 2.6-DNT elute at similar retention time (differgncij
A large concentration of one isomer may mask 1
isomers If it is not apparent that both samples
should be reported

3.3 Degradation product of tetryl appear
height rather than peak area should
concentrations that are significant re

APPARATUS AND MATERIAL '•;

4.1 HPLC Instrument-'.

A Waters Model i
Autosampler i
UVIS-2011
prin
LC

S:0

__ Deliwry feyi^efiii ( jp ,C Pump), Waters WISP 712
Variable Wftveljhp) rector Model #486 or LINEAR
tsotoriŝ iiB^W 31'̂ NI anwyDcal system complete with
9mra by 25<Sh)'||«rticle size 5um, confirmatory column
particle see Sum and pre<olumn Waters HPLC inserts

| ^ grade Methanol to 50% deionized H2O.
|jR^le: i 1 Oml/min for primary and confirmatory analysis.

Pr|oBko<J volume 100ul fixed loop.
Waiaprigth. 254 for all 6330 target compounds in Table 1.

.|Mobl» phase for CN column: 65% HjO, 12% M.OH and 23% Acetonitrile

&.0 ' REAGENTS AND STANDARDS

HPLC Grade methanoJ and Acetonitrile
Calcium Chloride Desiccant (High Purity)
.45 urn PTFE filters
Neat standards of each compound in Table I acquired through U.S. Army,
Environmental Center or Radian Cor. Standards
Sodium Chloride. NaCI. Reagent Grade
Tetrabutyiammonium dihydrogen phosphate, 97%
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7.0 SAMPLE COLLECTION. HANDLING AND HOLDING TIMES

7.1 Water samples may be collected in 1L or (quart) amber glass container. Soil
samples may be collected in glass containers or closed end tubes.

7.2 All samples must be iced or refrigerated at 4°C (+ 2°C) from the time of
collection until extraction.

7.3 Extraction notd'ng times for water is seven days from the dateJN
fourteen days from the date sampled for soil. Analysis hol|'
from the date of extraction for both soil and water <

8.0 CALIBRATION AND STANDARDIZATION

8.1 Tables II and III indicate the calibration levels fi
Two mixes are used because of the
certain compounds. •:•. ft

8 2 Tables rv. V. VI. and VII indicate jfte £»
Ptcnc Add and Dtftodrutroptibnd'fDDl
extract may be
differences

»6afb'
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TABLE I

COMPOUNDS
(MIX A)

HMX
*4-Nitroanaiine
1.3,5-TNB
Tetryl
TNT

2.6-DNT
4-Nitrotoluene
•Surrogate

COMPOUNf
fMIXI

1st 2nd
LEVEL LEVEL
(DPb) (POb)

3rd 4th
LEVEL LEVEL
(PDb) lodb)

5th 6th
LEVEL LEVEL
(DPb)

4th
1EVBL LEVEL

iPPW

5th 6th
LEVEL LEVEL
(pob) (ootrt

1000
1000
500
500
500
500

1000
1000

2000
2000
1000
1000
1000
1000
2000
2000

5000
5000
2500
2500
2500
2500
5000
5000

*Surityate

COMPOUNDS

*4-Nitroani1ine
PETN
•Surrogate

1st
LEVEL
(DDD)

50
50

TABLE

2nd
LEVEL
(DDb)

100
100

IV

3rd
LEVEL
(DDb)

200
200

4th
LEVEL
(Dob)

500
500

5th
LEVEL
(DDb)

1000
1000
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TABLE V

COMPOUNDS

Nitroglycerine

COMPOUNDS

Picric Acid

1st
LEVEL
(pom)

2nd
LEVEL
(pom)

1

3rd
LEVEL
(pom)

10

ft1

TAaf*Mi :i
'-. ;.; ( | to $ ifit

- • v ' . » • - ' • ,

TABLE VII

1000

4th
LEVEL

LEVEL
(pob)

1500 5000

••: •"•-: 1st 2nd 3rd 4th 5th
C<>NB?OUNDS LEVEL LEVEL LEVEL LEVEL LEVEL
••"; ' (ppp) (ppb) lopb) J D D W (DDbJ

DDNP 50 250 1000 2000 5000
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8.3

8.4

Initial Calibration is performed by analyzing six calibration levels (five levels for
Nitroglycenn. PETN ana pcnc add). Percent RSD (Relative Standard Deviation)
must be below 20% for the 6 points, (5 points for Ng, PETN and picric acid.
Calculate resporte factor (RF) for each level of standard using peak area. Peak
heights wil be used to calculate the response factors if it is required by specific
project

%RSO Standard Deviation x 100
Average RF

RF(Each Level) Peak Area/Height of
Concentration

s # • • • !

8.3.1 Pnc lo use for sample anftty
curve must to wafted through-*
soluoo^s ootaned from a
should meet trte same acoapOrv

# • *

A contnung Cattwton • fjjftnnfed it j^'beginnhg of i
a high or tow n*el cunbantrHUri standard. ThacaJkrabon I
betow15% • • ••••• , .•••••;

byanjiyzing
ference must be

tfths
avera j l

far any atnole qotjponent analyte. calculate the
• c r o u Minatyles in the calibration. The calculated
acmss o l anaiytes should be within + 15%, to
This approach should be used only when limited

i g conpounds exceeded the 20% RSD but inside the
fcnc -Whan trus approach is used the data user should be

(haf t * * s 4 t f t * s approach might lead to greater uncertainty for those

p#*>

anaVa* for wMch KSO • greater than 15% The laboratory should
corffTtuocale 9* foOowing nformabon within the case narrative to the client:

» ' Summary of aB target anaiytes exceeding method acceptance criteria

• The ndmdua! RSD results for those compounds

• The mean RSD calculated

Whan a Contnung Cafcoraun is passed, the calibration is acceptable for a 12
hour penod starting tron the beginning of the injection of the first standard. By
alternating low and "»gi concentration calibration of both MIX A and MIX B plus
other required exptocvc standards are run every ten samples and a closing
standard is run at the end of the batch or 24 hour penod. whichever comes first.
Closing standard must have a %D below 15. If the instrument does not meet the
acceptance arena a new mitiai calibration must be constructed. A new initial
calibration is aso required i a column is replaced or major instrument
maintenance tee changing the lamp or pump is replaced. Also, after corrective
action, if the absolute retention time of the dairy calibration is not within the
established retention time window, a new initial calibration must be constructed.
Minor con-ectrve acton like changing pre-column filter or washing column and
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lines with pure methanol may not require performing a new initial calibration,
provided the daily calibration that originally failed, now passes the acceptance
criteria.

% Difference
RFc- RF,

x10O

where:

RF, Mean response factor from the most recenj•',
initial calibration

9.0

RFe Response factor from continuing

METHOD DETECTION LIMIT

9.1 Method detection limits for
Detection Limit a

10.0 METHOD PERFORMAHjP | ; | i£ ;:

10.1 The MDL
US

fce9P$M>L book are generally obtained
Resuttljifere also obtained by extracting

way as the samples and analyzing them.
concentration of a substance that can be

confidence that the value is above zero,
are performed once a year at a minimum.

, overall precision and method accuracy were found to
to trie concentration of the parameter.

PR0tBpUSB|' f:

'Tl.T '";;;•-ftqueotis Samples

11.1.1 Place 770ml aliquots of the aqueous sample, blank and blank matrix
• spike, in 1000ml ertenmeyer flasks. Add 1.00ml of 6ppm surrogate to

each sample and 1.0ml of matrix spike to each LCS and sample matrix
spike. Matrix spike solution, and surrogate solution prepared in methanol
at 6 and 3ug/ml concentration using all target compounds.

11.1.2 Add 251.3g of NaCl plus a magnetic stir bar in to the flask and stir the
sample using a magnetic stirrer, starting from medium to high speed until
all of the NaCl is completely dissolved. Be sure to dissolve all salt before
adding acetonitrile, or the dissolution process takes much longer.

11.1.3 Add a 164ml volume of acetonitrile using a glass ertenmeyer cylinder to
each sample and stir on high speed for 20 minutes. Let the phases
separate for about 10 minutes.
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11.1.4 Collect the upper layer (Acetonitrile) in a 100ml ertenmeyer flask.
Approximately 10ml should be collected.

111.5 Add another 10ml of acetonitriJe into the 1000ml erienmeyer flask
containers sample and stir on high speed for 15 minutes. Allow the
phases to separate for about 10 min. CoBect the upper layer and
combine with the first extract in the 100ml volumetric flask.

111.6 Prepare a salt water solution in a separate flask by i
NaCI in 1000ml of D.I water. Add 84ml of trjs salt j
extract, which was collected in a 125ml eri
125ml erienmeyer flask on the magnetic i
stir on high speed for 15 min. Allow the seifratioitiif the I
the top layer (Acetonitrile), extepd one moriame A an i
of acetonitrile. adding this io # first extf i f ind aflfcst I
10ml using Class A gr

11.1.7 Before analysis dilute the
a suspected analyte) poor 16

11.2 Soil and

11.2.1 at room temperature for 24
to direct sunlight. Visually

JC intura tfcat itipurrips exist. Weigh the sample and
exfracttorWigbook. Continue to monitor the

two hourt until constant weight is reached. The
1% variation in weight. Record the initial and
mogenize the dried sample thoroughly and grind

uto so that it can pass through a 30 mesh sieve. Rinse
and dry after every sample. To prevent crossp ^ y y p p

contamination of samples, sieve must be cleaned thoroughly and dried
V every use.

2 Og subsample of each soil sample in a 40ml glass vial. Add
9.0ml of acetonitrile and 1 .Oml of 6ppm surrogate to each sample. Add
8.0ml of acetonitrile and 1ml of 8330 matrix spike, 1.0ml surrogate to
each LCS and sample matrix spike

11.2.3 Place samples in a cooled ultrasonic bath for 18 hours. After sonication,
, • allow sample to settle for 30 minutes. Remove 5.0ml of supernatant and

combine with 5.0ml of calcium chloride solution before filtering through a
0 45um teflon filter. Discard the first 1.0ml of extract and colled the
remainder for HPLC analysis. Allow samples to equilibrate for 15 minutes
before analysis.

12.0 SAMPLE ANALYSIS

12.1 Sample analysis may begin when calibration is complete.

12.2 Mid-Point standards are run every ten samples in order to examine both the
variation of retention time and to check the calibration of the instrument
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12.3 A dilution must be performed when the peak response exceeds the
calibration range of the compounds.

12.4 Peak identification « based on the comparison of the retention times using both
the primary and confirmaiory columns A retention time window is calculated by
using the average retention time ± three times the standard deviation of 3 mid
points during 72 hours of analyses. The average retention tjmf is determined
whenever column ciange or equipment maintenance is perfflnfoed.

12.5 The foDowng explosive compounds can also be d ĵjtrmii
procedure jj;

PETN. PETN can be xlentified and qi
procedure for PETN «the same a t a
blank samples (LCS) are spiked atO>
samples Surrogate solution is spftce&Bt
and so* samples Chromatographic C
includes

fit.-;

..-' -«;

g j i can be UentAed and quantified by method 8330.
prabKlm m î ftotfiyaBnn* is the same as 8330 target compound

tffcbi* • * * * « (LCS) are spiced at 1.0ml of 200ug/ml
C d l samples The following chromatographic

î nft ar^tiMtfigr'Nitrogtycenne analysis:

f.'. *• •• Vofef phase 50/50 Methanol/water
.» •_ - . . flow rate 10mi/mm

:'", [„ - ' Wavelength 2$4nm
' • • Injecbonvolume 100ul

Picnc Aod. Pcnc aod can be identified and quantified by method 8330.
Extraction procedure for picric add is the same as 8330 target compound Nst
Matrix and LCS are spiked at 0 2ml of lOOug/ml for water and soil samples. The
following cttromxograpnic conditions are used for picric acid analysis:

Mobil phase Tetrabutyiammonium buffer at 17g in 0.5 lit
ecetorutnle and 0.5 lit water solution

irate 1.5ml/min
365

Injection volume: 50ul

Diazodirutrophenoi (DONP) DDNP can be identified by a modified method 8330.
Extraction procedure for DONP is the same as 8330 method for the target
explosive compound bst Matrix spikes and LCS are spiked at 0.4ml of lOug/ml
DDNP for water and soil matrices. The following chromatographic conditions are
used for DONP analysis:
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Mobile phase: Acetonitrile/HzO, 50/50
Flow rate 1.2ml/min
Wavelength: 204nm
Injection volume 100ul
Column. Cii

13.0 SAMPLE QUANTITAT1ON

The concentration of a" target compounds should be calculated using the
following equations

131 Water Sample

& ! ' •

Cone (ugl ) Peafc Area/Heigh^
(Avg RF of

13.2 Sol Sample

Cone (up/Kg)
". _ "«f8tdiXifWaP

13 3 2 4 DNT and MS0lmt> efcttotthf pimacy cqfamn and the confirmation
oommn T g M J M e M 2.4CWT ar td i .SWr m the LCS and MS^SD samples

_ ." " ' _ " . . A peak detected m the retention time
wtndcsr of %,4J0*frvq 2.6-DWT on both columns will be reported as an

-Jtonjtrfcp* tftsatMp

D»«datiOM p»OUCls 0 tetryl appear as a shoulder on the 2,4,6-TNT peak.
P e * netQrit latiaejnan peak areas should be used when tetryi is present in

i i ifi f T
Q p y p

eono»r»atJoni thai are significant relative to the concentration of 2,4,6-TNT.

14.0

K 1 :t A mrtvxJ btank * extracted and analyzed with every batch of 20 samples or
* . less. The level of target analyte contaminants in the blank must be less than the

' reported detection hmrts

14 1 1 If the contamination in the blank is not within the acceptable level, a l
samples associated with contaminated blank must be re-extracted and
re-analyzed

14 1 2 Blank must be spiked with surrogate specified in section 11.1.1. If the
surrogate recovery in the method blank does not meet the in-house
established acceptance cntena. first re-analyze the method blank. If the
surrogate recovery does not meet the acceptance criteria after the re-
anaiysis. the method blank and the sample associated with the blank
must be re-extracted and re-analyzed.
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14.2 Sample analysis

14.2.1 Sample must be extracted and analyzed with the holding times specified
in section 7.0.

14.2 2 The samples must have associated method blank meeting the blank
acceptance criteria

14 2 3 Samples must be spiked with surrogate specified in section 11.1.1. If tht
surrogate recovery does not meet the in-house i
criteria, first check calculation, sample prepHationj
instrument condition. If calculation was undjrrect, 1
and verify that the surrogate compound r '
criteria. If the instrument malf
and re-analyze the sample •,

14.2 4 if the above action does not
analyze the sample ;'

14.2.5 If the surrogate comofl
re-extractiofci, subfnttfl

14.2.6 ! the acceptance criteria
may be due to matrix

: effect, review the surrogate
•ample*, i

mk/tcifi £ MSJMiJSpanalyzed and extracted in the same

•s ''• f
14.3 Labpratory CoJrjin|Ba|jiple

LaberatoryiCalbtrof Sample (LCS) is extracted and analyzed for every batch of 20
samples orteft* The recovery limits are determined by taking three standard
deviations of 20 consecutively analyzed LCS's. Recovery limits are updated

i j j l l j . ' Data points used in the data set must not be selectively included or

The LCS is analyzed to assess general method performance. The LCS is spiked
with all target analyses before it is carried through the sample preparation. For
soil samples, a purified solid matrix (e.g., Ottawa sand, sodium suffate, or other
purified solid} would typically be used. For aqueous analyses, use analyte-free
reagent water The concentration used to spike the LCS is the 3 level of the
initial calibration mix A and mix B (see tables II and III).

14.3.1 If any analytes fail to meet the laboratory established QC criteria, first re-
analyze the LCS. Two LCS compounds can be outside the laboratory
established QC limit. No compound can grossly exceed the acceptance
limit in the LCS (50% • 150%). If the LCS does not meet the above
criteria, then the LCS method blank and all associated samples of the
batch would be re-prepared and re-analyzed.
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14.4 Matrix spike and duplicate analyses are performed per batch of 20 samples or
less.

The MS/MSD is evaluated by comparing the precision of target analytes to the
recovery windows established. MS/MSD data evaluation Is more complex than
method blank or LCS data since MS/MSD measure matrix effect in addition to ,.
sample preparation and analysis error. MS/MSD that fail to meet the acceptance
critena would indicate that a potential matrix effect is preser&ijThe laboratory^ v::

must assess the batch to determine whether the spike re$ult»-,Afe a$£butabfcMo:
matrix affect, or the result of other problem in the;
QC batch elements which are not affected by the!
(eg , method blank, LCS), and if there is no eviderj
property performed, the poor spSce recovery may I
the LCS compounds that are not affejged by thej
control, and if the same compounds ifthe MS ~
then matrix spiked sampte(s) mustbe.i.
sequence. RPD for tr* MS/MSD fidild

14 5 Confirmation for all target
on a CN column
on compound
less sensitive* c % ^ < * M « h $ i f l o * * T v j M e s are identified when
peaks are obser^ r f i f c fcUJPflft tfoa%ir*ofp£the analyte on both
columns. C ^ f l i p f t o f p e a k on tM <$L«6lulJh « based on comparison of
the leisnbMt^mcomm&rV.pmrci trie standard analyzed before the

ed.it must fall within the
> of frte standard obsolete retention time. When

I on the confirmation column, the analyst should
i- quantrtated results on both columns. Retention
' analyzing the mid-level standard in over the period

i for that day will be plus or minus three times the

•<•*

-M.S

' • • ' " • % ' •

Sertjgjite recoveries are quantified for all blanks, samples, matrix spikes and lab
contrptspikes Surrogate recoveries should be established and monitored by
plotting control charts Recoveries of surrogate for the blank and samples

• ihould be within the specified ranges. If the recoveries of surrogate are outside
the QC limits re-analyze the extract. Re-extraction of the sample should also be
considered rf re-injection of the sample produces similar results. The judgement
of the experienced analyst is heavily relied upon when re-extraction and/or re-
injection deem necessary.

15.0 SAFETY

15.1 Standard precautionary measures used for handling other organic compounds
like safely glasses, laboratory coats, gloves should be sufficient for the safe
handling of the analytes handled by this method. The only extra caution should
be taken is when handling the analytical standard neat material.
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15.2 Visual observation of soil sample is important when the sample is taken from a
srte expected to contain explosives lump of material that have a chemical
appearance should be suspect and not ground. Explosives are generally a very
finely ground grayish-white material.

160 POLLUTION PREVENTION . *

16 1 GPL Laboratory operates in a safe manner to protect the air/witer, and landby
minimizing and controCing all releases from fume hoods
For more detail on pollution prevention, refer to G P ^ O P

17.0 WASTE MANAGEMENT

17.1 Several wastes thai GPL generates ctfi be nan
The process o* descnbtng the method'for wast
standards and reagent solutions. arxJ
n Standard Operatng Procedurei/p"

18.0 DEFINITIONS

18 1 Fo<dtfnr>or
G.14

i

!:'
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SOP No: H.21

Title: Acid Digestion of Soil, Sludge, Sediment, and
ICP by SW846 Method 3O5OB.

Scope: The method detailed in this procedure is performed to
sludge and other solid samples for quantity ' " ' '
inductively Coupled Plasma (ICP). in

1.0 PURPOSE

1.1 The method delM«dlrt)th^ procedure h useoto^repare solid waste samples
for analysis usH6»tf fwuetitgiy C O M O W PtesniiajfCP) spectrophotometer. The
sample halfltigitfhe&B'ape •ortmct*fi is 160 days. Samples must be stored in

^ ffli tine of preparation. The elements to be analyzed using

Be
Cd

Co.
Cu
Fe.
Mg
Mn
Ni.
V.
2n.

Ag
As
K
Na

,Pb
Sb
Se
Tl

This method is also applicable to other metals (B, Mo, Sr, Sn, Ti).
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2.0 REFERENCES

SW846 method 3050B revision 2, December 1996.

3.0 EQUIPMENT AND SUPPLIES

150ml beakers/or hot block vessels

Analytical balance accurate to 0.001 grams
100ml volumetnc flasks
Hot plate, or hot block capable of maintaining temp, of 90-9£ degrees C.
Whatman No. 41 filter paper ; •;
250ml sample bottle (plastic)
Watch glass, ribbed
Plastic disposable funnels ;
Thermometer, calibrated, NIST traceable .•£
Fume hood ^
Pipetlers (calibrated) • , T ,':,i:^;-
Bottle top dispensers used to add a^ repjjlijjpftjpljjj.

Teflon coated spatula / slp'ijj: **; ;|j|

4.0 REAGENTS • . . ' : ' ' , ''• f ' ij!;

Concentrated ^A^-t i i l f ienietalsf lrasle:^.^!

1:1 Nitric^id ii(i(*c|i|n«tllS'Bra<Je ' : J :": '

ilojflc Aiid - trace metals grade
ante - eamnngcially prepared NIST traceable metals standards with

j ^ j p j i ^ r a t i o n s , including impurities and expiration dates (Vendor:
HJ||h|>ui]^ji|arJC(ards, Charleston, SC).

• :
 ( »

 ;
; .aOifejMydibgen Peroxide

••••;• . Grade and quality of water required is ASTM Type II water (ASTM D1193):
Water must be monitored for changes in conductivity by laboratory staff and is
currently provided by a laboratory pure water system.

5.0 PROCEDURE

5.1 Sample Digestion Procedure

5.1.1 Mix the sample thoroughly to achieve homogeneity using a spatula. For
each digestion procedure, weigh (to the nearest .01 g) 1-2g portion of
sample and transfer to a beaker/vessel.

Note: A separate sample shall be dried for percent solids determination.
See SOP "Percent Solids Determination Procedure*.
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5 1.2 Label two beakers/vessels, one as a sample and the second as a
duplicate

5 13 Label one beaker/vessel as matrix spike. Tn tnatriy spike
add 0.2mL each of spiking solution (ICP SPK1.2.3) after addition of
10mlsof 11 nrtncaad

5.1 4 Take one beaker/vessel and label as prep blank (BLK).

5.1.5

5.1.6

Take beaker/vessel and label as BKS. To BKS beaker/vessel add >x :

0 2mL each of spiking solution (ICP SPK1.2.3) after aiidition of H$jjfc Of
11 nfcncaoo.

To ail beakers/vessels, add 10ml of 1:1 nfoc
and cover with a watch glass. Heat the si
fume hood to 9 5 < b $°C) and reflux
Alow the sample to coot, add 5ml
watch glass, and reflux for 3&
aodrtton untl no brown fume*
covering of solution over tie
temperaw* acn»*b during thi
ASTM tm 0 wfWjfteOordfc!'

, . . ' ) ! : " • . . '

nooed

;«•; i l l- l f*l^sa

I to evaporate to
t at 95°C i 5°C without boiling

f»^eoflfted«fld'a'2ml of 30% hydrogen peroxide (H2O2)
^ * * | w«^ | ffm Return the beaker/vessel to the hot

I f * the peroxide reaction Care must be taken to
that 4 i > e & ) not occur due to excessively vigorous

Heat until effervescence subsides, then cool the beaker.

1.1.7 until the effervescence is minimal or until the general
sample appearance a unchanged. (NOTE: Do not add more than a
total of

5 19 Add 3ml of 30% hydrogen peroxide (HJOJ ). heat the acid-peroxide
digestate to 95*C 1 S*C until the volume has been reduced to
appronrratefy 5ml without boiling OR for two hours at 95°C ± 5°C
without boding

51.10 Add 10ml of coxentrated HCi. return the covered beaker to the hot
plate, and heat for an additional 15 minutes at 95"C (± 5°). After
cooling, filer through Whatman No. 41 filter paper (or equivalent) using
disposable funnel and dilute in a 100ml volumetric flask with Type II
water. The diluted sample has an approximate acid concentration of
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10% (v/v) HCI and 5% (v/v) HNCh. Transfer the sample diluted sample
to a i25mL plastic sample bottle labeled with the work order, fraction,
and date of digestion. Date of digestion may by put on the box of
digestates instead of on each bottle. The sample is now ready for
analysis.

6.0 METHOD PERFORMANCE

7.0

6.1 Per digestion method MDL limits are obtained by digestion of seven spiked
replicates in the same way as samples and analyze them. MDL is defined.:§s
the minimum concentration of a substance that can be m»Mured and r»pfflted
with 99% confidence that the value is above zero. Precision tnd|ttwi*cy;:
studies are performed once a year at a minimum/ :;•:.'• r.' $^i\ &' £•

" s» | ••& ® m
METHOD DETECTION LIMIT

7.1 Method detection limits for this method are I
Detection Limit and Reporting Umit-offio

8.0 DEFINITIONS

8.1 For defimtjons oHei
G.14.

9.0 QUALITY CONTj

.•••:• « i 1
.i'i;

10.0 ;SAFETY

^ _,, v J report to his/her supervisor and lab manager
r.auf ff^nrik ou«1de warning limits for BKS samples for analytes being
• detaBfurtitl -Sample recovehes for any element which are outside of the

~. cpnt ĵl ettabiished limits for the laboratory control sample, are deemed
_!•/ ufjeeseeptabie. The digestion batch must be re-digested for those

--' analytes. Document the incident on a re-digestion form and submit to
supervisor.

10.1 Safety equipment required

Fume hood - minimum flow of 100 linear feet/minute
Safety glasses
Safety gloves (unpowdered)
Lab apron
Face shield, if necessary
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10.2 Potential hazards

The most hazardous chemical adds that laboratory personnel are likely to
encounter are strong aods such as Hydrochloric Add and Nitric Add (HNO3).

10.3 Spedal handling requirements

Analysts should always read the label on the bottle. Chemicals require handling
with care to include wearing adequate garments for skin protection. Also, acids
should be handled only under a ventilated hood.

11.0 POLLUTION PREVENTION

11.1 GPL Laboratory operates in a safe manner to protect thjjjj
minimizing and controlling all releases from fumeiJioodsijL
For more details on pollution prevention, refer JftflPL SJqjF: j - IS

12.0 DISPOSAL REQUIREMENTS ;' . ^ \y.'%
•'::•• \ | J *''- ;*ti! t.JI

12.1 Acid wastes should be placed into t^e.̂ Pd|iwi«t<j6bottienT(
metals digestioirfab. Anyjrt^ainir^ s l ^ ^ h S i l d beS
control. More d»taiisrqtrt#rr^ng d i i p ^ i h ^ # r i s t i c * p ! l procedup can be
located in the S&9 SUjbflfelJDry Wailte ttaitflttritnd Storage Procedure".

13.0 REPORTING

13.1 np|6 ir^udfV^ork brUfers and Metals Preparation and Sample
WQ ui|ibe*Jimit»d to the Metals Supervisor with the Digestion

'li:ini|tais||hd ftie'.preparation date documented on each form for

esisription must be filled out and should contain the following
..... ^ ^ i for aqueous digestates The fields for color and darity, before and
if aij^jfligestion, must be completed. The following descriptive terms are

/••' recommended:

Color - red, blue, yellow, green, orange, violet, white, colorless, brown,

gray, black

Clarity - dear, doudy, opaque

Texture - coarse, medium, fine
Note any significant changes that occur during sample preparation (i.e.,
emulsion formation) in the Comments section. Enter any sample-spedfic
comments concerning the analyte results in the comments section. If ICP
analysis is required, use color of ICP digests for sample description.
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Metals Preparation and Sample Description Log Forms (Figure 1) must be
documented completely by the Digestion Technician during digestion and
include the date of digestion, work order number, digestion technician signature,
supervisor initials, identification of method used, Lab Sample ID, sample matrix
(soil/water), amount of sample used in digestion and final volume of sample,
identification of the matrtx spiking solution used, the amount used, and
identifications of any reagents used during the digestion.

13.2 QC records are maintained in the form of control charts to document percent
recovery of anatytes See SOP "Quality Control Charts" for more information. ..

