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) Executive Summary 

This repart presents an assessment of potential human health risks refated to U.S. Department of 
Defense activities at the former Plum Brook Ordnance Works (PBOW) located near Sandusky, 
Ohio. PBOW operated h m  194 I to I945 as a manufacturing plant for 2,4,6-trinitrotoluene 
(TNT), dinitrotoluene (DNT), and pentolite. Some operational areas were d e c o n ~ t s d  in the 

1950s and 1960s and other areas were decommissioned but not decontaminated. The site is , 

c m t l y  owned.by.the National Aeronautics and Space Administration and portions of the site 

are used by other agencies including the Perkins Township B o d  of Education and the Ohio 
National '&ad. Public access is restricted using a f- and security patrols except during the 
controlled annual deer hunting season. 

TNT Area B (TNTB) is located north of West Scheid Road and south of the North Magazine 
Road in the south central part of PBOW. During operations, it consisted of tlme TNT 
manufacturing process lines and their assuchfed buildings. Initial decontamhtion work was 
completed on or bcfore 1963, although the thoroughness of the decontamidon is questionable. 

-) It is likely that rough grading may have moved or obscured some surface ebntmhdon, and 
subsurface con tamination associated with underground sewer and flume hes prabably d. 
Significant evidence of the former PBOW facility remains in the form of mads, building 

foubdations and remmnts of utilities. 

TNTB is under the control of National Aeronautics and Space Administration, which has 
constructed a test building on the northwest corner of the site. Current use of the PBOW Iand is 
classified ets industrid for the purpose of the risk assessment (MI .  Because the future use of 

TNTB is not certain, the RA incIudes assumptions that the site might be developed for residential 
purposes and that construction activity may be performed 

It is assumed that bedrock groundwater may be developed as a some of potable water. The 
shallow or perched groundwater is transient and not considered a potential some of potable 
water. There are no plausible pathways by which receptors would be continurrtly exposed to 

sMfow groundwater. Because data h m  analysis of bedrock groundwater are not available at 

this writing, the RA is incomplete hecause total risks and hazards across media cannot be 

ES- 1 
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detemhed. An adddm to the TNTB RA will be prepared whea the groundwater data 

become available. 

The RA is based on U.S. Envhnmenal Protection Agency (EPA), U.S. Army Corps of 

Engineers, and Ohio ~nviro&ental Protection Agency guidance. 

Data fiom analysis of soil, slaface water and sediment samples collected in November 1998 are 
used in the RA. All sampling and analysis were conducted in amordance with approved work 
plans. Detected chemicals were idensed as site-related chemicals of potentid concan (CUPC). 
C& metals and poIynm1ear aromatic hydrocarbon chemicals were identified as natural 
or anthropogenic background constituents at the site. Background chemicals were not eliminated 
but were included in an evaluation of background risk. Chemicals idenaed as related to TNTB 
opera€ions were included in tbe evaluation of site-refated risk. All chemicals were combined in 
an additional evaluation of total site risk. 

Media evaluated in this IW include surf'ace soil, subsurface soil, surfbe water and sediment. 
Certain receptors may also be exposed to shallow groundwater, or to deep (bedrock) groundwater 
developed as a some of potable water. However, groundwater data are not available at the time 

of this writing (August 2000). Therefore, the RA must be considered incomplete, in that total 

risk across all media carmot be assessed at this time. A f d  RA will be performed when the 

groundwater become available, at which time the risks calculated herein for sail, surface water, 
and sediment will be included to estimte total risk across all media for all receptors. 

- 
Receptor scenarios evaluated for this site include a groundskeeper, an indoor worker, a 

wnstruction worker, and an on-site resident. These groundskeeper r qmen ts  the upper-bound 

on 1ong-m risk fkom exposure to soil for commerciavindushl future development of the site, 

while the on-site resident represents the upper-bound on risk h m  exposure to soil, surface water 

and sediment for long-term unrestricted or residential exposure. The constmction worker 
scenario provides the upper-bound on noncancer hazard for shorterwterm exposure to sail, surface 

water and sediment while the site is being developed. The potentid for subterranean vapors from 
subsurface soil or shallow groundwater trapped in indoor air to contribute to inhalation risk is 
evaluated for the indoor worker and the on-site resident. 

~ 4 5 6 7 I 4 M S T X T S T X T ~ O ( 8 ~ S  am) 
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Several classes of chemicals were identified in samples taken from the environmental media at 

TNTB. Suxface and subsurface soil yielded siwcant concentrations of metals, nitmammatic 
compounds, pofychlorintated byphenyfs (PCB) and PAHs. The metals were shown to be present 
at levels consistent with background. Although background incremental lifetime cancer risk 
@CR) h a t e s  for all receptors fell within the 156  to 1E-4 risk management range, and the 

background hazard index (HI) for the condmtion worker exceeded the threshold of 1, &. 

cannot be attributed to site-related activity. The nitroammatic compounds are clearly site- 

r e W ,  there presence is consistent with the production and pdcat ion of explosives such as 

2,4,6-TNT. The greatest cancer risk and noncancer hazard is associated with 2,4,6-TNT, but 

, other nitroammatic compounds, probably degradation products of 2,4,&TNT, also contribute 
si@cant risk. Highest concentrations of 2,4,6-TNT were located in surface soil, reflecting the 

persistence of this compound on or near the surf&. Highest concentrations of TNT degradation 
products were located in subsurface soil, suggesting that these products may be somewhat more 
mobile in soiI. 

The source of the PCBs is unclear. PCBs are not generally associatad with the production of 
nitroammatic explosives, but their widespread o m c e  in 18 of 28 surface sail samples 
strongly suggests they are site related at TNTB. 

PAHs are generally ubiqyitous in the environment, readily forming fiom the combustion of 

organic materid, Their presence in TNTB soils is not surprising, pdcdarly if buildings or 
waste has been burned on the site. Higher concentrations are located in fllrface soil than in 
subsurface soil, because the PAHs are relatively immobile in soil. Background soil samples were 

not analyzed for PAHI, so a background data set cuuld not be dewtoped, and the PAHs nmst be 

regarded as site-related chemicals. Many of the PAH concentrations, however, fill within 
background levels for urban soil. as compiled by Agency for Toxic Substances and Disease 
Registry (1995). The PAHs in soil are si-cant contributors to risk, yielding ILCR estimates 

near the middle of the 156 to 1 E-4 risk management range for the on-site resident. 

S m k e  water is essentially clertn; no chemicals of concern (COC) were identified for short-term 
(construction worker) or long-term (on-site resident) exposure. Arsenic was identified as a 

cmcer-bad COC in sediment for the onlsite resident, and arsenic, iron and manganese-were 
identified as noneancer-based COCs in sediment for the construction worker. Background data 

were not available for sediment, so these metals were regarded as if they were site-related. 
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Sediment concmtratiox~s of arsenic, however, were consistent with levels in background soil, 
suggesting that arsenic in sediment reflects background levels in the soil from which the 

sediment is derived. Furthermore, its ECR for the on-site resident is at the lower end of the risk 
management range. 

h summary, the soils are clearly con- with 2,4,6-TNT and other nitroaromatic 
chemicals as a result of former site operations. The nitromdcs are associated with 

unacceptable cancer risk and nonmcer hazard levels far either m~merci~idustrial or 
midential site use. PCBs and PAHs in soil dso contribute significantly to cancer risk, although 
their ILCRs do not ex& the risk management range. The s u r b  water is relatively clean and 
appears to pose no threat to plausible receptors. The d e n t  contains m d s  that contribute 

minimally to cancer risk. Noncancer hazards from metals in sediment, however, exceed the 

threshold of 1 for the mnstruction worker. RBRCs calculated for a l l  site-related COCs in 

soil and sediment. 

The total ILCR from all constrwtion worker exposure pathways is within the 1E-6 to 1E4 range 
considered acceptable by the EPA and the total HI exceeds the acceptable value of 1. The 
predominant ILCR and noncancer hazmls (HI) are associated with chemicals fiom site opera- 

tions. The COPCs that contribute significantly to cancer risk and noncancer hazard to the 
groundskeeper are: 2,4,6-TNT, 2-amh0-4,6-DNT, 4-amino-2,6-DNT, 2,4-DM, and 2,6-DNT. 

The total ILCR and the noncancer HI for potential exposures of a firture on-site resident to total 
soil pathways exceed the values considered acceptable by the EPA. Both the ILCR and HI are - 
associated with the potential oral and dermal exposures to surface and subsurface soil. The 
predominant COPCs are 2,4-DNT, 56-DNT, 2,4,6-TNT, 2-amino-4,6-DNT, 4-amino-2,6-DNT, 

Aroclor-1254, Arocfor-1260, benzo(a)pyrezle, and dibmz(a,h)anthracene. 

The total ILCR and HI calculated for potential exposures of future on-site residents to d i c e  

wwtm and sediment are less tban values considered acceptable by the EPA (1 990). Therefore, 
exposures to COPCs in s d a c e  water and sediment do not po& unacceptable risks associated 
with residential use of the site. 

The above RA for hypothetical future residents and construction workers is based on the 

assumption that the exposures would occur at any mdomly selected location within the TNTB 
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bounw. Examhation of the soil sampling data shows that the above risk estimates are based 
primerrily on samples obtained h m  the northeast quadrant of the site. That is, tbe upper estimate 

of risk to a future resident or c o d o n  worker would occur ifthe location of the exposures 
w m  in the noaheast quadrant. Therefore, the above RA for these -to* is conservative when 
applied to the site as a whole. 

An alternate location was evaluated to estimate the potential risk if the residence or c o ~ o n  
project were m d o d y  located anywhere on the TNTB site other than the northeast quadrant. 

The total ILCR and noncancer hazard (J3I) also exceed amqab1e limits specified by the EPA for 
potential on-site resident at a randomly chosen alternate location. As for the northeast quadrant 
Iocation, the predominant contributors to tbe total HI at the altmate location are associated with 
direct ingestion and dermal contact with 2-amin0-4,6-DNT, 4-amino-2,6-DNT, 2,4-DNT, 2,6- 

DNT, and 2,4,6-TNT with a simcant contribution fiom Awlor-1254. 

KNI4567/456rrXTrrXT-G am) 
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Chemical c o n ~ t i o n  related to former U.S. Department of I M h e  @OD) activities has been 

documented at the former PIum Brook Ordnance Works (PBOW) located near Sandusky, Ohio 
(U.S. h y  Corps of Engineers PSACE], 1 998a). PBOW opated h m  1941 to 1945 as a 

mmufkcturing plant for 2,4,6-trinitrotoIuene (TNT), dinitmtoluene 0, and pentolite. Some 

of the areas used by the DOD were decontami~~a.ted in the 1950s and 1960s; other areas have 
been decommissioned, but not decontaminated. The site is cumntly owned by the National 

Aeronautics and Space Administration (NASA) and is operated as the Plum Bmk Station of the 

Lewis Research Center, which is headquarkred in Cleveland, Ohio. In 1978, NASA declared 
approximately 2,152 acres of land as excess (IT Corporation PTJ, 1997). The Perkins Township 
Board of Education acquired 46 acres of the excess far use as a bus transpodon center. The 
Ohio National Guard has an agreement with the G e n d  Services AdmitziWon to use 604 

acres of the facility. The areas surrounding PBOW are predominantly a g r i c ~ ~  and resib- 
tial. The facility is currently m u n d e d  by a chain-link fence and the perimeter is regularly 

patroI1ed. Access by authorized personnel is limited to established checkpoints. Public access is 
restricted except during the controlled annual deer hunting season. 

Two groundwater aquifer systems are utilized for drinking water in the area: a carbonate aquifer 
to the west and a shale aquSer to the east (USACE, 1998a). PBOW is lacatd within the transi- 
tion of the two systems. Upwards of 170 private drinEring water wells permitted by the Erie 
County Health Department are located within 4 miles of PBOW. Permits are not required for 

agricultural wells. The Erie County Health Department does not permit using surf$ce water as 
private drinking water. Lake Erie and Sandusky Bay, located approximately 3.5 miles north of 
PBOW, are used for recreational mhmhg, &hhg, and boding. 

C m t  land uses of the PBOW facility are c1assifie.d as industrial for the purpose of identifying 
plausible human receptors and exposure pathways for evaluation in the risk assessment @A). 

USACE (1998a) describes potential future uses of dl or portions of the facility as: 

Continued industrial use @ASA activities and programs) 

Recreational use of portions of the site by hunters and .fishermen 
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Sale of portions of the site to state or local government or private individuals (no 
land-use restrictions were mentionsd) 

Possible use of parts of the hcility for residential or agricultural purposes 

Possible use of parts of bhe facility for training by the National Guard. 

Construction activities may be performed during development of any of the sites. 

TNT Manufacturing Area B (TNTB) is a roughly rectangular area approximately 55 a m s  

located north of West Scheid Road and south o f  the North Magazine Road in the south central 

part of PBOW (Dames and Moore @3gZMJ, 1997). During operations, it consisted of three TNT 
~ a ~ l u f k t u r h g  process lines and their associated buildings. Initial decon tamhation consisted of 
removal of visible surface contamination, spot checking for contmhkd tiles, flumes, and 

wastewater pipes and removal of same, removal and burning- of the wood-frame buildings wed 

in TNT mufactwe, flashing, and removal of some of the concrete foundations and other debris, 
flashing of visibly contaminated surface soil, and rough grading the entire area Apparently, this 
work was completed in or before 1963. The thoroughness of the decon tamindon is question- 
able; it is likely that rough grading may have moved or obscured some d a c e  contamhation, 

and subsdace c o n ~ t i o n  associated with underground sewer and flume lines probably 

remains. 

Currently, TNTB is under the control of NASA, which has constructed a test building on the 
northwest corner of the site @&M, 1997). Significant evidence of the former PBOW fhcility 
remains in the form of roads, building foundations and remnants of utilities. S d c e  water 

associated with TNTB is limited to the beginning of Ransom Brook, located north of the site. 

No explosive residues were identified by the analysis of one sdkce water md one sediment 

sample from this area. Additional surface water and sediment samples were taken; the analytical 
results are evaluated in a residential exposure scenario. 

TNT Area B is largely overgrown with grass, brush, and small trees. Two NASA facilities, the 

H p n i c  Teskng Facility and Nitrogen Dewars, are located in the northwest arad central 

portions of TNT Area B, respectively. Except for these two fiicilities, TNT Areas B is mused 
(USACE, 1998b). Current site use is considered ind- 
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The future use of TNTB is not certain. Although it is expected that fbtm use will be industrial, 
the possibility exists that release of the site may, at some time in the future, result in development 
for residential purpases. Therefore, exposure scenarios evaluated for the site include both 
industrial and residential receptors (Section 3.1.3). It is aqmmed that bedrock groundwater may 
be developed as a source of potable water. The shallow or perched groundwater is transient and. 

not considered a potential source of potable water. 

Both shallow and deep groundwater associated with TNTB will be dusted under a forthcom- 
ing site-wide RA, following additional groundwater chamtmization at PBOW. It is assumed 
that the deep groundwater aquifer could be developed as a source of potable water in the future. 
The shallow groundwater is not considered a plausible source of potable water under either 
c m t  or future receptor scenarios. Incidental contact with shallow groundwater (dermal 
contact and inhalation of VOC dssions), however, is plausible during construction projects. 

Therefore, incidental contact with shallow groundwater, and the potential development of the 
deep groundwater as a source of potable water, will be developed and evaluated as plausible 

exposure scenarios in the forthcoming sitewide RA. 

The RA i s  based on U.S. Environmental Protection Agency @PA), USACE, and Ohio 
Environmental Protection Agency (OEPA) guidance, including, but not limited to, the following: 

Ohio Environmentd Protection Agency, 1993, Closure Plun Review Guidancefor 
RCRA Facilities, Interim Final, OEPA Division of Hazardous Waste Management, 
September 1. 

EPA, 1989a, Risk Assessment Guidance for Superfind, Volume I, Hmmn Health 
Evaluation Manual (Part A), Interim Final, M c e  of Emergency and Remedid 
Response, Washington, DC, EPN540/f -89/002. 

WA, 1991, Riskhsessment GuidaPlce for Sarpe&nd Volume I: Human Health 
Evaluation Manwl Supplemental Guidance, S t d a r d  Defmlt Exposwe Factors, 
Interim Final, Office of Solid Waste and Emergency Response, OSWER Directive; 
9285.643. 

EPA, 1992% Supplemental G u i h c e  to RAGS: Calculating the Concentration 
Term, Office of Sold Waste and Emergency Response, Washington, DC, Publica- 
tion 9285.7-08 1. 
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EPA, 1992c, "Guidance on Risk Chmcterhtion far Risk Matugas and FZi& 
Assessors," Memorandum h m  F. Henry Habicht II, .Deputy Administrator, to 
Assistant Adminislrators, Regional Admbktratow, February 26,1992. 

USACE, 1995, Risk Assessnaent Handbook Volume I: Htrmara Health EvaIuution, 
Engineer Msrmal EM 200-1-4. 

The ramindm of this document is organized as follows. Chapter 2.0 describes data evaluation 

for the RA, which includes selection of chemicals of potential concern (COPC) for each medium 

. of interest, and estimation of source-term concentrations for each COPC in each medium. 
Cbpter 3.0 describes the exposure scenarios and the rationale by which plausible mqtm are 

selected, the pathways by which they may be exposed, fhe exposure-point concentrations of 
COPC, and the estimated dose or contact rates for each of the COPC. Chapter 4.0 describes the 
hazard evaluation, i-e., the adverse health effects associated with each of the COPC, and the 
dose-response evaluation, i-e., the relationship between dose or contact rate and the magnitude or 
risk of the adverse effect. Chapter 5.0 combines the output of the exposure analysis and fie 

toxicity analysis to quantify cancer risk and noncancer hamd to each receptor, identifies 
chemicals of concern (COC), which are the chemicals responsible for unacceptable risk or h a a d  

estimates, develops applicable or relevant and appropriate requirements (ARAR) for the COC, 

and idenses risk-based remediation criteria WRC)  for the COC. Chapter 6.0 describes the 

uncertainty associated with the point risk and hazard estimates in the RA Chapter 7.0 briefly 
fllmmarizes the protocol of the RA and interprets the d t s  in the context of the unwrtahty 

about their estimation. Chapter 8.0 presents the references used in the preparation of this 
document. 

- 
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2.0 Data Evaluatian 

Data fmm anaIysis of soil, sediment and d a c e  water samples collected in November 1998 are 
used b t h e  RA. All sampling and d y s i s  was conducted in accordance with the quality 

assurance project plan and the health and d e t y  plan included in the approved work plans (IT, 

1996,1998a). Environmental samples were delivered under ch-of-custody to the laboratories 
for d y s i s  according to EPA-specified methods. The analysis and data reports followed the 

methods specified, and the data were validated as described in the work plans. 

2.f Identificafon of COPC 
Results of analysis for chemicals in soil, d e n t ,  and s&e water are provided in Appendix 
A. Lists of chemicals detected in &te samples that incIude dl chemicals dctectcd in s u r f a a  and 
subsurface soil, combined surface and subsurface soil, surface water, and sediment are shown in 
Tables 2-1 through 2-6 by site medium. COPC were selected from these Iists as described 
below. 

2.1.f Sorting the Analytical Data 
The data for each chemical were sorted by medium. Chemicals far which all samples yield 
nondetects in all samples from a medium were considered not to be present and were not 
evaluated further for that medium. S d i e  soil (0 to 1 foot below ground surface Pgs]) and 
subs& soil (1 to 10 feet bgs) were considered as separate media S h e  and subsurface soil 
data were combined for assessment of exposures under the construction and residential land-use 
scenarios, which involve excavation and mixing of surface and subsurfhce soif. Combined 
s&e and subsurface soil data are termed 'btal soil" in this RA. The combination consists of 
the higher source-tern concentration for each COPC from the surface soil and subsurface soil 
evaluations. 

2.1.2 Evaiuating Data Quaiij. 
The data validation process incorporated qualifiers to the analytical resuits that indicate the level 
of confidence in the reparted measurements. The data qualifiers introduced in the d t s  of soil 
analysis and their meanings are (EPA, 1989a): 

U - Chemical was analyzed for but not detected, the associated value is the samplk 
qu811titatiotl limit. 

KNI4567I456rrXT.WkWOMM@05 am) 



J - Value i s  estimated, probably below the contract-required quantitation limit. 

M - The analysis indicates an d y t e  for which there is presumptive evidence to 
make a "tarive identification." 

NJ - The analysis indicates a 'kntatively identified'' aaalyte and the reported value 
represents its approximate concefllmtion. 

UJ - The analyte was not detected above the reported sample quantimon limit. 
HoweverP the reported quantitation limit is approximate and may or may not 
represent the actual limit of qhtation necessary to accurately and precisely 
measure the analyte in the sample. 

R - QC indicates that the data are unusab1e (chemical m y  or m y  not be present). 

B - Xnorganic chemicals: the concentration is less than the contract-required 
detection limit but greater than the idtrumexrt detection limit. Organic chemicals: 
the conoentration in the sample is not saciently higher than concentration in the 
blank, using the five-times, ten-times (5% 1 Ox) rule. A chemical is considered a 
nodekc$ unless its concentration exceeds five times the blank concentration. For 
common laboratory w n  taminants (acetone, 2-butanone [methyl ethyl ketone], 
methylene chloride, toluene and the phthalate esters), the Sample concentration 
must, exceed ten times the blank c o n c e n ~ m  to be considered a detection. 

It It L J , 'N", and WJ" qualified data are used in the RA, "Rn and "B" q&ed d& are not. The 

handling of "Un and "UJ" quaiified data (nondetects) in the RA is described in Section 2.2. 

Two chemicals, 2,4-DNT and 2,6-DNT, were analyzed under two different analytical methods: 
Method 8330 for explosives and Method 8270B for semivolatile organic compounds. Generally, 

Method 8330 provides greater sensitivity for these two compounds, as reflected ia. slightly lower 

reportinglimits for Method 8330 compared with Method 8270B. Therefore, only data h m  
Method 8330 were used for evaluating 2,4- and 2,6-DNT in the RA. 

2.1-3 Idenwing Site-Related Chemicals 
Identifying site-related and background chemicals is a matter of profbsional judgement that 
must be addressed for each chemical individually. Chemicals that are reasonably likely to be 
related to operations at the TNTB site are termed site-related chemicals in this Rk Chemicals 
present at natudy occurring concentrations or those present because of human activity entirely 
unrelated to -army activity are termed background chemicals. Chemicals identified as site-related 
m background chemicals WE& evaluated in site-related risk and background risk, respective1y. 

rW6567/4S67TXLWPMWM4(8:OS am) 
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Risks associated with d compounds identified were evaluated in total site risk. These designa- 
tions are described l l l y  in Chapter 5.0. 

For most organic chemicals, identification at concentrations above levels in b h k s  (considering 

the Sx, 10- d e ;  see Section 2.1.2) is presumptive evidence of site-related activity. Some 

organic chemicals, however, may occur as a result of activity not associated with site-related 
releases. Such chemicals, designated anthropogenic background, may include herbicides in 
agricultural areas where crops axe grown, and polynuclear aromatic hydrocarbons (PAIF), which 
form by natural or anthmpogenic combustion of organic  matte^, including fossil fuels. PAHs 
were d&&d ia samples collected at the site. However, the data are not suf5cient to determine 
whether the concentrations measured represent anhpogenic background or site-related 

releases. In the absence of d c i e n t  backgrowad data, all the PAWS in all media are considered 
to be site-related chemicals. 

Chemicals detected at the TNTJ3 site were identified for this RA according to the following 
general considerations: review of chemicals used during site operations, fkequency of detection, 
and o c c m c e  as natural background. 

Chemicals Used During Area B Operations. Chemicals related to TNlB operations were 

identified in previous site investigation plans (IT, 1996; D m ,  1997; IT, 1998a). All soil 
samples except one were analyzed for explosives and nitroaromatic compouuds, metals, 
polychlorinated biphenyls (PCB), volatile organic compounds (VOC), and semivolatile .organic 
compounds including - PAHs. The exception was analyzed for explosives only. Sediment and 
surface water samples were d y z d  for the same d y t e s .  

Frequency of Detection. Inorganic or organic chemicals not detected in any sample h m  a 

medium, such as soil, were excluded h m  the assessment of exposures to that medium, 

M o n  of a chemical in at feast one sample of a medium requires further evaluation. A 

chemical that was detected inkquently at low concentrations may be an art i fkt  in the data that 
does not reflect site-refated activity. Chemicals detected Wquently at high concentrations may 
identify the existence of "hot spots" and should be retained in the evaluation, M e s s  other 

information indicaks that their presence is dilrely to be related to site activities, Decisions to 
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). 
keep or exclude chemicals detected in fewer than S percent of the samples analyzed for a medium 
were based on professional judgement as described in context below. 

Background Occurrence. Identifying site-related metals is complicated by the natural 
background occurrence of metals in most environmental media. Background concentrations of 
metals reported previously (IT, 1998b) were used used identify TNTB site-related chemicals by 
comparing site analytical data with background data (Table 2-7). The comparisons were based 
on statistical techniques and profissional judgement. 

The primary approach invalves comparing the maximum detected concentration (MDC) $wm 

site data with a background screening criterion (BSC). The BSC represents a thearetical upper 

l i t  on backgroufl& i.e., if the MDC of site data does not exceed the BSC it is likely that site 
concentrations =fleet background conditions rather than a site-related release, and the chemical 

is wnsidered a "background chemical." Development of the BSC depends on the nature of the 
background data set, which is tested for n o d t y  or lognormality. If the background data set 

fits neither a n o d  nor a lognormal distribution, it is considered nonpamnetric. Nonparametric 
distributions fit no reliably predictable pattern, which means that an upper limit an background 
cannot be predicted with confidence. Therefore, the MDC of the backgtound data set is conser- 
vatively selected as the BSC for nonparametric background data sets. Normal and l o g n o d  
distributions, however, are somewhat more predictable, and an upper limit on background, called 

an upper tolerance limit (UTL), can be estimated at s quantifiable level of confidence. The back- 
ground UTL. is the concentration, with a probability of 0.95 (or a coddence of 95 percent), that 

will capture (or cover) 95 percent of background samples if a large number of sampIes were 

taken. Chemicals with MDCs less than the background UTL are considered to represent a. 

natural background r n d  for the baseline RA (BLRA). 

The UTLs for normally distributed background data sets are calcuiated as follows (EPA, 1989b): 

UTL = x + Nu) 

where: 

Eq. 2.1 

UTL = upper tolerance S i t  of background concentration (confidence fktor of 
0.95 and coverage of 95 percent) - 

x = arithmeticmean 

KNM567MS6TIX.WrWI I474QfK? am) 
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a =standarddeviation 
k = tolerance factor (Appendix B, EPA, 1989b). 

The same equation is used to estimate the UTL for lognormal background data sets, but the data 
are log-transformed before the arithmetic mean and standad deviation are cddated. 

Ifthe MDC exceeds the BSC, the chemical is considered a siterelad COPC or the more 

rigorous W i x o n  Rank Sum test (EPA, 1992d) was applied when the assignment of a chemical 
was equivocal. The more rigorous statistical analysis consists of comparing the site and back- 
ground data sets to determine if both rn dram from the same population. The Wilcoxon Rank 
Sum test is used far tbis purpose because it is applicable to all data distributions, including 
nonparametric. 

Statistid analysis was used in this BLRA as a tool to aid the exercise of professional judgement. 

Site data fiom unconhmided areas with concentrations at the high end of backgruud may 
"fail" statistical testing. The probability of this error is 5 percent under the asstunptions of tbis 
95 percent confidence, and is usually caused by Iitatiom of sample s k ,  is., tbe full range of 

actual batzkgmutld and site variation was not captured. The identification of m d s  as a site- 
related or backgmund chemical is discussed in d@ for =each medium below. 

Metals and organic chemicals identified as anfhropogenic background were not eliminated from 
the RA; instead, they were included and evaluated in total site risk and background risk, but not 

in site-related risk. These designations are described fully in Chapter 5.0. 

- 
2.1.4 Risk-Based Screening 
Risk-based screening for human health was used to focus the assessment on the site-related 

chemicals that rnay wnhbute si&cantly to o v d  risk In this screen, chemical cuncmtra- 

tions were compared with very conservative levels derived for standard exposure s d o s .  The 

MDC was cumpared with the appropiate risk-based screening c o n c ~ m  WSC). If the 
MDC was less than or equal to the RBSC, the chemical in this medium was not considered 
M e r .  If the MDC exceeded the RBSC, the chemical was considered to be a COPC. 

Chemicals whose concentrations were below the R8SC were not i d d e d  as COPCs for the RII 
because it is very unlikely that they would cause signilkant risk. RBSCs for soil were EPA 

Region IX "residential mil" preliminary r e m a o n  goal (PRG) values EPA (1999) djusted to 

Z;N14567/456TIXE-05 am) 2-5 
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reflect an incremental liiethe cancer rislk (ILCR) of lE-7 and a hazard index of 0.1. 
Because the PRG value for lead is not based on a risk calculation @PA, 1999, the value of 400 

parts per million (ppm) was usgd without modification in the screening of sail and sediment data. 
Because a few chemicals detected in soil are not listed among EPA Region M PRG values, PRG 
values were dcuIated using EPA (1999) methodology to provide screening criteria (Appendix 

Br 

The mechanisms by which receptors are exposed to sediment m similar to those for soil, but 

exposure to sediment is likely to be fhr less intensive. Therefore, the soil RBSCs are adjusted 
upward by an order of magnitude for application to sediment. In other words, the unadjusted 

EPA (1 999) residential soil PRGs are considered to reflect an ZLCR of IE-7 and an HI of 0.1 
when used for screedng chemical concen~ons  in sediment. Similarly, exposure to surface 

water is likely ta be far less intensive than exposure to tap water. Therefore, the tap water 

RBSCs are adjusted upward by an order of magnitude for application to surface water. In other 

words, the unadjusted EPA (1W9) tap water PRGs are considered to reflect an ECR of 1E-7 and 
an HI of 0.1 when used for screening chemical mncentrations in d m  water. 

Concern has arisen regarding potential effects on human health from inhdation of VOCs in 
indoor air from volatilktion h m  s u b s ~ e  soil or shallow gmmdwater. Potential receptors 

for these pathways include the on-site resident and an indoor worker. Indoor airborne 
concentrations of VOCs from subsurface soil, estimated as described in Section 3.2, were 

screened against the EPA (1999) ambient air PRGs adjusted to reflect an ILCR of 1E-7 and an 
HI of 0.1 (Table 2-3). 

* 

It is assumed that VOC concentrations that might accumulate in a building from shallow 
pmd- would be no hi& than those enwmtad by a construction w o r k  in a utilities 

ditch. Therefore, airborne concentrations of VOC in a utilities ditch, estimated as described in 

Section 3.2, will be subjected to risk-based screening to determine the need for evaluating this 
pathway. RBSCs for indoor air will be the EPA (1999) ambient air PRGs adjusted to reflect an 
ILCR of IE-7 and an HI of 0.1. This evaluation will be peAormed in the forthcoming site-wide 
RA when groundwater data become available. 

The risk-based screening pdously described assumes that the RBSCs relaect a mciently 
comenative & d o n  of the relevant exposure pathways. The sediment RBSCs may not be 



sufEciently conservative to screen sediment in wter bodies h m  which fish could be harvested 
and c o r n e d  because they do not address bioammulation by fish. Similarly, the surface water 
RBSCs may not be sufXiciently conservative to screen surface water fmm which fish are taken 

These concerns pertain spw:ifically to chemicals laown to bioaccumdate in aquatic food chaitls 
(i.e., PCBs and merclzry). However, consumption is not a concern at TNTE because 
h r n  Brook in the area of the site does not support sport or subsistence fishing. Therefore, 
PCBs a d  mercury w m  subjected to the same screening criteria used for other chemicals. 

2.1.5 EvaIudng Essential NuMenEs 
Essadd nutrients such as calcium, iron, magnesium, potassium, and sodium are usually 
eliminated as COPC because they are generally considered innocuous in environmental media. 
Other essential nutrients including chloride, iodine and phosphorus may be ehba ted  as COPC, 
provided that their presence in a particular medium is judgsd to be unlikely to cause adverse 

efkts  on humm health. 

21.6 Summary of COPC Selection 
Chemicals detected in soil, surface water or sediment at TNTB (Appendix A) were identified as 
site-related COPCs or background chemicals as described above. The results are shown in 
Tables 2-1 through 2-5. The table for each medium show the following information: 

chemicalname 
Frequency of detection 
Range of dekctd wncentmtions 
&nge of detection limits 
Statistical distribution of the data 
Aritbmetic mean of site ~ ~ o n s  
Upper cofidence limit (UCL) of the arithmetic mean 
Background meening criterion 
Approp* RBSC 
Selection as site-related COPC 
Designation as a background COPC 
Source-term concenmtion. 

Footnotes in the M e s  provide the miionale for rejection of a chemical as a COPC. 
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2.1.6.1 Su-e Soil 

Frequency of Detection. The frequency of detection fur all chemicals detected in &ce soil 
was greater than 5 percent except for five VOC compounds and 4,6-dinitm2-methylphmol 
(Table 2-1). All were excluded as COPCs based on comparison of the MDC values with their 

respective risk-bad concentrations (RBC). 

Background COPC. The following metals were identified as background COPC in surface 

soil: aluminum, arsenic, copper, iron, manganese, and thallium (T'abIe 2-1). All of the listed 

m&ds were identified based on comparison of the MDC with the BSC (Table 2-6) except for 
copper and thallium, which were not shorn to be si@&y above background by the 
Wilco~~n Rank Sum test (Appendix C). They were evaluated for their contribution to 
hsckground risk and totaI risk. 

Risk-Based Screening. Six metals, two h l o r s ,  several PAHs, and five nitroammatic 

compounds were selected as COPC because their MDCs exceed their RBSCs. All except the 
metals were evaluated for their contribution to total risk and site-related risk. 

Analysis for nitro-tic compounds required dilution of samples #lo620 and #lo630 by 
factors of 1,000 and 100, respectively, to quanti@ the 2,4,&TNT concentrations. Because the 
dilution factors were applied to the detection h i t s  for a l l  other nitroaromatic compounds, the 

reported detection limits for dI otha compounds in those samples were elevated to either 250 or 

2,400 ppm F&le 2-1). The elevated detection l imits are grater than the &urn quantitated 

concentrations in the d u t e d  samples and exceed tbe RBC values for 2,4-DNT and 2,6-DNT- 
When such elevated detection limits are mcounted, EPA (1989a) guidance provides far 
removal of the values h m  tbe data set ifthey are greater,& the maximum quantitated 

This EPA guidance was applied to identify COPCs among nitmammatics using professional 
judgement and is i l l d  using 2,4-Dm as an example. Application of a dilution factor of 
1,000 to the detection limit for an undiluted sample (0.25 ppm) resulted in a reported maximum 

detection limit of 250 ppm (Table 2-1)- This elevated detection limit is more than a factor of 100 

greater thsn the maximum quantitated concenlration of 2.3 ppm. Therefore, thc data fmm 
analysis of sample #I0620 for 2,4-DNT was removed h m  M e r  calculations. A reported 
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detection firnit of 25 ppm (not shown in Table 2-1) also resulted &om s dilution factor of 100 

applied to the 0.25 ppm detection limit for.= undiluted sample. This elmated detection limit is 
more than rt f&or of 10 gr&m than the maximum quantitated concentration of 2.3 ppm and the 

analysis of sample # 10620 for 2,4-DNT was also removed. An additional sample was also 

diluted by a factor of 20 which resulted in an elevated detection h i t  of 5 ppm (Table 2-1). 

However, the c1evate.d detection limit was judged to be sutficimtly similar to the maximum 

quantitated value that it could reflect the true upper range of the 2,4-DNT concentration in 
sllt.firce mil at the site. 

Exc1usion of the two elevated detection limits fiom samples #I0620 and #lo630 moved  two 
sources of uncertainty in the data The resulting data set included twenty-seven of the twenty- 

nine ori@ values, including seven detected values, such that the frequency of detection was 
substantially preserved. Two elevated detection limits h m  d y s i s  of samples #I0620 and 

#I0630 were similarly excluded h m  2,GDNT d m  

2.1.6.2 Subsurface Soil 

Frequency of Detection. Because fewer than 20 subsurface samples were collected, 

screening of data for less than 5 percent frequency of detection was not done (Table 2-2). 

Background COPC. The following metats were ideneed as background COPC in 
subsurface soil: aluminum, arsenic, chromium, iron, and manganese (Table 2-2). All of thi: listed 
metals were identified as background based on comparison of the MDC with the BSC (Table 2- 

6). They were evaluated for their contribution to background risk and total risk 

Risk-Bas& Screening. Five metals, two Aroclors, one PAH (benzo[a]pyrene) and seven 

nitmammatic compounds were selected as COPC because their MDCs exceed their RBSCs. All 

except the metals were evaluated for their contribution to total risk and site-related risk. 

Table 2-3 presents the results of risk-based screening of VOC concentmtions in indoor air h m  
v o ~ t i o n  h m  subsdace soil. Four VOCS were idensed at low concentrations in 
mbmke soil. Modeled indoor air c o n ~ o n s  were orders of magnitude below the'RBSCs. 
It is concluded that indoor workers or residents would be under no threat from airborne 
concentrations of VOCs, and this exposure pathway is not evaluated further. 
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2#7.6.3 Combined Surface and Subsurface Soil (TOW Soilw) 

Total soil (Table 2-4) mists of the highex source-term  on for each COPC h m  the 

mrke soil (Table 2-1) and subsurface soil (Table 2-2) evaluations. 

Fmquency of Detection Because f* than 20 fllrface water samples were collected, 

screening of data for less tban 5 percent ikquency of detection was not done (Table 2-5)- 

Background Analytes. Because no data are available to describe background mnmtrations 
of metals in surface water, COPCs were identified by risk-based s c r e d q  only, and no back- I 

gromd risk was evaluated for surface water exposures. 

Wsk-Based Screening. Arsenic, iron, lead, and manganese were identified as COPCs in 

surface water (TabIe 2-S), and were included in the assessment of site-kkd risk and total risk. 
All other chemicals were excluded based on comparison of the MDC with the %p watern RBSC 
value* 

2.1.6.5 Sediment 

Frequency of Detection. Because f m  than 20 sediment samples were collected, d g  

of data for less than 5 percent frequency of detection was not done Gable 2-6). 

Backgmund Analytes. Data are nut available to describe background concmtrations of 
met& in sediment; theref&, COPC were W e d  by  based soreeniag only, and no 
background risk was evatwted for exposure to sediment. 

Rkkgased Scmening. Arsenic, enin, and manganese were selected as COPC because their 

MDCs exceed their RBSCs. All were evduated fix th& contribution to total risk and site- 

related risk. 
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2.2 Developing SourceJem Concentrations 

2.2.1 Soil, Sufface W a t e ~  and Sedimant 
Because of the uncertainty associated with characterizing contamination in environmental media, 

both the mean and the UCL of the mean were estimated for each COPC in each medium of 
interest. The upper 95 percent c o d d a c e  limit on the mean is genedly r e f d  to as the UCL. 

UnusuaIIy high values are included in the calculation of the UCL because high values seldom 
appear as statisticai outliers in environmental data and may identify areas that require evaluation 
as hot spots. Inclusion of outliers increases the overall conservatism of the risk estimate. 

Data sets consisting of five or more data points were tested for normality and lognormality with 

the Shapiro-Wilks test @PA, 1992d) using the software package STATISTICATM. Statistical 

d y s i s  is perfbmed only on those chemicals identified as -und or site-related COPCs. 
Either a n o d  or lognormal UCL was caIculated, whichever provides the better fit in the 

Shapiro-Wilks test. A nanparametric conEdence limit was used when the data fitted neither a 

' n o d  nor lognormal disiribution. 

The UCL was calculated for a normal distribution as foIlows @PA, 1992a): 

- 
UCL =x + t ,  -,,-, (4) Eq. 2.2 

where: 

UCL = upper 95th confidence limit on the arithmetic mean concentmtion (calculated) 
x = sample arithmetic mean 
t, = critical value for Student's t-test 
a = 0.05 (95 percent d d e n c e  limit for a one-tailed test) 
n = number of samples in the data set 
s = sample standarddeviation 

The UCL was calculated for a l o g n o d  distribution as follows (Gilbert, 1987): 

UCL = c ( F + ( O > * ~ ~  +bs-&]) ' Eq. 2.3 

K N / 4 5 6 7 1 4 5 6 ~ - ~ % . 0 5  am) 
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, = upper 95th conf~dence limit on the arithmetic mean concentration (calculated) 
= cy/n = sample arithmetic mean of the log-tmudbmed dafa, y = In x 
= sample standard deviation of the log-transformed data 

n = number of samples in the data set 
&,, = value for computing the one-sided upper 95 percent confidence limit on a 

lognormal mean h m  standard statistical tables (Land, 1975). 

If the data distribution was nonparametric, the data point selected as the nonparametric UCL was 
estimated as the 95 percent UCL rank order on the arithmetic mean of the data set. It was 

estimated by ranking the data o b s d o n s  h m  d e s t  to largest. The arithmetic mean was 
converted to a percentile by interpolation. The rank order of the data point selected as the UCL 
was eshated from the following quation (Gilbert, 1987): 

u = ~ ( n + l ) + Z , - ,  d m  Eq. 2.4 

u = rank order of value selected as UCL, calculated 
p = percentile wnqmnding to the arithmetic mean 
n = number of samples in the data set 
u = confidence limit (95 percent) 
Z,, = normal deviate variable. 

Analytical resalts for a chemical were reported as nn~ndet~ts'' ("U" quaMer) whenever 
measured concentrations in samples did not exceed the detection limit for the analytical 
procedure used (Appendix A). 

The detection Wt is the lowest concentration of a chemical that can be "seen" above the normal, 
d o m  noise of an analytical method A concentration value mast be assigned to nondetects for 
app1icatim ofthe above statistical procedures. For this M, nondetects are assumed to be 
q t  at one-half the sample qumtitatim limit (SQL) concentration (EPA, 1989a). Judgement 

is used in those cases where dilution drove the SQL unusually high (Section 2.1.6). 

The UCL or MDC, whichever was smaller was selected as the sowc+tepm c o n d o n ,  aad is 

mderstood to represent a conservative estimate of average for use lin the RA or in various 
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tmspotz models used to estimate ~surecpoint concentrations. Application ofthis protowI is 
based on the assumption that exposure to the medium of interest occurs in a random Mcm. 

The soil at TNTB, however, presents special concerns. As previously noted, the s i ~  consists of a 

large arm (approximately 55 acres) on which three process lines were lmted. Earlier 
investigations @&M, 1997) revealed that contamination levels wqr widely and are highest near 

the locations of the former buildings in the process lines. To ensure that areas of potentially high 
concentrations were not overlooked, USACE (1998a) specified that approximately 400 

composite smfke  soil samples would be analyzed on the site for explosives by ion mobility 
spectroscopy (MS). The baseline human health RA work plan (JT, 1998c) described the 

sampling and analysis method used at the sik. Details of the field investigation are provided in 

Chapter 2.0 of the report of &dings document (Volume I); details of the results of the composite 

and confmnation samples are presented in Chapter 4.0 of the report of lindings document. The 
RA data consists of noncomposited soil samples analyzed for nitroaromtics by SW-846 Method 
8330. 

The exposure wit  concept was applied in creating. the data sets for use in the RA and developing 
s o ~ t m  concenbations- The exposure unit represents the area to which a w t o r  would be 

exposed, within which this exposure is assumed to be raudom. For example, the groundskeper 

was assumed to work at any random location on the entire 55-acre site and is not expected to 

work at any singe location for the entire tjmt assumed for exposure (25 years). Therefore, all 
site data were used to develop souw+tem concentrations to assess risks to the groundskeeper. 
On the other hand, - a typical residence or the area of exposure far a m ~ o n  worker may not 

exceed 1 acre and a subset of the total data might be more appropriate to assess the associated 
risks. Application of the unit exposure concept is discussed in Chapter 5.0. 

For this RA, the &roundskqer was assumed to be exposed to surfhce sail in the cumnt and 
future sibuse duatim. Therefore, data fiom all surface mil sttmples (Table 2-1) were used 

to calculate the source mcentration for the gramdskeeper exposure assessment. 

The mident was assumed to be exposed to bd soil, a combination of surface soil and 
subsurface soil, because residential develogment of the site would involve excavation &d 
grading, which would distribute s u m  mil on the surface and obscure the distinction 

between flJrface and subsurfbce soil. It was assumed that the future resident would reside at a 
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randody chosen lot an the site. Therefore, the combined data from surface and subsu&e soil 
samples (Table 2-4) were used ta calculate the source concentration for the on-site resident 
exposure afmmwnt. 

The constmction worker was assumed to be exposed to total soil, a combination of fllrface soil 
and subwhce so& in both the current and future site use scenarios, because consbudon 
activities are txpeckd to involve excavation and grading. Similarly, it was assumed tbat the 

construction site might be randomly I d  on the site and the combined data from surface and 
subsurfme soil samples (Table 2-4) were used ~r the mnstmction workers' exposure assess- 

ment. Alternate potential comlruction sites were evaluated also (Chapte~ 5.0). 

22.2 Groundwater 
There are no groundwater sample analysis data available for the TNTB site. The RA for 

potential groundwater exposures will be completed when tbe data become available. 
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3.0 Exposure Assessment l" 

Exposure is the contact of a receptor with a chemical or physical agent. An exposure assessment 
estimates the type and magnitude of potential exposure ofa receptor to COPCs found at or 
migrating h m  a site @PA, 1989a), An exposure assessment includes the following steps: 

Charact& the physical setting. 
Identify the contaminant sources, release mechanisms, and migration pathways. 
Identify the potentially exposed receptors. 
Identi@ the potential exposure pathways. 
Estimate exposure concentrations. 
Estimate chemical intakes or contact rates. 

3.1 Conceptual Site Expusure Model 
The mnceptwl site exposure model (CSEM) provides the basis for identifying and evaluating 

the potential risks to human health in the baseline RA. The CSEM (Fim 3-1) includes the 
receptors appropriate to aIl plausible land-use scenarios, and the potential exposure pathways. 

Graphically presenting all possible pathways by which a potential Wptor may be exposed, 
including dl a&, release and b q o r t  pathways, and exposure routes, facilitates consistent 
and comprehensive evaluation of risk to human health, and helps ensure that potential pathways 
are not overlooked. The elements of a CSEM include: 

Source (i.e., initially contaminated environmental) m& 
Contaminant release mechanisms 
Contaminant transport pathways 
Interm~diateortmwportmedia 
Exposuremedia 
Receptors 
Routes of exposure. 

Contaminant relax meclunisms and transport pathways are not relevant for direct receptor 

contact with a wntamhted source medium. 

Tbe receptors and pathways in Figure 3-1 reflect plausible scenarios developed from infodon 
r e g d o g  site bwkgrod and W r y ,  topography, climate, and demographics as presented in 
the scope of work (USACE, 1998a) and the site investigation W report @&M, 1997). 
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Asterisks identify exposure pathways that are complete and addnped in the RA. J d c a t i o n  

for exclusion of other pathways is provided in the htnotes. 

3. f ,  f Physical Seting 
The physical setting of TNTB is briefly slanmarized in Chapter 1 .O. Although brief, the 

description supports the receptors and exposure pathways illustrated in Figure 3-1. Greater detail 
is pvided in USACE (1998a) and D&M (1997). 

3. f.2 Contaminant Sources, Release Mgchanisms, and Migration Pathways 
Briefly, TNT is made by toluene in a h e s t e p  process that uses nitric and flllfurc 
acids @&M, 1997). The processing lines consist of individual buildings canuected by pipelines 

thrrt carry reagents and the reaction.products. Contamhalion involved the inadvertent release of 
TNT, its precursors, con-& and residues, acids or sellite h m  the process lines or drying 

or packaging are&. Releases occurred to the surface soil and, firom leaking or damaged d e r -  

ground pipelines, to subsurface soil. Runoff and erosion may have spread wntmhtion over 

the surrounding surface soil and carried it to Ransom Brook to tbe north of the site. Mtratiotl 

and leaching may have carried co ntaminants into the subsdace soil or groundwater, VOCs may 
volatize from soil or groundwater to ambient air or to air inside of buildings. 

3. q.3 Receptors and Exposure Pathways 
Receptors, selected to represent the upper bound on exposure h m  a l l  plausibly exposed groups 

of people at TNTI3, and the pathways by which they mi&? be exposed, are summarized in Figure 
3-1 and Table 3-1. The exposure variable values used in the contaminant intake models are 

cornpiled in ~kb1e 3-2. Chemical-specific variable values are compiled in Table 3-3. 

The RA was based on a reasonable maximum exposure @ME) assumption. The intent of the 
RME assumption was to estimate the highest exposure level that wuld reasonably be qwkd to 

occur, but not necessarily the worst possible case @PA, 1989% 1991). It is interpreted as reflect- 

ing'& upper 90 to 95thpercentile of exposure, In keeping with EPA (1991) guidance, upper 
bounds of variables were chosen for the RME scenario for intake rate, expo- frequency (El?) 

and exporn duration (ED). Other variables, e.g., body weight @W) and q o s e d  skin & 

area (SA), were central or avemge values. In the case of contact rates consisting of multiple 
components, e.g., dermal cuntact with soil or water, which consists of a d d  absorption h t o r  

(ABS) and soil-to-sldn adherence factor (AF) for soil, and pameability coefficient (PC) and 
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expo- time (ET) far water, only one variable, ABS or PC. needs to be an upper bound. The 
consmatism built into the individual variables ensures that the entire estimate for contact.rate is 
more than sSciexitly c o ~ t i v e .  

The averaging time (AT) for noncancer e v d d o n  was computed as the product of ED (years) 

times 365 daydyear, to estimate an average daily dose over the entire expasure period @PA, 
1989a). For cancer evaluation, AT was computed as the product of 70 years, the assumed human 
W h e ,  times 365 daydyear, to estimate an average daily dose prorated over a lifetime, regard- 
less of the hquency or duration of exposure. This methodoiogy assumes that the risk from 
short-term exposure to a high dose of a given carcinogen is equivalent to long-term exposure to a 

correspondhgIy lower dose, provided that the total lifetime doses are equivalent. This approach 

is consistent with curxent EPA (1 986) policy of carcinogen evaluation, although it introduced 
considerable uncertainty into the cancer RA. 

A bt ional  term @I) was included in the chemical inrtake equations to account for scenarios in 

which exposure to a potentially contaminated medium is less than total daily exposure to that 

medium. For example, ifthe site of interest is small, so that a groundskeeper may spend only 

one-half of his w o r k  time at the site, an FI of 0.5 was applied to the soil ingestion and dermal 
intake equations, An FI was used also if a receptor's exposure was split between two comparable 
media For example, if an on-site resident was exposed to both soil and stream sediment, FIs 
were-introduced that apportion his exposure between the two media The default value of FI is 1. 

3.1.3.1 Groundskeeper 
The &roundskeeper scenario was designed to evaluate the upper bound for site worker exposure 

to surfhce soil in the current and future site-use scenario. Direct exposure pathways include 
incidental ingestion and d d  contact with soil. U t i o n  of dust, raised by operating lawn 
mowers or other equipment, was also evaluated. It was assumed that relatively high dust 
concentrations would be produced within the groundskeeper's breathing zone, with little oprtu- 
nity for dilution by the large volume of ambient air. In the future, the groundskeeper may be 

exposed to groundwater developed as a source of  potable water. Scenarios and pathways for 
exposure .to pundwater will be developed in the site-wide RA when groundwater dah become 

available. 
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Generally, in IT experiencep slsface soil that has been in place for extended periods and has not 
been recently contamhated is not a significant same of airborne VOCs because infilmtion and 
dissipation over time would have reduced residues at the surfhce to toxicalogically insignificant 
levels. VOCs, however, were detected in mrrface soil, albeit at concentrations below RBSCs, 
probably from soil at the bottom of the 0 to 1 foot bgs depth mge from which surfbe soil 
samp1es were taken. Had VOCs in m f a e  soil beexr identified as COPC, it would have been 
assumed that concentratioas in air estimated by the activity-based dust emissions model would 

have been sflciently conservative for the RA. 

It was assumed that any eontact with surfbe water or sediment would be Miqueflt, and 
groundskeeper exporn to these media is not considered. 

The groundskw is assumed to be a 70-kilogram adult who works 8 hours per day, approxi- 

mately 5 days per week year-round cm the site for a total of 250 days per year for 25 years @PA, 
1991). The respiratory rate for the groundskeqa is assumed to be 20 cubic meters (m3)/8-hour 
workday (2.5 m3/hour), and the soil incidental ingestion rate is assumed to be 100 milligrams per 

day (mfmayl* 

Recent studies evaluating sail adherence that consider the nature of the activity performed and 
the different body regions were reviewed by EPA (1997a). Measurements of soil adherence to 

hands? a m ,  legs, feet, and h for 29 groundskeepers revealed AFs ranging h m  8E-4 mi&- 

grams per square centimeter (mg/cm2) (legs) to 1.5E-1 (hands)- The AF weight-averaged across 
these body regions (i.e., adjusted to reflect the different surface areas of the different body 
regions) for A e s  and females is 9E-3 r@cm2, which is used in this evaluation. The mhce 
area of body regions evaluated for groundskeepers include approximately 1 11,300 cm2 @PA, 

1997a). 

3.1.3.2 Constmction Worker 
The c o ~ c t i o n  worker scenario was created to evaluate short-term exposure to subsurf& as 
well as surface soil in either a current or future lmd-use scenario. Relevant expom pathways 

include incidental ingestion and dermaf contact. Wation of VOC vapor and dust raised by 
operaXing c o d a n  equipment was also duated. Conslmdon activity may uncover 
subsurface soil concentrations of VOCs, bilitating emission of the vapors into the constmdon 
workers breathing zone. 

XtVU567/456~.WpmMW(8$lS am) 
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The construction mrh may alm be exposed ta surface water and sediment during projects such 

as h t d M o n  of zmdagmund utilities. Dermal contact is the most siwcant pathway for 
exposure to surface wla. Xncidmt.1 ingestion of surface water is also possible, but is not 
expected to be nearly as significant as dermal contact. hhahtion of VOCs from surface water is 
also possible but the large volume of outdoor air and natural air currents are expected to dilute 

airborne concentrations so that this pathway is expected to less significant than dermal contact, 

which is quantified. For these reasons incidental ingestion and inhalation of VOCs m not 
qmutified. 

The CQ-on worker may be exposed to shallow groundwater by dermal contact during 
construction projects. Mat ion  of VOCs that volatilize from shallow groundwater is another 

plausible exposure pathway. In the future, the consfmetion worker m y  be exposed to deep 

groundwater developed as a source of potable water. Scenarios and pathways for exposure to 

shallow and deep groundwater will be developed in the site-wide RA when groundwater data 

become available. 

The comtmdion worker was assumed to be a 70-kilogram adult who works 8 hours per day, 
a p p r o ~ l y  5 d a y s h d t  onthe site for a total of 6 months P A ,  1991). The respiratory rate 

for the comtmction worker was assumed to be 20 m3/8-hour workday (2.5 m 3 h w )  @PA, 
1991). Excavation, gradhg, installation, or repair of underground utilities and similar activities 

requiring constant contact with the soil or earth-moving or grading equipment result in intensive 
exposure to soil and were assumed to last for 3 months. Constmtion activities such as building 
erection d t  in less intensive exposure to soil and were also assumed to last for 3 months.' Soil - 
ingestion rates of 480 @PA, 1993) and 100 mg/day @PA, 1991) were assumed for the intensive 

and less intensive soil contact periods, respectively resulting in a time-weighted average rounded 
to 290 mglday. 

