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THE ATSDR PUBLIC HEALTH ASSESSMENT: A NOTE OF EXPLANATION

This Public Health Assessment was prepared by ATSDR pursuant to the Comprehensive Environmental Response. Compensation. and
Liability Act (CERCLA or Supertund) scction 104 (1)(6) (42 U.S.C. 9604 (1)(6). and in accordance with our implementing regulations
(42 C.F.R. Part 900. In preparing this document, ATSDR has collected relevant health dat, environmental data. and community health
concerns from the Environmental Protection Agency (EPA), state and local health and environmental agencies, the community, and
potentially responsible parties, where appropriate.

In addition. this document has previously been provided to EPA and the aftected states in an initial release, as required by CERCLA
seetion LO4 (DO H) for their information and review.  The revised document was released tor a 30-day public comment period.
Subsequent to the public comment period, ATSDR addressed all public comments and revised or appended the document as appropriate.
The public health assessment has now been reissued.  This concludes the public health assessment process for this site, unless additional
information is obtained by ATSDR which. in the agency’s opinion. indicates a need to revise or append the conclusions previously
issued.

Agencey for Toxic Substances & Discase REISIIY i Thomas R. Frieden, M.D.. M.P.H.. Administrator
Patrick N. Breysse. PhD. CTH. Dircctor

Division of Community Health InVESTZUTIONS ... ...ov vttt ree s sae e LCANA ATIAS PhUDL, Director
Tina Forrester, Ph.D.. Deputy Director

Central Branch ... Richard E. Gillig, M.C.P.. Chief
Bastern BranCh. .o e e e Sharon Williams-Fleetwood. Ph.D. Chiet
WESTETT BIINCR oo et s e e Cussandra Smith, B.S.. M.S5.. Chicf
SCIENCE SUPPOTT BIANCI ot et e e e e e s Susan Moore. M.S., Chief

Use of trade names is for identification only and does not constitute endersement by the Public Health Service or the U.S. Department of
Hcalth and Human Services.

Additional copics ot this report are available fron

Agency tor Toxic Substances and Discase Registry
Artn: Records Center
1600 Chtton Road, N.E.. MS F-09
Atlanta. Georgia 30333

You May Contact ATSDR Toll Free at
[-800-CDC-INFO

or
Visit our Home Page at: hitp:/fwww asdr.cde.gov
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FOREWORD

The Agency for Toxic Substanees and Discase Registry, ATSDR, was cstablished by Congress
in 1980 undcr the Comprchensive Environmental Response, Compensation, and Liability Act,
also known as the Superfiund law. This law sct up a fund to identify and clcan up our country's
hazardous waste sitcs. The Environmental Protection Agency, EPA, and the individual states
rcgulate the investigation and clcan up of the sites.

Since 1986, ATSDR has been required by law to conduct a public health asscssment at cach of
the sitcs on the EPA National Prioritics List. The aim of these evaluations is to find out if pcople
arc being cxposed to hazardous substances and, if so, whether that cxposure is harmful and
should be stopped or reduced. If appropriate, ATSDR also conducts public health assessments
when petitioned by concerned individuals. Public health assessments are carried out by
cnvironmental and hcalth scientists from ATSDR and from the states with which ATSDR has
cooperative agreements. The public health asscssment program allows the scientists flexibility
in the format or structurc of their responsc to the public health issues at hazardous wastc sites.
For cxample, a public health asscssment could be one document or it could be a compilation of
scveral health consultations - the structurc may vary frem site to site. Neverthelcess, the public
health assessment process is not considercd complete until the public health issucs at the site arc
addresscd.

Exposure: As the first step in the evaluation, ATSDR scientists review environmental data to
scc how much contamination is at a sitc, where it is, and how pcople might come mto contact
with it. Generally, ATSDR docs not collect its own environmental sampling data but reviews
information provided by EPA, othcr government agencics, businesscs, and the public. When
there is not cnough environmental information available, the report will indicate what further
sampling data is nceded.

Health Effects: If the review of the environmental data shows that people have or could come
into contact with hazardous substances, ATSDR scientists ¢valuate whether or not these contacts
may result in harmful effects. ATSDR rccognizes that children, because of their play activitics
and their growing bodics, may be more vulnerable to these effeets. As a policy, unless data arc
available to suggest otherwise, ATSDR considers children to be more sensitive and vulnerable to
hazardous substances. Thus, the health impact to the children is considered first when cvaluating
the health threat to a community. The health impacts to other high risk groups within the
community (such as the clderly, chronically ill, and people engaging in high risk practices) also
receive special attention during the cvaluation.

ATSDR uscs cxisting scientific information, which can include the results of medical,
toxicologic and cpidemiologic studics and the data collected in discase registrics, to determine
the health cffeets that may result from exposurcs. The science of environmental health is stll
developing, and sometimes scicntific information on the health cffects of cortain substances is
not available. When this is so, the report will suggest what further public health actiens arc
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necded.,

Conclusions: The report presents conclusions about the public health threat, if any, posed by a
sitc. When health threats have been determined for high risk groups (such as children, clderly,
chronically ill, and pcople engaging in high risk practices), they will be summarized in the
conclusion section of the report. Ways to stop or reduce cxposure will then be recommended in
the public health action plan.

ATSDR is primarily an advisory ageney, so usually these reports identify what actions arc
appropriate to be undertaken by EPA, other responsible partics, or the rescarch or education
divisions of ATSDR. Howcver, if there is an urgent health threat, ATSDR can issuc a public
health advisory warning pcoplc of the danger. ATSDR can also authorize health education or
pilot studics of health ctfcets, full-scale epidemiology studics, discasc registrics, surveillance
studics or rescarch on specific hazardous substances.

Community: ATSDR also nceds to lcarn what people in the arca know about the site and what
concerns they may have about its impact on their health. Consequently, throughout the
cvaluation process, ATSDR actively gathers information and comments from the pecople who
live or work ncar a site, including residents of the arca, civic leaders, health professionals and
community groups. To cnsurc that the report responds to the community's health concerns, an
carly version is also distributed to the public for their comments. All the comments reccived
from the public arc responded to in the final version of the report.