' ' •

;;•£: y; ..• £ | & $ ; i |

;r|̂ i* $! if 1" #

; i i ; - ;.-• ' • • • " 1 : \ ':>•' ft" '•• *'• •*• '

; • - ' ; • ! • • i ; : . ' . " ' • • - ' • • . ' 3
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Figure 1

[Date:

Metals Digestion Logform

Prep 200 7 / 3OO5A / 3C2OA/3O50B/3Q10A / ILC03.1 / ILM04.1 / ILMQ5.1

SOP No: H.21v3
Page 7 of 7

Batch No: 83-

Analyst Comments

Reviewed by: Date Spike Witness:

GPL
Work Order

No

LCS ID / A m i ;

Samp*

-

1 • ; , _

*

• •

Frac

{ •

i ' - •

• '" I

• •

^ded (ml. g) •

SIZE
mL

•n

•

Fral
Vol
(mil

Matrix
S.W
Other

.-

•

Color Before Color A/fef
R.Bl.Y.G.O.V.iK

CotoricM Bf. GfVfL Bk.

1 Ir'i'1''

:!'.yf5.

Spiking ID / Amt Added (ml)

Temperature, C:

cl#V iriJi i'1
r

* 1
; r- SI

111w r

«P-SMC

•L. ita^ •*•-"

SO!f ':;
tti' fc ,3» 1 :

f I
W

HNO3(1+1) ID-

HN03(conc) IC

SIS
i l

W
IF

:
HCKconc) ID:

HCI(1+1) ID:

Peroxide ID:
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SOP No:

Title:

Scope:

H.8

Acid Digestion of Aqueous Samples. EP and TCL
Contain Suspended Solids for Flame/lCP Anal
Antimony in Accordance with SW846 Method

The method detailed in this pi
and extracts for quantrtation of
Plasma (ICP) or Flame Atomic
Absorption for antimony (GFAA)
method 301OA. •:-,

1*oduri(.)s typj to prepare aqueous samples and
Coupled Plasma (ICP)

wpmic Absorption (FLAA) spectrophotometer or
c mbrption for antimony (GFAA). The sample holding
180 days. The elements to be analyzed using this

Cd. Ca, Cr. Co, Cu. K, Fe, Pb. Na. Ni, Mg. Mn, Se, Sb. Tl. V,
r. Ti, Sn, Mo.

3.0

REFERENCES

SW846 method 3010A revision 1

EQUIPMENT AND SUPPLIES

150mL glass beakers
100ml volumetnc flasks
Hot plate
Whatman No. 41 filler paper
125ml sample bottle (plastic)
Watch glass (non-ribbed)
Watch glass (ribbed)
Plastic disposable funnels
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Thermometer, calibrated. NIST traceable
Fume hood
Eppendorf and Oxford pipettors (calibrated)
100ml graduated cylinders

4.0 REAGENTS

Concentrated Nitric Acid - trace metals grade

Concentrated Hydrochloric Acid - trace metals grade

1:1 Hydrochloric Acid - to 500ml ASTM type II watej^see
Concentrated Hydrochloric Acid

Metals Standards • (ICP spk 1.2.3) commercially
standards with documented conceptojfions,
dates. (Vendor. High Purity StandlnkC1

SOPNo:H.8v8
Page2of7

50Qm|<*

Diluent for ICP & FLAA standard*,.* Nai
adding 200ml concentrated nitric W&A*
to 20 liters deonfcid water.v^: f. jte

1 £&• v?: U
Grade
Water must
currently

5.0 SAMPLE EBVATKBN AND HANDLING

(ASTM D1193):
by laboratory staff and is

prewashed with detergents, add, and water,
are both suitable.

umptes shall be refrigerated upon receipt and analyzed as soon

information about preservation, storage and handling of samples,
SOPF.2.

£.0 '' PROCEDURE (see Figure 1 for flow chart)

6.1 Sample Digestion Procedure

6.1.1 Mix the sample thoroughly to achieve homogeneity. Transfer 100ml of
sample using a graduated cylinder to a beaker. Transfer 100ml of sample
each for duplicate and matrix spike analysis and labei as duplicate and
matrix spike. For extracts of TCLP or highly contaminated wastes, reduce
size to 10.0ml.

6.1.2 If aqueous samples are to be analyzed, to the matrix spike
beaker, add 0.2ml of matrix spike solution (ICP spk 1,2,3).
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6 1.3 If sample extracts are to be analyzed, to the matrix spike
beaker, add 02mL of matrix spike solution (ICP spk 1,2,3).

6 1 4 Label one empty beaker "BKS" for the laboratory control sample. Add
100ml ASTM type II water to the beaker. Add 0.2mL of matrix spike
solution (ICP spk 1.2.3).

61.5 Label one empty beaker "BLK" for the preparation blank. AddiOOml,, € 3
ASTM type II water.

6.1 6 To si beakers, add 3mls of concentrated nitric acid
samples with nbbed watch glasses

6.1.7 H«at on a hot plate m the fume hood and e{
approximately 5mls Do not bjjl or allow,!
beaker from hot plate and.allcwj! to cool.,

6 1 8 After cooing, add 3mls of ftnfte
• non-nbbed watch glass
to reflux petWy.

6 1.8 Continue

•>» f*T •• 3 r r

iry, until the digestate is
rate to approximately 3mls.

plat» aftfBUow to cool. Add 10ml of 1:1

abd reflux for 15 minutes.

er walls and filter sample, if necessary, through
n No 41 Filter paper (or equivalent) using disposable funnel.
100ml in volumetric flask with Type II water.

. In place of filtering, the sample may be centrifuged or allowed to
settle by gravity overnight to remove insoluble material. Filter or centrifuge
the sample onry when sample contains insoluble materials that may clog
the nebulizer. The diluted digestate solution contains approximately 5%
(v/v) HCL aid 3% HNO3. Transfer to 125ml plastic sample bottle and
label w«th GP work order, fraction. WFL (for water matrix, ftame/ICP
digest on) and date of digestion. Date of digesbon may be put on the box
of digestates instead of on each bottle. For analysis,
withdraw aliouots of approximate volume, and add any required reagent
or matru modifier. The sample is now ready for analysis.
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7.0

6.0

• i * " "

9,0
<•'.••

SOPNo:H.8v8
Page4of7

QUAlfTY CONTROL

7.1 Troubleshooting and corrective action.

The furnace, ICP and flame AA operators should report to his/her supervisor and
lab manager any recoveries outside warning limits for LCS samples for analytes
being determined or preparation blanks are above control limits. Sample
recoveries for any element which are outside of the control established limits for
the laboratory control sample or contaminated preparation blanks are deemed <£
unacceptable. The digestion batch must be re-digested for tbOjje analytes.
Document the incident on a re-digestion form and submit 1

SAFETY

8.1 Safety equipment required

Fume hood • minimum flow,
Safety glasses .'!;
Safety gloves (unpowdered)
Lab apron
Face shield if

8.2 Potential hazards, .t

The most personnel are likely to
Acid and Nitric Acid (HNO,).

3'tne label on the bottle. Chemicals require handling
Srmg adequate garments for skin protection. Also, acid

idjbe feenVmed under a ventilated hood.

JUIREMENTS

wastes should be placed into the acid waste bottle which is located in the
metals digestion lab. Any remaining samples should be returned to sample

;=•"' control. More details concerning disposal charactenstics and procedures can be
' located in the SOP D 1 'Laboratory Waste Handling and Storage Procedure*.

10.0 POLLUTION PREVENTION

10.1 GPL Laboratory operates in a safe manner to protect the air, water, and land by
minimizing and controlling all releases from fume hoods and bench operations.
For more detail on pollution prevention, refer to GPL SOP D.5.
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11.0 DEFINITIONS

SOPNo:H.8v8
Page5of7

11.1 For definitions of terms used in this document, refer to GPL Laboratory SOP

G.14.

REPORTING REQUIREMENTS

12.1 Documentation to include Work Orders and Work Sheets (see SOP "Sample

Logging and Record Keeping"), Metal Digestion Log Forms must be submitted to/
the Metals Supervisor with the Digestion Technician's initials^d the pn
date documented on each form for each case.
Sample Description Information must be filled out <
following information for aqueous digestates. The I
before and after digestion, must be completed. Tr
are recommended:

Color -

Clarity -

Note any signri
formation) in
concemi

red. blue, yellow,
gray, black

c * 4 cloudykf

preparation (i.e., emulsion
te-specific comments

jrjjjjSjjfhust be documented completely by the
5n include the date of digestion, work order

gnature. supervisor approval, identification of
ID, sample matrix (soil/water), amount of sample used

finjjjl Volume of sample, identification of the matrix spiking
the amount used.

js are maintained in the form of control charts to document percent
sry of anar/tes from EPA ICV and independent laboratory control samples

'subjected to the digestion procedure.
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Figure 1

FLOW CHART

SOPNo:H.&v8
Page 6 of 7

ACID DIGESTION OF AQOBOUS SAMPLES OK EXTRACTS
FOR ANALYSIS ICP/FLAME AA OR SB BY CFAA

:••' £ l ' l;;l |I«-
••: Si!1 - t ••!•;

•;•;.• ;ia> : i ' • "

HN03,
to reflux

r-\ T * "•• HP " * • »

?

Heat to complete
dig.andununcoverto
evaporate to 3 mis.

Coo!, add 1:1 HCL and
. reflux

filter if necessary
and bring to frial

volume

STOP
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Figure 2

Metal Digestion Log Form

Date-

Analyst

Reviewed by:

Prep: 200.7 / 3005A / 3020A / 3050B / 3010A / ILC03.1 / ILM04.1

Comments.

Date Spike Witness:

/ILM05.1 Batch

Prep.

No: 83-

•K

V
Seq:.- # ?

GPL
Work Order

No.

f!

•:;;: i? ?':'
: , !

.'•". •- • ..:'J 1!

* ' * * * • • • • !

• •;£'' : 'T ; ''

& I.? •§;;

"s- t. • •'. • '

Sample

^ , 1

' I
! If)

Free

fflf

f fr

SIZE
mL
(g)

f "t* •""
HI . f .

4 7"

Fne
Vol.
(mL)

•:_

Matnx
S,W
Other

f n "• *US

" ' • • 3

-

Color Before
R Bl. Y.

CobrtMS

•K

;•• r -I-

Color Afttf

' ' ' mi
Br. Gmy, q|Ui

LCS ID /Amt Added (rnl.g):

Spiking ID / Amt Added (ml):

Temperature, C:

CI«*yS

SoilfituJH

P
T
—8~lf11

IF

81 ii

I
mV

•

If

HNO3(1+1) ID:

HN03(conc) ID:

HCI(conc) ID:

HCI(1*1)ID:

Peroxide ID:
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SOP No:

Title:

H.10

Trace ICP Quanotation of HSL Metals phis Boron, McJybdetjurrvjSilicpn.
Titanium, and TrAcconJng to Method 601 OB ' • • -•• -v-r

Scope: The method detatod n ffn procedure is for the ana^sis of
extracts, sois sludges, segments and«her sol
Hazardous Substance Usi (HSL) M e t *
spearoKopy n accoraance wtth USEPA
buffers, rtema) standards, and special

' ? • • * • "

1.0 INTERFERENCES j ' -Jr y
'- • • ? . •-. '.

1.1 Tin I I amjaajji a>i » | I L I • • u r i l i f t i u j n i inn nil nl lip nfinnlrnilii
bandj#acta -«r% fcgft| o«tnap ftom neaty spectral knes, and background
em«atoa faom eomnuess qrT«oombnaton phenomena

2,0 , IMRPOSE,,

2.1

I-"-

i Of ihft procedure s to describe the svnultaneous analysis of metals
on Vie US€PA HazrOous Substances List (Antimony. Arsenic. Lead, Selenium.
SUvef. fhalum Sodum. Potassum. Aluminum. Barium. Beryllium, Cadmium,
CaJ6orti. Chronun. CobaR. Copper. Iron, Magnesium, Manganese, Nickel,
'Vanadksr and Zrc) p*us Boron. Molybdenum. Strontium, Titanium, and Tin at
(race Itvefc uwig a Thermo-Jarrel-Ash 61E Purged Trace Inductively Coupled
Plasma Spectrometer and autosampier All samples are digested in accordance
with SOP M 4 or M 5 poor to analysis. Fltered samples for dissolved metals
analysis can ba anatyted after either digestion or matrix matching. The digestate
holding omc s 180 days

3.0 REFERENCES

TJA ICAP61E Operators Manual (p/n 134542-00)
SW846 method 60106 revtson 1
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4.0 EQUIPMENT AND SUPPLIES

SOPNo:H.10V11
Page 2 of 21

4.1

100ml volumetric flasks
200mL volumetric flasks
500mL volumetric flasks
1000ml volumetric flasks
100mL plastic storage bottles
250mL plastic storage bottles
500mL plastic storage bottles
1000ml plastic storage bottles
20.01 Nalgene carboy
10.0L Nalgene carboy
15mL disposable autosampier tubes
28ml disposable autosampier tubes
Centrifuge tube holder
Pipetters and Pipette Tips
5,10,20mL class A volumetric pipets
Pump windings and tee fittings
Argon gas (cryogenic liquid source);
Nitrogen gas (cryogenic liquid souflfe;

Instrumentation

4.11 TJA61E .cyclonic spray
lflndAS>132aul05Ampler

correctton technique is used for the analysis of
sijienjtfjn to achieve lower instrumental detection Smits
' to^aphto furnace

-.::'•. r ? --"-. • : • ?•• ; / :

4.1 ,|: A n argon harnpTier is used for extracts and samples containing high salts.
',".:. A hiflh-«olid8 "Bergener" nebulizer can be used for the analysis soil

!*9»tajtes.

41 .4

""ftO REAGENTS

Yttrium internal standard • Lithium ionization buffer is added ort4ne using a
mixing tee and col with a ratio of 1:4 (one part standard: four parts
samples, resulting in a dilution factor of 5 for the internal standard,
approximated 10ppm is the final "mixed-in" concentration.

A deionized water ASTV type II or equivalent
Concentrated hydrochloric acid, trace metals grade
Concentrated nitric acid, trace metals grade
Flame Water - 5% hydrochloric acid, 1 % nitric acid
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Preparation of Reaoent Flame Water

Fill a 20L Naigene carboy half fuH with type II water. Add 200ml concentrated nitric
acid and 1000ml concentrated hydrochloric acid underneath a hood to contain
noxious gases Dilute to twenty liters with type II water and mix thoroughly.

2% nitric acid

5ppm Arsenic Profile check solution ...

Preparation of Arsenic Solution: .;. }^h:- y.

Pipette 2 5mL of 1 DOOppm Arsenic stock solution int$a 50Q|jjL Vjjj
Dilute to votume with matrix matched water. Transf^toal '
Record the date of preparation, expiration date and f
label. Prepare Arsenic Profile solution every thn
whichever e more frequent. ; ;| p *

50ppm Y-i500ppm lithium internal'

Preparation of

Pipet 10Omts of GP>'rn«ll akf^OOrri^d^tlnil^MK. OtoJeSo volume with
flame w a t e r . • • • # * : £ * •'• ' " "' ~"

All sto» a4^pM»o| tor | |e rgUi are loggiijiihto a software program (solutions
manajjr) AD ttdft aMl p^paved standartte are assigned a solutions manager

, refeetnoc nuntiwI^Trl&efenence number expiration date, prep date and chemist
initiate are wnil»n QTI ai»befahd placed on all prepared solutions. The expiration

,'A. :. datt chosao by^soluboiiif manager f a prepared standards is three months for the
p

6.1 AVO&CONTAMINATION .of STOCK STANDARDS. Always pour a small volume
- •'" of standard stock solution into a new microbeaker before pipetting an aliquot.

NEVER nsert a pipette directly into the bottle. This precautionary measure also
apptes to quality control standards stock solutions (ICVA, IC1, etc.)

6.2 Check pipetters dafly for leaks and proper calibration. Record in the pipette log
book.

6.3 Empty Drain vessel at the end of each day. Transport waste to the waste disposal
area for appropriate treatment prior to shipment. Rll vessel up to 6 inches using
tap water prior to replacing vessel beneath instrument

6 4 Clean up and neutralize all spills immediately to avoid corrosion damage to the
instrument
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6.5 Purge the optics with nitrogen at all times. Leave the RF power unit on at aS times.
Never attempt to perform repairs to the High vohage systems. Leave the
instrument PM tubes and heater on at afl times.

7.0 PROCEDURE

7.1 Preparation of Calibration Standards

7.1.1 To prepare calibration Standard 1 in flame water, pipette 25ml of
source solution Sp Mx Std. 12 into a 500mL flask, which has been naif
filled with flame water. Dilute the flask to volume*)!} " a m e w a ^ F i -
Mix the solution thoroughly, and transfer H to a | '

True value of Standard 1

Element
Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt I

Std
Certified

Cone (uq/ml) Ai
1000

20
20
10

I K
I.,I

•••••• •••' 2 ^ '

i ':-!•; 25
r :;• •- 2 5

25
25
25
25
25
25
25
25
25
25
25
25
25
25

m so
"^ 500500

500
500
500

50000
500
500
500
500
1000
500
50
500
1000
500
500
500
500

1

7.1.2 To prepare calibration Standard 2 in flame water, pipette 50mL of
source solution Sp Mx Std. 12 into a 500mL flask, which has been half
filled with flame water. Dilute the flask to volume with flame water.
Mix the solution thoroughly, and transfer it to a plastic bottle.
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True value of Standard 2

Element
AlummuTi
Antimony
Arsenic
Banum
Beryl um
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
MotyDdenum

Sid

Selenium
Sitoon
S#ver
Strontium
Thaflium

Certified
Cone (uq/ml) Added

1000
20
20
10

1000
10
10
10
10
10

1000
10 r
1 0 ?•
io *;
10
2 0 • .

1 1 0 .-.." •. :
1 . 0 0 0 •'• .!: ••

Calibration
Std. Cone. lua/Vt

100000
2000
2000
1000
100

. - 1000 .,
•:SV;: 10Q0 '

3f *~

• * > . - 5 0
t p k" , 50
1D ' 50

1̂ 1 % j fc i r eP f e n > cattrabon Standard 3 m flame water, add 5ml each of the Mg,
Dai*J»-*tocfc (tO.OOOppm) and 1 250ml of K stock standard (lO.OOOppm)
ftandart from High Purity standard with a Class A volumetric pipets to a

•' /JSOroL volumetnc flask which has been half filled with flame water. Dilute
the flask to volume with flame water, mix the solution thoroughly, and
transfer to a plastic bottle.

Standard 3
Sodium
Potassium
Magnesium
Calcium

Startina CONC
10,000ug/ml
10.000ug/ml
10.000ug/ml
10,000ug/ml

Volume Added
50ml
1.25ml
5 0ml
5.0ml

Final CONC.
200000ug/L

50000ug^.
200000ug/L
200000ugA.

NOTE 1 These formulations are subject to change without an update of SOP
to suit various client requirements

NOTE 2 A multipoint calibration is performed daily for those elements in
standards 1 and 2. Standard 3 is used to perform a five point
calibration that is re-sloped daily.
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7.1.4 Document the standard in solutions manager program. Label the
standard solution bottle. The label should include the preparers
initials, the date of preparation, the expiration date, and the page
number on which the standard has been recorded in the log book.
The expiration date of standard solutions is three months from the
date of preparation or whenever one of the certified standards
expires, whichever is first.

7.2 QC Preparation

7.2.1 Preparation of Low level linearity check Solution. (PQLJn ;. %

Pipette appropriate volume of single elemen
flask. FiB to volume with flame water.

Note: Additional elements canine added, itrpbessajf!,
needs '• * ""

Document the solution v\ the
the bottle as ICP Stock arxj.te
date, the preparers

7.2 2 The CCV
standards*.

7.2.3

5itvoWr>4^f|i*'halfwaywith flame water and add ten mLs of ICV.
p solution Dilute the flask to volume with

fort* f^tac f i t the solution thoroughly and transfer to a plastic bottle
; JabeiKjCVr

înterference Check Standard A (ICSA):

Fll a 500mL volumetric flask halfway with flame water and add 50mL of
ICSA certified multielement stock soluton. Dilute the flask to volume with
flame water Mix the solution thoroughly and transfer to a plastic bottle
labeled ICSA.

7.2.5 Interference Check Standard AB (ICSAB):

Fill a SOOmL volumetnc flask halfway with flame water and add 50mL of
ICSA certified stock solution, and 0.500mL of ANALCS-R-2 certified stock
solution and 5.0mL of ANALCS-R. Dilute the flask to volume with flame
water. Mix the solution thoroughly and transfer to a plastic bottle labeled
ICSAB
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7.3 Preparation of 1:5 Senal Dilution (L)

Obtain the sample digestates for the case or SDG to be analyzed. Take the
original sample digestate that corresponds to the sample designated for duplicate
and matrix spike digestions for each SDG and matrix and prepare its serial dilution
as follows

Transfer 2mls of sample into Bmls flame water. Mix thoroughly.

7.4 Preparation of Post Dtgesbon Spike ' :: : ; ;h

Obtain the sample digestates for the batch or SDG
sample digestate that corresponds to the sample
matrix spike digestions for each batch and prepare

Transfer 10ml of sample nto a samMfube. R
spike with 0 1ml of post spike ^ f o

Note: V the mat* spice recovery froifeidjjlf < & % jjjje J
spiking at a!fcmaie canpintrfban* f .;)• fc': \

7.5 Tuning andCalibriBpi^tHilCl'^ ^ :""' ... • £ . $

%'•• " ' l '

7.5.1 Conddq « y » «fr>rtup inspection. ;"

; ^ & < £ jargon a)d rtfitrogerrgaB supply and drain vessel

&K •', f .' i-fttab sure thaw is an adequate supplyof Argon. Check the float
::A fe* & ,^QBe bin«4i|uKj argon dewar which is located in the cylinder
- f •;I i[ •+iomt*K>o(r\. The argon bne pressure regulator should be set at

C 'BOpetand the nitrogen line pressure should be set at 50psi.

'•;• ' Check the drain vessel beneath the ICP and empty it if full.

7.5.1.2 Torcn box

Make sure al connections are secure and air tight, including the
dram hose, nebulizer cap. argon lines

7 5 1 3 Peristaltic pump

Install new flexible pump tubing every other day (the windings have
three stops whicn alow for an extra day of use) or if the old one
snows signs of flattening or stretching, and connect to the nebulizer
with capillary tubing
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7.5.2 Daily Start Up

SOPNo:H.10V11
Page 8 of 21

7.5.2.1 Reset computer and instrument. Load the operating software
called Thermospec by using the windows icon under Thermospec
window or by typing "STNRUN" at the C: drive prompt in DOS.

7.5 2 2 Ignite plasma. Engage pump tubings. Under the menu heading
SET UP, select CONTROL PANEL; then press F1 for Start Up .?
followed by F9 for continue to begin the start up sequence which ,<• l '
takes about 90 seconds.

7.5.2.3 Warm-up. Once the torch has been
submenu and go to the analysis mer*i At
"6010" and the peristaltic pump shotjt beg
adjusted to following

Torch gas ...-HJ|H
Auxiliary gaJt|: ;t<
Nebulizer ga»
Approx

as the samples
internal standard -

»lafe a^rr* autosampier cup filled with 5ppm As onto the last
*1 Sfon the V rack of the autosampier. Under the

j , press F6 to move autosampier and begin profile
i- '«eqUence. Once the autosampier has moved it will wait 35 seconds

. ., ^ \o allow for adequate uptake and equilibration of the test solution.

:"j'T5.3.2 Start the profile sequence. Press F3 and then F1 to start the profile.
The procedure takes approximately 63 seconds and returns a peak
profile of the Arsenic line at 189.042 x 2nm (second order line).

7.5.3 3 Record the peak position and intensity in the daily maintenance
logbook. The peak position should be within 0.3 units of the 0
position and the intensity should be around 6000 "counts". Print out
the profile report and include it with the raw data to demonstrate
that the spectrometer was correctly profiled. A drift greater than the
specified tolerance could indicate a drastic barometric or thermal
change since the last profile and warrants further investigation, (see
trouble shooting.)

7.5.3 4 The calibration curve must consist of a blank and standards (refer
to section 7.1.1). Use the average of two exposures for both
standards and samples.
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7.5.4 Prepare autosampier sequence.

Under Operation menu, select "Autosampier Setup". Load the default table
name "trace" and enter the samples to be run under set 2. (maximum 192).
Enter a CCV and CCB every 10 samples. Once finished, print out the table
assignments by pressing F2.

7.5.5 Load autosampier with standards and samples according to the table
printouts. A typical set-up should like this: ... i r

(set 1) Load autosampier L rack with 28ml cups

Position

, i c ; •"

, -, - ft

/Position
1
2
3
4
5
6
7
8
9
10

11. .20

21 ..30

--< CSRfepJtion
OCv-iolution (for long runs)
CCB solution

(48 position racks):

Name
PBW (BATCH #)
LCSW (BATCH #)
SAMPLE
DUPLICATED
SPIKES
SERIAL DILUTION L
POST DIGESTION SPIKE
SAMPLE2
SAMPLE3
SAMPLE4
CCV1
CCB1
10 more samples
CCV1
CCB1
10 more samples
CCV1
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31 ..40

41 ..48,
rack 2, 1 .. 2

CCB1
10
CCV1
CCB1
8 more samples
2 more samples
CCV1
CCB1

NOTE 1: The autosampler assigns the positions of the samples and QC in the y
oraer in which they are entered. Modifying an existing run by in?""^~'
samples may change the assignments of the sarnpte*. #

7.6

NOTE 2: In order to take multiple uptakes from thekame
name must be entered. This would not a n v forlhp nu
CCV1JCCB1. CCV2/CCB2;,.etc. or the s&x of "j$br T"
ICSAB. POL check soMtoijiused in « £ % p

SampteAnaiys*

7.6.1 Initiate
enter m met

1
run. UrxJaritWDperaiion mi

Dr»S8 i f e j t o i run

7.6 2

pTD fejftpji ; W
autosaflp*fbltfto and prei*ri # 6 * 1 operation.

It tn tobevaryad h i y b—r digested then an the
- MrvMrdrand. quamy^Sntrol solutions used should be

Ihrne virter. "

7.7

'^ BRefl6TJt*i>iaiy«J» sequence, the instrument identification, the date,
J i j :tae«n«1)rstiLnaR>a. the anatysfs signature, the time of analysis

• «> ..' gkutHrion. sq^ the vwrtc order numbers on the bench sheet. Submit a
-~ p "popyof&w bench sheet with the raw data.

QuatftyCoritroi Requirements

7.7.1' Calibration Curve

All analyses require that a calibration curve be prepared to cover the
appropriate concentration range The calibration curve must be
prepared dairy with a minimum of a calibration blank and two
standards The curve must have a correlation coefficient of 0.995.

7.7.2 ICV/CCV

The ICV/CCV B run immediately after calibration. The CCV is run after
every ten samples or every two hours. The ICV and CCV must be
within 10% of the true value. When measurements for any element
exceed the control limits the analysis is void for that element. The
problem must be corrected and the samples reanalyzed.