An AF for a c o ~ o n  worker of 8E-2 mg/cm2 is estimated using the same method as 

previously described for the groundskeeper, combining EPA (1997a) data for construction 
workers, utility wmkers, and equipment operators to capture the full range of activitiw likely to 

be performed by this receptor. The body regidas evaluated for constnrction workers include the 

hands, arms, legs, feet, and face, which total appmximately 1 1,300 cm2. 
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As noted above, the construction woxker may be exposed to surfkcelwater and sediment during 

the 6~011th construction period. D d  exposure to surface water and sediment is assumed to 

occur on 4 hours per day, or om-half the normal workday. An FI of 0.5 is assumed for both the 

soil and sediment pathways to apportion thc oonstrudon worker's time equally between thehetwo 
media. The incidental ingestion rate for sediment is assumed to be 480 mg/day, because contact 

with sediment during the construction period may be intense. It is assumed that &e.arms, 

forearms, and hands, an SA of approximately 3,100 d (EPA, 1997a), is exposed to surface 

water and sediment. An AX: for sediment of 0.24 mg/cm2 @PA, 1997a) is estimated for the 

hands and arms using the same method as described for the groundskeeper e x p o m  to soil, 
using b for mutmction workers, utility workers, and equipment operators. 

3. f.3.3 On-Site Resident . 

The on-site resident scenario was mated to evaluate the upper bound for exposure to d h c e  

water, sediment, and soil under the firture land-use scenario. The resident was assumed to be 

exposed to total s+ and s u b s ~ k e  soil because residential development of the site would 
involve excavation and grading, which would mix surfhw an8 s u b s h e  soii. Relevant 
pathways for soil exposure include incidental ingestion, dermal contact, and W a t i o n  of VOC 
vapors and dust. For evaluating inhalation expmre to dust, it is assumed that 80 pacent of the 
s d w e  is covered with pavement or vegetation. Malafion of VOCs released fiom subsurface 
soil and enbqped in indoor air is also evaluated. Zn the future, the resident m y  be exposed to 

groundwater developed as a source of potable water. Scenarios and pathways for expome to 

puntwater will be developed in the site-wide risk assessment when groundwater data become 
available. - 

Airborne concen~ofls of VOCs from soil are not evaluated separately h m  levels generated by 

the wind erosion madel because it is assumed tbat the topmost layer of soil, from which volatili- 
zation would be most significant, will remain relatively un-bed and that most VOCs would 
have dissipated by the time wnstrwtion is finished and occupation is established. 

The resident could have access to Ransom Brook and could be exposed to surface wter and 

sediment. Ransom Brook begins n o d  of TNTB. In the area of the site is a shallow irrtermttent 
stream generally without water during the waimer periods of the year during which wading or 
water play would be mare frequent It was assumed that the resident would visit the brook for 8 

hours per day, 2 days per week during the warmer half of the year (i.e., 52 days per year), during 
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which time he would be in contact with sediment. The resident was assumed to wade far 3 hours 

per day on 52 days per year, exposing his feet, lower legs, hands and forearms, or appmxhrrtely 
30 percent of his body d a c e  area to surface water @,PA, 1997a). Plausible exposure pathways 

include dermal contact with s m k e  water, inhalation of VOC vapors released h m  surf& 

water, and incidental ingestion and dermal contact with sediment. IncidentaI ingestion of surface 

water in a wading scenario was assumed to be negligible. 

Inhalation of VOC emissions from &e water is also possible, but the Iarge volume of outdoor 
air and mtud air m e t s  are expected to dilute airborne concentrations so tbart this &way is 
expected to less siwcant than dermal contact, hwich is quantXed. For these reasons, 
inhalation of VOC emissions h m  s m h c e  water is not qwmtiiied separately h m  dermal 
contact. 

The on-site residential scenario was evaluated using both adults and children. Cancer risk was 
estimated as the sum of the risks calculated for the adult and the child. The child was used for 
the noncancer evddon. This approach captures the greater conservatism of the larger 
incidental soil and sediment ingestion rates for the child, when normzthd for BW. 

The adult resident was assumed to be a 70-kilogram person with an incidental soil/sediment 
ingestion rate of 100 mg/day and an inhalation rate of 20 cubic meters per day (m3/day) (0.83 
m3/hour) @PA, 1991). Approxhmtely 30 percent of his total body SA, or 5,450 c d ,  was 

assumed to be exposed to s d k e  water while wading @PA, 1992b). Body SA exposed to soil 
or sediment was assumed to be 25 m t  of total SA, or a p p x o ~ l y  4,550 cm2 @PA, - 
1992b). The adult resident was assumed to be exposed to soil 350 days  per year for 24 years 

@PA, 1991,1999). 

The resident chiid was assumed to be a 1- through 6 year-old with an average BW of 15 

kilograms, a soil/*mt ingestion rate of 200 mg/day, and an inhalation rate of 10 m3/day 
(0.42 m3hour) @PA, 1999). Approximately 30 percent of total body SA or a100 cm2 was 
assumed to be exposed to d a c e  water while wading @PA, 19Zb). Body SA exposed to soil 
or sediment was assumed to be 25 percent of total SA, or approximately 1,750 cm2 @PA, 

1992b). The child receptor was assumed to be exposed to soil for 350 days per year for 6 years. 

m4567/456m.-qf i  am) 
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EPA (1 989a) permits the deve1opment of a -on to reflect the propdon of total daily 
exposure that a receptor obtains h m  potentially contamhkd medium. In this scenario, the FI 
was used to apportion the resident's time of exposure between site soil and sediment. It was 
assumed that the resident spends 16 how per day awake and potentidy exposed to soil or 
sediment. As previousIy noted, 350 days per year are available for contact with mil; 52 of those 

days are also available for contact with sediment. It was assumed that contact with soil and 

sediment does not occur simdtsneow1y; i.e., on those days when the resident spends time & the 

brook, 8 hours would be spent in contact with surface soil and 8 hours would be spent in contact 

with sediment. The fraction of exposure to soil, therefore, is 16 h o d 1 6  hours = 1 on the 298 

days without time spent at the brook, and 8 hourdl6 hours = 0.5 on the 52 days with some time 

spent at the brook. An overall weighted W o n  of 0.93 (rounded to 0.9) is estimated for 
exposure to soil. An o v d  weighted W o n  of 0.07 (rounded to 0.1) is estimated for exposure 

to sediment. 

The inhalation rate of the adult resident, 20 m3/day, is multiplied by 16.4 hous/24 hours per day 

to mtimate a daily indoor inhafation rate of 13.7 m3/day. An indoor inhalation rate of 6.8 m3/day 

is estimated in the same manner for the child resident. 

An avaage soil and sediment AF of 0.2 @cm2 @PA, 1992b) was used in this evaluation 

3.1.3.4 Indoor Worker 
This receptor scenario is created to evaluate exposure to indoor airborne VUCs entrapped in a 

building. VOCs released from subsmtke soil or shallow groundwater may enter a building 
through join.or aads in the foundation or dab. The indoor worker is also potdally exposed 

to fllrface soil via incidental ingestion. Dermal exposure, although plausible, is expected to be 
fm less simcant than incidental ingestion and is not quantified sepamtely. In the the, the 
indoor worker may be exposed to groundwater developed as a source of potable water. 

S c d o s  and pathways for exposure to groundwater will be developed in the site-wide RA when 
groundwater data become available. 

The indm worker is assumed to be a 70-kilogram adult who works 8 hours per day, 

appmximately 5 days per week year-round on the site for a total of 250 days per year for 25 years 

@PA, 1991). His soil incidental ingestion rate is assumed to be 50 mglday, and his inhalation 
rate is assumed to be 20 m3/8-hour workday. 
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3.f.3,5 Other Receptors lVof Considered 
Other plausible site workers include office workers and delivery personuel. These workers, 
howeyer, would be less intensively exposed to soil thaa the groundskeeper; 'therefore, their 

exposures were not evaluated. TNTB could become part of the area used for National Ouard 

trahhg activities. National Guard trainees, however, would be less exposed to any of the 
potentidly con tam%&d media than the previously described receptors and their exposures were 
not evaluated. Parts of PBOW are used for fishing and hunting. F b m m  Brook, howevex, is a 

shallow intermittent siream in the vicinity of TNTB and will not support sport fiishing. Also, 
TNTB is in an active industrial area that is not hunted and does not provide favorable habitat for 
game animals. Furthermore, IT'S experience has been that the game ingestion pathway generally 

is insignificant for contaminants other than the polychlorinated dibeflzo-p-dioxinldibe~lzofuran, 

and the previously described receptors would represent the upper bound for exposure to soil, 
mfhce water, and sediment For these reasons, a hunting s d o  was not evaluated. Much of 

the land around PBOW is used for agriculture, and it is possible that areas of PBOW could be 
famed in the future. Tbe areas around TNTB, however, are not ideally suited for agriculture. 

Also, experience has shown that ingestion of home-grown grains, fruits, meat, poultry, eggs, or 

milk is g e n d y  insignificant compared with direct exposure pathways, except for 

polychlorinated d i b e n z o - p - d i o x i n l d i ~ ~ ;  therefore, indirect food-chain exposures were 

not evaluated. 

The last receptor considered was a trespasser or site visitor who would use the site for recreatioa 

This scenario, however, is not plausible under the current siwuse scenario, because the facility is - 
fenced and patrolled. The site visitor scenario is plausible under the future site-use scenario (the 

fence and patrols may be removed in the future), but the resident would represent the upper 

bound on exposure, and evaluation of a site visitor is not necessary. 

3.2 QuanMcation of ExposurePoint Concentrations 
The exposure-point concentrdons of COPC for direct expsure pathways for soil, d h c e  water, 
and sediment were the some-term concentrations estimated as described in Section 22. 

ExposumPoinf Concenhtions in Air. No VOCs were identified as COPCs in soil (Table 

2-1 b u g h  2-5)- Therefore, calculations of COPC concentrations in outdoor air were confEned 

to esthmhg airborne dust concentrations. As noted above, there is concem for inhalation 

K N I # 6 7 E 4 J 6 7 E T m r ~ : 0 5  am) 
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exposure to VOCs that v o ~ ~  h m  subsurface soil and become entrapped in a building. This 
is a plausible exposure s c d o  for tbe iadoor worker and the on-site resident 

COPC Concentraflans mrn Dust. Inhalation exposure to pmticulate (dust) emissions &om 
soils f i r  the groundskeeper and construdon worker evaluations arise fiom activities that raise 
dust. Therefore, the most appropriate approach to estimating chemical concentrations in ambient 
air is the use of an activity-based dust loading q d o n  (U.S. Department of Energy [DOE], 
1989): 

where: 

C, = contaminant concentdon in air (mg/m3, calculated) 
D = dust loading factor (grams [g] of soivm3 of aifl 
C, = con taminant concenkation in soil (milligrams per kilogram fmgkg]) 
CF2 = conversion factor (lE-3 kglg). 

Plausible values for. D include 2E-4 grams per cubic meter (g/m3) for agricultural activity (DOE, 
1989), 6E4 dm3 for construction work (DOE, 1983), and 1E-4 dm3 for other activity (National 

Council on Radiation Protection and Measurements, 1984). The value for D of 1E-4 g/m3 for 
other activity was used for the groundskeqm. It wasmsurned that construction activities 
requiring intimate contact with sail, for which D = 6E4 dm3 is appropriate, would last for one- 
half of a cons?mction period The mmhhg one-half of the t h e  is more realistically 
chat.acterized by D = 1E-4 dm3; therefore, a timeweighted average dust loading factor for 
construction work of 3.5E-4 dm3 was estimated for the construction work.  

The resident is more likely to be exposed to dust h m  wind erosion rather than h m  dust- 

raising ~ t i v i t i s  on the site. EPA (1996) derived a model for estimating a dust particulate 

emission factor based on an "unlimited reservoirn model and the assumption that the source area 

is square: 

PEF = Q/C - 3600 

0.036 *(I -~)*(U~/U>'*F(X) 
. Eq. 3.2 
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PEF = particulate emission fkctor (m3/kg, ddated)  
QIC = inverse of the mean concentration at center of square source (43 -08 dm2- 

second per Wm3, site-specific value h m  Table 3 in EPA, 1996 [Zone 7, 
Cleveland, 304cre site]) 

3600 = secondshorn 
V = hction of &e covered with vegetation (0.8, unitless, assumed) 
Urn = mean annual wind speed (default, 4.69 dsemnd) 
U, = equivalent threshold value of wind speed at 7 m (default, I 1.32 misecond) 
F(x) = function dependent on Uf l t  (dehult, 0.194). 

The concentmtion of COPC in air is calculated as follows: 

Eq. 3.3 

C, = contaminant concentration in air (mg/m3) 
C, = contaminant c u n ~ o n  insoil (m&) . 

PEF = partidate emission fktor (m3/kg), 

COPC Concenfrations in Indoor Air. The RBSCs applied to subsurface soil for COPC 
sel&tion do not address this pathway; merefore, an EPA (199%) modification of the Jobson 
and Ettinger model is used to eslimate airborne concentrations in indoor air. 

- 

Estimating indaor airborne concentrations k m  subsurface soil carz be considered to consist of 
thee separate steps: 

Estimating VOC concentration in. soil gas at source of contamhation ( C a  

Estimating an attenuation coefficient that captures the decline in VOC 

c o m n ~ o n  between soil gas at the source and indoor air (a) 

Combining C,, and a to estimate VOC concentration in indoor air in the building 

(CbaildEJ. ' 
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An "infinite source" assumption is selected to maintain consistency with the EPA (1996) 
methodology for particulate emission Mar, and to impart a cons&ve bias to the evaluation. 

It is assumed .that both the source of VOC contamhation in subsurfk soil and the foundation of 
the building are located above the  ground^ sattlrPrtion m e .  It is also assumed that VOC 
cmtmbti.otl in soil does not exist in a nonaqueous phase. Because of the strongly conservative 
bias impartad by the W t e  some assumption, average values are selected for model variables, 
when possible, if site-specific data are not available. Default dues are taken preferentially from 

EPA (1 996) to maintain wnsistency with the other models described in Section 3.2.1, then fiom 

EPA (1997b). 

The h - t  step in estimathg indoor VOC concentrations in air is to relate the concentration of 
VOC in soil gas at the source of contamination to the concentration of VOC in soil, as follows: 

Eq. 3.4 

where: 

c- = VOC concentration in soil gas at source of contamination (g/cm3) 

H' = dimeasionless Henry's law constant (chemical-specific, may be estimated as 
H 41 P A ,  19963) 

- 
B = Henry's law constant (atmosphere-m3/mole, chemical-specific) 

cs - con tmhant concentration in soil ( m a g )  

pb = dry soil bull( density (1.5 g l c d ,  default EPA, 19961, or site-specific) 

CF = conversion factor (1P kglmg) 

0, = water-filled soil porosity (0.15 default [EPA, 19%], or site 
specific) 

K, = soil-water partition coefficierrt (cm3/g, chemical-specific, may be Mthnated 
~L0f0J 

K, = soil organic carbon-water partition coefficient (cm'/g, chemical-specific) 
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7 = organic carbon content of soil (0.006 glg, d&dt P A ,  19961, or sib- 
spec==) 

0, = air-Wed sail porosity (0.28 unitless, default pP& 19461, or site-specific 
estim;rted as n-0,) 

n = total soil porosity (0.43 unitless, default FPA, 19961, or site-specSc 
estimated as 1 -[pdpj). 

The next step in estimating indm VOC concenmtions in air is the esthation of an attenuation 
coefficient that reflects the phenomena that reduce concentration in air between the source and 
the iutexior of the building. Because of the many phenomena involved, it is helpful to break this 
step into several smaller segments. 

Diffusion is probably the most important phenomenon involved in the transport of VOC vapors 

fiom source to building. The EPA (1997b) modification of the Jahnson and Ettinger model 
provides for multiple layers; i.e., difkmt soil types, each of which would have its own physical 

properties thzt affect diffusion, between the contaminant source and the foundation of the., 

building. For the purposes of this evaluation, it is simplistically assumed that only one soil type 
- the predomhmt soil type in the area - intervenes between source and building foundation. 

The equation for effsctive diffusivity through the soil between the source and the building 

foundation is given as: 

D'" = D,(O? In2) t (D, / H ' ) ( O ; ~ ~  /n2) Eq. 3.5 

where: 

= effective diffusion coefficient across soil (cm2/second, calculated) 

I3 = difkivity in air (cm2/second, chemical specific) 

0, = air-16Ue-d soil porosity (0.28 Zmitless, default @PA,. 19961, or sitespeczc 
estiEated as n-0,) 

n = total soil porosity (0.43 unitless, default P A ,  19961, or site-specific 
= I-tpd~J) 

D = diffiivity in water (crn2/second, chemical specific) 
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H' = dimexlsionless Henry's law constant (chemical-specific, may be estimated as 
H 41 @PA, 19961) 

8, = water-filed soil porosity (0.15 L d d ,  defkuIt FPA, 19961, or s i t e  
specific). 

The equation far the m u t i o n  coefficient is given as: 

Eq. 3.6 

a = attenuation coefficient (unitless, calculated) 

D"ff = effective diffusion coefficient across soil (m2/second) 

A, = area of enclosed space below grade (1.51E+6 cm2, see below) 

building ventilation rate (4.61E+4 cm3/sec, see below) 

L, = distance frcrm source to building (150 cm, apprcximately 5 ft, please see 
Section 1.3.2.3.2, Volume I) 

Q, = flow mte of soil gas into enclosed space (cm2/second, see below) 

L,, = foundation or slab thickness (15 cm, default PPA, 1997bJ) 

D"k = effective &ion coeficient through cracks (cm21second, assumed to be 
equivalent to P A ,  1 997b1) 

= area of total cracks (492 cm2, see below). 
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No buildings are currently present on site h m  which to h a t e  several of the parameters 
required for Equation 3-4. However, some of the building c h ~ s t i c s  can be estimated from 

data provided for the potable-water-&air volatikation model in Section 3 -2.1, EPA (1 997a) 
reviewed several studies of the volumes of houses and recommends 369 m3'as a central estimate 

of the volume of a house. Assuming tbe house has 8-foot (2.44 meters) ceilings and exists on 
one level, an area of 1 5 1.3 square meters, equivalent to 1.5 1E+6 cm2, can be estimated as an 

upper bound on the area below grade. 

An average building ventilation rate of 3,984 &/day was estimated for a home @PA, 1997b), 
which is equivalent to 4.61E-M cm3/sec0nd. 

EPA (1997b) assumes that the only- crack available for the entry of soil gas is a 0.1-centimeters- 

wide gap at the interface of the floor and foundation As noted above, it is assumed that the area 

of the basement floor is 151.3 square meters. Assuming that the house is square, the length of 
one side would be 12.3 meters, and the total length of the wall would be 49.2 meters (4,920 
centime-). Therefore, the area of the crack would be 492 square meters. 

The ,quation for the flow rate of soil gas into enclosed space is: 

Eq. 3.7 

= flow rate of soil gas into enclosed space (cxn2fsecond, &dated) 

AP = pressure differential between soil s&e and encIosed space (20 g/cm- 
second? 

4 = sail vapor permeability (ud, see below) 

& = floor-wall seam meter (4,920 cm, see above) 

Cr = viscosity of air (1.83E+5 g/m-second P A ,  1992el) 

= crack depth below grade (108 cm, see below) 

KN/4S67/4~~WPMfM8-0(8:0 5 am) 3-15 
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r- = equivalent crack radius (0.1 cm, see below). 

Data were not located from which to e h t e  the crack depth below grade. Presumably, 
however, houses or other buildings may be buiIt on slabs or on full foundations. EPA (1997b) 
provides default depths of 15 centimters for buildings on slabs and 200 cm for buildings on 
foundations. The average, 108 centimeters, is chosen for this evaluation. 

Equation 3-7 assumes that vapor tmqort  occurs solel; by pressure-driven air flow to an 

idealid cylinder buried some distance (Z& below grade. The length of the cylinder is 
assumed to be equal to Therefa, the equivalent crack radius can be estimated as follows: 

Eq. 3.8 

r- = equivalent crack radius (an, calculaled) 
rl = U A B  

= area of total cracks (492 cm2, see above) 
A, = area of enclosed space below grade (1.5 1E+6 cm2, see abbve) 
& = floor-wall seam perimeter (4,920 cm, see above). 

From the foregoing, a value of 0.1 centimeter is estimated for re 

Sail vapor permeability is a very sensitive parameter associated with convective transport of 
vapors within the zone of influence ofa building @PA, 199%). It can be estimated as the 

product of soil intrinsic p e m e a b i i  and the relative air permeability at the estimated water- 

filled soil porosity (8,). Soil intrinsic permeability is estimated as follows: 

where: 

~ r u 4 % 7 1 4 m . ~ 8 ~  -1 

. Eq. 3.9 
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= soil intrinsic permeability (cd, calculated) 
K, = soil saturation hydraulic conductivity (6.9455 adsecond, see below) 

= dynamic viscosity of water (0.01307 glcm-second [EP& 199TbJ) 
PW = density of water (0.999 g/cm2, FPA, 1997b 1) 
g = acce ldon  due to gravity (980.665 cm/second2 FPA, 1997b3). 

Soil wtudon hydraulic conductivity is related to soil texture. ' Section 1.3.2.2 of Volume I 
states that the overburden at lTdTB consists predominately of sat overlying silty clay. Table 4 of 
EPA (1 997b) provides an approximate value for K, of 0.25 centimenters per hour for si16 which 
is equivalent to 6.94E-5 centimetem per second. 

Relative air permeability is estimated as follows: 

Eq. 3.10 

where: 

k, = relative air permeability (positive unitless value, calculated) 
S, = effective total fluid s a ~ o n  (unitless, see below) 
M = van Genuchten shape parameter (0.270 unitless, see. below). 

Section 1.3.2.2 of Volume I states that the overburden at TNTB consists predominately of silt 
overlying silty clay. Table 2 of P A  (1997b) provides a van Genuchten shape parameter of 

0.270 for silt,-which is used in this evaluation. S, is calculated as follows: 

Eq. 3.1 1 

where: 

s, = effective. total fluid saturation (witless, calculated) 

0, = water-filled soil porosity (0.15 L,,fid,, de&ult EPA, 19961, or site- 

s @ ~ )  

K N l 4 5 6 7 / 4 5 6 7 T X L v : O 5  am) 
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8, = soil water content (0.034 cm%rn3, see belowtaken from Table 2 of EPA 
Cl997bl) 

n = total soil porosity (0.43 witless, default [EPA, 19961, or site-specific 
estimated as 1 -[pdpJ). 

The soil water content (0,) of 0.034 cm3/m3 was the valued provided by EPA (199%) for silt. 

Soil vapor pameability is estimated as follows: 

k,' = (ki)(k, ) Eq. 3.12 

where: 

k, = soil vapor permeability (a2, calculated) 
k, = soil intrinsic permeability (a2) 
k, = relative air permeability (unitless). 

The foregoing pennit calculation of the attenuation coefficient, which, in turn @ts calcdation 
of the concentration of the VOC in indoor air in the building, as follows: 

Eq. 3.13 

where: 
- 

= VOC concentration ia indoor air in the building (mg/m3, calculated) 
a = attenuation coefficient (unitless) 
CF, = conversion factor (1E+9 mg-un3/g-m3) 
c- = VOC concentration in soil gas at source of c o e o n  (ghn3). 

3.3 Quantification of Chemical Intake 
This &on describes the models used to quantify doses or intakes of the COPC by the i d d d  
exposure pathways. Models were taken or m-ed fiom EPA (1989a) unless otherwise 

indicated. 
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3.3.11 inhalation of COPC in Air 
The following equation was used to estimate the W e d  dose of COPC in air. The equation was 

applied to exposures of the groundskeeper, construction worker, and residents by inhalaton of 

dust h m  soil. 

where: 

Eq. 3.14 

I, = inhaled dose of COPC (m&-day, calculated) 
C, = c o n c ~ t i o n  of COPC in air (mg/m3) 
F& = fraction of  exposure attributed to site media (unitless) 

= inhalation rate (muday) 
EF = exposure fkquency (dayslyear) 
ED = mposureduration(years) 
BW = body weight (kg) 
AT = averaging time (days). 

3.3.2 incidenfai Ingestion of COPC tn Soil 
The ingested dose of COPC in soil to gromdskeepm, construction worker, and resident receptors 

was estimated from the equation: 

I, = ingested dose of COPC in soil (mgkg-day, calculated) 
C, = concentration of COPC in sail (M&) 
FL = -on of exposure attributed to site soil (unitless) 

= ingestion rate of s d  (mg/day) 
EF = exposure kqueflcy (dayslyear) 
ED = exposureduration (years) 
CF4 = conversion factor (1E-6 kg/=) 
BW = body weight (kg) 
AT = averaging time (days). 

Eq. 3.15 
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3.3.3 Incidental Ingestfort of COPC in Sediment 
The ingested dose of COPC in sediment to adult residents and children were estimated from the 

equation: 

Eq. 3.16 

where: 

= ingested dose of COPC in sediment (mgkgday, calculated) 
= cancentration of COPC in sediment ( m a g )  
= fraction of exposure attributed to site sediment (unitless) 
= ingestion rate of sediment (@day) 
= exposure frequency (dayslyear) 

ED = expos~d&on (yean) 
CF4 = conversian factor (1E-6 Wmg) 
BW = body weight (kg] 
AT = averaging time (days). 

3.3.4 Demal Contact widh COPC in Soil, Sediment, or Water 
Unlike the methodoIogies for estimating inhaled or ingested dose of COPC, which quantify the 
dose presented to the barrier membrane (the pulmonary or gastrointestinal mucosa, respectively), 
dermal dose is estimated as the dose that crosses the skin and is systemically absorbed For this 
reason, d d  toxicity values are also based on absorbed dose. The absorbed dose of COPC was 

estimated fiom - the equation @PA, 1992b): 

DAD = (DA)ISA 1 W w D )  
(B WIA TI 

where: 

DAD = average M y  absorbed dose of COPC (mgkg-day, calculated) 
DA = dose a b m W  per unit body h e  area per day (mg/cm2day) 
SA = S A ,  for soil, S%, for sediment, S& for surface water, SA, for ground- 

~,=slrrfacemeaoftheskinexposed(m~ 
EF = exposure kquency (dayslyear) 
ED = exposureduration(years) 
BW = body weight (kg) 
AT = averaging time (days). 
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Dose absorbed @A) is calculated differently for dermal uptake from soil or sediment than. k r n  
water. Dermal uptake of constituents from soil (gromdskeeper, comtmtion worker, msident) or 
sediment (resident) assumes that absorption is a hction of the W o n  of a d e d y  applied 
dose that is absorbed. It was calculated fbm the equation @PA, 1992b): 

where: 

DA = dose absorbed per unit body surface area per day (mg/cm2-day, calculated) 
C = C, for soil, C, for sediment, = concentration of COPC in medium ( d g )  
FT = FL for soil, FL, for sediment, = &tion of exposure attributed to site 

medium (unifl&s) 
CF4 = conversion k t o r  (1E-6 kglmg) 
AF = AF, for soil, AF, for sediment, = soil- or sediment-to-skin adherence factor 

(mrs,cm2-aay) 
ABS = absorption M o n  (unitless, chemical-specific). 

ABS values have been empirically determined for very few chemicals. EPA (1992b) discussed 

the available empirical data, as well as several predictive approaches for estimating ABS, but 
refhim from reco~~endjng any single approach. OEPA (1998) offers ABS default dues of 10 
percent (0.1) for organic chemicals and I percent (0.01) for inorganic chemicals, consistent with 

EPA (1999). These default values were used when empirical data are not available. Tfie ABS 
values for soil were wed dso for sediment 

m c a t i o d o f  dermal uptake of COX from s e e  water by a resident depends on a PC, 
which describes tbe rate of movement of a constituent from water across the dermal barrier to the 
systemic circulation @PA, 1992b). The equation for dermal uptake of chemicals h m  water is 
the same as the equation for d e d  uptake of chemicals from soil. DA for d m d  uptake h r n  
water was calculated from the following equation: 

DA = (C) (FI) (PC) (E  T) (CFS) 

where: 

Eq. 3.1'9 

DA = dose absorbed per unit body surface area per day (mg!cm2-day, calzrculated) 
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C = C, far surfsce water, C d o r  groundwater, = coneenimtion of COPC in water 
(mg/L) 

F1 = FI, for surfwe water, FI, for groundwater, = Man of exposure attributed 
fb site medium (unitless) 

PC = permeability coefficient (udhour) 

ET = ET, for &c water, ET, for gmmdwater, = h e  of exposure (howdday) 

CF5 = conversion factor (lE-3 Urn3). 
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Toxicity is d b e d  as the ability of a chemical to induce adverse effects in biological systems. 
The purpose of the toxicity assessment is twofold: 

Identify the cancer and nonmcer effects that may arise from exposure of humans 
to the COPC (hazard assessment). 

Provide an estimate of the quantitative relationship between the magnitude and 
duration of exposure and the probability or severity of adverse effects (dose- 
response assesment). 

The latter is accomplished by the derivation of cancer and noncancer toxicity v d w ,  as described 
in &e following sections. 

4.1 Cancer Evaluation 
A few chemicals are known, and many more are suspected, to be human carcinogens. The 
evaluation of the potential carcinogenicity of a chemical includes both a qualitative and a quantti- 

tative aspect @PA, f 986). The qualitative aspect is a weight-of-evidence evaluation ofthe likeli- 
hood that a chemical might induce cancer in humans. The EPA recognizes six weight-of- 
evidence group clas~catiom for carcinogenicity: 

Group A - Human Carcinogen: human data are sficimt to identify the chemical 
as a human catcinogen 

&up~l-Pn,bableHumanCarcinogen: humandataindicatethatacad 
association is credible, but alternative explanations cannot be dismissed 

Group B2 - Probable Humem Carcinogen: human data are ixlfllflFicient to support a 
causal association, but testing data in animals support a causal associdion 

Group C - Possible Human Carcinogen: human data are kdqwate or lackin& but 
animat data suggest a causal association, although the studies have deficiencies that 
limit h&pr&hon 

Group D - Mot Classifiable as to Hmm C m i n o g :  human and mind data 
are lacking or inadequate 

Group E - Evidence of Nommcinogenicity to Humans: human data are negative or 
lacking, and adequate animal data indicate no association with cancer. 

KN#67/45mXT.-fi am) 4- 1 



The toxicity value for carcinogenicity, called a cancer slope factor (SF), is an estimate of ' 
potency. Potency estimates are developed only for chemicals in Groups A, Bl, B2, and C, and 
only if the data am sacient The potency estimates are statistically derivkd h m  the dose- 

response curve from the best human or animal study or studies of the chemical. Although human 
data are often considexed to be more reliable than animal data because there is no need to 

extrapolate the results obtained in one species to another? most human studies haw one or more 

of the following limitations: 

The duration of exposure is usually considerably less than a lifetime. 

The concentration or dose of chemicaI to which the humans were exposed can be 
approximated only crudely, usually from historical data. 

Concurrent exposure to other chemicals frequently confouflds interpretation. 

Data regding other factors (tobacco, alcohol, illicit or medicinal drwg use, 
nutritional Wrs and dietary habits, heredity) are usually insufficient to eliminate 
confounding or quautify i t s  effect on the results. 

Most epidemiologic studies are occupational investigations of workers, which may 
not 8ccwate1y reflect the range of sensitivities of the general populatio~ 

Mast epidemiologic studies lack the statistical power (i.e., sample size) to detect a 
low, but chemical-related increased incidence of tumors. 

Most potency - &hates are derived from animal data, which present different limitations: 

It is necessary to extrapolate from results in anbuds to predict results in humans; 
usually done by eshat ing  an equivalent human dose h m  the m i d  dose. 

The range of sensitivities arising from genotypic and phenotypic diversity in the 
human population is not reflected in the animal models ordimdy used in cancer 
studies. 

The controlled wnditiom of toxicology studies do not reflect the diversity in diet, 
nutrition, habits, cult~re, life style, climate, age, and concurrent disease of t#e 
general population. 

Usually very high doses of chemical are used, which may alter normal biology, 
aeatbg a physiologically d c i d  state and iutroducing substantial m&ty 
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regarding the exbaplation to the lowdose range expeckid with environmental 
=P-- 

Individual studies vary in quality (e-g., duration of exposure, group size, scope of 
evaIuation, adequacy of control groups, appropriateness of dose m e ,  absence of 
concurrent disease, d c i e n t  long-term survival;to detect tumors with long 
induction or latency periods). 

The SF is usually expressed as "extra risk" per unit dose; that is, the additional risk above 

background in a population comcted for background incidence. It is calculated by the 
+on: 

= (Pc4 - P ( ~ ~ / C I  -pf09 Eq. 4.1 

where: 

SF = cancer slope factor (permgkg-day) 
pld) = the probability of cancer asso&ed with dose = I mg/kg-day 
p,, = the background probability of developing cancer at dose = 0 mg/kgday. 

The SF is expressed as risk per mglkg-day. In order to be appropriately conservative, the SF is 
usually the 95 percent upper bound on the slope of .the dose-response curve extrapolated h m  
high (experimental) doses to the low-dose range expected in environmental expo- scenarios. 

EPA (1986) assumes that there are no thresholds for carcinogenic expression; therefore, any 
expa- represents some qll&tifiablc risk. 

The oral SF isusually derived d h t l y  &om the apaimentai dose data, because oral dose is 
usually expressed as mg/kgday. When the test chemical was administaed in the di$ or drinking 

water, oral dose h t  must be estimated h m  data for the concexltrztion of the test chemical in the 
food or water, food or water intalre data, and BW data. 

The EPA (2000) Integrated Risk Infomation System expresses iabalation cancer potency as a 

unit risk factor based on concentration, or risk per microgram of chemical/m3 of ambient air. 
Becaw canner risk characterization requires a potency expressed as risk per mgkg-day, the unit 

risk factor must be conmkd to the mathematicd equivaIent of an inhalation cancer SF, or risk 
pa unit dose. Since the inhalation unit risk is based on continuous lifetime exposure of an aduh 
human (assumed to W e  20 m3 of &/day and to weigh 70 kilograms) the matbematid 
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conversion consists of multiplying the unit risk (per micxograms per cubic meter) 6y 70 
Zrilopms and by 1,000 m i c o r p m  per milligram, and dividing the result by 20 m3/day. 

4 2  Evaluation of Noncancer Effects 
Many chemicals, whetha or not associated with carcinogenicity, are associated with nonamino1 

genic effects. The evaluation of noncancer effects (EPA, 1989c) involves: 

Qualitative identilication of the adverse &ect(s) associated with the chemical., 
these may d i e  depending on the duration (e.g., acute or chronic) or route (e.g., 
oral or inhalation) of exposure 

Identification of the critical effect(s) fq each d d o n  of exposure (i.e., the first 
adverse & 4 s )  that OCCUIS as dose is increased) 

Estimation of the threshold dose for the critical effeMs) for each duration of 
expo- 

Development of an unceaajnty -, i.e., quantiiication of the mcerkhty 
assaciated with interspecies extrapolation, inkspecies miation in sensitivity, 
severity -of the critical eflkct, slope of the dose-response curve, and deficiencies in 
the data base, in regard to developing a d k n c e  dose @D) for human exposure 

I-cation of the target organ(s) for the critical effect@) for each route of 
exposure. 

These i n f o d o n  points are used to derive an exposure roub  and duration-spec& toxicity 
value called an RfD, expssed as m e - d a y ,  which is considered ta be the dose for humans, 
with U I I & ~  of an order of magnitude or greater, at which adverse eff- are not expected to 

occur. Mathematically, it is estimated as the ratio of the threshold dose to the uncertainty factor. 

Integrated Risk M o d o n  System @PA, 2000) and the Health EE&s Assessment Summay 

Tables P A ,  199%) express the inhalation mnmce~ reference value as a refemm 
concentration (RfC) in units of milligrams per cubic meter. Because noncancer risk 
-on requires a r e f m c e  value expressed as qkg-day, the RiC must be converted to 
an inhalation RD. Since the inhillation RfC is based on continuous exporn of an adult human 
(d to inhale 20 m3 of air/chy and to weigh 70 Idlo-), the mathematical conversion 
consists of multiplying the l2fC (mglm3) by 20 m3/day and dividing the d t  by 70 kilograms. 
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4 3  Tatget Organ Toxicity 
As a matter of science policy, EPA (1989a) assumes dose- and effect-additivity for noncasrci- 
nogenic effects, This assumption provides the justification for adding the kmd quotients (HQ) 
a HIS in the risk chamctahtion for noncancer effects resulting h m  expokre to multiple 

chemicals, pathways or media. EPA, however, acknowledges that adding all HQ or HI values 
may overestimate hazards, because the assumption of additivity is probably appropriate only fur 
h s e  chemicals that exert their toxicity by the same mechanism 

Mechanisms of toxicity data suffcient for predictmg additivity with a high level of confidence 
are available for very few chemicals. In the absence of such data, EPA (1989a) assumes that 

chemicals that act on the same target organ may do so by the same mechanism of toxicity, d e s s  

the data clearly indicate otherwise. That is, the target organ serves as a surrogate for mechanism 
of toxicity. When totaI HI for a l l  media for a receptor exceeds 1 due to the contributions of 
several chemicals, it may be appropriate to segregate the chemicals by mute of exposure and 
mechanism of toxicity (i.e., target organ) and estimate separate HI values for each. 

As a practical matter, since human environtned exposures are likely to involve mar- or sub 

threshold doses, the k g e t  organs chosen for a given chemical are the ones associated with the 

critical effects. Ifmore than one organ is affected at the threshold, the mare severely affected is 
chosen. Target organ is also selected on the basis of duration of exposure (i.e., the target o r p  

for chronic or subchronic expame to low or modmite doses is selected h e r  .than the target 

organ for acute exposure to high doses) and route of exposure. Because d a d  R£D values are 
derived from oral RfD values, the oral target organ is adopted as the d e d  target organ. For - 
some chemicals, no target organ is identified. This occurs when no adverse effects are obsenred 
or when adverse effects such as reduced longevity or p w t h  rate are not accompanied by 
recoghd organ- or system-specific functional or morphologic alteration. 

4.4 DetmaI Toxicify Vaiues 
Dtxmal RtDs and SFs are derived from the corresponding oral values, provided the& is no 
evidence to suggest that dermal exposure induces exposure route-specific effects that are nut 
appropriately modeled by d expome data h the derivation of a dermal RfD, the oral Ra) is 

multiplied by the gastrointestinal absorption factor (GAF), expressed as a decirnal M o n .  The 
resulting dermal Rill, therefore, is based on absorbed dose. The RfD based on absorbed dose is 
the appropriate value with which to compare a dermal dose, because dermal doses are expressed 
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as absorbed rather than exposure doses. The demd SF is derived by dividii the oral SF by the 
GAF. The oral SF is divided, rather than multiplied, by the GAF because SFs are expressed as 
recipmcd doses. 

4.5 Sources of Toxicity Inhnnation Used in the Risk Assessment 
Toxicity values were chosen using the following hierarchy: 

EPA's on-line IRIS database WA, 2000) containkg toxicity d u e s  that have 
undergone the most rigorous Agency review 

The Iatest version of the annual H d t h  Eff& hswment Summary Table, 
including a l l  supplements P A ,  1997~) 

Other EPA documents, memoranda, farmer Environmental Criteria and Assessment 
Office, or National Center for E n v i r o n m d  Assessment derivations for the 
Superfund Technical Support Center. 

All toxicity values, regardless of their source, were evaluated for appropriateness for use in RA 
(Table 4- 1). 

GAFs, used to derive dermal IUDs and SFs h m  the c o m n d i n g  oral toxicity values, were 
obtained from the following sources: 

Oltal absorption efficiency data compiled by the National Center for EnvironmentaI 
Assessment for the S u p e d i d  Health Risk T~chuical Support Center of the EPA 

Federal agency reviews of the empirical data, such as Agency for Toxic Substances 
and Disease Registry toxicological profiles and various EPA criteria documents 

Other pbl i ied reviews of the empirical data 

The primary literature. 

GAFs obtained from r e v i m  were compared to empirical (especially more recent) data, when 
possible, and were evaluated for suitability for use for deriving dermal toxicity values h m  oral 

toxicity values. The suitability of the GAF in- when the following similarities are present 
in the oral toxicokinetic study from which the GAF is derived and in the key toxicity study h m  

which the oral toxicity value is derived: 
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The same strain, sex, age, and species of test animd were used. 

The same chemical foxm (e.g., the same salt or complex of an inorganic elemmt or 
organic compound) was used. 

The same mode of administration (e.g., diet, drinking water or gavage vehicle) was 
used. 

Similar dose rates were used 

The most defensible GAF for each chemical was used in the M. When quantitative data are 
hsuBcient, a default GAF of 1 was used (OEPA, 1999). 

Toxicity profiles for the chemicals selected as COPC are provided in Appendix D. 
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5.0 Risk Characterfiation 

Risk characterization is the combination of the results of the exposure assessment and toxicity 
assessment to yield a quantitative expression of cancer risk or noncancex hazard for the exposed 

receptors. This quantitative expression is the probability of developing cancer, or a nonprobabi- 
listic comparison of estimated dose with a reference dose for noncancer effects. Quantitative 

estimies are developed for individual chemicals, exposure pa&ways, and exposure media for 

each receptar. The risk cham&xkdon is used to guide risk management decisions. 

&nerdy, the risk chamchzbtion followed the methodology prescribed by EPA (1 989a), as 

rnoWed by more recent inftormation and guidance. EPA methods are, appropiateIy, designed to 

be health-protective, and tend to ov'ereshate, rather thw underestimate, risk The risk results, 

however, are generally overly conservative, because risk charmaidon involves multiplication 
of the c o ~ t i s m s  built into the a h t i o n  of source-term and exposure-point concentrations, 
.the exposure (intake) estimzrtes and the toxicity dose-response assessments. 

Risk characterization is limited to those chemicals selected as COPC; i.e., present at 

concentrations that exceed RBSCs (Section 2.1.4). OEPA requires characterizing risk for all 
chemicals whose concentrations exceed their RBSCs, regardless of whether their concentrations 
are comparable to background. This approach, dthough consistent with EPA (1 989a), obscures 

the risk associated with background chemicals, and may ieave the mis-impression that the entire 

risk estimate is due to site-related activity. This potential misimpression is avoided by providing , 
three separate risk estimates: total site risk, which includes a l l  COPC identified; background risk, 
which includes the inorganic and organic COPC identified as natural or anthropagenic 
background; and site-related risk, which is limited to COPC not identified as background and 
presumed to be present as a result of former PBOW activity. Segregating risk estimates in this 
manner provides maximum useful information for site mauagement. 

5.f Carcinogenic E M &  of Chemicals 
The risk h m  exposure to potential chemical carcinogens is estimated as the probability of an 

individual deveIoping cancer over a lifetime, and is called the ILCR In the low-dose range, 
which would be expected fa most environmental exposum, cancer risk is estimated &m the 
following linear equation (IT& 1989a): 
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ILCR = (CDI) (SF) Eq. 5.1 , 

where: 

ILCR = incremental lifetime cancer risk, a unitless expression of the probability 
of developing cancer, djusted for background incidence, calculated 

CDI = chronic daily intake, averaged over 70 years (mglkg-day) 

SF = cancer slope factor (per mgfkg-day). 

The chronic daily intake term in Equation 5.1 is equivalent to the "I", "DAD", or "DA" tenns 
(intake or dose) in Equations 3.14 through 3.19, when these equations are evaluated for cancer 
intakes. 

As a matter of policy, EPA (1986) considers the carcinogenic potency of simultaneous exposure 

to low doses of carcinogenic chemicals to be additive, regardless of the chemical's mechanisms 
of toxicity or sites (organs of the body) of action. Cancer risk arising h m  simultaneous 

exposure by a given pathway to multiple chemicals is estimated h m  the following equation: 

Riskp =ILCRIcb ,) *rLCR(&az) * -.. ILCR ,ehem, Eq. 5.2 

where: 

Ri& = total pathway risk of cancer incidence, calculated 
ILCR(chemJ = individual chemical cancer risk. 

Cancer risk for a given receptor across pathways and across media is summed in the same 

manner. 

5.2 Noncancer B%&s of Chemicak 
The hszards h a t e d  with n o m c e r  effects of chemicals are evaluated by comparing an 

exposure lnnl or intake with an RfD. The HQ, d e l k d  as the ratio of intake to RfD, is estimated 

Eq. 5.3 
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where: 

HQ = hazard quotient ( M e s s ,  calculated) 

I = intake of chemical averaged over subchronic or cbronic exposure period 
Imglkgdy) 

The I tem in Equation 5.3 is equivalent to the "I", "DAD, or "DA" terms (intake or dose) in 
Equations 3-14 through 3.19, when these equations are evaluated for Doncancer intakes. 

Chemical noncancer h d s  are evaluated using chronic RfD values. This appach  is different 

from the probabilistic approach used to evaluate cancer risks. An HQ of 0.01 does not imply a 1 

in 100 chance of an adverse effect, but -indicates that the estimated intake is 100 times lower than 
the Rill. An HQ of unity indicates that the estimated intake equals the RfD. If the HQ is greater 

than unity, there may be cdncem for potential adverse health effects. 

In the case of simultmeous exposure of a receptor to several chemicals, an HI is calculated as the 

sum of the HQs by: 

Eq. 5.4 

where: 

HI - = hazard index (unitless, calculated) 
& = intake for the i~ toxicant 
lWi = reference dose for the i& toxicant. 

BHI for a given pathway exceeds 1, individual HI values may be calculated for each target 

organ. 

5.3 Risk Characterizababon Resub  and Discussion 
The results and discussion of the risk chmcterimtion for soil and sediment at tbe' TMB site are 

described in. the following subsections. The ILCR and HI are listed for each receptor in Tables 
5-1 through 5-11. 
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lLC!R, HQ, aad HI estimates ate smunded by considerable mmtainty; therefore, EPA (1989a) 

recommends that they be rounded to one significant figme for presentation in a RA. However, in 
order to facilitate review and to more accmtely estimate the contribution of individual 
chemicals and .exposure pathways to the totals, these estimates are presented in the risk tables in 
scientific notation rounded to two places to the right of the decimal. Discussions in the text, 

however, follow the EPA (1989a) guidance and round the estimates to one significant figure. 

For example, Table 5-1 presents a total siterelated LCR for the groundskeeper summed across 

chemicals and exposure pathways of 1 . O W ,  slightly above the EPA (1 990) generally 
acceptable h i t  of 1E-4. In the text, however, the groundskeeper ILCR is rounded to 1E-4, and 
is considered to fall within the 1E-6 to lE4 risk management range requiring further evaluation. 

For this discussion, a siflcant contribution to cancer risk is defined as an LCR summed 

mss all  exposure pathways for a given source medim exceding 1E-6; a significant 
contribution to lxmrd is defined as an HI across all pathways for a source medium exceeding 
0.1. The COC were selected because of their cancm risk (cancer COC) or nuncancer hazard 

(noncaflcer COC). 

5.3.1 Groundskeeper 
ILCR and HI values for potential exposures of the groundskeeper to surface soil are shown in 
Table 5-1. Tbe total ILCR fi-om a11 exposure pathways MIS, within the 1E-6 to 1E-4 risk 
management range requiring M e r  evaluation. Comparison of total ILCR values calculated for 
total risk, background risk and site-related risk shows that siterelated risk is the predominant 
contributor to the total risk. That is, the predominant calculated risk is associated with COPCs 
associated with 'MTB operations (Table 5-1). 2,4,6=TNT and holm-1260 wntrib'ute the 

majority of the estimated cancer risk and benm(a)pyrene and d i ~ a , h ) m h n e  contribute 
dgniticant risk. Further examination shows that these risks are associated with oral ILCR and 

d e d  lLCR values indicating the importance of direct contact exposures in the RA (Table 5- 1). 

The ECR calculated for exposwe to Aroclor-1254 is not significsmt. 

The total HI from all exposure pathways exceeds the threshold value of 1 considered acceptable 

by the EPA (1990). Comparison of total HI value3 calculated for total risk, background risk and 
site-related risk indicates that the site-related risk is the ~~t contributor to the total HI 
and that 2,4,6-TITI' is the only significant contributor. The oral HQ and dermal HQ values both 
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exceed the acceptable HI vdue, M e r  indicating the importance of direct contact exposure 

pathways (Table 5-1). 

The COPCs in d a c e  poil thb contribute si@cantIy to cancer risk and nbncmcer hazard to 

the g r o u t z d s k ~  are: 2,4,6-TNT, Aroclor-1260, benm(a)pyrene, and dibenz(a,h)ankacene. 

53.2 indoor Worker 
lLCR and HI values for potential exposures of the indoor worker to surf& soil via incidental 
ingestion are shorn in Table 5-2. The total ILCR falls within the 1E-6 to 1E4 risk management 
range requiring further evaluation. Comparison of total ILCR d u e s  for total risk, background 

risk, and site-related risk shows that site-related risk is the predominant contributor to total risk. 

2,4,6-TNT contributes most, with si&cant contributions also from hclor-1260 and 
bem(a)pyrene. 

The total HI exceeds the threshold value of 1. Site-related risk is the predominant contributor to 

total HI; 2,4,6-TNT is the only sigdicmt contributor. The COPCs that contribute significantly 
to cancer risk and noncancer hazard to the indoor worker are: 2,4,6-TNT, Aroclor-1260 and 

b r n a > g m e .  

5.3.3 Construction Worker 
ILCR and HI values for potentid construction worker exposures to total soil are shown in Table 
5-3. The total ILCR from all exposure pathways is within the 1E-6 to 1 E-4 risk management 

range requiring further d u a t i o n  Comparison of total ILCR d u e s  calculated for total risk, 
background risk, and site-related risk shows that site-related risk is the predominant contributor 
to the total risk. That is, the predominant calcdated risk is associated with COPCs from TNTB 
operations (Table 5-3). 2,4,6-TNT is the predominant con~butor to site-related risk with 
significant cu11tributiox1s dso from 2,4-DNT and 2,6-DNT. ILCR values calculated for other 
COPCs are beIow the risk management range (Table 5-2). 

The total HI h m  all exposure pathways exceeds the threshold value of I. 2,4,6-TNT and its 
degradation products: 2amino-4,B-DNT and 4-amho-2,&11NT are the predominant 

contributors, with significant contributions also h m  2,4-DNT and 2,6-DNT. It should be noted 

tbat the HI summed across chemicals and, pathways for background risk exceeds the threshold of 

K N / 4 Z 4 7 1 4 5 6 T Z X T T Z X T v 9 5  am) 
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1, due predombndy to manganese, with significant contributions also from aluminum, arsenic, 

The COPCs in total soil that contribute significantly to cancer risk and noncancer hazard to the 

c o ~ c t i o n  worker are: 2,4,6-TNT, 2-amin0-4,6-DNT, 4-amino-2,6-DNT, 2,4-DNT, and 2,6- 

DNT. 

ECR and HI values for potential exposures of the coflstruction worker ta su&x water are 
shown in Table 5 4 .  All ILCR values are below the lE6 to 1E4 risk management range, and all 
HI values are below the theshold of 1. 

ECR and HI values for potential exposures of the constmction worker to sediment are shown in 
Table 5-5. All ILCR values are below the IE-6 to 1E-4 risk management range. The total HI 
exceeds the threshold of 1, due largely to iron, with significant contributions from arsenic and 
manganese as well. 

5.3.4 On-Site Resident 
ILCR and HI values for potential exposures of  future on-site residents to total surface and 
subsurfke soil are shown in Tables 5-6 and 5-7. 

The total LCR far potential exposures of a fidure on-site resident to total surfhce and subsurface 
soil h m  dl exposure pathways exceeds the 1E-6 to 1E-4 risk mmagernerrt range. Comparison 
of total ILCR values calculated for total risk, background risk, and siterelated risk shows that the 

c&dated risk is associaxed with COPCs fiom TNTB operations (Table 5 6 ) .  2,4- 

DNT, 2,6-DNT aad 2,4,6-TNT are the predominant contributors to site-related risk with 

signXcant contributions from Aroclor- 1254, hodor-1 260, bemzo(a)ankxme, benzo(a)- 

pyrene, bemo@)fluoran.ene, d i ~ a , h ) a n ~ e ,  and indeno(l,2,3d)pyrme. Further 
e d o n  shows that these risks m associated with oral TLCR and dermal ILCR values 

indicating the importance of direct contact exposures in the residential XCA. 

Ingestion and dermal contact mtes for children are greater than adwlts; therefore, noncanca 

hazards to firture residents were calculd only for potentid exposures to children. The resulting 
HI cerlculations are e x p d  to overestimate the HI for exposures to adults, and thus are conser- 

vative. The total HI calculated for potential exposures of children fiom all exposure pathways 

K l W 5 6 " / / 4 5 6 7 T X T T X T ~ 8 : 0 5  am) 5-6 
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exceeds the threshold value of 1 and the predominant contributors to the total HI are from 

COP& associated with TNTB operations (Table 5-7). The predominant COPCs are the five 

nitrommafic compounds (2-amino-4,6-DNT, 4-amino-2,6-DNT, 2,4-DNT, 2,6-DNT, and 2,4,6- 

TITI), with significant contributions h m  2-nitrotoluene and Aroclor-1254. 

It should be noted that the III summed across chemicals and pathways for background risk 
(Table 5-7) exceeds the threshold of 1, due predominantly to iron and manganese, with 
significant contributions also h m  arsenic, copper, and thallium. 

ILCR and HI values for potential exposures of future on-site. residents to surface water are shown 
in Tables 5-8 and 5-9, mpectively. All ILCR values (Table 5-8) are below the risk management 

range and dl I3I values are below the threshold of 1. 

ILCR and HI values calculated far exposures to sediment are shown in Tables 5-10 and 5-1 1. 

All site-related ILCR values calculated for potential exposures of adults and children are at the 

lower end of the 1E6 to 1E4 risk management range (Table 5-10). AU HI values calculated for 
potentid exposures of children (Table 5-1 1) are below the threshold HI value of 1. 

ECR and HI values calculated for p o t e n .  exposures of groundskeepers, construction workers, 
and future residents to COPCs in sail, surface water and sediment are s u m m a  in Table 5-12. 

5.4 Risk-Based Remediation Criteria Development 
RSRC development performed as part of the IL4 provides support for risk management 
decisions. RIkC  are si te-spdc RBCs that reflect the exposure and toxicity assumptions 

applied in the BLRA. Consequently, the RBRC are source medium-, receptor-, and chemical- 
specific. 

The f h t  step in RBRC development is selection of COC. Either of two conditions result in 
designation of a COPC as a COC: 

The concatration of the COPC exceeds its medium-specific ARAR, provided one 
is available. 

The COPC contribute signii5cantly to cancer risk or hazard as described below. 

W 4 5 6 7 1 4 5 6 m r r m r r ~ s o ( S : 0 5  em) 
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COCs based on cancer are selected for any medium for which the total ILCR (swnmed m s s  
chemicals and expo& pathways) exceeds 1E-6; COCs based on noncancer am selected for any 

medium for which the total HI (summed across chemicals and exposure pathways) exceeds 1. 