Comments: I, after reading this report, you have questions or comments, we encourage you to
send them to us.

Letters should be addressed as follows:
Agency for Toxic Substances and Discase Registry
ATTN: Records Center

1600 Clifton Road, NE {Mail Stop F-09)
Atlanta, GA 30333
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NPL National Priorities List

NTP National Toxicology Program

ODW Office of Drinking Water

PBPK physiologically-based pharmacokinetic

PCE tetrachlorocthylene, sometimes referred to as perchlorocthylene
PHA public health assessment

PLPPP Pediatric Lead Poisoning Prevention Program
ppb parts per billion

ppm parts per million

PRP polentially responsible party

RCRA Resources Conservation and Recovery Act

RIC reference concentration {defined in Appendix A)
RiD reference dosc (defined in Appendix A)

RME rcasonable maximuim exposure

RMEG rcference dose media evaluation guide (defined in Appendix A)
SDWA Safc Drinking Waler Act

SGA small for gestational age

51 sile investigation

SIRS Site Investigation and Restoration Section
trans-1,2-DCE  trans-1.2-dichlorocthylene

TCE trichlorocthylene

TLBW term low birth weight

TT Tarawa Terrdce

TTD target-organ toxicity dose

TTHM total rihalomethanes

USEPA United States Environmental Protection Agency
UST underground storage lank

VC vinyl chloride

VOC volatilc organic compounds

WTP water treatment plant

viii
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Conclusions

For those exposed to contaminated drinking water at MCB Camp Lejcune, the Agency for Toxic
Substances and Discasc Registry made the following conclusions:

Conclusion 1- Residents. workers, Marine and naval personnel. and Marines-in-training
Hadnot Point at MCB Camp Lejeune were in the past exposed o contaminants in
Waler System drinking watct supplicd by the Hadnot Point WTP. This WTP supplicd

watcr 1o the Hadnot Point arca and was the sole source of water 1o the
Holcomb Boulevard area prior to 1972, Using the estimates described in
our report, this conlaminant cxposure was at levels that could have harmed
their health. The estimated levels to which all the above-mentioned
groups of people were exposed could have resulted in an increased
cancer risk and increased potential of experiencing adverse,
noncancer health effects.

Trichloroethylene (TCE) and vinyl chloride were the chemicals that
contributed most o the increased cancer risk. The magnitude of the cancer
risk estimated in this public health assessment depends on the period
during which pecople were on the base and their ages while there. Using 4
3-year exposure duration. the estimated upper-bound cancer risk exceeds
the USEPA’s Superfund target cancer-risk range {1 excess case for cvery
10.000 exposed persons w1 excess case for every 1,000,000 exposed)
during the years 1964-1985 (Figure 9). Specifically.

*  Children living on-base from the carly- 19705 1o the mid-1980s had an
cstimated. upper-bound cancer risk up 1o about 45 cxcess cases of cancer
for every 10,000 exposed persons.

*  Workers from the mid-1960s to the carly-1980s had an estimatied, upper-
bound cancer risk of about three cxcess cases of cancer for every 10,000
cxposed persons.

s Marines-in-iraining [rom the catly-1970s 1o the carly-1980s had an
cstimated, upper-bound cancer tisk of about four excess cascs of cancer
for every 10,000 cxposed persons.

¢ Other adults living on-base [rom (he late-1970s 1o the carly-1980s had an
estimated. upper-bound cancer risk of about onc excess case of cancer for
every 10,000 exposed individuals.

The potential noncancer health clfects were mainly associated with
cxposurc Lo TCE. All exposurc groups cvaluated had exposures in the
range of those that caused health elfects in animal studies, increasing the
risk of experiencing adverse noncancer health cffects. Specifically.

¢ Pregnant women using Hadnot Point drinking walter [rom 1972 10 1985
could have been exposed to TCE levels that could have resulied in cffects
to a developing fetus. Women in the first trimester of pregnancy are one
of the most sensitive populations for cxposure 1o TCE, primarily because
of concerns associated with heart problems and immune system disorders
that could occur Irom exposure during that critical period of
development.

Xii
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Next Steps

(BLLs) above 5 micrograms per deciliter® (ug/dL) in children who drank
water {rom the 1ap at 19 locations. In addition, tap water {vom these 19
locations indicated the potential for ¢levating BLLs in the developing fetuses
of pregnant women in the past. The length of time some locations had
clevated lcad levels is unclear, At 10 of the 19 locations, tap water sampling
data were unavailable before the lead level became elevated.

The site-specific lead data show 388 of the 586 drinking water samples
{about 66%) did not detect lead at the minimum level of detection (3 ppb).
However, MCB Camp Lejeune personnel found buildings with copper pipes
and lcad-containing solder indicating the potential for lead to leach into basc
tap water. Therefore, ATSDR considers that people’s (especially children’s)
daily cxposurc 1o drinking water with clevated Icad concentrations could
have in the past and could currently harm their health. Other indoor and
outdoor lead sources {¢.g.. lead-based paint) might also contribute to
elevated BLLs.

In October 2013, the Navy and Marine Corps Public Health Center
(NMCPHC) reviewed BLL tests ordered at Military Treatment Facilitics in
the Camp Lejeune area (Camp Lejeune and Cherry Point) for Department of
the Navy beneficiary children (NMCPHC 2015). Although the evaluation
has limitations, {rom March 30, 2004 through October 1, 2015, only a few
elevated BLLs" in children (i.c., 5 of 4,354 children tested) were found.
These data may not necessarily be representative of all children in the site
arca because 1) the BLL program endeavors to test children with the highest
risk Tor clevated blood Icad levels and not all children, and 2) some children
may receive care outside of the Military Treatment Facilities system, like
purchased care providers.