GPL Laboratories, LLLP SOPNo:H.10V11
Page 11 of 21

Acceptance Criteria
ICV

Control Limits

•'.SI

360-440
360-440
360-440
360-440
36-44

360-440
4500-5500
360-440
36-44
36-44

4^00-5500
I-440

9000-11000
960-440
360-440
360-440
360-440
360-440
360-440

True Value



GPL Laboratorus, LLLP SOPNa:H.10V11
Page 12 of 21

Element
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Selenium ;
Silver :":
Sodium *
Thallium •£•>

Acceptance Criteria
CCV

Control Limrts (aob)
45,000-55,000

900-1100
900-1100
450-550
45-55

450-550
90,000-110,000

450-550
450-550
450-550

45,000-55,000
450-550

90,000^110,000 ^

450-550
450-550
450-550
450-550

• : •;• .:!; -•> >.•:. ;'"' § . •:

. . ) • • • :

: ' • " » • * * •
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7.7.3 ICB/CCB

The ICB and CCB are blank solutions. The ICB must be run immediately
after the ICV. A CCB must be run immediately after each CCV. The
absolute value of the ICB and CCB measurements should be less than or
equal to the PQL For ACOE project the absolute value of the ICB/CCB
measurements should be less than or equal to the PQL

Element

Antimony
Arsenic
Lead
Selenium
Silver
ThaMum
Aluminum
Barium
Beryllium
Ca$nium

94*^

PQL(DQb)

>' •••! MI ';.,.:

iy Mo lybdenum
y- '•••', Boron

;?-,̂  Strontium
' * Titanium

Tin
Silicon

7.74 ICSA/ICSAB

The ICSA and ICSAB must be run at the beginning and end of each
analysis run or at a minimum of twice per eight hour shift. ICSAB must be
run immediately following ICSA. ICSA contains interferents. ICSAB
contains anarytes plus interferents The ICSA analytes results must be
withm absolute value of their reporting imits. If any element is outside this
limit, then the analysis is void for that element The ICSAB measurements
must be within 20% of the true values except for K which must be within
30%. If any element is outside this limit, then the analysis is void for that
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element The problem must be corrected and the element should be
reanalyzed

Element

Alummm
Calcun
Iron

Acceptance Criteria
ICSA

Control Limits (ppb)

400000-600000
400000-600000
160000-240000
400000-600000

Acceptance Criteria
ICSAB

Control ihrts

•w>*i|i ei» *

True Value foob)

500000
500000 Jjr
200000 :$:

50
200
100

500000
500
500

1000
500000

500
500
500

200000
500000

500
1000
500

1000
5000
5000
1000
1000
1000
1000
1000
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7.7.5 Linear Range (LR)

The LR (Linear Range) is to verify linearity of each element. The LR must
be run at least once during analysis. Any element results above the LR
must be diluted and reanalyzed. Specific acceptance range ± 10% of the
true vakie will be used.

7 76 POL (LOWCHECK)

The POL (LOWCHECK) is to venfy linearity at the reporting Bmit. The POL
(LOWCHECK) is prepared at approximately 5 times tha;ljjDL The PQL
must be run at least once during analysis Advisory accaptanQf rarige of ±
20% w * be used. %

7.7.7 BLK

The BLK are laboratory dtfl«t*S blanks
fr» Ogested blank is above 1 h * K ) L A
friar blank wtvch have conc*nti«i
lan ttnu the blank concentration |j)u4bfTe^gest
t * r t m r l V any element cO)Kttipatidjft'i^<hedi<
r a n the negative of t » P Q L ftertttwoptt assc ..
must be reanaytad*. for ACOt piij«3. H» Pteria forBLK is less Ran or

P r < f | a g ' ' I l o ^ U x y tamptos muatmeet Navy requirements:

i of the BLK s greater than the MDL but less than
,. . . . »>ee>e»r«pflrtnglml rerun the BLK once. If it is still above the
i, >: -.'r r iVOU»f | j»»BLKw«haBnag

i. • -If the BIK concentration is greater than the clients reporting Bmit.
' . but ai associated samples are greater than 10 times the blank

• •. concentration or less than the reporting limit, rerun the MDL once.
If Us c a above the reporting limit, it must be noted in the case
narrative.

If the BwK concentration s greater than the client reporting limit and
the samples are less than or equal to 10X the BLK concentration
(but not less than the reporting limit) the samples must be re-
dtgested and reanalyzed

if the BLK concentration is less than the MDL no corrective action
a needed
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The BKS are digested control samples. The BKS measurements must be
within laboratory determined control limits. If any element concentration in
the BKS is outside the control limits, then all the samples associated with
that BKS must be re-digested and reanalyzed. The same spiking levels for
the BKS are used for the MS.

In house BKS control limits are generated once a year. BKS recoveries
are also checked periodically to identify trends in the atyestiorVanalys*

•
; l

t

7.7.9 Duplicates

One duplicate must be analyzed for each m
samples. If an element concentration is gn
the PQL, then the % RPD shou# be 20%

%RPD

tf the duplicate falls
data and wftteflftfj

-V.i '

7.7.10

\ ajtetyvs* dasigfted to provide information regarding the
^;4ge«tiof iaOd«trtWciogyused for analysis. One spike is prepared for
t': 'M* mitrlfjryi 0I in MKfi batch of samples. If the spike recovery for an

'•& &' # e r t e t f s.<Juts$jle *i3g% of the true value, and if the sample concentration
"' fy <|btfisp»rtdtag J> trie spiced sample is less than four times the spike added,

|< ijhen.it «hoUd be noted in the case narrative and in the raw data. For

4 J<,- :pdff>a*s of calculating the % spike recovery, sample results less than the
t detection imit reporting limit should be assumed to be zero.

SDikina Levels

Element

Barium
Antimony
Arsenic
Lead
Selenium
Silver
Thallium
Aluminum
Beryllium
Cadmium
Calcium

Aaueous (Dob)

500
50
50

500
50
50
50

5000
25
50

5000.

Solid toob)

1000
100
100

1000
100
100
100

10000
50

100
10000
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500
500
500

10000
500
500
500

1000
10000

yxm
•'• j S O O
tfQOO,

Chromium
Cobalt
Copper
Iron
Manganese
Nickel
Vanadium
Zinc
Potassium
Sodium
Molybdenum
Boron
Strontium
Titanium
Tin
Magnesium
Silicon

7.7.11 Post Digestion Spike

A post dig
The post
digestion tjkk* tfcr>
requires dMion.- The post digestion t p t e ^ e n a is 75-125%.
If the •JMHiicMion B not feifruficant. (Sample cone, is not greater than

'-••?'

i\.

iJra|B)]pr 2mL*«f uw^te to BmLs of flame water. One serial dilution is
^^jb iwl tor ofjl sample of each matrix type in each group of samples. If
^ ^ f o t concmtratiOT s fifty bmes the reportirtg Kr^

nce between the serial dilution and the sample should be 10%.

sample • dJIution x 100
sample

% Difference

7.7.13 Internal Standard

The internal standard should be approximately 40ppm. When internal
standard is outside control limits of 50% the analysis will be repeated.
The problem must be corrected and all samples reanalyzed.
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7.7.14 Intereiement Correction factor determination (lEC)

OVERVIEW.

inter-ete-nent interference's are false spectral signals arising from other
elements in the sample besides the analyte. By measuring the apparent
false signal of interfenng elements at known concentrations, corrections
factors can be determined and applied to unknown samples. These are
determined annually or when routine interference check samples reveal the
neec for further adjustments.

PROCEDURE

Set up profile, and calibrate the ICP. Introdtffe
standards at the linear range coocentrattonsffJDeterjj
faoor usng the following equajipn: - i f

<«Q

^ ^ H l i n g We apparent
t«ed)ntt t^Aiftware controlhng the ICP for

a f i i»r -e|M I'teatftx i eclion factors have been determined lEC's
> K fruMre*Dni|CLlHbrms11Aand11B

HanSnai* by Caicujation
11" * *

]Qt>a$niJkri9d method for oetermining haroness is to calculate the results of
" > detemnations of calcium and magnesium.

7.81 Calculation

Hardness, mg equivalent CaCCVL 2 497|Ca. mg/L] + 4.118[Mg, mg/L]

Instrument Shut Down

7.9.1 Aspirate flame water for several minutes.

7.9.2 Unoer Setup menu, select F7 (shutdown). This shuts off the torch and
pump windings, goes through a cool down penod of 90 seconds before
shutting off the water redrculator and gas flows.
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7.10

7.9.3 After the peristaltic pump stops, disengage the top two cartridges, leaving
the tension setting untouched. The bottom cartridge supplies tension to the
rinse reservoir and should be kept on to prevent back flowing of the rinse
water.

7.9.4 Leave the circuit breaker on the RF power unit behind the instrument on at
all times.

7.9.5 Leave the nitrogen purge gas on at all times

Trouble Shooting arxJ corrective action

7.101 Problem:

Action:

7.102 Problem:

Action

Stable plasma wBI not start.

Make sure the pump tubing
are no leaks in toe tubing
dram line is sutiperged
waste vessel

Profile peak

7.10 4 Problem:

Action:

or thermal equifc
Vt» r *o9 t r l^u^e | i l l l low, replace nitrogen dewar if

rflUBhtS sufficient purging. If purge is
and recalculate spectrum shifter

4jfrn. Set hew vernier position and verify profile. Record
pot ion n daily maintenance log.

an element.

The instrument will need to be re-caffixated. (b) The
profile may have drifted beyond 0.3 units from zero position,
(c) The sample introduction system may have deteriorated
since calibration indicating the nebulizer tip, pump windings,
etc. may need cleaning or replacement. <d) The internal
standard may have run out (e) the ICV solution or sample
introduction system may have been contaminated, perform
additional rinse, refill ICV/CCV, and rerun to verify, (f) The
calibration standards may need to be remade, (g) lECs
have changed.

ICB fails for an element.

(a) The instrument will need to be re-caHbrated. (b)The
profile may have drifted beyond 0.3 units from zero position,
(c) The sample introduction system may have deteriorated
since calibration indicating the nebulizer tip, pump windings,
etc may need cleaning or replacement, (d) The internal
standard may have run out (e) the ICB solution or sample
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7.10.5 Problem:

Action:

SAFETY

8.1 Equipment

Lab coat
Safety glasses
Gloves

8.2 Potential hazards

SOPNo:H.10V11
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introduction system may have been contaminated, perform
additional rinse, refill ICB/CCB, and rerun to verify, (f) The
calibration standards may need to be remade, (g) The torch
is dirty and will need to be cleaned.

ICSA or ICSAB fails for an element.

(a) The spectrum shifter may need to be re-profited, (b) the A.,
Interelement correction files may need to be changed or (c). V
new background points may need to be selected and new.;
IEC performed.

. i .••

ICI andHmay contain!
should be worn to protect

8.2.1 AH sample* •rxtujWutcm are
concentration^ n»U)»3 we«. « g | ^ p
the eyfp fg»n | p apiajhec Gkwes anctiibeoats should be worn to

'" u4 Mn^qm^mtpt splatter. If any solution comes m
wa»h-the area immediately with plenty of water and

rviDr Hf any totufion is splashed in the eyes, flush
an»trwqaghry In an eyewash basin and contact a supervisor

: ; ' .[ 8.2$ .tWlCjP U S M righ voltage electricity and generates an RF field, so there is
' •;. L; * potential risk of electrocution if shielding is circumvented. The TJAICP

.• •• :'«;.'!<;; '-'i .teal numerous safety interiocks to shut off power to the RF coils if there is a
" ••' •;, • ;> fireak in the shielding around the coils, If the supply of cooling water is lost,
.. •• :.;." or if there is a loss of argon pressure.

9.0 WASTE MANAGEMENT

9.1 After analysis sample dtgestates must be held for six months, after which they are
disposed of m accordance with the Hazardous Waste Disposal Procedure. For
procedure and methods used for disposal refer to Standard Operating Procedures
D.1andD.2.

9 2 All other non hazardous solutions may be washed down the drain with copious
amounts of water.
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10.1 GPL Laboratory operates n a safe manner to prated the air, water, and land by
minimizing and conf ofcng at releases from fume hoods and bench operations.
For more detail on poBubon prevention, refer to GPL SOP D.5

11.0 REPORTING REQUIREMENTS

11.1 The ICP run log rust be fMed out for each day's operations. The method.
time of start and end of eacn run standard sequence and sources, QC
and sources, and sequence of samples analyzed and date for •
In addition, each run must be recorded according to work
correspondng e«men» completed, and analyst's inftfels

11.2 If any mantanaxe a pertormed. routine or non-rq
the affected ICP shal be tteo out d service peo
instrument The ft*cs«rvto» report is fled j

11.3 AH solutions made must b«»nl*r«dint_^ _„ _
is kept« a notebook n the laboratqry.^ %;', £• 3* *••'

t • ' ;• 'Si? V: [a
11.4 Include copy of flfitiaTifrf

11.5 Include shon

foî eviewer

12.0

«by fw iun«iamftdid;'««h8t problems were
mf<statf\k> ccjjwct them, and any future actions that

B ^ g p o ^ Imrts are obtained by digestion seven spiked
rep |aw V» ume wty as samples and analyzing nern MDL is defined as the

. , mmimua* oaronttr ig of a substance that can be measured and reported with
. -• :-; 89%'Cflnfdmce thai the value is above »ro Precision and accuracy studies are

: perfaoned once a year at a mr.mum

13.0 METHOD DETECTION LIMIT

••-:/:;• ;.•:•: 13.1 Method detedxr Imts for ths method are ksted in the GPL Laboratory Method
-'••'y: ' Detection Lvmt and Reporting Umit official book.

14.0 DEFINITIONS

14.1 For definitions of terms used r this document, refer to GPL Laboratory SOP G.14.
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SOP No: H.12

Title: Cold Vapor Analysis for Mercury in Accordance witrvSWfi
7471A. : 2

1.0 SCOPE AND APPLICATION

1.1 The method detailed in this procedure e
soil, sediment and TCLP extracts, by freW
accordance with

2.0 METHOD SUMMARY

2.1 To quantify bdjh ig|e|jjjra<iici i^rgtn|4fa^0f|@Bffcury in water. TCLP extracts,
soil and sq|MttnfeJ.Trysa|^ii>tibidir^i t ^ i s 28 days from sample collection.
SarnijS|di(ii^ c#ta|iiiingf#>eiFCuty cdnojribtions greater than the highest

m
GloyBSjjMjlt^lawes, and lab coat must be worn when performing any aspect

: : of tl>f qfert»r^:digest)on or analysis process.
' vapor is toxic. Caution should be taken during all phases of the
i and analytical process. Care should be exercised so that mercury has

i chance to be absorbed through the skin or inhaled.

The acids used to digest mercury are used full strength. Extreme care should be
taken so that acid does not spill or splash. Transport samples and empty bottles
on one of the 3 high concentration room spill carts. Transport acid using the 4
liter plastic carrying buckets.

3.4 Additional safety equipment includes mercury sponges, add neutralization
media, shoe and leg splash protection, a mercury scrubber, and face shield.



GPL Laboratories, LLLP SOPNO:H.12V12

Page2of12

4.0 INTERFERENCES

4.1 Contaminants in the solvents, reagents, glassware and other sample processing
hardware. These contaminants lead to discrete artifacts or to elevate baseline in
gas chromatograms. AH of these materials routinely must be demonstrated by
running laboratory method blanks. Matrix interferences may be caused by
contaminants that are co-extracted from the sample. The extent of the
interferences will vary from source to source.

5.0 EQUIPMENT AND SUPPLIES

5.1 Mercury Digestion Equipment

i

"M
300mL BOD bottles with glass stoppers
hot plates
hot water bath trays -1
5000ML pipet with tips (Oxtortflj ^
1000uL pipet with tips (EppenOorf^l^
100uL pipet with tips (Epp*KJcrfXjf$
5mL disposable cups^platflc)|:; '*' '""
100mL graduated, c r i e r s ,
balance capable«f accurafely:

squirt

_ fifeCw^iTC^h
sbuarte fcCniixing stonditrds in volumetric flasks

^i "Ihafmoineter IrtceeWto NIS-f, alcohol based.

M LjibsAutpiTifed Mercury Analyzer, Model PS200

^ A^r'«O(|lta*apiable of delivering 1 liter of air per minute, argon source.

^ P H T J ^ D STANDARDS

'Concentrated Nitric Acid, Trace Metals Grade. Fisher caL #A5O9212

Concentrated Sulfuric Add, Trace Metals Grade.

Concentrated Hydrochloric Acid, Trace metals Grade. Fisher cat #A510212

Potassium Permanganate solution, 5% w/v. Dissolve 50g Potassium
Permanganate to a final volume of 1 liter of distilled water.

Potassium Persulfate solution, 5% w/v. Dissolve 50g Potassium Persulfate to a
final volume of 1 liter of distilled water.
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Stock Mercury soluton. ipg/mL. traceable to NBS standard reference materials.
(Source: High Punty Standards, Charleston, SC).

Stannous chloride (10%) Dissolve lOOg of Stannous chloride to 1 liter of 10%
HCI. [Leeman requires the use of 10% Stannous chloride in 10% HCI, DO NOT
SUBSTITUTE starmous surfate or sulfuric acid as described in the EPA method.]

10% Hydrochloric aod To a 20L HDPE carboy, add 10L deionized water, then
add 2000mL of concentrated hydrochloric acid. Add deionized water to 20L final
volume, cap container and mix. Record initials, date of preparation, and lot ': :.
number of aod on side o'carboy. ^'^!:

Deionized water ASTM Type II or equivalent
:?•

Sodium chlonde - Hydroxytamme sulfate solution -t)issol^li2g
chloride and I2g of rtydroxytamtne sujbte in deigriied wgjfcr and
(Hydroxytarmne hyflrochionde may DtuseAjn

ICV Solution. Laboratory Control Sampte'^

50% aqua regia 4pesHon tifcbori To a|
Slowtyadd 125nH_coicn>l»0»an<J

7.0

L Dl vftter.

plastic or giass containers for aqueous
be collected. For soil/solid samples, at least 3

AND STANDARDIZATION

l"1 •jfiOppm Hg ntarmediate Mock in 2% HNOj. Pipet 0.5000ml of 1000ppm Hg stock
standard mto a 53ml voijmetric flask. Add 2% HNOj to a final volume of 50ml.

8.2 0 1ppm (lOOppb) Hg working solution. Pipet 1ml of 10ppm Hg intermediate stock
standard into a iDOml volumetric flask. Add 2% HNOj to final volume of 100ml.

Standards for Water Samples

8.3 10 Opob CaGbraaon sta-viard. Pipet 10ml of 100ppb into 100ml volumetric flask.
Dilute to volume wth 2% HNCy Transfer into BOD bottle.

8 4 5.0ppb Cal braton standard Pipet 5.0ml of 100ppb into 100ml volumetric flask.
Dilute to volume with 2% HNOj Transfer into BOD bottle.
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8.5 1 .Oppb Calibration standard. Pipet 1 .Oml of 100ppb into 100ml volumetric flask.
Dilute to volume with 2% HNOj. Transfer into BOD bottle.

8.6 0 5ppb Calibration standard. Pipet 0.5ml of 10Oppb into 100ml volumetric flask.
Dilute to volume w;th 2% HNO3. Transfer into BOD bottle.

8.7 0 2ppb CRA standard. Pipet 0.2ml of 100ppb into 100ml volumetric flask. Dilute
to voijne wrm 7\ HNO, Transfer into BOD bottle. .'

8.8 Cakbratio" blank Add 100ml 2% HNO) using a graduated
bone.

8.9 ICV woriunc. solution (0 1ppm) Pipet 0 100ml of ICV solutWi (It
100ml voiumetrtc flask Dilute to volume with 2% r|{iOa B

810 ICV check sokrcn (5 Oopb) Pipet 6 0ml of
volumetric flask Dime to volume
Transfer nto BOO bottle

811 rC8 check tok/joa Add
Transiw m

812 Preparitxr. Q p - * |br ^iaitc (PBW) Add 100mL«d^ontzed water using

3l9<LCS<y) Add 100mL deionized water using
^ i . Spike wtth 1.0mL of 0.1 ppm working

.5.1.0. 5 0 and lO.OmL aliquots of 0.1 ppm Working standard
Into BOO bottle Add compensating volumes of 2% HNOj to make 10mL

-r'4CV for so<ts Pipet 5.0mL of 0.100ppm second source and 5.0mL of 2% HNOj.

8.16 Preparation Blank. Pipet 10.0ml of Dl water.

Digestion of Standards, during the digestion, use only 50ml of ASTW type II
water dunng sieo C 3 for the standards to compensate for the volume of water
added m tne beginning. Add 50mL of distilled water and 15mL 5% potassium
posmanganate solution to each standard bottle. Place in hot batch for 30
minutes Remove and allow to cool. Add 50mL Dl water and 6mL sodium
chlonde-hycroxylamine HCL
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9.0 METHOD DETECTION LIMIT

9.1 Method detection limits for this method are listed in the GPL Laboratory Method
Detection Limit and Reporting Limit official book.

10.0 METHOD PERFORMANCE

10.1 The MDL concentrations listed in the GPL MDL book are generally obtained
using organic-free reagent water. Results were also obtained by extracting
seven spiked replicates the same way as the samples and apfltyzing them. J
is defined as the minimum concentration of a substance I
and reported with 99% confidence that the value is above;
accuracy studies are performed once a year at a rrinimt
precision, overall precision and method accuracy wj|re 1
related to the concentration of the parameter.

PROCEDURE (See Figure 1 for flow ch|tt).f|

11.1 Preliminary Preparations.

11.0

11.1.1 Readwo
samples
instructioi
ass

:o sample receiving for

fro|| sitrnjijfe jjicefefng and verify the identity of each
i n ^ ^ s ^ u y y Digestion Log Form the date of digestion,
rK$|^te an entry for each sample assigned (workorder-
anijijjjttent ID) using one line for each sample, standard,

(jjjheck standard, blank, duplicate, spiked sample, and
'ol sample.

re BOD bottles for each entry by writing with permanent ink on the
ide of the bottle the workorder number, the sample number, and

fraction-for duplicate of spikes, using "DUP" and "SPK".

ti .2 Sample Digestion for Waters/TCLP Extracts

11.2.1 In the metals digestion lab measure lOO.OmLof water or leachate
sample into a clean. 100mL graduated cylinder and transfer sample into a
clean, labeled 300mL BOD bottle Stopper the BOD bottle, replace onto
spill cart.

11.2.2 In the hood, to each bottle, add 5 OmL of concentrated sulfuric acid,
2.5ml of concentrated nitric acid, and 15mL of 5% potassium
permanganate solution. Mix sample after each addition. After the first 3
reagents have been added let the samples sit for 15 minutes. If a sample
does not retain a purple color after sitting for 15 minutes, add additional
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potassium permanganate in 8mL incremenis until the sample is able to sit
for 15 minutes without losing color. Do not add more than 32mL of
potassium permanganate to any sample. Record the amount of
permanganate added, if additional permanganate was required into the
digestion log.

Note: If additional permanganate is added, the final volume must be
changed accordingly on the bench sheet for correct final
calculation of results.

11.2.3 Add 8mL of 5% potassium persulfate solution to eae$i

11.2 4 Set up water bath and pre-heat to 95°C usinfc a N
thermometer to check temperature. Cover vie pan|§th'
plastic balls When water bath has reacheorohe comet te
record temperature in digestif log, and|tg$e botfjfe in
hours. •.-. ri .'£.. %W,

11 2.5 Remove samples from
temperature. Add6n>Lof
solution a«J swirTboiiji to m
reduced
e f f e ^ s q f e p c i ' c ^ l d c 3 U s & b # - | > r i ^ r e build up and force out
the g l * s « f c b * ^ « d k $ r ^ ^ : r j ^ r ^ | i i ) m i n e to the sample, let the

reijaovingiiheitjigss stopper periodically.]

$
%
'•'"•r i<

•• ,

.ii./
• " V

;:'•;'

• • • ^

r ''•*

* 3

4
I
-V

• ' " ' . ,

- j .

^ ; :

& ' •1=

1
;1

1

P
. • ' : ' •

* • • '

inganate^U be
an r

Sediments

a,i3J^hal^rieiytical balance to measure a representative 0.500-1.00g, or
Ijhrifjt Mrparate scoops of approximately 0.2 grams each of soil, or sludge,

! :!'< £ ^^iabcratory Control Sample, solid or sediment sample into a small weigh
ft ii?-' <^P>Doat- Record measurement to 3 significant figures Wash the sample
'•**$ ""• mto a dean, labeled 300mL BOD bottle using a minimum of distilled
lj^J water dispensed from a squirt bottle. Stopper the BOD bottle. When all

samples have been measured, return the unused portion of sample to
sample receiving, then transport the measured portion of sample to the
high concentration lab.

11.3.2 In the hood, add 10ml_ 50% aqua regia digestion solution to each BOD
bottle. Add 10ml of distilled water to each BOD bottle. Heat sample for 2
minutes at 95°C.

11.3.3 Remove bottles from bath and allow to coot. Add 40mL of distWed water
then 15mL of potassium permanganate to each bottle. Heat samples in
water bath in hood for 30 minutes at 95°C-
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11.3 4 Remove bottles and allow samples to cool to room temperature. Add
50 OmL Dl water. Add 6mL of Sodium Chloride Hydroxylamine
Hydrochionde solution to reduce the excess permanganate.

11 4 Tuning and Calibration of Instrument PS200.

Soil and water samples each need their own standards and cannot be run under
the same standards

114 1 Maintenance change wash bath (daily), change dryin^ube filled wfljiy
coarse magnesium perchlorate (daily), check pump t "
weekJy), reductant level, and waste vessel. £, ..„

;-: % w
11 4.2 Change Wash bath: Press F10 to interrupt ovemigt^mac

Utobes Diagnostics, then select t ip homeTjiitith i
enter (autosampler tp will moMe upalk
Pour off old wash acid mto.dispos
with soap, fill with 1.1 nitncac$} fg
wste< and refill with 10% i
fnsrument. Tip to r rs * .

• ' *
1 1 4 3 Replace Dqrmfmbec Remove wftyi balR\(fN)e abov**)', Pull off end*caps,

ana remove tiftfeBfcb*. immars*'U|te R^tiff*' to remove unused
magnp pftuivhiqcBtB;. *$c#pd # i^ua j ro Wool. Clean tube thoroughly,
jngrartl nflba<4;witNqUirtz wpci |t)ld magnesium perchlorate. Verify that

' »n not enter the small tubing,
: fo*t.mi 0as creating back-pressure. Check pump

3fei catMOe from pump housing Replace tubing on weekly

; press F2, type "WARMSTRT" and press enter.

lest optics macro after Varmstrt*. Utilities, Diagnostics, select TEST
> rOPTlCS using cursor keys, press enter The readings in microvolts
* • J " within 1000 of each other and both should be above

(maaiances can be adjusted using the aperture adjustment screws
•; .• V " kxated on the cell If the test opbc value for the sample tube is greater
• "•'•.;v ' ' than the reference tube, screw in the aperture for the sample tube
v>" (bottom screw) to Wock a portion of light and recheck as necessary until

both are withm 1000 of each other. Record final readings on instrument
use tog

11.4 6 Data Storage Set up file to receive data. Press Data, Polder, enter the
name of folder then press enter. A batch name can be used to separate
runs within a folder. Press F1, F4 to enter reports submenu, then press H
for batcH. at prompt enter new batch name, then press enter. AH results
win be associated with this name for later retrieval for importing into the
laboratory's database.
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11.4.7 Instrument Calibration. Load standards onto standards rack, run
"CAL6PT1 macro, press F2, type CAL6PT, press enter. Instrument will
now run standards 1 to 6 in triplicate. If curve linearity is greater than
.998. and the deviation of blank is within 0.1ug/L, press A to accept the
curve and press F3 to print out calibration curve.

11.4.8 Verify calibration with check standard and check Wank. Load ICV solution.
into standat) rack position C2, and check blank into C3. Press F6, then':••'•'
press 2 to run checu standard 2 (ICV), then press F^Sto run check,':,; :;":

Wank. If resutts are within control limits of 80 -120%;i«^jfreq||»ncy.^f^».
check samples to 10% and the instrument ^ l
sample 2 and then check sample 3 every

I .
11 4.9 Rack Entry Press Autosampler, Rack Entr$type

day. and a lener in the following format flIIW
rack wiB be prepared, useXXljWDCS.
rack file and begin entering « a q u e w i j
volumes fekte win not be u*ed (Mte
run file.)

11.4.10
•Hi-'

Setup «4of*r«pkx. Pnsfif 1
i « fcd

R»*wtaLeeman Labs Manual.

jmpler.-^et up, press 1, then
i enter starting position and
sin to begin autosampler

dJfcjrWo the accurate reporting and handling of raw-data, there are records
l r " '> maintained for internal auditing purposes.

1 analysis B completed, record on the raw data the date of analysis,
the analyst, the Mercury standard's source, lot number, and GPL ID, the
ICVs number, and GPL ID. the LCSS's number and GPL ID. a list of the
cases included m the run. and the instrument upon which the analysis
was performec. Note the source for the spike used in the matrix spike
sample and % Recovery for the spike in the raw data.