An individual COPC in that medium must have an ILCR (summed across exposure pathways) 
exceeding 1E-6 to be selected as a cancer-based COC. An individual COPC in that m d m  
must have an HI (summed across exposure pathways) exceeding 0.1 to be selected as a 

noncance-based COC. 

There are no GRARs for sail, surface water or sediment; therefore, only the risk-based conditions 
are d u a t e d  in COC selsction. 

RBRC are risk- or hazard-specific c o ~ t i o n s  of chemicals developed only for the COC in 
media selected by the criteria described above. In this RA, COCs were selected for exposures to 

surface soil (groundskeeper and indoor warder), total soil and sediment (construction worker and 
on-site resident). 

RBRC for cancer COC are estimated for soil or sediment from the following equation: 

ST,, TR 
RBRC- = 

rL=Rcoc 
Eq. 5.5 

where: 
+ 

RBRC, = risk-based remedial criterion for a given COC, receptor and source 
medium (caldated) 

~ X W  
= source-term concentration of the COC in the given medium 

TR = target risk level (1E-6, 1E5,1Ec4) 
I L C L  = total incremental lifetime cancer risk for a given COC, -tor and 

source medium. 

RBRC for noncancer COC are eshated as follows: 

ST, TWI 
RBRC- = 

IIIcoc 

where: 

m w s 7 / 4 s m . v 8 ~  am) 

Eq. 5.6 
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RBRC, = risk-based remedial criterion for a given COC, receptor and source 
medium (calculated) . 

ST, = source-term concentration of the COC in the given medium 

THT = target hamrd index (0.1,l) 

% = total hazard index for a given COC, receptor and source medium. 

All concentrations in Equations 5.5 and 5.6 are in units of mg/kg (ppm). 

5Af IdentFfication of COCs in Surface Soil 
COPCs in su&ce mil were identified in the RA for the groundskeeper (Section 5 -3.1). The 

following chemicals contributed significantly to site-specific risks or hazards (Table 5-1) and are 
therefore identified as COCs: 2,4,6-TNT, Araclor-1260, benzo(a)pyrene, and dibenz(a,h)- 
mthracme. RBSCs for these COCs are shown in Table 5-1 3. 

5.4.2 IdenWYcation of COCs in Total Soil 
COPCs in surfhe soil were identified for the indoor worker (Section 5.3.2). The following 
chemicals contributed significantly to site-spec5c rislcs or hazards (Table 5-2) and are therefore 
identified as COCs: 2,4,6-TNT, Aroclor-1260, and benzo(a)pyrene. RBSCs for these COCs are 
shown in Table 5- 14. 

COPCs in total soil were identified for the construction worker (Section 5.3.3). The following 

chemicals co&ibuted sigdicantly to sitespecific risks or k d s  (Table 5-3) and are therefore 

identified as COCs: 2,4,6-TNT, Aroclor-1260, and h (a )pyrene .  RBSCs for these COCs are 
shown in Table 5-1 5. 

COPCs in total soil were identified for the on-site resident (Section 5.3.4). The following 
chemicals contributed significantly to site-specific risks or hazards (Tables 5-6 and 5-7) and are 
therefore identifled as COCs: 2-amino, 4,6-DNT, 4-amino-2,6-DNT, 2,4-DNT, 2,6-DNT, 2- 

nitrotoluene, 2,4,6-TMT, Aroclor-1,254, &lor-1260, b ( a )  anthracene, benzo(a)pyrene,, 

benzo(b)fluoranthene, dibenz(a,h]anhcene, and indeno(l,2,3-cd)pyrene. RBSCs for these 

COCs are shown in Table 5-16. 

K W 4 5 6 7 1 4 5 6 7 T X T . ~ 8 9 5  am) 



PBOWRJTAmBBHZIRA 
RcvisiOJl No,: 1 

Date:AugustUKW] 

5.4.3 idenrncation of COCs in Suthce Water 
ILCR estimates summed across chemicals and exposure pathways fix su&tce water did not 
exceed 1E-6, the point of departure h risk management, for any receptor. HI estimates summed 
across chemicals and exposure pathways for surfsce water did not exceed the threshold vdue of 
1 far my receptor. Therefore, COCs were not identified and RBRCs were not developed for any 
chemicals in surface water. 

5.44 identification of COGS in Sediment 
COPCs in sediment were identified for the construction worker (Section 5.3.3). The following 
chemicals contributed significantly to site-specific risks or hazards (Table 5-5) and are therefore 

identified as COCs: arsenic, iron, and manganese. RBSCs for these COCs are shown in Table 5- 

17. 

COPCs in sediment were identified for the on-site resident (Section 5-3-41. The following 
chemicals contributed signifiicaatly to site-specific risks or hazards (Tables 5-10 and 5-1 1) and 

are therefore ident5ed as COCs: arsenic. RBSCs for this COC are shown in Table 5-18. 

IOu/4567/456~,~&0(8:05 am) 
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6.0 Uncertainty Analysis 

This chapter explores the u n m t i e s  inherent in the RA process. Uncertainty is a factor in 

each step of the data evalua?ion and exposure and toxicity assessments presented in the preceding 
sections. Uncertainties associated with ewlier stages of the M.become magnified when they are 
concentrated with other uncertainties in the latter stages. It is not possible to eliminate all 
uncertainty; however, a recognition of fhe uncertainties is fundamental to the understanding and 

reasomble use of the RA results. 

G e a d y ,  RAs carry two types of unmhhty. Measurement umertahty refers to the usual 

variance that 8ccompanies scientific measurements, e.g., instrument unmkhty (accuracy and 

precision) associated with conbmhmt concentmtions. The results of the IW reflect the 

accumulprted variances of the individual measured values. A different kind of uncertainty stems 

from data gaps, i.e., additional infomation needed to complete the database for the assessment. 

Often, the data gap is significant, such as imprecision regarding the number of days that an on- 
site resident might become exposed to s d c e  water in Ransom Bmk, or the absence of 

Mrmation on the effects of human exposure to a chemical @PA, 1992~). 

EPA (1 992c) guidance urges risk assessors to address or provide descriptions of individual risk 
to include the "high endn portions and "central tendency" (CT) of the risk distribution. One way 

of futfdling this request, if either cancer or noncancer risk exceed generally acceptable limits 

(cancer risk greater than 1E-5 or target organ-specific HI greater than I), is to recompute the 

ILCRs or HIS using CT values for as many intake model variables as possible. In contrast to the 
RME evaluation, which p r e v d s  in RAs, snd uses upper-end values for intake or contact rates, 
exposure frequency and exposure duration, the CT evaluation chooses average or mid-range 

values for these variables (EPA, 1991). The intent is to present a quantified riskmazard estimate 

more typical for the recep.tor of interest. 

The CT mcposun evaluation, however, falls short of its stated intent for s e v d  masons. First, 

the same someterm concentration is u d l y  wed for the CT evaluation as is used for the RME 
evaluation. EPA (1993) considers that the UCL or MDC selected as a mmative  estimate of 
average for the RME is appmpriate for the CT estimates. Second, there is little i n f o d o n  
available as to what constitutes a reliable CT estimate for most exposure variables, with the 

possible exception of a simple on-site residential scenario. For these reasons, RME values are 

w 4 ~ ( i 7 ~ 4 5 6 ~ . m s o ( 8 ~ s  am) 6- 1 
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still used. In addition, no CT toxicity values are available, except the SF for the Aroclm, so the 

tmderhhty about the toxicity assessment is not included A CT evaluation, therefore, usually 

provides little relief, compared with the RME, particulady for exposure scenarios such as the 

construction worker, for which no reliable estimation of most exposure variable values can be 
made. It should be stated that management decisions are gendly based on 3RME rafher than CT 
evduations. The CT evaluation, witbinthe described limitations, simply adds perspective 

regarding the of u n e t y  about the RME estimates. 

A Monte Carlo simulation can provide a comprehensive description of the uncertainty about an 
RMIE point estimate of risk or hanrd because it presents the risk as a collection of estimates 

with probability densities. In this RA, the distribution of nitmammatic compound concentrations 
in soil at the TNTB site presents a some of uncertainty that is not readily addressed by a Monte 
Carlo simulation. The soil samples evaluated were collected near the buildings where TNT 
manuhcturhg occwred, resulting in clusters of samples (this report, Vol. I, Figure 2-1). This 

sampling strategy war m m d y  designed to charscterze the expected areas of highest 
concentmtiions and therefore provides an estimate of the expectd greatest risk at the site. That 

is, the sampling strategy is consistent with an RME risk evaluation. A Monte Carlo simulation 
based on these soil data, however, m o t  describe risks at locations which were not sampled. 
Therefore, its use in this RA would also reflect the higher risk estimates without providing a 

further d e m e n t  of the overall uncertainty. 
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7.0 Summary and Conclusions 

An FL4 was performed to evaluate the potential risk to plausible receptors exposed to 

contamha& in various media at TNTB. The area was formerly used for the production of TNT 

and related explosives during earlier war efforts. It is  now under control of NASA. 

Media evaluated in this RA include surfkce sod, s u b d k e  soil, flxrface water and sediment. 

Certain receptors may also be exposed to shallow groundwater, or to'- (bedrock) groundwater 

developed as a source of potabfe water. However, p m h t e r  data are not available at the time 

of this writing (August 2000). Therefore, the RA must be considered incomplete, in that total 
risk across dl media cannot be assessed at this h e .  A final RA will be performed when the 

&rodwater become available, at which time the risks calculated herein for soil, surface water 

and sediment will be included to estimate total risk across dl media for all receptors. 

Receptor scenarios evaluated for this site include a groundskeeper, an indoor worker, a 

construdon worker and an on-site resident. These groundskeeper represents the upper-bound on 
long-term risk from exposure to soil for commerciaVindustria1 firhue development of the site, 
while the on-site resident represents the upper-bound on risk from expom to soil, mdke water 

and sedimmt for long-term uarestricted or residential exposure. The construction worker 

scenario provides the upper-bound on nonmcer hazard for shorter-tmn exposure to soil, surface 

water and sediment while the site is b e i i  developed. The potentid for subterranean vapors k r n  

 subs^ soil or shalfow groundwater trapped in indoor air to contribute to inhalation risk is 
evaluated for h e  indoor worker and the on-site resident. 

S e v d  classes of chemicals were identified in samples taken fiom the environmental media at 
TNTB. Surfke and subsurface soil yielded significant concentrations of metds, nitroaromatic 
compomdsy PCBs, and PAHs. The metals were shown to be present at levels consistent with 
background Although background ILCR estimates for all receptors fell within the 1E6 to 1E-4 

risk management range, and the backgmund HI for the construction worker exceeded the 

. threshold of 1, this cannot be attributed to site-related activity. The nitroaromatic compounds are 

clearly site-related; their presence is consistent with the production and purificstion of expIosives 
such as 2,4,6TNT. The greatest cancer risk and noncancer hazard is associated with 2,4,6-TNT, 
but other nitroaromatic compounds, probably degradation products of 2,4,6-TNT, also contribute 

significant risk. Highest concentrations of 2,4,6-TNT were located in surface soil, reflecting the 
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persistence of this compound on or near the surface. Nighest cotlceatmtiom of TNT degradation 

products were located in subfllrEace soii, suggesting that these products may be somewhat more 

mobile in sail. 

The some of the PCBs is unclear. PCBs are not generally associated with the production of 
nitroaromatic explosives, but their widespread o c ~ n c e  in 18 of28 surface soil samples 
simngly suggests they m site related at TNTB. 

PAHs are generally ubiquitous in the environment, readily forming from the combustion of 
organic mataid. Their presence in TNTB soils is not surprising, particularly if buildings or 
waste has been burned on the site. Higher concentrations are located in surface soil than in 
subsurface soil, because the PAHs are relatively immobile in soil. Background soil samples were 
not analyzed for P B ,  so a background data set could not be developed, and the PAHs must be 

regarded as site-rebd chemicals. Many of the PAH concentrations, however, fhlf within 

b8cmmd levels far urban soil as compiled by Agency for Toxic Substances and Disease 
Registry (1995). The PAHs in soil are significant wntributors to risk, yieiding ILCR estimates 

near the middle of the 1Ed to 1E4 risk management range for the on-site resident. 

Sllrfiace water is essentially clean; no COCs were idenaed for short-term (coflstrwtion worker) 

or long-term (on-site resident) exposure. Arsenic was idenaed as a cancer-based COC in 
sediment for the on-site resident, and arsenic, iron and manganese were identified as nmc811cer- 
based COCs in sediment for the c o ~ o n  worker. Background data were not available for 
sediment, so these metals were regarded as if they were site-related. Sedimd concentrations of 
arsenic, ho-, were consistmt with levels in background soil, suggesting that arsenic in 

sediment reflects background levels in the soil h m  which the sediment is derived. Furthermore, 

its ECR for the on-site resident is at the lower end ofthe risk management mge. 

h summary, the soils are cleatly contaminated with 2,4,6-TNT and othm nitroaromatic 

chemicals as a result of formex site operations. The nitroaromatics are associated with 

unacceptable cancer risk and noncancer bazard levels for either commerciaYindustrial or 

residential site use. f CBs and PAHs in soil also contribute si@cantly to cancer risk, although 
their ILCRs do not exceed the risk management range. The s* water is relatively clean and 
appears to pose no threat to plausible receptors. The sediment contains metals that contribute 
minimPrlly to cancer risk. Nonmm hazards fiom metals in sediment, however, exceed the 

W 4 5 6 7 1 4 5 6 f T X T . ~ ; O S  am) 7-2 



PBOW TNT Arca B BHHIu 
RwkionNo.: 1 

Date: August 2000 

tlrreshold of 1 far the constmtion worker. RBRCs were calculated for all site-related COCs in 
soil and sediment 
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Table 2-1 

S?at I Ih l  Summary and COPC Selsctlon d Surhce 8011 Sample Anaylses 
TNT A m  B, Plum Brook Ordnance Works, Sandusky, Ohio 

Page f 012 

Frequency Range of Range of Background Rlsk-Based Source 
of Oetected, Reporting Sletbtical Arithmetic 959Cb Screentng Sweenlng Term 

Chedml Name (III&Q) Oetedon Concentratha Limit8 Olstrlbuth Mean UCL CrHerian Criterion COPC? 'I' Conoentralion 
Inorganks 
Aluminum 28 / 28 3050 - 8400 21,8 - 26.5 N 5.52E+03 5.93E+03 2.69E+04 7.808+03 y tb) 5.D3E+03 
Arsenic 28 1 28 1.7 - 29.4 1.1 - 1.3 N 1 . I  5E+01 t.34E+01 7.10E+01 3,WE-02 y (b) f .34E+01 
Barium 27 1 28 24.1 - 112 21.8 - 20.5 N 6.04E+01 i.BOEi-03 6.40EiO2 N (a) -. 
Beryllium 15 1 2 8  0.01 - 0.87 0.54 - 0.80 NP 5.37E-01 laf7E+MJ l.M)E*Ol N (a) .. 
Cadmlum 4 1 28 0.63 - 1.3 0.64 - 2.9 NP 4.31E-01 3.70Ei-W N (4 .. 
Calcium 28 1 28 807 - 90900 544 - 2920 NP 8.98E+03 NtrMent (b) .. 
Chromium 28 / 28 8 - 20.5 1.t - 5.8 L I.lBE+Ol Z.W)E+Oi 2.10E4-01 g N (a) .- 
Cobalt 25 1 28 5.9 - 15.9 5,4 - 8.6 M 9.83E+00 2.48Ed-02 4.70E42 rd (a) - 
Copper 28 1 28 P.9 - 445 2.7 - 3.3 MP 4.49E+01 4.45E42 ' 1.47E-142 2.9OE+OZ y Ib) 4.45EM2 
Iron 28 1 28 7340 - 32800 10.0 13.2 M 1,8QE+O4 2. tOE+O4 3.58E45 2.30E+03 y (b) 2.1 O E M  
Lead 28 1 28 9.7 - 245 033 rn 0.4 L 5,25E+01 5.13E+01 4.00EM2 h N (a) -- 
Magneshm 27 1 28 6M - 9190 544 - 062 DJP 1.60E+03 Nutrient N (b) - 
Manganeee 28 1 28 24 - 604 1.6 2 N 2.33E+02 2.67E+02 3.51E+03 1.80E+02 y (b) 2.67E+02 
Mercury 24 1 28 0.038 - 0,13 0.038 - 0.044 N 5.91E-02 5.6OE-01 2.90E+00 N (a) - 
Nickel 28 / 28 6.5 - 56,3 4.4 - 5.3 L 2.90E+01 7.79E+01 1.60E+02 N la) - 
Potasslum 24 1 28 735 - I980 544 - 662 N 9.95E+02 Nutrlent r.4 @) - 
Selenlum 24 / 28 0.64 - 2.4 0.54 - 0.86 N 1.08E+00 2.00EtOO 3.90Et01 - 
Thallium 2 / 28 1.4 - 1.4 1.1 - 1.3 NP 6.57E-01 l.4OE+00 1.90E+00 5.10E-01 1 y (b) l.lOEM0 
Vanadlurn 5 124 8.2 - I S  5.8 - 8.8 NP 4.80E40 8.31 f +01 5.50EMl N (a) - 
Zinc 28 1 28 17.7 - 282 2.2 - 2.6 L 1.03E+02 5.22E+02 2.30Ei43 N (a) .- 
Nltmrromaliem 
2-Amind,&dlnlttotoluene 18 / 29 (27) 0.3 - 7.6 0.25 - 260 (6) NP I .SBE+OO 3.80E40 ] v (a). 9.80E+00 3.70E-01 I 
4-Amlw2,&dlnttrololuene 17 / 29 (27) 0.34 - 8.8 0,25 24M) (16) NP 2,WE+OO 4.16H0 j 3.7OE.01 1 4.16E+OO 
2,4-Dlnititrotduene 7 1 29 (27) 0- - 2.3 0.25 250 (5) NP 4.26E-01 2.35E+00 ) 7.20E.M I y ('I (a) 230E100 
2,6-Oirr i trotd~~~ 2 1 29 (27) 0.28 - 0.83 0.25 - 250 (5) HI' 2.81E-01 2.32E+00 i 730E42 k y (a) 8.3OE-01 
2,4 ,CTrh%ro!otuene 24 1 29 0.28 - 6900 0.25 - 250 NP 2.8fEtOZ 8.80€+03 1,60€400 y (a) 6.90i%U 
PCB8 
AroeIw 1254 6 l 28 0.12 - 0.53 0.0M - 7.2 NP 2.22E-01 3.6OE+00 2.20E-M y (a) , 6.30E.01 
Arockr I280 18 128 0.041 - 15 0.036 - 9.9 HP 7.22E-01 1.50E41 2.20E-02 , Y (a) t .50E+Oi 
Ssmlvotatlle Orgenica 
2-MeUylnapMhalene 6 1 2 8  0.053 0.17 0.38 - 2 NP 2.03E-01 i.20€&2 i (a) - 
4 , ~ 0 l n ~ 2 - m ~ l ~  .I 1 28 0.062 - 0.082 1.9 - 9.6 NP 1.07€*66 6.10E-01 i (a) - 
Acenaphthena 2 / 28 0.088 - 0.093 0.36 - 2 NP 2.lOE-01 3.70E+M N (4 - 
AcenapMhylene 3 / 28 0.075 - 0.38 0.36 - 2 NP 2.3SE-01 3.70EM 1 N (a) - 
Anthracene . 6 1 28 0.027 - 0.92 0.96 - 2 NP 2.43E-01 2.20E4.3 N (a) - 
0enzMa)anthraeene 16 128  0.04 - 2.4 0.30 2 NP 2.87E-01 2AOE40 6.20E-02 y (a) 2AOE+W 
0enzNa)pyrene 20 1 28 0.028 - 2 03% 2 NP 2.60E-01 2.00E+00 8.20E-03 y (a) 2.00E+00 
Benzo(b)fluorantlrme 19 1 28 0.037 - 1,8 0.36 2 PIP 2.67E.01 1.80E+OO 8.20E-02 y (a) 1.80E+00 
Benro(ghl)perylene 12 128 0.034 - 0.88 0.38 - 2 MP 2.28E-01 2,90E+02 1 N (a) -- 
Benzo(k)Rwrranthene 15 128  0.055 - 2 0.38 - 2 NP 2.88E-01 2.00E+00 6.20E-01 y (a) 2.00E+00 
Carbazole 2 1 28 0.2 - 0.25 0.36 - 2 NP 2.29E-01 2.4OE+OO N I@) - 
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Frequency Range of Range of Backgmund Rlsk-Based Swres 
of Detected I Reporting Slatlstloal Arithmetic 95% Soreenlng Screening Tenn 

Chemlcai Name (mglkg) Detection Conoentrations Lhnlts Dlstrlbutlon Mean UCL Crfterfon " Criterion COPC? Om' Cancentratton 
Chrysene 19 128 0,042 - 2.4 0.38 - 2 NP 2.9lE-01 6.20E+00 N (a) - 
Dlbenz(a,h)anthracene 4 1 28 0.032 - 0.55 0.36 - 2 NP 2.3BE-01 6.5OE-01 6.2OE-03 y (a) 6.50E-01 
Dlbenwfuran 2 1 28 0.13 - 0.18 0.36 - 2 NP 2.24E-01 2.00€+01 N (4 - 
Fluorrmthene 22 1 28 0.039 - 5 0.36 - 2 NP 4.80E-01 2.90E42 N (a) -- 
Fluorene 2 1 28 0.17 0.38 0.36 - 2 NP 2.32E-01 2.00Em (a) .. 
Indemt 1,2,3.od)pyrene 11 / 28 0.037 - 1 0.36 - 2 NP 2.39E-01 1.00E40 6.20E-02 y (a) 1 .OOE+Oo 
Naphthalene 3 / 28 0.041 - 0.073 0.M - 2 NP 2.12501 5.gOEMO N (a) .. 
Phenanthrene 14 1 28 0.045 - 9 0,38 - 2 NP 3.49E-01 2.30EM2 I N (a) *- 

Pyrene 20 1 28 0.037 - 3.8 0.M - 2 NP 3.65E-01 2,90E+O2 N (a) -- 
Volatile Organlca 
Acetone 1 116 0.01 - 0.01 0.023 - 0.026 .NP 1.21E-02 1.6OE+OZ N (a) 
Carban drultide 1 / 28 0.0022 - 0.0022 0.0054 - 0.0066 NP 2.99E-03 3.6OEM1 bJ (8) -. 
Ethylbmene 1 / 28 0.0017 - 0,0017 0.0054 - 0.0066 NP 2.WE-03 I. 50E+02 f4 (a) -. 
Toluene 1 1 2 5  0.01 1 - 0.01 1 0.0054 - 0.0068 NP 9.33E-03 5.QOE41 N (4 -. 
Total xylenes 1 / 28 o.OQ04 - 0.0084 0.0054 - 0.0008 NP 3.21E-03 I .ME42 N (a) ... 
Tdchloroethme 1 / 28 0.8018 - 0.0018 0.0054 - 0.0088 NP 2.98E-03 2.BOE-OI N (a) -- 
COPC - Chemical of Potential Concern; UCL - Upper Confldenca Limit 
L Oata are found to have Mmrrmal dbtflbution; N Data am kund to have normal dstrlbutlon; NP - Nonparmamettic; data are found to be eneHhsr normally nor lognormally dlatributed. 
rnglkg - milligram per klllogram 

Su* soil b defined by sarnplt~i taken fmm 0 to 1 loot below ground surface. 
* Method of eltimation based on stalidcal didbutlon (please see Section 5.2.2). 

?Lease see Table 24. 
ReddenHal Soll PRQr from EPA, 1999, 'Reglon 9 Prdminaw Rernediat~on Qoak (PROS), December 3,1999,' adiusted to reflect a m c e r  rfsk of 1 E-7 and a hazard index of 0.1. 
N - Chemteal fa not ohosen as a C O m  

(R) = W m u m  detectlon Is k than the Rlsk Based Scmning Concentratkn (RBSC). 
@) = essential nutrient. 
(G) = frequency of detection Is less than 5%. 

' Y = Chmkal IB choePen as COPC: 
(a) a m l m u m  detection Is greater than RBSC. 
(b) = Included In background rfsk oakulallon 

w d  on PRG for total chromium. 
Level in bare sol1 at or below whtch adverse effects are not expected in regularly exposed children (EPA, 1884. 'Gutdance on Residential CeadaBaeecI Paint, 
Lead-Contaminated Dust, and Lead-Contaminated Sol,* Memorandum from L.R. Goldman to reglonal directors, 14 July). 

'Calculated; reference Appendix B. 
Detection tlmfts from samples #I0820 and #lm were deleted when caloulatlng the mean and UCL lor thk compound, because the detectlon limits were elevated by dilution factors 
of 1000 and 100 times, respeclively, whl& greatly exceed the maximum detected oomentration and would btas the UCL unreallstlcal~ hfhlfi, Adjust4 frequency of detactbn and 
maximum detection lhita are shown h parehses. 
Rased on PRG for mlxed dinitrotoluene. 



Table 2-2 

Statldlcel Summary and COPC StleotIon of Subsurface Soll' Sample Analyses 
TNT Area B, Plum Brook Ordnance Works, Sandusky, Ohlo 

Page 1 of 2 
Frequency Range of Range of Baclrgmnd RlskBased Source 

d Detected Reporting Steftstical Arlthmetlo 95% Screening Screening Tern 
Chemical Name (rnwkg} Detection Concentrations Llmlts Distrlbutlon Mean UCL ' Criterion Criterion "OPC? Concentrath 
Inorganfa 
~lu&num 
Arsenlc 
Badurn 
Beryllium 
Cadmlum 
Calclum 
Chromium 
Cobalt 
copper 
Imn 
lead 
Magnesium 
Manganese 
Mercury 
Nlckel 
Potassium 
Selenlum 
Zinc 
Nltroaromatileri 
2-Amin~4+6-dlnltmtoluene 
4-Amlno-2.8-dhltrotoluane 
2,4-Dlnltrotoluene 
2,B-Dlnitrotoluene 
2-Nltrotoluene 
4-Nitrotoluene 
2,4,6-Trinlrotoluene 
PCB8 
Aroclor 1254 
Aroclor 1280 
Semlvohtile Organic8 
2-Methylnaphthalene 
4,6-Dlni~2-methylpheml 
Benzo(a)anthracena 
Benzo(a)pyrene 
Benzo(b)Buoranthena 
Benzo(k)flwranthene 

f l  / I f  
11 i I 1  
11 / I 1  
9 / 1 1  
I / I 1  

11 / 11 
I 1  Ill 
9 / I 1  

11 i 11 
11 / 11 
11 / I f  
11 111 
t l  ill 
7 / 1 1  

11 111 
10 / 11 
11 111 
11 / 11 

7 1  11 
6 / I 1  (9) 
7 t I 1  
3111 
1 / 1 1  
1 i l t  

10 i 13 

2111 
4111 

2 111 
1 / 1 1  
1 / 1 1  
I / I 1  
2 111 
1 ill 

L 
N 

NP 
L 
NP 
L 
L 
L 
N 
L 
NP 
L 

MP 
N 
N 
N 
t 

NP 

L 
L 
L 
L 

NP 
NP 
L 

NP 
PIP 

NP 
NP 
NP 
NP 
NP 
NP 

7.6OEN3 
3.80E-02 

y Ib) 
y (b) 

5.40E+02 
1.60E+01 

N (a) 
N (a) 

3.70Ea N (a) 
Nutrient N (b) 

2.1OE+Ol g Y @) 
4.70E+02 N (a) 
2.90€+02 N (a) 
2.30E+03 y (b) 
4.00Ei.02 h N {a) 
Nutrient N P) 

l.aOE*oz Y @) 
2.3OEM N (a) 
1.80E+02 N (a) 
Nutrlent N (b) 

3,90E+01 N (a) 
2.30E+03 N (a) 

3.7OE-01 I Y (a) 
3.70E-01 1 Y (a) 
7.20E.02 k Y (a) 
7.20E-02 k Y (a) 
3.90E+Ol y (a) 
3.70E+OI y (a) 
1.6OE+OO y (a) 

1.20E+02 I N (a) 
6.lOE-01 I N (a) 
6.2OE-02 N (a) 
6.2OE-03 y (a) 
6.2OE-02 N (a) 
8.2OE-01 r4 (4 

~ 4 S ~ 0 M 0  S Z $ ! a , ~ U b S  =PC Tbl em-a AM 



Table 2-2 

Satlstioal Summary and COPC Selection of Subsurface Sell a Sampte Alsalyses 
TMT Area 8, Plum Brook Ordnance Works, Sandusky, Ohlo 

Page 2 of 2 
Fmquency Range of Range of Background Risk-Based Source 

of Detected ' Rewttinrr Statlsttcal Arithmetic 95% Screenins Screening Term - - 
Chemical Name (mg(kg) Detection Concentrations urnit8 - Olsttibutlan Mean UCL * Criterion " Criterion COPC? ConcentratIan 
Chrvsene 1 / 1 1  0.11 -0.11 0.36 - 0.44 NP t -91 E-01 6.2OE+OO N (4 -- 
~ibenzofuran 
Fluoranthen8 
Naphthalene 
Phenanthrene 
Pyrene 
Volatile Organics 
2- Butanone 
Acetone 
Toluene 
Totd xylenes 

2.90E41 N (a) 
2.30E+02 N (a) 
5,60E+OO N (a) 
230E+02 1 N (a) 
2.30E+02 N (a) 

COPC - Chernbl of Potential Concern 
L Data are found to haw lognormal dbtributlon; N - Data are found to have normal dktdbution; NP - Nonparrnetric; data are found to be of neither normal or lognormal dlstdbution. 
UCL - Upper Confidence Llmit 
mgkg - mllllgrarn per killogram 

a Subsurface sol1 Is defined by samples takn from 1 to 10 feet below ground surface. 
Method of estimation based on statlstlcal distribution (ptease see Sectlon 5.2.2). 

a Please see Table 2-6. 
Residential Soll PRQs from EPA, 1999, 'Region Q Pretlminary Rernedlatlon Goals (PRGs), December 3,1999," adjusted to reflect a cancer rlsk of 1 E -7 and a hazard Index of 0.1. 
N = Chemical is not chosen as a COPC: 

(a) = maximum detedon Is less han the Risk Based Screening concentratlon (RBSC). 
@) = essential nutrient. 

' Y = Chemical b chosen as COPC: 
(a) = maximum detection is greater than RBSC. 
(b) = hcluded in background rlskcatculation 

Based on PRG for tatal chromium. 
"ewl in bare sol1 at or below wMch adverse effects are not expected In regularly exposed children (EPA, 1984, 'Guidance on Residential Lead-Based Paint, 

Lead-Contaminated Dust, and Lead-Contaminated Soll," Msrnor~ndurn from 1.R. Goldman to regional directors, 14 July). 
' Calculated; reference Appendkc 8. 
Detection llrntts from samples 10820 and 10630 were deleted when calculating the mean and UCL for thls compound, because the detectlon limlts were efsvated by dllutlon factors 
of 1OOO and 100 times, respecthreiy, which greatly exceed the maximum detected concentration and would bias the UCL unraalldcally high. Adjusted frequency of detectton and 
maxlmum detection l imb are shown in parentheses. 
' Based on PRG for mbted dinitrotoulene. 

KN/45Wflabls 24,2&kwBub8 COPC l'bl2.YsmKWLk48 AM 



Table 2-3 

Screening of VOCs from Subsurface Sol! in lndoor Air 
TNT Area B, Plum Brook Ordnance Works, Sandusky, Ohlo 

, VOG 
Chemical Concentration 

Concentration In Soil Gas 
In Soil CWW 

Chemical (m~/kg) (g/cm"> 
Volatile Organlcs 
PButanone 1 .SO€-02 2.27E-10 
Acetone 5.60E-01 8.48E-00 
Toluene 2.10E-02 . 2.74E-08 
Total xylenes 2.50E-03 3.1 6E-09 

Effective 
Diffusion Atienuatlon 

Coefficient Coeffictent 
D" 01 

(cm2/sec) (unitiess) 

VOC 
Concentration 
in Indoor Air 

In the Building 
(mg/m3) 

1.02E-06 
5.86E-05 
1.32E-04 
1.23E-05 

Risk-Based 
Screenin 
Criterion a 
(mg/m3) , CQPC? 

COPC = chemlcal of potential concern 
Ambient Air PRGs from EPA, 1989, "Region 9 Preliminary Remediation Goais (PRGs), December 3,1999," adjusted to reflect a cancer risk 
d 1 E-7 and a hazard index of 0.1. 



Table 2-4 

COPC Sekctbn of Total Soll' 
THT Area 3, Plum B m k  Ordnance Worlcs, Sandusky, Ohb 

Background Rtak-Based Source 
~ c r k n l n g  Screening Term 

Chemical Name ( m m )  I Crlterlon Cdterlon COPC? Concentration 
Inorcrank8 - 
Aluminum 2.69E44 7.60E43 y (b) 
Arsenic 7.1 OE+OI 3.90E-02 y (b) 
Chromium 2.90E+01 2.tOE41 e y @I 
Copper 1.47E- 2.90E+02 y @) 
Iron 3.58Ei-05 2.3OEM3 Y @I 
Manganese 3.51 E+03 1.80E42 y @) 
Thallium 1.3OE+OO 5.10E-01 r y It>) 
Nitwaromatice 
2-Amino-4,6-dlnltrotoluene 3.70E-01 i y (a) 
4-Amino-2,6-dinltrotolueng 3.70E-01 f y (a) 
2,4-Dinltrotoluene 7.20E-02 g y (a) 
2,BDlnltrotoluene 7,20E42 g (a) 
2-Nltrotoluene 3.70E41 y (a) 
4Nltrotoluene %!.7OE+01 y (a) 
2,4,6-Trinitrotoluene 1.6OE.toO y (a) 
PCBs , 

Aroctor I254 2.20E-02 y (a) 
Aroclor 1260 2.20E-02 y (a) 
Semlvolatile Organks 
Benzo(a)anthr~tmne 6.20E-02 y (a) 
Benzo(a)pyrene WOE-W y (a) 
Benzo(b)fluoranthene 0.20E-02 y (a) 
Benzo(k)Ruoranthene 6.20E-01 y (a) 
Dibenz(a,h)anthrmne 6.20E-03 y (a) 
Indeno(l,2,3-cd)wrene 6.20E-02 y (a) 

COPC - Chemical of Potential Concern; UCL - Upper Confidence Llmlt; mgkg - rnilllgram per Mllogram 
a Total soil is defined in Section 2.1 .I of the text. 

Please see Tabla 2-6. 
a ResMentid Soll PROS from EPA, 1QW. "Reglon Q Preliminary Remedlation Goals (PRGs), 
December 3,1999," adjusted to refhct a cancer rlsk of 1 E-7 and a hazard Index of 0.1. 

d~ = Chemlcal Is chosen as COPC: 
(a) = mmlmum detection is greater than RBSC. 
(b) = included in background rkk calculation 

@ Based on PRG for total chromium. 
' Cakulated; referonce Appendlx 8. 

Based on PRG for mixed dinitrotoulene. 



Statistical Summary and COPC Selection of Surface Water Sample Anaiy8ea 
TNT Manufacturing Area 6, Plum Brook Ordnance Works, Sandusky, Ohlo 

Frequency Range of Range of Risk-Based Source 
of Detected Reporting Statistical - Arithmetic 95% Screening Term - 

Chemlcal Name (udL) Detection Concentrations Limits bistributlon a Mean UCL a Criterion COPC? Cd Concentration 
Inomanbs (Unfiltered) 
~luminum - 
Arsenic 
Calcium 
Chromium 
Copper 
Iron 
Lead 
Magnesturn 
Manganese 
Nickel 
Potassium 
Selenium 
Sodium 
Zinc 
Volatile Organics 
1 ,I-Dichloroethane 
2-Butanone 
Carbon dlsulfide 
Toluene 

3,60E+04 
4.60E-02 
Nutrient 

1,10E+02 
1 .40E+03 
1 .I OE+O4 
1.50E+01 
Nutrient 

8.80€+02 
7.30E+02 
Nutrient 

1.80€+02 
Nutrient 

1 .lOEcO4 

8.1 OE42 
1.90€+03 
1.00E+03 
7.20€+02 

-. - - 

UCL Upper Confidence Lknit 
COPC - Chemtcal of Potential Concern 
NA - not applicable 
uglL - micrograms per Liter 

a Insufficient number of samples (less Wan 51, to determine statistical distribution or calculate a UCL. 
EPA, 1999, Region IX Preliminary Remediation Goals (PRGs), December 3, 1999, S. J. Smucker, Ph.D., unadjusted tap water PRGs. 
' N = Chembal is not chosen &s a COPC: 

{a) = rnaxlrnum detection is less than the Risk Based Screenlnp concentratton (RBSC). 
(b) = eswntlal nuhient. 

Y = Chemical is chosen as COPC. . 

RBSC based on the PRG for chromlum VI. ' EPA, 1996, Drfnklng Water Regul~ti~na and Health Advlsanlss, office of Water, Washlngtan, DC, October. 



Table 2-6 

Statlstkal Summary and COPC Selection of Sediment Sample Analyses 
TNT Area B, Plum 8rook Ordnance Works, Sandusky, Ohlo 

Page 5 of 2 

Frequency RaMe af Range of Rlsk-B~ed Source 
of Detected Reporting Sbtlstical Arlthmetlc 95% Screening Term 

Chemlcal Name {mgkg) Detection Concgntrattono Umits Distribution Mean UCL* Cderion COPC? " Concentretian 
Inorganic8 
~luGnurn 5 1 5  
Arsenic 5 1 5  
Barium 5 1 6  
Beryllium 3 1 5  
Calolum 5 1 5  
ChromLm 5 1 5  
Cobalt 2 1 5  
Copper $ 1 6  
Iron 5 / 5  
Lead 5 / 5  
Magnesium 1 / 5  
Manganese 5 1 5  
Nickel 5 / 5  
Potasslum 4 1 5  
Selenium 4 / 5  
Zinc 5 1 5  
NRroarornatles 
2,4,6-Trinitrotoluene 1 1 5  
2-Amlno-4,6dinitrotoluene 1 / 5 
Semlvolatlle Organlcs 
P~Methylnaphthatene 1 I 5  
Bento(a) pyrene 1 1 5  
Fluomnthene 1 1 5  
Naphthalene 1 1 5  
Phenanthrene 1 1 5  
Py rene 1 1 5  
Volatile Organlcs 
2-Butanone 4 / 5  
Acetone ' 4 1 4  
Carbon disulfide 1 / 5  

7.60E+04 (a) 
3.90E-01 Y 
5.4OE+03 N (a) 
1.50E+02 fY (a) 
Nutrlent N tb) 

2.1 OE+m- r N (a) 
4.70E+03 N (a) 
2.90E+03 N (a) 
2.30E+04 Y 
4 . 0 0 E d  g N (a) 
Nutdent N (b) 

1.80E43 Y 
1.80€+03 N (a) 
Nutrient N (b) 

3.QOE+02 N (a) 
2.30E304 N (a) 

1.60E+01 N (a) 
3.70E+00 h N (a) 

1.20E+03 h N (a) 
6.20E-02 N (a) 
2.30E43 N {a) 
5.60E+01 N (a) 
2.30E+03 h N [a) 
2.30E4-03 FJ ta) 

COPC - Chemical of Potential Concern 
L - Data ate found to have lognormal dlstrlbutlon; N - Data are found to have normal dlstributkn; 
NP - Nonparmametric, data are found to be neither normally nor lognormally dlstrlbuted. 



Table 2-6 

Statlsttcat Summary and COPC Selection ot Sedlment Sample Analyses 
T NT Area 8, Plum Brook Ordnance Works, Sandusky, Ohlo 

Page 2 of 2 

UCL - Upper Confidence Limit 
mgkg - mllllgram per klllogram 

a Method Of estimation based on statistical dlstrlbution (please see Section 5.22). 
a EPA, IMQ, Reglon IX Preliminary Remedlatlon Qoals (PRQs), December 3,1990, S. J. Smucker, Ph.D., unadjusted resldentlal soil PRQ. 
' N P Chemical is not chosen as a COPC: 

(a) = maxlrnurn detection Is less than the Risk Based Screening Concentretion (RBSC). 
(b) = essential nutrient. 

Y L Chemkal ia chosen as a COPC. 
' PRQ based on totai chromium. 
O Level In bare soil at or below whlch advene effects are not expected In regularly exposed children (EPA, 1994, 'Quidance on Residentlat Lead-Based Paint, 

Lead-Contaminated Dust, and Lead-Contaminated Soil," Memorandum from L.R. Goldman to reglonal directors, 14 July). 
h~alculated; reference Appendix B. 



Table 2-7 

Background Concentratfons of Metals in Soil 
TNT Manufacturing Area B, Plum Brook Ordnance Works, Sandusky, Ohio 

Frequency Range of Range of Background 
of Detected Reporting Statistical Arithmetic 95% Screening 

Chemical Name (mgkg) Detection Concentrations Ltmlts blstrlbutlon Mean UTL Crtterlon 

Alumlnum 
Anthony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Sllver 
Thallium 
Vanadium 
Zinc 

NA = Not applicable; not available. 
a 95% UTL t 95% upper tolerance limit calculated as described In Section 2.1.3 and rounded to 3 significant flgures. 

The maximum detected concentrafion Is used as the background screening criterion for nonparametrlc data seb. 

Note: Reporting tlmlts from sample 6990 were deleted when calculating the mean and UTt for antimony, beryllium, cadmlum, selentum 
and thallium, because the repotling lmhs were eievated by dilution factors. 



Table 3-1 

ReceptorExposure Scenarios 
TNT Manufacturing Area 13, Plum Brook Ordnance Works, Smdusky, Ohio 

(Page 1 of 3) 

sions based on 



Table 3-1 

ReeeptotExposure Scenarios 
TNT Manufacturing Area B, Plum Broolc Ordnance Works, Sandusky, Ohio 
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Table 3-1 

ReceptorlExposure Scenarios 
TNT Manufacturing Area B, Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 3 of 3) 

a There is no piausible pathway for exposure to this medium. 
Although contact with this medium is possible, exposure would be sporadic, rather than continuous or 
predictable. Such exposures do not lend themselves to evaluation under the chronic toxicity paradigm 
used in a baseline risk as#ssment. 
No groundwater data are available at this writing. Future groundwater e m s u m  will be assessed when 
data become available. 
Although theoretically complete, this pathway is not quantified as explained in text 

* It is assumed that residential son is 80 pencent covered with pavement or vegetation for evaluating 
inhalation exposure via dust emissions. 



Varlables Used to Estimate Potentlal Chemical Intakes 
and Contact Rates for Receptors 

TNT Area B, Plum Brook Ordnance Works, Sandusky, Ohio 

General Varlables Used in All Intake Models 

Chlld: 6' 
Adult: 24O 2 6  

Chlld: 15' 
Body weight (BW), kg 70a 70" - Adult: 7V 70" 

Chlld: 21 90 
Averaging #me, noncancer (AT), daysd 91 25 103 Adult: 8760 9125 

25550 25550 25550 25550 

1 Inhatation of VOC. and Resuspended Dust from Soil 

Fraction exposed to contaminated medium (FU, NA 
unitless lb I lb 

Inhalation rate (IR,), m3/day 20' 20' Child: 10e NA 
Adult: 20a 

Exposure frequency (EF), dayslyear 250' 250' 350" NA 

lnhalatlon of VVOCs, Entrapped In Bulldlng 

Fraction exposed to contaminated medium (FIJ, 
unitless NA NA I lb . 

I Inhalation rate (IRJ, ms/day 
7 

Child: 6.ab 
NA NA Adult 13.7' 2 P  

I[ Exposure frequency (Em, daywear I NA 1 NA 1 350' I 250' 



Table 3-2 

Variables Used to Estimate Potential Chemical Intakes 
and Contact Rates for Receptors 

TNT Area B, Plum Brook Ordnance Works, Sandusky, Ohio 



Table 3-2 

Variables Used to Estimate Potentlal Chemlcal Intakes 
and Contact Rates for Receptors 

TNT Area 6, Plum 8rook Ordnance Works, Sandusky, Ohio 



Variables Used to Estimate Potential Chemical Intakes 
and Contact Rates for Receptors 

TMT Area B, Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 4 of 4) 

U.S. Environmental Piutection Agency (€PA),' 1991, Risk Assessment Guidance for Superfund Volume I: Humen Umkh Ewluatbn Manuel 
Supplemental Guidance, Standard Default Exposure Factom, Interim Final, Office of Solid Waste and Emergency Response, OSWER Dlrectlve: 
9285.803. 
Assumed; see text. 
U.S. Environmental Pmtectton Agency (EPA), t 999, EPA Region 9: PreIIminary Remedlaffon Goals (PRGs) 1995?,3 December, on-line. 
Calculated as the product of ED (years) x 385 d a M a r .  

* Calculated as the product of 70 years (assumed human iifetlme) x 365 daydyeat. 
U .S. Environmentd Protection Agency (EPA), 1 997a, Exposure Factors Handbook, Flnal, National Center for Environmental Assessment, 
Washington, DC, EPA/6OWP-951002Fa, August. 
EPA, 1 992b, Dermal Exposum Assessmenf: Pn'ncIpIe8 and Applications, Interim Report, Office of ,Research and Development, Washington, DC, 
EPA180018-91/011 B, Including Supplemental Guidance dated August 18,l W2. 

NA = not applicable to this receptor; csv E; chembal-specific value (see Tabb 4-1). 



Table 4-1 

COPCISpeciflc Variable Valuesn Used in Rlrk Assessment 
TNT Manufacturing A m  B 

Plum Brook Ordnance Works, Sanduaky, Ohlo 

Oral Target Dermal tnhalatlon Target Cancer 
RW Organs RfD Rf D Organs WelgM-of-Evklence Oral SF Dermal SF InhalaUon SF 

Chemlca! GAF (mWg4ay) ' (Oral) (mgnC~'day) (mgkgday) (Inhalation) Group VmgM-d~)  VmdM-da~) VmgRrg.day) 

Inorganla 
Alumlnum 0.27 1 .WE+OO N 2.70E-01 1.40E-03 N ND ND MD HD 
Arsenlc 0.95 3.WE-W 5, CV 2.85E-04 ND NA A 1.50E+00 1.50E+00 1.50E+Ol 
Chromium 0.01 1.50E+00 ND 7.50E-02 2.90E-05 Lung A NO ND 4.20E41 

Copper 0.6 4.M1E-M L, K, El QI 2.40E-02 ND NA D ND ND NO . 

Iron 1 3.00E-01 None 3.00E-02 ND NA ND ND - ND ND 
L e d  0.1 ND MA ND ND NA 82 NO ND NO 
Manganese 0.05 4.7OE-02 N . 1.41 E-03 1.40E-05 N D ND ND ND 
Thallium 1 6.WE.05 s, L 6.50E-05 ND MA D NO ND NO 
Nitroaromatlcs 
2-AmIn0-4,6.Binlt~0t0l~e~ 0.6 6.QOE-05 L, E WOE-05 ND NA D ND ND NO 
4-Amin0-2,G-dlnlt~uene 0.6 6.0dE-05 L, E 3.BOPO5 ND N A 0 ND ND NO 
2,4-DinWuene 1 2.00E-03 N, E, L 1.80E-03 ND MA B2 6.80E-01 7.56E-01 ND 
2,6-~tdhotol~ne 1 1.00E-03 N, El L, K @.WE-04 ND NA B2 6.80E-01 7.56E-01 MD 
2-Nitrotoluene 1 1.00E-02 L, Spleen. K 1 .WE-02 ND N A NO ND ND ND 
4-Nltrototuene 3 1.00E-02 L, Spleen, K 1 .WE-02 ND MA PJD ND ND ND 
2.4.8=TrinHrotduene 0.8 S.OOE-04 L, E 3.00E-04 . NO N A C 3.0OE-02 , 5.00E-02 ND 
PCes 
Aroetor 1254 0.0 e 2.00E-05 1, 8 1.80E-05 NO N A 82 2.0OE+OO 2.WE+OO P.OOE+OO 
Aroclor 1280 0.9 0 ND MA ND MD N A 82 2.OOE+OO Z.OOE+OO 2.0OE+OO 
Semlvolatile Orgadcs 
Benro(a)anUlme 0.5 ND N A ND MD N A 82 7.3OE-01 1.46E-tOO 3.10E-01 
Benzo(a)pyrene 0.5 ND MA ND ND N A 82 7.30E400 1 .ME41 3.10E+OO 
Benza(b)fluoranthene 0.5 ND N A ND ND PIA 82 7.30E-01 t .MEMO 3.10E-01 
Benzo(k)fluoranthene 0.5 ND N A ND MD NA 82 7.30E.02 . 1.46E-01 3,lOE-M 
Dlbenz(a,h)anthracene 0.8 ND N A ND ND ' NA 82 7.30E+00 9.1 SEMO 3.1 OE4O 
Indeno(l,2,3-cd)pyrene 0.5 ND N A ND ND NA 62 7.3OE-01 1 .ME40 3.10E-01 

ND = no data: NA = not applicable 
a Please see toxlcity profiles In Appendix D for dowmentatlon of the values. 
b The mechanism of lron toxtcity 4s unique; Its hazard Index Is not summed with others In a target organ analysls 
c The GAF Is not wed to estimate a dermal elope factor (pleas8 see toxkb pprotlle). 

Target Organs: 
N a nervous system. S = skin, CV 3 cardiovascular, L 5 Ihrer, K = kidney, E = erythrocyte, GI = gastrolntesllnal, I = immune system. 