Afier its review of available information, ATSDR recommends base-wide

+ People take measures to reduce exposures to lead in drinking water by
using cold water for consumption and running the cold water 1-2 minutes
before using it for drinking water purposes (CDC 2013d).

s Pcople take steps to reduce lead uptake (sec Figure 14, Appendix ).

+ Pcople take measures to reduce exposure Lo lead from other possible
sources (sce Table 12 and Figure 15, Appendix I).

¢ Parcnts follow the American Academy of Pediatric Guidelines and have
their children tested for blood lead at 1 and 2 years of age (AAP 2012).

» MCB Camp Lejeunc follow its 2013 Environmental Standard Operating
Procedure (MCB Camp Lejeune 2013), USEPA’s 3T guidance (USEPA
2013b), and USEPA’s Lead and Copper Rule (USEPA 2012¢).

$Until 2012, children were identificd as having a blood lead level of concern if the test result was 10 pg/dL or more
of lead in biood. Experts now use a reference value of 5 ug/dL based on the ULS. population of children 1 to §
years of age in National Healih and Nutrition Examination Survey (NHANES) (ACCLPP 2012 CDC 2012b).

? Elevated BLL is based on the reference level in place at the tine of testing. NMCPYIC used a BLL reference value
of 10 pg/dL for the years 2004 through 2013 and found two children with elevated BLLs. NMCPHC usced the
current BLL reference value of 5 pg/dL for the years 2014 through 2015 and found 3 children with elevated BLLs

(NMCPIIC 2015).

Xxviii
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Figure 1. The Hadnot Point-Holcomb Boulevard Water Distribution Areas, U.S. Marine
Corps Base Camp Lejeune, North Carolina
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Figure 2. The Tarawa Terrace Water Distribution Area, U.S. Marine Corps Base Camp
Lejeune, North Carolina
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Refer to Figure 1 for a map of the area surrounding Tarawa Terrace
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Boldfaced values in the table above were the guidelines used in the following comparisons.

Chemical Background Information

Detection of benzene in groundwater is usually an indication of contamination from refined petroleum products {e.g.,
gasoline, jet fuel, diesel fuel).

PCE is a chemical most widely used for dry cleaning of fabrics and for metal-degreasing operations. Consequently, PCE is
also a common groundwater contaminant. PCE has chemical properties very similar to TCE. Both TCE and PCE can persist
in groundwater for long periods, but microbial activity can also degrade them both.

Because of its widespread use as a solvent, degreasing agent, and dry cleaning chemical, TCE is a common groundwater
contaminant in areas of industrial activity. Because of TCE's physical properties, releases from storage tanks or spills onto a
ground surface ¢an pass easily through the sail into underlying groundwater. TCE can persist in groundwater for long
periads, hut microbial activity can degrade it.

Trans-1,2-DCE is a degradation product of TCE and PCE and is also found in seme industrial solvents. Detection of DCE in
groundwater is an indication that soil and groundwater conditions support microbial metabolism of these solvents. DCE can
metabalize further into VC {ATSDR 1996a).

The detection of VC in groundwater can be the result of the microbial-degraded TCE and PCE.

Hadnot Point Water Supply Area

The monthiy concentrations for PCE, TCE, trans-1,2-DCE. VC. and benzene in the drinking water werc
cstimated Tor the period from 1942 10 2008 (Maslia ct al. 2013; Appendix A7 and A8), as shown in Figure
3. TCE was cstimated as present in the drinking water above its current MCL of 5 parts per billion (ppb).
as carly as 1953, At later times, there were detections of trans-1.2-DCE and then VC, PCE, and benzenc.
The vse of wells contaminated with TCE, trans-1.2-DCE. PCE, and VC is estimated 1o have continued
until 1985. The presence of benzene at relatively low concentrations {up to 12 ppb) in the drinking water
supply is estimated 10 have continued until 1996.

® The comparisons in this scetion arc against the historical maximum, monthly-rcconstructed
concentrations. Figure 3 is a plot of the historical reconstructed concentrations for Hadnot Point.

¢ For the dose calculations presented later in the Health Effects Evaluation Section, the monthly
concentrations were averaged over a 3-year period and then used o provide a basis for
determining the exposure concentration for residents and workers at MCB Camp Lejeunc. For
cxample, the concentration at January 1972 is the average of the monthly estimated
concentrations for the 3 years that lollow January 1972, or the average [rom January 1972 1o
January 1975, This procedure was followed lor cach month to calculate the rolling averages used
in the Health Effccts Evaluation Section. Using 3 years is consistent with the ATSDR health
studics’ exposure duration. The cxception 1o the 3-year rolling average for assessing exposure
levels is for TCE. lor the reasons described below.

¢ The comaminant of primary concern at Hadnot Point is TCE, which has been associated with
adverse effects on the cardiovascular system of the developing etus. However, 3-year average
concentrations would not be appropriate o evaluate pregnant women’s exposures {as short-term
monthly peaks may not be accounted for) because of concerns associaled with letal heart impacts
occurting in as little as 3 weceks of exposurc. This duration is based on the gestational time for
human cardiovascular system development, which is 3-6 wecks after conception (Sadler 2000,
Dhanantwari 2009). To cvaluatc exposure (o a pregnant woman, ATSDR uscd the monthly
concentrations estimated from historically reconstructed modceling (Maslia ct al. 2013; Appendix
A7 and AB) for the estimated dose. rather than the 3-year average concentration. Assuming that
any adult population could include a pregnant woman, this approach was applicd for any of the
scenarios for individuals 16 years of age or older.
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slightly acrid odor (ATSDR 19964). This concentration was cstimated as present at the Hadnot
Point water supply system from 1972 to 1985.