12.1.2 Complete the Bench Sheet for Mercury with the following information:
Instrument ID. Date of analysis, Analyst name and signature, Time
analysis was initiated, case and SDG. work order numbers, sample
sequence run. dilution factors and comments.

12 1.3 Complete the Instrument Use Log with the following information: Date,
Method, Case. Analyst and Comments.
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12.1.4 If maintenance or repair was required on the instrument, all relevant
information must be recorded in the Maintenance Log. This Log will be
maintained with all field service reports for each instrument

13.0 QUALITY CONTROL

13.1

13.2

13.3

Any results that exceed the highest calibration standard are diluted and
reanalyzed. (LR = highest calibration standard)

The mercury auto-analyzer is capable of detecting parts perJBjijon levels of-V.
mercury when optimized. However, the laboratory reports taj&St Standard '
concentration level.

Calibration standards must be prepared fresh daily f̂rom si
deviation of each standard must be within 5% of th$iista
the run must be terminated and the instrument i
does not apply to calibration standar
coefficient must be 2 .995 or the njin ]
calibrated. r-' .

13 4 prepar
. This i

^standard to be run. If
Recalibrate and rerun

13.8

13.9

Initial Calibration t.
independent
then digested
recovery is
the ICV aid

; solution. The ICV solution is used as the CCV
! for ICV is 90-110%. Window of acceptance for

If $
inujqg blank Solution. A blank solution, separate from the

.... is digested with the standards and analyzed at after each ICV
;rfteria is + 0.2ug/L.

ilution. A solution of 0.2ug/L Hg is prepared as calibration standards are
'feeing prepared and is analyzed at the beginning of the run following the ICB.
Criteria equals 80-120%.

Preparation Blanks are digested exactly as the samples. The same type of
container, utilization of the same amount of reagents, and are assigned to the
same digestion batch. The blanks are placed in sequence every twenty samples
Criteria is + 0.2ug/L.

Laboratory Control sample. A blank solution is spiked at 1.0ug/L to check the
spiking procedure and the digestion process. Acceptance criteria is based on

statistical control charting for warning limits.
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13.12

13.10 Spike Sample 0 5 -1 0g of sample is spiked with 1 .OmL of 0.1ppm Hg standard
before addition of reagents or digestion. One spike is prepared every 20
samples of the same matrix. If the matrix spike is outside 75-125% criteria a
post digestion spke must be analyzed (see 8.11)- It also must be noted in the
case narrative. If the sample is sufficiently high enough, a serial dilution should
also be performed when the matrix spike is outside criteria to detect
interferences

13.11 Post digestion spike • This is performed if the matrix spike is outside the criteria!-
The post digestion sp*e should fall within the midrange of thjlj^alibration ,qu|$e
and should be within 05-115% If the post digestion spike y i ' ' !

the sample result o above the reporting limit an MSA
quantify the n%Ji The MSA should be used for afsam;
within tne batch. f-

I
Serial Oiubon • A senal dilution s performed if
if the samp* is sufficiently high > i t
of digested sample into a sample tu(
difference- should be 10% or tess;gjf
should be performed to quanjjfy the rj
samples

13.13 MSA • An MSA <\+£i tutffyreititift-iMte ifcjgx spike and post digestion
ISA. pipette 5ml of digested

third and fourth cups with 172 ,
simple O$notrtfrat»n then add compensating water

M t t vAifltt. for example. If the one sample concentration
t> lfi t p t respectively. Perform a linear regression to

(h*tour points. The correlation coefficient should be
coefficient is <0.995. rerun the MSA once.

dupfceate every twenty samples wifl be performed. The duplicate
•dotton of any reagents or digestion.

14.2

llfcQUIREMENTS

Codec; al waste aod. samples, and standards Into 20 Iter plastic carboys or
similar vessels and transport to waste disposal when container is 3/4 fufJ for
pour-off into 55 gallon drums (lined with polyethylene).

The main disposal concern of mercury digestates is the corrosivity and toxictty
characteristics of mercj-y The content of the waste can be as high as 30% acid.
Varying concentrations of mercury will be present in the digestates and will be
determined by waste disposal characteristic procedures prior to release to a
disposal company.

.Ik.

I
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15.0 POLLUTION PREVENTION

15.1 GPL Laboratory operates in a safe manner to protect the air, water, and land by
minimizing and controlling all releases from fume hoods and bench operations.
For more detail on pollution prevention, refer to GPL SOP D.5.

16.0 DEFINITIONS

... £
16.1 For definitions of terms used in this document, refer to GPL Laboratory SOP. ".'•;' '!'

11 117.0 REFERENCES

SW846 method 7470A anc 7471A.

00047. Serial No. Hg-3045.

ilif
|ip,r ; * 4v

111- !^'JI!I

III II
t if. jf»

'-A

Leeman Labs PS200 Manual. Leeman Labs, Inc., iijiwell, $£A, Pai
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Figure 1
Procedure Row Chart

Measure 100ml sample
or transfer prepared ;>&3

Measure .2g sample
or appropriate std

to BOO bottle standard to BOD botttifc

Add aqua rtgia and
water. Heatfor2min

8t95deg.C

iS * I *.;;• > •l<br^oi^at95degC
Heatat95aeg. C

for 30 minutes

Cool, add NaCl-
hydroxylamine

hydrochloride solution
and twirl

Tune and calibrate
instrument

I Is correlation >0.99S?

Analyze QC samples |

I
Do QC samples pass

criteria?

Analyze samples
duplicates, spikes

Analyze QC samples
every 10th sample
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I. PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to establish a uniform and
efficient system for the receipt of samples into the laboratory.

II. SCOPE AND APPLICATION

The policies and procedures contained in this SOP are applicable to all Pace Analytical
Services, Inc. personnel.

m . SUMMARY OF METHOD

Not Applicable.

IV. INTERFERENCES

Not Applicable.

V. SAFETY

A. The toxicity or carcinogenicity of each reagent used in this laboratory has not been
fully established. Each chemical should be regarded as a potential health hazard
and exposure should be as low as reasonably achievable. Cautions are included
for known extremely hazardous materials

B. The laboratory is responsible for maintaining a current awareness file of OSHA
regulations regarding the safe handling of the chemicals. A reference file of
Material Safety Data Sheets (MSDS) is made available to all personnel involved
in the chemical analysis. The laboratory has a formal safety plan.

C. MSDS sheets are located at the front desk and should be consulted prior to
handling samples and standards.

D. The toxicity or condition of samples received by the laboratory is unknown.
Therefore, always wear appropriate personal protective equipment to control
exposure to hazards. (Safety glasses, Gloves, Safety shoes, Lab coats)

VI. DEFINITIONS

A. Analyte - The specific entity an analysis seeks to determine.

B. Duplicate Sample - A second aliquot of the same sample that is treated the same
as the original sample in order to determine the precision of the method.
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C. Environmental Sample - An environmental sample or field sample is a
representative sample of any material (aqueous, non-aqueous, or multimedia)
collected from any source for which determination of composition or
contamination is requested or required. Environmental samples can generally be
classified as follows:

Surface and Ground Water

Drinking Water - Delivered (treated or untreated) water designated as
potable water.

Watcr/Wastewater - Raw source waters for public drinking water supplies,
ground waters, municipal influents/effluents, and industrial
influents/effluents.

Sludge - Municipal sludges and industrial sludges.

Soil - Predominately inorganic matter ranging in classification from sands
IO clays

Waste - Aqueous and non-aqueous liquid wastes, chemical solids, and
industrial liquid and solid wastes

D. EPIC - LIMS developed by Pace Analytical (Environmental Project Information
Control)

E. Equipment Blank - Special type of field blank used primarily as a check on
equipment decontamination procedures. After decontamination, the sampling
equipment is nnscd in DI water and the water collected for analysis.

F. Holding Time - The elapsed time from the date/time of sample collection by the
field personnel until the date/time of its processing/analysis. Holding time
requirements are dictated by the method or QAPP.

G. LIMS - Laboratory Information Management System.

H. Quality Assurance - A system of policies and procedures whose purpose is to
ensure, confirm and document that the product or service rendered fulfills the
requirements of Pace Analytical and it client. Quality Assurance includes quality
planning, quality control, quality assessment (auditing), quality reporting and
corrective action.
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I. Replicate Samples - Samples collected at the same time, from the same place, for
the same analysis, as the original sample in order to determine precision between
samples.

J. Trip Blank - this blank is used to detect sample contamination from the container
and preservative during transport and storage of the sample. A cleaned sample
container is filled with laboratory pure water; and preservative used in the sample is
added; and then the blank is stored, shipped, and analyzed with its group of samples.

VII. RESPONSIBILITIES AND DISTRIBUTION

A. PERSONNEL

1. All personnel involved with sample preparation and analysis are responsible
for adherence to this SOP. A controlled copy will be available for review
and consultation within the area methods manual.

2. Personnel arc responsible for ensuring that any deviations to this SOP are
reported to the laboratory manager.

B. LABORATORY MANAGER/SUPERVISOR

1. The laboratory manager/supervisor is responsible for ensuring adherence to
this SOP and will receive a controlled copy of this SOP.

2. The laboratory manager/supervisor is responsible for performing an annual
review of this SOP and reporting any required revisions to the Quality
Assurance Office.

C. QUALITY ASSURANCE OFFICE

1. The QA Office is responsible for conducting laboratory audits to monitor
adherence to this and other SOPs. Results of the audit will be reported to
Management.

2. The QA Office is responsible for ensuring that all revisions to the SOP are
implemented.

3. The QA Office is responsible for maintaining the original and complete
distribution records.
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D. REVISIONS

1. This SOP will be reviewed on a biennial basis at minimum, and any required
revisions will be incorporated.

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Not Applicable.

IX. EQUIPMENT AND SUPPLIES

Not Applicable.

X. REAGENTS AND STANDARDS

Not Applicable.

XL CALIBRATION

Not Applicable.

Xn. PROCEDURE

All of the following procedures are applicable to Sample Receiving occurring on any shift
of any calendar day.

Client Profiles should be entered into the Laboratory Information Management System,
(LJMS) prior to sample receipt (refer to EPIC user manual). This will expedite the check-in
process and will allow for more timely distribution of samples into the analytical areas.

A. SAMPLE ACCEPTANCE

1. The Client Services Technician will record the client's name, quantity of
coolers sent, and the date and time of receipt for every client/cooler that
arrives at this facility in the Cooler Receipt Logbook (see Attachment 9).

2. The Client Services Technician will examine the shipping container,
determine if custody seals are intact, and will record any damage upon
receipt, if applicable. Any damage noted must be recorded on the Corrective
Action Report (CAR). See attachment 3.

3. The Client Services Technician will open the shipping container under a
fume hood.
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4. The Client Service Technician will review the Chain of Custody (see
Attachment 2) to ensure that the sample identification, the location, date and
time of collection, collector's name, preservation type, and sample type are
clearly stated.

5. The Client Service Technician will compare the Chain of Custody to the
actual sample bottle labels. Typically, the sample bottles are lined up under
the fume hood by sample identification and bottle type. Any instances
where the COC does not match the actual sample bottles, a CAR must be
filled out and submitted to the project manager. The project manager must
contact the client immediately and document any information.

B. SAMPLE RECEIPT

If the Client Services Technician identifies any deviation to the following
observances; a CAR must be completed to document such deviance.

1. The Client Services Technician will open the shipping container under a
fume hood and will determine the temperature, presence, and condition of
the samples. These observations will be noted as described below.

2. The following observations will be recorded on the COC upon arrival. The
Client Service Technician who receives the shipment must sign the COC
and note the date and time of receipt.

a) Temperature:

1) An Infrared thermometer will be used to determine the
temperature of the temperature blank or sample by passing
the thermometer over the surface of the container. The
temperature will be recorded on the COC, if the temperature
is not 4 ± 2 °C a project manager will be contacted
immediately. If the temperature of the blank or sample
cannot be determined because it is frozen, "frozen" will be
written for the temperature.

2) Samples from the state of Wisconsin must be documented
whether the samples are on ice. This should be noted if the
temperature is not 4 ± 2 °C.

3) Samples that are hand delivered to the laboratory
immediately after collection may not be at 4 ± 2 °C. In these
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cases, the samples shall be considered acceptable if the
chilling process has begun such as arrival on ice. Such
instances must be noted on the COC.

4) Certain clients have waived the regulatory temperature
requirement for the samples that they have collected. A list of
these clients, which is updated as needed, is located in the
sample receiving area and eliminates Pace Analytical from
having to complete a CAR for temperature. These clients
have also waived Pace Analytical from any and all
responsibility for samples that were not received within the
temperature range of 4 ± 2 °C.

b) Sample pH. preserved water sample, non-volatile containers.

1) With the exception of Diesel Range Organics (DRO)
analysis bottles; a new disposable pipette will be used to
withdraw a small portion of sample from the container. The
aliquot will be dispensed on a sample pH strip. If the pH
does not fall within the range specified by the Pace
Analytical/EPA Methods Reference Chart, see Attachment 9;
the discrepancy will be indicated on the CAR, see
Attachment 3.

2) With the exception of Diesel Range Organics (DRO)
analysis bottles; if the pH is-out of acceptable range, the pH
will be adjusted with the recommended volume of the
appropriate acid or base, as determined by the Pace
Analytical/EPA Methods Reference Chart, and will be
recorded on the CAR. The technician performing the
adjustment to the sample will complete the required
information on a Preservative Added label (see attachment 5)
and will label the sample container(s) that needed
adjustment. If the adjusted pH does not fall within the
accepted range after the addition of more acid or base, this
fact will also be noted on the CAR and the PM will be
notified.

3) Certain acid or bases are required as preservatives for given
analyses. Consult the Pace Analytical/EPA Method
Reference Chart to determine if the correct preservative was
used for the requested analyses. If not, this will be
documented on the CAR and the PM will be notified.
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c) Container Type

Sample containers will be selected and utilized based upon method
requirements for each specific analysis based upon the Pace
Analytical/EPA Methods Reference Chart.

d) Container Condition

Sample containers will be examined for any breakage or leakage.
The bottle type for each sample that is broken, leaking, or preserved
incorrectly for the analyses required will be noted on the CAR and
the PM will be notified. The broken bottles will be placed in an
container designed for broken glass an will be disposed of properly.

e) Sample Volume

I) The Pace Analytical/EPA Methods Reference Chart will be
consulted for required sample volumes. Any significant
deficiencies in volume will be documented on the CAR and
the PM will be notified.

0 Headspace (Water, volatile containers)

1) The presence of headspace for samples submitted for volatile
analysis will be noted on the CAR and the PM will be
notified.

g) Hold Time

I) The Pace Analytical EPA Methods Reference Chart will be
consulted for required sample hold times for requested
analyses. Any deficiencies in holding time will be
documented on the CAR and the PM will be notified.

h) All correspondence with the client must be fully documented by the
project manager.

4. For Federal Programs, a Sample Condition Upon Receipt (SCUR) form will
be completed by the Client Services Technician. (Attachment 4)
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C. SAMPLE CHECK-IN

1. The Client Services Technician will enter samples into the LJMS as outlined
in the EPIC users Manual.

2. Each sample will be given a unique laboratory identification. All samples
received from a site will be given a unique laboratory project number by the
LIMS.

3. The Sample Receipt Form (SRF) will be printed from EPIC.

4. The COC, SRF, SCUR (if applicable), along with any other correspondence
received with the shipment will be included in a file folder and placed in the
corresponding PM's mail box, which is located in the sample receiving area.

5. Samples are stored in the appropriate cooler according to MN-C-701.

6. If, for any reason, a sample, group of samples, etc. can not be checked into
EPIC on the same business day, the sample, group of samples, cooler, tray,
etc. must be logged into the Outstanding Projects/On Hold Logbook (see
Attachment 7).

7. A Sample On Hold Worksheet (see Attachment 8) must be filled out for all
samples a client has requested to be put on hold on a semi-permanent or
permanent basis. These samples must also be logged into the Outstanding
Projects/ On Hold Logbook. The client requesting the sample analyses to be
put on hold must be communicated to the client service technician via the
PM or the client themselves.

8. USDA Regulated soils and /or foreign soils must be separated from all other
samples and then incinerated. The sample receiving technician must put a
"Special Handling" sticker (see Attachment 10) on all sample containers
associated with the USDA regulated soil samples (see attachment 11) for
further handling procedures.

. QUALITY CONTROL

Not Applicable.

XIV. METHOD PERFORMANCE
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The analyst should read and understand this SOP with documentation maintained in his/her
training file.

XV. POLLUTION PREVENTION AND WASTE MANAGEMENT

A. Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation. Numerous opportunities
for pollution prevention exist in laboratory operation. The EPA has established a
preferred hierarchy of environmental management techniques that places pollution
prevention as the management option of first choice. Whenever feasible.
Laboratory personnel should use pollution prevention techniques to address their
waste generation. When wastes cannot be feasibly reduced at the source, the
Agency recommends recycling as the next best option.

B. The quantity of chemicals purchased should be based on expected usage during its
shelf life and disposal cost of unused material. Actual reagent preparation
volumes should reflect anticipated usage and reagent stability.

C. For information about pollution prevention that may be applicable to laboratories
and research institutions, consult "Less is Better: Laboratory Chemical Society's
Department of Government Regulations and Science Policy, 115 16th Street NW,
Washington. DC 20036, (202) 872-4477.

VII. REFERENCES

Contract Lab Program (CLP) Statement of Work for Organic and Inorganic Analyses, 3/90
Revision

USEPA CLP Users Guide. 12/88 Revision

EPIC Users Manual

Pace Analytical SOP, MN-C-701, Sample Storage and Disposition

Pace Analytical SOP. MN-P-001, Corrective Action Reports

Pace Analytical SOP, MN-L-103, Sample Custody

Pace Analytical SOP, MN-Q-208, Preservation, Labeling, and Shipment of Sample
Containers

Pace Analytical SOP, MN-L-101, Documentation in the Laboratory

Pace Analytical SOP, MN-C-701, Sample Storage and Disposition
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Quality Assurance Signature: Date:
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ATTACHMENT 8

SAMPLE ON HOLD WORKSHEET

Samples on Hold
Client:

Project Manager:

Date Samples were Received:

Logbook #

Initiator:

Project Number (if applicable)_

Do not dump !



Sample Receipt and Check-in
Pace Analytical Services, Inc.
MN-C-702-M

File: MNC702MJX)C
Date: March 27,2002
Page: 20 of 20

ATTACHMENT 9
COOLER RECEIPT LOGBOOK
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ATTACHMENT 11
FOREIGN SOIL POLICY

Procedure for Handling USDA Regulated Soils

All samples arriving from foreign countries or regulated areas within the United States
will be treated according to the specific protocol outlined in this document All
employees handling USDA regulated soils will follow this protocol explicitly. Failure to
do so is in direct contradiction to Pace Analytical Services, Inc.'s policies set forth to
ensure compliance with all regulatory agencies. The general procedure for handling
special soils is as follows:

1. The Project Manager of the specific project containing the regulated soils will
distribute a copy of the chain of custody to the section supervisors. The chain of
custody will indicate the soil samples are to be handled as special waste.

2. Upon arrival at this facility, neat samples will be labeled with a sticker "SPECIAL
HANDLING".

3. The samples will be segregated within the sample storage areas. A separate shelf will
be labeled with a sign reading "USDA Regulated Soils"

4. Disposable products used to handle the neat samples will be separated from our solid
waste stream and placed into bags or five gallon pails labeled "SPECIAL WASTE."
Disposable products include, but are not limited to: gloves, paper towels, weigh
boats, tongue depressors, etc.

5. After proper sample storage has expired, the samples and all disposable products will
be collected in fifty five gallon steel drums. These drums will be incinerated.

If you have any questions concerning this procedure contact your immediate supervisor
or Safety Committee member!
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7 PURPOSE

To describe the standard operating procedure for the preparation, analysis, processing and reporting of
samples for the determination of dioxins and furans using USEPA Method 8290.

II. SCOPE AND APPLICATION

A. Stable isotopically labeled analogs of 15 of the PCDDs and PCDFs are added to each sample.
Samples containing coarse solids are prepared for extraction by grinding or homogenization.
Water samples are extracted in separatory funnels. Soils and other finely divided solids are
extracted using Soxhlet extraction apparatus.

B. After extraction, 37CU-labeled 2,3,7,8-TCDD may be added to each extract to measure the
efficiency of the cleanup process. Sample cleanup may include back extraction with acid
and/or base, alumina, silica gel, and activated carbon chromatography. HPLC can be used for
further isolation of the 2,3,7,8 isomer or other specific isomers or congeners.

C. Samples are spiked with two labeled recovery standards which are used to determine the
portion of the analytes and internal standards which survived the extraction and enrichment
processes. The extracts are then analyzed using high resolution gas chromatography/high
resolution mass spectrometry to determine the concentration of PCDDs and PCDFs present in
the samples.

D. This procedure is limited to the analysis of the dioxin and furan compounds listed in the body
of this method.

E. The accuracy of the method can be affected by matrix interferences, especially for non-isotope
dilution analytes.

III. SUMMARY OF METHOD

Method 8290 was written for use on water, sludge, soil, fly ash, tissue, and waste materials. This
method can be applied to most other matrices as well.

IV. INTERFERENCES

A. Most samples analyzed for PCDD/PCDF content contain other organic compounds that will
interfere with or contaminate the mass spectrometric instrumental system. Therefore, after
initial extraction, extracts are taken through the enrichment steps outlined in the "Extract
Enrichment" section of this procedure. Exceptions to performing the optional enrichment step
of acid and carbon column cleanup steps may be made with consultation of the project manager
and are usually limited to water matrices.

B. Matrix interferences may be caused by contaminants (particularly chlorinated biphenyl ethers)
co-extracted from the sample and will vary considerably from source to source. These biphenyl
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ethers rearrange in the mass spectrometry source to form dibenzofurans.

C. Some samples may contain levels of interfering compounds which overload the analyte
enrichment columns. Consult the project manager for alternate procedures should this occur.

D. Rigorous glassware cleaning techniques must be used and method blank data must be
monitored to evaluate the effectiveness of the glassware cleaning techniques.

E. HPLC grade solvents should be used for extractions. Solvents having new lot numbers should
be screened for contamination prior to use by analyzing a solvent blank by the applicable
analytical methods.

F. Raw data from all blanks, samples, and spikes are evaluated for interferences. Determine if the
source of interferences is in the preparation and/or cleanup of the samples and take corrective
action to eliminate the problem.

G. If chromatographic interferences are present, the height from the smaller signal of the pair is
used along with the theoretical ratio to determine the height of the second ion. These values are
then used to calculate the estimated maximum concentration which is then reported as the
detection limit.

H. Some interferences may be reduced by analysis of a dilution of the extract.

V. SAFETY

A. The toxicity or carcinogenicity of each reagent used in this method has not been fully
established. Each chemical should be regarded as a potential health hazard and exposure
should be as low as reasonably achievable. Cautions are included for known extremely
hazardous materials

B. Each laboratory is responsible for maintaining a current awareness file of OSHA regulations
regarding the safe handling of the chemicals specified in this method. A reference file of
Material Safety Data Sheets (MSDS) should be made available to all personnel involved in the
chemical analysis. The preparation of a formal safety plan is also advised.

C. MSDS sheets are located at the front desk and should be consulted prior to handling samples
and standards.

D. The 2,3,7,8-TCDD isomcr has been found to be acnegenic, carcinogenic, and teratogenic in
laboratory animal studies. Therefore, all PCDDs and PCDFs will be handled only by highly
trained personnel thoroughly familiar with handling and cautionary procedures and who
understand the risks associated with this procedure.

E. Neat PCDDs and PCDFs require the use of respirators and are not to be handled in the
laboratory.
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F. Protective equipment must be worn when working with standards or samples under this
procedure. This includes safety glasses, laboratory coat, and throwaway plastic gloves. Plastic
sleeves, aprons and other protective equipment are also readily available if needed. All steps of
this procedure must be performed in a properly operating fume hood except those noted.

G. All personnel performing any part of this procedure must be properly trained in removing
contaminated materials and properly disposing of them. This includes an awareness of personal
hygiene as it pertains to the laboratory, personal actions as they affect coworkers, etc.

H. All samples analyzed at the Minneapolis chemistry facility are held until analytical results have
been reported. Samples containing PCDD/PCDFs above the allowable levels are labeled,
segregated, and disposed of by personnel trained in handling toxic waste. Similarly grossly
contaminated waste items including pipette tips and other laboratory equipment are segregated,
collected in lined waste containers, properly labeled, and disposed of in accordance with
hazardous waste regulations.

I. Laboratory staff will wipe down a representative area of specified fume hoods at least annually
using pre-sterih/ed gau/c and hexane. These wipes will be analyzed according to this method
to ensure that good laboratory practices are observed at all times. The results of the wipes will
be archived for reference.

i

VI. DEFINITIONS

A. Accuracy - The degree of agreement between a measured value and the true or expected value.

B. Aliquot - A measured portion of a sample taken for analysis.

C. Analyte - The specific entity an analysis seeks to determine.

D. Batch - A grouping of no more than twenty samples of similar matrix which are prepared
and/or analyzed together with the same method and the same lots of reagents within the same
time frame, as designated by the method.

E. Calibration - The process of establishing the relationship between instrument response and
known, traceable quantities of analytes of interest.

F. Calibration Check - Verification of the ratio of instrument response to analyte amount. A
calibration check is done by analyzing the analyte standards in an appropriate solvent.
Calibration check solutions arc made from a stock solution which is different from the stock
used to prepare standards.

G. Continuing Calibration - The process of analyzing standards periodically to verify the
maintenance of calibration of the analytical system.



USEPA8290 FUe: MNH001E.DOC
Pace Analytical Services, Inc. Date: May 29,2002
MN-H-001-E Page: 4 of 58

H. Control Chart - A graphical representation of test results with respect to time or sequence of
measurement, together with limits within which they are expected to lie when the system is in a
state of statistical control.

I. Control Limit - A range within which specified measurement results must fall to signify
compliance. Control limits may be mandatory, requiring corrective action if exceeded, or
advisory, requiring that nonconforming data be investigated and flagged.

J. Dry Weight - The weight of a sample based on percent solids. The weight after drying in an
oven at a specified temperature.

K. Duplicate Sample - A second aliquot of the same sample that is treated the same as the original
sample in order to determine the precision of the method.

L. Environmental Sample - An environmental sample or field sample is a representative sample of
any material (aqueous, non-aqueous, or multimedia) collected from any source for which
determination of composition or contamination is requested or required. Environmental
samples can generally be classified as follows:

Surface and Ground Water

Drinking Water - Delivered (treated or untreated) water designated as potable watt

Water/Wastewater - Raw source waters for public drinking water supplies, ground
waters, municipal influents/effluents, and industrial influents/effluents.

Sludge - Municipal sludges and industrial sludges.

Soil - Predominately inorganic matter ranging in classification from sands to clays.

Waste - Aqueous and non-aqueous liquid wastes, chemical solids, and industrial liquid
and solid wastes.

Tissue - any animal tissue, i.e. fish or other marine animals

Ash - Predominately from incineration

M. Field Blank - A quality control sample that is used to assess the contamination effects on
accuracy due to the combined activities of sampling and analyses. Typically it is composed of
analyte free matrix (e.g., deionized water) provided by the laboratory.

N. Field Sample - A portion of material received by the laboratory to be analyzed, that is
contained in single or multiple containers and identified by a unique field ID number.

O. Holding Time - The elapsed time from the date/time of sample collection by the field personnel
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until the date/time of its processing/analysis. Holding time requirements are dictated by the
method or QAPP.

P. Homogeneity - The degree to which a property or substance is evenly distributed throughout a
material.

Q. Initial Calibration - The process of analyzing standards prepared at specified concentrations, to
define the quantitative response, linearity and dynamic range of the instrument to the analytes
of interest. Initial calibration is performed whenever the results of a continuing calibration do
not conform to the requirements of the method in use or at a frequency specified in the method.