WdgM of Evldence Group: 
A - Human camlnogen: B l  - Probatde human cmlnogen (human data); 82 - Probable human carcinogen (anlmal data); 
C - Possible human carcinogen; 0 - Not dmsifkble as to arelnogenid@ to humans. 
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Table !i-2 
C a m  Risk and Nancaneer H d  Index: Indoor W e  to Surface Wl 

m Area 6, Plum Brwk OrdMlnCe Works, SadwW, Ohio 

Dose Dwre OmI ad 
Chemical (m'k-wl (-1 Ha ILCR 
TOTAL WSK 
hrorgani- 
Aluminum 5.93E43 290H13 1 .WE43 =Ed9 MA 
Arsenic 1.34E+01 m 2-35s 219Ea 3.52E-06 
Copper 4.45E42 2 1 W  7.78H15 S U E 4 3  NFa 
Imn 2.10€+04 1 .OX42 M E W  3.42E-M N A - 2.E7€+02 151E-04 4.67E-05 2.78E43 NA 
Thallknn 1.40E+a[) 1.85E-07 24E-07 1 fiE.IM N A 
Nhomn- 
2 4 1 l W K A . & c & i i  9.80E+M) 1-E46 t69E.M BlOEQ2 N A 
4-~no-ZWmitmtoluens 4.1 8E+oo 2.OQE-08 727E.(n 33E-W N A 
2d-w 830E*00 1.13E-06 AWE47 &ME* 273E47 
Z,&Dinitmtoluene 8.30E-01 4.06E-07 1 -46E07 4 . m  9MM8 
2,4,QTrinitr&uene 6ME+03 93BE-oS 1.21E.09 6.7SE+M) 3.62H15 
PCBs 
AmdDr 1254 5.30E-01 2- B26E.08 1.3fE-m 1.S€4? 
Amdor 1280 1 . ~ 1 ~ 4 1  7.- 2.62E.06 Nk . 5.2- 
SennMbtlb Organics 
-"Waw'f=- 2.40EAm 1 . 1 M  4.1 S O 7  N A 3.OE-07 
w a k y r e n e  2.m- 9.- 3.49E.07 N A 256E.06 
~ n r o @ ~ ~ ~  l.mE+OO &81€-Q7 5.ISE-W N A W E 4 7  
Benmoflw-e 2(H1E+oo 9,nEm 3.99E-07 N A 255E-oa 
-(ah- .5SQ€-Ol 2MEm 9<6lEU5 NA 7.02E47 
-13- 1 . O m  4.6BE47 1.75EQ7 NA 128E-W 

TotalHI a E + + m  
T d l  LGR & M a 5  

BACKGROUND R18K - 
Alumhum 290H# 1 .WE03 290HW NA 
Arsrmlc 1.34E41 6.6YEa 2 9 5 W  219E-02 . 3.52EdB 
Copper 4 .45Ea 21E-M 7.78- 5.44- NA 
lm 2.1OE4 I.WE-02 m6E-Q3 3A2E42 NFa 
Mangane~e 2.6i'E+OZ 191 E04 AWE45 278Eb7 N A 
l-haBIum 1.4OE40 = E M  245E97 1 .WE42 NA 

Total H 7.78E-W 
Totd LCA 532E-06 

mEaEiATEDMsK 
N M m s l i c a  
2-Amho4,e- S B O W  1.- 6.63HCr 3.1- NA 
~ ~ n i ~  AIBE+MI ZME4E 727E# 3.39EQ2 MA 
2ilpMtmbkrene 290E+M) 1.13€)6 A M W  5.63E04 273E47 
2,GD-m. - W E 4 1  -47 1.45EG 4.06E-04 9SE-Cls 
2,4,6-TMntduens 6ME*03 33E# 121E-CU 6.7- 3.62E-M 
PCBs 
A r r  I254 SSJE-OI 29E-W 9381E-OB 1mE-02 1.65E47 
Amlor t260 1m€+O1 734E.oB -46 NA S24EQ6 
Samivalelile Qrganies 
W a W h c m e  z40€+0o 1.t71i-06 4.191507 NA 3.06~47 
Berrm(arne 2omwo 0 . m  3AE-07 NA 256Em 
- f l u m e  1.80E+00 8.81EG' 3.15E07 NA 230E47 
m ( k ) R u -  2 0 0 E 4  9.78EdS7 3.4QLO7 NA 255E08 
D b m ( ~ h b m = M e  5.50E41 2WE.07 9.61E-08 N A 7IQE.07 
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Table 5-4 

Cancer Rlsk and Noncancer Hazard Index: Construct1 on Worker Exposure to Surface Water 
TNT Area B, Plum Brook Ordnance Works, Sandusky, Ohio 

Source Dermal Absorption 
Term I Noncancer Cancer 

Concentration DA Dose Dose Dermal Dermal 
Chemical (mgR) {rns/cm2-day) (mgkg-day) (rngkg-day) HQ ILCR 
TOTAL RISK 
Inorganics 
Arsenic 
lron 
Lead 
Manganese 

Total HI 1.5SE-01 4.23E-08 

BACKGROUND RISK 
NA N A MA PIA NA NA MA 

SITE-RELATED RiSK 
Inorganics 
Arsenic 3.09E-02 1.24E-07 3.74E-06 2.68E-00 1.31 E-02 4.23E-08 
Iron 1 .$7E+02 6.68E-04 2.02E-02 t .#E-04 6.74E-02 NA 
Lead 2.05E-02 3.28E-10 9.92E-09 7.1 1 E-I 1 MA NA 
Manganese 1.44E+00 5.46E-06 1.74E-04 1.25E-06 7.41 E-02 NA 

HQ = Hazard quotient; HI = Hazard index; ILCR = Incremental lifetime cancer risk 
DA = dose absorbed per unit body surface area per day 
NA = not applicable 



Table 5-5 

Cancer Risk and Noncancar Hazard Index: Constnrctlon Worker Exposun to Sedlment 
TNT Area B, Plum Brook Ordnance Works, Sandulky, Ohio 

sium Irtcfdentd Ingestbn ~emt ~bsorptlon 
Term Noncancer Cancer Noncancer Cancer Tot61 HI Total ILCR 

CmmtraUon 0080 Dos? Oral Oral DA Dose Dose Dermal Dermal AH All 
ChernM (mg/kg) Onm~-da~)  (mm-day) HQ ltCR (mgld-day) (mgkg-day) (man<g-day) HQ ILCR Pathways Prdhways 
TOTAL RISK 
Inorganks 
Arsenb 3.23E+01 7.WE-05 5.42EM 2.52801 8.14E-47 3.88E-08 t .17E-06 8.41 E-09 4.12E-03 1.33E-08 2.57E-01 8.27507 
Iron t.#E+05 4.5QE-01 3.SE-03 1.63E+00 MA 2.35E-04 7.11E-03 5.1OE.05 2.37E-02 NA 1.55E+00 N A 
M6-6Be 2.06E+03 4.82E-03 3.46E-05 1.03E-Of NA 2.47E-06 7.4BE-05 5.30E-07 3.1BE-W NA I .34E-01 N A 

BACKGROUND RISK 
N A NA NA NA MA N A NA NA N A U A NA N A 

SITE RELATED RISK 
Inorganlw 
Arsenic 3,23E*01 7.57E-05 5.42E-07 2.52E-01 8.14E-07 3.88E-08 1.175-06 8.41E-00 4.12E-03 1.33'508 2.WE-01 8.27E-07 
Iron 1.96EMS 4.59E-01 3.29E-03 1.53EdO MA 2.35E-04 7.11 E-03 5.10E.05 2.37E-02 NA f .55E+M) N A 
Manganese 2.06E*03 4.82E-03 3.46E-05 1.03E-01 PIA 2.47E-06 7.48E-05 5.36E.01 3.1 8E-02 NA 1.34E-01 N A 

Total HI 
Total lLCR 

HQ = Harard Quodtent; HI P Hazard Index; tLCR = Incremental Ufetlme Cancer Flkk 
DA =dose absorbed per unlt body surlace area per day 
NA =not appltcable 
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Table 5-8 

Cancer Risk: On-Site Resident Exposure to Surface Water 
TMT Area 6, Plum Brook Ordnance Works, Sandusky, Ohlo 

Adult Resident Child Resident 
source 

I 

Dermally Dermatly On-Slte 
Term Absorbed Absorbed Resldent 

Concentration D A Dose Dermal Dose Dermal Total 
(mdL) (mg/cm2day) (mg/?q-day) l LCR (mgkg-day) ILCR ILCR 

TOTAL RlSK 
Inorganics 
Arsenic 
lron 
Lead 
Manganese 

Total ILCR 2.78E-07 1.25E-07 4.03E107 

BACKGROUND RlSK 
NA MA PIA NA NA MA NA 

SITE-RELATED RlSK 
Inorganks 
Arsenic 3.09E-02 9.27E-08 1 .i'BE-07 2.78E-07 7.02E-08 1.25E-07 4.03E.07 
Iron 1.67E-1-02 5.01 E-04 9.53504 MA 4.28E-04 N A NA 
Lead 2.05E-02 2.46E-10 4.6851 0 N A 2.lOE-10 N A N A 
Manganese 1.44E-iUO 4.32E-08 8.21 E-06 N A 3.6gE-08 NA N A 

Total ILCR 2.78E-07 1.25E-07 . 4.03E-07 

lLCR = Incremental Ilfetime cancer dsk . 
DA = dose absorbed per unit body surface area per day 
NA = not applicable 



Table 5-9 

Noncancer Hazard Index: On-Site Child Restdent Exposure to Surface Water 
TNT Area 6, Plum Brook Ordnance Works, Sandusky, Ohio 

Source Dermally 
I Term Absorbed 

Concentration DA Dose Dermal 
Chemlcal (mdL) (mg/&da~) owkgl-da~) HQ 
TOTAL RISK 
Inorganics 
Arsenic 3.OBE-02 9.27E-08 9.24E-07 3.24E-03 
Iron 167E+02 5.01E-04 5.00E03 1.67E-02 
Lead 2.05E-02 2.46E-I 0 2.45E-09 NA 
Manganese 1.44€*00 4.32E-06 4.34 E-05 1 .WE-02 

Total HI 3.82E42 

BACKGROUND RISK 
MA MA NA NA NA 

SITE-RELATED RISK 
lnorganlcs 
Arsenic 3.09E-02 9.27E-08 9.24E-07 3.24E-03 
Iron 1.67E+02 5.01 E-04 5.00E-03 I .67E-02 
Lead 2.05E-02 2.46E-10 2.45E-09 NA 
Manganese t .44E+00 4.32E-06 4.31 E-05 1.83E-02 

Total HI 3.82E-02 

HQ = Hazard quotient; HI Hazard Index 
DA = dose absorbed per unit body surfam area per day 
NA = mt appllcable 



Table 5-10 

Cancer Risk: On-Site Resident Exposure to Sedlment 
TNT Area B, Plum Brook Ordnance Works, Sandusky, Ohlo 

Source 
Term 

Concentration 
Chemical (mglkg) 
TOTAL RlSK 
Inorganics 
Arsenic 
lron 
Manganese 

Adult Chlld 
ftdult Child On-Slte Dermally Dermally 

Ingested Ingested Resident Absorbed Absorbed 
Dose Dose Oral DA Dose Dose 

(rndkg-day) (mgkg-day) ILCR (mgfm2-day) (mgkgday) (mglkg-day) 

Qn-Site 
On-Slte Resident 
Resident Total All 
Dermal Pathways 
ILCR ILCR 

Total LCR 1.13E-06 4.70E-08 1.1 8E-W 

BACKGROUND RISK 
NA NA NA NA N A N A PIA NA NA 

SITE RELATED RISK 
!norganlos 
Arsenic 3.23E+01 2.26E-07 5.27E-07 1 .I 3E-06 6.47E-60 2.05E-08 9.22E-09 4.70E-08 l.18E-06 
Iron 1.96E+05 1.37803 3.1 9E-03 NA 3.92E-05 1.24E-04 5.58E-05 NA NA 
Manganese 2.06E+03 1.44E-05 3.35E-05 NA 4.12E-07 1.31 E-06 5.87E-07 NA NA 

TOM ILCR 1 -1 3E-06 4.70E-08 1.18E-06 

ILCR = incremental Lifetime Cancer Risk 
DA = dose absorbed per unlt body surface area per day 
NA = not applicable 



Table 5-1 1 

Moncancer Hazard: Chlld On-Slte Resldent Exposure to Sedlment 
TNT Area B, Plum Brook Ordnance Works, Sandusky, ORlo 

Child Child 
Source Child Child Dermally Child Resident 
Term Ingested Resident Absorbed Resident Total All 

Concentration Dose Oral D A Dose Dermal Pathways 
Chemical (mgh)  (mglkg-day) HQ (mg/cm2day) (m&-day] HQ H1 
TOTAL RISK 
fnarganics 
Arsenic 
Iron 
Manganese 

Total HI 1.53E-01 , 5.ME-03 1.58E-01 

BACKGROUND RISK 
MA NA NA NA NA Id A NA 

SITE RELATED RISK 
Inorganlcs 
Arsenic 3.23E.01 6.1 4E-06 2.05E-02 6.47E-09 1.08E-07 3.77E-04 2.09E-02 
Iron 1.96€+05 3.72E-02 T.24E-01 3.92E-05 6.52E-04 2.17603 1.26f-01 
Manganese 2.06E43 3-91 E-04 8.83E-03 4.1 2E-07 6.85E-08 2.91 E-03 1.1 2E-02 

HI 4 Hazard Index; HQ = Hazard Quotient 
DA = dose absorbed per unl body surface area per day 
NA = not applkable 



Table 5-12 

Summary of Total Hazard and Tolal Cancer Rlsk from Slte-Related Chemlcalr of Concern 
TNT Area 8, Plum Brook Ordnance Works, Sandusky, Ohio 

Groundskeemr Indoor Worker Construdon Worker On-Site Resident 
Total Total Total Total Totai Total Total Total 

Contaminant Source HI ILCR HI ILCR HI ILCR HI ILCR 
Surface Soil 1.60E+O1 1 -07 E-04 6.83E+OO 4.59E-05 N A NA NA NA 
Total Soil NA NA NA N A 7.05E.t.01 1.55E-05 2.44€+02 1.1 5E-03 
Surtace Water N A NA NA N A 1.55E-01 4.23E-08 3.82E-02 4.03E-07 
Sediment NA N A NA N A 1.04E3.00 8.27E-07 1.58E-01 1.18E-06 

Total acroas all media 1.80E+01 1.07E-04 1.83Et00 4.59E-05 7.26E+OI 1.63E45 2.44E+02 1.16E-09 

HI = Hazard Index 
ILCR = Incremental llfetima cancer risk 
NA = not applicable 



Risk-Based Remdlal Criteria for Chemicals of Concern 
Groundskeeper Exposure to Surface Soil 
TNT Area B, Plum Brocrk Ordnance Work8 

Sandusky, Ohio 

Sou rce-Term Total HI RBRC (mglkg) for Total ILCR RBRC (mg/kg) for 
Concentration All Target Hazard Index: All Target Rlsk Level: 

Chemical (mdkg) Pathways 1 .O 0.1 Pathway8 t .WE-06 1.00E-05 
Nltroaromatlcs 
2,4,6-Trinhrotoluene 0.90€+03 1.58E-f.01 4.37E+02 4.37E41 8,48605 8.1 6E+01 8.1 6E+02 
PCBs 
Aroctor 1260 1.50E+01 N A NA N A 1.32E40 1.32Et01 1 .13E*05 
Semivoiatlle Organlcs 
Benzo(a)pyrene 2.00E+00 NA NA NA 6.18E-06 3.23E-01 3.23€+00 
Dibenz(a, h)anthracene 5.50E-01 NA . NA NA 1.59E-06 3.45E-01 3.45Et.00 

RBRC = Risk-Based Remedial Criterion 
HI = Hazard Index 
ILCR = Incremental Ufetime Cancer Risk 
NA = not applicable 



Table 5-1 4 

Rlsk-Baaed Rsmedlal Crlteria for Chemicals of Concern 
Indoor Worker Exposure to Surface Sol 

TNT Area B, Plum Brook Ordnance Works 
Sandusky, Ohlo 

Source-Term Total HI RBRC (rngkg) for Total ILCR RBRC (mglkg) for 
Concentratlan All Target Hazard Index: A! l Target Rlsk Level: 

Chemical (rngkg) Pathways 1 .O 0.1 Pathways 1.00E-06 1.00E-05 
Nltroaromatics 
2,4,6-Trinitrotoluene $.90E+03 6.75EMO 1.02€+03 1 -02E4-02 3.62E-05 1.91 E+02 1.91 E+03 
PCBs 
Aroclor 1280 1.50E+01 NA NA NA 5.24E-06 2.86E+00 2.80E+01 
Semivolatlle Organlcs 
Benzo(a)pyrene 2.00E+00 NA NA NA 2.55E-06 7.84E-01 7.84€+00 

RBRC = Rlsk-Based Remedial Criterion 
HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Rlsk 
NA = not applicable 



Table 5-1 5 
F 

Risk-Based Remedial Crlterla for Chemlcab oi Concern 
Construction Worker Exposure to Total Soil 
TNT Area 8, Plum Brook Ordnance W o r k  

Sandusky, Ohlo 

Chemlcal 
Nltroaromatlcs 
2-Amino-4,6-dinitrotoluene 
4-Amino-2,&dinitrotoluene 
2,4-Dinitrotoluene 
2,SDinitrotoluene 
2,4,6-Trinitrotoluene 

Source-Term Total HI RBRC (mgkg) for Total ILCR RBRC (mglkg) for 
Concentration All Target Hazard Index: Al t Target .Risk Level: 

(mg/kg) Pathways I .O 0.1 Pathways I .OOE-06 1.00E-05 

RBRC = Risk-Based Remedial Criterion 
HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = not applicable 



Table 5-1 6 

Risk-Based Remedial Criteria for Chemicals of Concern 
On-Site Resident Exposure to Total Son 

TDJT Area B, Plum Brook Ordnance Works 
Sandusky, Ohio 

RBRC (rng/kg) for RBRC (makg) for 
Source-Term Total HI On-Site Child Resident Total ILCR On-Site Resldent 
Concentration All Target Hazard Index: All Target Risk Level: 

Chemical (mgkg) Pathwars 1 .O 0.1 Pathways 1 .OOE-06 1.00E-05 
Nitroaromatlcdt 
2-Amino-4,6dinRrotoluene 
4-Amino-2,6-dinfirotoluene 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Nitrotoluene 
2,4,6-Trinitrotoluene 
PCBs 
Aroclor 1254 
Aroclor 1260 
Semhrolatlte Organics 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluomnthene 
Dfbenr{a,h)antRracene 
Indeno(l,2,3cd)pyrene 

RBRC = Risk-Based Remedial Criterion 
HI = Hazard Index 
ILCR = l ncremental Lifetime Cancer Risk 
NA = not applicable 

KN14587TTaMe 5-?,blS,S-I8~&~ll RBRC TM 5-1WW5tQOk56 AM 



Table 5-1 7 

Risk-Baaed Remedlal Crlterla tor Chemicals ol Concern 
Construction Worker Expaeure to Sediment 
TNT Area B, Plum Brook Ordnance Works 

Sandusky, Ohio 
-. -- 

I 

Source-Term Total HI RBRC (mglkg) for Total lLCR RBRC (mgkg) for 
Concentration All Target Hazard index: All Target Risk Level: 

Chemical (mglkg) Pathways I .O 0.1 Pathways 1 .WE-06 1.00E-05 
Inorganics 
Arsenic 
Iron 
Manganese 

RBRC = Risk-Based Remedial Criterion 
HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = not applicable 

WWTTable  6.1 1,-17,-18Aslmu RBRC T b l 5 - 1 7 m M ) A M  



Tabte 5-18 

Risk-Based Remedlal Crlterla for Chemicals of Concern 
On-Slte Resident Exposure to Sediment 

TNT Area B, Plum Brook Ordnance Works 
Sandusky, Ohio 

RBRC (mgkg) for RBFlC (mg/kg) for 
Sou rce-Term Totat HI On-Site Chlld Resldent Total ILCR . Onsite Resident 
Concentration All Target Hazard Index: All Target Risk Level: 

Chemical (mglkg) Pathways 1 .O 0.1 Pathways 1 JOE-06 1.00E-05 
Inorganics 
Arsenic 

RBRC = Risk-Based Remedial Criterion 
HI = Hazard lndex 
ILCR = Incremental Lifetime Cancer Risk 
NA = not applicable 

KN146B7KabIe 6-11;17,-103dehss RBRC 7 b l 5 4 ~ 6 1  AM 
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Figure 3-1 
Human Health Conceptual Site Exposure Model 
TNT Area B, Plum Brook Ordnance Works, Sandusky, Ohio 

Source Primary Secondary secondary Tertiary Tertlary Exposure Exposure 
Medium Release Medium ' Release Medlum Release Medium Route 

Surface - I Soil + Soil 
Dust Embsions, -- Volatilization ..+ - vk i  i n h a l a t i o n 1  