+  Vinyl chloride (VC)-The estimated levels of VC exceeded the current 2-ppb MCL for most of
the carly 1970s through January 1985, with the maximum reconstructed VC concentration of 67
ppb. The child 21-ppb EMEG was exceeded intermittently from the late 19705 through January
1985. Estimated VC concentrations did not exceed the ATSDR 78-ppb adult EMEG. The
ATSDR CREG 0.0086-ppb value was exceeded from the carly 197(0s through 1985. The
taste/odor threshold for VC in waler is 3.400 ppb (ATSDR 2006). The estimated levels of VC in
the Hadnot Point waler supply system were unlikely to have reached a concentration where they
would have been detecled by Laste or odor.

10
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Tarawa Terrace Water Supply Area

ATSDR reconstructed monthly mean drinking-water concentrations for PCE, TCE, trans-1,2-DCE, and
VC from 1952 to 1990 (Maslia 2008; Appendix [5). Figure 4 shows the historical reconstruction
concentrations for cach chemical during that period. Using the ATSDR multispecics simulation values
(Maslia et al. 2007, Appendix A2). PCE was cstimated as present in the Tarawa Terrace drinking water
above its current 5-ppb MCL beginning in November 1957, followed in time by VC, then TCE. Trans-1,2
DCE did not exceed its MCL. By the end of February 1985, MCB Camp Lejeune removed from service
the most highly contaminated Tarawa Terrace wells. The treatment plant was closed by March 1987,

A summary of the estimaled concentrations in the drinking system, compared with federal drinking water
standards and health-based screening values. appears below. Note that Marines-in-training and on-base
workers who lived at Tarawa Terrace could have been exposed to contaminants in the drinking water at
their residences, but could have also been exposed 1o contaminants from (the Hadnot Point water supply
system during training and at their workplaces.

+ Tetrachloroethylene (PCE)-During Junc 1984. the estimated PCE levels in the Tarawa Terrace
water supply system reached a maximum reconstructed monthly concentration of 158 ppb.'2
During most of late 1957 through January 1985, levels exceeded the current 5 ppb MCL. Bus
from March 1985 until water system closure in February 1987, cstimaited levels barely cxceceded
the MCL (ranging from 5-18 ppb). The maximum PCE level measured in the Tarawa Terrace
waltcer system was 215 ppb in February 1985, The PCE concentrations consisiently cxceeded the
ATSDR 12-ppb CREG from July 1958 to Janvary 1985, and from March 1986 to February 1987.
For children. from July 1974 through January 1985, readings mostly exceeded ATSDRs 56-ppb
EMEG. The tasic/odor threshold for PCE in walter is 300 ppb. The estimated levels of PCE in the
Tarawa Terrace water supply system indicate that it was unlikely that the concentrations were al a
level at any time where it would have been detected by taste or odor.

+ Trichloroethylene (TCE)-From August 1976 through January 1985, cstimated TCE levels in
Tarawa Terrace drinking water—with a maximuom 7-ppb reconstruction monthly concentration—
mostly exceeded the ATSDR 3.5-ppb Chronic EMEG for a child. From February 1984 1o Janvary
1985, the USEPA’s 5-ppb federal drinking water standard (MCL) was exceeded. The 13-ppb
adult EMEG was not exceeded. But the 0.43-ppb CREG lor TCE was exceeded from July 1938
through January 1985. The taste/odor threshold for TCE in water is 310 ppb. The estimated levels
of TCE indicate that it was unlikely that the concentrations were at a level at any time where it
would have been detected by taste or odor.

¢  Trans-1,2-Dichloreethylene (trans-1,2-DCE)-Estimalted levels of trans-1.2-DCE in Tarawa
Terrace drinking water—with a maximum reconstruction monthly concentration of 22 ppb—did
not at any time cxceed the current 100-ppb MCL. Neither the 140-ppb ATSDR child nor the 520-
ppb adult RMEG were exceeded during this period. The maximum estimated 22-ppb
concentration was below the 26-ppb odor threshold lor trans-1,2-DCE in water.

¢ Vinyl chloride (VC)-From May 1958 to January 1985, estimated VC levels—with a maximum
12-ppb reconstruction monthly concentration—excecded the current 2-ppb MCL. Neither the
child nor the adult EMEGs were exceeded. However, [rom January 1955 to Febuary 1987, the
0.0086-ppb ATSDR CREG valuc was exceeded. The taste/odor threshold for VC in water is
3.400 ppb. The estimated VC levels in Tarawa Terrace drinking water indicate that the
concentrations were unlikely 10 be at a level where it would have been detected by taste or odor.

2Two types ot historical reconstruction simulations were conducted tor the Tarawa Terrace area: 1) single species
PCE. and 2 multispecics degradation of PCE. The maximum values reported here are from the multispecies
degradation of PCE (Maslia cral. 2007, Appendix A2).
12
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Holcomtbh Boulevard Water Supply Area

The Hadnot Point WTP supplied watcr 1o the Holcomb Boulevard arca until Junc, 1972, at which time the
Holcomb Boulcvard WTP had been constructed and began operating. Therelore. for individuals who
lived within the Holcomb Boulevard arca before 1972, the assessment of the health impact of cxposure 10
chemicals in the drinking walcer is the same as individuals who lived in the Hadnol Point arca or anyone
who had used Hadnot Point as their primary water source during that time. For more details, readers arc
referred 1o the discussion about water contamination and risks associated with the Hadnot Point Water
Supply Arca.