R. Internal Standards - Analytes added to every standard, blank, lab control sample, matrix spike,
matrix spike duplicate, and sample at a known concentration, prior to analysis for the purpose
of adjusting the response factor used in quantitating target analytes. Internal standards are used
as the basis for quantitation of the target compounds, and are generally applicable to organic
analyses.

S. Laboratory Control Sample - A control sample of known composition spiked with a known
concentration of analytes of interest. Aqueous and solid laboratory control samples are
analyzed using the same preparation, reagents, and analytical methods employed for field
samples.

T. LIMS - Laboratory Information Management System.

U. Lot - A quantity of bulk material of similar composition processed or manufactured at the same
time.

V. Matrix - The predominant material of which the sample to be analyzed is composed.

W. Matrix Spike - Aliquot of sample fortified (spiked) with known quantities of specified target
compounds or analytes and subjected to the entire sample preparation and analysis procedure in
order to assess the appropriateness of the method for the sample matrix by measuring recovery.

X. Matrix Spike Duplicate - A second aliquot of the sample that is treated the same as the original
matrix spike sample. The relative percent difference between the matrix spike and matrix spike
duplicate is calculated and used to assess analytical precision.

Y. Method Blank - An analytical control consisting of a blank matrix containing all reagents,
internal standards and surrogate standards, that is carried through the entire analytical
procedure. The method blank is used to define the level of laboratory background and
contamination, and to demonstrate that this level does not exceed acceptance limits.
Acceptable levels of contamination are defined by project specific data quality objectives.

Z. Method Detection Limit - The minimum concentration of a substance that can be measured and
reported with 99% confidence that the analyte concentration is greater than zero. Method
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Detection Limits are determined using replicate spike samples prepared by the lab and taken
through all preparation and analysis steps of the method. The method detection limit is
calculated using the appropriate Student's t-parameter times the standard deviation of a series
of spiked samples.

AA. Performance Audit or Evaluation - A process to evaluate the proficiency of an analyst or
laboratory by evaluation of the results obtained on test materials in either a known, single or
double - blind fashion.

BB. PRL - The practical reporting limit (PRL) is the lowest level that can be reliably achieved
within specified limits of precision and accuracy during routine laboratory operation conditions.

CC. Precision - The measurement of agreement of a set of replicate results among themselves
without any prior information as lo the true result. Precision is assessed by means of
duplicate/replicate sample analysis.

DD. Quality Assurance - A system of policies and procedures whose purpose is to ensure, confirm
and document that the product or service rendered fulfills the requirements of Pace Analytical
and its client. Quality Assurance includes quality planning, quality control, quality assessment
(auditing), quality reporting and corrective action.

EE. Reagent Grade - Analytical reagent (AR) grade. ACS reagent grade, and reagent grade are
synonymous terms for reagents which conform to the current specifications of the Committee
on Analytical Reagents of the American Chemical Society.

FF. Replicate Samples - Samples collected at the same time, from the same place, for the same
analysis, as the original sample in order to determine precision between samples.

GG. Reporting Limit (RL) - The level at which method, permit, regulatory and client specific
objectives are met. The reporting limit may never be lower than the statistically determined
MDL, but may be higher based on any of the above considerations. Reporting limits are
corrected for sample amounts, including the dry weight of solids, unless otherwise specified.
Reporting limits are generally two limes the MDL.

HH. Sample Delivery Group (SDG) - A unit within a single project that is used to identify a group
of samples for delivery. An SDG is a group of 20 or fewer field samples within a project,
received over a period of up to 14 calendar days. Data from all samples in an SDG are reported
concurrently. A sample Delivery Group is generally defined by one of the following, whichever
occurs first:

• All samples within a project; or
• Every set of 20 field samples within a project; or
• All samples received within a 14-day calendar period

Samples may be assigned to Sample Delivery Groups by matrix (i.e., all soil samples in one



USEPA8290 File: MNH001E.DOC
Pace Analytical Services, Inc. Date: May 29,2002
MN-H-001-E Page: 7 of 58

SDG, all water samples in another), at the discretion of the laboratory. Clients may establish
different SDG classifications to meet project specific requirements.

KK. Sensitivity - Capability of methodology or instrumentation to discriminate between samples
having differing concentrations or containing differing amounts of an analyte.

LL. Split Sample - A portion or sub-sample of a total sample obtained in such a manner that is not
believed to differ Mgnificantly from other portions of the same sample.

MM. Standard - A substance or material, the properties of which are known with sufficient accuracy,
to permit its use to evaluate the same property in a sample.

NN. Standard Curve - A standard curve is a curve which plots concentrations of a known analyte
standard versus the instrument response to that analyte.

OO. Standard Operating Procedure -A procedure adopted for repetitive use when performing
specific measurement or sampling operation. It may be an industry accepted standard method
or one developed by the user.

PP. Surrogates - When employed, these are compounds added to every blank, sample, matrix spike,
v matrix spike duplicate, lab control sample, and standard prior to any processing or preparation;

used to evaluate analytical efficiency by measuring recovery. Surrogate compounds are not
expected to be detected in environmental media, but are similar to the analytes of interest.
Surrogates arc generally utilized for organic analyses.

VII. RESPONSIBILITIES AND DISTRIBUTION

A. Personnel

1. All personnel involved with sample preparation and analysis are responsible for
adherence to this SOP. A controlled copy will be available for review and consultation
within the area methods manual.

2. Personnel are responsible for ensuring that any deviations to this SOP are reported to
the laboratory manager.

B. Laboratory Manager

1. The laboratory manager is responsible for ensuring adherence to this SOP and will
receive a controlled copy of this SOP.

2. The laboratory manager is responsible for performing an annual review of the SOP and
reporting any required revisions to the Quality Assurance Office.

C. Quality Assurance Office
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1. The QA Office is responsible for conducting laboratory audits to monitor adherence to
this and other SOPs. Results of the audit will be reported to Management.

2. The QA Office is responsible for ensuring that all revisions to the SOP are
implemented.

3. The QA Office is responsible for maintaining the original and complete distribution
records.

D. Revisions

1. This SOP will be reviewed on an biennial basis at a minimum, and any required
revisions would be incorporated.

VIII. SAMPLE COLLECTION, PRESERVATION AND HANDLING

A. SAMPLE COLLECTION

1. Sample size - One liter of water samples containing less than or equal to 1% solids
should be extracted in separatory funnels. Aqueous or solid samples containing gre \
than 1 % solids should be considered as solids and sufficient volume extracted to
provide a dry weight of 10 grams (except for tissue samples and other samples noted to
be reported on an as received basis). One gram aliquots are typically extracted for waste
samples and samples suspected to contain high analyte levels. One hundred milligram
aliquots are typically used for oil based samples, and 100 mL for milk samples.

B. SAMPLE PRESERVATION AND HANDLING

1. Collect samples in glass containers following conventional sampling practices.

2. Maintain samples at 4°C ± 2°C under darkness from the time of collection until
extraction. If residual chlorine is present in aqueous samples (from chlorinated
sources), add 80 mg sodium-thiosulfate per one liter of water.

3. Tissue samples are stored frozen at -18°C to -20°C under darkness.

4. All sample extracts are stored in the extract refrigerator at approximately 4°C ± 2°C
until analysis.

C. HOLDING TIMES

1. Samples are typically extracted within 30 days of sample collection and the extract
analyzed within 40 days of extraction. Holding times between collection and extrac
or extraction and analysis do not necessarily invalidate the results. Whenever samples
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are analyzed after the holding time expiration date, the results should be considered to
be minimum concentrations and identified as such.

D. CRITERIA FOR ACCEPTANCE/REJECTION OF SAMPLES

1. Samples are to be rejected if information allowing determination of the applicable test
and client information cannot be obtained.

2. If sample integrity has been compromised, the client must be contacted for instructions
and permission to proceed with analysis. The client's comments and instructions are
documented as part of routine laboratory policy.

IX. EQUIPMENT AND SUPPLIES

A. Sample bottles - 1 Liter glass amber bottles for liquids which contain less than 1% solids; 500
mL wide mouth (or smaller) glass amber bottles for solid and sludge. All bottles are purchased
pre-cleaned from the vendor. If glass amber bottles are not available, samples shall be
protected from the light. All bottles should have Teflon lined caps. Laboratory cleaned bottles
may be substituted for pre-cleaned bottles. Bottles should be detergent washed, then solvent
rinsed and baked at 450°C for one hour minimum.

B. 10 mL open top glass vials

C. 2 dram vials with Teflon-lined screw caps

D. Reacti vial - 2 mL borosilicate glass

E. 1 Liter graduated cylinder

F. Balances - 0.01 g and 0.0001 g

G. Drying oven

H. Soxhlet extraction apparatus

I. Thimble, 33 x 90 mm to fit Soxhlet

J. Heating mantle

K. Beakers, 50, 250, 500, 2000 Ml

L. Stainless steel spatulas

M. Assorted syringes and/or Eppendorf digital pipettes
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N. Filtration apparatus

O. Glass chromatographic column - 5 3/4" disposable Pasteur pipets

P. 40 mL vial with caps

Q. 60 mL vial with caps with septa

R. Glass wool pre-cxtracted w ith methylene chloride dried, and stored in a clean air tight plastic
bag

S. Glass funnel. 125-250 mL

T. Glass fiber filter paper (Whatman GF/D or equivalent)

U. Centrifuge apparatus - capable of rotating 500 mL centrifuge bottles or 15 mL tubes at 5000
rpm minimum

V. Disposable Pasteur pipettes

W. Disposable scrological 10 mL pipettes

X. 500 mL Kudema Danish (K.D) concentrator apparatus

Y. Teflon boiling chips - pre-rinsed with methylene chloride

Z. Water bath, ultrasonic

AA. Desiccator

BB. Nitrogen evaporation system with variable flow rate

CC. Volumetric flasks - 5 mL, 10 mL, 15 mL, 20 mL, 25 mL and 100 mL

DD. Teflon tape

EE. Low volume autosampler vial with crimp caps

FF. Sodium hydroxide - reagent grade. Dissolve 40 g NaOH in 1L reagent water.

GG. Potassium Phosphate - reagent grade - Dissolve 68.05 g KH2PO4 in 1 L reagent H2O

HH. Sulfuric acid - reagent grade (sp gravity 1.84)

II. Silica gel - chromatographic grade, 60-100 mesh
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JJ. Celite - reagent grade

KK. Anhydrous sodium sulfate - Rinse with methylene chloride (20 mL/g) and bake at 130°C for 1
hour minimum. Store baked anhydrous sodium sulfate in oven until use. Cool prior to use.

LL. 100-400 mesh carbon/Celite mixture

MM. Solvents - Acetone, toluene, hexane, cyclohexane, nonane, methanol and methylene chloride.
All solvents must be distilled in glass and pesticide grade.

NN. Alumina - activity grade

OO. White quartz sand 60/70 mesh

PP. Diatomeous earth

QQ. Reference matrices

1. Reagent water

2. Playground sand or similar material which is free of target compounds; may be prepared
by extraction with methylene chloride and/or baking at 450°C for 4 hours.

3. Fish tissue, pre-tested to be analyte free

4. Filter paper - Gel man type A or equivalent

5. Mineral Oil

6. Milk, whole

RR. Individual standards prepared as described in the "Procedure" section of this SOP.

X. REAGENTS AND STANDARDS

A. Standards and working solutions are prepared from or compared to certified standards or
purchased as certified premixed standards. All standards are valid for 1 year from date opened
(or prepared). All standards are stored in glass bottles and stored at 4°C ± 2°C. Standards may
be re-verified by comparison to a valid native analyte solution. The final concentrations
determined for any solution being re-verified must be within 20% of the expected
concentrations for that solution.

B. The preparation of standards and working solutions is thoroughly documented in the
appropriate standards notebook. Such documentation allows the traceability of each solution to
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a certified, purchased solution.

C. Preparation of Primary Stock Solution of Internal Standards (AI2-#)

Note: Identification AI2-# - # denotes the next sequential number assigned to AI2 standard
from the Dioxin Standard Notebook.

Compound

2,3,7,8-TCDD-l3Ci:
2,3J,8-TCDF-13Ci2
l,2,3,7,8-PeCDD-l3Ci2

l,2,3,7,8-PeCDF-I3Ci2
2,3,4,7,8-PeCDF-l3Ci2

l,2,3,4,7,8-HxCDD-13Ci2
l,2,3,6,7,8-HxCDD-l3Ci2
l,2,3,4,7,8-HxCDF-'3Ci2
l,2,3,6,7,8-HxCDF-13Ci2

l,2,3,7,8,9-HxCDF-13Ci2

2,3,4,6,7,8-HxCDF-l3Ci2
l,2,3,4,6,7.8-HpCDD-13C,2
l,2,3,4,6,7,8-HpCDF-l3Ci2

l,2,3,4,7,8,9-HpCDF-l3Ci2

OCDD-I3Ci2

1. All compounds should be purchased in nonane (Cambridge or equivalent).

Note: Stock solutions containing labeled PCDDs (DS-1000) and PCDFs (FS-1000) at
concentrations of 1.0 ng/uL (2.0 ng/uL for OCDD-13Ci2) are also available from Wellington
Laboratories. Equal amounts of these solutions may be combined and diluted lOx total to
prepare the BI2 secondary solution described below.

2. Sonicate each vial for at least 1 minute after bringing to room temperature.

3. After sonication, pipette the compounds noted above into a pre-rinsed 2 dram vial and
label. Identification should include: ID# and log #, I3Ci2 primary stock solution of
internal standard, preparation date, expiration date and preparer's initials.

4. Mark the meniscus now and each time a portion is removed.

5. Seal vial with Teflon tape and store in standards freezer at <0°C.

6. Record all standard preparation information in Dioxin Standard Notebook.

If Concentration
is |ig/ml.

50
50
50
50
50
50
50
50
50
50
50
50
50
50
10

Amount Added Final
fii T.} (~!r>nppntratinn (i i u/tnT .1

200
200
200
200
200
200
200
200
200
200
200
200
200
200
2000

2.08
2.08
2.08
2.08
2.08
2.08
2.08
2.08
2.08
2.08
2.08
2.08
2.08
2.08
4.17
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D. Preparation of Internal Standard Secondary Stock (BI2-#)

1. Sonicate the primary stock (AI2-#) for five minutes and allow it to reach room
temperature before using.

2. Using an Eppcndorf pipette, add 481 uL of primary stock (AI2-#) into a pre-rinsed 10
mL volumetric flask and bring to volume with tridecane to prepare the 100 ng/mL (200
ng/mL OCDD-nCi;) solution. Alternately, combine the purchased Wellington stock
solutions (I mL each) and bring to 10 mL with tridecane to prepare the 100 ng/mL (200
ng/mL OCDD-nCi:) solution.

3. Sonicate for five minutes and transfer into clean labeled vials. Identification should
include: ID#. (BI2-#). log #, vial numbers, preparation date and preparer's initials.

Note: Identification BI2-4 - # denotes the next sequential number assigned to BI2
standard from the Dioxin Standard Notebook.

4. Seal with Teflon tape, mark the meniscus (now and after each use) and store in the
standards refrigerator.

5. Record all standard preparation information in Dioxin Standard Notebook.

6. This solution may otherwise be purchased as a prepared mix from Wellington
Laboratories or equivalent.

E. Preparation of Internal Standard Spiking Solution (CI2-#)

1. Sonicate secondary standard (BL2-#) for five minutes and allow it to reach room
temperature before using.

2. Add 20 uL of BI2-# per mL in appropriate pre-rinsed volumetric flask and bring to
volume with acetone to prepare this 2 ng/mL solution. Prepare only enough spiking
solution as will be used in one day.

3. Sonicate for five minutes.

4. Transfer spiking solution into a pre-rinsed 6 dram vial labeled with ID# (CI2-#), log #,
preparation date, expiration date and preparer's initials.

Note: Identification CI2-# - # denotes the next sequential number assigned to the CI2
standard from the Dioxin Standard Notebook.

5. Prior to extraction, one mL of this solution is added to each sample.
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F. Preparation of Primary Native Standard Spiking Solution (ANl-#)

Compound Cnnrp.ntTation (|ig/mT.)

2,3,7,8-TCDF 0.40
2,3,7,8-TCDD 0.40
1,2,3,7,8-PeCDD 2.0
1,2,3,7,8-PeCDF 2.0
2,3,4,7,8-PeCDF 2.0
1.2,3,4,7,8-HxCDD 2.0
1,2,3,6,7,8-HxCDD 2.0
1,2,3,7,8,9-HxCDD 2.0
1,2,3,4,7,8-HxCDF 2.0
1,2,3.6.7,8-HxCDF 2.0
1,2,3,7,8,9-HxCDF 2.0
2,3,4,6,7,8-HxCDF 2.0
1,2,3,4.6.7,8-HpCDD 2.0
1,2,3,4.6,7,8-HpCDF 2.0
1,2,3.4,7,8,9-HpCDF 2.0
OCDF 4.0
OCDD 4.0

1. This is a purchased solution in nonane (Cambridge, TerraChem, or equivalent).

NOTE: One vendor source and standards prepared from the source are used for the
ICAL. The other vendor source and standards diluted from it are used as an
independent validation of all standards purchased.

2. Divide the standard into pre-rinsed 1 mL vials with E># (ANl-#), log #, Primary Native
Spiking Solution. Identification should also include: preparation date, expiration date
and preparer's initials.

Note: Identification ANl-# - # denotes the next sequential number assigned to AN1
standard from the Dioxin Standard Notebook.

3. Mark the meniscus now and after each use.

4. Seal with Teflon tape and store in standards refrigerator at 4°C ± 2°C.

5. Record all standard preparation information in Dioxin Standard Notebook.

G. Preparation of Native Secondary Stock (BNl-#)

1. Sonicate primary standard (ANl-#) for five minutes and allow it to reach room
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temperature before using.

2. Add 1.0 mL of AN 1 -# to a pre-rinsed 10 mL volumetric flask and bring to volume with
tridecane to prepare this 40 ng/mL solution.

3. Sonicate for five minutes after preparation and transfer into 2 dram vials. Identification
should include: Native Spiking Solution ID# (BNl-#), log #, preparation date,
expiration date and preparer's initials.

Note: Identification BN1 -# - # denotes the next sequential number assigned to BN1
standard from the Dioxin Standard Notebook.

4. Seal vials with Teflon tape, mark the meniscus (now and after each use), and store in the
standards refrigerator at 4°C ± 2°C until ready to use.

5. Record all standard preparation information in Dioxin Standard Notebook.

H. Preparation of Native Spiking Solution (CNl-#)

1. Sonicate secondary standard (BN 1 -#) for five minutes and allow it to reach room
temperature before using.

2. Add 10 uL of BNl-# to a pre-rinsed 2 dram vial and 1990 uL of acetone to prepare this
200 pg/mL solution.

3. Sonicate for five minutes.

4. Label 2 dram vial with ED# (CNl-#), log #, preparation date, expiration date and
preparer's initials.

Note: Identification CNl-# - # denotes the next sequential number assigned to CN1
standard from the Dioxin Standard Notebook.

5. Record all standard preparation information in Dioxin Standard Notebook.

6. Prior to extraction, one mL of this solution is added to each laboratory and matrix spike
sample.

I. Preparation of Cleanup Standard Primary Stock (AC14-#)

If Concentration Amount Added Final
PnmpnnnH is |ig/ml. (pi.) Pnnrentratinn (jig/ml.)

37C14 2,3,7,8-TCDD 50 200 1.0
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I
1. The 50 pg/mL solution is purchased in nonane (Cambridge or equivalent). Sonicate the

solution for five minutes and allow to reach room temperature and add 200 uL of the
solution to a pre-rinsed 10 mL volumetric flask and bring to volume with tridecane to
prepare this 1 ug/mL solution.

2. Transfer the standard to a 2 dram vial with color coded tape. Identification should
include: CU Cleanup Standard: Prin
expiration date and preparer's initials.
include: CU Cleanup Standard: Primary Stock ID# (AC14-#), log #, preparation date,

Note: Identification ACI4-# - # denotes the next sequential number assigned to AC14
standard from the Dioxin Standard Notebook.

3. Seal vials with Teflon tape, mark the meniscus (now and after each use), and store in the
standards refrigerator at 4°C ± 2°C.

4. Record all standards preparation information in Dioxin Standard Notebook.

J. Preparation of J7CU Cleanup Standard Secondary Stock (BC14-#)

1. Sonicate the Cleanup Standard Primary Stock (CSPS) for five minutes and allow it to
reach room temperature.

2. Using an Eppcndorf pipette, add 1 mL of CSPS (AC14-#) into a pre-rinsed 25 mL
volumetric flask. Bring to volume with tridecane to prepare this 40 ng/mL solution.

3. Sonicate for five minutes, transfer to 2 dram vials. Identification should include: ID#
(BC14-#). log #. vial numbers, preparation date, expiration date and preparer's initials.

Note: Identification BCI4-# - # denotes the next sequential number assigned to BC14
standard from the Dioxin Standard Notebook.

4. Seal vials with Teflon tape, mark the meniscus (now and after each use), and store in
standards refrigerator at 4°C ± 2°C.

5. Record all standard preparation information in Dioxin Standard Notebook.

K. Preparation of CU Cleanup Standard Spiking Solution (CC14-#)

1. Sonicate the compound (BC14-#) for five minutes and allow it to reach room
temperature.

2. Using an Eppcndorf pipette, add 2 mL of BC14-# into a pre-rinsed 100 mL volumetric
flask and bring to volume with tridecane to prepare this 800 pg/mL.

3. Sonicate for five minutes and transfer to pre-rinsed 6 dram vials. Identification should
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include ID# (CC14-#), log #, vial number, preparation date, expiration date and
preparer's initials.

Note: Identification CC14-# - # denotes the next sequential number assigned to CC14
standard from the Dioxin Standard Notebook.

4. Seal vials lightly with Teflon tape, mark the meniscus (now and after each use), and
store in standards refrigerator at 4°C ± 2°C.

5. Record all standard preparation information in Dioxin Standard Notebook.

6. 250 uL of this solution is added to each sample between extraction and enrichment.

L. Preparation of n Ci; Recovery Standard Primary Stock (AR2-#)

If Concentration Amount Added Final
("nmpnnnri is pp/ml. (|il ) Cnnr.p.nfration ([ig/mT.)

l,2,3,4-TCDD-nG; 50 250 2.5
1 ,2 ,3 ,7 ,8 .9 -HXCDD-"C I : 50 250 2.5

1. The individual 50 u,g/mL solutions are purchased in nonane (Cambridge or equivalent).
Sonicate the solutions for five minutes and allow to reach room temperature.

2. Add the listed amount of each standard to a pre-rinsed 5 mL volumetric flask and bring
to volume with tndecane.

3. Transfer the standard to a labeled 2 dram vials. Identification should include: ID#
(AR2-#). log #. Ci: Recovery Standard, number of vials, preparation date, expiration
date and preparer's initials.

Note: Identification AR2-# - # denotes the next sequential number assigned to AR2
standard from the Dioxin Standard Notebook.

4. Seal vials with Teflon tape, mark the meniscus (now and after each use), and store in the
standards refrigerator at 4°C ± 2°C.

5. Record all standard preparation information in Dioxin Standard Notebook.

M. Preparation of ' Ci; Recovery Standard Spiking Solution (CR3-#)

1. Sonicate the ' ̂ i : Primary Recovery Standard for five minutes and allow it to reach
room temperature before using.

2. Using an Eppendorf pipette, add 2 mL of AR2-# into a pre-rinsed 25 mL volumetric
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flask. Bring to volume with tridecane to prepare this 200 ng/mL solution.

3. Sonicate for five minutes, transfer to 2 dram vials labeled with tape. Identification
should include: ID# (CR3-#), log #, vial numbers, preparation date, expiration date and
preparer's initials.

Note: Identification CR3-# - # denotes the next sequential number assigned to CR3
standard from the Dioxin Standard Notebook.

4. Seal vials with Teflon tape, mark the meniscus (now and after each use), and store in
standards refrigerator at 4°C ± 2°C.

5. Record all standard preparation information in Dioxin Standard Notebook.

6. 10 uL of this solution is added to each sample during the final concentration of the
extract.

7. This solution may otherwise be purchased as a prepared mix from Wellington
Laboratories or equivalent.

N. Preparation of Initial Calibration Solutions

1. Mix256uLof ANl-#with lOOuLof AC14-#. Label as ICAL Native Mix. This
37

solution contains 281 pg/uL of the native and CU labeled isomers.

2. Prepare a 1:50 dilution (20 uL to 1 mL) of the ICAL Native Mix and label as Diluted
ICAL r-
pg/uL.
ICAL Native Mix. This solution contains the native and 37CU labeled isomers at 5.6

3. Mix 150 uL of AI2-# with 125 uL of AR2-#. Label as ICAL Internal Mix. This
solution contains the internal and recovery standards at 1.13 ng/uL.
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4. Prepare the five calibration solutions as follows:

CS-1
fv = 250 uL

CS-2
fv = 250 uL

CS-3
fv= 1 mL

CS-4
fv = 250 uL

CS-5 178 uL ICAL Native Mix
fv = 250 uL 22 uL ICAL Internal Mix

50 uL Tridecane

Note: These solutions contain the standards at the concentration levels
described on the Table found on the next page. Split CS-3 aliquot into three
separate vials. Archive two vials in the standards refrigerator.

22.2 uL
22 uL
206 uL

89 uL
22 uL
139 uL

35.6 nL
88 uL
876 uL

35.6 uL
22 uL
192 uL

Diluted ICAL Native
ICAL Internal Mix
Tridecane

Diluted ICAL Native Mix
ICAL Internal Mix
Tridecane

ICAL Native Mix
ICAL Internal Mix
Tridecane

ICAL Native Mix
ICAL Internal Mix
Tridecane
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prnn/prnF

2,3,7,8-TCDD
2,3,7,8-TCDF
1,2,3,7,8-PeCDD
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,7,8,9-HxCDF
1,2,3,4,6,7,8-HpCDD
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDD
OCDF

I3C.2-2,3,7.8-TCDD
l3Ci2-2,3,7,8-TCDF
13C.2-
C|2-

13c12-:13c12-
'3C,2-
'3C,2-
13C,2-1
13C,2-1
13CP-1
'3C,2-1
I3C12-1

1,2,3.7.8-PeCDD
1,2,3,7.8-PeCDF
1,3.4,7.8-PeCDF
[,2,3,4.7.8-HxCDD
,2,3.6.7.8-HxCDD
,2,3,4,7.8-HxCDF
,2,3,6,7.8-HxCDF
,2,3,7.8.9-HxCDF
,2,3,4.6.7.8-HpCDD
,2,3,4,6,7.8-HpCDF
2.3.4.7.8.9-HDCDF

13C.2-OCDD

37Cl4-2,3,7,8-TCDD

l3Ci2-l,2,3,4-TCDD
C12-],2,3,7,8,9-HxCDD

CS1
(np/mT .1

0.5
0.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
5 0
5 0

100
100
100
100
100
100
100
100
100
100
100
100
100
100

0.5

100
100

CS2
(np/mT.)

2
2
10
10
10
10
10
10
10
10
10
10
10
10
10
20
20

100
100
100
100
100
100
100
100
100
100
100
100
100
100

2

100
100

CS3
fnoYmT !\

10
10
50
50
50
50
50
50
50
50
50
50
50
50
50
100
100

100
100
100
100
100
100
100
100
100
100
100
100
100
100

10

100
100

CS4
(np/mT.)

40
40
200
200
200
200
200
200
200
200
200
200
200
200
200
400
400

100
100
100
100
100
100
100
100
100
100
100
100
100
100

40

100
100

CS5
fnp/mT .̂

200
200
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
2000
2000

100
100
100
100
100
100
100
100
100
100
100
100
100
100

200

100
100

The calibration solutions may otherwise be purchased as a prepared mix from Wellington Laboratories or
equivalent. The CS-3 is also available with the window defining and column resolution isomers in the sar.
solution (See Quality Control Section).