n Soil 

' Air + Volatilization I Inhalation I 
Indoor - 

. Air 
I lnhalation 1 _ water - Dermal Contact [ 

Shallow 
~~~~d~~~~~ -C Volatil 

Outdoor - 
4 Air 

lnhalation I 
4 Leaching Indoor 

in Bulldin Inhalation 

Dermal Contact 

Air -1 Inhalation 1 

- 
Erosion, 1 ( 5 1 3 1 3 1 3 1 * 1 1 -  

r 

Runoff 

4 = Complete exposure mute quantlfled in the rlsk assessment 
I = There is no plausible pathway for exposure to this medium. 
2 =Although a complete pathway, no groundwater data are available. Future groundwater exposures wlll be assessed when data become avatlable. 
3 = AIthoug h theoreticaUy complete. this pathway Is not quantihd as explained in text. 
4 = Contaet with tthi medium, although plauslbk. Is not part of this recaptots normal orexpected activities; themfore contad would be mporadlc and is ndquantlfled. 
KNf4567fiQ3-1 .pm1812M99 W:24 AM 





APPENDIX A 

ANALYTICAL RESULTS 

KW4S671456rrXTrrXTWPDl0948-0(8~ am) 



Plum  rook mnance works 
TNT Area B 

Data Summary Report 

Surface Water Report Date: om8100 Page 1 

TNTBSWOI 
TNTB 
12000 
04-NOV-98 

I 

Pltr Units Result Vd Qlfr - -- 
ug/L 1.0 U 

TNTB-SWOZ 
I-N-rB 
I2010 
04-NOV-98 
Result Val Ql fr 

1 .o u 

Sample Location: 
Associated Site: 
SampIe No: 
Sample Date: 

VOLATILE3 

I ,  1 ,I-Trichlometham 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bmmomethane 

Carbon disulfidc 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chlomfm 

Chloromethane 

Dibmochlommtthane 

Ethylbenzene 

Methylene chloride 

styrene 

Tekachlomctbene 

Toluene 

Total xylenes 



Report Date: OgnsMQ 

Sample Locstion: 
Associated Site: 
Sample No: 
Sample Date: 
VOLATILES FItr 

Trichloroethem 

Vinyl chloride 

trans- 1,3-Dichlompmpene 

Plum Bmok'Omnanct Works 
TNT Area B 

Data Summary Repart 
Surface Water 

TNTB-SWOI TNTB-SWO2 
TNTB TNTB 
12000 12010 
04-NOV-98 04-NOV-98 

units ~ w u l t  ~ a l  ~ l f r  Result Val QIfr - -- 
U g L  1.0 U I .o U 



Report Date: 0gaW 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
SEMIVOLATILES3 

1,2,4-Trichlorubcnze~ 

1,2-Dichlombenzem 

1,3-Dichlorobenzene 

I , 4 -Dichlombe~e  

2,4,5-Trichlorophenal 

2,4,6-Trichlorophenol 

2,4-Dich~oraphenol 

2,4-Dimethylphenol 

2,4-Dinitrophenol 

2,4-Dinitrotoluene 

2,B-Dinitroboluene 

2-Chlmnaphthalene 

2-Chlompherml 

2-Methylnaphthalene 

2-Methylphenol 

2-Nitroaniline 

2-Nitrophenol 

3,3'-Dichlorobenzidlne 

3-Nitroaniline 

4,6-Dinitro-2-methylphenol 

4-Bromophenyl phenyl ether 

4-Chtom-3-methylphenol 

4-Chloroaniline 

4-Chlomphenyl phenyl ether 

4-Methylphenol 

4-Nitmaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

FHr Unib 
-7- - 

u%L 

uglt 

UglL 

u%L 

udL 

u f l  

ugn 
u& 

uglL 

ug/L 

u@L 

uI& 

up/L 

uglL 

"i& 

ugn 

ugR. 

ugn. 

ug/L. 

uglL 

uen. 
WL 
ug/L 

w- 
u g n  
ug/L 

uglL 

"gR. 

u p n  

Plum Brook Works 

TNT Area B 
Data summary Repod 

Surface Water 

TNTB-SWOI 
TNTB 
f 2000 
04-NOV-98 

I Result Val Qlfr -- -- 
10 U 

10 u 
10 U 

10 U 

10 u 
I0 U 

10 U 

10 u 
50 U 

I0 V 

10 U 

10 u 
10 u 
10 U 

I0 U 

50 U 

10 u 
50 U 

50 U 

50 U 

10 U 

10 u 
10 U 

10 u 
10 U 

50 U 

50 U 

10 U 

10 U 

TNTB-SW02 
TNTB 
12010 
04-NOV-98 
Result Val Qlfk 

10 u 
10 u 
10 u 
10 u 
10 u 
10 U 

10 U 

10 U 

50 U 

10 U 

10 u 
10 U 

10 V 

10 u 
10 U 

SO u 
10 II 
50 U 

50 U 

50 u 
10 U 

I0 U 

lo U 

I0 U 

10 u 
50 U 

SO U 

10 U 

10 U 



Report Date: o&Q#oo 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 

Dibenz(a,h)anthmene 

Dibenzofuran 

Diethyl phihalae 

Dimethyl phthalate 

Fluoranthene 

Naphthalene 

Phenanthrcne 

Phenol 

Plum Brook 6dnancc Works 
TNT Area B 

Data Summary Report 
Surface Water 

TNm-SWOI 
mm 
12000 

04-NOV-98 
Fltr Units Result Val Qlfr - -- 

ugk 10 U 

u g n  10 u 

TNTBSWO2 . 

TNTB 
12010 
04-NOV-98 
Result Val Q l f f  

10 U 

10 u 
10 u 
10 U 

10 u 
f 0 U 

10 U 

10 u . 
10 V 

10 U 

10 u 
10 u 
10 U 

10 U 

I0 CI 

10 U 

10 U 

50 U 

10 U 

10 U 

10 U 

10 U 

10 U 

50 U 

10 u 
4.8 B 

10 U 

10 U 

10 u 



Report Date: ogngloo 

Plum Brook Ordnann Works 

"FNT h a  8 
Data Summary Report 

Smple Location: TNTl3-SWOI ~ M B S W O Z  

Associated Site: TMTB TNTB 
Sample No: 12000 IUllO 
Sample Date: 04-NOV-98 04-NOV98 

SEMIVOLATILES3 FItr Units h u t t  Val Qlfr Result Val Qlf i  - 
b i s ( 2 - C h l o r o i s o p ~ l ~ t h e r  uglL 10 U 10 U 

di-ndlrtyl phthalate uglL 10 U 10 U 

dj-n-Octyl phthalate ug& 10 U 10 U 



Plum B m k  adnance Worh 
TNT Area ;B 

Data Summary Report 

S m p l ~  Location: 
Associated Site: 
Sample No: 
Sample Date: 

1 

Flh Units 

Aroclor 1221 u& 

m - S W O l  
TNTB 
12000 
04-NOV-98 
Result Val Qlfr 

2.1 u 
Result Val Qlfr -- 
1.9 U 

Amlor 1232 uglL 2.1 U 1.9 U 

Aroclor 1242 

Aroclor 1248 



Plum Bmok ordnance Works 
TNT h a  B 

Report Datc: OgnaMo 

Data Summary Report 
Surface Water 

Sample Location: TNTB-SWOI TNTB-SWM 
Associated Site: TNTB .rlWB 

Sample No: 12000 12010 
Sample Date: 04-NOV-98 04-NOV98 

I 

METALQ-W Fttr Units Result Val Qlfi Result Val Qlfr 

Aluminum ug/L 14900 J 969 J 

Aluminum Y u g n  200 U 200 U 

Antimony ugL 60.0 U 60.0 U 

Antimony 

Arsenic 

Arsenic 

Barium 

Barlum 

Beryllium 

Beryllium 

Cadmium 

Cadmlum 

Calcium 

Calcium 

Chmmlum 

Chromium 

Cobalt 

Cobalt 

Copper 

Copper 

Iran 

Imn 

Lead 

h a d  

Magnesium 

Magnesium 

Manganese 

Manganese 

Mercury 



Plum Bmok ~ i d n a n a  Works 

TNT Area B 
Data Summmy Report 

Surfm? Water 

Sample Location: TNTB-SWOl 
Associated Site: TWTT1 
Sample No: 12000 
Sample Date: M-NOV-98 
METALM-W Fltr Units Rwdt Val Qlfr - -- 
Mercury Y u@L 0.20 U 

Nickel ugk 43.1 

Nickel Y u@L 40.0 U 

Potassium ugtL 16200 

Potassium Y u g k  13300 

Selenium ugL 5.0 U 

Selenium Y ugL 5.0 U 

Silver u@L 10.0 U 

Silver Y u& 10.0 U 

Sodium ug& 20600 

Sodium Y ug/L 20700 

Thallium - ui$L 10.0 U 

Thallium Y uglL 10.0 U 

Vmndium uglL 50.0 U 

Vanadium Y ug/L 50.0 U 

Zinc ug/L 58.8 

Zinc Y Ugn 20.0 U 

'INTB-SWO2 
TNTB 
12010 
04-NOV-98 
Result Val Qtfr 

0.20 U 

40.0 U 



Report Date: o&mpoO 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
EXPLOSIVES 

I ,3,5-Trinitrobemne 

1,3-Dinitroknzenc 

2,4,6-TrinLrotoluene 

2,4-Dinitrotoluene 

2,6-Dinitrotaluent 

3-Nitmtolucn~ 

4-Amino-2.6-dinitrotoluene 

4-Nitrotoluene 

HMX 

N i t r o b e m  

RDX 

Tettyl 

Plum Bmak &name Works 
TNT Area B 

Data Summary Report 
Surface Water 

12000 
04-MOV-98 

Fltr Units Result Val Qlfr - 
ug/L. 0.20 UJ 

Result Vd Qlfr 

0.20 UJ 



Plum B m k  OEfinancc Works 
TUT Area B 

Data Summary Report 

Surfaoe Watw Report Date: o g n s ~ o  

TNTB-SWO I 
RJTB 
12000 
04-NOV-98 

Fltr Units I Result Val Qlfr -- 
ug/L 1.0 u 
ugn 1.0 U 

TNTB-SWO2 
RJTB 
12010 
04-NOV-48 
Rcsult Val Qlfr 

1 .o U 

1.0 U 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
VOLATILES 

I , l ,  I-Trichtwoethane 

4-Methyl-2-pentanone 

Acetone 

Catbon tetrachloride 

Chlorob~nzem 

Ethy lbenzene 

Methylene chloride 

Styrene 

Teirachlomthene 

Toluene 

Total xylcncs 



Report Date: olnwo 

Plum B m k  a i n a n c e  Works 
TNTAwaB 

Data Sumrnwy Report 

Surface Water 

Sample Location: TNTBSWOl TNTB-SWO2 
Associated Site: lPlTB TNTB 

Sample No: 12000 12010 
Sample Date: 04-NOV-98 04-NOV-98 

YOLATILES Fltr Units Result Val QlFr Result Val QlOr - 
~xhlomethene ugR. 1.0 U 1.0 U 

Vinyl chloride u@ 2.0 U 2.0 U 



Repori Date: 0mmO 

Sample Location: 
Associatd Site: 
Sample No: 
Sample Date: 

2.4-Diniktokutne 

2.6-Dinitrotoluene 

2-Chtoronaphthalene 

2-Chlmphenol 

2-MethylnaphthaIene 

2-Met hylphenol 

2-Nitroanillne 

2-Nitrophenol 

3.3'-Dichl~rvb&dine 

3-NItroaniline 

4,6-DinitrP2-methylphol 

4-Bmmophenyl phenyl ether 
4-Chtoro-3-methylphenol 

4-Cbloromilin~ 

4-Chlotophenyl phenyl ether 

4-Methylphenol 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthy lene 

Plum Bmok Wdmmncc Works 
TNT Area B 

Data Summary Report 

Surfaoe Water 

TNTB-SWOI 
TNTB 
12WO 
OdNOV-98 
Rault Val Qlfr 

- 
10 U 

I0 U 

10 U 

10 U 
I0 U 

10 U 

10 U 

10 U 
50 U 
10 U 

10 U 

10 u 
10 U 
10 V 

10 U 

50 u 
10 U 

50 U 

50 U 

SO U 

10 U 

10 u 

TNTB-SW02 
TNTB 
12010 
04-NOV-98 
Result Val Qlfr 

10 U 

10 U 



Plum Brook &dinawe Works 

TNT Area B 

Data Summary Report 

Surface Water Page 4 

Sample tocadon: 
Associated Site: 
Sample No: 
Sample Date: 

SEMIVOLATfLES3 

Benur(k}fluoranthene 

Butyl bmzyl phthalate 

Carbazole 

Di benzofuran 

Diethyl phthalate 

Dimethyl phthalrte 

Hmaohlombutadkne 

Hexachlorocy dopentadiene 

Hexachlomethane 

Indena&2,3-cd)py renc 

lsophorone 

Naphthalene 

Nitrobenzenc 

Pentachloraphenol 

Phenanthnne 

Phenol 

Fllr Units I - 
ugfl. 

ugL 

ugn, 
ugn 
u%L. 

u f l  

udL 

up/L 

ugn 
ugn. 

~6 
u r n  

ugn 
ugn 
u%t 

u p n  
ugfl. 

u g n  
usn. 

ugn 

upfl; 

ug/L 

ugn 
ugn 
ugn 

ugk 

u%L 

u f l  

u%t, 

m - S W O I  
TNTB 
12000 
04.NOV-98 
Result Val Qlfi 

10 U 

10 U 

10 U 

10 u 
10 .u 
10 U 

10 U 

I0 U 

10 U 

10 U 

10 u 
10 U 

10 tl 

10 u 
10 U 

10 U 

10 U 

50 - U 

f O U 

10 IJ 

10 u 
10 U 

10 u 
50 U 

10 U 

2.2 B 

10 U 

10 U 

10 U 

TNTB-SWW 
TNTB 
lZOl0 
04 -NOV-98 
Result Va! Qlfi 

10 u 
10 u 
10 U 

10 U 

10 u 
10 u 
10 U 

10 u 
10 u 
10 u 
I0 U 

10 U 

10 u 
10 u 
10 U 

10 U 

10 u 
50 U 

10 U 

10 u 
10 u 
10 U 

I0 U 

50 U 

10 U 

4.8 B 

10 U 

10 U 

10 U 



Report Date: 08/28/00 

Plum Bmot Gdinnnce works 
TNT Area 0 

Data Summary Report 

surfhewater . 

Sample Location: RlTBSWOl TNf B-SWOZ 

Assmiat4 Site: TNTB TNTB 

Sample No: 12000 12010 
Sample Date: 04-NOV48 04-NOV-98 

SEMIVOLATILES3 Fltr Units Result ValQlfr Result Val Qlfr - 
bis(2-Chloroisopropyl)ether uglL 10 U 10 U 

Page 5 



Report Date: om8100 

Plum Brook cdinance Works 
TNT Area B 

Data Summary Repott 

Surfiace Water 

Sample ha t ion:  TNTBSWOl TFlTB-SWOZ 

Associated Site: TNTB TNTB 
Sample No: 12000 12010 
Sample Date: 04-NOV-98 04-NOV-98 

PCB3 F t  Units Result Val Qlfr Result Val Qlfi - 
Aroclor 1016 u@'L 2.1 U 1.9 U 

Aroclor I254 uglL 2.1 U I 9 U 

Amclor 1260 ug& 2.1 U 1.9 U 



Report Date: 0 ~ 8 / 0 0  

Sample Location: 
Assaciated Site: 
Sample No: 
Sample Drmte: 

METALS3-W Fltr - 
Aluminum 

Aluminum Y 

Antimony 

Antimony 

Arsenlo 

Arsenic 

Barium 

Barium 

Beryllium 

Beryllium 

Cadmium 

Cadmium 

Calcium 

Calcium 

Chromium 

Cobalt 

Cobalt 

Copper 

corner 
Iron 

Iron 

Lead 

Lead 

Magnesium 

Magnesium 

Manganese 

Manganese 

Units - 
ltpn. 

u f l  

u g n  
ugR. 

ug/L. 

u g n  
ugn 

ugn 
u f l  

ugn 

u p n  
ugn 
u@L 

uglL 

uglL 

ugn 
u E a  

uglL. 

u%L 
u s n  

u p n  

u& 

udL 

uglL 

ugn 
udL. 
u g n  
u g n  
u& 

Plum B m k  updinanoe Works 
TNT Ana 3 

Data Summary Report 

Surface Water 

TNTBSWOI 
mi3 
12000 
04-NOV-98 

I 

- 
Result Val Qlft 

14900 J 

200 U 

60.0 U 

60.0 U 

21.1 

10.0 U 

200 U 

200 U 

5.0 U 

5.0 U 

5.0 U 

5.0 U 

140000 

132000 

18.8 

10.0 u 
50.0 U 

50.0 U 

34.2 

25.0 U 

35000 

267 

20.5 

3.0 U 

34200 

31900 

793 

555 

0.20 U 

TNTB-SWOZ 
TNTB 
1201 0 
04-MOV-98 
Result Val Qlfr -- 
969 J 

200 U 

60.0 U ' 

60.0 U 

30.9 J 

10.0 U 

200 U 

200 U 

5.0 U 

5.0 U 

5.0 U 

5.0 U 

126000 

124000 

11.5 J 

10.0 u 
50.0 U 

50.0 U 

25.0 U 

25.0 U 

167000 J 

683 J 

7.8 J 

3.0 U 

23900 J 

24400 

1440 J 

855 

0.20 U 



Report Date: omwo 

Sample Location: 
Associated Site: 
Sample No: 
Sample Dstc: 
METALS3-W 

~crcury 

Nickel 

Nickel 

Potssirlm 

Potassium 

Selenium 

Selenium 

Silver 

Silver 

Sodium 

Sodium 

Thallium 

Thallium 

Vanadium 

Vanadium 

Zinc 

Zino 

I 

Fltr Units -- 
y m 

Plum Brook Ordinance Work 

TNT Area B 
Data Summary RepMt 

Surfaoe Watw 

m - S W O I  
TNTB 
12000 
04-NOV-98 
Result Val Qlfi 

0.20 U 

43.1 

40.0 U 

16200 

13300 

5.0 U 

5.0 U 

10.0 U 

10.0 U 

20600 

20700 

10.0 U 

10.0 U 

50.0 U 

50.0 U 

58.8 

20.0 V 

TNTB-SWO2 
TNTB 
12010 

04-NOV-98 
Result Val Qlfr 

0.20 U 

40.0 U 

40.0 U 

5000 u 
5000 u 
6.0 J 

5.0 U 

10.0 u 
10.0 U 

17600 

18500 

10.0 II 

10.0 u 
50.0 U 

50.0 U 

57.8 J 

20.0 U 

Page 8 



Report Date: 08/2WOQ 

Plum Bmok mnancc Works 
TNT h a  B 

Data Summnry Report 
Surface Water 

Sample hcation: RITB-SWOI RlTBSWO2 

Associated Site: TNTB TNTB 

Sample No: 12000 12010 
Sample Date: 04-NOV-98 04-NOV-98 
EXPLOSIVES Htr Units ' Result Val Qlfr Result Val Qlfk 

1,3,5-Trinitro-e Ugn 0.20 UJ 0.20 UJ 

HMX 

Nitrobwzene 

RDX 

Tebyl 







Report Date: o r n o  

Plum Bmok &!name Wwks 
TNT Arta B 

Data Summary Report 

Soils 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

VOLATILES 

I.I,I -Trichloroethane 

Benzene 

Bromomethane 
Carban disulfide 
Carbon tEhachloride 

Chloroform 
Chloromethane 

Dihromochloromethane 

Ethylbenzene ' 

Methylene chloride 

S W e  
Tetrachlomethene 

Toluene 

Total x y l m  

Ttichlomethene 

Units 

W k g  

TNTB-SO06 
TNTB 
10550 
09-MOV-98 
4 - 5  

Result Val Qlfr 

TNTB-SO07 
TNTB 
10560 
10-NOV-98 
3 - 4  

RcEuIt Val Qlfr 

TNTB-SO08 
TNTB 
10570 
09-NOV-98 
6 - 8  

Result Val Qlfr 

.m1 U 

.MI61 Ul 

.0061 UJ 

.0061 U 

.0061 U 

.0061 UJ 

.OD61 US 

TNTB-SO09 
TNTB 
10580 
1 1 -NOV-98 
0 - 1  

Result Val QIP 

TNTB-SO10 
TNT9 
10590 
10-NOV-98 
4 - 6  

~ e s u l t  Val QIft 



Plum Brook'Uidnance Works 
TNT Area B 

Data Summnry Report 

Soils Report DM: osnsmo 

TNTB-SOI 1 
TNTB 
10600 
10-NOV-98 
8 - 10 
~ t s u l t  Val Qlfi 

-- 

.0063 U 

.0063 W 

,0063 UJ 
,0063 U 
,0063 U 

,0063 UJ 

,0063 UJ 

.0063 UJ 
,015 J 

,025 UI 

,025 UJ 

, l I  f 
,0063 UJ 

,0063 US 

.0063 UI 

.013 U 

.W63 U 
,0063 UI 

,0063 UJ 

.013 U 

.0063 U 
,013 U 

,0063 W 

,0063 UJ 

,0068 B 

.0063 UJ 
,0063 UJ 

-02 1 J 

,0024 J 

TNTB-SOL2 
TNTB 
10610 
10-NOV-98 
4 - 5  

Sample Location: 
Associated Sik: 
Sample No: 
Sample Date: 
Depth: 

VOLA'TTLES Units Result Val Qlfi Result Val Qlfr. 

.0063 U 

k u l t  Val QIlt 

.OM2 UJ l,l,l-Trichtomthane 

1,1,2,2-Tetrachiomethane 

1,1,2-Trichlomethane 

I,l-Dichlomethant 
1,l -Dichlomthtne 

1,2-Dichloroethane 

12-Diehlomethcne 

19-Dichlompropane 

2-Butanone 

2-Hexanone 

4-Meth yl-2-pcntamne 

Acetone 
Benzene 

Bmmodi~lorornethitrre 

Bromoform 

Bmmomcthane 
carbon disulfide 
C d o n  tetrachIoride 

Chlombenzene 

Chloroethrtne 

Chloroform 

Chloromethane 

Dibromochlwnmethane 

Ethyibenzene 

Methylene chloride 

S~tcr le  

Tetrachlomthene 

Toluene 

Total xylenes 

Trichlomthene 



Report Date: Om8mo 

Plum BrookwrYnnnce Works 

TNT Area B 

Data Summary Reporl 

Soils 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

VOLATILES 

1.1 ,l -TrIchloro~tha~ 

I.1,2,2-Tetraehlmthane 

1,1,2-Triohlomtthane 

1,l-Dichlorocthme 
1,l -Dichloroethene 

I ,2-Dichlomthanc 

1,2-Didloraetlatnc 
1,2-Dicslloropropam 

2-Butanone 
2-Hexmone 

4-Methyl-2-pentanone 

Acetane 

Benzene 

Bromodlchloromethane 

B r o m o h  

Bmmomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

ChIoroethane 
Chloroform 
Chlommethane 

Dibmmochloromcthane 
Ethylbenzene 
Methylene chloride 

styrefie 

Telrachloroethem 

Toluene 

Tom1 xylenes 

Trjchlomethc~~~ 

1 

Units Result Val Qlfr 

,006 U 

Rwult 'Val Qlfi 

.0066 UJ 

b u l t  Val Qlfr 

,0066 UJ 

.OM6 US 

.W66 UJ 

.0066 UJ 

.0066 UJ 

TNTBSO20 
m 
10690 
I I -NOV-98 
0 - 1  

Result Val Qlfr 

-006 U 

.006 UJ 

-006 . U 

,006 U 

.006 U 

.OM u 
,006 U 

.OM U 
,024 U 

.024 U 

.w u 

.m U 

.006 U 

.006 U 

.a06 U 

.012 u 

.OM U 
,006 U 

-006 U 

.012 U ' 

.006 U 

.012 U 

.006 U 

.006 U 

.0032 B 

-006 U 
-006 U 

.OM U 

.006 U 

.006 U 

Page 4 



Plum Brook 6ntnance Works 
RIT Area B 

Report Date: 08/28/00 

Data Sumrmry Report 
Soils 

Sample Location: 
Associated Site: 
Smnple No: 
Sample Date: 
Depth: 

VOLATILES 

1,I.I-Trichloro&thme 

1,1.2.2-Tctrachloroethane 

1,1,2-Trichlomethane 

1, t -Dichloroethane 

I, I-Dichloroethene 

1,2-Di&lorotthrne 

1,2-Dichloroahene 

1,2cMchloropropane 

2-~utanone 

2-Hexanone 

4-Mdhy I-2-pentanone 

Acetone 
Benzene 

Bromodichloromethane 

Bromoform 

Bramamethane 
Carbon disulfide 
Carbon tetrachloride 

Chlorobenzene 

Chtoroethane 

Chloroform 

Chlororn&me 

Dibromochloromethane 

Ethylbcnzene 

Methylene chloride 

S Q m e  

Tctmchloroethene 

Toluene 

Total xy lenes 

Trichlomethene 

TNTBSO22 
TNTB 
10710 
1 1-NOV-98 
0 - I  

Result Val Qlfr 

.0061 U 

.OD61 U1 

,0061 U 

,0061 U 
.0061 U 

.0061 U 

-0061 U 
.DO61 U 

TNTB-S023 
TNTB 
10720 
1 I-NOV-98 
0 - 1  

Resdt Vd Pit? 
.0054 U 

.0054 U 

.0054 U 

,0054 U 
.0054 U 

.0054 U 

.OM4 U 

.0054 U 

rnB-SO24 
TNTB 
I0730 
1 1 -NOV-98 
0 - 1  

Result Vat Qlfi . 

TP1TBSO25 
TNTB 
10740 
I1 -NOV-98 
0 - 1  

Result Val Qlfi. 

TNTB-SO26' 
TNTB 
10750 
1 1 N V - 9 8  
0 - 1  

Result Val QIfi 



Plum BmokiTiananet Woks 
T N T h a B  

Data Summary Report 

Soils 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

VOLATJLES 

l , l ,  I-Trichlmthane 

1 ,X,2,%Tttrachloroeth%ne 

1,1,2-Tfl&loraethant 

I ,  l -Di~M~mths~le  

1.1-DichImthene 
12-Dichlomcthane 

1,2-DicSllomethem 

1,2-Dichloropmpsne 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichlorornethane 

Bromofwm 

Bromomcthane 

C d n  disulfidc 
Carbon tetrachloride 

C h l o r o b ~  

Chlomthane 

Chlorofiorm 
Ch~ommethane 

Dibromochioromethane 

Ethy lb~nzene 

Methylene chloride 

Styrene 

Tetrachlamthenc 

Toluene 

Total xylenes 

Trichtoroethene 

Unlts 

m@I3 

mgntg 

mf3Ikg; 

mglkg 

m%kg 

m t m  

mdkg 
msflte 
ma 
msncs 
ww 
m f l g  

mdkg 

m g  

w s  
w m  
wh 
mdkg 

&& 

m%ka 

W k g  

m& 
m%kg 

mslkg 

mlzk 

mglkg 

m%kg 

"'gnt~ 

TNTBS027 TPITBS02S 
TNTB TNTB 
10760 10770 
1 l -MOV-98 1 1 -NOV-98 
0 - 1  0 - 1  

Result Val Qlfr Result Val Qlfi -- 
.0062 U -006 U 

,0062 UJ -006 U 

TNTB-SO30 
RlTB 
10790 
f 1 -NOV48 
0 - 1  

Rwult Val Qlfi 

.0062 U 

m u t t  Val Qlfr 

.006 U - 

406 UJ 

.006 U 

.OM U 

;OM U 



Prum ~ m k  5;dnancc works 
TNT Area B 

Data Summary Report 
Soils 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Dcpth: 

VOLATILES 

I, 1,I-Trichloroethane 

1,1,2,2-Tetrachlomthane 

1,1,2-Trichlomthane 

I ; l-Dichloroethane 
1, f -Dichloroethene 

I ,2-Dichloroctham 

1 $2-Dichtoroethene 

13-Wich~oropropane 

2-Butanone 

2-Haanone 

4-Methy l-2-pentanone 

Acetone 

Benzene 

- - -~ 

Bromoform 

Broinomethme 

Carbon disulfide 
Carbon tetrachloride 

CMorobenztne 

Chiomthane 

Chloroform 
Chlommethane 

Dibromochlommethane 

Ethylbenzene 

MeUlytene chloride 

Swrene 

Tetnchloroothme 

Toluem 

Total xylencs 

Trichloroethene 

Result Val Qlfr 

,0059 UJ 

.OD59 UJ 

.0059 UJ 

.0059 UJ 

,0059 UJ 

,0039 UJ 

.0059 UJ 

Result Val Qlfr 

TNTB-SO34 
TNTB 
10830 
12-NOV-98 
0 - 1  

Result Val QIfr 

TNTBS035 
TNTB 
10840 
11 -NOV98 
0 - 1  

Result Val Qlff 



Rtpwt Date: Ogngl00 

Sample Location: 
Asociated Site: 
Sample No: 
Sample Date: 
Depth: 

YOLATILES 

Bmmoform 

Bromornethane 

Carbon disulfide 
Carbon tetracblodde 

Chl~bcmene 

Chlmethanr. 

Chloroform 

Chlommethane 

Dibronwhloromethane 

Ethylbenzene 

Methylene chloride. 

Styrem 
Tetrachiomethene 

Toluene 

Total xylenes 

Triohloroethme 

Plum Brook'6dnmet Works 

TNT Area B 
Data Summary Report 

Soils 

TNTB-SO37 
TNTB 
10860 
12-NOV-98 
0 - 1  

Result Val Qlfr 

'PNTB-SO38 
TNTB 
10870 

12-NOV-98 
0 - 1  

h u l t  Val QI% 

-0061 UJ 

-0061 UJ 

,0061 US 

TNTB4039 
TNTB 
10880 
12-NOV-98 
0 - 1  

Result Val Qlfr 

TNTB-so40 
rnTB 
10890 

12-NOV98 
0 - I  

Result Val Qlfi 

.0059 U 



Report Date: o g n ~ o  

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

VOLATILES 

Vinyl chloride 

cis-1,3-Dichloropmpent 

trans-1 $3-Diohloropmpene 

Plum Bmok'&ilnsnce Woks 
TNT Area B 

Data Summary Report 
Soil8 

TNTB-So01 
TNTB 
10500 
09-NOV-98 

' . 5 - 2  

Units Result Val Ql* -- 
mflg ,012 u 
mgkg ,0059 U 
mflg -0059 U 

TNTB-SO02 
m 
10510 
09-NOV-98 
3.5 - 4  

Result Val Qlfr 

.Ol 1 u 
-0056 U 

.0056 U 

TNTBS003 
TNTB 
10520 
09-NOV-98 
3 - 4  

Result Va!Q!fr 

TNTB-SOW 
TNTB 
10530 
09-NOV-98 
5 - 6  

Result Val Qlfr 

.013 U 

.OM7 U 

.OD67 U 

TNTBSOOS 
TNTB 
10540 
09-NOV98 
2.5 - 3.5 
Result VaIQl* 



Report Date: 08/28/00 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

VOLATILES 

Vinyl chloride 

cis- 1.3-Dichloropropcne 

trans- 12-Dichlompropene 

Plum Brook OHnmoc Works 
TNT Area B 

Data Summary Report 

Soils 

TNTB-SO06 
TNTB 
10550 
09-NOV-98 

' 4 - 5  

Units Result Val QW 

mgkg ,011 U 

mgkg ,0057 U 

mgkg ,0057 U 

Result Val Qlfr 

TNTBS008 
TNTB 
10570 
09-NOV-98 
6 - 8  

Result Val Qlfr 

TWB-SO09 
mm 
10580 
1 1 -NOV-98 
0 - 1  

Result Val Qt* 

Page 10 

m u l t  Val Qlft 

,012 U 



Report Me: 08128100 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

VOLATILES 

Vinyl chloride 

cis-1,3-Dich1~0~ne, 

trans-1 -3-Dichloropropene 

Plum ~ruok  6dnancc works 
TNT Area B 

Data Summary Report 

Soils 

m - S O I  1 
TNTB 
10600 
10-NOV-98 

I 
8 -10 

Unlts Result Val Qlfi 

m&g ,013 U 

m&g ,0063 UI 

mgkg ,0063 WJ 

m - s o 1 2  
RITB 
10610 
10-NOV98 
4 - 5  
Result Vai Qlt 

.012 u 

.OD62 U 

,0062 U 

TNTB-SO14 
TNTB 
10630 
1 I -NOV-98 
0 - 1  

Result Val Qlfr 

TNTB-SO15 
RFTB 
10640 
1 I -NOV-98 
0 - 1  

Result Val Qlfi 

TNTB-sOlC 
TNTB 
I0650 
1 I-NOV-98 
0 - 1  

Result ValQlfi 

,012 U 

,0061 UJ 
,0061 us 



Report Date: ammo 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

VOMTILES 

Vinyl chloride 

cis-1,3-DIchloropmpme 

trans-1,3-DicMmpropem 

Plum B ~ m k  UFilnance Works 
IWT Area B 

Data Summary Report 
Soils 

Units Result VdQlfk 

mgkg -012 U 

TNTB-SO1 8 
TWTB 
10670 
1 I -NOV-98 
0 - I  

Result Val Qlfk Result Val Qlfr Result Val Qlfi Result Val Qlfr 



Report Date: 0 ~ ~ 0  

Sample Localion: 
Aswciated Site: 
Sample No: 
Sample Date: 
Depth: 

VOLATILES 

Vinyl chloride 

trans- 1,3-Dichlorop~pe~ 

Plum Bmok &lnancc Works 
TNT Arta B 

Data Summary Report 
Soils 

Units ~tsult  Val QlPr Result Val QIC 

mg/kg ,012 U .011 U 
rneg .0061 U .0054 U 

mgkg .0061 U -0054 U 

Result Val Qlfi 

,012 U 

h u h  Val QI% 

.012 U 

Page 13 



Report Date: o ~ s / 0 ~  

Sample Location: 
Associated Slte: 
Sample No: 
Snmplc Date: 
Depth: 

YOLATILES 

Vinyl chloride 

cis-1,3-Dichloropropene 

trans-1,3-Dichlmpmpme 

Plum Brook Uidnance Warks 

TNT Area El 
Datr Summry Report 

Soils 

units ~esult Val QlFr 

mgkg .012 U 

Result Val QIfr 

.012 U 

TNTB-SO30 
TNTB 
10790 
l I-NOV98 
0 - 1  

Result Val Qlf 

Page 14 

~ S M  I 
m 
10800 
12-MOV-98 
0 - 1  

-It Val Qlfr 



Plum Bmok 6dnance Works 
TNT Ama B 

Report Date: 08/28/00 

Sample Lodon: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

VOLATILE 

Vinyl chloride 

Data Summary Repott 

Soils 

TNTB-SO32 W - S O 3 3  
TNTB TNTB 
10810 10820 
12-NOV-98 12-NOV-98 

I 0 - I  0 - 1  

Units ~esult Val Qlfr -- Result Val Qlfr 

mdkg ,012 UJ .Oil U 

TNTB-SO34 
TNTB 
1083 0 

12-NOV48 
0 - 1  

~tsult ValQlfr Result Val Qlfr 

.012 u 

.OM u 
,006 U 



R a p t  Date: 0- 

Sample Locdion: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

VOLATILES 

Vinyl chloride 

cis- 1,3-DichIoropropene 

trans- 13-Dichlompropcnc 

Plum ~rook'fEdnance Works 

TNT Area B 
Data Summary Repoat 

Soils 

--SO37 TNTB-SO38 
TNTB TNTB 
10860 10870 
12-NOV-98 12-NOV48 

I 0 - 1  0 - 1  

Units Result Val Qlfi Result Val Qlfr 

mgkg ,012 UJ .012 UJ 

TNTMO39 
TNTB 
10880 

12-WOV-98 
0 - 1  

Result Val Qlfr 

Page I6 

TNTB4040 
TNTB 
10890 
12-NOV-98 
0 - 1  

Result Val Ql t  



Phim Brook 6'dnance Works 
TPlT Area B 

Report Dab: 08/28/00 

Data Summary Report 
Solls 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

4-Bmmophmyl phenyl dher 

4-Chlom-3-methylphenoi 

4-Chlomphenyl phenyi ether 

I 

Units - - 
m a g  

m%kg 

m f i g  
m g l k ~  

m%as 
w g  

m* 

mg'h 
m m  
m g k  

mgkg 

mg'b 
mgk 

mglkg 

m a g  

mi& 

m w b  

m g k  

mgntg 

mg/kg 

m@s 

tnglkg 
m& 

mWQ3 

mg'k 

m9ntg 

mgkg 

m@g 

TNTB-So01 
TNTB 
10500 
09-MOV-98 
.5 - 2  

- 
Result Val Qlfi 

.39 U 

.39 U 

.39 U 

.39 U 

.39 U 

.39 U 

.39 u 

.39 U 

1.9 U 
.39 U 

.39 U 

-39 U 
.39 u 
-39 iJ 

.39 U 

1.9' U 
.39 U 
1.9 U 

1 9 U 
1.9, U 

.39 U 

.39 U 

-39 U 

.39 U 

.39 U 

1.9 U 
1.9 U 

.39 U 

.39 u 
-39 U 

Result Val Qlfr Result Val Qlfr 

MTB-SOM 
TNTB 
10530 
09-NOV-98 
5 - 6  

Result Val Qlfi 

.44 U 

.44 U 

.44 U 

-44 U 
.44 U 

.44 U 

.44 U 

.44 u 
2.1 U 

.28 J 

.44 U 

.44 U 

.44 u 

.44 U 

.44 U 

2.1 U 
.44 U 
2. I U 

2.1 U 

2.1 u 
.44 U 

.44 u 

.44 U 

.44 U 

.44 U 

2.1 ti 
2.1 U 

.44 U 

A4 U 

.44 U 

TNTB-SOO5 
TNTB 
10540 
09-NOV-98 
2.5 - 3.5 

Result VdQlfr 

.42 U 

-42 U 

.42 U 

.42 U 
-42 U 

.42 U 

.42 U 

.42 U 
2 U 

-42 U 

-42 U 

.42 U 

.42 U 

.42 U 

.42 U 

2 U 
.42 U 
2 U 

2 U 

2 U 

.42 U 

.42 U 

-42 U 

-42 U 

.42 U 

2 U 

2 U 

-42 U 

-42 U 

.42 U 



Plum Bmnk mnmee Works 
TNT Area B 

Data Summary Report 

Soils Repart Date: 0888/00 

Sample Location: 
Associated Site: 
Simple No: 
Sample Date: 
Depth: 

SEMIYOLATILES3 b u t t  Val Qlfi -- 
-38 U 

-38 U 

.3t U 
3 8  U 

Result Val Qlfr 

.3 6 U 

.3 6 U 

.3 6 U 

.3 6 U 

.36 U 

xesult Val Qlfr -- 
.4 U 

.4 U 

.4 U 

.4 U 

.4 U 

Result Val Ql* 

.39 U 1,2,4-Trichlorobenzene 

1 -2-Dichlorobenzcne 
1,3-Di&lorobenzem 
1,4-Dichlombcnzenc; 

2,4,5-Trichloropheno! 

2,4,&TrIchlomphenol 

2,4-Dichlorophenol 

2,4-Dimethylphenol 
2.4-Dinitrophenol . 
2,4-Dinitrotoluens 
2,B-Dinitrotoluene 

2-Chromnaphthalem 
2-Chloraphenol 

2-Methylnaphthalene 

2-Methylphenol 

2-Nitroaniline 

2-Nitrophenol 
3,3'-DichIombenzidine 

3-Nitroaniline 

4,6-Dinitro3-metRylphenol 

4-Bmmophcnyl p h y l  cth# 
4-ChloroJ-methylphcnd 

4Chloroanilint 

4-Chiorophyl phenyI ether 
4-Methylphenol 
4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 
Acenaphthylene 

Anlhracent 



Report Dab: osnsmo 

Plum B m k  @&ance Works 

TNT Area B 
Data Summary Report 

Sails 

Sample Locadan: 
Associated Site: 
Sample No: 
Sample Date: 
.Depth: 

2-Methy lphenol 

4-Chlorophenyl phenyl ether 

I 

Units 

m - s o l  1 
TNTB 
10600 
10-NOV-98 
8 - 10 

Result Val Qlfr 
-- 

.42 U 

TNTBSO12 
TNTB 
10610 
10-NOV-98 
4 - 5  

Result Val Qlfr 

.4 1 u 

.4 1 U 

.4 1 U 

.4 1 u 

.4 1 tl 

.4 1 U 

.4 1 U 

.4 1 u 
2 U 

4.4 

-62 

.4 1 U 

.4 1 u 

.4 1 U 

.4 1 U 
2 u 
.4 1 u 
2 U 

2 U 

2 U 

.4 1 U 

.4 1 u 

.4 1 U 

.4 1 U 

.4 1 U 

2 U 
2 U 

.4 1 U 

.4 1 U 

.4 1 U 

TNTB-SO14 
m 
10630 
1 1 -NOV-98 
0 - 1  

Result Val Qlfr 

Q4TB-SOlS 
TNTB 
10640 
1 I-NOV-98 
0 - 1  

Result Val Qlfr 



Report Date: o g n ~ ~  

Samplc Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMIVOMTILES3 

I 

Units 

1,2,4-Tri~hloroknzene 

1,2-Dichlorobenzene 

1,3-Dichlombcnzent 

1 ,d-Dichlorabenzene 

2,4,5-Trichlompheno1 

2,4,6-Trichlorophmol 

2,4-Dlchlomphenol 
2,4-Dimtd1ytphenol 

2.4-Dinltrophenal 

2,4-Dinitmtoluem 

2,C-Dinitrotoluene 

2-Chloronaphthalene 

ZGhlorophenol 

2-Mdhylnaphthalem 

2-Methylphenol 

2-Nitmiline 

2-NitrophenoI 

3,3'-Dichlombenzidim 

3-Nitroaniline 

4,6-Dlnltm-2-mtthylphenol 

4-Bromophenyl phenyl ether 

4-Chlo-3-methylphenol 

4-Chloroaniline 

4-Chlorophenyl phcnyl ether 

4-Methylphenol 

4-Nitroaniline 

4-Nitrophenol 

Accnqhthene 

Acenaphth ylene 

AnthraceW 

Plum B m k  CMnancc Work 

TNT A m  B 
Data Summary Report 

Soils 

TNTB-SO18 
TNTB 
10670 
1 I .NOV-9s 
0 - 1  

Result Val Qjfi 

TNTBS019 
m 
10680 
1 1 -NOV-98 
0 - 1  

Result Val Qlfr 

.44 U 

.44 u 

.44 u 

.44 U 

.44 U 

-44 U 

,44 U 

.44 U 

2.1 u 
.44 U 

.d4 U 

.44 U 

.44 U 

.44 U 

.44 U 

2.1 U 

.44 U 

2.1 U 

2.1 U 

2.1 U 

.M U 

.44 U 

.44 U 

-44 U 

.44 U 
2.1 U 
2.1 U 

-44 U 

.44 U 

.44 u 

m - s o 2 0  
TNTB 
10690 
1 l -NOV-98 
0 - 1  

Result Val Qle 

.4 U 

.4 u 

.4 U 

.4 U 

.4 U 

.4 U 

.4 U 

A u 
1.9 U 

.1 J 

-4 U 

A U 

-4 u 
.4 U 

A U 

1.9 U 

.4 u 
1.9 U 

1.9 U 

1.9 U - 

.4 U 

.4 u 

.4 U 

.4 U 

.4 U 

1.9 U 

1.9 U 

.4 U 

.4 U 

.4 u 

Page 20 

TNTB4021 
TNTB 
1 MOO 
1 I-NOV-98 
0 - 1  

Result Val Qlfr 

.4 U 

.4 U 

.4 U 

.4 U 

.4 U 

.4 u 

.4 U 

-4 U 

2 u 
.082 J 

.4 U 

.4 U 

.4 u 

.4 u 

.4 U 
2 U 

.4 U 

2 u 
2 U 
2 u 
.4 u 
.4 U 

.4 U 

.4 U 

.4 U 

2 U 
2 U 

.4 U 

.4 U 

.4 U 



~ l u m   rook m'iance works 
RIT Area B 

Data Summary Report 
Soils Page 21 

Snmple Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMVOLATILES3 

1,2,4-Trichlorobenzene 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

1,4-Dichlrnbenztne 

2,4,5-Trichlorophenol 

2,4,6-TrichlorophewI 

2,4-Diohlofbphenol 

2,4-Dimethylphmol 

2,4-Dinitrophcnol 

2,4-Dinltmtoluene 

2,C-Dinltrotoluene 

2-Chloronaphthalenc 

2Chlomphcnol 

2-Methylnaphthalene 

2-Methylphenol 

2-Nit~~niline 
2-Nitrophenol 

3 J'-Dkhlorobcnzidine 

3-Nitroaniline 

4,B-Dinitro-2-methylphenol 

4-Bromophenyl ph~nyl ether 

4-Chlom3-mcthylphmol 

4-Chloroanillne 

4-Chlorophenyl phcnyl ether 

4-Methylphenol 

4-Nitromiline 

4Nitrophcrml 

Acenaphfhene 

Acenaphthy Iene 

Anthracene 

I 

Units Result Val Qlfi 

.36 U 

.36 U 

.36 U 

.36 U 

.36 U 

Resutt Val Qlff 

TNTB-SO26 
TNTB 
I0750 
1 1-NOV-98 
0 - 1  

R a f t  Val Qlfr 



Plum Brook 0Tdnance Works 
TNT Ama B 

Data Summary Repod 
Soib 

Sample Lodon: 
Associated Site: 
Sample No: 
Sampte Date: 
Depth: 
SEMIVOLATILES3 

1,2,4-Trichlorobenzcne 

l,2-Dichlorobenzene 
1,3-Dichlorobemene 
1.4-Dichlombenzenc 
2.4,s-Trichlorophenol 

2,4,6-Trichlorophenol 

2,4-Dichloropherml 

2,4-Dimethylphml 
2,4-Dinitmphenot 

2,4-MnItr~bl~e11~ 
2,BOinitrotoluene 

2-Chlomnaphthalene 
2-Chlorophenol 

2-Mcthylnaphthdcne 

2-Methylphenol 
2-Nitroaniline 

2-Nitrophenol 
3.3'-Dichlomben~idIne 

3-Nitroaniline 

4,6-Dinitro-Z-rnefhylphml 

4-Bmophtnyl flenyl ether 

4-Chloro-3 -meth ytpheml 

4-Chloroaniline 

4-Chlorophenyl phenyl ether 

4-Methylphenol 
4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylm 
Anthraane 

TNTBS027 
TNTB 
10760 
I I-NOV-98 
0 - 1  

Result Val Qlfr 

RJTB-$028 
TNTB 
10770 
1 1-NOV-98 
0 - 1  

Result vat Qlfk 

m - s o 2 9  
m 
10780 
1 1-NOV-98 
0 - 1  

Result Val Qlfr 

RITBS030 
TNm 
10790 
1 1 -NOV48 
0 - I  

~ e s u l t  Val Q1% 

.4 1 U 

TNTB-SO3 1 
TNTB 
10800 
I ZWOV-98 
0 - 1  

Result Val Qlfk 

.39 U 



Report Date: 0gQsff)O 

Plum Brook 6rdnance Works 

TNT Arta B 
Data Summary Report 

Soils 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMIVOLATILES3 

1,2,4-Trichlorobenzene 

1,2-Dichlombenzcne 

1,3-Dichlorobenzene 

4-Bmmophenyl phenyl ether 

4-Chlorophenyl phenyl ether 

4-Methylphenol 

Acenaphfhene 

TNlBS032 
TNTB 
10810 
12-NOV-98 
0 - 1  

Result Val Qlfr Result Val QIfr 

.39 U 

.39 U 

.39 U 



Report Date: ammo 

Plum Brook'Uianance Works 
TNT Area 3 

Data Summary Report 

Soils 

Sample Lacation: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

4-Bromaphesryl phenyl ether 

I 

Units 
- - 

mglkg 

m%kg 

msntg 
mgnta 

mglkg 
m 
mgntg 
m#kg 

mgkg 

w g  

m%kg 

ma 
mdkg 

m%kg 

m f l s  
msfltg 
mglkg 

mk 
mi#% 

mi?& 

m& 
ml3kg 

mglkg 

mzm 
m u %  

m@g 

m& 

m@g 

mgncg 

m& 

Result Val Qlfi 

-41 U 

.4 1 U 

.4 1 U 

.4 1 U 
-4 l U 

Result Val Qlik 

TNTB-SO39 
TNTB 
10880 
12-NOV-98 
0 - 1  

Result Val Q1fr -- 
-38 U 

-38 U 

.38 U 

.38 U 

.38 U 

. j8 u 

.38 U 

.38 U 
1.8 U 
.38 U 

-38 U 

.38 U 

.38 U 

-38 U 
.38 U 

1.8 U 

-38 U' 

1.8 U 

1.8 U 

I .I U 

.38 U 

.38 U 

.38 U 

.38 U 

.38 U 

1.8 U 

l .B U 

.38 U 

.38 U 

.38 U 

Result Val QlB 

.39 U 

.39 U 

-39 u 



Report Date: 0812%100 

Plum Brook 02mce  Works 

TNT Area B 
Data Summary Report 

Soils 

Sample Location: 
Associated Site: 
Smple No: 
Sample Date: 
Depth: 

SEMlVOLATILES3 

Benzo(a)anthracene 

Benw(a)pytene 

Benur(b)fiuoramhcnc 
Benm(%i)puylena 

Benzo(lr)fluoranthme 

Butyl benzyl phthalate 

Carbmle 
Chrysene 

Dibenz(n,h)anthwene 

Dibenmfuran 

Diethyl phthalate 

Dimethyl phthalate 

Muamthene 

Fluorene 
HexachIorobenzene 

Hexachlombutadiene 

Hexachlomcyclopentadicne 

Hexnchloroethane 

Indeno(l,2.3-d)pymne 

lsophomne 

Naphthalene 

Nitrobenzene 

Pentachloeophenol 

Phenanthrene 

Phenol 

Pyrene 

bis(2-Chloroethoxy)methant 

bis(2-Ch1omcthyl)ether 

b ts(2-Chlwoisopropyl)ether 

bis(2-Ethylhmyl)phthalate 

Units b u l t  Val Qlfr 
-- Result Val Qlfr 

mgkg -39 U .37 U 

mgntg .39 U .37 u 
m#kg .39 u .37 U 

mgntg .39 U .37 U 

rngkg .39 u .37 U 

mglkg -39 U .37 U 

mgikg .39 U .37 U 
m%kg -39 U .37 u 
mgkg .39 U .37 U 

e .39 tr -37 u 
m@g .39 u -37 U 

@B .39 U .37 U 

rngkg .39 u .37 U 

mglkg .39 U .37 U 

@kg -39 u .37 U 

mglkg .39 U .37 U 

mg/kg 1.9 UJ 1.8 UJ 
m& .39 U 37 U 

mgkg .39 U -37 U 

m& .39 U .37 U 

w g  .39 U .37 U 
mgkg -39 U -37 U 

mgkg 1.9 U 1.8 U 
mBlkg .39 U .048 J 

mgkg .39 u .37 U 

m& -39 U .37 u 
mgkg .39 U .37 u 
m& -39 U -37 U 

TNTB-SO03 
TNTB 
10520 
09-NOV-98 
3 - 4  

Result Val Qlfr 

.037 J 

Result Val Qlfr 

m s o o s  
TNTB 
10540 
09-NOV-98 
2.5 - 3.5 

Result Vd Qlfr 



Plum Brook adnmce Works 
TEFT Area B 

Data Summary Report 

SQih Report Date: o m 0  

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Dcpth: 
SEMIVOLATILES3 

RITB-SOO6 
TNTB 
10550 
09-NOV-98 
4 - 5  

Result Val Qlfi 

.38 U 

-38 U 

.MI J 

.38 U 

.38 U 

.38 U 

.38 U 

.38 U 
-38 U 

-3% U 
.38 U 

-38 U 
.38 U 

-38 U 

.38 U 

.38 U 

1.8 UI 

.38 U 

.38 U 
,38 'U 

,38 U 
-38 U 

1.8 U 

-38 U 
.38 U 

3% U 

.38 U 

.38 U 

-38 U 

1 .I I3 

TNTB-S007 
TNTB 
10560 
10-NOV-98 
3 -4 

Result Vsl Qlfr 

.36 U 

.36 U 

.36 U 

.36 U 

.36 U 

.36 U 

.36 U 
-36 U 
.36 U 

.36 U 

.36 U 
36 U 

.36 U 

.36 U 

.36 U 

.36 U 
1.8 U 
.36 U 

.36 U 

.36 U 

.36 U 

.36 U 

1.8 U 

.36 - U 

.36 U 

.36 U 
-36 U 

.36 U 

.36 U 

,088 B 

rnB-SODS 
TNTB 
10580 
1 1-MOV-98 
0 - 1  

Result Val Qlfr -- 
.4 U 

.4 U 

.4 U 

.4 u 

Result Val Qlft Result Val Qlfr 

-39 U 

.39 , u 

.39 U 

Benzo[a)pyrenc 

Benzo(b)flwranthene 

Bmzo(gh1)perylene 

Benzo(k)fluomthcne 

Butyl benzyl phthalate 

Carbamle 

Cbrysem 

DIbenz(a,h)anihm 

Dibenwfmm 

Dlethyl phthalate 

Dlmethyl phthaiste 

Fluormthem 

Flumne 

Hexachlombenme 

Hwtachlorobutadicne 
Hexa&lorocyclop~n~Lene 

Hmachlorotthane 

Indeno(l,2,3-cd)pyme 

Isophorone 
Naphthalene 
Nitrobenzene 

Pentachlomphenol 

Phenanthrene 

Phenol 

Pyrene 

bis(2-Chlorodhmcy)meth~~ 

his@-Ch1oroethyI)cther 

bis(2-Chlomisoprogy1)ether 

bis(2-E!hy!hexyl]pMhalale 



Report D a k  08/21y00 

Plum Brook Cdnanoe Works 
TNT Area B 

Data Summary Repott 

soas 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMIVOLATILES3 

Benzo(s)py~ne 

Benzo(b)fluoranthcne 

Benm(ghi)perylenc 

Benim(k)fluoranthene 

Butyl benzyl phthalate 

Carbmlc 

Chrysene 

. * m~~ ~ 

DibGnzofuran 

Diethyl phthalate 
Dimethyl phtfialate 

Fluomthene 

Fluorene 

Hexachloroethmrne 

Indeno(l,2 J-cdlpyrene 

Isophomm 
Naphthalene 
Mihobenzene 

Pentachlomphenol 

Phmlithrent 

Phenol 

Pyrene 

bis(2-Ch1oroethaxy)methane 

bis(2-Chlomethy1)ether 

bL(2-Chloroisapropy1~ 

bisp-Ethylhexyl)phthalNe 

Units 

TNTB-SO1 i TNTB-SO12 
TNTB TNTB 
10600 10610 
10-NOV-98 10-NOV-98 
8 ' - 1 0  4 - 5  

Result 

.42 

.42 

.42 

.42 

-42 

.42 

.42 

Val Qlfr Result 

.41 

.41 

.4 1 

-4 1 

A 1 

-4 1 

.4 1 

Val Qltk - 
U 

U 
u 
U 
U 

U 
U 

TNTBS014 
TNTB 
10630 
I 1-NOV-98 
0 - 1  

R e d t  Val Qlfr Result ValQlfi 

TN'CBS016 
TNTB 
10650 
1 I -NOV-98 
0 - 1  

Result Val QIfi 



plum ~ m o k  dknsnce works 
TNTArcaB 

Data Summary Report 

Soils Report Date: 08/28/00 

Sample Locatbn: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMlVOLATlLES3 

TNTBS017 
TNTB 
10660 

I 1 I -NOV-98 
0 - I  

Units b u l t  Val Qlfr - 
m&g -07 J 

TNTB-SO1 8 
TNTB 
10670 
11-NOV-98 
0 - 1  

Result Val Qlfr 

m - S O 1 9  
TNTB 
10680 
1 I -NOV-98 
0 - 1  

Result Val Qlfr 

.44 U 

Result Val Qlfi 

.4 U 

RGJUlt Val Qlfr 

.4 U Benzo(a)anthracene 

Benzo(a)p yr~m 

Benzo(b)fluoranthene 
Btllzo(ghi)peq4ene 

Benzo(k)fluomnthene 

Butyl benzyl phthalatc 

Carbezble 

Chrysene 

Dibenz(sh)anthraocne 

Dibenzofuran 

Dlethyl phthalate 

Dimethyl phthllate 
Flumawhene 

Fluorene 

Hexachlorobcnzene 

Hmachlorobuiadiene 
Hexachlorocyclopcnladiem 

Hemhloroethane 

Indeno(l,2,3-d)py~me 

Isophbrone 
Naphthalene 

Nitrobenzene 

Pentachlorophenol 

PhanthFene 

Phenol 

Pyrene 

bls(2-Chloroethoxy)methane 

bis(2-Chlomcthyl)ether 

bis(2-Chloroisopmpyl]ehr 

bis(z-Ethylhexyl)phthalW 



Report Date: OgnglOO 

Piurn ~rookOrdfiance WO* 

TNT Area B 
Data Summary Repon 

Solls 

Sample Locatbn: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMIVOLATfLES3 

Bcnzo(a)anthracene 

Benw(a)pyrene 

Bem(b)nuoranthenc 
Benzo(ghi)peylene 

Benzo(k)fluoranthene 

Butyl benyl phthdate 

Carbazote 

Chrysenc 

Dibcnz(a,h)anthtacene 

Dibenzohmn 

Dicthyl phthalate 

Dimethyl phthalate 

Flumnthene 

Aexachlomethe 

Indcno( 1 ,V-cd)ppene 

Isophomne 

Naphthalene 

Nitrobenzene 

Pentnchlomphenol 

Phmnthrcnc 

Phenol 

PY- 
bis(2-Chlomethoxy)methane 

be-Chloroethy1)ethcr 

bls(2-Ch!mlsopropyI)ether 

1 

Units 

TNTB-so22 
TNTB 
10710 
11-NOV-98 
0 - 1  

Result Val Qlfr 

RITB4023 
TNTB 
10720 
1 1-NOV-98 
0 - I  

Result Val Qlfr 

TNTB-sm 
TNTB 
10730 
l I-NOV-98 
0 - 1  

Result Val QlP Result Val Ql% 

-4 U 

Result ValQlfk 

.4 U 



Plum Bmok 0%met Works 
TNT Area B 

Data Summary Report 
Soils Report Date: 08/21~00 

Sampk Location: 
Associated Site: 
Sampk No: 
Sample Date: 
Depth: 

SEMlVOLATILES3 

I 

Units 

TNTBS027 
RdTB 
10760 
1 1-NOV98 
0 - 1  

Result Val Qlfr 

TMB-SO28 
TNTB 
10770 
11-NOV-98 
0 - 1  

Result Val Qlfr 

7NTB-suz9 
TNTS 
I0780 
1 1-MOV-98 
0 - 1  

Result Val Qlt3 

Benzo(a)anthracene 

Benzo(at)pyrenc 

Benz.b)fluomthene 

Bem(ghi)perylene 

Benzo(k)Auoranthcne 

Butyl bcnzyl phthalate 

Carbazole 

Chrysenc 

Dihnz(a~)mthrmne 

Dibenzofuran 

Diethy1 phthalate 

Dimethyl phthalste 

Fluoranthem 

Fluorene 

Hmachlorobenzene 

Hexachlorobu~~cne 
Hexiiohlomydopentadime 

Hexachlomethane 

Indeno(l,2,3-~d)pymne 

Isophmne 

Naphthalene 
Nitmbenzenc 

Pentachlomphenol 

Phenlrnthrene 

Phenol 

Pyrene 

bis(2-Chlomthoxy)methane 

bis(2-Chlomethy1)eLer 

bi~@-Chl~rd~~pr~py!)etb~~ 

bis(2-Ethy lhtxy 1)phthalate 

TNTBS030 
TNTB 
10790 
1 1 - W 4 8  
0 - I  

Result Val Qlfi 

-044 J 

.w 1 

.062 J 

.a 1 u 

.055 J 

.4 1 U 

-41 U 
.05 1 1 

.41 U 

.41 U 

-41 U 

-4 1 u 
.a49 J 

.41 U 

A 1 U 

.4 1 u 
2 U 

.41 U 

.41 U 

.4 1 U 

-4 1 U 
A l U 

2 u 
.4 1 U 

.4 1 u 

.047 J 

-4 1 U 

.4 1 U 

.4 1 U 

,078 B 

Page 30 

Result Vai Qlfr 

.046 J 



Report Date: Om8/00 

.. . 
Ptum Brook Ordnance Works 

TNT Area B 
Data Summary Report 

Soils 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMiVOLATILES3 

Benzo(a)anihrrtcene 

Butyl benyI phthalate 

Dibenzofuran 

Diethy1 phthalate 
Dimethyl phthalate 

Hexlchlmbenzene 

Hexachlorobu!adicne 

Hexachlorocyclopentadiene 

Hexachloroethme 

Indeno(1,2,3-cd)pyme 

fsophorone 
Naphthalene 

Nitrobenzene 

Pcntxhlomphenol 

Phenmthrene 

Ptmol 
Pyrem 

bis(2-Chlomthoxy)methnne 

bis(2-ChIomthyl)ether 

bls(2-Chlomisopmpyl)ethtr 

bis(2-Ethy1haxyl)phlhaIate 

Result Val Qle 

TNTB-SO33 
TNTB 
10820 
12-NOV-98 
0 - I  

Result Val Qtfr 

.36 U 

.36 U 

-36 U 
.36 U 

.36 U 

.36 U 

.36 U 

-36 U 

.36 U 

.36 U 

.36 U 

.36 U 
-36 U 
.36 U 

.36 U 

.36 U 
1.8 U 

.36 U 

.36 U 

.36 U 

.36 U 

.36 U 

1.8 U 

.36 U 

.36 U 

36 U 

.36 U 

.3 6 U 

.36 U 

.36 U 

TNTB-SO34 
TNTB 
10830 
12-NOV-98 
0 - 1  

Result Val QIR. 

TNTB4036 
TNTB 
10850 
12-NOV-98 
0 - I  

Rtsult Val Qlfk 



Plum Brook OFccance Works 

TNT A m  B 
Data Summary Report 

Soils Report Date: 08/28/00 

TNTB-SO37 
TNTB 
10860 
12-NOV-98 
0 - 1  

Result Val Qlfr 

.05 J 

.055 J 

.MI 1 

,037 J 
,058 J 

.4 1 U 

.4 1 U 

.07 J 

.41 U 

.4 1 U 

,4 1 U 

.4 1 U 
,097 J 
.41 U 

-41 U 

.4 1 U 
2 U 
.41 U 

,037 3 

.41 U 

.4 1 u 
A l  U 

2 U 

,045 J 

.4 1 u 

.071 J 

.41 U 

.41 - U 

-4 1 u 
.41 U 

TNTB-SO38 
TNTB 
10870 

TNTB8040 
TNTB 
10890 
12-NOV-98 
0 - 1  

Sample Lomiion: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMlVOLATILES3 Resutt Val Qlfr 

.049 J 

Result Val Qlfr 

.05 J 

Result Val Qlfr 

.39 U 

.39 U 

.39 U 

.39 U 

.39 U. 

Htxaohlombutadiene 
Hexachlomcyclapentdiem 
Hdloroeihane 

Indeno(1,Z J-cd)pyrene 

Isophotone 

Naphthalene 
Nitrobtnzene 

Pentachlomphenol 

Phenanthrene 

Phenol 

Pym 
biG2-Ch1oroethoxy)meth~e 

bis(2-Chloraethyl)ether 

bis(2-Chloroisop~l)ether 

bis(2-Ethylhw1)phthalatc 



Sample Locntion: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMiVOLATILES3 

dl-n-Butyl phthalate 

Pkm Brook Ednancc W d s  
TNT Arca B 

Data Summary Report 
sorts 

Units Result Val Qlfr Result Vd Qlfi 

mglkg -39 U .3 7 U 

mglks 3 9  U .37 U 

mgkg .39 U .37 u 
mglkg .39 U .37 U 

Result Vd Qlfr 

.44 U 

Page 33 

TNTBSOOS 
TNTB 
10540 
09-NOV-98 
2.5 - 3.5 

Result Vd Qlff 



Repart Date: 08nsMO 

Sampk Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMIVOLATILEQ 

Plum Bmok Gdnance Works 

R I T A m B  

Data Summary Report 
Soils 

Units ~ e ~ u i t  Val Qlfi 

mgkg .38 U 

w g  3 8  U 

mgkg .38 U 

TNTB-SO07 
TNTB 
10560 
10-NOV-98 
3 - 4  

Result Val Ql& -- 
.36 U 

.36 U 

36 U 
.36 U 

TNTBS008 
TNTB 
10570 
09-NOV-98 
6 - 8  

ResuIt Val Qlfr 

mTB-so09 ' 

TNTB 
10580 
I i -NW-98 
0 - 1  

Result Val Qlfi -- 
.39 U 

.39 U 

.39 u 

.39 U 



Sample Location: 
Associated Site: 
S m p l e  No: 
Sample Date: 
Depth: 

SEMiVOLATILES3 

Plum B-k Binance works 

TNT Ama B 
Data Summary Report 

Soils 

Units ~esult Val Qlfr 

m g  .42 U 

TNTB-SOIZ 
TNTB 
I0610 
10-NOV98 
4 - 5  

Result Val Qlfr 

TNTB-SO14 
TNTB 
10630 
1 I-NOV-98 
0 - 1  

Result Val Qlfr Result Val  Qlfi 

-4 1 U 

.4 1 U 

.4 1 u 
-4 1 U 

r n - S O 1 6  
TNTB 
10650 
11-NOV-98 
0 - 1  

Result Val QLfr 

.4 U 

,4 u 
.4 U 
.4 U 



Plum Bmok &hatice Woks 
TNT Area B 

Report Date: 0gnWO 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SEMVOLATfLES3 

di-n-Butyl phthalate 

di-n-Octyl phthalak 

n-Nitrosodi-n-pmpylamine 

n-Nltmsodiphenylamine 

Data Summary Report 

Soils 

TNTB-SO17 
TNTB 
10660 

1 1 -NOV-98 
I 

0 - 1  

Units ~esult Val Qlfr 

mgkg .4 U 

TNTB-SO 1 8 
TNTB 
10670 
11-NOV-98 
0 - 1  

Result Val Qlft 

.43 U 

TNT88019 
TNTB 
10680 
I 1  -NOW98 
0 - 1  

Result Val Qlfr 

-44 U 

TNTBS020 
RJTB 
10690 
1 I-NOV98 
0 - 1  

Result Val Qlfr 

A U 

.4 - U 

.4 U 

.4 U 

Page 36 

m-m1 
TNTB 
10700 
I 1 -NOV-98 
0 - 1  

~ d t  Val Qlfr 



Report Date: 08/28/00 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 
SEMIVOLATILES3 

dl-n-Butyl phthalate 

di-n-Octyl phthalate 

Plum Brook 'cdnance Works 

TNT Area B 
Data Summary Report 

Sails 

Units h a l t  Val Qtfr 

mgkg .4 u 

rnTB-sO23 
TNTB 
10720 
1 I-NOV-98 
0 - 1  

Result Val Qlfi 

.36 U 

.36 U 

.36 U 

.36 U 

TNTB-SO24 
TNTB 
10730 
11-NOV-98 
0 - 1  

b u l t  Val Qlfr 

.39 U 

TNTB-SO25 
RITB 
10740 
1 I-NOV-98 
0 - 1  

mul t  Val QIP 

.4 U 

.4 U 

.4 U 

.4 U 

TNT134'026 
R3TB 
10750 
1 t -NOV-98 
0 - 1  

Result Val Qlfr 

.4 u 



Sample Location: 
Associated Site: 
SampIe No: 
Sample Date: 
Depth: 

SEMIVOLATILES3 

di-n-Butyl phthalate 

d i - h t y l  phthalate 

n-Nimso-di-n-prowlamine 

n-Nihosodiphenylamine 

plum ~ m o k  Ordnance works 
TNT Area B 

Data Summary Report 
Soils 

TNTBS027 
TNTB 
10760 
1 l -NOV-98 

I 
0 - 1  

Units ~ w u l t  Val Qlfr 

mglkg .41 i] 

mglkg -41 U 
mglkg .41 U 

mgkg .41 U 

TNTBS028 
TNTB 
10770 
1 1 .NOV-98 
0 - 1  

Result Val Qlfr 

2 21 

TNT3S029 
TNTB 
10780 
1 1 -MOV-98 
0 - 1  

Result Val QIk 

.4 U 

TNTB-SO30 
TNTB 
10790 
I I -NQV-98 
0 - 1  

Result Val QIfr 

.4 1 U 
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Report Date: 08n8100 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

SHMIVOLATILES3 

dl-n-BuQl phthalate 

dCn-Octyl phthalate 

n-Nitmso-di-n-propylamine 

n-Nitmsodiphenylamin~ 

Plum ~ m o k  O;dnance  orb 
TNT h a  B 

Data Summary Report 
Soils 

TNTB-SO32 
TNTB 
10810 

12NOV48 
I 

0 - 1  
Units ~esult Val Qlff 

m%kg -39 U 

1MTB-SO33 
RlTB 
10820 
12-NOV-98 
0 - I  

Result Val Qlfr 

-3 6 U 

-3 6 U 

.36 U 

TNTB-SO34 
TNTB 
10830 
12-NOV-98 
0 - 1  

Result Val Qlfr 

TNTJ34035 
RITB 
10840 
11-NOV98 

.O - 1 

b u l t  Val Qlfr 
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TNTBS036 
m B  
10850 
12-NOV-98 
0 - 1  

Result Val Qlft 

.39 U 

.39 U 

.39 U 
39 U 



Report Date: ognsloo 

Sample Location: 
Associated Sb: 
Samplc No: 
Sample Dstt: 
Depth: 

SBMIVOLAnLES3 

Data Summary %port 

Soils 

TNTB-Sa38 
TPlTB 
10870 
12-MOV-98 
0 - 1  

~ e s u l t  Vat Qlfi 

-4 U 

4 U 
.4 u 
.4 u 

TNTB-5039 
TNTB 
10880 
12-NOV-98 
0 - 1  

Ra~ult Val Qtfi 

TNTBS040 
TNTB 
10890 
12-NOV-98 
0 - 1  

Result 'Val Qlfi 

.3 9 U 

.39 U 

.39 U 
-39 U 



Report Date: O ~ S / O Q  

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

PCB3 

I 

Units 

Amclor 1 Of 6 

Aroclor 1221 

Aroclor 1232 

Aroclor I242 

Amclw 1248 

Aroclor 1254 

Aroolor 1260 

Plum Brook ordnance Works 

TNT Area B 
Data Summary Rcport 

Soils 

TNTB-SOO 1 ~ ~ 1 7 3 ~ 0 0 2  
RlTB TNTB 
10500 10510 
09-NOV-98 09-NOV-98 
-5 - 2 3.5 - 4  

Result Val Qlfr Result Val Qlfk 

,039 U .074 U 

TNTBS003 
TNTB 
10520 
OQ-NOV-98 
3 - 4  

Result Val Qtfr 

.19 LI 

1.3 U 

.I9 U 

.19 U 

.19 U 

1.1 U 

1.3 N 

Rwult Val Qlfr 

m - s o o s  
TNTB 
10540 
09-NOV-98 
2.5 - 3.5 

Result Val QII? 



Report Date: o r n o 0  

Sample Localion: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

Amclor 1221 

Amclor 1232 

Amolor 1242 

Arodor 1248 

Aroclor 1254 

Amclor 1260 

I 

Units 

Plum 5rook'iSidnance Works 

TNT Area B 
Data Summary Report 

Soils 

RITB-SO06 TNTB-SO07 
TNTB TNTB 

Result Val Qlfr Result Val Qlfr 

-3s u .n u 

TNTBSOO8 
TNTB 
10570 

09-NOV-98 
6 - 8  

Result Val Qlfr 

-04 U 

.22 U 

.04 U 

.W U 

.04 U 

.063 U 

. I 1  N 

TNTBS009 
m 
10580 
1 1 -NOV-98 
0 - 1  

Result Val Qlfi 

Page 42 

Result Val Qlk 

.039 U 

.039 U 



Plum ~mkmnancc Works 

TNT Area B 

Slunplc Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

PC83 

Amclor 1016 

Aroclor 1221 

Atoclor 1232 

Amclor 1242 

Amclor I248 

Amclor 1254 

Amclor 1260 

Units 

mpncg 

Data Summary Report 
Soils Page 43 

TNTB-SO12 
TMTB 
10610 
10-NOV-98 
4 - 5  

Result Val Qlfr 

TNTB-SO14 
TNTB 
10630 
1 I-NOV-98 
0 - 1  

Result Val QIfr 

TNTB-SOIS 
TMTB 
10640 
1 l -NOV-98 
0 - I  

Result Val QI% 



Plum ~ m k ~ d n m c e  Works 
TNT Area B 

Sample Lacation: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

PCB3 

Aroclor 1016 

Arodor 1221 

Amclor 1232 

Amclor 1242 

Aroclor 1248 

Amclor 1254 

Amlor 1260 

Data Summary Report 

soil8 

TNTBSOl7 
TNTB 
I0660 
I I-NOV-98, 

' 0 - 1  

Units ~esult Val Qlfr -- 
mgkg .04 U 

mgkg .04 0 

mgkg .04 U 

mglkg ,048 U 

m@g ,099 M 

TNTBSOlS 
TNTB 
10670 
1 1-NOV-98 
0 - 1  

Result Val Qlff 

TNTB-5019 
TNTB 
t 0680 
I I-NOV-98 
0 - 1  

Result Val Qlfr 

TNTB-so20 
TNTB 
10690 
I I -NOV-98 
0 - 1  

Result Val Qlfr 



Report Date: om8/M) 

Sample Gocation: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

PCB3 

I 

Units 

Amlor 10 16 

Aroclor 1221 

Ataclor 1232 

Amclor 1242 

Aroclor 1248 

Aroclor 1254 

Amclor 1260 

Plum Brook 0 h a n c e  Works 

TNT Area B 
Data Summary Report 

Soils 

TNm4022 
TNTB 
10710 
1 I-NOV-98 
0 - 1  

Result Vsl Qlfr 

TNTB-SO23 
TNTB 
10720 
1 1-NOV-98 
0 - 1  

Result Val Qlfr 

-03 6 U 

-03 8 U 

.036 U 
-036 U 

-03 6 U 

TNTBS024 
TNTB 
I0730 
I I-NOV-98 
0 - 1  

Result Val Qlfr 

TPITB4025 
TNTB 
10740 
1 I-NOV-98 
0 - 1  

Result Val QI% 

RITB-SO26 
TNTB 
10750 
I 1 -NOV88 
0 - 1  

Result Val Qlfr 



Plum Bmok'Ednmct Works 
TNT Area B 

Report Date: 0%128ho 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 
PCB3 

Aroclor 1016 

Aroclor 1221 

Aroolor 1232 

Amclor 1242 

Aroclor 1248 

Aroclor 1254 

Amlor 1260 

Data Summary &port 
Soils 

Result Val Qlfi 

TNTB-SO29 
TNTB 
10780 
1 l -NOV-98 
0 - 1  

Result Val Qlfr Result Vat Qlfi 

.04 1 U 

441 U 

.04 1 U 
,041 U 

.04 1 U 

.041 U 

-041 U 

~ e w l t  Val Q l t  

,046 U 

,039 U 

,039 U 

.039 U 



Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

PCB3 

I 

Units 

M o r  1016 

Aroclor 1221 

Amclor 1232 

Amclm I242 

Aroclor 1248 

Aroclor 1254 

-lor 1260 

PIum Brook 0rdnanoc Works 

TNT Area B 

Data Summary Report 
Soils 

TNT54032 
m 
10810 

12-NOV-98 
0 - I  

Rwult Val Qlfr 
-- 

.IS U 

.15 U 

.I5 U 

.15 U 

.15 U 

2 5  U 

9 9  N 

TNTB-SO33 
TNTB 
10820 

hsult Val Qlfr 

.11 U 

Result Val Qlfr Result VdQlfr 



Repod Date: O8nslOO 

Smple Location: 
kssociated Site: 
Sample No: 
Sample Date: 
Depth: 

PC33 

Aroclor 1016 

Aroclor 1221 