Intermittently, from 1972 (o 1985, the Holcomb Boulevard arca received contaminated Hadnot Point
drinking water. During such periods. only TCE was identified as a contaminant of concern because it
routinely exceeded its current MCL {(Maslia et al. 2013: Appendix AR). For example, during the month of
June 1978, when contaminated water from the Hadnot Point WTP supplemented Holcomb system waler.
the maximum reconstrucied TCE concentration cxcceded the drinking water standard at Midway Park (23
ppb). Berkeley Manor (51 ppb). and Watkins Village (38 ppb) housing arcas. During the month of April.
1981, the maximum reconsiructed TCE concentration exceeded the drinking waler standard at Berkeley
Manor (39 ppb) and Watkins Village (28 ppb). During an 8-day period from January 28 through February
4, 1985, use of Hadnot Point water resulted in a maximum reconstrucied-mean monthly TCE
concentration that exceeded the drinking water standard at Paradise Point (66 ppb). Midway Park (53
ppb). Berkeley Manor (534 ppb). and Watkins Village (56 ppb) housing arcas. There were a tew other
short time periods when the TCE drinking water standard was cxcecded 10 a lesser degrec than deseribed
above. The maximum TCE level actually measured in the Holcomb Boulevard water system was 1,148
ppb on January 31, 1985 at the Berkeley Manor Elementary School. Belote June 1972, the Holcomb
Boulevard arca received its drinking water exclusively from Hadnot Point water supply wells. Residents
who lived in the Holcomb Boulevard arca before June 1972 should refer 1o the Hadnot Point sections of
ihis document to determing any possible cxposures to them. A complete listing of all mean concentration
ol contaminants within the Holcomb Boulevard water supply area are provided in Maslia et al., 2013:
Appendix 8. A historical reconstruction ligure for Holcomb Boulevard, similar (o Figures 3 and 4, was
1ot developed due to the Tact that the contaminated Hadnot Point WTP water source was only used for a
velatively short period of time after June 1972, Prior 1o 1972, the assessment of exposure and risk for
Holcomb Boulevard Housing residents would be the same as that for Hadnot Point.

Exposure Pathways Analysis

A critical step in ATSDR’s evaluation process is assessment of exposure pathways. The goal of exposure
pathway assessment is to identily likely site-specific exposure situations and answer the following
questions (ATSDR 2005);

* Is there a source of contamination?

¢ s there a release into the environment?

*  Who is exposed Lo environmental contamination?

* How arc pcople cxposcd?
“Complcted™ cxposure pathways represent those where all five “clements” of exposure cxist (a population
who could be exposed, the existence of contaminated media. a contaminant source, and an exposure point
and route). Table 2 lays out these elements. In the case ol past situations, the pathway has been labeled
complete because contamination was detected in well water that we know people were using for drinking

and bathing purposes. ATSDR has designated future exposures as “polential” because groundwater
contamination plumes could possibly migrate 10 active wells.
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Table 4: Parameters Used for Exposure Assessment-Inhalation Pathway

Daily Inhalation Minute inhalation : b
b BT Rate? {m¥/day) Rater (miimin) | 1°° (min/day) Vb
Age (yrs) {days (yre) L {L ADAF
per yrj RME CTE RME CTE RME CTE min}
Child (age 0-1) 9.2 54 0.011 0.008 70 20 10
Child {age 1-2) 128 8.0 0.01¢ Q.12 70 15 10
Child {age 2-3) 3 350 28 137 8¢ 0.016 o2 70 20 3
Child {age 3-6) 138 101 0014 0011 85 20 10,000 8 3
Child {age 6-16) 19.25 136 0016 0012 70 20 3
Adult resident 224 16.0 0.016 0.2 g0 20 1
Civilian worker 13 250 78 224 16.0 0.018 0012 60 20 1
Maring-in-training 3 350 78 24 16.0 0.016 o2 120 20 44 000 68 1

“Values from USEPA Exposure Factors Handbook (USEPA 201 [d); Inhalation Rates- Tuble 6-1 (95™ percentile); Minute Inhalation Rates- Table 6-2 (Light
intensity: 95" percentile): Showering Time- Table 16-32 (95™ percentile tor combined shower and post-shower duration)

" Equation from Andelman. 1990 Cupane = (K (FI(THCOHCF /Yy

ADAF = age-dependent adjustment factor for chemnicals that act by a mutagenic mode of action (kidney cancer for TCE) (USEPA 2005)

CTE = central tendency exposure

ED = exposure duration (yry)

EF = exposure frequency (days per yr)

F. = water flow rate (L/min)

K = Andelman volatilization factor (L/m™)

k = volatilization cocfticient from water to air

LT = litetime (yrs)
RME = reasonable maximum cxposure

T. = total showering arca time, including time betore, during, and after showering (min/day)

V., = bathroom air volume (L)

Case 7:23-cv-00897-RJ
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Table 5a: Noncancer Toxicity Values for Ingestion

Point of . .
. Uncertainty | Toxicity Value
Chemical  Effect Beparture Source
(malkg-day) Factors (mglkg-day)
Ciminished immune 0.014 .
Benzene function (human) (BMDLu2555) 30 5.0E-04 ATSDR Chronic Oral MRL
Neurologic - loss of color 28 1000
PCE vision {human) __ (LOAEL) 6.0E-03 | USEPARMD
Neurologic - cognitive 9.7 1.000
effects (human) (LOAEL) ’
Cardiac abnormalities 0.0051 10
{HEDgg)
Altered immune system 0.37 USEPA RfD/ ATSOR
TCE development - in utero (LOAEL} 1000 50E-04 Chronic and Intermediate
{animal) Oral MRL
Decreased thymus weight 0.048 100
{adult animal) {HEDgg)
trans-1,2- Immune function {animal) 65
DCE (BMDL) 3,000 2.0E-02 USEPA RD
Liver cell polymaorphism 0.08 USEPA R ATSDR
ve (NOAEL) 30 SOB03 1 ohronic Oral MRL

MRL — minimal risk level

RtD — reference dose

RtC — reterence concentration

PCE — tetrachlorocthylene

me/ke/day — milligranmt per kilogram per day

mg/mt* — milligram per cubic meter
BMDL- benchmark dose lower bound

BMDLo 2550 - BMDL-based on 25% of the stahdard deviation below the
control mean

TCE - trichloroethylene
DCE - dichlorocthylene
VC - vinyl chloride

HEDgg- 99th percentile human equivalent dose
LOAEL- lowest ohserved adverse affect level
NOAEL- no observed adverse effact leval
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Calculation of Hazard Quotient/Hazard Index
To evaluate the levels of exposure 1o the specific groups for noncancer and cancer effects, ATSDR
compared the results of dose caleulations described in the previous scctions with the appropriate Loxicity
criteria. The noncancer evaluation for cach chemical is summarized as a Hazard Quotent (HQ). which is
caleulated for ¢ach route of exposure: ingestion, dermal, and inhalation:

Exposure Dose (ingestion)
MRL or RfD

HQ (ingestion) =

Exposure Dose (dermal)
MRL or RID

H@ (dermal)20 =

Expesure Concentration (Iinhalation)
MRL or RfC

HQ (inhalation)=

HQ (all pathways) = HQ (ingestion) + HQ (dermal) + HQ (inhalation)

To integrate the HQ values for all chemicals, the individual HQs are summed o represent a total Hazard
Index (HD.