USEPA8290 File: MNH001E.DOC
Pace Analytical Services, Inc. Date: May 29,2002
MN-H-001-E Page: 21 of 58

XI. CALIBRATION

A. Initial Calibration

1. Prior to analyzing samples, the instrument is calibrated by analyzing a series of five
standard solutions. This initial calibration (ICAL) is performed when the continuing
calibration solution is replaced by one from a different lot or when the continuing -
calibration docs not pass the method specified criteria (Section 7.7.4, Method 8290;
±20% natives and ±30% internal standards). A signal to noise ratio of >5:1 is required
for each isomer.

2. Additional standards are analyzed to demonstrate chromatographic resolution and
stability of the ICAL. These consist of the continuing calibration solution described
above, and a purchased solution (Wellington 5TDWD or equivalent) containing the
isomers required to demonstrate the chromatographic resolution of the 2,3,7,8-TCDD
(25% valley) and the presence of the first and last eluting isomers of each congener
class. A solution (Wellington EPA-1613-CS3WT) is available and incorporates all of
the above components into a single solution.

B. Calibration Standards Acceptance Criteria

1. Standards must meet the following requirements before analyzing samples.

a) Ratios must be within 15% of theoretical values. Any outliners are flagged in
AutoPro.

b) Initial calibration relative standard deviations must be less than 20% for the
native isomers and 30% for the labeled isomers.

c) Continuing calibration standards are analyzed at the beginning and end of each
day and must yield response factors within 20% (natives) to 30% (labeled) of the
initial calibration.

d) Percent valley between 2,3,7,8-TCDD and any other peak in the column
performance check must be <25%, relative to the height of 2,3,7,8-TCDD.

e) All peaks for a given PCDD/PCDF level of chlorination must elute within the
window(s) set up for that particular class (determined from the window defining
mix which contains first and last eluting isomers).

f) Native compounds must elute within ±2 seconds of the expected elution time
relative to the elution times of the corresponding internal standards.
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XII. PROCEDURE

A. Glassware Cleaning

1. Prior to use, glassware should be cleaned using the following steps:

a) Wash with soap and water (water rinse).

b) Soak in Chemsolve (or equivalent) for one hour (water rinse). Note: Chemsolve should
be changed on a weekly basis at minimum, or after washing of samples found to contain
very high analyte levels.

c) Rinse with tapwater.

d) Rinse with 1 N nitric acid and then a DI rinse

e) Rinse with methanol and then acetone.

f) Air Dry. Rinse with hexane and the solvent to be used for extraction just prior to
glassware use.

Note: The brushes should be replaced on a weekly basis at minimum, or after glassware used for
samples containing very high analyte levels, in order to minimize the chances for contamination during
the cleaning process.

B. PREPARATION PRIOR TO SAMPLE EXTRACTION

1. Aqueous samples containing one percent solids (or less) are extracted in separatory
funnels.

2. In samples expected or known to contain high levels of the PCDDs and /or PCDFs, the
smallest sample size representative of the entire sample should be used, and the extract
should be diluted, if necessary.

3. Determination of Percent Solids

a) Weigh 5-10 g of sample to three significant figures into a tarred weighing vessel.

b) Dry overnight (minimum of 12 hours) at 110 ± 5°C and cool in a desiccator.
Reweigh.

c) % Solids = Wt HHPH sample (g\ x TOO Wt wet sample(g)



USEPA8290 File: MNH001E.DOC
Pace Analytical Services, Inc. Date: May 29,2002
MN-H-001-E Page: 23 of 58

d) Data are recorded electronically and printed out as needed.

4. Soxhlet/Dean Stark Glassware Pre-extraction

a) Place 30-40 mL of toluene in the extractor and 200-250 mL in the flask along
with approximately 5-8 Teflon boiling chips.

b) Pre-extract the glassware by heating the flask until the toluene is boiling. When
properly adjusted, 1-2 drops of toluene per second will fall from the condenser
tip into the receiver. Extract the apparatus for 3-4 hours minimum (typically
overnight).

c) After pre-extraction, disassemble the apparatus. Concentrate and collect the
solvent rinse. The solvent rinse may be archived for troubleshooting purposes.

5. Aqueous Sample Preparation (<1% Solids)

a) Mark the original level of the sample on the sample bottle for later determination
of sample volume. Weigh the sample in the bottle to ± 1 g on a top loading
balance. Record this weight.

b) Spike 1 mL of the labeled compound solution (CI2-#) into the bottle. Cap the
bottle and mix by carefully shaking for 2 minutes.

c) For each sample or sample set (up to 10) to be extracted during the same eight
hour shift, place two 1.0 L aliquots of reagent water in clean 1 L Erlenmeyer
flasks. If larger batches (up to 20) are to be extracted, include one additional
aliquot of reagent water. Only one LCS is required when MS/MSDs are also
prepared in the sample batch.

d) A matrix spike and matrix spike duplicate are typically extracted along with the
sample set (up to 20) extracted. Place the two 1.0 L aliquots of client-supplied
duplicate water samples in clean 1 L Erlenmeyer flasks.

e) Spike 1 mL of the labeled compound solution (C12-#) into one reagent water.
This aliquot will serve as the blank. Spike 1 mL of labeled compound solution
(C12-#) and 1 mL of the native spiking solution (CNl-#) into the remaining
reagent water aliquot(s). This (they) will serve as the laboratory control spike(s).
Spike 1 mL of labeled compound solution (C12-#) and 1 mL of the native

spiking solution (CNl-#) into the client-supplied duplicate water samples (if
supplied). These samples will serve as the matrix spike/spike duplicate samples.

Note: When setting up method blanks, the glassware set used shall be varied randomly
amongst the sets used for sample extraction.
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f) Assemble a Buchner funnel and a vacuum adapter on top of a clean 1 L
Erlenmeyer flask. Apply a vacuum to the flask and pour the entire contents of
the sample bottle through a glass fiber filter in the Buchner funnel, swirling the
sample remaining in the bottle to suspend any paniculate. Rinse the bottles with
three 60 mL portions of methylene chloride, pouring each portion through the
filter. Samples containing no paniculate need not be filtered; instead,
quantitatively transfer the samples to separatory funnels. Treat the QC samples
in the same manner as the field samples.

g) If filtered, rinse any paniculate off the sides of the Buchner funnel with small
quantities of methylene chloride.

h) Weigh the empty sample bottle on a top loading balance to ± 1 g. Determine the
weight of the sample by difference and note the weight on the extraction
preparation sheet. This value is used in the calculation of analyte concentrations.

i) Save and extract the filter, paniculate and filtrates as described below.

6. Preparation of Aqueous Samples containing > 1 % solids

a) Weigh a well mixed aliquot of each sample sufficient to provide 10 g of drj
solids (based on the solids determination described above) into a clean beaker,
pre-extracted thimble or glass jar. In certain cases, i.e., sludge or waste matrices,
this amount may be modified to a smaller aliquot to provide more workable
extracts.

b) Spike with I mL of the labeled compound solution (CI2-#).

c) For each sample or sample set (up to 10) to be extracted in the same eight hour
shift, weigh two 10 g aliquots of clean sand and place each aliquot into a Soxhlet
thimble. If larger batches (up to 20) are to be extracted, include an additional
aliquot of reference matrix material. (Sand is pre-extracted prior to use.)

d) A matrix spike and matrix spike duplicate are typically extracted along with the
sample set (up to 20) extracted. Place the appropriate weight of client-supplied
duplicate samples into clean beakers or glass jars. If an MS/MSD is prepared
with the sample batch, only one lab spike is required.

e) Spike one reference sample with 1 mL of the labeled spiking solution (CI2-#).
This aliquot will serve as the method blank.

Note: When setting up method blanks, the glassware set used shall be varied randor-' •
amongst the sets used for sample extraction.
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f) Spike the other aliquot(s) with 1 mL of the labeled compound solution (CI2-#)
and 1 mL of the native spiking solution (CNl-#). This (they) will serve as the
laboratory control spike(s).

g) Spike the client-supplied duplicate samples with 1 mL of the labeled compound
solution (CI2-*) and 1 mL of the native spiking solution (CNl-#). These
samples will serve as the matrix spike/matrix spike duplicate set (if required).

h) If sample flows easily, assemble a Buchner funnel and a vacuum adapter on top
of a clean I L Erlcnmeyer flask. Apply a vacuum to the flask and pour the
aliquot through a glass fiber filter in the Buchner funnel, swirling the sample
remaining in the bottle to suspend any paniculate. Rinse the bottle 3 times with
60 mL of reagent water pouring each aliquot through the filter.

i) If fihered. nnse any paniculate off the sides of the Buchner funnel with small
quantities of methylene chloride.

j) Save and extract the filtrates as described below. (If greater than 50 mL of water
is present, extract it in a separator}' funnel and combine with the solid extract,

\ otherwise discard aqueous phase.)

7. Preparation of Multiphase Samples

a) Spike an appropriately sized aliquot of the sample with 1 mL of the labeled
compound solution (Cl2-#).

b) For each sample or sample set (up to 10) to be extracted in the same eight hour
shift, weigh two 10 g aliquots of clean sand and place each aliquot into a Soxhlet
thimble. If larger batches (up to 20) are to be extracted, include an additional
aliquot of reference matrix material. (Sand is pre-extracted prior to use.)

c) A matrix spike and matrix spike duplicate are typically extracted along with the
sample set (up to 20) extracted. Place the appropriate weight of client-supplied
duplicate samples into clean beakers or glass jars. If an MS/MSD is prepared
with the sample batch, only one lab spike is required.

d) Spike one reference sample with 1 mL of the labeled compound solution (CI2-
#) This aliquot will serve as the method blank.

Note: When setting up method blanks, the glassware set used shall be varied randomly
amongst the sets used for sample extraction.

e) Spike the other aliquot(s) with 1 mL of the labeled compound solution (CI2-#)
and I mL of the native spiking solution (CNl-#). This (they) will serve as the
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laboratory control spike(s).

f) Spike the client-supplied duplicate samples with 1 mL of the labeled compound
solution (CI2-#) and 1 mL of the native spiking solution (CNl-#). These
samples will serve as the matrix spike/matrix spike duplicate set (if required).

g) Pressure filter the sample, blank and laboratory control spike aliquots through
Whatman GF/D glass fiber filter paper. If necessary, centrifuge these aliquots
for 30 minutes prior to filtration.

h) Discard aqueous phase. (If aqueous phase is 50 mL or greater, a separatory
funnel extraction is performed and the extract is combined with the extract form
the solid portion.) Remove any non-aqueous liquid (if present) and reserve for
recombination with the extract of the solid phase. Prepare the filter papers of the
sample and QC aliquots for particle size reduction and blending.

i) Prior to spiking, samples with particle size greater than 1 mm are subjected to
grinding, homogenization, or blending. The method of reducing particle size to
less than 1 mm is matrix dependent.

j) In general, hard particles can be reduced by grinding with a mortar and pest'
Softer particles can be reduced by grinding in a Wiley mill or meat grinder,
homogenization, or by blending.

k) The grinding, homogenization, or blending procedures should be carried out in a
glove box or fume hood to prevent particles from contaminating the work
environment.

1) Tissue samples, certain papers and pulps, slurries and amorphous solids can be
ground in a Wiley mill or heavy duty meat grinder. In some cases, reducing the
temperature of the sample to freezing or to dry ice or liquid nitrogen
temperatures can aid in the grinding process.

8. Preparation of Solid Samples by ASE

a) If the client requests that results be reported on a dry weight basis, a separate
amount of sample will be weighed, dried overnight in an oven, and the percent
solids calculated. This is recorded on the dry weight sheet used in reporting
results

b) Attach and tighten bottom cap onto ASE extraction cell, and insert cellulose
extraction filter. Seat filter firmly into bottom of tube. If sample appears wet
add about 10-25 g of sodium sulfate to cell. Weigh out 10 g dry weight of
sample aliquot into extraction cell. If the sample appears oily, check with ti.
client to confirm using a smaller sample size of 1-3 grams.
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c) Spike the sample aliquot with the labeled spiking solution (CI2-#).

d) For each sample or sample set (up to 10) to be extracted in the same eight hour
shift, weigh two 10 g aliquots of clean sand and place each aliquot into an
extraction vessel. If larger batches (up to 20) are to be extracted, include an
additional aliquot of reference matrix material. (Sand is pre-extracted prior to
use.)

e) A matrix spike and matrix spike duplicate are typically extracted along with the
sample set (up to 20) extracted. Place the appropriate weight of client-supplied
duplicate samples into clean beakers or glass jars. If an MS/MSD are prepared,
only one lab spike is required.

0 Spike one reference sample with 1 mL of the labeled compound solution (CI2-
#). This aliquot will serve as the method blank.

Note: When setting up method blanks, the extraction vessel used shall be varied
randomly amongst the sets used for sample extraction.

v g) Spike the other aliquot(s) with 1 mL of the labeled spiking solution (CI2-#) and
1 mL of the native spiking solution (CNl-#). This (they) will serve as the
laboratory control spike(s).

h) Spike (he client-supplied duplicate samples with 1 mL of the labeled compound
solution (CI2-#) and 1 mL of the native spiking solution (CNl-#). These
samples will serve as the matrix spike/matrix spike duplicate set (if required).

i) Place loaded ASE cells into slots in the top tray of the ASE. Place labeled 60
mL vials with septa caps into the corresponding slots in the bottom tray.
UNLOCK TRAYS AND TURN NITROGEN SUPPLY ON BEFORE
ATTEMPTING TO MOVE TRAYS! Only label the vials in the area shown on
the diagram in the ASE operator's manual.

j) Verify that the rinse vials are not full, the solvent waste vial is not full, and the
solvent reservoir has sufficient solvent mixture for the sample set that is to be
run. Check that there is sufficient Nitrogen pressure for the entire run, also.
Load the correct method into the ASE, and run a few rinse cycles to ensure a
clean system. Press the start button to begin the run.

k) After the ASE has completed the sample extractions, unlock the trays and
remove the vials for spiking with surrogate and clean-up steps. Remove the
cells and disassemble them. CELLS WILL BE VERY HOT WHEN THEY
COME OUT OF THE OVEN! Send the tubes and caps to the dish room for
cleaning, and sonicate the frits, PEEK seals, thread inserts, and snap rings in
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j

toluene. Re-assemble cells when parts are cleaned and rinsed and store with the
caps on the tubes to prevent thread damage.

9. Preparation of Soil/Solid Samples by Soxhlet

a) Weigh a 10 gram aliquot (dry weight) of the homogenized sample, place into a
Soxhlet thimble and cover with glass wool and sand. If the sample material is
wet, dry it by mixing with extracted anhydrous sodium sulfate until free flowing
before adding to the Soxhlet thimble. Mix sample and sand well. If the sample
will be extracted using Soxhlet Dean-Stark apparatus (with toluene), no sodium
sulfate should be added.

b) Spike the sample aliquot with the labeled spiking solution (CI2-#).

c) For each sample or sample set (up to 10) to be extracted in the same eight hour
shift, weigh two 10 g aliquots of clean sand and place each aliquot into a Soxhlet
thimble. If larger batches (up to 20) are to be extracted, include an additional
aliquot of reference matrix material. (Sand is pre-extracted prior to use.)

d) A matrix spike and matrix spike duplicate are typically extracted along with the
sample set (up to 20) extracted. Place the appropriate weight of client-supr >
duplicate samples into clean beakers or glass jars. If an MS/MSD is prepar*.
with the sample batch, only one lab spike is required.

e) Spike one reference sample with 1 mL of the labeled compound solution (CI2-
#). This aliquot will serve as the method blank.

Note: When setting up method blanks, the glassware set used shall be varied randomly
amongst the sets used for sample extraction.

f) Spike the other aliquot(s) with 1 mL of the labeled spiking solution (CI2-#) and
1 mL of the native spiking solution (CNl-#). This (they) will serve as the
laboratory control spike(s).

g) Spike the client-supplied duplicate samples with 1 mL of the labeled compound
solution (CI2-#) and 1 mL of the native spiking solution (CNl-#). These
samples will serve as the matrix spike/matrix spike duplicate set (if required).

h) Prior to spiking, samples with particle size greater than 1 mm are subjected to
grinding, homogenization, or blending. The method of reducing particle size to
less than 1 mm is matrix dependent.

i) In general, hard particles can be reduced by grinding with a mortar and pesh
Softer particles can be reduced by grinding in a Wiley mill or meat grinder, by
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homogenization, or by blending.

j) The grinding, homogenization, or blending procedures should be carried out in a
glove box or fume hood to prevent particles from contaminating the work
environment.

k) Tissue samples, certain papers and pulps, slurries and amorphous solids can be
ground in a Wiley mill or heavy duty meat grinder. In some cases, reducing the
temperature of the sample to freezing or to dry ice or liquid nitrogen
temperatures can aid in the grinding process.

10. Preparation and Extraction of Still Bottom Samples

a) Transfer a 1.0 g ±0.05 g aliquot of the homogenized sample to a clean 50 mL
beaker and spike the sample with 1 mL of the labeled spiking solution (CI2-#).

b) For each sample or sample set (up to 10) to be extracted in the same eight hour
shift, weigh two 1 g aliquots of clean sand and place each aliquot into a Soxhlet
thimble. If larger batches (up to 20) are to be extracted, include an additional
aliquot of reference matrix material. (Sand is pre-extracted prior to use.)

c) A matrix spike and matrix spike duplicate are typically extracted along with the
sample set (up to 20) extracted. Place the appropriate weight of client-supplied
duplicate samples into clean beakers or glass jars. If an MS/MSD is prepared
with the sample batch, only one lab spike is required.

d) Spike one reference material aliquot with 1 mL of the labeled compound
solution (CI2-#). This aliquot will serve as the method blank.

Note: When setting up method blanks, the glassware set used shall be varied randomly
amongst the sets used for sample extraction.

e) Spike the other aliquot(s) with 1 mL of the labeled compound solution (CI2-#)
and 1 mL of the native spiking solution (CNl-#). This (they) will serve as the
laboratory control spike(s).

f) Spike the client-supplied duplicate samples with 1 mL of the labeled compound
solution (CI2-#) and 1 mL of the native spiking solution (CNl-#). These
samples will serve as the matrix spike/matrix spike duplicate set (if required).

g) Add 10 mL of toluene to the beaker and mix well.

h) Filter the solution through a pre-rinsed glass fiber filter into a 50 mL round
bottom flask. Rinse the beaker and filter with three 10 mL aliquots of toluene.
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i) Concentrate the extracts and rinsates to NEAR dryness on a rotary evaporator at
50°C, a K-D flask, or under a gentle stream of nitrogen.

11. Preparation of Fly Ash Samples

a) Weigh a lOg aliquot of the homogenized sample and an equivalent amount of
anhydrous sodium sulfate into a clean beaker. Mix well. Note: If high levels
are expected, a smaller (1 gram) aliquot may be extracted. If the sample will be
extracted using Soxhlet Dean-Stark apparatus (with toluene), no sodium sulfate
should be added.

b) Spike the sample aliquot with 1 mL of the labeled compound solution (CI2-#).

c) For each sample or sample set (up to 10) to be extracted in the same eight hour
shift, weigh two 10 g aliquots of clean sand and place each aliquot into a Soxhlet
thimble. If larger batches (up to 20) are to be extracted, include an additional
aliquot of reference matrix material. (Sand is pre-extracted prior to use.)

d) A matrix spike and matrix spike duplicate are typically extracted along with the
sample set (up to 20) extracted. Place the appropriate weight of client-supplied
duplicate samples into clean beakers or glass jars. If an MS/MSD is prepare
with the sample batch, only one lab spike is required.

e) Spike one aliquot of the reference matrix material with 1 mL of the labeled
compound solution (CI2-#). This aliquot will serve as the method blank.

Note: When setting up method blanks, the glassware set used shall be varied randomly
amongst the sets used for sample extraction.

0 Spike the other aliquot(s) with 1 mL of the labeled spiking solution (CI2-#) and
1 mL of the native spiking solution (CNl-#). This (they) will serve as the
laboratory control spike(s).

g) Spike the client-supplied duplicate samples with 1 mL of the labeled compound
solution (CI2-#) and 1 mL of the native spiking solution (CNl-#). These
samples will serve as the matrix spike/matrix spike duplicate set (if required).

12. Preparation of Milk and Milk Product Samples

a) Accurately measure a 100 mL aliquot of milk and transfer to a 2 liter separatory
funnel.

b) Spike the sample aliquot with 1 mL of the labeled compound solution

c) For each sample or sample set (up to 10) to be extracted in the same eight hour
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shift, measure two 100 mL aliquots of de-ionized water into clean separatory
funnels. If larger batches (up to 20 ) are to be extracted, include an additional
aliquot of the reference matrix material.

d) A matrix spike and matrix spike duplicate will be extracted along with the
sample set (up to 20). Place the appropriate weight of client-supplied duplicate
samples into 2 Liter separatory funnels.

e) Spike one reference matrix material with 1 mL of the labeled compound solution
(CI2-#). This aliquot will serve as the method blank.

Note: When setting up method blanks, the glassware set used shall be varied randomly
amongst the sets used for sample extraction.

f) Spike the other aliquot(s) with 1 mL of the labeled spiking solution (CI2-#) and
1 mL of the native spiking solution (CNl-#). This (they) will serve as the
laboratory control spike(s).

g) Spike the client-supplied duplicate samples with 1 mL of the labeled compound
solution (C12-#) and 1 mL of the native spiking solution (CNl-#). These
samples will serve as the matrix spike/matrix spike duplicate set (if required).

13. Preparation of Tissue Samples

a) If the sample is supplied as whole fish or fillets, grind the sample using a meat
grinder or blender.

b) Weigh a 10 gram aliquot of the homogenized sample into a clean beaker. Mix in
enough extracted anhydrous sodium sulfate to dry the sample (usually
approximately 20 grams). If the sample will be extracted using Soxhlet Dean-
Stark apparatus (with toluene), no sodium sulfate should be added.

c) Quantitatively transfer the sample into a clean Soxhlet thimble and top with
extracted glass wool.

d) Spike the sample aliquot with the labeled spiking solution (CI2-#).

e) For each sample or sample set (up to 10) to be extracted in the same eight hour
shift, weigh two 10 g aliquots of clean fish and place each aliquot into a Soxhlet
thimble. If larger batches (up to 20) are to be extracted, include an additional
aliquot of reference matrix material. If an MS/MSD are run with the extraction
batch, only one LCS is required.

f) A matrix spike and matrix spike duplicate will be extracted along with the
sample set (up to 20). Place the appropriate weight of client-supplied duplicate
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samples into Soxhlet thimbles

g) Spike one reference sample with 1 mL of the labeled compound solution (CI2-
#). This aliquot will serve as the method blank.

Note: When setting up method blanks, the glassware set used shall be varied randomly
amongst the sets used for sample extraction.

h) Spike the other aliquot(s) with 1 mL of the labeled spiking solution (CI2-#) and
1 mL of the native spiking solution (CNl-#). This (they) will serve as the
laboratory control spike(s).

i) Spike the client-supplied duplicate samples with 1 mL of the labeled compound
solution (CI2-#) and 1 mL of the native spiking solution (CNl-#). These
samples will serve as the matrix spike/matrix spike duplicate set (if required).

j) Store any remaining sample in the freezer at approximately -18°C.

k) If the sample will be extracted using Soxhlet Dean-Stark apparatus (with
toluene), no sodium sulfate should be added.

C. SAMPLE EXTRACTION

1. Filtrates

a) Quantitatively transfer the filtrate into a separatory funnel with three 35 mL
rinses of MeCh.

b) Extract by shaking the separatory funnel, venting any back pressure.

c) If an emulsion layer forms, allow it to dissipate, or use mechanical or chemical
(salt, heat ,etc.) means to break the emulsion. Once the emulsion is broken,
continue the extraction.

d) After the extraction allow the layers to separate.

e) Remove the methylene chloride layer. Repeat the extraction two times with
fresh aliquots of methylene chloride, combining the three solvent portions.

0 Transfer the methylene chloride through a 10 cm plug of sodium sulfate and
glass wool to a pre-extracted Kuderna Danish concentrator. Set aside for
addition of filter and particulate extract (if applicable) or concentrate to
approximately 1 mL using KD and N-evap apparatus and proceed with samp1

cleanup.
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2. Sludge or Samples with >1% solids

a) Load the wet sample aliquot into the thimble and mix with enough anhydrous
sodium sulfate to dry the sample. Use a similar approach for the filter and
paniculate sample from a filtered sample aliquot. Alternatively, the extraction
can be completed by substituting sand for the sodium sulfate and fitting the
Soxhlet with Dean-Stark apparatus.

b) Place the thimble into the toluene charged (300 mL) Soxhlet apparatus.

c) Add any non-aqueous liquid from the multiphase samples to the Soxhlet thimble
and cover the thimble with glass wool.

d) Extract the sample:

1) If necessary, adjust the reflux rate to match the rate of percolation through
the sand and silica beds until water removal lessens the restriction of toluene
flow. Check the apparatus for foaming frequently during the first two hours
of extraction. If foaming occurs, reduce the reflux rate until foaming
subsides.

2) If applicable, drain the water from the receiver at 1-2 hours and 8-9 hours, or
sooner if the receiver fills with water. Reflux the sample for a total of 18-24
hours. Cool and disassemble the apparatus. Record the total volume of
water collected.

e) Remove the distilling flask, rinse the receiver with small portions of toluene and
add to the flask.

f) Cool and place a pre-rinsed Snyder column on the 500 mL round bottom flask
for concentration. The extract can otherwise be quantitatively transferred to a K-
D flask and concentrated on a steam bath.

g) Concentrate to approximately 10 mL. Remove and allow to cool for 5 minutes,

h) Rinse Snyder column down into the flask with three 2 mL portions of hexane.

i) If, based on the appearance (cloudy or emulsive) or color (not clear) of the
extract, the extract requires acid washes, combine with the filtrate extract in a
500 mL separatory funnel or a 40 mL vial. Rinse the flask and KD with hexane
(3 x 30 mL) and add to the separatory funnel. Proceed to sample cleanup.

j) If acid washes are not required, transfer the extract through a drying column
containing a 10 cm plug of glass wool and sodium sulfate, and combine with the
filtrate portion of the extract (if applicable). Rinse the flask with hexane (3 x 30



USEPA8290 File: MNH001E.DOC
Pace Analytical Services, Inc. Date: May 29,2002
MN-H-001-E Page: 34 of 58

mL) and add to the drying column. Concentrate to 1 mL using KD and N-evap
apparatus and proceed with sample cleanup.

3. Filters and Filter Paniculate

a) Mix the filter and paniculate with anhydrous sodium sulfate and load into the
thimble, add a fresh charge of toluene (300 mL) to the Soxhlet apparatus.
Alternatively, the extraction can be completed by substituting sand for the
sodium sulfate and fitting the Soxhlet with Dean-Stark apparatus.

b) Add any non-aqueous liquid from the multiphase samples to the Soxhlet thimble
and cover the thimble with glass wool.

c) Extract the sample:

1) If necessary, adjust the reflux rate to match the rate of percolation through
the sand and silica beds until water removal lessens the restriction of toluene
flow. Check the apparatus for foaming frequently during the first two hours
of extraction. If foaming occurs, reduce the reflux rate until foaming
subsides.

2) If applicable, drain the water from the receiver at 1-2 hours and 8-9 hou. i
sooner if the receiver fills with water. Reflux the sample for a total of 18-24
hours. Cool and disassemble the apparatus. Record the total volume of
water collected.

d) Remove the distilling flask and rinse the receiver with small portions of toluene
and add to the flask. _

e) Cool and place a pre-rinsed Snyder column on the 500 mL round bottom flask
for concentration. The extract can otherwise be quantitatively transferred to a K-
D flask and concentrated on a steam bath.

f) Concentrate to approximately 10 mL. Remove and allow to cool for 5 minutes.

g) Rinse Snyder column down into the flask with three 2 mL portions of hexane.

h) If, based on the appearance (cloudy or emulsive) or color (not clear) of the
extract, the extract requires acid washes, combine with the filtrate in a 500 mL
separatory funnel or a 40 mL vial. Rinse the flask and KD with hexane (3 x 30
mL) and add to the separatory funnel. Proceed to sample cleanup.

i) If acid washes are not required, transfer the extract through a drying column
containing a 10 cm plug of glass wool and sodium sulfate, and combine witl
filtrate portion of the extract (if applicable). Rinse the flask with hexane (3 x 30
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mL) and add to the drying column. Concentrate to 1 mL using KD and N-evap
apparatus and proceed with sample cleanup.