Aroclor 1232 

Aroclor 1242 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

Plum ~mokUMnance Works 

TNT Area B 
Data Summmy Report 

Soils 

TNTBS037 
TNTB 
10860 
12-NOV-98 . I 0 - 1  

Units R t ~ u l t  Val Qlfr 

m e  .041 U 

mgkg -041 U 

mgkg .041 U 
mgkg .Mi U 

mgkg -13 . U 

TNTB-SO38 
TNTB 
10870 
12-NOV98 
0 - 1  

Result Val Qlfi ~esult  Val Qlff 

TNTB8040 
TNTB 
10890 
12-NOV98 
0 - 1  



Report Date: 08128/00 

Plum Brook 6dnance Works 
m Arni B 

Dmta Summary Report 

Soils 

Sample Location: 
Associated Sik: 
Sample No: 
Sample Dab: 
Depth: 

METALS 

Aluminum 

Antimony 

Beryllium 

Cadmium 

Catcium 

Chromium 
Cobalt 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Potasslum 
Selenium 

Silver 

Sodium 

ThalIiurn 

Vanadium 

Zinc 

r n B - S O 0  1. 
TNTB 
10500 
09-NOV-98 
.5 -2 

Result Val Qlfr 

TNTB-SO02 
TNTB 
lOSl0 
09-NOV-98 
3.5 - 4 
Result Val Qlfr 

TNTBS003 
TNTB 
10520 
OP.NOV-98 
3 - 4  

wul t  Val Qlfr 

6120 

6.9 UJ 

20.5 J 

58.3 

0.84 

0.57 U 

3370 

24.9 

16.1 

46.0 

33000 

80.7 J 
2000 

241 

0.054 

464 

1390 

2.0 J 

1.1 U 

57 1 U 

1.2 B 
5.7 , UJ 

285 

TPSTB-SO04 
TNTB 
10530 
09-NOV-98 
5 -6 

Result Val Qlfi 

Page 49 

ms005 
TNTB 
10540 
09-NOV-98 
2.5 - 3.5 

R G ~ U I ~  ValQlfr 



Report Date: OgnsMo 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

METALS 

Aluminum 

Antimony 

Arsenic 

Barium 

kryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

copper 

Iron 

Lead 
Magnesium 

Manganese 

Mercury 

Nickel 
Potassium 
Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Units 
- - 

mdks 
W k g  

m@s 
ms 
mslkg 

mgntg 
m& 

mgntg 

mgkr 

m%kg 

mglkg 

mfb 
msntg 

m@i3 

mgks 

mdks 
mencg 

was 
m g  

msnts 
m& 

mentg 

m& 

TNTB-so06 
TNTB 
10550 
09-NOV-98 
4 - 5  

Plum Brook -f%lnance Works 

TNT Area B 
Data Summary Report 

Saik 

Result Val Qlfr 

2990 

6.9 UJ 
9.9 J 

Result Val Qlfi 

TNTB-SO08 
TNTB 
10570 
09-NOV-98 
6 - 8  

Result Val Qlfr 

m-so09 
TNTB 
I0580 
1 1 -Nova8 
0 - 1  

Result Val 91% 

5110 J 



Report D m  o!yzmo 

Plum Brook Tjrdnance Works 
TNT Area B 

Data Summaty Repotl 

Soils Page 51 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

METALS3 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 
Lend 

Magnesium 

Manganese 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 
Vanadium 

Zinc 

TNTBSOl I 
TNTB 
10600 
10-NOV-98 
8 -10 

Result Val Qlff 

4650 

Result Val Qlfr 

5070 

7.4 UJ 

35.6 J 
64.9 

0.71 

0.62 U 

922 

Result Val Qlfr 

TNTB-SO1 5 
TNTB 
10640 
1 I -NOV-98 
0 - 1  

Result Val Qlfr 

5840 

7.4 UJ 

11.7 
51.8 

0.62 U 

0.62 U 
3260 

11.3 

11.2 

32.0 

20200 

41.9 

1760 

150 

0.080 

26.9 

1220 

1.6 

1.2 U 

615 U 

1 2  u 
6.2 U 

24 1 J 

TNTB-SOI 6 
m 3  
I0650 
1 1-NOV-98 
0 - 1  

Rwult Val QlR 



Plum Brook DFdnance Works 
TNT Area I3 

Data Summary Report 
Soils 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

METALS3 

I 

Units 

Alumhum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

caiciutn 

Chromium 

Cobalt 

copper 
Imn 

Lead 

Magnesium 

Mangantse 

Mercury 

Nickel 

Potassium 
Selenium 

Silver 

Sodium 

Thatlium 
Vanadium 

Zinc 

TNTB-SOl7 
TNTB 
10660 
1 l-NOV-98 
0 - 1  

Result Val Qlfr . 

5770 

7.2 UJ 

11.1 

52.7 

0.61 

0.60 IJ 

I0900 

12.4 

11.8 

37.7 

18800 

54.1 

2550 

176 

0.1 1 

26.5 

1090 
1.3 

1.2 U 

600 U 

1.2 U 

6.0 U 
82.5 J 

TNTB-SO18 
TNTB 
10670 
1 1 -NOV-98 
0 - 1  

Result Val Qlfi 

7170 

7.9 UJ 

12.3 

56.1 

0.77 

0.66 U 

3410 

11.8 

9.4 

35.6 

22400 

19.8 

891 

85.7 

0.056 

20.0 

I080 

1.6 

1.3 U 

656 U 

I .3 U 

11.1 

31.1, J 

Result ValQlfi: 

8400 

Result Val Qlfr 

7290 

Page 52 

TNTB-so21 
TNTB 
I0700 
1 1-NOV-98 
0 - I  
M t  Val Qlb 

6760 

7.3 ua 
15.8 

66.6 

0.78 

0.61 U 

3370 

13-4 . 

11.2 

35.1 

26MO 

26.0 

1060 

274 

0.077 

23.8 

1120 

1.3 

1.2 U 
611 U 

1.2 U 

6.1 U 
61.4 J 



Plum Brook Ordnance Works 
RIT Area B 

Data Summary Report 
Sails 

Sample Location: 
Asmciated Sik: 
Sample No: 
Sample Dnte: 
Depth: 

METALS3 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 
Cobalt 

Copper 
Iron 

Magnesium 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 
Zinc 

I 

Units 

TNTB-SO22 
RSTB 
10710 
1 l -NOV-98 
0 - 1  

Result Val Qtfr 

6540 

7.3 UJ 
12.4 

69.0 

0.75 

0.6 1 U 

W B - S O 2 3  
TNTB 
10720 

1 1 -NOV-98 
0 - 1  

Result Val QlFr 

3050 

TNTB-SO24 
TNTB 
10730 
1 1-NOV-98 
0 - 1  

Rwult Val Qlfk 

3960 J 

Rwult Val Qlfi 

Page 53 



Report Date; 0m8/00 

Phm B m k  Ordnance Works 

TNTAteaB 

Data Summary Report 
Soils 

Page 54 

Smplc Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

METALS3 

Aluminum 

Antimony 

Arsenic 
Barium 

Betyllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

COPP 
. Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 
Selenium 

Silver , 

Sodium 

Thallium 

Vanadium 

Zinc 

I 

Units 

mdka 

mdkg 

mglkg 
mg'rcs 

m%kg 

mdkg 

mf!& 

m a g  

mdkg 
mglkg 

W l k g  

mgnts 

m& 

mgkg 

mgflrs 

wks 
mgncg 
WJh 

m@g 

mmg 

mglkg 

&P 

mglkg 

TNTB-SQ27 
TNTB 
10760 
1 1 -NOV-98 
0 - 1  

Result Val Qlfr 

6570 J 

7.4 UJ 

22.1 

100 J 

0.87 

0.63 

3610 J 

12.9 J 

15.5 

48.3 J 

32800 J 

30.5 J 

1130 J 

311 J 

0.061 

42.6 

1450 

1.7 

1.2 U 

616 U 

1.4 

6.2 UJ 
91.8 J 

TNTB-SO28 
TPlTB 
10770 
1 1 -Nova98 
0 - 1  

Result Val Qlfi 

4910 J 

7.2 UJ 

9.2 

'76.5 J 

0.60 U 

0.M) U 

2860 J 

19.1 J 

15.9 

25.4 J 

18900 J 

40.5 S 

1010 J 

504 J 

0.040 u 
23.6 

920 

0.95 

1.2 U 
600 U 

1.2 U 

6.0 UJ 

164 J 

TNTB-SO29 
TNTB 
10780 
1 1-NOV98 
0 - 1  

Rtsult Val Qlfr 

5530 J 

7.3 UJ 

9.6 

73.3 J 

TNTB-SO30 
TNTB 
10790 
I I -NOV-98 
0 - 1  

Result Val Ql t  

TNTB.sb31' 
TNTB 
lo800 
12-NOV-98 
0 - 1  

~ e s u l t  Val Qlfr 



Report Me: 08n8mo 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

METALS3 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Imn 

Lead 

Magnesium 

Manganese 

M a r y  
Nickel 
Potassium 

Selenium 

Silver 

Sodium 

ThalIium 
Vanmdium 

Zinc 

Plum ~ m o k  &dnancc works 
TNT Arta B 

Datn Summary Report 

Soils 

TNTBS032 
TNTB 
10810 

. 12-NOV38 
I 0 - 1  

Units Result Val Qlfr 

mglkg 5410 

mgkg 7.0 W 

mglkg 1.1 

mglkg 6020 

mgntg 10 

mgkg 15.7 

mgntg 445 

mgkg 14500 

mg/kg I53 

mglkg $410 

m g  907 

mdkg 1.0 

mgkg 1.2 U 

mgkg 587 U 

mgkg 1.2 U 

TNTB-SO33 
m 
10820 

12-NOV-98 
0 - 1  

Result Val QIfr 

TNTBS035 
INTI3 
10840 

1 1 -NOW98 
0 - 1  

Rault Val Qlfr 

TNTB-SO36 
TNm 
10850 
12-NOV-9% 
0 - 1  

Wult Val Qlfr 



Sample tocation: 
Associated Sita: 
Sample No: 
Sample Date: 
Depth: 

METALS3 

Aluminum 

Antimony 

Arsenic 
Barium 
Beryllium 

Cadmium 

Calcium 
Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mermiy 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 
Vanadium 
Zinc 

Plum Bmok DEdnance Works 
TNT Area B 

Data Summary Report 

Soils 

TNTB-SO37 
WTB 
10860 
12-NOV-98, . 
0 - I  

~esult Val Qlfr 

6160 

7.4 UJ 
12.8 

TNTB-38 
TNTB 
I0870 
12-NOV-98 
'0 - 1  

Result Val QIfi 

TNTBS039 
TNTB 
10880 
12NOV-98 
0 - 1  

Result Val Qlfr 

TNTBSOQO 
TNTB 

Rcsult Vat Qlfi 

3170 



Report Date: 0mmO 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

EXPWSIVES 

1.3,5-Trinirmbenme 

1.3-DinYrobenzme 
2,4,6-Trinltmtoluene 

4-Nitrotolutne 

AMX 

RDX 

Units 

m g k  

m%kp 

meJk 
msnEs 
mglk 

W o  
msntg 

m f l g  

mgntg 

mglkg 

m l k g  

m f l g  
w'k3 

mg'b 

TNTB-sOOl 
TNTB 
10500 
09-NOV-98 
.5 - 2  

Plum Brook Ordnance W o k  

TNT Area B 
Data Summary Report 

Soils 

Result Vat Qlfr 

m - s o 0 2  
TNTB 
10510 
09-NOV-98 
3.5 - 4  

Result Val QI% 

0.25 U 
025 U 

0.27 

1.6 

TNTBS003 
TNTB 
10520 
09-NOV-98 
3 - 4  

Result Val Qlfi 

TNTB-sm 
WTB 
10530 

09-NOV-98 
S - 6  

mdt Val Qlfr 

lWlX-SO05 
TNTB 
10540 
09-NOV-98 
2.5 - 3.5 

Result ValQlfr 

2.5 U 



Report Date: 08/28/00 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

EXPLOSIVES 

Plum ~ m o k ~ a n c e  Works 
TNT Area B 

Data Summary Report 

Soils 

TNT&SM)6 
TNTB 
10550 
09-NOV-98 

I 
4 - 5  

Units ~csult Val Qlfr 

mgkg 62 U 

mgntg 62 U 
mgkg 2 2 0  J 

rnklkg 62 u 
mgflrg 62 u 
msnCg 62 '  u 

TNTB-SO07 
TNTB 
10560 
10-NOV48 
3 - 4  

Result Val Q1+ 

0.25 U 

0.25 U 

5.8 J 

1.9 J 

0.25 U 

5.1 J 

0.25 U 
0.25 U 
5.1 J 

0.25 U 

0.50 U 

0.25 U 
0.50 U 
0.65 U 

Result Val Qlb 

5.0 U 

ma Val Q1* 

0.25 U 
0.25 U 
1.1 

0.25 U 
02s u 



Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

EXPLOSWES 

1,3,5-Trinitrobenzene 

1,3-Dinitrobemene 

2,4,6-Trlnitmtoluene 

2,4-Dinitrataluene 

2,i-Dinitmtoluene 

2-Amino4,B-dinitrotoluene 

2-Nitratoluem 
3-Nitmioiuene 

4-Amino-2.6-dinitmtoluene 

4-Nitrotoluene 

HMX 

Nitrobmune 
RDX 

TGtryl 

Plum  rook drdnance works 

TNT Area 8 

Data Summary Report 
Soils 

Result Val Qlfi Result Val Qlfi 

25 U 

Result Val Qlfr 

025 U 

0.25 u 
4.6 

0.39 



Sample heation: 
Associated Site: 
Sample No: 
Sampk Date: 
Depth: 

EWU)SIVES 

1,3,5-Trinitmbemne 

1.3-Dinitrohmnc 

2,4,6-Trin#mtaluene 

2,4-Dinitrotoluene 

2,6-Dinitrotduene 

2-AmIno4,6QinitmtoI~ne 

2-Nitmtoluene . 
3-Nitmtol uene 

4-Amino-2,6-dinitrotolume 

4-Nitrotoluene 

HMX 

Nitmbenzenc 

RDX 

Tetryl 

Plum Brook Oidnance Warks 

TNT Area 0 
Data Summary Report 

Soils 

TNTB-SO16 
TNTB 
10650 
1 I-NOV-98 

I 0 - I  

Units R-lt Val Qlfr 

mgkg 0.25 U 

m%kg 0.25 U 
mgkg 4.3 

rngntg 025 U 

TNTB-SO17 
TNTB 
10660 
1 1 -NOV-98 
0 - 1  

Result Val QIC 

0.25 U 

0.25 U 

3.8 

0.76 

0.25 U 

TWIB-SO19 
TNTB 
10680 
1 1 -NOV-98 
0 - 1  

Result Val Qlfi 
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Plum J3rook'~~nnce Works 
TPIT Area B 

Report Date: 08n8/00 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Dep* 

EXPLOSIVES 

1,3,5-Trinitrobenm 

1,3-Dinimbenzene 
2,4,6-Trlnitmtoluene 

Z4-Dlnitmtoluene 

2,6-Dinihntolueno 

2-Amino-4.6-dinitrotoluene 

2-Nitrotoluene 

3-Nitrotoluene 

4-Ammo-2.6-dinitrotofuene 

4-Nitrotolwne 

HMX 

Nftmbenmne 

RDX 

Tetryl 

Units 

="@kg 

Data Summary Report 
Solls 

TNTB-SO2 1 
TNTB 
IWOO 
11-NOV-98 
0 - 1  

Result Val Qlfr 

0.25 U 

0.25 U 

0.3 I 

TNTBS022 
TNTB 
10710 
1 1 -NOV-98 
O - 1  

Result VaI Qlfr 

m - S o 2 3  
TNTB 
10720 
1 l -NOV-98 
0 - 1  

Result Val Qlfi 
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Report Daa: om8/00 

Sample Location: 
Assodated Site: 
Sample No: 
Sample Dah: 
Depth: 

EXPLOSIVES 

1 -3,s-Trinitrohzene 
1,3-Dinitrobenrime 

2P,b-lIinitrotoluene 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 

2-Amino-4,6-dinitmtoluene 

2-Nitrotoluena 

3-Nitrotoiuene 
4-Amina-2,&dinitmt01uene 

4-Nitrotoluene 

HMX 

Nitrobemme 

RDX 

T-1 

Plum ~ m o k  -nance Works 
TNT Area B 

Data Summuy Report 
soils 

TEITBSCn6 
TNTB 
10750 
1 1 -NOV-98 
0 - 1  

Result Val Qlfr 

0.25 U 

0.25 U 
0.43 

RFFBS028 
TNTB 
1 on0 
1 l -NOV-98 
0 - I  

Result Val Qlfr Result Val QI% 

0.25 U 
0.25 U 
1 .o 
0.25 u 
0.3 u 
1.5 

0.25 U 

0.25 U 
1.1: 

0.25 U 
0.50 U 

0.25 U 
0.50 U 
0.65 U 



Report Date: 08128100 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
Depth: 

4-Nitmtoluene 

HMX 

Nitrobenzene 

RDX 

Tetryl 

Plum Brook GEdnance Works 
TNT Area B 

Data Summary Report 
Soils 

TNTB-SO3 1 TNTB-SO32 
TNTB TNTB 
10800 10810 
12-NOV-98 12-NOY 4 8  

r 0 - 1  0 - 1  

Units Rtsutt Val Qlfk Result Val Qlfr 

mg/kg 1.2 U 0.25 U 

TNTBS033 
TNTB 
10820 
12-NOV-98 
0 - 1  

Result Val Qlff 

0.25 U 

TNTB-SO34 
TNTB 
10830 
12-NOV-98 
0 - 1  

Result Val Qlfr 

0.25 U 

0.25 U 

0.25 U 

0.25 U 

0.25 U 

0.25 U 

0.25 U 
025 U 
0.25 U 

0.25 U 

0.50 U 

015 U 
0.50 U 

0.65 U 

R1TBS035 
TNTB 
10840 
1 1-NOV-98 
0 - 1  

Result V.lQlfi 

0.25 U 

025 U 

7.6 J 

1.6 J 

0.28 J 

0.48 

035 U 
0.25 U 

1.3 U 

0.25 U 
0.50 U 

0.25 U 
0.50 U 

0.65 U 



Repart Date: 08/28/00 

Sample Location: 
Associated Site: 
Sampk No: 
Sample Date: 
Depth: 

EXPLOSIVBS 

1,3,5-Trinitrobenzcne 

1,3-Dinitrobenzene 

2,4,6-Trinitrotoluene 

2,4-Dinihtoluent 

2,B-Dfnitrotoluene 

2-Amino-4.6-dinihotoluene 

2-NitrotoIuem 

3-~itrotoluene 

4-Amlno-2,6-dini&taluw 

4-Nitrotoluene 

HMX 

Nitrobenzene 

RDX 

Tetry1 

Plum ~mok&dnancc Works 
TNT Area B 

Data Summary Report 
Soils 

TNTB-SO36 
m 
10850 
12-NOV-98 

I 
0 - 1  

Units RtJult Val Q1B - 
mglkg 0.25 U 

@kg 0.25 U 

TNTB-SO37 
rn 
10860 
12-NOV-98 
0 - 1  

Result Vd Qlfr 

0.25 U 

Result Val Qlfr 

0.25 u 
Rcsult Val QI% 

0.25 U 



Plum Brook Ordnance Works 

TNT Area B 
Data Summary Report 

Repott Date: 08128/00 Page I 

Sampk Location: TNTB-SO01 
Associated Site: TNTB 
Sample No; 10505 
Sample Date: 09-NOV-98 
EXPLOSIVES F l t  Units b u t t  Lab Qlfr 

1.3,s-Trinitrobenzene mgkg 0.18 UJ 

. TNTB-SO02 
TNTB 

TNTB-SO03 
TNTB 
10525 
09-NOV-98 
R ~ u l t  ~a QR 

18 UJD 

100 D 

Result Lab Qlfr 

0.18 UJ 

Result Lab Qlfr 

I8 UJD 



Plum Brook Wdnmct Work 

TPW Arca B 
Datn Summary Report 

Report Date: 08128/00 

Sample Location: TNTBSOO6 
Associated Site: TNTB 
Sample No: 10555 

09-NOV-98 Sample Date: 
EXPLOSIVES FLtr Units. Result Lab Qlfr - 
1,3,5-Trinitrobtnzcne mgkg 220 UJD 

4-Aminwx6-dinitrotvIuene mgkg 220 UJD 

RITB-SOW 
TNTB 
10565 
10-NQV-98 
Result Lab Qtfr 

1 .2 UJD 

3.0 b 
27 UD 

27 UD 

1:2 JD 

1.2 UJD 

TNTB-SO08 
TMTB 
10575 
09-NOV-98 
Result LabQIfr -- 
0.18 UJ 

0.17 U 

4 U 

4 U 

0.18 U 

0.18 UJ 

TNTflSO09 
TNTB 
10585 
I I-NOV-98 
Result Lab Qlfi 

I8 UJD 

36 D 

400 UD 

400 UD 

18 . UD 
18 UJD 

TNTB-SOIO 
TNTB 
10595 
10-NOV-98 
Result LabQlft 

0.18 UJ 

036 

4 U 

4 U 

0.18 U 

0.18 UJ 



Plum Brook 0;dnance Worka 

TNTArea B 

Report Date: 0812811)o 

Dsta Summary Report 
Soils 

Sample Location: TNTB-SO11 TPITBS012 
Associated Site: TNTB TPlTB 

Sample No: 10605 1061 5 
SampIe Date: 16NOV-98. 10-NOV-98 
EXPLOSIVES' Fltr Units Result Lab Qffr - -- 

tab Qlfr Result 

1,3,5-Trinitrohzene rn& 18 UJD 18 UJD 

4-Amino-2,6-dinitmtoluene 18 UJD 18 UJD 

TNTB-SO13 
TNTB 
10625 
1 1 -NOV-98 
Result Lnb Qlfr 

1800 UJD 

TNTB-SO14 
TNTB 
I0635 
1 l-NOV-98 
Result LabQlfr 

180 UJD 

TNTBSOI 5 
TNTB 
10645 
1 i HOV48 
Result Lab Qlfr 

0.18 UJ 



Report Date: 08ns/OO 

Sample Location: 
Associated Site: 

Plum Brook ~Ydnance Works 
TNT Area B 

Data Summary Report 

Samplc No: 10655 
Sample Date: 1 1 -NOV-98 

I 

EXPLOSlVES Fltr Units Result Lab Qlft - -- 
1,3,5-Trinitrobenzenebenzem mgkg 0.18 UJ 

Result Lab Qlfr 

0.18 UJ 

TNTB-SO18 
TNTB 
10675 
1 1-NOV-98 
Result Lab Ql6 

0.18 UJ 

mm19 
TNTB 
10685 
1 1 -NOV98 
Result h b  Qlft 

0.18 UJ 

1 1 -NOV48 
Result qfi 

0.18 W 



Report Date: 08/28/00 

Sample Lowtion: 
Asmiated Site: 
Sample No: 
Sample Date: 

EXPLOSIVES 

Ptnm  rook 6Ananct works 

TNT Area B 
Data Summary Report 

SoHs 

TNTB-SO2 1 
TNTB 
10705 
1 1 mNOV-98 

Units Result Lab Qlfr 

mgkg 0.18 UJ 

mg/kg 0.09 J 

m g  4 U 

mp/kg 4 U 
mglkg 0.05 J 

mglkg 0.18 UJ 

TNTB-SO22 
m T B  
10715 
I 1 -NOW98 
ResuIt Lab Qlfi 

0.18 UJ 

0.53 

4 U 

4 u 
0.13 J 

0.18 UJ 

RITB-SOU 
TNTB 
1072s 
1 I -NOV-98 
Result . LabQlfr 

18 UJD 

33 

400 UD 

400 UD 
I8 UD 

I 8  urn 

TNTB-SO24 
TNTB 
1073 5 
1 I-NOV-98 
Result Lab QlEr 

18 UJD 

18 UJD 

TNTBS025 
TNTB 
10745 
1 1 -NOV-98 
Result Lab Qlfr 

0.18 UJ 



Plum B ~ ' ~ n a n c e  Works. 
TNT Area B 

Data Summary Report 

Report Date: t)&~8/00 

Sample Lacatbnan: TNTBSO26 
Associated Site: TNTB 
Sample No: 10755 
Sample Date: 11-NOV-98 

I 

EXPLOSIVES Fltr Units Result Lab QIfr - 
1,3,5-Trinitmbenzene rnglkg 0.18 UJ 

TNTBS027 
TPFFB 
10765 
I 1  -NOV-98 
Rwul t Lab Qlft 

6 UJD 

5.6 D 

130 VD 

130 tm 
4.9 JD 

6 UJD 

TNTB-SO28 
m 
10775 
1 1 -Nova98 
Result Lab QIfr 

1 .!I UJD 

TNTBS029 
TNTB 
10785 
1 I -NOV-98 
Re~ult Lab Qlft 

0.18 UJ 

0.74 

4 U 

4 U 

0.38 

0.18 UJ 

TNTB-So30 
TNTB 
10795 
1 l -NOV-98 
b u t t  Lab QlE 

0.18 UJ 

0.03 J 

4 U 

4 U 

0.18 U 

0.18 UJ 



Report Date: 

Plum B m l r  binance Works 

TNT Area B 
D a b  Summary Report 

Sample hation: TNTB-SO3 1 
Associnted Site: TNTB 
Sample NO: 10805 
Sample Date: 12 -NOV-98 

I 

EXPLOSIVES Fltr Units Result Lab Qlfr - 
1,3,5-Trinitrobenzcne mglkg 9 UJD 

TNTB-SO32 
TNTB 
10815 
12-NOV-98 
b u l  t Lab Qlfr 

0.18 UJ 

TNTBW33 
TPlTB 
10825 
12-NOV-98 
Result Lab Qlfr 

0.18 UJ 

TNTB-SO34 
TNTB 
1083 5 
12-NOV48 

Resu I t Lab Qfh 

0.18 UJ 

lWlBS035 
TNTB 
10845 
1 l WV-98 
Result Lab Qlfr 

0.18 UJ 



Plum Brook 6idnanm Works 

TWT Area B 

Data Summary Report 

Rcport Date: 0#2.8/00 Soils 

Sample Location: TNTB-SO36 TNTB-SO37 

Associated Sib: RJTB TNTB 
Sample No: 10855 I0865 
Sample Dete: 12-NOV-98 12-NOV-98 
EXPLOSIVES FIir Unlb Result Lab Qlfr Result - Lab Qlfr 

1,3,5-Trinitrobenzene mgikg 0.18 UJ 0.18 UJ 

TNTB-SO38 
TNTB 
10875 
12.-NOV-98 

Result Lab Qlit 

0.18 UJ 

Result Lab Qlfi 

0.18 UJ 

Result Lab Qlfr 

0.18 UJ 

2,4,6-Trinitrotoluene mgkg 0.27 0.30 

4-Amino-2,6-dinitmtoIuene mgkg 0.18 UJ 0.18 03 



Plum Bwok 0Goance Worh 
TNT Area B 

Dats Summary Report 

Report Date: 08/28/00 Soils 

Smple Location: TNTRSSOOI TNTB-SSOM 
Assmicted Site: TNTB TNTB 
Sample No: 10000 1000 1 
SampIe Date: 2 i 4CT-98 2 1 -Om48 
EXPLOSIVES Fltr Units Result LabQlfr Result Lab Qlfr - 
1,3,5-Trinitrobenzene mgkg 0.18 UJ 0.18 UJ 

Result Lab Qlfr 

0.18 UJ 

TPITB-ssm 
TNTB 
10003 
21-OCT-98 
Rcsult Lab Qltk 

0.18 UJ 

0.17 U 

Page 9 

m-55005 
m 
10004 
22-OCT-98 
Rasult Lab Qit 

0.18 UJ 

0.17 U 



Ptum Brook mnmncc Works 

m Area B 
Data Summary Report 

Report Date: Q ~ ~ % M ( I  Soils 

Sample Location: TNTBSS006 TNTB.SS007 

Associated Site: RITB TNTB 

Sample No: 10005 10006 
Sample Date: 22-OCT-98 22-OCT-98 

I 

EXPLOGIVES Fltr Unib Result LabQlfr Result Lab Qlfr 

1,3,5-Trinitrabenzene mglkg 0.18 UJ 0.18 UJ 

Result Lab Qlfr 

0.18 UJ 

TNTB-SS009 
TNTB 
10008 
22-OCT-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

4 U 

4 U 

0.02 3 

0.18 UJ 

TNTBSSOlO 
RITB 
10009 
22-OCT-98 

Result Lab Qlfr 

0.18 UJ 

0.17 U 



Report Date: OW#(JO 

Plum Bronk Sdnmcc Works 

TNT Area B 
Data Summary Report 

Solls 

Sample Location: TNTBSSO 11 TNTB-SSOIZ 
Associated Site: TNTB TNTB 
Sample No: lOOi0 1001 1 
Sample Date: 22-OCT-98 22-OCT-98 

I 
EXPLOSlVES Fltr Units Result LabQlfr Result Lab Qlfr 

1.3,s-Trinitmbenzene m a g  0.18 US 0.18 UJ 

TNTB-SS013 
TNTB 
10012 
22dCT-98 
Result Lab Qlfr 

0.18 UJ 

0.01 J 

TNTB-SSOI4 
TNTB 
10013 
22-OCT-98 
Result Lab Qlfr -- 
0.18 UJ 

0.17 U 

4 U 

Page 11 

Resutt Lab Q16 

0.18 UJ 



Plum Brook 6dnnnce Works 

TNT Artn B 
Data Summary Report 

Sample Location: TNTB-SS016 TNTB-SSOI7 

Associated S k  TNTB TNTS 

Sample No: 10015 10016 
Smple Date: 22-OCT-98 22-OCT-98 

EXPLOSIVES Fltr Units Result Lab Qlfr Result Lab Qlfr - - --- 
1,3,5-Trinitrobmzcne mgkg 0.18 UJ 0.18 UJ 

10017 
224CT-98 

Result Lab Qlfr 

0.18 UJ 

TNTB-SS019 
TNTB 
10018 
22-OCT-98 
Result Lab Qlfr 

0.18 UJ 

TNT&Ssom 
TNTB 
10019 
2t-OCT-98 

Result Lab QJff 

0.18 UJ 



Plum ´ rook mnnnce works 

TNT Are* B 
Data Summary Report 

Rtpolt Date: (ignwo~ Soils 

Sample Location: TNTB-SSO;II TNTB-SSO22 
Associated Site: lWTB TNTB 
Sample No: 10020 10021 
Sample Dak 22433-98 22-03-98 
UtPLOSIVES ~ i t r  units I RBUP tab Qlfr Result Lab Qlfi 

1,3,5-Trinitrobcnzene rnglkg 0.18 UJ 0.18 UJ 

TNTB-SS023 
RITB 
10022 

224'3-98 
Rcsult Lab Qlfr 

0.18 UJ 

TNTB-SS024 
m 3  
10023 
22-OCT-98 
Result Lab Qlfi 
I 

0.18 UJ 

Page 13 

TNTB-sS025 
'ZWTB 
10024 
2UXJF48 
Rewlt Lab Qlfr 

0.18 UJ 



Plum Brook Gdnance Works 
INT Area B 

Datn Snmmary Report 

Report Date: 0m8/00 Soils 

Sample Locrmtlon: TNTBSS026 TNTBSS027 
Associated She: TNTB TNTE3 

Sample No: 10025 10026 
Sample Dab% 22-OCT-98 22-OCT-98 

I 

EXP-VES Fltr Units Result Lab QlFr Result Lab Qlfi - -- - - 
1,3,5-Trinitrobenzene mg/kg 0.18 UJ 0.18 UJ 

TNTBSS028 
TNTB 
10027 
22-OCT-98 
Result l a b  Qlfi 

0.18 UJ 

0.17 U 

4 u 
4 U 

0.1% U 

0.18 UJ 

TNTBSS029 
TNTB 
10028 
2 2 M - 9 8  
ilesult Lob Qlfi 

0.18 UJ 

0.17 U 

4 U 

4 U 

0.18 U 

0.18 UJ 

Page 14 



Plum Brook Crdnanfe ~ o r k a  
TNT Area 3 

Data Summary Report 
Soils 

Samptc Location: TNTB-SS03 1 TNT8SS032 
Associated Site: TPlTB TNTB 
Sample No: 10030 10031 
Sample Date: 22-OCT-98 22-OCT-98 

I 
EXPLOSIVES Flh Units Result Lab Qlfr Result Lab Qlfi 

-- -- 
1.3,s-Trinitrobenzene mgkg 0.1% UJ 0.18 UJ 

TNTB-SSO33 
-TNm 
10032 
22-OCT-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

Result Lab Qlfi 

0.18 . UJ 

Page 15 

RITBSS035 
TNTB 
10034 
U-OCT48 
Result Lab Qlfi 

0.18 W 



PIum Brook O?ilnanct Works 
TNT Ama B 

Data Summnry Report 

Report Date: 08128/00 Soll8 

Sample Location: TEFTB-SSO37 TNTMS038 

Associated Site: TNTB TNTB 

Sample No: 10036 1003 7 
Sample Date: 220CT-98 2 2 0 3 - 9 8  

EXPLWIVES ~ ~ t r  units I ~esuli ~ a b ~ ~ f i  ~ e s u ~ t  ~b ~ l f r  

13,s-~rinitmbenzene mgkg 0.9 UJD 0.18 UJ 

m@g 0.9 UJD 0.18 UJ 

TNTB-SSO39 
TNTB 
10038 
22-OCT-98 
Result LabQlfr 

0.18 UJ 

0.63 

4 u 
4 U 

0.15 J 

0.18 UJ 

MTB-SS040 
TNTB 
10039 

2 2 0 3 - 9 8  
Result Lab Qlfi 

0.18 UJ 

0.39 

4 U 

4 u 
0.17 J 

0.18 UJ 

Page 16 



PIuln Brook &nrntc Work 
TNT Area D 

Dah Summary Report 

Report Date: ammo Soils 

Sample Location: M B S S 0 4 3  TNTBSSM4 
Associated Site: TNTB TNTB 
Sample No: 10092 1 OW3 
Sample Date: 226CT-9% 22-03-98  
EXPLOSIVES Fltr Units Result LabQffir Resutt Lab Qlfr - 
1,3,5-Timitrobenzene m&g 0.18 UJ 0.18 UJ 

TNTB-SS045 
TNTB 
10044 
22-OCT-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

Result Lab QIfr 

0.18 UJ 

27-OCT48 
Result Lab QID 

0.18 UJ 



Report Date: 08/28/00 

Plum Brook 'CJFdnance Works 

TNT Area B 
Data Summary Report 

Sample Location: TNTB-SSM8 
Associated Site: TNTB 
Sample No: 10047 
Sample Dak: 27-OCT-98 

I 

EXPLOSIVES Fltr Units Result Lab Qlfl -- 
1,3,5-Trinitmbenzene mglkg 0.18 UJ 

Page 18 

TNTB-SSo49 
TNTB 
10048 
2 7 m - 9 8  
Rosult Lab Qlfr 

0.18 UJ 

TNTB-SSOSO 
TNTB 
10049 
27-98 
Result Lab Qlfr 

0.18 UJ 

mm-SSOJ 1 
TNTB 
10050 
27.DcT-98 

Result Lab QI4k -- 
0.18 UJ 

0.1 1 I 

TNT&-SSOS2 
RITB 
lOoSl 
27-48 

Result Lab QIfr 

0,18 UJ 

0.6 1 



Report Date: om8/00 

Sample Location: 
As?miaied Site: 
Sample No: 
Sample Date: 

EXPLOSIVES Fltr - 
1.3,5-Trinitrobenzene 

piurn itrook ~ r d n e n ~ c  work 
TNT Area B 

Drta Summary Report 
Solls 

TNTB-SSOS3 
TNTB 
10052 
276CT-98 

r 
Units Result Lab Qlfr 

rnglkg 0.18 UI 

TNTBSS054 
m 3  
10053 
27-OCT-98 
Result Lab Qlfr 

0.1 8 UJ 

mTB-sso55 
TNTB - 

10054 

274CT48 
REsult LabQIkr 

0.18 US 

TNTB-SSOW 
TNm 
100s 5 
27-OCT-98 
Result Lab Qlfr 

0.18 UJ 

0.01 J 

TNTBSSO57 
TNTB 
10056 
2tOCT-98 
Result Lab QLR 

0.18 UJ 

0.93 



Report Date: 08/28/00 

PIum Brook Ordnance ~ o r h  

TNT Area B 
Data Snmmary Report 

Sample Location: TNTB-SS058 ~ S S O S 9  

Associated Site: TNTB TPFTB 
Sample No: 10057 10058 
Sample Date: , 27-OCT-98 234CT-98 

EXPLOSIVES ~ l t r  Units Result Lab Qlfr Result Lab Qtfr 

1 J.5-Ttlnltrobenzcne mglkg 0.18 UJ 0.18 UJ 

Twrs-sso$o 
TNTB 
10059 
23-0'3-98 
Result Lab Qlfr 

0.18 US 

Result h b  Qla 

0.18 UJ 

Result Lab Qlfr 

0.18 OJ 



Report Date: 08/28/00 

Plum Brook mnanct  Wmks 

TPiT Area B 
Data Summary Report 

Sample Location: TNTB-SS063 
Associated Site: MI3 
Sample No: 10062 
Sample DM= U-OCT-98 
EXPLOSIVES Fltr Units I Rejult Lab Qlfr -- 
1,3,5-Trinitrobenzene mglkg 0.18 UJ 

Soils 

m - S S 0 6 4  
TNTB 
10053 
23-OCT-98 
Rcsul t Lab Qtfr 

0.18 UJ 

0.18 

4 U 

4 u 
0.18 U 

0.18 WJ 

TNTBSS065 
TNTB 
10064 
2S.MsT-98 
Result Lab QIit 

0.18 UJ 

0.20 

4 U 

4 U 

0.20 

0.18 UJ 

TNTBSS066 
TNTB 
10065 
259CT-98 
Result Lab Qlb 

UJ 0.18 

0.27 

4 U 

4 u 
0.70 

0.18 UJ 

Page 21 

INTD-SSO67 
TNTB 
10066 
25-OCT-98 
Result Lab Qlb 

0.18 iJJ 

0.72 

4 U 

4 U 

0.64 

0.18 U J  



Plum Brook di;annnct Work8 

TNT Area B 
Data Summary Report 

Report Date: 08/28/00 

Sample Location: 
Associated Site: 
Sample No: 
sample Date: 2 5 m - 9 8  

I 

EXPLOSIVES FI& Units Re.sult Lab Qlfr 

1,3,5-Trinihobenzcm mglkg 0.18 UJ 

Soils 

TNTBSS069 
TNTB 
10068 
25-OCT-98 
Result Lab Qlfr 

0.18 UJ 

0.01 J 

4 U 

4 U 

0.18 U 

0.18 UJ 

TNTBSS070 
TElTB 

10069 
25-OCF-98 

Result Lab Qlfi 

0.18 UJ 

0.17 U 

RITB-SSO7 I 
TNTB 
10070 
25-03-98 

Result Lab Qlt 

0.18 UJ 

m - S S O 7 2  
TNTB 
10071 
254XT-98 

Result Lab QIfr 

0.18 UJ 



Plum Brook 0-rdnnnee Works 

TNT Area B 
Data Summary Report 

Soils 

Sample Location: TNTB-SS073 TNTBSS074 
Associated Site: TMTB TNTB 
Sample No: 10072 10073 
Sample Date: 25-OCT-98 2603' -98 
EXPLOSIVES Fltr Units Result LabQlft Result - L b  Qlfr 

1.3,s-Trinitrobenzene m@g 0.18 UJ 0.18 UJ 

26-48 
Result Id QIfr 

0.18 UJ 

TNTB-SSM6 
TNTB 
10075 
26-OCT-98 
Result Lab Qlfi 

0.18 UJ 

TNTB-SS077 
TNTB 
10076 
2mT-98 
Result iab Qlfr 

0.18 UJ 



Plum ÿ rook 6;dn.n~~ Works 

TNT A m  B 
Data Summary Report 

Report D W  Solls 

Sample Location: TNTBSS078 TNTB.SS079 

Associated Site: TNTB TNTB 

Sarnple No: 10077 10078 
S m p b  Date: 26-OCT-98 26-OCT4S 

I 

EXPLOSNES Fltr Units Result Lab QIfr Result Lab Qlfi - 
1J,5-Trinitrobcnzene rn& 0.18 UJ 0.18 UJ 

Result Lab Qlfi 

0.18 UJ 

TNTB-SSDSI 
TNTB 

Result Lab Q1ft 

0.1s UJ 

23-OCT-98 
Result Lab Qlfr 

0.18 UJ 



Report Date: Ogng/t)O 

Plum Brook 6idnanee work 
TNT Ares B 

Data Summary Report 

Soils 

Sample Location: 'IlrfTB-SSO83 TNTBSSO84 
Associated Site: TNTB RlTB 
Smple No: 10082 10083 
Sample Date: 23-OCT-98 2 3 0 3 4 8  
EXPLOStVES 

I 
FItr Unlts Result 
-- 

tabQlfr b u l t  Lab Qlfr -- 
1.3,s-Trinitrobenzene mgrkg 0.18 UJ 0.18 VJ 

TWB-SS08S 
m 
100g4 
23-OCl-98 
Result Lab Qlfr 

0.18 UJ 

Rcsult Lab Qlfi 

0.18 UJ 

~ S O S ' I  
TNTB 
10086 
23-OCT-98 
Rasult Lab p l f k  

0.18 UJ 

0.87 



Plum Brook drdnnnce Works 

TNT Area B 
Data Summary &port 

Report Date: ob&iw Soils 

TNTB-SSO88 TNTB-SSO89 Sample Location: 
Associated Site: WTB TNTB 
Sample No: 10087 10088 
Sample Date: 23-OCT-98 23-OCT-98 
EXPLOSIVES Fltr Units b u t t  L 1  QIfr . Result Lab QlR - 
1,3.5-Trinitrobenzene mglkg 0.18 UJ 0.18 UJ 

TNTBSS090 
RJTB 
I0089 

23-OCT-98 
Result Lab Qlfr -- 
0.18 UJ 

0.0 1 J 

TNTB-SSO91 
TNTB 
10090 
27-OCT-98 
Result Lab Qlfr 

0.18 UJ 

0.18 

Page 26 

m - s s m  
TNTB 
10091 
27-OCT-98 
Result Lab Qlfr 

0.18 UJ 

0.89 



Plum Brook Gdnance Works 
TNT A m  3 

Data Summnry Report 

R e ~ r t  Date: 08/28lOO Soils 

Sample Location: TNTB-SS093 TNTB-SS094 
Associated Site: TNTB TNTB 
Sample No: 10092 10093 
Sample Date: 27-OCTB8 27QCT-98 

I 

EXPLOSIVES Rtr Units Result Lab Qlfr Result Lab Qlfk -- 
1 -3,s-Trinitrobenzene m e  0.18 UJ 0.18 UJ 

m - S S W 5  
TNTB 
10094 
274CT-98 
Result Lab Qlfr 

0.18 US 

0.54 

4 U 

4 U 

0.18 U 

0.18 UJ 

TNTB-SS096 
TNTB 
10095 
23-OCT-98 
Rcwlt Lab Qfr 

0.18 UJ 

0.39 

2.6 J 

4 U 

0.18 u 
0.18 UJ 

RITB-SS097 
TNTB 
10096 
23 -0CT48 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

4 U 

4 u 
0.18 U 

0.18 UJ 



Ptum Brook Gdnancc Works 

TNT Area B 
Data Ssmmrry Report 

Report Date: ogl~m Soils 

Sample Location: TWTBSS098 TNTB-SSO99 

Associated Site: TNTB TNTB 

Sample No: 10097 10098 
Sample Date: 23-OCT-98 23-03-98 
EXPLOSIVES ~ l t r  units. ~esult Lab QlFr Result Lnb Ql ft -- 
1,3,5-Trinitrobenzcm mgkg 0.18 UY 0.1s UJ 

TNTB-SS f 00 
TNTB 
10099 
23-OCT-98 
Result Lab Qlfr 

0.1s UJ 

TNTB-SSIOI 
TNTB 
10100 
U-OCT-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

4 u 
4 U 

0.18 Ll , 

0.18 UJ 

mmss102 
TNTB 
10101 
U r n - 9 8  
Result LabQlt 

0.18 UJ 

0.25 

4 U 

4 U 

0.18 U 

0.18 US 



Report Date: OWN 

Plum Brook iklnance Works 

TNT Area B 

Data Summary Report 

Sample Lodon:  TNTB-SSIO~ 
Associated Site: TNTE! 
Sample No: 10102 
Sample Date: 2 3 0 3 9 8  
EXPLOSIVES ~ l t r  units hsdt Lab Qlfi - 
1,3,S-Tr3nitmbcnzene mglkg 0.18 UJ 

Soils 

TNTB-SS 104 
TNTB 
10103 
23-OCT-98 
Result Lab Qlfi 

0.18 UJ 

TNTBSSIO6 
TNTB 
I0105 
U-OCT-98 
Resutt Lab Qlfi 

0.18 UJ 

Page 29 

Result Lab Qlft 

0.18 UJ 



Plum Brook Gdaanee Works 

TNT Area B 
Data Summary Report 

Sample Lrrcation: TNTB-SSlO8 TNTBSS109 

Associated Site: TNTB TPlTB 

Sample No: 10107 10108 
Sample Date: 26-OCT-98 26-OCT-98 

EXPLOSIVES Fltr Units b u l t  Lab Qlfr Result tab Qlfk - 
1,3,5-Trinitrobenztne mg/kg 0.18 UJ 0.18 UI 

TNTBSS 1 10 
TNTB 
10109 

26-QCT48 
Result Lab Qtfr 

0.18 UJ 

0.17 U 

4 U 

4 U 

0.18 U 

0.18 UJ 

TNTBSSlll 
TNTB 
10110 
26-OCT-98 
Result Lab Qltk 

0.18 UJ 

0.17 U 

9.7 5 

4 U 

0.18 U 

0.18 UJ 



Report Datc: 08ng/00 

Plum Brook dhnance Works 
THT Area B 

Data Summary Report 
Soill 

Sample Location: lWTB-SS113 TNTB-SSI 14 

Associated Site: TNTB TNTB 
Sample No: 10112 10113 
Sample Date: 26-OCT-98 26-OCT-98 
EXPLOSIVES Fltr Unla ResuB Lab Plfr Result Lab Q1f1 - 
1.3,5-Trinitrobtnzenc mgkg 0.18 UJ 0.18 UJ 

Result Lab Qlfr 

0.18 UJ 

Result Lab QIfi 

Page 31 

Result Lab Qlf? 

0.18 UJ 



Plum Brook ORlnanct Work8 

TNT Area B 
Data Summary Report 

Report Date; 08/28/00 SoiL 

Sample Location: TNTB-SS 1 18 TNTBSSI 19 

Associated Site: TNTB TNTB 
Sample No: 10117 10118 
Sample Date: 26-OCT-98 26-OCT-98 

EXPLOSIVES Q l t ~  Units I Result Lab Qlfr RwuIt Lab Qlfr 

13.5-Trinitrobenzene mg/kg 0.18 UJ 0.18 iJJ 

TNTB-SS120 
TNTB 
101 19 
26-OCT-98 
Result Lab Qlfi 

0.18 US 

TNTB-SSI21 
RETB 
10120 - 
2 6 0 3 9 8  

Result Lab Qlfr 

0.18 UJ 

TNTBSSl22 
Y T B  
10121 
26-98 

Result Lab Qlfr 

0.1% UJ 



Plum Brook Ordnance Works 
IWT Area B 

Dntn Summary Report 

Soiis 
Page 33 

TNTB-SSI25 
TNTB 
10124 
26aCT-98 
Result Lab Ql fr 

0.18 UJ 

0.17 U 

4 U 

Sample Location: 
Associated Slte: 
SampIe No: 
Sample Date: 

TNTB-SSl26 
TNTB 
10125 
26-OCT-98 
Result Lab Qlfr 

0.18 UJ 

TNTBSS127 
m 
10126 
239CT-98 
Result Lab aft 

0.18 UJ 

EXPLOSIVES Fltr 

1,3,5-Trinltroknzent 

Units Result t a b  Qlfr 

mgkg 0.18 UJ 

Result Lab Qlit 

0.18 UJ 



Report Date: 08/28/00 

Plum  rook ordnance W arks 
TNT Area B 

Data Summary Report 

Sample Location: TNTBSS 1218 RJTB-SS129 

Associated Site: TNTB TNTB 
Sample No: 10127 10128 
Sample Date: 2 3 0 3 - 9 8  2303-98 

EXPLOSIVES Flh Units Result Lab Qlfi Result Lab Qlfi 

1,3,5-Trinitrobcmne mgkg 0.18 UJ 0.18 UJ 

TNTB-SS 130 
TNTB 
10129 
23-OCT-98 
Result Lab Qfr 

0.18 UJ 

TNTBSS131 
TNTB 
10130 
23-OCT-98 

Result Lab Qlft 

0.18 UY 

0.17 U 

4 U 

4 u 
0.18 U 

0.18 UJ 

TNTB-SS 132 
TNTB 
10131 
23-OCT-98 
Result LabQIfi 

0.18 US 



Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 

Plum Brook mnancc Works 

TNT Area B 
Data Summary Report 

SOIL 

MB-SS133 TNTB-SSIU 
TNTB m 
10132 10133 
234CT-98 23-OCT-98 

EXPLOSIVES Mtr Units I Result Lab Qlfr Result Lab Qlft 
- -- -- 

1,3,5-Trin ttrobenzene mgncg 0.18 UJ 0.18 UJ 

mss135 
TNTB 
10134 

239CT-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

TNTBSS136 
TNTB 
10135 
23-OCT-98 
Result Lnb Qlfi 

0.18 UJ 

Result Lab QIfr 

0.18 UJ 



Plum Brook 6i;dnance Works 
TNT Area B 

Data Summary Report 

Report Date: 08/28/00 Soils 

Sample Location: TNTB-SSI 38 TNTB-SS139 
Associated Site: TNm TNTB 

Sample No: 10137 10138 
Sample Date: 25-OCT-98 25-OCT-98 
EXPLOSIVES Fltr Units Result LabQlfr Result Lab Qlf? - 
1J,S-Trlni~.obe~zcne mgkg 0.18 UJ 0.18 UJ 

10139 
25-OCT-98 
Result Lab Qlfr 

0.18 UJ 

TNTB-SS141 
TNTB 
10140 
25-48 

Result Lab Qlfr 

0.18 UJ 

TPITBSS142 
TNTB 
10141 
25-OCT-98 

Result Lab Qlfr 

0.18 UJ 



Plum Brook OIrdnanct works 

TNTAreaB 
Data Summary Report 

Wort Date: 08nwoo sdla 

Sample Location: 'IlrlTB-SS 143 RETB-SS144 
Associated Site: TNTB TNTB 
Sample No: 10142 10143 
Sample Date: 25-OCT-98 256CT98 
EXPLOSIVES Fltr Units Result LsbQlfr b u t t  Lsb Qlfr 

I J,5-Trinitrobenzene mgkg 0.18 UJ 0.18 UJ 

TNTBSSl45 
TNTB 
I0144 
25 0 3 - 9 8  
Result Lab Qlfr 

0.18 UJ 

0.17 U 

TNTBSS146 
TNTB 
10145 
25-OCT-98 
Result Lab QIfi 

0.18 UJ 

Page 37 

TNTB-SS 147 
TNTa 
I0146 
2S-OCT-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 



Plum Brook mdnance Worlu 
TNT Arta B 

Data Summary Report 

Report Date: 08/28/00 Sails 

Sample Location! TMB-SS 148 TNTB-SS 149 

Associated Site: TNTB TNTB 

Sample No: 10147 10148 
Sample Date: 2S-OCT-98 2 5 0 3 9 8  

I 

EXPLOSIVES Fltr Units RGsuU Lab Qlft Result Lsb Q I f i  

1,3,5-Trinlmbenzene mdkg 0.18 UJ 0.18 UJ 

TNTBSSIS 1 
TNTB 
10150 
2S-OCT-98 

Result Lab Qlfi 

0.18 UJ 

Result LnbQlfr 

0.18 UJ 



Plum Brook ~ i d n s n e e  works 
TNT Area B 

Data Summary Report 

Rcport Date: 08/28/00 Soils 

Sample Location: TWTB-SS153 TNTB-SS 154 
Associated Site: TNTB TNTB 
Sample No: I0152 10153 
Sample Date 25aCT-98 25dCT-98 
EXPLOSIVES Fltr Units Result LabQlfi Rcsult Lab Qlfi - 
I ,3,S-Ttinitrobenzene m@tg 0.18 UJ 0.18 UJ 

RJTB-SS I55 
m 
I0154 

25-OCT48 
Result Lab QIfr 

0.18 UJ 

0.20 

4 U 

4 U 

0.18 U 

0.18 W 

TNTB-SSI 56 
TNTB 
10155 
25-OCT-98 
Result Lab QI% 

0.18 UJ 

0.17 U 

4 u 
4 u 
0.18 U 

0.18 UJ 

TNT&SS157 
TMTB 
10156 
25-OCT-98 
Result Lab Q l t  

0.18 UJ 



Report Date: 08/28/00 

Plum Brook 0 a n a n c e  Works 

TNT Area B 
Data Summary Report 

Sample Location: TMTB-SS 158 
AssociatFd Site: TNTB 
Sample No: 10157 
Sample Date: 25-OC7-98 

EXPLOSIVES Fltr Units Result Lab Ql fr - 
13.5-Trinitmbcnzene rnglkg 0.18 UJ 

Soils 

TNTBSS 159 
TNTB 
10158 
25-OCT-98 

Result Lab Qlfi 

0.18 UJ 

0.17 U 

TNTB-SS 160 
TNTB 
10159 . 
2 5 m - 9 8  
Result Lab Qlfr 

0.18 UJ 

0.17 U 

TNTB-SS161 
TNTB 
10160 
25-OCT-98 
Result Lab Q1C 

0.18 UJ 

0.15 J 

Page 40 

TNTB-SSIQ 
m 
10161 
25-OCT-98 
Result Lab Qlfi 



Plum Brook didnance Works 
TNT Area B 

Data Summary Report 

Report Date: 0 ~ ~ 0  Soils 

Sample Location: TNTB-SS 163 TNTBSSI64 

Associated Site: TNTB TNTB 

Sample No: 10162 10163 
Sample Date: 25-OCT-98 2 5 0 3 - 9 8  

I 

EXPLOSIVES Fllr Untts Result Lab Qlfr Result Lab Qlfr 

1J.5-Trinitmbemene mgkg 0.18 US 0.18 UJ 

TNTBSS 165 
TNTB 
10164 

2503 ' -98  
Rwult tab Qlfr -- 
0.18 UJ 

0.17 U 

4 U 

4 U 

o.is u 
0.18 UJ 

TNTB-SSl66 
TNTB 
10165 

25-OCT-98 
Result Lab Qlfi 

0.18 UJ 

0.17 U 

4 u 
4 U 

0.18 U 

0.18 UJ 

TNTIB-SS I67 
rnTB 
10166 
2 S m 8 8  
Result Lab Qlfr 

0.18 UJ 



Plum Brook Gdnancc works 
TNT Area B 

Data Summary Report 

Report Date: ognwOO Soils 

Sarnple Location: IWTBSSI68 TNTB.SSl69 

Associated Site: TNTB TNTB 
Sample No: 10167 10168 
Sample Date: 2 5 m - 9 8  ZS-OCT-98 

EXPLOSIVES Fltr Unlts Result LabQlfr Result Lab Qlfr - 
1 J.5-Trinitmbcnzene mgkg 0.18 UJ 0.18 UJ 

TNTBSS170 
r n B  
10169 
25-OCT-98 
Result Lab Qlfr 

0.1s US 

TNTB.sS171 
TNTB 
10170 
27-03-98 
Result Lnb Qlfi 

0.18 UJ 

TNTBSSI'I;! 
TPITB 
10171 
2 7 M 9 8  

Rwult Lab Qlt 

0.18 UJ 



Plum Brook &dnanct works 
TNT Area B 

Data Summary Report 

Report Date: O ~ ~ / ( I O  Solis 

Sample Location: 
Assminted Site: 
Sample No: 
Sample Date: 

EXPLOSIVES Fltr 
-.,- - 
1,3,5-Trinitroknzene 

TNTB-SS 173 
TNni  
10172 
27-OCT-98 

Units Result Lab Qlfr 

mglkg 0.18 UJ 

m 0.10 J 

TNTB-SS I74 
RlTB 
10173 
276CT-98 
Result Lab Qlt 

45 UJD 

2-Amino-4.6-dinitmtoluenc mglkg 0.36 45 UD 

4-Amino-2,6-dinitrotoluene mgkg 0.18 UJ 45 UJD 

TNTB-SS I75 
m 
10174 
27-OCT-98 
Result Lab Qlfr 

0.18 UJ 

TNT3-SS 176 
TNTB 
10175 
27-OCT-98 
Result Lab Ql fi 

22.5 UJD 

TNTBSSI77 
TNTB 
10176 
27-48 
Result LsbQl* 

0.18 UJ 



Plum Brook 0;dnance Works 
TNT Area B 

Data Summary Report 

Report Date: 08/28/00 Soils 

Sample Location: TNTBSS 178 TNTB-~~179 

Associated Site: TNTB TMTB 
Sample No: I0177 I0178 
Sample Date: 27-OCT-98 27QCT-98 

EXPLOSIVES Flr Uniis Result Lab Qlfr Result Lab Qlfr - 
1 J.5-Triniirobtnzenc mg/kg 0.18 UJ 0.18 UJ 

TNTBSS 180 
TNTB 
10179 
2 7 0 3 - 9 8  
Result Lab Qtb 

0.18 US 

TFFFBSSl8l 
m 
10180 
27-OCT-98 
Result Lab Qlt 

0.18 UJ 

TNTBSS 182 
RITB 
10181 
27-OCT-98 
Result LnbQlh 

0.18 UJ 



Report Date: osnsloo 

Plum Brook &manot works 
TNT Area B 

Data Summary Report 

Sample Location: TNTB-SS183 TNTB-SSl84 

Associated Site: RlTB TNTB 

Sample No: 10182 10183 
Sample Date: 26-OCT-98 26-OCT-98 

f 

EXPLOSIVES Fitr Units Result Lab Qlfr Result Lab Qlfi 

1,3,5-Trinitrobenzene m& 0.18 UJ 0.18 UJ 

TNTB-SSlIS 
TNTB 
10184 
26-OCT-98 
Result Lab Qlfr 

0.18 UJ 

TNTBSSI86 
TNTB 
10185 

26-OCT-98 
Result Lab Qlfi 

0.18 UJ 

0.17 U 

TNTB-SS187 
TNTB 
10186 
26-48 
Result Lab Qlff 

0.18 US 



Sample Location: 
Associated Site: 
Sample No: 
Sample Dabe: 

Plum Brook ~ n s a c e  Warh 

TNT Area 3 
Data Summary Report 

Soflr 

TNTBSS 188 
TNTB 
I0187 
2 6 a - 9 8  

units I h u l t  Lab QIfr 

mglkg 0.18 UJ 

m& 0.17 U 

TNTB.sSI89 
TNTB 
I0188 
26-OCT-98 

Result Lab Qlfi 

0.18 UJ 

TNTBSS 190 
TNTB 
10189 
274CT-98 

Result Lab Qlfr 

0.18 UJ 

TNTB-SSI91 
TNTB 
10190 
27-OCT-98 
Result Lab Qlfr 

0.18 UJ 

m - s s  192 
RJTB 
10191 
294KT98 
Rwult Lab QlR 

0.18 UJ 

0.01 d 



Plum Brook 6dnenee works 

TNT Area B 
Dwta Summary Report 

Report Date: omg/m Soils 

Sample Location: TNTB-SS193 TNTB-SS I94 
Associated Sik: TNTB TNTB 

Sample No: 10192 I0193 
Sample Date: , 29-48 29-OCT-98 
EXPLOSIVES Fltr Unib Result Lab Qlfr Result -- Lab Qlfi 

1,3,5-TrlnitroburzFne rnglkg 0.18 UJ 0.18 UJ 

TNT3-S 195 
TNTB 
10194 
29-OCT-98 
Result Lab QlFr 

0.18 UJ 

TNTB-SS I96 
TNTB 
10195 
29-OCT-98 
Resu t t Lab Qlfr 

0.18 UJ 

Page 47 

TNTB-SS 197 
TNTB 
10196 
294CT-98 
Result Lab Qlft. 

0.18 UJ 



Report Date: 0m8/00 

Plum Brook Utnance Works 

TNT Area B 
Data Summmry Report 

Sols 

Sample Location: RJTB-SS198 
Associated Site: TNTB 
Smnple No: 10197 
Sample Date: 2-T-98 

I 

EXPtOSIVES FMr Units Result Lab Qlfr - 
1,3,5-Trinitrobmzene m g  0.18 UJ 

TNTB-SS199 
TNTB 
10198 
29-03-98 
Result Lab Qlft 

0.18 UJ 

TNTRSS200 
TNTB 
10199 
02-NOV-98 
Result Lnb Qlfr 

0.18 UJ 

0.17 U 

4 U 

4 U 
0.18 U 

0.18 UJ 

Result Lab Qlfi 

0.18 UJ 

TNTB-SSZOS 
TPrrs 
1mw 
30-OCT-9g 
b u t t  Lab QlB. 

0.18 UJ 



R e p a  Date: 0&~8/00 

Plum Brook fhlnanrt Works 
TNT Area B 

Dab Summary Report 

Sample Location: TNTB-SS206 'MTB-SS207 

Associated Site: TNTB TNTB 

Sample No: 10205 10206 
Sample Date: 30-OCT-98 30OZl'-98 
EXPLOSIVES Fltr Units Rcsulc tab Qlfr Result Lab Qlft 

1 -3,s-Trlnitrobenzent m g k g  0.18 UJ 0.6 UJD 

4-Amino-2,B-dinitrofv~luene mglkg 0.18 UJ 0.6 UJD 

Result Lab Qlfr 

IS UJD 

18 UJD 

l?WB-SS209 
TNTB 
10208 
30-OCT-98 
Result tab Qlfr 

0.18 UJ 

ITWBSSZIO 
TNTB 
10209 
30QCT-98 
k u l t  Lab Qffk 

360 UJD 



Report Date: 08/28/00 

Sample Locutton: 
Associated Site: 
Sample No: 
Sample Date: 

Plum Brook Ordnance works 

TNT Area B 

Data Summary Report 

Soils 

TNTB-SS211 
RlTB 
102 10 
30-OCT-98 

I 

Fltr Units Rwult Lab Q1fi - 
mgkg 1800 UJD 

TNTB-SS212 
TNTB 
1021 1 
304CT-98 
Result Lab Qlfr 

3 60 UJI) 

mglkg 1800 UJD 360 UJD 

TMTBSS213 
TPSTB 
10212 
30-OCT48 
Resuit Lab Qlfr 

0.6 UJD ' 

1.4 D 

13.3 UD 

Result LabQle 

0.36 UID 

h u l t  Lab Qlft 

0.18 UJ 



PInm Brook @idnaace Works 

TNT Area 3 
Data Summary Report 

Report Date: 08/28/00 

Sampb Location: TNTBSS217 
Associated Sik: TNTB 
Sample No: 10216 
Sample Date: 30-OCT-98 
EXPLOSIVES FItr Units Result Lab Qlfi 

1.3,5-Trinitrobtnzene m 0.18 UJ 

Soils 

RITB-SS2 18 
TNm 
I0217 
02-NOV98 
Result Lab Qlfi -- 
0.18 UJ 

0.17 U 

4 U 

4 U 
0.18 U 

0.18 UJ 

TNTB-SS219 
TNTB 
10218 
02-NOV98 
Result Lab Qlfr 

0.18 UJ 

0.47 

4 .  U 
4 U 

0.01 J 

0.1% UJ 

TNTBSS220 
TNTB 
10219 
02-NOV-98 
Resuit Le QIfr 

0.18 UJ 

0.19 

m - s s 2 2 1  
TPITB 
10220 
02-NOV-98 
Result Lab Qlft 

0.18 UJ 

0.03 J 

4 U 

4 u 
0.18 U 

0.18 UI 



Report Date: tc:m8/00 

Sample Location: 
Associated Site: 
Sarnple No: 
Sample Date: 
EXPLOSIVES 

1,3,5-Trinitrobenzcne 

2,4,6-Ttinitrotoluene 

2,4-Dinitrotoluene 

2,6-Dinltrotoluene 

ZArnino-4,6-dbltratduene 

4-Amino-2.6-dinitrotdmne 

Phm Brook 0Tdnance Works 
TNT Area B 

Data Summary Report 
solis 

m a 2 2 2  
rn 
10221 
02-NOV-98 

Flw Units Result Lab Qlfr - 
6 UJD 

mgkg 13 D 

mgkg 133 UD 

mglkg 133 UD 

mgkg 3.1 JD 

m& 6 UJD 

TNTB-SS223 
TmB 
10222 
02-NOV98 
Result Lab Q1fi 

0.18 UJ 

0.11 J 

4 u 
4 U 

0.08 J 

0.18 VJ 

TNTMS224 
TNTB 
10223 
02-NOV98 
Result Lab Qlfr 

0.1s UJ 

0.06 J 

Rwult Lab Qlfr 

0.18 UJ 

TNTBSS226 
TNTB 
10225 
02-NOV-98 
~ e s u l t  Lab Qlfi 

0.18 WJ 



Plum Brook Cfdnancc Works 
TNT Aren B 

Dab Summary Report 

Report Date: oglzmo 

Sample Location: TNTBSS227 
Associsted Site: RlTB 
Sample No: 10226 
Sample Date: 02-NOV-98 

I 

EXPLOSIVES Fltr Units Result Lab Qlfr -- 
1,3,5-Trinitrobcnzene mglkg 0.18 UJ 

2-Amino-4,6-dinItrotoIuene mgkg 0.1% U 

Result Lab Qlfi 

0.18 UJ 

Result Lab Qlfr 

0.18 UJ 

Result Lab Qlfi 

0.18 UJ 
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TNTB-SS23 1 
TNTB 
10230 
02-NOV-98 
Result Lab Qlfi 

0.18 UJ 



-- 
Plum Brook Ordnance Works 

TNT Ana B 
Data Summmry Report 

Report Date: Oma/00 Soils 

TNTMS236 
TNTB 
10235 
02-NOV-98 
Result Lab Qlt  

0.18 UJ 

Sample Location: 
Associated Site: 

TNTB-SS232 
TNTB 

TNTBSS234 
TNTB 
10233 
02-NOV-98 
Result LabQlfr 

TMB-SS235 
TNTB 
10234 
02-MOV-98 
Result Lab Qlfr 

0.9 UJD 

2.3 D 

. . .  

Sample No: 1023 1 
Sample Date: , 02-NOV-98 
EXPLOSlVES Fltr Units Result Lab Qlfr - 
1,3,5-Trinitrobenzene mgkg 0.18 UJ 

0.9 UJD 



Plum Brook fidnance Worb 

TNT Area B 
Data Summary Report 

Report Date: 011128/00 Soils' 

Sample Location: TPITBSS237 TNTB-SS238 

AagocIated Site: TNTB TNTB 
Sample No: 10236 10237 
Sample Daa: 02-NOV-98 02-NOV98 

I 
EXPLOSIVES FItr Units Result Lab Qlfr Result Lab QlB 

1.3,s-Trinitrobenzene m&g 3 UJD 0.18 UJ 

4-Amino-2,6-dinitrotoluene m& 3 UJD 0.18 UJ 

TNTB-SS239 
RJTB 
10238 
02-NQV-98 
Resuff Lab QlFr 

3.6 UJD 

6.1 D 

80 UD 

80 UD 

1.1 JD 

3.6 UJD 

TNTB-SS240 
TNTB 
10239 
02-NOV-98 
Result Lab Qf% 

0.18 UJ 

0.17 U 

4 u 
4 U 

0.18 U 

0.18 US 
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TNTB-SSUI. 
TNTB 
10240 
02-NOV-98 
Resdt Lab Qlt  

0.18 UJ 

0.08 J 

4 U 

4 U 

0.18 U 

0.18 UJ 



Plum Brook 07dnanec Works 

TNT A m  B 
Drttlt Summary Report 

Report Date: 08/28/00 Sdils 

Sample Location: TNTB-SS242 RaTB-SS243 
Associated Site: RlTB TNTB 
Sample No: 10241 10242 
Sample m e :  02-NOV-9 8 02-NOV-98 

I 

EXPtOSIVES N t r  Unie Result Lab Qlfr Ruult - Lab Qlft 

1,3,5-TrInItrobenzcm mglkg 0.18 UJ 0.18 UJ 

4-Amino-2.6-dinitrotoluene mgkg 0.18 UJ 0.18 UJ 

TNTBSS244 
TNTB 
10243 
02-NOV-98 
Rw ult Lab Qlfr 

0.18 UJ 

0.17 U 

TNTBSS246 
TNTB 
10245 
02-NOV-98 

Result Lab Qlfr 

0.18 UJ 



Plum Brook 0-insnce Works 
T W  Area B 

Data Summary Report 

Repott Date: 08128100 

Sample Location: TWTBSS~~~ TNTB-SS248 
Associmted Sife: TNTB TNTB 

Sample No: 10246 10247 
Sample Date: 02-NOV-98 02-NOV-98 
EXPLOSIVES Fltr Units Result Lab Qlfi Result Lab QI, 

1,3,5-Trmitmknzene m& 0.1s UJ 0.18 UJ 

TNTBSS249 
TNTB 
10248 
02-NOV48 
Result Lab Qlfr 

0.18 UJ 

TNTBSS25 0 
TNTB 
10249 
02-NOV-98 
Result Lab Qifi 

0.18 UJ 

TNTB-SS251 
mTB 
10250 
033rlOV48 
Result Lab Qlfr 

0.18 UJ 



Plum Brook mdnanct Works 

TNT Area B 
Dnta Summary Report 

Sails Report Date: 08/28/00 

Sample Location: 
Associated Site: 
Sample No: 
Sample Date: 
EXPLOSIVES Fltr Units I Result Lab.Qtfr Result Lab Qlfr - 
1,3,5-Trinitmbenzem mg/kg 0.18 UJ 0.18 UJ 

m - S S 2 5 4  
RlTB 
10253 
03-NOV98 
R w k  Lab Qlfr 

0.18 UJ 

Result Lab QIB 

0.18 UJ 

TNTB-SS256 
TNTB 
10255 
03-NOV-98 
h u r t  Lab Qlfr 

0.18 UJ 

0.17 U 



Report Date: 0%/28/1)0 

Plum Brook 6 ~ 1 n a n c c  Works 

IWT Area B 
Data Summary Report 

Soils 

SampIe Location: TPITBSS257 TNTB-SSZ 58 

Associated Site: TPlTB TNTB 

Sample No; 10256 10257 
Sample Date: 03-NOV-98 03-NOV-98 
EXPLDSIVES Fltr Unih Result LabQlfr Result ~ a b  ~ l f i  -- 
1,3,S-Trinitrobcnzene mglkg 0.18 UJ 0.18 UJ 

TNTB-SS259 
TNTB 

Result Lab Qlfr 

0.18 UJ 

msS260 
TNTB 
10259 
03-NOV48 

TNTB-SS261 
TNTB 
10260 
0 3-NOV-98 
Result Lab Qlfi 

0.18 U J  

0.17 U 



Plum Brook Gdnanrc Works 
IYT Area B 

Data Summnty Report 

Report Date: o&n8100 

Smple Location: - TNTMS262 m S S 2 6 3  
Associated Site: TPITB TMTB 
Sample No: 10261 10262 
Sample Date: 03-NOV-98 03 -NOV-98 

I 

EXPLOSIVES Fltr Units Result Lab Qlft Result Lab Qlfk - 
!,3,S-Trinitrobenzct~e mgk3 18 UJD 0.18 UJ 

4-Amino-2,6-dini?mto!uene mglkS 1s UJD 0.18 UJ 

RJTB-SS264 
TNTB 
10263 
03-NOV-98 
Result Lab Qlfr 

TNTBSS265 
TNTB 
10264 
03-NOV-98 
Result Lab Qlft 

0.18 UJ 

0.06 J 

TNTBSS266 
m 
10265 
03-NOV-98 
Result LabQlfi 

0.18 UJ 

0.66 



Plum Brook bydnancc Works 

TNT Area B 
Datn Summary Report 

Mort Date: -00 

Sample Location: TMTB-SS267 
Associated Site: TNTB 
Sample No: 10266 
Sample Date: 0 3 - W 9 8  
EXPLOSIVES Fltr Unih Result Lab Qlfi 

1,3,5-Trinitrobenztne m@kg 0.18 UJ 
2,4,6-Trinitrotoluene mgkg 0.17 U 

TNTB-SS268 
m B  
10267 
03-NOV-98 
Result Lab Qlfr 

0.18 UJ 

0.77 J 

TNTB-SS269 
TNTB 
1026g 
03-NOV-98 
Resuit Lab Qlfi 

0.18 UJ 

0.17 U 

TMTB-SS270 
RSTB 
10269 
03-NOV-98 
Result Lab Qlfr 

0.18 UJ 

TNmS271 
TNTB 
10270 
03-NOV-98 
Result Lab Qlfi 

0.18 U f 



Plum Brook 02mnnct Wurka 
TNT Arcr B 

Dntn Summary Report 
Sdb 

Sample Location: TNTBSS272 

Associated Site: TNTB 
Sample No: 1027 1 
Sample Date: 03-NOV-98 

EXPLOSIVES Flit Units Result Lab Qlfi 

I ,3,5-Trlnitrobenztne mgkg 0.18 UJ 

TNTBSS273 
TNTB 
I0272 
03-NOV-98 
Result Lab Qlfi 

0.18 UJ 

TMTBSS274 
TNTB 
10273 
03-NOV-98 
Result Lab QlFr 

0.18 UJ 

TNTB-SS275 
TNTB 
I0274 
03-NOV-98 

Result Lab QIR 

0.18 UJ 

Result Lab Qlfr 

0.18 UJ 



Plum Bmok mnance Works 

TNT Area B 
Data Summary Report 

Report Date: om#oo 

Samplc Location: TNTBSS277 
Associated Site: TNTB 
Sample No: 10276 
Sample Dak 03-NOV-98 

I 

E X P L O S ~ V ~  Pltr Units Result Lab Qlfr -- 
1,3,5-Trinitrobcnzene 0.18 UJ 

Sollt 

TNTBSS278 
TNTB 
10277 
04-NOV-98 
Result Lab QLft 

0.18 UJ 

0.23 

7.6 J 

nm-SS279 
TNTB 
10278 
04-NOV-98 
Result Lab Qlfr 

0.18 UJ 

TNTBSS280 
m 3  
10279 
04-NOV-98 
Result Lab Ql it 

0.1 8 UJ 

0.17 U 

TNlBSS28 I 
TNTB 
10280 
04-NOV-98 
Result Lab Qlfr 

0.18 UJ 



Plum Brook Gdnmnce Worka 

TNT Area B 
Data Summary Report 

Report Date: 08/2WOO Soib 

Sample hcation: TNTB-SS282 TNTB-SS283 
Associated Site: TNTB TNTB 

Sample No: 1028 1 10282 
Sample Date: 04-NOV-98 04-NOV-98 

I 
EXPLOSIVES Fltr Units Resull Lab Qlb Result Lab Qlfi - - - 
1,3,5-Trinitrobemtne mglkg 0.18 UJ 0.18 UJ 

TNTB-a284 
m 
10283 
04-NOV-98 
Result lab QlFr 

0.18 UJ , 

0.22 

4 U 

4 U 

0.34 J 

0.18 UJ 

TNTB-SS285 
TNTB 
10284 
06-NOY-98 
Result Lnb Qlfr 

0.18 UJ 

0.17 U 

4 U 

4 u 
0.18 U 

0.18 UJ 

RlTB 
10285 
06-NOV48 
Result lab Qlit 

0.18 US 

0.17 U 

4 U 

4 U 

0.18 U 

0.18 UJ 



Sample Locstion: 
Associated Sib: 
Sample No: 
Sample Date: 

EXPLOSlVES Fltr - 
1.3,5-Ttinitrobcnzene 

Plum b o o k  Wdnance Works 

TNT Ares B 
Data Summary Report 

Solls 

TPITBSS287 
mTB 
10286 
06-NOV-98 

1 
Units Result Lab Qlfk 

mgkg 0.18 UJ 

mglkg 0.17 U 

TNTB-SS288 
TNTB 
10287 
06-NOV-98 

Rcsult Lab Qkfr 

0.18 UJ 

0.10 J 

T?4TB-SS289 
m 
I0288 

OGNOV-98 

Result Lab QIfr 

0.18 UJ 

0.02 J 

TNTBSS290 
TNTB 
10289 
06-NOV-98 
Result Lab QIfr 

6 UJD 

14 D 
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TWB-SS291 
TNTB 
10290 
06-NOV-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 



Data Summary Report 

Sample Location: 
Associated Site: 
Samnle No: 

TNTB-SS292 TPITBSS293 
TPlTB TNTB 
10291 1 0292 

~ a $ l e  D* 06-NOV48 06-NOV-98 

EXPLOSIVES Fltr Units Result Lab Qlfr Result Lab Qlfi - 
1,3,5-Trinitrobenzem mg/kg 1.8 UJD 18 UJD 

4-Amino-2.6dinilrototuene m%kg 1.8 UJD 18 UJIl 

RFTB-S294 
TNTB 
10293 
06-NOV-98 
Result LabQlfr 

0.18 UJ 

0.72 

4 U 

4 U 

0.21 

0-18 UJ 

TNT3SS295 
TNTB 
1 0294 
08-NOV-98 
Ilesult Lab Qlfr 

0.18 UJ 

0.20 

4 U 

4 u 
0.21 

0.18 UJ 

TNTBSS296 
TNTB 
10295 
08-NOV-98 
Rcsutt Lab Qlfr 

0.18 UJ 

0.12 J 

4 U 

4 U 

0.18 U 

0.18 W 



Sample Location: 
Asociatcd Sitt: 
Sample No: 
Sample Date: 

Plum Brook WWnancc Works 
TNT A m  B 

Data Summary Report 

EXPLOSlVES Fltr Units Result Lab Qlfr 
-- 

1,3,5-Trinitrabenzenc mglkg 0.18 UJ 

TNTBSS298 
TNTB 
10297 
08-NOV-98 

Result Lab Qlfr 

0.18 UJ 

0.17 U 

4 U 

4 U 

0.18 U 

0.18 UJ 

TM'BS299 
TNTB 
I0298 
08-NOV-98 

Resuit Lab Qlfr 

0.18 UI 

TNTB-SS300 
TNTB 
10299 
08-NOV-98 

Result Qlfi 

0.18 UJ 

0.28 

m - s s 3 0 1  
TMTB 
lo300 
08-NOV-98 
Result tab Qlfr 

0.18 UJ 

0.17 U 



Plum Bmak &&Iflaace Worb 

TNT Area B 
Data Summary Report 

Report Date: om8/00 Soifr 

Sample Location: TNTBSS302 RITB-SS303 
Associated Sia: TNTB TNTB 
Sample No: 10301 10302 
Sample Date: 08-NOV-98 08-NOV-48 
EXPLOSIVES. Fltr Units I Result Lab Qlfr Result Lnb Qlfr - 
1,3,5-Trinltrobcnzene mgkg 0.18 UJ 0.18 UJ 