Hazard Index = HQchemicaI 1+ HQchemica] 2+ HQchemica13

The cvaluation of the combined exposure to multiple chemicals followed the ATSDR Guidance Manual
for the Assessment of Joint Toxic Action of Chemical Mixtures {ATSDR 2004). The approach followed
the overall summation o Hazard Index. followed by an assessment of exposure for chemicals o
chemicals that affect the same target organ, followed by an integration of evidence for interaction based
on the mechanism of action of those chemicals.

The interpretation of the Hazard Index asscssment is that HI values less than or equal to 1 indicate no
hazard from the combined exposure. HI values greater than 1 do not mean that health effects will oceur.
only the need to evaluate exposure levels lurther to determine the potential for the combined effect of the
chemicals that could be affecting the organ sysiem in the body and by the same mechanism of action,
This step involves calculating an HI valuc for cach target organ that may be affected by the mixture of
chemicals. Note, toe, that the higher the HI value. the greater the potential for adverse health cffects.

Hazard Index Results

Figurcs 7 and 8 show the noncancer Hazard Index values, which themselves represent the combined
cvaluation for all the chemicals present in water systems for the different age groups at Hadnot Poinl and
Tarawa Terrace. For all age groups at both sites, the noncancer HI values were highest from 1970 1o
1985, Consistent with the timing of increased concentrations in drinking water shown in Figures 3 and 4,
the HI values peaked in 1984 then decreased with the 1985 resolution of drinking water system
contamination at MCB Camp Lejeune. For both the Hadnot Point and Tarawa Terrace systems, the
highest Hls were lor the youngest children. long-time workers. and the Marines who trained on the basc.

¥ Because of the absence of any dermal-specific MRLs or RtDs, ATSDR used the oral values to calculate HQs for
the dermal pathway. That said. however, oral toxicity values arc bascd on administered dose. whercas the dermal
exposure dose is based on absorbed dose. For organic compounds, the default assumption is that 100%: of the
chemical is absorbed from the gastrointestinal tract into the blood. In these cases. no adjustment is needed. But
for inorganic compounds with a lower gastrointestinal absorption, an adjustment of the MRL or RtD is necded.
All of the chemicals evaluated in this section are organic compounds, thus no adjustment was applied.
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TCE-Vinvl Chloride Interaction: Thc cstimated interaction between TCE and VC is based on
pharmacokinetic modeling. The toxicity of both TCE and VC is associated with the formation of reactive
mgetabolites, which arc more toxic than the parcnt compound. Because both chemicals are metabolized by
the same cytochrome P450 enzyme (CYP2EI), cach chemical has the potential 1o inhibit the metabolism
of the other and likely reduce their toxic effects on the liver. However. the threshold for this inhibitory
(less than additive) effect based on modeling of inhalation cxposure is 30 parts per million (ppm) in air.
Below this level of exposure. the inhibitory effect would be unexpecied {ATSDR 2004). The results of
this intcraction analysis arc preseated in Appendix D. Therefore, the additive approach used lor Cancer
Risk and Hazard Index is a health-protective evaluation of exposure and has been incorporated into this
asscssment.
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above statistical significance in infants born to women who lived in the TCE arca during their pregnancics
(Foraad ct al. 2012). Although the air sampling data are insufficicnt o verify the levels of exposurc o
corrclate those levels with these adverse health effects, the findings are generally consistent with those of
other cpidemiclogical and animal studics (Bove ct al. 19935, 2002: Goldberg ct al. 1990). The highest
monthly level of exposure to residents and Marines at Hadnot Peint exceeded the human equivalent doses
for water ingestion that resulted in the cardiac effects in animals (Figure 11). The estimated levels of TCE
in the indoor air generated through showering in Hadnot Point residences also exceeded the human
cquivalent concentration for these cffects in animals (Figure 11).

From 1970 (o 1983, pregnant women at MCB Camp Lejeune were exposed 10 TCE above the level of
exposurc associaled with an alweration in the immune systicm—a level that, based on an animal study,
could result in an increased risk for autoimmunc discase for the child (Peden-Adams 2006). Children and
adults (c.g., Marines, workers, residents) exposcd to TCE during this same period could have also been at
greater risk Tor the development of an increasc in the delayed hypersensitivity response {(Keil 2009). The
highest predicted risk for the immune effects was for children less than 1 year of age. Assessment of adult
cxposure from studics of occupational exposure to TCE through inhalation have found associations with
specific immune system abnormalities. including systemic autoimmune diseases and altered cytokine
levels (as reviewed in Cooper. 2009). However, the exposure levels in those studies were cither unknown
or al much higher concentrations than would be expected rom exposure to drinking waler at Camp
Lejeune.

An ATSDR cpidemiologic study of pregnant women living at MCB Camp Lejeune found suggested
associations of exposure 10 TCE and lower birth weights (Ruckart et al. 2014). Another ATSDR
cpidemiologic study identificd a suggested association between first trimester exposure to TCE and ncural
tube defeets at birth (Ruckart ef al. 2013).