4. Fly Ash Samples

a) Place each prepared fly ash sample into a thimble and place in the Soxhlet
apparatus

b) Add 300 mL toluene and extract for 16-18 hours, maintaining three cycles per
hour.

c) Cool and place a pre-rinsed Snyder column on the 500 mL round bottom flask
for concentration. The extract can otherwise be quantitatively transferred to a K-
D flask and concentrated on a steam bath.

d) Concentrate to approximately 10 mL. Remove and allow to cool for 5 minutes.

e) Rinse Snyder column down into the flask with three 2 mL portions of hexane.

f) If. based on the appearance (cloudy or emulsive) or color (not clear) of the
extract, the extract requires acid washes, transfer the extract to a 500 mL
separator) funnel or a 40 mL vial. Rinse the flask and KD with hexane (3 x 30
mL) and add in the separatory funnel. Proceed to sample cleanup.

g) If acid washes arc not required, transfer the extract through a drying column
containing a 10 cm plug of glass wool and sodium sulfate, and combine with the
filtrate portion of the extract (if applicable). Rinse the flask with hexane (3 x 30
mL) and add to the drying column. Concentrate to 1 mL using KD and N-evap
apparatus and proceed with sample cleanup.

5. Soil/Solid Samples

a) PI ace the prepared sample in the thimble into the Soxhlet extractor. The Dean-
Stark attachments maybe utilized in place of the sodium sulfate drying step.

b) Add 300 mL of toluene and reflux for 16-18 hours. Cycle at a rate of three
cycles per hour. If applicable, drain the water from the receiver as needed.
Record the total amount of water collected.

c) Cool and place a pre-rinsed Snyder column on the 500 mL round bottom flask
for concentration. The extract can otherwise be quantitatively transferred to a K-
D fla.sk and concentrated on a steam bath.

d) Concentrate to approximately 10 mL. Remove and allow to cool for 5 minutes.



USEPA8290 File: MNH001E.DOC
Pace Analytical Services, Inc. Date: May 29,2002
MN-H-001-E Page: 36 of 58

e) Rinse Snyder column down into the flask with three 2 mL portions of hexane.

f) If, based on the appearance (cloudy or emulsive) or color (not clear) of the
extract, the extract requires acid washes, transfer the extract to a 500 mL
separatory funnel or a 40 mL vial. Rinse the flask and KD with hexane (3 x 30
mL) and add to the separatory funnel. Proceed to sample cleanup.

g) If acid washes are not required, transfer the extract through a drying column
containing a 10 cm plug of glass wool and sodium sulfate, and combine with the
filtrate portion of the extract (if applicable). Rinse the flask with hexane (3 x 30
mL) and add to the drying column. Concentrate to 1 mL using KD and N-evap
apparatus and proceed with sample cleanup.

6. Water Samples

a) Add 60 mL of methylene chloride to the sample bottle, cap and shake for 30
seconds to rinse the inner surface. Transfer the solvent to the separatory funnel
containing the sample and shake vigorously for two minutes, with frequent
venting.

b) Allow the phases to separate for 10 minutes. If the emulsion between layerr \
greater than one-third of the volume, apply mechanical techniques to comp
separation.

c) Pass the solvent layer through glass chromatography drying column that contains
a pre-rinsed glass wool plug and 5 g of anhydrous sodium sulfate into a K-D
flask.

d) Repeat the extraction twice more with fresh portions of methylene chloride and
transfer as described above. Discard the water down the drain, flushing with
running water,

e) Rinse empty separatory funnel threetimes with fresh 20 mL aliquots of
methylene chloride and pass each aliquot through the column. Combine the
extracts and rinsates into the K-D flask.

f) Add a pre-rinsed boiling bead and concentrate on steam bath to between 5 and
10 mL. DO NOT CONCENTRATE TO DRYNESS. Allow to cool 10 minutes.

g) Rinse the Snyder column and KD twice with 5 mL portions of hexane and
concentrate to 1 mL on the N-evap.

h) Determine the original sample volume by weighing the sample bottle before ' ^
after extraction, or by filling the sample bottle with water to the mark. Rec
volume to the nearest 5 mL.
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i) Proceed to the sample cleanup steps.

7. Milk and Milk Product Samples

a) Add 300 mL of 1.5M potassium oxalate solution and 600 mL of de-ionized
water to each sample in the separatory funnel.

b) Gently shake the separatory funnel for 8-10 minutes.

c) Add 150 mL of 1:1:1 ethanol/ether/hexane to the sample and shake gently for 3-
4 minutes.

d) Allow the layers to separate 15-20 minutes.

e) Collect the milk (bottom layer) and emulsion layers in a clean 2 L beaker. (The
emulsion layer can be reduced by adding small volumes (10-30 mL) of the 1:1:1
solvent mixture to the separatory funnel after separation of the layers.)

f) Transfer the clear organic layer directly to a Kuderna-Danish concentrator and
set aside.

g) Transfer the milk and emulsion back to the separatory funnel and repeat the
extraction two more times. Combine the organic layers to the K-D flask and
save the emulsion layer in a 500 mL separatory funnel.

h) After the final extraction, rinse the 2 L separatory funnel with 60 mL of the 1:1:1
solvent mixture and add to the K-D flask.

i) Concentrate the extract to 2 mL and allow to cool.

j) Quantitatively transfer the extract into the separatory funnel containing the
emulsion and add 80 mL hexane.

k) Perform the acid washes and cleanup as described. For milk samples, acid
cleanup is not considered optional.

NOTE: The first acid wash should not be shaken. Slowly pour the first 50 mL
of sulfuric acid into the separatory funnel and allow to separate for 15 minutes.
Drain the acid and perform the remaining washes in the normal manner.

8. Tissue Samples

a) Place the loaded thimble into the Soxhlet apparatus.
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b) Add 250 mL of hexane/methylene chloride (1:1 v/v) and reflux for 16-18 hours.

c) Cool and place a pre-rinsed Snyder column on the 500 mL round bottom flask
for conceniration. The extract can otherwise be quantitatively transferred to a K-
D flask and concentrated on a steam bath.

d) Conccniratc to approximately 10 mL. Remove and allow to cool for 5 minutes.

e) Rinse Snyder column down into the flask with three 2 mL portions of hexane.

f) Perform the acid washes and cleanup as described. For tissue samples, acid
cleanup is not considered optional.

NOTE: The first acid wash should not be shaken. Slowly pour the first 50 mL
of sulfunc acid into the separatory funnel and allow to separate for 15 minutes.
Drain the acid and perform the remaining washes in the normal manner.

g) If acid washes are not required, transfer the extract through a drying column
containing a 10 cm plug of glass wool and sodium sulfate, and combine with the
filtrate portion of the extract (if applicable). Rinse the flask with hexane (3 x 30
mL) and add to the drying column. Concentrate to 1 mL using KD and N-e-
apparatus and proceed with sample cleanup.

h) Alternatively, the sample can be extracted using Soxhlet Dean-Stark apparatus
and toluene. No sodium sulfate is used with this option.

D. Extract Enrichment

1. Back Extraction with Acid - Microscale

NOTE: This enrichment step is optional. It is used on extracts based on appearance and
color. If the extract is cloudy, emulisive, or multi-layered, this back extraction is
employed, li is also used when the extract is not clear or if the sample appears
particularly dirty (i.e. multi-layer, sludge-like) or contains various organic materials (i.e.
milk. fish, vegetation, etc.). Most samples undergo this procedure.

a) Spike each extract with 250 mL of the clean-up std. Prior to concentration using
KD and N-cvap apparatus.

b) Quantitatively transfer H2O and soxhlet extracts with 15 mL of hexane to 40 mL
vials. Extracts obtained using the ASE method should be concentrated to almost
dryncss (- lmL) and 15 mL of hexane added.

c) Partition the extract against 2-3 mL concentrated sulfuric acid. Shake for tw
minutes with periodic venting into a hood. Remove and discard the acidic
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bottom layer. Emulsions may be broken down by mechanical or chemical
means.

d) Repeat c, the acid washing, until no color is visible in the aqueous layer, to a
maximum of four washings.

e) Acid waste is collected, then stored in labeled containers for disposal. Use
caution when handling.

0 Repeat step c, but substitute buffer solution (100 mL 0.5 M KH2PO4).

g) Concentrate extract to approximately 1 mL on the N-evap and proceed with
column cleanup. DO NOT ALLOW THE EXTRACT TO GO TO DRYNESS!

2. Back Extraction with Acid - Macroscale

NOTE This enrichment step is optional. It is used on extracts based on appearance and
color, of the extract is cloudy, emulsive, or multi-layered, this back extraction is
employed It is also used when the extract is not clear or if the sample appears particularly
dirty (1 c multi-layer, sludge-like) or contains various organic materials (i.e. milk, fish,
vegetation, etc ) Most samples undergo this procedure.

a) Spike the scparatory funnel with 250 uL of the cleanup standard (CC14-#).

b) Quantitatively transfer and partition the extract in lN-sodium hydroxide. Shake
for two minutes with periodic venting into a hood. Remove and discard the
aqueous bottom layer. Emulsions may be broken down by mechanical or chemical
means The sodium hydroxide wash may be omitted at the discretion of the
technician

c) Only one NaOH rinse is needed.

d) Partition the extract against 50 mL of the 5%(w/v) sodium chloride solution in the
same way and number of repetitions as with base. Discard the aqueous layer.

e) Quantitatively transfer and partition the extract in 50 mL concentrated sulfuric
acid. Shake for two minutes with periodic venting into a hood. Remove and
discard the aqueous bottom layer. Emulsions may be broken down by mechanical
or chemical means.

0 Repeat the acid washing until no color is visible in the aqueous layer, to a
maximum of four washings.

g) Partition the extract against 50 mL of the 5%(w/v) sodium chloride solution in the
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same way as with acid. Discard the aqueous layer.

h) Acid waste is collected, then stored in labeled containers for disposal. Use caution
when handling.

i) Pour the extract through a drying column containing 7 to 12 cm of anhydrous
sodium sulfate and a pre-rinsed glass wool plug. Rinse the separatory funnel with
three 20 mL portions of hexane and add to the column. Collect the extract in a 500
mL KD evaporator flask.

j) Add 1 to 2 clean boiling chips to the receiver and attach a three ball macro Snyder
column. Preset the column by adding approximately 1 mL of hexane through the
top. Place the KD apparatus in a hot water bath so the entire lower rounded
surface of the flask is bathed in steam.

k) Adjust the vertical position of the apparatus and the water temperature as required
to complete the concentration in 15 to 20 minutes. At the proper rate of
distillation, the balls of the column will actively chatter but the chambers will not
flood. DO NOT ALLOW THE EXTRACT TO GO TO DRYNESS.

1) When the liquid has reached an apparent volume, of 1 mL, remove the >

apparatus from the steam bath and allow to drain and cool for at least 10 min
Remove the Snyder column and rinse the flask and its lower joint into the
concentrator tube with 1-2 mL of hexane.

m) Remove the concentrator tube from the apparatus, concentrate to approximately 1
mL on the N-evap and proceed with column cleanup.

3. Silica Column

a) Vertically clamp a disposable glass column, 12 mm ID x 35 cm. Rinse three times
with hexane, air dry, and place a pre-extracted silanized glass wool plug into
bottom.

b) Pack the column in the following order (bottom to top): 1 g neutral silica, 2 g basic
silica, 4 g acidic silica and 2 g neutral silica. Between each layer, tap the column
to settle the silica. Wet column with 10 mL hexane after the basic silica layer is
added. Plug the end of the column with a septa when it starts dripping. Check the
column for channeling. If channeling is observed, discard the column. DO NOT
allow the column to go dry.

c) Spike the extract with the cleanup standard (CC14-#), if it has not already been
added.

d) Quantitatively transfer the sample extract onto the column using 2-2 ml rinses of
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)
hexane. Break off the tip of the column containing the septum. Elute until the
solvent just covers the silica. Do NOT let the column go dry.

e) Elute the column with 90 mL hexane. Collect the eluant in a 100 mL beaker.

f) Concentrate the extract to approximately 1 mL using KD and N-evap apparatus or
ambient air conditions.

g) An equivalent silica column may be substituted so long as the data meet method
requirements.

h) Problematic matrices (i.e., adipose tissue, waste samples, etc.) may be processed
by mixing up to 100 grams of acid silica into the sample extract. The extract
should then be processed through the above silica column and remaining cleanup
steps.

4. Alumina Column

a) Pack a silanized glass wool plug into the bottom of a disposable glass column (12
mm ID x 35 mm). Pack the column in the following order: 4 g of anhydrous

.- x sodium sulfate, 4 g of neutral alumina, and 4 g of anhydrous sodium sulfate to
cover the alumina. Between layers, tap the top of the column gently to settle the
adsorbents.

b) Elute with 10 mL hexane. Plug the bottom of the column with a septum just
before exposure of the sodium sulfate layer to the air. Discard the eluate. Check
the column for channeling. If channeling is present, discard the column. DO NOT
TAP A WETTED COLUMN AND DO NOT LET THE COLUMN GO DRY.

c) Quantitatively transfer the sample to the top of the column with 2-2 ml of hexane.
Elute the sample with 20 mL hexane to complete the transfer of the sample cleanly
to the surface of the alumina. Archive the eluate until after sample analysis.

d) Elute with 20 ml of 60% (v/v) methylene chloride in hexane and collect this
fraction in an 8 dram vial.

e) Concentrate the extract to near dryness using an N-evap apparatus.

0 An equivalent alumina column may be substituted so long as the data meet method
requirements.

5. Carbon Column

a) Prepare carbon/Celite packing by mixing 18% (by weight) 100-400 mesh active
carbon (pre-washed in methanol and dried in a vacuum oven at 110°C) and 82%
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(by weight) Celite. Mix thoroughly.

b) Bake the mixture at 130°C for 6 hours. Store in desiccator.

c) Prepare an 8 mm glass tube about one foot in length. Rinse the tube three times
with 1 mL portions of hexane.

d) Insert a silanized glass wool plug at one end and pack with 1 cm of Celite followed
by 0.5 g of the carbon/Celite mixture. Cap the end with a silanized glass wool
plug

e) Rinse the column "clean (Celite)" side up sequentially with 5 mL of toluene, 2 mL
of mcthylene chloride/methanol/toluene (75:20:5 v/v), 2 mL of
cyclohexane/methylene chloride (1:1 v/v) and 5 mL hexane. The flow rate should
be less than 0.5 mL/minute. If the flow rate is greater than 0.5 mL/minute, discard
the column. Discard the rinses.

0 While the column is still wet with hexane, quantitatively transfer the sample
extract to the top of the column with two 2 mL aliquots of hexane.

g) Eluic the column sequentially with 2 mL of cyclohexane/methylene chloridf I
v/v) and 2 mL of methylene chloride/methanol/toluene (75:20:5 v/v). Ai e
these eluates until after sample analysis.

h) Turn the column upside down and elute the PCDDs and PCDFs with 30 mL of
toluene If carbon is present in the eluate, filter through a 0.45 urn glass fiber filter
nnsing with an additional 2 mL of toluene.

i) An equivalent carbon column may be substituted so long as the data meet method
require ments

6. Florisil Column (Optional, can be performed on final extract if necessary, under the
authorization of the GC/MS analyst.)

a) Prepare a column (same dimension as alumina column) by inserting a silanized,
pre-extracted glass wool plug. Add 1.5 g of activated Florisil topped with a 1
cm layer of anhydrous sodium sulfate.

b) Pre-elute the column with 20 mL of methylene chloride, followed by 10 mL of
hexane. Discard eluants.

c) Quantitatively transfer the extract to the top of the column with 2 mL of hexane.

d) Elute the column with 20 mL of methylene chloride (2% v/v) in hexane. Cc
this fraction in a pre-rinsed 8 dram glass vial. Set aside. It may be used as a test
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of column efficiency.

e) Elute the column with 50 mL of methylene chloride. Collect this fraction in a
pre-rinsed 100 mL beaker. Concentrate under a gentle stream of nitrogen to less
than 5 mL. Proceed to final extraction preparation.

E. Final Extract Preparation

1. Extract Transfer

a) Concentrate the extract under a gentle stream of nitrogen to a volume of less
than 1 mL. Do NOT blow the sample so the portions of the solvent "ride" up the
sides of the glass vial.

b) Add 10 pL of tridecane to an autosampler vial to act as a keeper solvent.

c) Quantitatively transfer the extract to the autosampler vial. Rinse the original vial
with less than 1 mL of methylene chloride/hexane (60:40 V:V). Transfer rinsate
to the autosampler vial. Repeat rinse of the autosampler vial with two additional
aliquots (<1 mL) of methylene chloride/hexane. Then blow down extract to the
level of the 10 uL keeper solvent.

d) Add the 10 uL of recovery standard (CR3-#) to the extract and cap. Vortex each
sample vial.

e) Transfer the extracts to the analytical laboratory for analysis. Extracts should be
stored in the dark at approximately 4°C.

F. Instrument Maintenance

1. There is no set schedule for the maintenance listed in this section. It is performed on an
as needed basis. Regular preventative maintenance is performed by Pace Analytical's
service engineer. If the instrument needs to be vented, do the following in this order:
close the analyzer isolation valve, turn off the source ion gauge, close the source
isolation valve, close all source rough pump valves, allow air into the source chamber
through the bleed valve while watching vacuum gauges to ensure leakage does not
occur. If any leakage is seen, close the bleed valve and open the main roughing pump
valve. Determine the cause of the problem and correct.

2. The rough pump oil should be changed if the pump fails to produce a vacuum lower
than 10 mbar or if the pump oil becomes excessively dark. To do so, turn off the ion
gauge, isolate and tum off the diffusion pump and allow it to cool. When the diffusion
pump is cool, isolate and tum off the rough pump. Now drain the oil into a waste
container and recap the drain. Add oil up to the full line and turn on the pump. When
the gurgling sound stops, open the valve to pump on the instrument. After several
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minutes, turn on the diffusion pump. Wait another 10-15 minutes and turn on the ion
gauge. If it is a source linked pump, the source will need to be evacuated.

3. When the carrier gas, helium, pressure gets below 500 psi, the tank should be replaced.

4. The chromatographic column used for these analyses is the DB-5MS in a 60 meter
length. As with any column, these will degrade in time. Once this degradation reaches
the point where EPA Method 8290 criteria are not met, the column needs to be replaced.
Similar results are required for the DB-225 confirmation column.

G. Sample Analysis

Introduce PFK into the batch inlet and tune the instrument to a resolution of > 10,000 (M/AM,
10% valley) using a PFK peak within the analysis mass range (M/Z 331 or 381).

Typical Operating conditions include:

Trap current: 500-700 uA
Electron Energy: 32 ± 5 eV
Source Temperature: 270 °C
Emmision/Trap Ratio:< 3
Accelerating Voltage: 8000 eV

After calibration and column performance have been established, (per Quality Control Section
Guidelines) any spikes are typically analyzed. A blank must be analyzed between calibration
standards and client samples.

H. Data Processing

1. The raw data files are imported into the AutoPro data processing program for
integration. Information on how to use AutoPro is available in the AutoPro manual that
can be accessed on the HRMS group computers. Also, since the DB-5MS capillary
column gives partial resolution of 2,3,7,8-TCDF isomer (typically 30-40% valley),
second column confirmation analyses are only performed if coelution is exhibited or
based upon project requirements.

2. Note that the window mixture does not need to be queued. Visually inspect the
chromatographic data to ascertain the elution times of the first and last eluting isomers
of each congener class and chromatographic resolution.

a) With the elution time information recorded, adjust the method file times so that
the group changes occur at points between the elution time of the last isomer of a
given class and the first isomer of the following class. The first PeCDF isoir
is monitored in Group 1 with the group change set approximately 30 second,
later.
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I. CALCULATIONS

1. The PCDD/PCDF isomcrs (native or labeled) are quantified by comparison of their
responses to those of the corresponding/appropriate labeled standard. Relative response
factors arc calculated from analyses of standard mixtures containing representatives of
each of the PCDD/PCDF congener classes at five concentration levels, and each of the

; - . • internal and recovery standards at one concentration level. The PCDD/PCDF response
factors are calculated by comparing the sum of the responses from the two ion masses
monitored for each chlorine congener class to the sum of the responses from the two ion
masses of the corresponding isotopically labeled standard. The formula for the response
factor calculation is:

Rf = Aa x Os
Asx Qa

Where:
Rf = Response factor
Aa = Sum of integrated areas for analytc
Qs = Quantity of labeled standard
As = Sum of integrated areas for labeled standard
Qa = Quantity of analyte

2. The levels of PCDD/PCDF in the samples are quantified using the following equation:

C = An x Ok
Ais x W x Rf

Where:
C = Concentration of target isomcr or congener class
An = Sum of integrated areas for the target isomer or congener
class Qis = Quantity of labeled internal standard added to the sample
Ais = Sum of integrated areas for the labeled internal standard
W = Sample amount
Rf = Response factor

3. A method detection limit (MDL), based on the signal to noise ratio of the noise level of
the ion of interest versus the appropriate standard, is calculated for each sample and
isomer. The equation used for calculating the MDL is:

His x W x Rf

Where:
MDL = Method Detection Limit
Hn = Sum of noise heights for target isomer
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Qis = Quantity of labeled internal standard added to the sample
His = Sum of signal heights from labeled internal standard
W = Initial sample weight or volume
Rf = Response factor

Note: If a signal is present which does not meet the ion ratio
requirement but is greater than 2:5:1 S/N, the 2.5 factor is omitted
for that ion mass.

4. A lower reporting limit equal to 1/5 of the concentration of the lowest calibration
standard is used for this method and is calculated as follows:

T RT = n ic Y v
W

Where:
LRL = Lower Reporting Limit
C = Concentration of lowest level standard
V = Volume of final extract
W = Initial sample weight or volume

Isomers present below the LRL are reported as not detected at the LRL. If the
calculated MDL is above the LRL for any given isomer, the signal to noise based MDL
is reported for that isomer. If requested by a client, the MDL values may be reported for
all analytes. Any positive values below the concentration of the lowest calibration
standard (above equation without the 0.2 factor) will be flagged "J" as estimated values.

5. The recovery of the 2,3,7,8-TCDD-37CU enrichment efficiency standard and each 13Ci2-
labeled internal standard, relative to either l,2,7,8-TCDD-13Ci2 or 1,2,3,7,8,9-HxCDD-
13Ci2, is calculated using the following equation:

Qrs\ 100
Rfr x Ars x Qis

Where:
%R = Percent recovery of labeled internal standard
Ais = Sum of integrated areas of labeled internal standard
Qrs = Quantity of recovery standard
Ars = Sum of integrated areas of recovery standard

Rfr = Response factor of the specific labeled internal standard
relative to the recovery standard
Qis = Quantity of the labeled internal standard added to the
sample

XIII. QUALITY CONTROL
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A. The quality of the sample processing steps and instrument performance are monitored on a
routine basis. The procedures and criteria are summarized below.

1. Internal standards are spiked into each sample prior to extraction in order to monitor the
level of recovery that is achieved for each individual sample. Acceptable recoveries
range from 40 to 135% for the internal standards unless a deviation is due to variation in
instrument response as a result of analytical interferences. Results outside the target
range must be flagged. The analysis may be repeated based on project requirements.

2. Prior to each analysis, the resolution of the mass spectrometer is verified to be 10,000 or
greater. Hardcopies of the reference peaks are printed at the beginning and end of each
analytical shift. The resolving power of the DB-5MS chromatographic column is
checked daily using a standard solution containing 2,3,7,8-TCDD and the adjacent
TCDD isomers. When second column confirmations are performed, the DB-225 (or
equivalent) column resolution is checked using a standard solution containing 2,3,7,8-
TCDF and the adjacent TCDF isomers. Acceptable performance is achieved when
2,3,7,8-TCDD or 2,3,7,8-TCDF is resolved from the adjacent isomers by a valley of
25% or less. The group times for the selected-ion-monitoring data acquisitions are also
checked daily by analyzing the column performance mix that contains the first and last
eluting isomers of each congener class. In this way one is assured of collecting data
representative of the total PCDD/PCDF content and the 2,3,7,8-substituted isomers are
suitably resolved. The isomers described above are also available as part of the CS-3
calibration solution (EPA 1613 CS3 WT).

3. Initial calibrations are generated using standard solutions containing target native and
labeled PCDD/PCDF compounds. Response factors are calculated and averaged for
each compound. These averages are used for quantification and for comparison to the
daily continuing calibration. The relative standard deviation for each native compound
must be 20% or less (30% or less for the labeled compounds) as specified in SW 846
Method 8290. A continuing calibration standard is analyzed at the beginning and end of
each 12-hour shift on days when initial calibrations are not performed. The initial
calibration is considered to be valid when the response factors from the continuing
calibration analysis agree to within ± 20% (±30% for the labeled compounds) of the
average from the initial calibration.

B. Samples are queued as discussed in the data processing section of this SOP. In order for a peak
to be accepted as a PCDD/PCDF isomer, the following criteria must be met:

1. Intensity ratios must be within 15% of the corresponding standard.

2. The signal to noise of the peak versus the background noise must be >2.5:1.

3. No PCDF peak may have a co-eluting peak in the mass window monitored for
polychlorinated diphenylethers.
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4. The peak elutes within the retention time determined from the analysis of the column
performance window mix standard.

C. Data Acceptance/Rejection Criteria and Corrective Action

1. Method Blank

a) One method blank is typically prepared with each twenty samples of any given
matrix.

b) A method blank or solvent blank must be analyzed between standards and
samples to demonstrate lack of PCDD/PCDF carryover.

c) If the blank contains PCDDs/PCDFs, find and correct the source of the problem.

1) If the contamination appears to be instrument related, correct the problem,
analyze a solvent blank, and reanalyze the method blank before proceeding
with samples.

2) If the contamination appears to be from the extraction or enrichment ster
the analysis of samples may continue. If the sample shows similar
contamination it should be re-extracted, if possible. All associated sample
results will be qualified for blank contamination when any analyte is
detected in the method blank at 10% of more of the sample concentration.

3) If the blank shows no contamination above the levels of the lowest
calibration solution, analysis of samples may continue. However, all
associated sample results will be qualified for blank contamination when any
analytc is detected in the method blank at 10% of more of the sample
concentration.

2. Laboratory Control Spike

a) One laboratory control spike is prepared with each ten samples of any given
matnx The recoveries of the native PCDD/PCDF analytes in the spiked
samples generally range from 70 to 130.

NOTE: Recoveries of up to 2 native analytes outside the acceptable range do
not invalidate the data but provide information which is used by the laboratory to
monitor recovery trends and to assure optimization of the method. Any failure
can not occur for the same set of analytes in two consecutive batches. Affected
samples will be re-extracted and reanalyzed if possible, or the data will be
qualified with a detailed explanation of data impact in the narrative section v
the final report
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b) Accuracy of the standard spiking solutions should, at a minimum, be verified
quarterly by comparison of the solutions to certified native materials obtained
from a second source or batch.

3. Matrix Spike/Matrix Spike Duplicate

a) One matrix spike/spike duplicate set may be prepared with the extracted sample
batch. The recoveries of the native PCDD/PCDF analytes in the spiked samples
generally range from 70 to 130 when not affected by levels or interferences
present in the sample material.

NOTE: Recoveries of selected analytes outside the acceptable range do not
invalidate the data but provide information which is used by the laboratory to
monitor recovery trends and to assure optimization of the method. This is
particularly true of MS/MSD recoveries where native PCDD/PCDF are subject
to the affects of the sample source.