TNTBSS304 
TNTB 
10303 
08-NOV-198 
Result Lab Qlfr 

0.18 UJ 

0.17 II 

TNTB-SS305 
TNTB 
10304 
08-NOV-98 
Result Lab Qlfr 

0.1s W 



Plum Brook Wdnsnce Works 

TNT Area B 
Dab Summary Report 

Repo~I Date: 0 1 1 / 2 ~ 0  

Sample Location: MB-SS307  
Associated Site: TPlTB 
Sample No: 103 06 
Sample Date: 08-NOV-98 

I 

E X P W I V E S  Fltr Units Result Lab Qlfr -- 
1,3,5-Trinitrobcnzme rnglkg 0.18 UJ 

2,4,&Trinitrotoluene m a g  0.17 U 

TNTB-SS308 
TNTB 
10307 
O W V - 9 8  
Result Lab Q1f~ 

0.18 UJ 

0.17 U 

4 U 

4 u 
0.18 U 

0.18 UJ 

RITB-SS309 
TNTB 
10308 
08-NOV-98 
Result Lab Qlfr 

0.18 UJ 

0.55 

4 U 

4 u 
0.07 J 

0.18 UJ 

TNTB-SS310 
TNTB 
10309 
08-NOV-98 
Result Lab QIfi 

0.18 UJ 

0.06 J 

4 U 

4 U 

0.18 U 

0.18 UJ 

TNTB-SS3 11 
TNTB 
10310 
08-NOV-98 
Result Lab Qlfr 

180 UJD 

180 UJD 



Pluln  rook 6rdnanee works 

TNT Area B 
Jhta Summary Report 

Report Date: 08/28/00 Solls 

Sample Location: 1NTESS3 I2 TNTB-SS3 13 

Associated Site: TNTB ThTB 
10311 Sample No: 103 12 

Sample Date: 08-NOV-98 08-NOV-98 
EXPLOSlVBS Fltr Units Result hb Qlfr Result Lab Qlfr - 
I,3,5-Trinitrobenzene rngikg 0.18 UJ 0.18 UJ 

TNTB-SS3 14 
TNTB 
10313 
08-NOV-98 
Result Lab Qlfr 

0.18 UJ 

TNTB-SM 15 
TNTB 
10314 
08-NOV-98 
Result Lab Q1& 

0.18 UJ 

Result Lab QLfr 

0.18 UJ 



Plum Brook mnance  Works 

TNT Arca B 
Data Summary Report 

Repart Date: 0 ~ ~ 0 0  Soil8 

Sample Location: TMTBSS317 TNTB-SS3'18 
Assocjatad Site: TNTB TNTB 
Sample No: 10316 10317 
Sample Date: 08-NOV98 08-MOV-98 

I 

EXPLOSlVES Fltr Units Result Lab Qlfr Result Lab Qlfr -- 
1.3,5-Trinikobenzene mgkg 0.18 UY 0.18 UJ 

TNTB-SS3 I 9  
TNTB 
10.318 

Result Lab Qlfr 

0.18 UJ . 

TNTB-SS320 
TNTB 
10319 
09-NOW8 
Result Lab Qlfi 

TNTBS!T321 
TNTB 
10320 

09-NOV-98 
Result tab Qlfr 

0.18 UJ 



Plum Brook &ibtance Warks 
TNT Area B 

Data Summrrry Report 

Rcport Date: 08fim Soils 

Sample Location: TNTB-SS322 RJTB-SS323 

Associated Site: W 3  TNTB 

Sample No: I032 1 10322 
Sample Date: 09-NOV48 09-NOV-98 

EXPLOSIVES Fltr Units I Result tab Qtfr Result Lab Qlfr - 
1,3.5-Trinitrobenzene mgkg 0.18 UJ 0.18 UJ 

TNTB-SS325 
TNTB 
10324 
09-NOV-98 . 
Result Lab Qlfr 

0.18 UJ 

0.20 

4 u 
4 u 
0.18 U 

0.18 UJ 

TpIpIBSS326 
m 
10325 
09-NOV-98 
Result Lab Qlfr 

0.18 UI 

0.56 

4 U 

4 U 

0.09 J 

0.18 UJ 



Plum Brook Sdnance  orb 

TNT Area B 
Data Summary Report 

~eport  Date: osnmo Solls 

Sample Location: TNTB-SS327 TNTBSS328 
Associated Site: TNTB TNTB 
Smple No: 10326 10327 
Sample Date: 09-NOV-98 09-NOV-98 

I 

EXPLOSIVES Fltr Units Result Lab Qlfr Result -- Lab Qlfi 

1.3,s-Trinitrobcnzem mgkg 0.18 UJ 0.18 UJ 

RITBSS329 
TNTB 
10328 
09-NOV-98 
Result Lab QIfr 

0.18 UJ 

Result Lab Qlfr -- 
1.8 UJD 

I .8 UJD 
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TNTBSS331 
TNTB 
10330 
09-NOV-98 
Result Lab Qlfi 



Plum Braak Ordnance works 

TlYT Area B 
Data Summary Report 

Report Date: ammo Soils 

Sample Lacation: TNTB-SS332 TNTB-SS333 

Associated Site: TNTB TNTB 
Sample No: 1033 1 10332 
Sample Date: 09-NOV-98 09-NOV-98 

EXPLOSIVES Fltr Units Resutt Lab Qlfr Result Lab QlR - 
1,3,5-Trinittobenzcm mglkg 0.18 UJ 0.18 UJ 

TNTB-SS334 
m 3  
10333 
09-NOV-98 
Ilesult Lab Qlfr 

0.18 UJ 

m s 3 3 5  
TNTB 
10334 
09-NOV-98 
Result Lab Qlfr 

0.18 UJ 

TNTB-SS336 
TNTB 
10335 
10-NOV-98 
Resuit Lab Qlfi 

0.18 UJ 



Plum Brook mnance Works 

TNT A m  B 
Data Summary Report 

Repart Date: 08128/00 

SmpIe Locntion: TNTJ3-SS337 
Asmciatcd Site: TNTB 
Sample No: 10336 
Sample Date: 10-NOV-98 

I 
EXPLOSIVES Fitt Units Result Lab Qlfr 

I,3,S-Trinitrobenzene rnglkg 0.18 UJ 

TNTB-SS362 
TNTB 
10360 
05-NOV-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

4 u 

TNTBSS362 
TmB 
10361 
05-NOV-98 
Result Lab Qlff 

0.18 UJ 

0.28 

TNTB-SS365 
TNTB 
10364 
05-NOV-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

RITB-SS366 
TNTB 
10365 
05-NOV-98 
b u l k  LabQlfr 

0.18 UJ 

0.17 U 



Plum Brook ananre works 
r n A r r a  3 

Data Summary Report 

Report Daa: OanshO Soils 

Sample Lowtion: TNTBSS368 TNTBSS368 
Associated Site: TNTB TNTB 
Sample No: 1 03 67 I0368 
Sample Date: 06-MOV-98 06-NOV-98 

I 

EXPLOSIVES Pla Unib Result LabQlfi Result Lab Qlfr - 
1,3,5-Trinitrobenzene mglkg 0.18 UJ 0.18 UJ 

TNTB-SS369 
TNTB 
10369 
06-NOV-98 
Result ~ a b  Qlfr 

0.18 UJ 

Result Lnb Qlfr 

0.18 UJ 

TNTBSS370 
TNTB 
10371 
06-NOV-98 
Result hbQl*  

0.18 UJ 

0.52 



plum  rook Gdnanct Work 

TNT Arts B 
Data Summary Report 

&port Date: osn&#QQ Soils 

Smptc Location: 
Associated Site: 
Sample No: 
Sample Date: 
EXPLOSIVES Fltr Units Result Lab Qtfr Result Lab Qlfr - 
1,3,5-Trinitrobenztnt mglkg 18 UJD 0.18 UJ 

4-Amino-2,6-dinitrotoluene mg/kg 18 UJD 0.18 UJ 

R1TB-SS372 
TNTB 

Result Lab Qlfr 

0.18 UJ 

TNTBSS373 
TNTB 
10375 
06-WOVd8 
Result Lab Qlfr 

0.18 UJ 



Plum Braok Oidnaace Works 

m Area B 
Data Sllmmary Report 

Report Date: 08128/01) 

Smpie Location: TNTB-SS374 
Associated Site: TNTB 
Sample No: 10377 
Sample Date: 06-NOV-98 

EXPLOSIVES Pttr Unib I Rtsult Lab Qlfi - 
1,3,5-Trinitrobenzene mgkg 0.18 UJ 

4-Amino-2.6dinifmtoIuene mgkg 0.18 UJ 

TNTBSS375 
m 
10378 
06-NOV-98 
Result Lab Qlfr 

I800 UJD 

6100 D 

4000 UD 

40000 UD 
1800 UD 

1800 UJlD 

TNm-SS375 
TNTB 
10379 

06-NOV-98 
Result LabQlfr 

18 UJD . 
76 D 

400 UD 

400 UD 

18 UD 

18 UJD 

TNTB-SS376 
TNTB 
10380 
06-NOV-98 
Result Lab Qlft 

I8 UJD 

110 D 

RITBSS376 
TNTB 
10381 
06-NOV-98 
~esult Lab Qifr 

1.2 UJD 

2.7 D 

1.2 UJD 



Plum Brook Fklnance works 
TNT Area 3 

Data Summary Report 

Report Date: OIJD&~QO Soils 

Sample Lowtion: TNTB-SS377 TNTB-SS378 
Associated Site: TNTB RlTB 
Sample No: 103 82 10383 
Sample Date: a 6 - ~ 0 ~ - 9 8  08-NOV48 

I 

EXPLOSIVES Fltr Units Result Lab Qlfr Result Lab Qlfi - 
1,3,5-Trinitmbenzent m%kg 0.18 US 0.18 UJ 

m 4 s 3 7 9  
TNTB 
10384 
08-NOV-98 
Result Lab Qlfi 

6 UJD 

18 D 

6 UD 

6 UJD 

m - S S 3 7 9  
TNTB 
10385 
08-NOV-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

TPITB-SS380 
TNTB 
f0386 
08-NOV-98 
Result Lab Qlfr 

0.18 UJ 

0.15 J 



Rtport Date: 08/28/00 

.-- 
Plum Brook Ordnance Works 

TNT Area B 
Data Summary Report 

Sample Location: TNTBSS380 TNTBSS381 

Associated Site: TNTEl TNTB 

Sample No: 10387 10388 

Sample Date: 08-NOV-98 08-NOV-98 

EXPmIVES Fltr Unlts Result Lab Qlfr Result Lab Qlfr 

i ,3,5-Trinitrobemnc mgkg 0.18 UJ 0.18 VJ 

TMTB-sS3RI 
TMTB 
10389 

08-NOV-98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

mas382 
rn 
10390 
08-NOV-98 
Result Lab Qlfi 

0.18 UJ 

Page 80 



Plum Brook OF4¶nrnce Works 
TNT Area B 

Data Summary Repod 

Repart Date: 08128/00 Soils 

Sample Location: TNTB-SS383 TNTBSS383 

Associated Site: TNTB TNTB 

Sample No: 10392 10393 
Sample Date: 08-NOV-98 08-NOV-98 
EXl'LOSlVES 

I 
Flh Units Result Lab Qlfr Result Lab Qlfi -- 

1,3,5-Trinitrobenzene mgkg 0.18 UJ 0.18 UJ 

TNTBSS384 
TNTB 
10394 
O&NOV98 
Result Lab Qlfr 

0.18 UJ 

0.17 U 

4 U 

4 u 
0.18 U 

0.18 UJ 

TNTB-SS38-4 
TNTB 
10395 
08-NOV-98 
Result Lab Qlfr 

0.18 UJ 

0.84 

4 U 

4 u 
0.06 J 

0.18 UJ 

TNTB-SS385 
RlTB 
I0396 
08-NOV-98 
Result Lab QlFr 

0.18 UJ 

0.17 U 

4 U 

4 U 

0.18 U 

0.18 UJ 



Plum Braak 6rddaanct Work8 

TNT A m  B 
Data Summary Report 

Soils 

Sample Location: TNTBSS386 mTB-SS387 

Associated Site: TNTB TNTB 

Sample No: 10397 10398 
Sample Date: 08-NOV98 08-NOV-98 

EXPLOSIVES Mtt Units ResuIt Lab Qlfr Result Lab Qlfr 

1,3,5-Trinitrobenzene &g 0.18 UJ 0.18 UJ 

TNTBSS387 
TNTB 
10399 - 

08-NOV-98. 
Result Lab Qlfr 

0.18 UJ 

0.17 U -  

TNTBSS389 
TNTB 
10401 
08-NOV-98 

Result LabQlfi 

0.45 UJD 



Report M e :  OW%IM) 

Sample hatian: 
Associated Site: 
Sample No: 
Sample Date: 

EXPWSIVES 

1,3,5-Trinitrobenzene 

2,4,6-Trinitrotoluene 

2,4-Dinitrotolucm 

2,bDinitrotoluono 

2-Amin0-4,6-dmitrata1uene 

Plum Brook UFdnance Works 

TNT Area B 
Data Sammary Report 

Sofls 

TNTB-SS389 
TNTB 
10402 
08-NOV-98 

Mtr Units I Result - Lab Qlfr 

mglkg 18 UJD 

m& 46 D 

mgkg 254.5 D 

mgkg 400 UD 

mglkg 42 D 

m - S S 3 M  
RlTB 
10403 
08-NOV-98 
Result Lab Q1% -- 
3.6 UJW 

19 D 

80 UD 

80 UD 

2.4 JD 

4-Arnino-2,6-dinitmtoIuene mgkg I8 UJD 3.6 UJD 

TNTBJS391 
TNTB 
10404 
08-NOV48 
Result Lab Qlfi 

0.45 UJD 

0.45 UJD 

TNTB-SS392 
TNTB 
10405 
08-WOV48 
Result Lab QIP 

0.18 UJ 

0.37 



Plum Brook &dnaacc Warks 

TNT Area B 
Data Summary Report 

Report Date: O&Q(V~O Soik 

Sample Location: TNTBSS393 TNTB-SS393 
Associated Site: TElTB TNTB 

SampIe No: 10407 10408 
Sample Date: 10-NOV98 10-NOV-98 
EXPLOSIVES FItr Units I REsuIt LabQlfr Result Lab Qlfr - 
1,3.5-Trinitrobe1ucne mp/Irg 6 USD 0.1s US 

mgtkg 6 UJD 0.18 UJ 1s UJD 

Result Lab Qlfr 

0.18 UJ 

Page 84 

TNTBSS395 
m 
10411 
10-NOV-98 
msult tab  Qlfr 

0.18 UJ 

0.15 J 



Report Date: 08/28/00 

Sampte Location: 
Associated Site: 
Sample No: 
Sample M e :  

Plum B m k  '6dnsncc works 

TNT Area B 
Data Summary Report 

Sols 

TNTB-SS396 
TNTB 
10413 
10-NOV-98 

I 

EXPLOSIVES Fltr Units Result Lab Qlfr Result Lab Qlfr - 
1,3,5-TAnitrobemene mglkg 0.18 US 0.18 UJ 

TNTBSS396 
RJTB 
I0414 
10-NOV48 
Result Lab Qlfr 

0.18 UJ , 

0.17 U 

4 u 
4 V 

0.18 U 

0.18 UJ 

TNTBSS397 
TNTB 
10415 
10-NOV-98 
Result Lab Qlfi 

0.18 UJ 

0.02 J - 

4 u 
4 U 

0.03 J 

0.18 UJ 

Page 85 



Repart Date: O ~ P Z ~ ~ O O  

Plum Brook 0;dnaace Work 

TNT Area B 
Data Summary Report 

Sample Location: WB-SS398 'INTB-SS398 

A s s o c W  Site: TNTB TMrB 
Sample No: 10417 10418 
Sample Date: 10-NOV-98 10-NOV-98 

I 

EXPLOSIVES Fltr UnL Result Lab Qlfr Result Lab Qlfr 

i ,3,5-~itnitrobenrene mgkg 0.18 UJ 0.18 UJ 

TNTBSS399 
TNTB 

10-NOV-98 
Result Lab Qli? 

0.18 UJ 

TNTBSS399 
TNTB 
10420 
10-NOV-98 

Result Lab Qlfr 

0.18 UJ 

m - S S 4 0 0  
TNTB 
10421 
1 O-NOV-98 
Result Lab Qlfr 



Plum Brook Wnancc Works 

TNT Arcrt B 
Data Summary Report 

Report Date: 08/28/00 

Sample Location: RITB-SMOO 
Assdated Sitt: TNTB 
Sample No: I 0422 
Sample Date: 1O-NOV-98 

EXPLOSIVES FItr Units Result Lab Qlfr 

1,3,5-Trinitrobenzene mgkg 0.18 UJ 

2,4,6-Trinitrotoluene mgkg 0.17 U 

m - S S 4 0  1 
TNTB 
10423 
10-NOV-98 
Result Lab Qlfr 

0.18 UJ 

TNTB-SSM1 
TNTB 
1 0424 
10-NOV48 
Result Lab Q113 

0.18 UJ 

rnBSSIIM 
TNT 3 
10425 
10-NOV-98 

Result Lab Qlt 

0.18 UJ 

0.17 U 

TPITBSS402 
TPlTB 
I0426 , 

10-NOV-98 
Result LabQifi 

0.18 UJ 

0.17 U 

4 U 

4 u 
0.18 U 

0.18 UJ 
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APPENDIX B 

CALCULATlON OF RESIDENTIAL SOIL PRELIMINARY REMEDIATION 
GOAL (PRG) CONCENTRATIONS FUR CHEMICALS WITHOUT 

VALUES TABULATED BY 
EPA REGION 9 
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Residential soil preWary remedial gods (PRG) are not available in the U.S. Environmental 
Protectim Agency @PA) (1998) Region M PRG tables for all of the chemicals identified in soil. 
PRGs can be derived using the EPA (1998) Region lac, methodology and chemical-specific 
variable values (such & toxicity values) @om approved sources. The chemicals, their chemical- 
specific values and their documentation, and the derived PRGs are provided below. 

RfDo = oral reference dose; RDDi = inhalation reference dose; PEF = particulate emission factor; 
W s  = volatilization-from-soil factor; PRG = p h i n a r y  remediation. goal cddated by the EPA 
(1998) methodology; NA = not applicable; nc = based on a noncancer hazard index of 1.0. 

" U.S. Environmental Protection Agency @PA), 1993, Risk Assessmtmt Issue Paper for: 
Derivaiion of Oral R m  fur 2 - A ~ o 4 , 6 - D i ~ t o I u e n e  (CASRN 35572-78-2) and 4-Amon+ 
2,&Dh&vtahene (CASRN 19406-51-0) By m g v  to 2,4,6-Trinib.otolucm, Systemk 
Toxici@ Assessment, National Center for Envimnmental Assessment, Cincinnati, OR, 23 
February. 
U.S. Environmental Pn,t.e-ction Agency (EPA), 1998, Region ~~PreBminary  ~emedidion 
Goah, U.S. EPA Region M, San Francisco, California, May 1. 
Default from P A  (1998). 

* VFs is evaluated only for readily volatile organic compounds, the compound of interest is 
assumed to be semivolatile or a non-volatile metal. 

" The RfDo for W u m  was estimated by adjusting the verified RfDo for thallium sulfate by the 
difference in molecular weight, assuming that the toxicity of thallium sulfate is mediated 
entirely by the thallium moiety and that the sulfate moiety is nontoxic (sulfate is endogenous to 
the mammdh bcdy). 
The W o  is not adopted as the RfDi for inorganic chemicals when chemical-specific values 
are not available @PA, 1998). 

Chemical 

2-Amino-4,&DNT 

4-Amin0-2,6-DPJT 

Thallium 

4,6-Wtm2-me thylpbenol 

Benzo(g,h,i)perlyene 

Phemthrene 

2-Methylnaphthalene 

AcenaphthyIene 

PEF 

1.32E+Y 

1.32E+9" 

1.3- 

1,32E+Y 

1.32l3-9" 

1.32E+gC 

1.32E+Y 

1.32W 

RfDo 
(mk/kgday) 

6E-5' 

dE-5a 

6.B-5" 

1E-48 

3E-2h 

3E-2h 

2E-2' 

6E-2' 

NAd 

NAd 

NAd 

NA* 

NAd 

N A ~  

NAd 

NAd 

RfDi 
@&-day 

6 ~ 5 ~  

6E-5b 

N A ~  

1IMb 

3E-2b 

3E-Zb 

2 ~ - 2 ~  

6E-2b 

PRG 
Imgllrd-day) 

3.3Eta nc 

3 . 3 M  nc 

4.9Wnc 

5.5EMnc 

1.5E+3 nc 

1.5E+3 nc 

1.1E+3 nc 

2.6E+3 nc 
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U.S. Environmental Protection Agency (EPA), 1995, Risk Assessmenl Issue Paper for: 
Prov*htuiZ R p  for 4 , C h h l c r e s o I  ( a h  b n  m ~ 6 & d r o - 2 - ~ . l p h h a n o l )  
(CASRN 534-52-11, National Center for Environmmtal Assessment, Cincinnati, OH, 13 June. 
The verified REDO for pyrene was used as a surrogate RfDo for this chemical. 

I Tk verified REDO for naphthalene was used as a surrogate RfDo for this' chemical. 
j The verified RfDo for acenaphthene was used as a surrogate RfDo for this chemical. 





APPENDIX C 

WiLCOXON RANK SUM TEST FOR COMPARISON OF BACKGROUND 
CONCENTRATIONS OF METALS WlTH CONCENTRATIONS 

MEASURED IN 
SURFACE SOlL AND COMBINED SURFACE AND SUBSURFACE SOlL 



Table 01 

WDOX#I Rank Sum TlwS d 
sm+khtd and m-nd so11 heentrallons a the 

Former Plum Brrrok man#, Works 
Sanrlusky, Ohb 

Copper In SurWta Soil 



WilcaroPn Rank Sum Test of 
SbRelated and Background Sell Chmmtions at the 

Fwmer Plum Brook Ordnance Worlcs 
s a w ,  Ohio 

Copper In Surke wd Subswrfaw Soil 



Table C3 

Wlkoxan Rank Sum T m  of 
SbRelatd and Background SON C m c e m a t i o ~  at the 

Fomer Plumb Brook Ordnance Woks 
Sandusky, Ohk 

Iron In Surfsce and Subsurface 8dl 



Wibxon Rank Sum Test of 
Sitsddaled md Background Sol1 Concentm!TMls at the 

Former Plum Brodt Ordnance Works 
Sahclusky, Ohio 



Table C-6 

Wilcaxon Rank Sum Test of 
Slte-Rekited and Background Soil Concantdons at the 

Former Plum Brook Ordnanca Works 
Smdusky, Ohto 

Thallium in Surface a d  Subsurhoe Soil 



APPENDIX D 

TOXICOLOGICAL PROFILES 
FOR THE CHEMICALS OF POTENTIAL CONCERN 
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APPENDIX D , 

TOXICOLOGICAL PROFILES 
FOR THE CHEMICALS OF POTENTIAL CONCERN 

Toxiwlogical p d e s  are brief descriptions of the nature of the adverse effects associated with 
the COPCs selected for evaluation because their concentrations in one or more environmental 
media exceed a very conservatively derived risk-based screening concentration. It is important to 

note that a discussion of adverse effects without a discussion of dose is incomplete and poten- 

t idy misleading, because virtually any chemical may be toxic at some dose, and many chemicals 
(c.g., nutritionally quired minerals, vitamins, arnino acids, etc.) enhance human health at some 
low dose. An ever growing and compelling body of evidence suggests that many environmental 

contaminants also enhance health at low doses (Hart, RW. and LT. Frame, 1996, "Toxicological 
Defense Mechanisms and How They May Affect the Nature of Dose-Response Relationships," 

Biobgkal Effecfs of Law Level W o s w e  Newsletter, 5[l J : 1- 16). 

When sac ient  data are available, the U.S. Envirmmental Protection Agency (EPA) Integrated 
Risk h f o ~ o n  System (IRE) presents the EPA's Reference Dose (R£D)/Rcfmnce Concentra- 
tion (RfC) Work GroupveTfied chronic toxicity values for threshold, or noncancer, effects, and 
the Carcinogen Risk Assessment Verification Endeavor Work Groupvded  toxicity values for 
cancer risk. The toxicity values for noncaner effects include an 'RfD expressed in milligrams 

per kilogram per day (mgkg-day) for cbronic oral exposure, and a RfC, in miIligr8ms per cubic 
meter (mg/m3j, for chronic inhalation exposure. The inhalation RfC in units of mg/m3 may be 
converkd to an equivalent inhalation RfD by assuming continuous chronic exposure of humans 
with a body weight of 70 kg and an inhalation rate of 20 m31day. Tn other words, the RfC 

expressed as mgEm3 is multiplied by the inhalation rate of 20 m3/day, and the result is divided by 

the body weight of 70 kg to yield an inhalation RfD expressed as m@g-day. 

RfDs and RfCs are usually derived from empirical benchmark doses (BMD) or concentrations 
called no-observed-effect levels (NOEL) or nosbserved-adverse-effect leveIs (NOAEL) h m  

animal toxicity or human epidemio1ogic studies. If the data do not permit iden-g a NOEL or 
NOAEL, a lowest-obse~ed-adverseeffect level (WAEL) or lowest-effect level (LEI.,) may be 
used. A frankeffect level (FEL,), a.g., mortaljty, shortened life span or serious neurologic or 
behavioral disturbances, is generally considered an inappropriate benchmark from which to 
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develop an RfD or RfiC. Some more recent derivations employ a BMD that is a statistically 

estimated dose for humans at which,some low proportion of the population may experience some 
minimally adverse effect. A BMD at which 10 percent of the population may be expected to 

respond is expressed as BMD,,. The RfD or rCfC is derived by dividing thb benchmark level 
(e.g., NOAEL or BMD,,) by a series of uncertainty and modifying fears, collectively 
designated the uncertainty factor 0. 

Fox- cancer effects, JRE presents an EPA cancer weight-of-evidence p u p  classification that 

reflects qualitatively the likelihood that the chemical i s  minogenic to humans. IRIS also 

presents a dope factor (SF) for oral exposure, expressed as the risk per m&-day ingested dose, 

and a unit risk factor 0 for inhalation exposure, expressed as the risk per pg/m3 in ambient 

air. These quantitative estimates are generally provided for chemicals in EPA weight-uf- 
evidence Groups A, B, and C if the data are adequate. The SF or URF is usually estimated as an' 

upper bound on the slope of the dose- or concentration-response curve from animal toxicity or 
human epidemiologic studies. The inhalation URF in units of risk per mimgrms per cubic 
meter @glm3) may be wnverted to an equivalent inhalation SF in units of riEk per mgkg-day by 

assumhg continuous lifetime exposure of humans with a body weight to 70 kg and an inhalation 
rate of 20 m31&y. In other words, the URF expressed as risk per pg/m3 is divided by the inhala- 
tion rate of 20 m3/day, and multiplied by the assumed body weight of 70 kg and a conversion 
factor of 1,000 p g h g .  

Toxicity values are not eshated for acute toxicity and acute exposure is not evaluated in the 

RA. Nonetheless, the levels associated with acute lethality and data regarding the effects 
associated with a~ute exposure to levels higher than ordinarily observed in chronic envixon- 

mental exposure provide additional perspective regarding the toxicity of the chemical. There- 
h e ,  this iafondon is generally included in the profiles. hhdity  data for laboratory animals 
are perally expressed as the oral dose associated with lethality of 50 percent of a test group 
(w>w) or the concentration in air associated with lethality of 50 percent of a test group w. 

The toxicity profiles also provide the documentation for the gastrointestinal (GI) absorption 
factor (GAF), which is ustd to develop the d e d  RfD and SF. They also provide dbcumen- 
tation for the d e d  absorption factor (ABS), which describes the extent of dermal uptake h m  

soil, and the permeability coefficient, which describes the rate of demd uptake from w&. 
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Aluminum . .  . 

Aluminum is a naturally aceurring metal used in a wide variety of metal applications, incIuding 
packaging, kitchen utensils, auto bodies and components, airplanes and building compents 
(Elinder and Sjogrem, 1986). It is also used in cosmetics,, food additives, h d  some phmmceu- 
ticals and cosmetics. 

Dietary intake accounts for the majority of human exposure to aluminum (Elinder and Sjogren, 

1986); pharmaceuticals aid medical pcedms (e-g., dialysis treatment for kidney failure) are 
important sources of exposure for some individuals. A recent review @PA, 1994) summarizes 

GI uptake in animals treated with single oral doses of alumhum chloride ranging from less than 

one percent (rabbits) to 27 percent (rats). The data indicate that dose and the animal species may 
be more important than chemical form in determining the extent of GI absarption. Human GI 
absorption data range h m  0.1 to 0.3 percent, but the chemical form and dose were not reported 

These observations suggest that GI absorption by rodents may exceed absorption by rabbits or 
humans. The toxicokinetic study selected far derivation of the OAF should approximate, as 
closely as possible, the wnditions of the critical study (the study upon which the toxicity value is 
based). The provisional oral RfD is based on a study in mice with aluMinum lactate in the diet. 
The toxicokinetic study most adequately reflecting the conditions of the key study (rodents, oral 
exposure, sohble form of aluminum) is the study that identified GI absorption of 27 percent in 

rats- Therefore, the absorlption factor of 0.27 observed in rats is chosen as the GAF for this 
evaluation. Data were not located regarding the extent of dermal absorption of aluminum from 
soil. The Ohio Envira~lental Protection Agency (OEPA) (1998) default soil absorption factor 
ABS for metals of 0.01 is chosen for this evaluation. 

Aluminum is relatively nontoxic via oral exposure to physiologically n o d  humans, but 
recently concern has arisen regarding nemlogical effects, including Alzheimer's disease and 
similar forms of dementia (EPA, 1994). Much of this concern stems from studies with large oral 
doses of soluble aluminum salts (e.g., aluminum hydroxide) and b m  medical procedures that 

bypass the GI abso@m barrier. A review of several animal studies with many different fonns 
of aluminurn identified the developing infant as potentially the most sensitive member of the 
human population. A pmvisional chronic oral RfD of 1M mgkg-day was derived from a 

LOAEL of 100 --day for minimal and equivocal neurological effects in the offspring of 
mice. The nervous system is the targd organ for oral exposure to alumhum. The mice bere fed 
diets fortified with alumhum lactate throughout gestation and lactation. An uncertainty factor of 
100 was used. Confihce in the oral RfD is low. 
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Occupational exposure to aluminum metal dust and aluminum oxide is associated with 
pulmonary fibrosis and related respiratory effects such as cough, emphysema, pneumonia and 
decreased pulmonary function (American Conference of Governmental Industrid Hygienists 
[ACGU, 199 1; EPA, 1997). The toxicity of occupational exposure to dusts of aIuminum pyro 
powders is somewhat higher, and occupational exposure to salts such as the sulfate and chloride 
m y  yield hydrolysis to the corresponding acids. Pulmonary effects wem also observed in 
animaln exposed to powders and dusts of metallic aluminum and various alumhum campounds. 

Results of testing Canadian gdd and uranium miners prophylactically treated with aluminum 
oxide powders to prevent silicosis associated aluminum exposure with impaired cognitive 

performance (EPA, 1997). The likelihood of cognitive impairment was directly related to the 
duration of exposure. Neurological performance was also impaired in aluminum foundry 
workers exposed to fumes and aluminum dust (4.6 to 11.5 mg aluminWm3) for a mean of 12 

years. Other studies also impIicate aluminum as a cause of neurological impairment and 
neumphysical effects in exposed smelter workers and aluminum welders. A provisional 
inhalation RfC is based on the LOAEL of 4.6 mg aluminumlm3 in the study of foundry workers 

described above. The lower end of the exposure concentration djusted for intermittent exposure 

is 1.64 mglm3. Application of an uncertainty factor of 300 yklds an RfC of 5E-3 mg/m3, which 
is equivalent to an inhalation RfD of 1.4E-3 mgkg-day. Confidence in the inhalation RfC is 
medium. The nervous system is the target organ for inhalation exposure to aluminum. 

Data were not located regarding the carcinogenicity of exposure to dumiaum. 

References for Aluminum 

American Conference of Govanmental Industrial Hygienists (ACGEQ, 1991, Vucunzentatbn of 
the 27wesbiM Limit Values and Bwlogkd Eqposm Iptdlces, Sixth Edition, ACGIH, 
Cincinnati, Ohio, pp. W. 

Elhder, C. G. and B. Sjogren, 1986, "Alumhum," in Friberg, L, G. F. Nordberg and V. B. 
Vouk, 1986, Eart#ook on &e Toxkobgy of Me&&, S w n d  Edition, Volume IE Specific 
Metals, EIsevier Science Publishers, New York, New York, pp. 1-25. 

Ohio Environmeatal Protection Agency (OEPA), 1998, U.S. NASA Plum Ihvok., Erie County, 
Ohw LD #= 332-0552, Risk Assessment Work Plans, letter from RE. Nabors, Site Coordinator, 
to L-S. Ingram, Jhpartrnent of the Amy, June 22. 
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US- Environmental Protdm Agency (EPA), 1994, Riskhsesswent Issue P q e r  for= 
Derivation of a Pmvis iod  W for Aluminum (CASRN 7429-90-51, National Center for 
Environmental Assessment, Cincinnati, Ohio, June 20. 

US. Environmental htection Agency (EPA), 1997, ~ i k k  Assessment ~ss& Pqer  for: 
Ddvation of PI.oviswnu2 Znhalafion RK for Aluminum (CASRN 7429-90-5), National Center 
for IEnvhmental Assessment, Cincinnati, Ohio, June 20. 

Arsenic 
Arsenic is a naturaI element that occurs in both inorganic and organic forms (Agency for Toxic 
Substances and Disease Registry [ATSDR], 1989). Inorganic arsenic is mom toxic than organic 

fmms. Important releases to the almosphere occur from nonfewus smelting operations, 
particularly in other countries. Major uses in the U.S. include its incorporation into wood 
preservatives and other agricultml chemicals. 

Severd studies confirm that soluble inorganic arsenic compounds and organic arsenic 
compounds are nearly completely @eater than 90 percent) absorbed from the GI tract in both 
animals and humans (Isushi  ct al., 1986). The absorption efficiency of insoluble inorganic 
arsenic compounds depends on particle size and stomach pH- Data regarding the dermal uptake 
of arsenic were not located. The GAF of 0.95 @PA, 1993) and &fault ABS of 0.01 (OEPA, 
1998) were chosen for this evaluation. 

A lethal dose of arsenic trioxide in humans is 70 to 180 mg (~50-140 mg arsenic [Ishinishi et al., 
19863). Acute oral expasure of humans to high doses of arsenic produces liver swelling, skin 
lesions, disturbed heart function and neurological effects, The only noncancer effects in humans 
clearly attribubble to chronic o d  exposure to arsenic art dermal hyperpigmentation arid 
kesatosis, as mvealed by studies of several hundred Chinese exposed to naturaUy occurring 

arsenic in well water @PA, 1999). Similar effects were observed in persons expod to high 
levels of arsenic h water in Utah and the northern part of Mexico. Occupatiunal (predominantly 
inhalation) exposure is also associated with neurological deficits, anemia, and cardiovascular 
effects (Ishinishi et al., 1986), but concomitant exposure co other chemicals carmot be d e d  out. 

EPA (1999) v d e d  an RfD of 3E4 mgkg-day for chronic oral exposure, based on a NOAlEL of 
8JU mgkg-day for skin lesions from the Qinese data. An uncertainty factor of 3 was applied. 
Cox&dence in the RfD is medium. The principal target organs for arsenic appear to be the skin, 
newous system and cardiovascular system. Inorganic axsenic may be an essential nutrient, 
exerting beneficial effects on growth, health and feed conversion efficiency (Underwood, 1977). 

The data are not sufficient for estimation of an inhalation RfC. 
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Inorganic arsenic is clearly a carcinogen in humans. Inhalation exposure is associated with 
increased risk of lung canar in p o n s  employed as smelter workers, in arsenical pesticide 
applicators, and in a population residing near a pesticide manufacturing plant @PA, 1999). Oral 

exposure to high levels in well water is associated with increased risk of skin cancer @PA, 
1999). Extensive animal testing with various forms of arsenic given by many mutes of exposure 
to several species, however, has not.demonstrated the carcinogenicity of arsenic. EPA (1999) 
classifid inorganic arsenic in cancer weight-of-evidence Group A (human carcinogen), and 
recommended an oral SF of 1.5W per --day, based on the incidence of skin cancer in the 

Chinese study. EPA (1999) noted that the uncertainties associated witb the oral unit risk are 

considerably less than those for most carcinogens, so that the unit risk might be reduced an order 

of magnitude. An inhalation W of 4E-3 per pg/m3, equivalent to an inhalation SF of 1.5E-1-1 
per mag-day, was derived for inorganic arsenic h m  the incidence of lung cancer in 
occupatiandly exposed men. 

Refencces for M c  

Agency for Toxic Substances and Disease Registry, (ATSDR), 1989, Toxicobgicd h j i k  far 
Arsenic, U.S. Public H d t h  Service, Atlanta, Georgia 

Ishinishi, M., K. Tsuchiya, M. Vahter and B. A. Fowler, 1986, "Arsenic," Ik Friberg, L, G.F. 
Nordberg and V.B. Vo* Eds., E I d o o k  on the Toxicology of Metah, Volume Second 
Edition, New York: Elsevier Science Pubfishers B. V., pp. 43-83. 

Underwood, E. J., 1977, k e  EZemertts in Human and AnimalNrnWion, Fourth Edition, 
New York Academic Press, pp. 424429. 

Ohio Env&ental Prokction Agency (OEPA), 1998, U.S. NASA Plum Bmok, Erie County, 
Ohw LD #: 332-0552, Risk Assessment Work Plans, letter from R.E. Nabam, Site Coardinator, 
to L.S. Ingram, Department of the Army, 22 June. 

U.S. Environmental Protection Agency @PA), 1993, "Oral and D e d  Absorption Factors for 
Multiple Chemicals (Femald Environmental Management Project O.U. Mernald ,  Ohio)," 
Memorandum fiom Joan Dollarhide, Environmental Criteria and Assessment Office, to Pat 
VanLeeuwen, Region V, da&d July 21. 

US. Environmental Pratedon Agency @PA), 1999, Integrated Risk  on System (IRIS), 
On-line, EnvircmmentaI Criteria and Assessment mice,  Cincinnati, Ohio. 
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Chromium 
Chromium is used largely in the metallurgical, refractory, and chemical industries (ATSDR, 
1989). The largest mount is used in the metallurgical industry in various steels and n ~ o w  
alloys. The seco~d largest use is by the chemical industry in such products: as pigments, metal 
finishing, leather tanning, and wood tmabnent. 

A review of several studies suggests that 0.4 to 11 percent of orally administered chromium is 
absorbed by the GI tract of humans and animats, but valence and chemical form and nutritional 
s-s (fed vs. fasting) appear to influence efficiency of absorption (ATSDR, 1989). The average 

abso'ption efficiency of 5 percent reported by Jones and Owen (1989) for chromium VI is 
selected as the GAF for this evaluation. Quantitative data regarding dermal absorption of 
chromium were not lmated; therefore, the default ABS of 0.01 (OEPA, 1998) is adopted. 

Chromium 0 is an essential nutrient involved in maintenance of normal fat, cholesterol and 
glucose metabolism (ATSDR, 1989). Acute ingestion of chromium compounds can induce 
kidney effects, but adverse effects have not been observed in humans or animats chronically 
exposed to low levels. EPA (1999) verified an RfZ) for chronic oral exposwe to chromium 
of 3E-3 mglkg-day based on a NOEL of 25 mg/L (2-5 mg/kg body weightlday) in the drinking 

water of rats exposed for one year. An unmhinty factar of 1OOO was applied- Confidence in the 
oraI RfD is low. EPA (1999) ver%ed an RfD of 1 . S H  mg/kgday for chronic oral exposure to 

chromium (IU) by applying an uncertainty factor of 1000 to a NOEL of 1800 @kg (1.468 mgkg 
body weight/day) as an average total ingested dose in a dietary study in wbicb rats were given 
600 feedings of chromic oxide baked into bread No other dose levels were tested. Confidence 
in the the is low. No target organ was identified for the toxicity of oral exposure to chromium 
(VT) or chromium 0. 

The oral RfD for chromium 0 is 50efold lower than the d RfD far chromium Im). No 
adverse effects, however, were observed for ingestion exposure to either chromium (VI) or 
chromium @OC). The difference in the oral RfDs, therefore, arises solely from the available data, 
and does not reflect differences in the chronic toxicity of ingestion exposure to low levels of 
chromium CVI) and chromium 0. Recent investigations reveal that ingested chromium 0 is 
rapidly and virtually completely reduced to cbromium @Ij before reaching the blood stream 
(Ksrger ct aL, 1997; Finley st al., 1997). Since there is no evidence of differences in tobity, 
and since chmium 0 is readily converted to chromium (IQ, the verified oral RfD of 1.5M 
m%kg-day for chromium (IIQ is used for oral exposure to total chmiq.  
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Xnhslation (occupatianalil) exposure to chromium may induce respiratory symptoms, changes in 
lung function and irritation, erosion or perfaration of the nasal septum, depending in part on the 
exposure level @PA, 1943). No adverse effects were observed in workers exposed to 1E-3 

mg/m3 for 0.2 to 23.6 years (average 2.5 years). EPA (1998% 1999) ~eviewed several human and 
animal studies, and determined that effects observed from inhalation exposure to chromium 
ate not relevant to exposure to chromium 0. a f A  (1998) cuncluded that chromium CVI) is the 
only species of concern for inhalation exposure to chromium. 

EPA (1999) developed separate chronic inhalation RfC values for human exposure to chromic 

acid mists and dissolved chromium (V1) aerosols, and for exposure to chromium (VT) particu- 

lates. A verified inhalation MC of 8E-6 mg/m3 for chromic acid mists and dissolved c W u m  

ammIs is based on an adjusted LQAEL of 7.14E4 mg/m3 associated with atrophy of the 

nasal septum in occupationally exposed humans. An uncertainty factor of 90 was used. Conti- 
den= in the inhalation Rf'C is low. The upper respiratory tract is cansidered the target organ for 
inhalation exposure to chromic acid mists and dissolved chromium (VI) aerosols. The RfC is 
equivalent to an inhalation Ra) of 2.3E-6 m e - d a y .  

h b l a t i o f z  exposure to chromium (Wj particulates is associated with pneumoeyte toxicity; i-e., 
with effects on the lungs themselves. EPA (1999) derived an RfC of 1E-4 mgb3 for chronic 
M a t i o n  exposm to chromium (VI) particulates fmm an adjusted benchmark conmtration of 

3.4E-2 mg/m3 associated with altered enzyme activity in bronchioalveolar lavage fluid from rats 

exposed to sodium dichromate dust intermittently for up to 90 days. An uncertainty factor of 300 
was used. Cunf'idence in the RfC is medium. The R E  is equivalent to a chronic Malation Ra) 

of 2.9fr-5 mg/kg-day. The lung is considered to be the target organ for chronic inbatation 
exposure to chromium 0 particulates. 

EPA (1998b) notes that exposure; to chromic acid mists and dissolved chromium ('VlJ aerosols is 
&rely to be restricted to ocrmptionsll settings and that most environmental exposures would 

invalve exposure to chromium (VT) particulates. The inhalation RfC fot chromium partidates 

of 1E-4 mg/m3 equivalent to an inhalation R.fD of 2.9E-5 mgkg-day will be used in this 
evaluation. 

Chromium (VI) is classified in cancar weight~flevidence Omup A based on thc consistent 

finding of lung cancer in epidemiologic studies of occupatiwaIly exposed workers in chromate 
production and the chrome pigment industry (EPA, 1998). There is no evidence that oral 
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exposure to chmium (W) induces cancer. An inhalation URF of 1.2E-2 per p@m3 (equivalent 
to an inhalation SF of 4.2J%l per mgkg-day was based on increased risk of lung cancer deaths in 
chromate production w0rke.m. 

References for Chromium 

Agency for Toxic Substances and Disease Registry, (ATSDR), 1989, To&ob&d Prone for 
Chromh,  U.S. Public Health Service, Atlanta, Georgia 

Finley, B. L., B. D Kerger, M.W. Ratona, et d., 1997, "Human Ingestion of Chromium (VI) in 
Drinking Water: Phamacokinetics Following Repeatd Exposure," Toxicology and Applitd 
P-~loogy, 142: 15 1-159. 

Jones, T. D. and B. A. Owen, 1989, H~al th  Risksf im M-es of RadionucKides a d  
Chemicals in -g Watcr, Oak Ridge National Laboratory, Oak Ridge, Tennessee, ORMG 
6533. 

Kerger, B. D., B. 1;. Finley, G. E. Caibett et al., 1997, "Ingestion of Chromium (Wj in Drinking 
Water by Human Volunteers: Absorption, Distribution, and Excretion of Single and Repeakti 
Doses,* J o d  of Toxicol0g;p and Enhnmental Heam, 50: 67-95. 

Ohio Environmental Protection Agency (OEPA), 1998, US. NASA Plum Brook Erie County, 
Ohio W) #: 332-0552, Risk Assessment Work Plans, letter from R.E. Nabors, Site Cowdinator, 
to LS. In- Department of the Army, 22 June. 

US. Bnvirdnmentat Protection Agency @PA), 1993, ~ k k  Assessment I S B L C ~  paper for: Dsiv.- 
dion of Subchronic R f l  for Chmmhm (various CASRN), National Center for E n v i r o ~ t a l  
Assessment, Cincinnati, Ohio, May 14. 

US. ~nviromkntal Protection Agmcy @PA), 1998% Coinbwtion Techniclrrr1Assblance Center 
(CTAC) Request No, 70= Chromium VaIues, National Center for E t l v ~ n t d  Assessment, 
Cincinnati, Ohio, Septenkr 22. 

U.S. Enyimmental Protection Agency @PA), 1998b, Combustion TechnkaIAssistlmce Ceder 
(CTAC) Request No. 77: lnformdon Regarding ChmmHBtum (I..) and (IT) for SWpeEi@c 
Risk Assessment, National Center for Environment4 Assessment, Cincinnati, Ohio, October 5. 

U.S. Envkonmental Prokction Agency @PA), 1999, irsbcgmted Risk Infomatbn System 
(IRIS), National Center for Iinviromnental Assessment, Cincinnati, Ohio, on line. 

Copper 
Copper is a naturally occurring metal used in its metallic form primarily in electrical applica- 
tions, and in various alloys, including brass, bronze, gun metal and Monel metal (ATSDR, 1990). 
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A toxicokinetic study with single oral doses of radioactive copper in humans measured uptake 
from the GI tract raging &om 15 to 97 percent (average of 60 pacent) of the administered dose 

(ATSDR, 1990). For the purposes of this evaluation tbe GAF of 0.6 is used ( P A ,  1992). Data 
regarding the dermal uptake of copper were not located. The OEPA (1998) default ABS of 0.01 

is chosen for this evaluation. 

Copper is a nutritionally required trace element that is incorporated into several enzymes and 
other macromolecules in the body (ATSDR, 1990). Normal homeostatic mechanisms prevent 
systemic absorption of toxic amounts except in severe overload, such as ingestion of large 
quantities of copper sulfate in a suicide attempt. The only known syndrome of chronic copper 

toxicity in humans is a heritable m t d  recessive trait hown as Wilson's disease. In this 
disease, the normal homeostatic rndmisms fail and toxic levels of copper accumulate in the 

liver and kidney, resulting in liver and kidney disease and hemolytic anemia. EFA (1994) 
reviewed subchronic oral toxicity data in rats md pigs that identify the liver as the primary target 

organ. EPA (1994) determined that the data were insufficient for development of a chronic oraI 
RfD, but identified 4E-2 to 7E-2 mgkgday as "guidance" for oral exposure to copper. The 
lower limit of this range, 4E-2 m a - d a y ,  is adopted in place of a chronic oral RfD for the 
purposes of this evaluation. Target orgam for the c h d c  oral toxicity of copper include the 

liva, kidney and e-ocyte. 

Inhalation (occupational) exposure to copper fume is associated with irritation of the upper 

respiratory tract, altered taste sensation, nausea and metal fume fever (ACGIH, 1991). 

Symptoms similar to metal fume fever are reported for occupational exposure to metallic copper 
dust. Inhalation of dusts and mists of copper salts may induce nasal and pharyngeal irritation, 
possibly with nasal septal perforation. The inhalation data are inadequate for development of an 
inhalation RFC or RfD. 

EPA (1999) classified copper in cancer weight-of-evidence Group D (not classifiable as to 

carcinogenicity to humans). Quantitative cancer risk estimates are not derived for Group r) 
chemicals. 

References for Copper 

Agency for Toxic Substances and Disease Regishy* (ATSDR), 1990, Toxicologid h f l e  for 
Copper, U.S. Public Health Service, Atlanta, Georgia. 
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f i e  TkreshoU Limit Vulues cucd Biobgied Eqposure Indices, Sixth Edition, ACGW 
Cincinnati, Ohio, pp. 336-337. 

Ohio E n m e n d  Protection Agency (OEPA), 1998, U.S. NASA Pkcm Brook Erie County, 
Ohio W #: 332-0552, Risk Assessment Work Pkuts, letter k r n  RB. Nabors, Site Coordinator, 
to L.S. Ingram, Department of the Army, June 22. 

U.S. Environmental Protection Agency (EPA), 1992, Risk Assessment Issae Paper for: O d  
Abso~ptbnfor Capper (CASRN 7440-50-81, Nationd Center fox Environmental Assessment, 
Cincinnati, Ohio. 

U.S. Envimmmd Protection Agency @?A), 1994, Risk Assessment issue Pqcr  for: OraI 
Systemic Toxic@ of Copper (CXSRN 7#0-50-8), National Center for Environmental 
Assessment, Cincinnati, Ohio, June 2. 

U.S. Environmental Protection Agency (EPA), 1999, Integrated Risk Information System @CIS), 
On-line, Environmental Criteria and Assessment Office, Cincinnati, Ohio. 

Iron 
Iron is a very abundant, ubiquitous, naturally occurring mineral element that constitutes approxi- 
mately 5 percent of the earth's crust (Spivey Fox and Rader, 1988). Its primary use is in making 
steels and other metals that have a wide range of application. Less than 1 percent of iron is used 

to make iron compounds that have application in dyes and pigments, water treatment, organic 
chemical synthesis, and medicinal preparations. 

Estimates of GI absorption efficiency in humans mge from 2 to 20 perwnt in n o d  humans, 
and 20 to 60 *nt in humans with iron-deficiency anemia (Ehder, 1986). Iron from animal 
soucoes i s  absorbed more readily (10 to 25 pacent) than iron fivrm vegetables and grains (1 to 10 

percent). High levels of other trace elements decrease the extent of GI uptake of h a  For this 
evaluation, the GAF of 10 percent (0.1) is chosen as an estimate of average for normal humans. 
The OEPA (1998) default sail absorption factor ABS for metals of 0.01 is chosen far this 

evaluation. 

Iron is a nutritionally required trace element that forms an integral part of hernoglob'q 
myglobin and several enzymes (Spivey Fox and Rader, 1988). Acute ingestion of large 
quantities (e-g., chirdren may ingest several ferrous sulfate tablets with candy-like coating) results 
in severe GI initation and, in some cases, liver damage (EIinder, 1986). Chronic iron toxicity is 

seldom observed in humans with normal homeostatic control of iron absorption @PA, 1993). A 



PBOW TNT Area E BHfIRA 
Rerisian No.: 1 

Date: August 2000 

noteworthy exception is the occurrence of hepatic hernosiderasis and fibrosis in Bantus who 

regularly cons& Kaf& beer, an acid beer brewed in iron vessels. EPA (1993) derived a 

chronic oral RfD of 3E-1 m@g-day based on average iron intakes obtained from a nutritional 
dietary s w y .  An uncertainty factor of 1 was applied. Co~dence in the RfD is medium. 
Basd on other data reviewed by EPA (1993), it appears that the liver is an impartant target organ 
for oral toxicity, but hemosiderosis also occurs in the heart, pancreas, and endacrine glands. 

The appropriateness of the oral Ra) for iron is controversial, especially for use with exposure to 
iron in soil. The oral IiaD reflects estimates of iron intakes based w nutritional surveys, but 

identXes neither a NO= nor LOAEL far iron ingestion. In other words, it is entirely possible 
that a much higher level of dietary b n  intake would be innocuous, although this possibility is 
not evaluated in the oral RfD documentation. 

h addition, it is W1y that the forms of iron present in the plant and animal products that 

comprise the diets evaluated in the nutritional survey are more bioavailable than those present in 

soil, sediment, or other non-aqueous environmental media There are only two known instances 

of toxicity to iron following oral exposure. One involves acute ingestion of large quantities of 
soluble forms formulated to enhance bioavailability for their medicinal effects. The other is the 

occmmce of hemosidemsis in Bantu consuming Kaffir beer. It has been established, however, 
that the iron in the beer is present in a soluble form that is as bioavaitable as tbe iron in fenric 
chloride. Presumably, high bioavailability is important in development of toxicity to ingested 

iron. Iron in soil would be subject to biding to other minerals (manix effect), and the presence 
of other minerals would reduce the extent to which iron ingested in soil is absorbed. 

- 
Inhalation (occupational) exposure to iroa oxi& fumes may lead to radiographic densities in the 
lungs without demonstrable clinical effects (ACGH, 1991). Inhalation of dusts or mists of f r i c  
salts may irritate the respiratory tract. Inhalation data are insufficient for derivatidn of an 
inhalation RfC or RfD. 

Data regarding the potentid carcinogenicity of iron were not located. 

American Confkreme of Govemnentd Industrid Hygienists (ACGIH), 1991, hrurrentatidn of 
the Tlweshold LiMt Vrslues and Bbbgktd Exposwe Indkes, Sixth Edition, ACGW, 
Cincinnati, Ohio, pp. 803-809. 
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Ebder, C. G., 1986, "Iran," in Fribmg, L., G. F. Nordberg and V. B. Vwk, eds., H d o o k  on 
tke Toxicobgy of Met&, Second Edition, Volume E Specific Metals, Elsevier Science 
Publishers, New Yo& NEW York, pp. 276-297. 

Ohio Environmental Protection Agency (OEPA), 1998, U.S. NASA Plum Bnro&, Enh County, 
Ohio U) #: 33210552, RisRAssessment Work Plans, letter k m  R.E. Nabors, Site Coordinator, 
to L.S. Ingram, Department of the Army, June 22. 

Spivey Fox, M. R. and J. I. Rader, 1988, "Iron," in Seiler, H. G. and H. Sigel, eds,, Handbook on 
Toxic& of Inorganic Compounds, Marcel Dekker, Inc., New Yo& pp. 345-354. 

U.S. Environmental Protection Agency (EPA), 1993, Rkk Assessment Issue P q e r  for: Ddva- 
tion of a Row3iad RcfD far Iron (CASRN 7439-89-6), National Center for En-ntal 
Assessment, Cincinnati, Obio, July 7. 

U.S. Environmental Protection Agency P A ) ,  1995, supple me^ Gukhnce to RAGS: Region 
4 B&tins, H u m n  Health Risk Assessment (Interim), Waste Management Division, Ofice of 
Health Assessment, EPA Regiw 4, Atlanta, Georgia, November. 

&ad 
Lead is a naturally occurring metal used in the manufactme of batteries, ammunition, and other 
metal products (ATSDR, 1988). 

Studies in humans indicate that an average of 10 percent of ingested lead is absorbed, but 
estimates as high as 40 percent were obtained in some individuals flsuchiya, 1986). Nutritional 
factors have a marked effect on GI absorption efficiency. ~~ absorb ingested bad more 
efficiently than adults; absorption efficiencies up to 53 percent were recorded for children three 
months to eight years of age. Similar results were obtained for laboratoq animals; absorption 
efficiencies of 5 to 10 petcent were obtained for adults and equal to or g m k r  than SO percent 
were obtained for young animals. Data were not located regarding d e d  uptake of lead h m  
soil. For purposes of this evaluation, the GAP of 0.1 (EP& 1993) and the default ABS of 0.01 
(OEPA, 1998) were chosen. 

The noncancer toxicity of lead to humans has been well characterized through decades of 

medical observation and scientific research @PA, 1999). The principal effects of acute oral 
exposure are gastrointestinal colic with diffuse paroxysmal a b d o d  pain (probably due to 

vagd hitation), anemia, and, in severe cases, acute mcephalopathy, particularly in children 
(Tsuchiya, 1986). The primary effects of long-term exposure are neurological and hemato- 