The cancer risk estimated [or residents. workers, and Marines who used Hadnot Point’s waler sysitem
cxceeded the upper end ol USEPA’s cancer target risk range Tor risk management decisions (1 additional
cancer casc among 10.000 cxposed persons over a lifetime = 1 x 107 cancer risk). All of the exposurc
groups cxcecded this level, with the highest estimated risk for young children (Figure 9). The maximum
cancer risk was 4.5 x 10 [or a 3-ycar exposurc period, which corresponds to an cstimated 45 additional
cancer cascs among 10,000 exposed persons. Children less than 1 year of age had the highest estimated
cancet risk, accounting lor 50% of the risk [or the 0-3 year age group. This cancer risk is associated
mainly with VC exposure (Figure 13) and. 10 a lesser extent, TCE (Figure 11). These cancer risk
cstimales are bascd on dosc-response experiments in animals, which have shown that exposure to VC and
TCE arc associated with liver cancer, kidney cancer, and non-Hodgkin lymphoma. Human
cpidemiological studics ol populations exposed 1o TCE have also shown an association with liver cancer,
kidney cancer. and non-Hodgkin lymphoma (revicwed in USEPA 2011d). Although the MCB Camp
Lejeune VO exposure doses were below those where lumors were observed in animal studies (Figure 13).
it should be noted that the doses used in these animal studies are generally designed to be high enough o
induce tumors and are not considered o be threshold level of cancer elfects. Adulis. particularly Marines-
in-training also had an incrcased cancer risk, with the highest estimated risk of up to four additional
cancer cascs among 10,000 exposed individuals.

Tarawa Terrace Water Supply Area

The noncancer hazard and cancer risk levels for Tarawa Terrace residents are generally lower than those
for Hadnot Point. The peak rolling 3-year average level of TCE (4 ppb) in the Tarawa Terrace waler
supply (Figure 6) was only slightly above ATSDR non-cancer comparison value guidelines for children
and did not exceed the current drinking water standard. Still. the estimated levels of ingestion and
inhalation exposure for pregnant women living in the Tarawa Terrace arca who had frequent and
prolonged TCE exposure 1o water from the Hadnot Point WTP during 1956-1985 during training. were at
lcvels that could have been a health concern for fetal developmental effects and adverse immune system
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Conclusions

For those exposed to VOC-contaminated drinking water at MCB Camp Lejeune, ATSDR concludes the
following. These conclusions are based on exposure 10 the historical recons(ruction concentrations.

The lead evaluation conclusion can be found after the lead discussion.

Conclusion 1-
Hadnot Point
Waler System

Residents, wotkers, Marine and naval personnel. and Marines-in-lraining at
MCB Camp Lejeunc were in the past exposed to contaminants in drinking
walcr supplicd by the Hadnot Point WTP. This WTP supplicd waler 10 the
Hadnot Point arca and was the sole source of water to the Holcomb
Boulevard atrca prior to 1972, Using the cstimates described in our repott,
this contaminant cxposurce was at levels that could have harmed their health.
The estimated levels to which all the above-mentioned groups of people
were exposed could have resulted in an inereased cancer risk and
increased potential of experiencing adverse, noncancer health effects.

TCE and vinyl chloride were the chemicals that contributed most 1o the
increased cancet risk. The magnitude of the cancer risk estimated in this
public health assessment depends on the period during which people were on
the base and their ages whilce there. Using a 3-ycar cxposurc duration, the
estimated upper-bound cancer risk exceeds the USEPA's Superfund target
cancer-risk range {1 excess case for cvery 10,000 cxposcd persons 1o |
excess case for every 1,000,000 exposed) during the years 19641985
(Figure 9). Specifically,

®  Children living on-base from the carly-1970s to the mid-1980s had an
estimated, upper-bound cancer risk up 1o about 45 excess cases of cancer
for every 10,000 exposed persons.

*  Workers from the mid-1960s to the carly-1980s had an estimaied, upper-
bound cancer risk of about three cxeess cases of cancer for cvery 10,000
exposcd persons.

*  Marines-in-training [rom the carly-1970s 1o the carly-1980s had an
estimated, upper-bound cancer risk of aboul four excess cases ol cancer for
every 10.000 cxposcd persons.

¢ Other adults living on-base from the late-1970s 1o the carly-1980s had an
cstimated. upper-bound cancer risk of aboul one excess case of cancer for
cvery 10,000 exposed individuals.

The potential noncancer health effects were mainly associated with exposure
o TCE. All exposure groups evaluated had exposures in the range of those
that causcd health cffects in animal studics, increasing the risk of
experiencing adverse noncancer health effects. Specilically.

®  Pregnant women using Hadnot Poial drinking water from 1972 10 1985
could have been exposed to TCE levels that could have resulted in effects
1o a developing fetus. Women in the ficst trimester of pregnancy arc onc of
the most sensitive populations for exposure to TCE. primarily because of
concerns associated with heart problems and immune system disorders that
could occur from exposure during that critical peried of development.

*  Children and all adults cxposed to TCE during the ycars 1972-1985 were at
an increased risk for immune system disorders.
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Conclusion 2-
Tarawa Terrace
Walter Sysiem

Conclusion
Basis

Past exposure 1o contaminants of concern in drinking water supplied by the
Tarawa Terrace WTP might have harmed the health of young children. The
estimated levels to which young children were exposed could have resulted
in an increased cancer risk. The drinking waler was contaminated with vinyl
chloride, TCE, and PCE. Marincs living in the Tarawa Terrace arca who were
exposed to water {rom the Hadnot Point WTP during training may have had a
higher risk of health-related problems.

Vinyl chlaride contributed most to any increased cancer risk for those using
the Tarawa Terrace water supply. The estimated magnitude of that risk as
measured in this public health assessment depended on the time persons were
on the base and their ages while there. During 1956—1984, for those who used
Tarawa Terrace water system drinking water, the cancer risk for children
below age 6 did exceed the USEPA Superfund target risk range (Figure 10).
Specifically,

s Children who lived on-base during 1956—1984 had an estimated, upper-
bound cancer risk of up to about seven excess cascs of cancer for cvery
10,000 exposcd persons.