If native recoveries in the MS/MSD indicate a laboratory method performance
problem (i.e. >2 recoveries are outside the acceptance limits, but the original
sample docs not appear to be the cause), analysis of the associated batch samples
will be suspect until corrective action is taken to determine the root cause of the
problem, and the problem is negated.

b) Accuracy of the standard spiking solutions should, at a minimum, be verified
quarterly by comparison of the solutions to certified native materials obtained
from a second source or batch.

c) Control limits are determined on an annual basis, or sooner if methodology
changes occur. Representative data points are then plotted on a regular basis to
provide an ongoing comparison to the statistical ranges.

D. REPORTING AND REVIEW

Reports are prepared using previous reports as templates and making modification as
appropriate. The amount of information included with the report is determined based on the
client requirements.

1. Units/Significant Figures

a) Values are reported to two significant figures. Aqueous samples are routinely
reported in units of ng/L and solid matrices are reported in ng/Kg. Other units
are available upon request.

2. Data Qualifiers/Flags
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a) The information typically reported is summarized below.

1) Base Report

(a) Case Narrative including client name, address, and project information,
introduction, sample information and discussion of results.

(b) Copies of chain of custody documents and analytical requests

(c) Sample Analysis Results

2) Full Report

(a) Those items listed in base report summary

(b) Methodology, including example calculations and QA/QC summary.

(c) Raw data including sample, QC sample and standards

(d) Selected ion current profiles (chromatograms)

(e) Communications records

(0 Extraction and login forms

(g) Instrument resolution checks

(h) Calibration Results

3. Those items included in the report may be tailored to the clients requirements and may
not fit into the above stated categories. A checklist is available to assure completeness
of full reports (Attachment 5).

4. Levels of Review

a) Each sample work-up must be rechecked for work-up, header information and
data entry accuracy. The results of this review are recorded on the raw data
sheet.

b) All data generated during analysis are reviewed by the project manager prior to
inclusion in the final report. The final report is reviewed, minimally, by two
senior technical staff members and a review checklist is completed.

5. Data Archiving or Filing
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a) Initial and Continuing Calibration standard data are stored in a QA notebook
located near each instrument.

b) After reporting, the complete project file is archived by in the permanent
chemistry archive.

XTV. METHOD PER FORMANCE

A. There are several requirements that must be met to insure that this procedure generates
accurate and reliable data. A general outline of requirements has been summarized
below. Further specifications may be found in the Laboratory Quality Manual and
specific Standard Operating Procedures.

1. The analyst must read and understand this procedure with written documentation
maintained in his/her training file.

2. An initial demonstration of capability (IDC) must be performed. A record of the
IDC will be maintained in his/her file with written authorization from the
Laboratory Manager and Quality Assurance Officer.

3. An annual minimum detection limit (MDL) study will be completed for this
method and whenever there is a major change in personnel or equipment.

4. Periodic performance evaluation (PE) samples are analyzed to demonstrate
continuing competence.

XV. POLLUTION PREVENTION AND WASTE MANAGEMENT

A. Pollution prevention encompasses any technique that reduces or eliminates the quantity or
toxicity of waste at the point of generation. Numerous opportunities for pollution prevention
exist in laboratory operation. The EPA has established a preferred hierarchy of environmental
management techniques that places pollution prevention as the management option of first
choice. Whenever feasible, laboratory personnel should use pollution prevention techniques to
address their waste generation. When wastes cannot be feasibly reduced at the source, the
Agency recommends recycling as the next best option.

B. The quantity of chemicals purchased should be based on expected usage during its shelf life and
disposal cost of unused material. Actual reagent preparation volumes should reflect anticipated
usage and reagent stability.

C. The Environmental Protection Agency (USEPA) requires that laboratory waste management
practice be conducted consistent with all applicable rules and regulations. Excess reagents,
samples and method process wastes should be characterized and disposed of in an acceptable
manner. The agency urges laboratories to protect the air, water and land by minimizing and
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controlling all releases from hoods, and bench operations, complying with the letter and spirit
of any waster discharge permit and regulations, and by complying with all solid and hazardous
waste regulations, particularly the hazardous waste identification rules and land disposal
restrictions. For further information on waste management consult MN SOP MN-C-701.

XVI. REFERENCES

USEPA Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition,
Method 8290, November. 1992

USEPA Method 1613: Teira- through Octa- Chlorinated Dioxins and Furans by Isotope Dilution
HRGC/HRMS (October 1994. Revision B).
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ATTACHMENT IV

Full Validation Package Checklist

Text

Appendix A

Appendix B

Appendix C

Appendix D

Appendix E

Appendix F

Case Narrative
Tables

Chain of Custody
Copy of Airbill
"Blackout" Sheet
Extraction Sheet Copy
Moisture Sheet Copy
HRMS Logbook Page Copies
HRMS Resolution Check Copies
(If Requested)

Sample Results

Blank Results
Spike Results
MS/MSD Relative Percent
Difference Results
Calibration Results

Sample Chromatograms
Sample Raw Data

Standard Chromatograms
Standard Raw Data

Blank Chromatograms
Spike Chromatograms
Blank Raw Data
Spike Raw Data
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CELRN-EC-R-D (200-lc) 21 April 2004

MEMORANDUM FOR CELRN-EC-R-M (Ingram)

SUBJECT: Response to comments from Review of Site Specific Quality Assurance
Project Plan, Remedial Investigation, Part 1 at Reservoir Number 2 Burning Ground
(2BG), Former Plum Brook Ordnance Works, Sandusky, Ohio, Prepared by Jacobs
Engineering Group, Inc., Dated March 2004

Reviewer - Becky Terry

1. Page 1-1, Section 1.0, Second Paragraph, First Sentence. Correct title for
EM 200-1-3 Requirements for the Preparation of Sampling and Analysis Plans,
U S Army Corps of Engineers.

Response: Agree. The reference will be corrected.

2. Page 3-1, Section 3.1.1. See comment 10 from the Site Specific SAP.

Response: Jacobs performed a thorough review of the available data and based the
investigation on the existing data set. Jacobs has since received the EDD from Shaw
and will make a determination on the usability of the data for the risk assessment for
the Final SAP. If the data quality is not sufficient for the risk assessment, the
sampling strategy may need to be revised.

3. Page 5-1, Section 5.1. MDL's and MRL's that are provided should be
specific for the laboratories, methods, and for the matrices of concern.

Response: The MDLs and MRLs provided are specific for the laboratories, methods,
and matrices of concern.



Subject: Response to review comments for the Site-Specific Sampling and Analysis Plan, Remedial
Investigation, Part 1, At Reservoir No. 2 Burning Ground (2BG), Former Plum Brook Ordnance Works,
Sandusky, Ohio, March 2004, prepared by Jacobs Engineering.

Reviewer Name: Groenjes, Cheryl (Chemistry) - HTRW Center of Expertise

Comment # l : General. I worked with CRREL recently on an explosives module for the Field
Analytical Technology Encyclopedia (FATE) website cosponsored by the Corps and EPA; and
have gleaned a few facts from this to share FYI and in support the Site-Specific Definition of
Problem presented in section 1-3 and proposed sampling efforts described in sections 3.2.5,
3.2.6. and 5.4. Heat from the burning process sometimes resulted in melting of the energetic
material, which penetrate below the surface at burning grounds and resolidify - leading to
sometimes pure material in the shallow subsurface. I have attached a picture of subsurface re-
crystallization of explosives found between burning trays at an ordnance works facility. Note:
The orange-colored soil at the bottom of the pit contains percent levels of TNT. Visual
observations should be documented clearly to allow accurate interpretation of sample data,
and if s link back to the CSM for the identification of potential sources within the 2BG.

Response: Jacobs has proposed to excavate to 12" below the burn layer and provide visual descriptions of the
bum layer and soil beneath the bum layer. Prior trenching performed at the site in 1996 did not identify any pure
explosive product, however the reviewers comment is noted and appreciated. Jacobs will carefully observe the
soil beneath the bum layer.

Comment # 2: p. FSP 3-5, 3.2.7. Suggest the adoption of field analytics (for nitroaromatics) in
an adaptive sampling / analytical strategy to reduce decision error for this site. These
techniques can provide general information on a larger number of samples. The greater
sample density affords more effective information site-wide for the identification of potential
contaminant hot spots outside of the burning pit boundary (currently stated as a decision error
that cannot be mitigated due to budget constraints). An integrated analytical strategy provides
more information site-wide, and allows the focusing of samples for offsite analyses to
locations appropriate for its intended use - i.e., where samples should be taken to support the
risk assessment This approach will be more cost effective for the samples sent for more
costly analysis are more meaningful in light of the measurements obtained in the field.
Although the field measurements are not typically used within the risk assessment, the
information is critical in developing an accurate CSM, and interpreting the fewer (more costly
analytical) data. Several techniques, i.e., colorimetric-based, would be able to provide the
information needed to focus contingency analyses by the definitive methods.

Response: This approach was not included in the SOW. Such an approach would result in fewer fixed
laboratory samples and an increased percentage of drilling costs if used for subsurface delineation.
This approach may be appropriate for surface soil hot spots during a subsequent phase of
investigation if the risk assessment suggests further action is warranted. Jacobs experience with field
test kits for delineation purposes have not been positive, frequently yielding false positives and thus
incurring unnecessary stepouts.

Comment # 3: p. FSP 5-3,1st paragraph. Suggest the use of a project website to communicate
issues amongst team members.

Response: A project website does exist, however not all information is available due to security issues.

Page 1 of 5
File: Omaha RTC SSFSP
HTRW CX Web Address: www.environmental.usace.armv.mil



Comment # 4: QAPP pgs. 3-1 - 3-3, 3.1.1 The analytical protocols designated for surface and
subsurface soils is incomplete and in error for the following. It should be noted that different
prep methods perform differently. In order to maintain continuity in data obtained to support
site characterization, suggest ensuring the protocols noted are complete and documented
within the record. Suggest checking with your laboratories to ensure what they will be using to
ensure consistency in data obtained between the primary and QA labs also. Update protocols
given within each area as follows:

a. Method 3540C is the currently promulgated method for soxhlet

b. Method 8082 (PCBs) requires the designation of a preparation method.

c. Method 6010C and 7000 series methods for metals requires the designation of a preparation
method (typically 3050 or 3051)

Response: Agree. The corrections and additions will be made as requested.

Comment # 5: p. QAPP 3-3, 3.1.2. Due to the discussion covering both SW and sediments,
analytical protocols should designate preparatory procedures for both water and soil matrix-
types. For instance, VOCs by 8260B in water should require the use of 5030B as an
appropriate preparation method. Method 8310 for PAHs in water could use 3510C or 3520C.
Regardless, the sample should be analyzed at the pH received. PCBs and metals needs both
water and soil prep methods identified. Refer to SW-846 Chapter 2 for further details.

Response: Agree. The appropriate prep methods will be designated for each matrix and analysis.

Comment # 6: p. QAPP 3-4,3.13.

a. The sample handling proposed for the dissolved metals samples is not
recommended, and has been shown to induce a low bias in the dissolved metals data.
Suggest filtration be done in the field as soon as possible to ensure the validity of the data and
avoid rejection of, or suspicion of low bias in the data by the regulatory authority.

b. The preparatory methods included here for VOCs and PAHs do not apply to GW - but are
designed for soils. Replace or include appropriate preparatory methods for VOCs, PAHs, and
metals.

Response: a) Agree. The text will be amended to indicate that the samples will be filtered in the field,

b) Agree. The prep methods will be amended to reflect the appropriate matrix.

Comment # 7: p. QAPP 3-5, 3.1.4. After the TCLP procedure (1311) is complete, the leachate
undergoes a preparation method prior to IDW analyses much like a water sample does.
Suggest including the appropriate preparatory method within the analytical protocols.

Response: Agree. The preparatory methods will be added to the text.

• Page 2



Comment # 8: p. QAPP 3-5,3.2.1. Suggest a review of the SI data be done to identify an initial
group of Chemicals Of Potential Concern (COPCs), and then evaluate whether sensitivity for
those COPCs is sufficient for the intended comparison to screening values (RBCs). Those
COPCs that do not meet sensitivity requirements should be clearly identified and decisions
made whether method modifications are possible, needed and then pursued. There are
several ways to increase a method' sensitivity. For instance, a larger volume of sample can be
processed (i.e., VOCs can undergo a 25 mL purge vs. the 5 mL used, use larger soils sub-
samples), the extract can be reduced down further, or an alternative procedure can be chosen
that is more amenable to these techniques, etc. However, these types of measures must be
coordinated with the lab and focused to improve the usability of critical data points and COPCs
only. Suggest these planning issues be fully resolved prior to finalization of this SS-SAP to
ensure data generated meets its intended purposes as much as possible prior to the shipment
of samples to the lab.

Response: The current scope of work defines the required analytical methods for the investigation, which is the
target analyte and target compound list as defined in the QAPP. SW-846 analytical methods have been selected
to achieve the lowest sensitivity for the analytes and compounds. The draft SSQAPP does identify the
compounds where the standard analytical methods will not achieve the Region III screening levels for the
standard method lists of target compounds. The current QAPP approach is to handle the uncertainty between the
Region III screening criteria and laboratory reporting levels as part of the risk assessment (for the compounds with
higher reporting levels than the screening criteria).

Comment # 9: p. QAPP table 3-1. Some of the prep methods are incorrect - i.e., designate a
method designed for soils to the water. Edit for consistency with the changes proposes with
sections 3.1.1 to 3.1.4.

Response: Agree. The table will be edited to add prep methods and verified for consistency with Sections 3.1.1
to 3.1.4.

Comment # 10: p. QAPP table 3-2 Suggest the use of the 25g Encore sampler as the container
for the TCLP VOC sample. The corrosivity (pH) method for liquid IDW should be changed to
9040B if the waste is anticipated to be aqueous in nature. Method 9045C should be retained if
it is a waste (organic-based) media.

Response: Agree. The changes will be made as requested.

Comment #11: p. QAPP tables 3-9 through 3-14.

a. Suggest updating the units for the correct matrix and ensure the RBC values represent the
correct media for a comparison to GW and SW.

b. Refer to comment 8 as it pertains to the additional planning necessary to compare
those highlighted compounds (showing inadequate sensitivity) with the initial list of COPCs
based on the existing SI data review. Suggest method modification needs be evaluated and

• Page 3



discussed with appropriate laboratory POCs to optimize data generated as useful for its
intended purpose.

Response: a) The erroneous units will be corrected.

b) Jacobs acknowledges the comment, (see response to comment #8). The uncertainty for the
compounds that have sensitivity levels greater than the Region IX PRGs will be handled in the risk
assessment.

Comment # 12: p. QAPP table 3-15.

A. The acceptance criteria noted here are oversimplified for the sake of brevity. However, the
following does not represent what is presented within the EPA SW-846 methods or the Shell
for Analytical Chemistry Requirements (Appendix I) of EM 200-1-3. Method 8260B ICAL is not
compliant with 8260B 7.3.6.2 and Shell I.9.2.2. CCC only evaluation is not correct - must be all
target analytes for ICAL. The use of the mean %RSD or mean %D requires additional
documentation and constraints as noted in the last paragraphs of I.9.2.2. Suggest the adoption
of footnotes or other means to ensure compliance.

b. Method 8330 must be modified slightly to detect and quantitate for PETN. The same extract
is used, however, the UV wavelength for PETN detection is at 210nm, and the remainder of the
nitroaromatics are monitored at 254nm as established within the method. These are not typical
method options addressed within the method. Therefore these details must be addressed
within the appropriate QAPP documents.

Response: a) The table will be expanded to fully list the requirements of the methods and the Shell
document.

b) PETN is not currently a target analyte for this site. If the scope changes to include the
need for analysis of PETN, the modifications will be added to the site specific QAPP.

Reviewer Name: Crain, Mike (Geology) - HTRW Center of Expertise

Comment # 1: Field Sampling Plan, 5.3.1, pg 5-2,1* par - Some consideration should be given
to making a couple of the piezometers permanent to permit future monitoring of shallow
groundwater flow directions. The arrangement of the permanent monitoring wells parallel to
the direction of groundwater flow makes sense from the standpoint of monitoring contaminant
concentrations. Unfortunately, this arrangement will not allow the direction of groundwater
flow to be measured. The flow direction that is measured initially in the temporary piezometers
may change with seasonal fluctuations in groundwater levels. If the piezometers to the west
and northeast were made permanent, that would provide an adequate network of measurement
points to monitor changes in groundwater flow.

Response: The temporary piezometers are to be used solely for collecting preliminary water level information to
determine the feasibility of installing permanent overburden wells. Any additional use of the piezometers will
discussed with the OEPA.

• Page 4



Reviewer Name: Charles G. Coyle (Env Engineer) - HTRW Center of Expertise

Comment # 1 : p. 3-3, 3.2.4 It is noted that the text indicates that naturally occurring oil is
present in the Delaware Limestone. This could represent a potential sink for partitioning and
immobilization of organic contaminants in groundwater.

Response: The comment is acknowleged. This information will be retained for site evaluations during
the investigation reporting.

Comment # 2: p. 5-3,5.4 This section indicates that soil boring samples will be collected from
the surface and vadose zone locations. However some soil boring samples should also be
collected from locations in the saturated zone, as explained below. This section or the section
on installation of monitoring well installation (5.3.1) should be revised to require that some soil
boring samples be collected. Data on TOC levels (in groundwater, soil from the aquifer matrix,
and also from sediments), will be important from a natural attenuation perspective (especially
with regard to adsorption and irreversible binding of nitroaromatics, see Haderlein, S.B.,
Schwarzenbach, R.P; Environmental Processes Influencing the Rate of Abiotic Reduction of
Nitroaromatic Compounds in the Subsurface. In: «Biodegradation of Nitroaromatic
Compounds», J.C. Spain (Ed.). Plenum Press, New York 1995, pp.199-225. [1993). Recommend
revising to to require that some soil boring samples be collected from vadose zone locations
that have been impacted by nitroaromatics.

Response: The comment is acknowledged. The SOW and budget is based on a maximum of 45 soil
samples, which have been judicially selected to provide the greatest amount of site characterization.
These additional samples could be evaluated for later investigations following the performance of the
site risk assessment.
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RE: NASA Plum Brook Station
Erie County

April 29, 2004

United States Army Corps of Engineers
Nashville District
Attn: CELRN-EP-R-M ( Ms. Linda Ingram)
Estes Kefauver Federal Building
801 Broadway
Nashville, Tennessee 37202-1070

Dear Ms. Ingram:

Please find below the response to comments for the commentary of the Ohio Environmental
Protection Agency (Ohio EPA) with respect to the Site-Specific Sampling and Analysis Plan (SAP),
Remedial Investigation, Part 1 at Reservoir No.2. Burning Ground, Former Plum Brook Ordnance
Works as well as the corresponding Site-Specific Quality Assurance Project Plan (QAPP).

1. General Comment
The SAP references the use of site-specific background samples; however, it does not
distinguish whether said background data is specific to the No. 2 Burning Grounds or
indicative of the data obtained from the Site-Wide Background study. Please note that the
collection and use of site-specific background information should be discussed in this SAP.
Site-specific background can be used in addition to the United States Environmental
Protection Agency (USEPA), Region IX Preliminary Remediation Goals (PRGs) when
screening site data for naturally occurring inorganic compounds. If Site-Wide Background
Data is available, please provide a table that summarizes the values used to represent
background.

Response: No site-specific background characterization was intended. This investigation will utilize
the previously established values from the Site-Wide Background Study. Further clarification will
be included in the text.

2. SAP Section 3.2.2
The text discussing the extent of soil contamination should be revised to indicate that "extent"
will be defined when contamination levels are below risk based concentrations or background,
whichever value is lower.

Response: Delineation of site contaminants will follow the approach used at the TNT Areas A,B,
and C. At the conclusion of this investigation, additional sampling will be determined and
negotiated based on the initial findings. The objective of this initial investigation is not to fully and
accurately define the extent of contamination exceeding RBCs. The third bullet in Section 3.2.3 will
be revised to read "Further define the lateral and vertical extent of soil contamination".



3. SAP Section 3.2.2
This section should be revised to state that soil contamination exceeding USEPA Region IX
"PRGs" not "RBCs" is present at the No. 2 Burning Grounds.

Response: The 1996 Site Investigation Report for the site used risk-based screening criteria based
on EPA Region HI tables, 1996. This statement is simply defining the results of the prior
investigation and should not be changed.

4. SAP Section 3.2.4
The Site-Specific SAP states that ground water analytical data will be evaluated against
background values and USEPA Region III Tap Water or residential risk-based concentrations
(RBCs). Background ground water values will be provided in a final version of the Site
Specific SAP when they become available. Ohio EPA is not amenable to the above approach of
standards comparison. Ohio EPA recommends the use of USEPA Region IX PRGs as the
primary source of risk based screening values. The Site-Wide SAP, which details general
investigatory methodologies and/or protocols, states that ground water analytical data will also
be compared to USEPA drinking water maximum contaminant levels (MCLs). In general,
MCLs are "Applicable or Relevant and Appropriate Requirements" (ARARs) and, as such,
are not considered appropriate as risk based values for the screening of constituents of
concerns in ground water. Therefore, if background values are not available for comparative
purposes upon initiation of Part I of the remedial investigation (RI) at Reservoir No.2. Burning
Ground, USEPA Region IX PRGs should be used.

Response: Screening criteria for groundwater will be revised to reflect the use of Region IX PRGs.
Site-Wide background values for groundwater should be established and ready for comparison
purposes during preparation of the investigation report.

5. SAP Section 5.3.1
The remedial investigation proposes the installation of five temporary overburden piezometers
around the periphery of the Reservoir No.2. Burning Ground, in part, to determine shallow
ground water flow . The SAP states that the piezometers shall be constructed such that no
annular materials will be utilized and a bentonite surface plug will be installed to reduce
surface water infiltration. This section should be revised to specify whether the annular space
will consist of in-situ (natural formation) material or some other material. Please note that
precautions should be undertaken to ensure that the bentonite pellets will not reach the
screened interval of the well.

Response: This section will be revised to clarify that no annular material will be introduced other
than bentonite pellets for the surface seal. Additional procedures will be included to ensure that the
bentonite pellets are contained at the upper 18" of the annulus and do not impact the well screen.

6. With respect to the installation of three nests of overburden and bedrock monitoring wells,



this section should be revised to note the material and dimensions of the shallow and deep
monitoring wells (i.e., 2-inch, PVC, 4-inch stainless steel, etc.).

Response: The section will be revised to include the requested information.

7. The section should be revised to reference the Site-Wide SAP for the development and
sampling of the proposed piezometers and monitoring wells at Reservoir No.2. Burning
Ground.

Response: The last sentence in Section 5.3.1 references the development procedures established in
the SWS AP for permanent monitoring wells . The temporary piezometers are to be used solely for
collecting preliminary water level information to determine the feasibility of installing permanent
overburden wells. Any additional use of the piezometers will discussed with the OEPA.

8. As general reminder, the contracted laboratory must be able to achieve practical
quantification limits (PQLs) or method detection limits (MDLs) which provide the lowest limit
of detection for the corresponding analytical method as specified in USEPA SW-846 Methods
and that can be reliably achieved within specified limits of precision and accuracy during
routine laboratory operating conditions. The PQLs or MDLs must be lower than the
corresponding maximum contaminant levels (MCLs).

Response: The laboratory MDLs arc required to be determined per 40 CFR, Part 136, Appendix B or
an equivalent statistical approach. The laboratory MRLs are required to be set at the laboratory MQL
(or PQL) for this project to achieve as many of the project's risk based criteria as possible. In
addition the analytical subcontractors are also reporting detected concentrations of target analytes
down to their MDL values qualified as estimated "J".

9. SAP Section 5.3.2
The text indicates that water level monitoring will be conducted on all permanent wells on a
quarterly basis prior to sampling activities. Ohio EPA is unclear as to what 'quarterly' means
as well as which permanent wells will be measured. Typically, Ohio EPA interprets 'on a
quarterly basis' as four events per year. Clarification should be provided as to whether only
the newly installed permanent wells will be checked or all overburden and bedrock monitoring
wells will be checked.

Response: Clarification will be provided to indicate that only the newly installed permanent wells at
the 2BG site will be monitored. Clarification will be given as to the use of "quarterly", which refers
to every three months or four times per year.

10. SAP Section 5 3 J
Clarification should be provided regarding the following sampling strategy: "samples will be
collected quarterly for a minimum of two rounds". As previously noted, Ohio EPA typically
associates "quarterly" with four discrete events. This section of the SAP as well as the Site-
Specific Quality Assurance Project Plan should be revised incorporating the appropriate
clarification.



Response: Funds are available for the collection of two rounds of data. Additional rounds will be
funded at a later date and the number of rounds needed will be discussed with OEPA.

11. SAP Section 5.3.4
The SAP states that slug testing will be performed on all permanent monitoring wells. This
section should be revised to state that all newly installed shallow and bedrock monitoring wells
at the Reservoir No.2. Burning Ground will be slug tested to eliminate any ambiguity.

Response: The text will be revised to specify that the permanent wells include three shallow
overburden and three bedrock monitoring wells. Slug testing will not be performed on temporary
piezometers.

12. SAP Section 5.4
Sampling depths for surface soil should be consistent with the exposure intervals that will
be defined and evaluated in the Risk Assessment Surface soil is typically defined as the
interval between 0 and 1 foot or 0 and 2 feet Please note that "defining" the surface soil
interval in this manner is consistent with the approach used in previous risk assessments
associated with the former Plum Brook Ordinance Works. Under the residential exposure
scenario, the subsurface soils interval may extend to a depth of 13 feet This section should
be revised to ensure that sampling intervals are consistent with previous investigations and
clearly identify what depth interval is considered surface soil as opposed to subsurface soil.

Response: The text will be revised to expand the surface soil interval to include 0 to 12 inches
bgs. Jacobs will remove the text regarding ten feet being the lower limit for exposure scenarios.
The deep sampling interval will remain as stated, either the two foot interval above the water
table or the 8 to 10 foot interval. This approach will be consistent with prior investigations at
the site.

13. Since polychlorinated byphenols (PCBs) are considered a potential contaminant of
concern, dioxins/furans should also be incorporated into the list of analytes for the laboratory
to evaluate.

Response: Dioxins/furans are called out in the text and are associated with all trench samples, all
surface soil samples inside the burn pit boundary, and the subsurface samples from 3 to 5 feet
within the burn pit boundary. Funds are available for collecting 15 samples for dioxin/furan
analysis. Additional sampling as needed will be evaluated at the conclusion of this investigation.

14. QAPP Section 3.1.3
The Site-Specific QAPP states that dissolved metals samples will only be collected during the
initial round of ground water sampling at the six new monitoring wells at Reservoir No.2.
Burning Ground. These samples will be shipped to the laboratory unpreserved and unfiltered
where the laboratory will perform these activities. It is the position of Ohio EPA that ground
water samples collected for dissolved metals analyses should be preserved and filtered in the
field. Ground water may undergo immediate changes upon extraction from the monitoring



well. By requesting filtering from the laboratory, the sample has potentially several hours of
residence time where the chemistry of the sample can vary thus rendering it unrepresentative
of actual aquifer conditions. Dissolved metals ground water samples should be field filtered
with a 0.45 micron inline filter.

Response: Agreed. Jacobs will amend this section of the QAPP to include field filtration of the
dissolved metals samples.

15. Clarification should be provided regarding the following sampling strategy: "samples will
be collected quarterly for a minimum of two rounds". As previously noted, Ohio EPA
typically associates "quarterly" with four discrete events. This section of the SAP as well as
the Site-Specific Quality Assurance Project Plan should be revised incorporating the
appropriate clarification.

Response: Currently only two quarterly groundwater sampling events are scoped at a duration of
three months apart. Additional rounds will be funded at a later date and the number of rounds
needed will be discussed with OEPA.

16. The Site-Specific SAP should provide for the generation of separate piezometer, shallow
(overburden), and bedrock potentiometric surface maps. Ground water surface elevations
collected from piezometers and shallow (overburden) monitoring wells should not be combined
into one map due to their differences in construction, installation, and development

Response: The temporary piezometers are to be used solely for collecting preliminary water level
information to determine the feasibility of installing permanent overburden wells. Any additional
use of the piezometers will discussed with the OEPA.
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