logical. Limited occupational data indicate that Iong-tern exposure to lead may induce kidney 
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damage. The principal target organs of lead toxicity are the nervous system and the eqkocyte. 

Some of the effects on the blood, particularly changes in levels of certain blood enzymes, and 

subtle neurobehavioral changes in children, appear to oocur at levefs so low as to be wnsiclereb 
nonthreshold effects. In part for this reason the EPA (1990,1999) considered inappropriate the 

derivation of an RfD for chronic oral exposure. 

The Integrated Exposure, Uptake Biokinetic Model (IEUBK) Version 0.99D @PA, 1994) is 
generally used to evduate lead in children, the most sensitive receptor. The IElEUBK model 
integrates lead uptake from inhalation, drinking water, diet, soil and dust ingestion, and ingestion 

of incidental sources such as chips of lead-based paint, and estimates blood lead coxlcentrations 
over the first 7 years of a child's life. GeneralIy, it is wnsidcrsd that childhood blood lead levels 
below 10 microgram per deciliter (pg/dt) reflect minimal likelihood of adverse effects from 
exposure to lead. 

EPA (1999) classm lead in cancer weight-of-evidence Group B2 (probable human carcino- 
gen), based on inadequate evidence in-humans and sufficient animal evidence- The human data 
consist of several epidemiologic occupational studies that yield confusing results. All the studies 

lacked quantitative exposure date and faiIed to control for smoking and concomitant exposure to 

other psibiy carcinogenic metals. Rat and mouse bioassays showed statistically significant 
in- in renal tumors foIIowing dietary and subcutaneous exposure to severaI soluble lead 
s&&. Various lead compounds were observed to induce chromosomal alterations in vivo and in 

vim, sister chromatid exchange in exposed workers and oeU, transfodon in Syrian hamster 
embryo cells, to e d m c e  simian adenovirus induction, and to alter molecufar pmsses  that 
regulate gene expression. EPA (1999) declined to esthite. risk for oral exposure to lead because 
many factors (e.g., age, general. health, nutritional status, existing body burden, and duration of 
exposure) influence the bioavailability of ingested lead, inhoducing a p a  deal of uncertainty 
into any estimate of risk. 

References for Lead 

Agency for Toxic Substances and Disease Registry, (ATSDR), 1988, Taxicologicd Profile for 
Lead, Draft for Public Comment, U.S. Public Health Service, Atlanta, Georgia, 

Ohio Environmental Protection Agency (OEPA), 1998, US. NASA PZum Brook, Erie C o w ,  
Ohw W #: 332-0552, Risk Assessment Work Plans, letter from RE. Nabom, Site Coordinator, 
to LS. Ingram, Department of the Army, June 22. 
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dke Toxicology of Mefals, Volume Il, Second Edition, New Yo* Elsevier Science Publishers 
B.V. pp. 298-353. 

U.S. Environmental Protection Agency @'A), 1990, Technical Support Document for Led,  
Prepared by the Chemical Hazard Assessment Division, Syracuse Research Corporation, under 
contract to the Environmental Criteria and Assessment Office, Cincinnati, Ohio. 

U.S. Envhmmental Protection Agency (EPA), 1993, "Oral and Dermal Absorption Factors for 
Multiple Chemicals (FEMP O.U. #4/Fmdd, Ohio)," Memorandum from Joan Dollarhide, 
ECAO, to Pat VanLeeuwen, Region V, dated July 21. 

U.S. En-tal Rotecticm Agency @PA), 1994, Gdhace M a n d  fur the 1nttgmte.d 
I3Aposwe Up* &kinetic Modelfor Lead in Children, Office of Emergency and Remedial 
Response, Publ, No. 9285-7-1 5- I, EPA/540/R-93/081, NTIS No- PB93-963510, 

U.S. Environmental Protection Agency @PA), 1999, Integrated Risk Information system @US), 
On-line, Environmental Criteria and Assessment Office, Cincinnati, Ohio. 

Manganese 
Manganese is a naturally occurring metal used in the manufacture of steel and other metallurgical 

processes, batteries, and various manganese-containing chemicals (Keen and Leach, 1988). 

Keen and Leach (1988) reported that approximate1y 3 percent of dietary manganese is absorbed, 

regardless of the amount present in the diet. This value was selected as the GAF. The ABS of 
0.01 is an OEPA (1998) default for metals for which empirical data are lacking. 

Manganese is nutritionally required in humans for normal growth and health @PA, 1999). 
Humans exposed to approximately 0.8 mg manganesekg-day in drinking water exhibited 
lethargy, mental disturbances (1116 committed suicide) and other neurologic effects. The elderly 
appeared to be more sensitive than children. Oral treatment of lsbomtmy rodents induces 
biochemical changes in the brain, but rodents do not exhibit the neurological signs exhibited by 
humsms. Occupational exposure to high concentrations in air induce a p d y  typical spectrum 
of neurological effects, and increased incidence of pneumonia (ACGIH, 1991). 

EPA (1999) derived an oral RED for manganese of 1.4s 1 mgkg-day from a NOAEL of 1 -45  1 
mglkg-day for neurologic effects from human dietary studies and an uncertainty factor of 1. 
Canfidence in the RfD is medium. EPA (1 998) recommends that a modifying faetor of 3 should 
be used to adjust the RfD for use when oral exposure involves non-dietary ingestion. The oral 
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FUD resulting h m  application of the modifying factor, 4.7E2 mg/kg-day, will be used for this 
evaluation. The nervous system is the target organ for chronic oral exposure to manganese. 

EPA (1999) presents a verified chronic inhalation RfC of 5E-5 mg/m3 (equivalent to an inhala- 
tion RfD of 1.4E-5 mglkg-day) based on a LXIAEL, for neurological effects in occupationally 
exposed humans and an uncertainty factor of 1,000. C ~ ~ d e n c e  in the RfC is medium. The 
nervous system is the target organ for inhalation exposure to manganese. 

EPA (1999) classified manganese in cancer weight-of-evidence *up D (not classifiable as to 

carcinogenicity to humans). 

1 

References for Manganese 

American Conference of Governmend Industrial Hygienists (ACGM), 199 I, DoEmlttabion of 
fhc Tkmsbkl Limit Vahes and Biological r n o s w e  Iridices, Sixth Edition, ACGIH, 
Cinchmati, Ohio, pp. 876878. 

Keen and Leach, 1988, "Manganese," in Seiler, B. G. and H. Sigel, eds., 1988, Handbook on 
Toxicity of Imrgcanic Conspow&, MarceI Dekker, Inc., New Yak, pp. 405-415. 

Ohio En-tal Protection Agency (OEPA), 1998,U.S. NASA P .  Brook, Etde County, 
Ohio LD #: 332-0552, RiskAs~essment Work Pluns, letter from RE. Nabors, Site Coordinator, 
to LS. Ingram, Department of the Army, June 22. 

W.S. Environmental Protection Agency @PA), 1999, Integrated Rhk Infomidion System 
(IRTS), National Center for Environmental Assessment, Cincinnati, Obio, on line. 

- 
Thallium 
Thallium is a naturally occumhg metal widely used in the semiconductor industry (ATSDR, 

1992). Thallium compounds are used in a variety of applications, including phmaceuticals, 
semimductors, photoelectric cells, optical systems, ore separation, glass production, and as an 
oxidizing agent in organic synthesis. An important former use of thaUium and its compounds 
(before 1972) was in pesticide fomulati~ns for tbe control of insects and rodents. 

Thallium i s  efficiently absorbed h m  the GI tract; human and animal studies with radioactive 
thallium nitrate suggest that absorption approaches 100 percent (ATSDR, 1992). The GAF of 
1.0 is used for this evaluation. Data were not located regarding dermal uptake of thaIlium; the 
OEPA (1998) default ABS of 0.01 will be used for this evaluatim. 
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Thallium is highly toxic. Acute oral exposure to #dim and its compounds may cause death 
pmxdd by neurological disturbances and e* on the lungs, heart and liver (ATSDR, 1992). 

Fomly ,  thallium was used medicinally to induce alopecia in cases of ringworm of the scalp, 
sometimes with disastrous results. The critical effect of chronic oral exposure to low levels of 
thallium cornpoubds in animals and humans is alopecia (ACGIH, 1992; EPA, 1999). EPA 
(1999) developed chxonic oral IUDs far several thallium salts (thallium acetate, thallium 

carbonate, thallium chloride, thallium nitrate, and thallium sulfate) based on a study with 
thallium sulfate. The oral RfD for thallium sulfate of 8 5 5  @kg-day was based on a NOGEL of 
0.25 m&-day in rats treated by gavage with thallium sulfate for 90 days. No adverse effects 
were seen in this study. Effects an the testis and kidney were obsmed in rats exposed to higher 
dose rates. An uncertainty factor of 3000 was used. Confidence in the RfD is low. Other studies 
suggest that the skin (alopecia) may be the critical target organ for oral exposure to thallium. The 
chrunic oral Rfi) for thallium sulfate of 8E-5, when adjusted for differences in molecular weight, 
is equivalent to an oral RfD for thallium of 6%-5 mg/kg-day. This adjustment is based on the 
assumption that the toxicity of W u m  sulfate is due entirely to thallium, rather than to the 
sulfate moiety. Effects on the testis and kidney are observed in rats exposed to higher dose rates. 

Inhalation exposure data are very limited. An occupational study suggests that neufologicsh 

effects may develop following pmlonged hhahtion exposure (ATSDR, 1992)- The nervous 
system appears to be more sensitive than the skin as a target organ for inhalation exposure. The 
data are inadequate for estimation of an inhalation RfC or RfD. 

S e v d  thallium compounds ( W u m  oxide, thallium acetate, thaIlium carbonate, thallium 

chloride, W u m  nilrate, thallium sulfate) are classified as cancer weight-ofevidence Group D 

substances (not classifiable as to carcinogenicity to humans) @PA, 1999). No weight-of- 
evidence classikation was located for thallium alone, but the Group D classification can be 

applied to thallium. Quantitative cancer risk estimates are not derived for Group D chemicals. 

Agency for Or& Substances and Disease Registry, (ATSDR), 1992, Toxicobgid Profire for 
Zldlim, U.S. Public Health Semite, Atlanta, Georgia. 

Ohio Envhmmtal Protection Agency (OEPA), 1998, U.S. NASA Plum Bmok E& County, 
Ohia LQ #: 332-0552, Risk Assessment Work Plans, letter from R. E. Nabors, Site Coordinator, 
to L. S. Ingram, merit of the Amy, 22 June. 
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U.S. Environmental Prokction Agency @PA), 1999, Inkgratcd Risk Informdun System 
(1RIS), On-line, E n v h m t a l  Criteria and Assessment Office, Cincinnati, Ohio. 

Nitmromatie Chemicals 

AminodinitmtoIuenm 
The amindhitrotoluene (ADNT) are present in environmental media presumably as break-down 

products of 2,4,6-trinitrotoluene (TNT) (ATSDR, 1993). 

Data regarding the extent of GI absorption of the ADNTs were not located in the available 
literatwe. ATSDR (1993) sununarized the results of toxicokinetic studies in which a single oral 
dose of radiolabeled TNT was given to rat., mice, dogs, and rabbits, and radiolabel was quanti- 
fied in various body compartments 24 hours after dosing. The appeamce of red pigment in the 

urine pf the rats and mice indicated that absorption is rapid. Urinary recovery accounted for 

approximakfy 60 percent of the dose in ratl;, mice, and dogs, and 74 percent of the dose in 
rabbits. The extent of urinary recovery may serve as a conservative estimate of the extent of GI 
absorption. Assuming that the ADNTs may be absorbed to the same extent as TNT, the GAF for 
TNT of 0.6 is also.adopted for the ADNTs. 

Data regarding the extent of dermal uptake of the ADNTs from soil were not located. The OEPA 
(1998) default ABS of 0.1 for organic compunds is adopted for this evaluation. 

Data regarding the acute toxicity of oral exposure to the ADNTs are limited to LD, values. Ord 
LD, values in rats and mice are summarized below (EPA, 1993a): - 
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The data suggest that the acute toxicity of the ADPJTs is not greater than TNT. 

Data were not located regarding the chronic oral toxicity of the ADPTrs. EPA (2993a) evaluated 
the toxicity of TNT and the 2,4-DNT, and cu11cluded that TNT is the more appropriate sumgate 

for the ADNTs. A verified oral RfD for TNT of 5E4 mglkg-day is based on a LOAEL for liver 
effects of 0.5 mgkgday in a 26-week fkdhg study in dogs @PA, 1999). An uncertainty factor 
of 1000 was applied. EPA (1993a) estimated a LOAEL for the ADNTs of 0.58 @kg-day by 

adjusting the TNT IDAEL of 0.5 mglkg-day by the difference in molecular weight (MW) (i.e., 
MW of TNT divided by MW of ADNT). Application of an uncertainty factor of 10,000 yields a 

provisional RfD for chronic oraI exposure of the ADNTs of 5.8E-5 rn&day, which is rounded 
to 6E-5 mgkg-day. The liver is assumed to be the target organ for prolonged oral exposure to 
the ADNTs. Cwfi&nce in the provisional oral RfD is low. 

EPA (199323) classified the ADNTs in EPA cancer weight-of-evidence Group W, not classifiable 
.as to carcinogenicity in humans, to reflect a total lack of human or a d d  data. 

References for Amin~tsoto1uenes 

Agency for Toxic Substances and Disease Registry (ATSDR], 1993, T o x i E o l o ~  h j 2 e  for 
2 , 4 , 6 c ~ o t o h e n e ,  Draft for Public Comment, U.S. Department of Health and Human 
Services, May. 

Ohio Environmental Protection Agency (OEPA), 1998, U.S. NASA P h  Brook, Erie County, 
Ohb LD #: 332-0552, RiskAssesstnenf Work P k ,  letter from R.E. Nabors, Site Cbordhtm, 
to L.S. I n m  Depment of the Army, June 22. 

U.S. Environmental Protection A m y  (EPA), 1993% Risk Assesmeni Issrte P q e r  for: 
I)menv&n of Oral iQ5D for 2 - ~ 4 , 6 - D i ~ t o Z u e n e  ( W R N  35572-78-2) and Chnho- 
2,6-DinihtoIuene (CASRN 19406-51-0) By Analogy to 2 , 4 , 6 - ~ b o b e n e  Systemic 
Toxicify Assessment, National Center for Environmental Assessment, Cincinnati, Ohio, 23 
February. 

U.S. Environmental Protection Agency @PA), 19935, RhkAssessmcnt issue Paper for: 
Cminogenirity of 2 - ~ - 4 , t & ~ b o I r r e n e  (CASRN 35572-78-2) and 4-Amino-2,6- 
DiWvtolwnc (CASRN 19406-51-0) , National Center for E n v h m m t d  Assessment, 
Cincinnati, Ohio, February 23. 

US. Environmental h t d m  Agency @PA), 1999, Integmttd Rhk Xnfomdon System 
(IRIS), National Center for Envhmental Assessment, Cincinnati, Ohio, on he. 
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DinMoIuene 
The dinitrotoluene (DNT) isomers that are the subject of this evaluation are limited to 2,4- and 
2,6-DNT. The DNTs are used predominantly as inmmediates in the produ-don of polyurethanes 
(ATSDR, 1989). Another use is as a gelatinking and waterproofing agent in trhe production of 

explosives. The DNTs may appear in environmental media as breakdown praducts of TNT. 

The rapid disappearance of radioactivity from the small intestine of rats following oral adminis- 

tration of XadioIabeled 2,4- or 2,GDNT suggests that absorption h m  the GI tract is rapid and 
essentially complete (ATSDR, 1989; EPA, 1992). Species differences in the excretion of DNT, 
however, confound quantification of the extent of GI absorption. Fecal excretion and the GI tract 

(tissue + contents) accounted for 9.2 to 17.3 percent of the dose of radioactivity 24 horn after 
administration of radiolabeled 2,4-DNT to rats, rabbits, dogs, and monkeys, and 83.1 to 85 

percent in mice in the same study @PA, 1992). Biiiary excretion is more important in mice than 
in the other species tested. Data from the rats, rabbits, dogs, and monkeys suggest that a GAF of 
0.9 may be reasonable, which is adopted for this evaluation. Data regarding dermal uptake h m  
soil were not located; therefare, the OEPA (1998) default ABS of 0.1 is chosen. 

Acute oral exposure to 2,4-DNT induces methemoglobinemia., dogs appear to more sensitive 
than rats, which are mare sensitive than mice (ATSDR, 1989). Oral LDg values include 270 
m&lkg for rats and 1,630 mgkg for mice. The lethality of oral exposizre to 2,GDNT appears to 

be somewbat less dependent on species. Oral LD, values for rats (665 mgkg) and mice (714 

q k g )  are simiIar. Dogs, however, appear to be more sensitive than d e n t s  in subchronic 
studies. - 

A verified c M c  mal RfD or 2E-3 mgkgday for 2,4-DNT is based on neurotoxicity, hema- 
tologic effects and biliary tract hyperplasia in dogs given capsules containing 2,4-DNT for 2 

years @PA, 1999). Progressive paralysis, accompanied by degenerative lesions in the central 
nervous system, were observed in dogs treated with 10 mg/kg-day. Hematologic effe.cts, 
including methernoglobhernia and its sequelae, were observed in dogs treated with 1.5 mg/kg- 
day, which is the LOAEL for this study. No adverse effects were obemed in dogs treated with 
0.2 mg/kg-day. Application of an Irnceaainty factor of 100 to the NO= of 0.2 mg/kg-day 
yields an RfD of 2Er3 mg&-day. Confidence in the RfD is higk The nervous system, 

erythrocyte and liver appears to be the target organs for prolonged aral exposure, at least in dogs. 
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A provisional oral RfD of 1E-3 mgflig-day for 2,6-DNT is based on a 13-week dietary study with 
2,6-DPJT in dogs @PA, 1997). The NOAEL in this study was 4 mg-day,  somewhat higher 
than W LOAEL for 2,4-Dm. An uncertainty factor of 3,000 was applied. The nervous system, 
q t h r q k ,  liver and kidney appear to be the target organs for prolonged oral exposure to 2,6- 
DNT. The oral data in dogs suggest that the 2,6isomer is somewhat less toxic than the 2,C 
iwmM for prolonged oral exposure. The oral IUD for the 2,6-isomer, however, is less than the 

oral RfD for the 2,4-imner. This apparent contradiction is an attifact of the lesser quality data 
base for 2,6-DNT and, consequently, the higher uncertainty factor wed to derive the RfD for the 
2,6-ismer. 

Occupational studies indicate that acute exposure to DNT causes methemogfobinemia, which 
produces headache, irritability, dizziness, weakness, nausea, vomiting, dyspnea, drowsiness, 
unconsciousness and, in extreme cases, death (ACGM, 199 1). Occupational exposure may lead 
to increased risk of ischemic heart disease, possibly arising from decreased oxygen-carrying 
capacity of the blwd The data are insecient to develop inhalation RfCs for the DNT i s o m .  

EPA (1999) classified the 2,4-12,6-DNT lnixture in EPA cancer weight-of-evidence Group B2 
(probably human carcinogen) on the basis of multiple tumor types in male and fcmalc rats and 
renal tumors in male mice in several dietary studies. Occupational data pmvide no evidence of  
cminogenicity, but the studies reviewed lack the power to reveal small differences in cancer risk 
(ACGJH, 1991). EPA (1999) v d e d  an oral SF of 6.8E-1 per mgkgday for exposure to the 

2,442,GDNT - mixture based on an increased incidence of a variety of tumors in female rats. The 
test material contained about 98 p e m t  2,4-DNT and 2 percent 2,6-DNT. Other studies suggest 

that much of the carcinogenicity of the mixture is the result of the 2 ,6-ber.  The B2 classifica- 
tion and the oral SF of 6,851 per -day are used in this evaluation for either isomer and the 
2,M,6DNT mixture. The data are insufficient for development of potency factors for 
inhalation exposure. 

References for Dinitrotaluenes 

American Conference of Governmental Industrial Hygienists (ACGM), 1991, D o c w d n  of 
the Threshld Limit Vidhs and Bwlogkd Exposme Indices, Sixth Edition, ACGM, 
Cincinnati, Ohio, pp. 506-51 1. 
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Agency for Toxic Substances and Disease ~egistsy,'(~~~~~), 1989, ToAcologkaI Profile for 
2,4Dinhfdluene, 2 , 6 - ~ t o I u e n e ,  U.S. Department of Health and H m  Services, 
Atlanta, Georgia 

Ohio Environmental ProMon Agency (OEPA), 1998, U.S. NASA Plum Bmok, Erie Courrty, 
Ohio LD #: 332-0552, Risk Assessment Work Plans, letter from R E. Nabon, Site Coordinator, 
to L. S. Ingram, Department of the Army, June 22. 

U.S. Environmental Protection Agency (EPA), 1992, HeaLfh Advisory for 2,C and 46-Didm- 
bolume ( D m ,  Health and Ecological Criteria Division, OBice of Water, Washington, DC. 

U.S. Environmental Protection Agency @PA), 1997, H e d h  Ege& Assessment Summmy 
T d e s ,  FY 1997 U ' ,  M i c e  of Solid Waste and Emergency Response, 9200.6-303 (97-I), 
EPA-540-R-97-036, NTIS NO. PB97-921199. 

US. Environmental htection Agency (PA) ,  1999, Infegrated R&k Informdon System 
(IRIS), National Center for Environmental Assessment, Cincinnati, Ohio, on line. 

Nitrotoluenes 
Nitrotoluene consists of three isomers: +nitrotoluene (I-methyl-Z-nitmbenzene), m-nitroto1uene 
(1-methyl-3-nitmbeflzene) and p-nitrotoluene (I-methyl4nitrbbenzene) o w i s ,  1997). The 
nitrotoluenes, particularly the 0- and p-isomers, are used as intermediates in the synthesis of other 
organic chemicals, partimhly rubber and agricultural chemicals, dyes and pigments. The 
nitrotoluenes meet the specifications of volatile organic compomds, since all isomers have 
H q ' s  law constants greater than 1-5 atmosphe~m~/mole (Montgomery, 1996) and 
molemlar weights less than 200 @ole. 

Data regarding the extent of GI absorption of the nitrotoluenes were not located in the available 
litmatwe. Iacking empirid data, the &fault GAF of 1 (0- 1999) is selected for these 

chemicals. Data regarding the dermal uptake of the ni.tsotuluenes h m  soil were not located in 
the available literature; the OEPA (1 998) default ABS of 0.1 is selected for this evaluation. 

Data regarding the acute toxicity of oral exposure to the nitroto1uenes were not located. A 13- 
wcok dietmy s a y  with the tbre. nitrotoluene isomem in rats and mice indicated that effects wore 
most notable with 0-nitrotoIuene (ACGH, 1991). EEects included biochemical evidenke of 
altered liver function, and splenic and renal lesions. EPA (1 997) derived a provisional RfD of 
1E-2 &kg-day for chronic oral exposure to all three nitrotoluene isomers h m  data for +nitro- 
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toluene. In the key study, rats were treated by gavage for 6 months. The LUAEL was 200 
rngkg-day associated with lesions in the spleen, which is consided the target organ for chronic 
oral exposure to the nitmtoluenes. An uncertainty factor of 10,000 was applied to the LXIAEL. 
The derivation of the provisional RfD is unclear, because dividing the LOAEL of 200 mg/kgday 
by an uncertainty factor of 10,000 would be expected to yield an RfD of 2E-2 -day, not 1E- 
2 mg/kgday as reported by EPA (1997). 

Data regardiag the toxicity of inhalation exposure to the nitrotoluenes were not located in the 
available literatme. The data are inadequate for developing an inhalation RfC. 

Data regarding the potential carcinogenicity of the nitrotoluenes were not located in the available 
litemm. 

American Conference of Governmental Industsial Hygienists (ACGV, 1991, Docurnenfclabn of 
the TIareshdId Limit Vulum and Bwbgicd ~ o s t u c  Indices, Sixth Edition, ACGIH, 
Cincinnati, Ohio, pp. 1 13 1-1 133. 

Lewis, R J., St, 1997, HuwIcyJs Condensed Chcmicul DicbZontny, -nth .Edition, John 
Wiley & Sons, Inc., New York, pp. 800-80 1. 

Montgmery, J. H., 1996, Gmundwatet Chemicak Desk Reference, Second Edition, Lewis 
Publishers, New York, pp. 790-795. 

Ohio Environmental Protection Agency (OEPA), 1998, U.S. NASA P h  Brook Erie C o w ,  
Ohio LD #= 332-0552, Ri&Assassment Work Plum, letter from R E. Nabors, Site Coordinator, 
to L S. Ingram, Depwtmmt of the Army, June 22. 

Ohio Environmental Protection Agency (OEPA), 1999, NASA P h  Brook Si&, Basehe 
Hmmn Health Risk Assessment und Ecological Rhk Assessment Work P h ,  IWTB, 
memorandum from L. Sirinek to R. Nabors, Marcb 5.  

U.S. Envir-taI Pratedon Agency (EPA), 1997, HeaW Effects Assessment S u m m q  
Tables, PY 1997 Updabe, Office of Solid Waste and Emergency Response, Washington, DC, 
9200.6-303(97-I), EPA 5401R-97-036, PB97-922199. 
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TNT is classified as a high explosive and is used as a military explosive in bombs and grenades 
(ATSDR, 1993). It has found wide use in filling sheUs and &borne detonation bombs because it 

can withstand the shock of ejection from a gun barrel but can be exploded on impact with a 

detonator mechanism. It is used as a pure compound or combined with other explosive 
chemicals for military application. Small mounts are usad in industrial explosives. Minor 
applications include use as a chemical intermediate in the mufacture of dyestuffs and 
photographic c h e ~ d s .  

Pharmaeokinetic data are limited to studies of oral administration of radiolabeled compound to 

several species followed by collection and measurement of radioactivity in urine, gastrointestinal 

tract (including contents) and feces (ATSDR, 1993). Total recovery from these comparhnents 
mged from 92 to 104 percent, suggesting little metabolism to radioactive metabolites that were 
exhaled. The percent of the dose recovered in the urine is adopted as a minimsl estimate of GI 
absorption, because the extent of biliary excretion and enternhepatic en at ion has not been 
investigated. Urhary recovery averaged 60 percent in rats, mice and dogs, and approximately 74 

percent in rabbits. The 60 w n t  kovery in the urine of dogs is selected as the GAF for this 
evaluation. 

Studies indicate that TNT is rapidly absorbed through the skin of occupationally exposed 
humans, but quantitative data were not located (ATSDR, 1993). I)ermal absorption ranged from 
17 to 68 percent of a single dose of radioactivity in studies using laboratory animals exposed for 
24 hours to radiolabeled - compound. Absorption appeared to be more complete in rabbits and 
mice than in rats and dogs, suggesting that species differences are significant. Data were not 
located regarding the dermal uptake of TNT from soil, which would account for the matrix 

effect, or the -ty of soil to bind the chemical and retard its dermal uptake. In the absence of 
quantitative data, the default ABS of 0.1 recommended by OEPA (1998) is adopted for this 

evaluation. 

Infomation regarding the inhalation toxicity of TNT are limited to occupational studies, which 
probably also included dermal exposure, generally associated with the manufacture of explosives 

for World War I and World War II (ATSDR, 1993). Effects hbuted  to occupational exposure 

include deaths from liver disease and aplastic m d q  anemia, m t i s ,  and cataracts. The 
data are insufficient to derive an RfC far inhalation exposure to TNT. 
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The critical effect of prolonged oral exposure of animals .to TNT is Hver damage @PA, 1999). 
Dogs appear to be more re i t ive  than rats or mice. A M e d  RfD for chronic oral exposure of 
5E-4 mg/kg-day was derived from a LDAEL of 0.5 mg/kg-day in a 26-week feeding study in 

dogs. An uncertainty factor of 1,000 was applied. Confidence in the oral RfD is medium. The 
fiver is the target organ for chronic oral exposure to TNT. 

TNT is classfied in EPA weightaf-evidence Group C (possible h u m  carcinogen) on the basis 
of positive mutagenicity studies and dietary studies that showed an increased incidence of urinary 
bladder tumors in rats @PA, 1999). Human data are inadequate. An oral SF of 3E-2 per mglkg- 
day is based on the incidence of bladder tumors in female rats in a 24-month dietary study. The 
data are. inadequate for potency estimation for inhalation exposure. 

Agency for Toxic Substances and Disease Registry, (ATSDR), 1993, Toxicological h f i l e  for 
2,4,6-Wn&ofaluene, Draft for Public Comment, U.S. Public Health Service, Atlanta, Georgia. 

Ohio Environmental Protection Agency (OEPA), 1998, US. N M A  P k  BrooB, Erie C o w ,  
Ohw LD #: 332-0552, Rkk Assessment Work Plans, letter from R.E. Nabwrs, Site Coordinator, 
to L.S. Ingram, Department of the Army, June 22. 

U.S. E n v i r o ~ t d  Protection Agency @PA), 1999, Zntegraded Rkk Informdim Sysfem 
(IRIS), National Center for Envhnmental Assessment, Cincinnati, Ohio, on line. 

- 
Pesticides and Polychiorinated Biphenyls 

Pdychlorlnated Biphenyls 
The polychlorinated biphenyls (PCB) manufactured and used in the U.S. are called atoclors 
(ATSDR, 1993). The aroclm are mixtures of several PCB congeners and related compounds. 

a Aroclors were used as dielectric and heat exchange agents in several open and closed systems, 
but since the middle 1970s, use has been ms&icted largely to electrical transfarmers and . 

capacitors. 

The pc13s are among the compounds that bioaccumulate in food chain pathways and are of 
special concern for biomagniflcation from sediment in benthic fish. EPA (1995) reported a 
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biota-to-sediment~mulatim factor far total PCBs of 1.85 for trout in the Great Lakes 
ecosystem. 

Taxicokinetic data from laboratory animals suggests that the efficiency of GI absorption is 
rougldy inversely related to the degree of chlorination (ATSDR, 1993). The GI absorption of 
mono- to hexachlorinated biphenyls exceeds 90 percent. Dichlorobiphenyl GI absorption 
efficiency is appmxhately 95 percent, but the absorption efficiency of octachlorobipheqd 
approximates only 75 percent. GI absorption efficiency of Aroclor-1254 approximtes 85.4 

percent in ferrets and greater d m  90 percent in monkeys. These data generally support the GAF 
of 0.9, which is adopted for all aroclors in this evaluation. However, an oral-todermal absorp- 
tion factor of 1 is used for the cancer evaluation to be consistent with the application of the 
cancer SF recommended by EPA (1899). 

The PCBs appear to be readily absorbed by the skin when applied as neat compound or mixed 
with a suitable vebicle (ATSDR, 1993), but efficiency falls off when soil is the medium of 
exchange. The EPA (1992) recommended ABS of 0.06 for PCBs is used in this evaluation. 

The acute oral toxicity of the PCBs is low to moderate, as indicated by LD, values in laboratory 
animals ranging from 750 mgkg (mink) to 4,250 mglkg (rats) (ATSDR 1993). Death appears to 
be due to respiratory depression and dehydration from diarrhea 

The best known - incident involving oral exposure by humans is the "Yushu" incident in Japan, in 
which persistent chloracne, gastrointestinal irritation and central nervous symptoms followed 
ingestion of cooking oil contamhated with PCBs (Gaffey, 1983). Further investigation, how- 
ever, revealed that concentrations of polychlorinated dibenzofurans and p o l y c h l o ~  
qnatqhenyls in the cooking oil were similar to those of PCBs, which confounds the 

interpretation of the results of this study. 

frolonged oral exposure of laboratory animats leads to liver damage, signs of chIoracne, 
immunological effects, and neurological impahmat, particularly of the young. A verified oral 

RfD for ArocZw-1254 of 2E.5 mg/kg-day for cbroaic oral exposure is based on a LOAEL of 5E- 
3 mgkg-day associated with chloracne and related signs and immunological effects in monkeys 
mated with the test material in gelatin capsules for over five years (EPA, 1999). An u n d t y  
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factor of 300 was applied. Confidence in the RfD is medium The immune system is wnsidered 
the target organ for prolonged oral exposure to ArocIor-1254. A v d e d  oral RfD for Aroclor- 
1016 of 7E-5 mgkg-day is based on a NOAEL, of 7E-3 *day in a long-term perinatal and 

neurubehavioral toxicity study in monkeys. An uncertainty factor of 100 was applied to the 

NUN%. The JDAEL (2.8E-2 mg/kg-day) was associated with low birth weights. The fetus is 
considered the sensitive target tissue for prolonged oral exposure to Aroclor-1016. Confidence 
in the oral RfD is medium. 

Occopatiod exposure to PCBs, which involved both inhalation and dermal exposure, was 

associated with upper respiratory tract and ocular irritation, loss of appetite, liver enlargement 

and increased serum concentrati& of liver enzymes, skin irritation, rashes and chlorame, and, 

in heavily exposed female workers, decreased birth weight (ATSDR, 1993). Concumnt 
exposure to PCB contaminants, such as PClDFs, confwnd the interpretation of the occupational 
exposure studies. Rats, mice, rabbits and guinea pigs intermittently exposed to Araclm-2254 
vapors exhibit moderate liver degeneration, decmad body weight gain and slight renal tubular 
degeneration. The accuracy of the reported exposure concentration is in doubt. Neither verified 
nor provisional chronic inhalation RfC values are available. 

EPA (1998) classiiM PCBs in cancer weight-ofevidence Group B2 @robable human carcino- 
gen) based on adequate evidence for liver tumors in laboratory animals and inadequate data in 
humans. EPA (1998) established a tiered approach for estimating the cancer potency of exposure 

to the PCBs. For tbe high risk tier, A SF of 2.OE+O per mgkg-day is proposed as an upper- 
bound for exposure to PCBs via ingestion in the food chain, ingestion of soil or sediment, inhala- 
tion of dust or aerosol, or dermal contact with soil or sediment if an absorption factor is applied. 
In addition, the SF of 2.UEN per m@g-day is used for any congeners considered to be persistent 
or acting in a dioxin-like manner, and for any early life exposures. The high risk tier SF for 
tend tendency (CI') analyses is 1 . O W  per mgkg-day. EPA (1998) proposed an upper-bound 

SF of 4.OEl per @kg-day for the low risk tier, which includes ingestion of water-soluble 
congeners, hhhtion of evaporated congeners, and demal exposuTe if no absorption factor is 
applied. A SF of 3E-1 per rngkg-day is recommended for thc low risk CI' evaluation. The SF of 
2.0M pm mgflrg-day is used for all exposure scenarios and exposure mutes in this evaluation 
because analytical data that demonstrate the absence of box'm-like or persistent cungeners are 

not available, and the exposure of children and youth. is plausible. 
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References for P,CBs 

Agency for Toxic Substances and Disease Registry, (ATSDR), 1993, Update To&olo&ral 
Profile for Selected PCBs (hcbr-1260,1254, -1248, -11242, -1232, -1221, and -1016, Draft 
for Public Comment, U.S. Public Health Service, Atlanta, Georgia. 

Gaffey, W. R., 1983, "The epidemiology of PCBs," In: PCBs: Human and Envimnmemb2 
H e ,  F. M. D'itri and M. A. Kamrin, Eds., Boston: Butterworth Publishers. 

US. Environmental Protection Agency @PA), 1999, Integrated Risk Information System 
 IRIS), National Center for Environmental Assessment, Cincinnati, Ohio, on he. 

U.S. Environmental Protection Agency @?A), 1995, Great M e s  Wder Qu* InhWive, 
Technkal Suppott Document for the Procedure to DeSmine B i a Q c c u ~ n  Facfars, 
EPk820.8.95.CC5, PB95-187290. 

U.S. Environmental Protection Agency (EPA), 1992, Dermal Exposwe Assessment: Plinc@les 
andAppk&ns, Interim Report, Office of Research and DeveIopment, Washington, DC, 
EPA~60018-9 1/01 IB, January. 

SemivoIatile Organic Compounds 

Din&rocresol. (Dinifromethylpheno~s). Several dinitrocresol isomers are possible; 
however, the isomer most frequently encountered in environmental media is 4,6-dinitro-2- 
methylphenol (4,6-dini-l, or DNOC) (ATSDR, 1993). DNOC is used as an insecticide 
and a herbicie effective against broadleaf weeds. 2,6-Dinitxo-paesol is used in the synthesis of ' 
fungicides, dyes and pharmaceuticals. It has been used in the past as an aid to weight loss 
because of h mechanism of action, Which is to uncouple oxidative pbosphoryIatim and increase 
basal metabolic rate. DNOC is released to the atmosphere primarily during its use as a pesticide. 

Toxicokinetic studies that DNOC is incompletely absorbed from the GI tract (ATSDR, 1993). 
Urinary excretion data, and concentrations in the blood and tissues following oral dosing 

suggests that a p p m ~ l y  SO p e m t  of the oral dose is abmbed. The GAF of 0.5 is selected 
as a canservative estimate for this evaluation. Data were not located regatding the dermal uptake 

of DNOC h m  soil, which would account far the matrix effect, or the ability of soil to t i id  the 

chemical and retard its dermal uptake. In the absence of quantitative data, the default ABS of 0.1 

recommended by OEPA (1998) is adapted for this evaluation. 
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Oral lDm values for DNOC include 16.4 mglkg for mice and 2 5 4  mglkg fa rats (ATSDR, 
1993). Death is associated with dyspea, lung congestion and elevated body ternperatme due to 

nncoupling of oxidative phosphorylion. Prolonged oral exposure is associated with elevated 
basal metabolic rate, weight loss, altefed pituitary md thyroid hctim, sweating, lassitude, 
headache, and cataract fomatim in humans. Decreased growth rate, decreased organ weights 
and stomach irritation are observed in laboratory animals subjected to prolonged exposure. The 
animal data, however, are inadequate to develop an oral RfD @PA, 1995). A review of the 
human data, particularly use of DNOC in humans as weight-loss aid, identifies 0.35 m%lkg-day 

as a WAEL associated with sweating and fatigue. Application of an uncertainty factor of 3,000 
yields a provisimal oral R£D-of 1E-4 mgkgday. Cellular respiration is considered the target for 
prolonged oral exposure to DNW. Lacking more definitive infrmatiom, the provisional oral 
RfD of 1E4 for DNOC is applied to alI dinitrocresoIs. 

Data regarding the carcinogenicity of the chitrocresols were not located. 

References for D i i ~ l s ,  

Agency for Toxic Substances and Disease Regis~xy (ATSDR), 1993, T&oIogical Profitt for 
Dinihcresok, Draft for Public Comment, U.S. Department of Health and Human Services, 
Octob~. 

Ohio Environmental Protection Agency (OEPA), 1998, U.S. NASA PI- Brook Erie Counby, 
Ohio LD #: 332-0552, RiskAssessment Work Plans, letter from R. E. Nabors, Site Coordinator, 
to L. S. Ingram, Department of the Army, June 22. 

U.S. Envinmmend Protection Agency (EPA), 1995, Drufl Risk Assessmnf Issue Paper for: 
h v i s w n u l ~  fur 4,6-Di1&o-o-cresol (also b w n  as 4,~nitrw2a~tTsylphenol ( C A W  
534-52-l), Natiwal Center for Environmental Assessment, Cincinnati, Ohio, June 13. 

Poiyaromafic Hydmrbons 
The polyammatic hydrwarbons (PAH) regularly observed in envhmnmtal media include 
acemphthme, acenaphthylene, mthracene, benzo(a)anthracene, bemo(a)pyrene, bam(b)- 

flumanthem, benzo(k)£luomthene, benza(g,h,i)perylene, ccarbazole, chrysene, dibmm(a,h)- 
mtbraecne, fluoranthe, Auome, indeno(l,2,34)pyreneI phemthme? and p e e  PAHs are 
the pducts of incomplete combustion of fossil fuels or other organic matter, hence include both 

natural and anthopogsnic sources (ATSDR, 1993). The PAHs are ubiquitous, reflecting natural 
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combustion, the widespread practice of fossil fuel combustion, and wide dissemination via wind 

currents. 

Toxicokinetic studies of several PAWs summarized by ATSDR (1993) provide Iimited quantita- 

tive information regarding the extent of GI absorption. Qualitatively, these studies indicate that 

absorption is incomplete. A study of benzo(a)pyrene in rats suggested that GI absorption ranges 
h m  38 to 58 percent. The GAF of 0.5 (Jones and Owen, 19891, near the midpoint of the range 

from the rat study, is selected for hzo(a)pyrene and the other PAHs for which quantitative data 
are not available. A study in rats repted absorption efficiency for a n w e  ranging from 53 

to 74 percent; 0.7 is selected as the GAF far this evaluation. GI absorption of pyrene, c-ene 
and dibenzo(a,h)antbxne was described as high; a GAF of 0.8 is assumed for these wm- 
p o d s .  

Empirical data with pure cumpound dissolved or suspended in vehicles suggest that dermal 
uptake of bem(a)pyrme is extensive (ATSDR, 1993), but data regarding absarptiofi *om soil 
were not hated. Laeking suitable empirical data for dermal exposure, the OEPA (1 998) default 

ABS of 0.1 i s  chosen for the PAHs. 

-Data regarding the toxicity of acute ord exposum to the PAHs are generally scarce. Prolonged 

exposure is associated with a number of renal, hematologic and other effects, depending on the 

compound to which exposed. Subchronic (90 day) gavage treatment of mice with acenaphthene 
is associated with - histopathalogic evidence of liver hypertrophy. A verified RfD of 6E-2 mgkg- 
day for chronic oral exposure was derived from the NOAEL of 175 mgkg-day and an uncertainty 
factor of 3,000 (EPA, 1999). The LOAEL in this study was 350 Wg-day. Confidence in the 

RfD is low. 

. A verified RfD of 3E-1 mgkg-day for chronic oral exposun to mthracene was derived hrn a 
NOEL of 1,000 mgkg-day, the highest dose tested, in a 90-day gavage study in mice @PA, 
1999). An uncehty  factor of 3,000 was applied. Confidence in tbe RED is law. The data are 
inadequate to identify a target organ for anthracene. 

Subchronic exposure to fluoranthene induces liver and kidney effects in orally treated mice 
@PA, 1999). A verified RfD of 4E-2 mgkg-day for chronic oral exposue was derived from a 
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NOAEL of 125 W g - d a y  in a 13-week gavage study. The LOAEL was 250 mg/kg-day in this 
study. An unmtahty factor of 3,000 was applied. M d e n c e  in the oral RfD is low. The 
kidney may be slightly more sensitive than the liver, and is chosen as the target organ for 
fluomthene. 

Subchronic exposure to fiuorene induces hemolytic antmia in orally matad mice @PA, 1999). 

A vMed RfD of-4E-2 mgkg-day for -chronic oral exposure was derived from a NOAEL of 125 
--day in a 13-week gavage study. The LOAn was 250 mglkg-day in this study. An 

uncertainty factor of 3,000 was applied. Confidence in the oral RfD is low. The eqtkocyte is 
the target argan for fluorene. 

Subchronic exposure to pyrene induces mild renal tubular degeaeration and reduced kidney 
weight in orally treated mice @PA, 1999). A verified RfD of 3E-2 mgkg-day for chxonic oral 
exposure was derived from a NOAEL of 75 m&-day in a 13-week gavage stwdy. The LOAEL 
was 125 mg/kg-day in this study. An uncertainty factor of 3,000 was applied. Confidence in the 
oral RfD is low. Tfie kidney is chosen as the target organ far chrunic oral exposure to pyrene. 

Data regarding the effects of chronic or suhhnic exposure to acenaphthylene were not located 
in the available literature. Acenaphthene is adopted as a reasonable surrogate for acenaphthylene 
based on structural similarity. Therefore, the oral RfD of 6E-2 --day for acenaphthent is 
adopted as the oral RfD for c W c  exposure to acenaphthylene. The target organ for acenaph- 

thylene is assumed - to be the liver. 

Data regarding the effects of chronic or subchronic exposure to beaza(g,h j)peylene were not 
located in the available literature. Pyrcne is adopted as a reasonable surrogate for benzo(g,U)- 
perylene based on structural similarity. Therefore, the oral RfD of 3Ec2 mglkg-day for ppne  is 
adapted as the oral RfD for chronic exposure to benzo(g,h,i)perylenee The target organ far 
benzo(g&,i)peryIene is assumed to be the kidney. 

Relevant data regarding chronic or subcWc exposure to phemathnme were not located. 
Lacking chemical-specific data, the v d e d  oral M I  of 3E-1 @kg-day for anthracma is 

adopted as a reasonable surrogate based on similarity in chemical structure. A target organ was 
not identified for anthracene. 
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Acenaphthylene, mthracene, benzo(g,h J)peryIene, fluomthene, fluome, phemnthrme and 
pyrene are classified in EPA cancer weight-of-evidence Group D (not classifiable as to carcine 
genicity to humans) because of a lack of human data and inadequate animal data @PA,. 1999). 
Data regarding the carcinogenicity of acenaphthene were not located. Benzo(a)anthr~~ene, 

bexlzo(a)pymne, bnzo(b)fluoranthene, benzo(k)fluoranthe~e, carbazole, chrysene, dibenw(a,h)- 
anthracene, and indeno(l,2,3-cd)pyrene are classified in EPA weight-of-evidence Group B2 

(probable human carcinogens) @PA, 1999; 1997). Benzo(a)pyrene is the most extensively 
studied member of the class, inducing tumors in tissues at the point of contact of virtuaUy a l l  

laboratory species tested by all routes of exposum. Although epidemiology studies suggested 

that complex mix- that contain PAHs (coal tar, soots, coke oven emissions, cigarette smoke) 
are carcinogenic to humans, the c&inogenicity cannot be attributed to PAHs alwe because of 

the presence of other potentially carcinogenic substances in these mixtures (ATSDR, 1993). In 

addition, recent investigations showed that the PAH k t i o n  of roofing tar, cigarette smoke and 
cuke oven emissions accounted for only 0-1 to 8 percent of the total mutagenic activity in 
Sahonelf a of the unfractionated complex mixture (Lewtas, 1988). Aromatic amines, nitrogen 
heterocyclic compounds, highly oxygenated quinones, diones, and nib'ooxygetlated compounds, 
ncme of which would be expected to arise from in vivo rneuhlisrn of PAHs, probably accounts 

for the majority of the mutagenicity of coke oven emissions and cigarette smoke. Furthermore, 

coal tar, which contahs a mixture of many PA&, has a long history of use in the clinical 

treatment of a variety of skin disorders in humans (ATSDR, 1993). 

Because of the lack of human cancer data, assignment of individual PAHs to EPA cancer weight- 
ofevidence groups is based largely on the results of auhd  studies with large doses of p&ed 
compound @PA, 1999). Frequently, unnatural routes of exposwe, including implants of the test 

chemical in beeswax and trioctmoin in the lungs of female rats, htratracheal instillation, and 
subcutaneous or intraperitoneal injection, were used. 

EPA (1999) varifed a SF for oral exposure to benzo(a)pyrene of 7.3EN per *-day, based 
on several dietary studies in mice and rats. Recent mvduations of the carcinogenicity and 
mutagmicity of the Group B2 PAHs suggest that there are large diffmnces between individual 
PAHs in cancer potency (Krewski et al., 1989). Based on the available cancer and mutagenicity 

data, and assuming that there is a constant relative potency between different carcinogens across 

different bioassay systems and that the PAtrs under considemiion have similar dose-response 
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curves, ERA (1993) adopted relative potency values for seved PAHs. These values and the 
correspondmg oral SFs, baed on a relative potency for benzo(a)pymne of 1.0, are presented 

below. 

Although the EPA has not v d e d  SFs for Group B2 PAHs other than benzo(a)pyrene, the SFs 
above represent reasonable estimates based on the data available. The relative potency approach 
employed hme meets critaia considered to be desirable for this type of analysis (Lewtas, 1988). 

For example, the chemicals compared have similar chemical stntctrrres and would be expected to - 
have similar toxicokinetic fate in mammalian systems. In addition, the available data suggest 

that the Group B2 PAHk have a similar m e c ~ s m  of action, inducing frameshift mutations in 
Salmonella and tumor initiation in the mouse skin painting assay. S h i h  noncancer effects 
(minor changes in the blood, liver, kidneys) of the Group D PAHs support the hypothesis of a 

common mechanism of toxicity. Finally, the same endpoints of toxicity, i.e., potency in various 
cancer assays, and related data, were used to derive the relative potency values (Krewski et d., 

1989). The om3 SF far benzo(a)pyrene of 7.3W per --day, and SFs presented above 
fbr the other Group B2 PAHs are adapted for tbe purposes of this evaluation. 

A recent EPA (1994) evaluation of the inhalation cancer data suggests adoption of an inhalation 
SF for benzo(a)ppne of 3.1M per mgikg-chy, based on the incidtxm of upper respiratory and 
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digestive tract tumors in hamsters. Applying t h ~  relative potency estimates presented above yield 
the hblation SFs for the other Group B2 PAHs presented above. 

Carbazole was not investigated in the relatiye potency investigations described above. EPA 
(1997) presents a provisional oral SF of 2E-2 per mglkg-day based on the incidence of fiver 
tumors in a 9Cweek dietary study in mice. The location of primary tumors distal to the point of 
contact (the GI tract) suggests a mechanism of toxicity different from ko(a)pyrene and the 

other Group B2 PAHs discussed above. The data are inadequate for estimation of an inhalation 
SF for carbazole. 

Agency for Toxic Substances and Disease Registry, (ATSDR), 1993, U ' e  Toxicologieul 
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