+ Foradults, workers, and Marines-in-training who were only exposed to
water from Tarawa Terrace, the estimated, upper-bound cancer risk was
within the USEPA Superfund target risk range. However, Marines who
were cxposed 10 water from the Hadnot Point system during training may
have had cancer risks similar to Marines who lived in Hadnot Point
housing, which is described in Conclusion 1.

Regarding potential noncancer health effects associated with TCE exposure,

+ Children born to women who were pregnant when they lived at Tarawa
Terrace and cxposed 1o waler from Hadnot Point system during training
during the years 1956—1984 may have noncancer health risks (¢.g., heart
problems) similar to those described in Conclusion 1.

Vinyl chloride exposure has been associated with an increased liver cancer risk.
The mortalily study of military personnel stationed at MCB Camp Lejeune found
increased risk for several cancers, including liver cancer. The highest estimated
cancer risk of up o seven excess cancer cases per 10,000 persons was around 1982
among children 0-3 years of age cxposed to drinking water contaminants. The
estimated cancer risk to young children was higher than {or adults during that time.
The cancer risk for Tarawa Terrace was almost completely associated with vinyl
chloride exposure.

Regarding potential noneancer health effeets, at Tarawa Terrace the maximum PCE
and TCE cstimated ingestion exposurce doses and inhalation concentrations were
only slightly above the ATSDR and USEPA health guidelines (Figures 4 and 6).
Pregnant women living in the Tarawa Terrace arca who had contact with Hadnot
Point WTP drinking water during training could have had a higher risk of a child
born with heart problems and immune system disorders. An ATSDR epidemiologic
study found a suggested association between PCE exposure at the highest
concentrations in the waier supply and preterm birth (Ruckart ct al. 2014).

The maximum estimated ingestion exposure doses and inhalation concentrations of
trans-1,2-dichloroethylenc {trans-1,2-DCE) and vinyl chloride at Tarawa Terrace
were below the ATSDR and USEPA health guidelines. [t is unlikely that exposure
to even the highest trans-1,2-DCE and vinyl chloride concentrations in the drinking

46

Case 7:23-cv-00897-RJ  Document 472-4  Filed 08/24/25 Page 69 of 203

CLJA_HEALTHEFFECTS-0000000078



Case 7:23-cv-00897-RJ  Document 472-4  Filed 08/24/25 Page 70 of 203



Case 7:23-cv-00897-RJ  Document 472-4  Filed 08/24/25 Page 71 of 203



Case 7:23-cv-00897-RJ  Document 472-4  Filed 08/24/25 Page 72 of 203



Confidential — Contains Information Subject to Protective Order: Do Not Disclase to Unauthorized Persons

ATSDR Public Health Assessment - Final Version
Marine Corps Base Camp Lejeune, NC Drinking Water

Lead in the Body
As reported in ATSDR's Toxicological Profile for Lead (ATSDR 2007d):

Lcad has no known physiological value. If it gets into the body. lead can affcct various organ
systems and accumulate in the bones. Lead not stored in bones leaves the body as waste. About
994 ol the amount of lead taken into an adult’s body is excreted as waste within a couple of
weceks: about 30% of the lead taken into the child’s body leaves as waste during a similar period.
Most of the remaining lcad—cspecially in children’s bodics—moves into bones and tecth.
Although lead can stay in bones for decades. under certain circumstances some lead can leave
bones and reenter the blood and organs. Some examples include during pregnancy. after a bone is
broken, and during advancing age.

Nutricnts such as calcium and iron, as they occur in meals or with intermittent cating, influence lead
uptake. cspecially from the gastrointestinal tract {CDC 1991; Mahalley 1981: Mahaffcy and Michaclson
1980: Rabinowitz c1 al. 1980). Lead uptake generally increases as dictary levels of these nutrients
decrease. Figure 14, Appendix 1. provides ways people can reduce lead uptake, such as eating healthy
foods.

Blood Lead Levels and Health Effects

Although lead can alfect almost every organ and system in the body, the nervous system is the main
target for lead oxicity. In general. the lead level ina person’s blood gives a good indication of recent
cxposure to lcad and correlates well with harmful health effects (ATSDR 2007¢. 2007d).

In May 2012. the Centers for Discase Control and Prevention (CDC) updated its recommendations on
children’s blood lead levels. By shifling the Tocus to primary prevention of lcad exposure. CDC wants 1o
reduce or climinate dangerous lead sources in children’s environments before children are exposed.

*  Biood Lead Reference Level now 5 ug/dL — Unul 2012, children were identified by CDC as
having a blood lead level of concern if the test result was 10 or more micrograms per deciliter
{(ng/dL) of lead in blood. Experts now usc a reference value ol 5 ug/dL™ based on the U.S.
population of children 1 to 5 years of age in the National Health and Nutrition Examination
Survey (NHANES) (ACCLPP 2012: CDC 2012b). The current (2011-2012) geometric mean
BLL for that age group is 0.97 pg/dL (CDC 2015a).

*  Blood Lead Levels Reguiring Medical Treatment — The recommendation for when to use medical
treatment for children has not changed. Experts recommend chelation therapy when a child’s test
results are equal 1o and greater than 45 pug/dL (CDC 2014a). Note that chelation should be used
with caution. Primary carc providers should consull with an expert in the management of lead
chemotherapy before using chelation agents. If unaware of a center with such expertise, primary
carc providers should contact their local or state lead poisoning prevention program, local poison
control center, or CDC (CDC 2002).

*  Health Effects in Children with Measurable Blood Lead Levels lesy than 5 ug/dL and lesy than 1)
pg/dL — No clear threshold exists for some of the more sensitive health effects associated with
lcad cxposurcs. In childeen, the National Toxicology Program reports conclusions on health cffect

** In 2012, the upper value of the reference range (established as the 97.5 percentile) was 5 pg/dL.
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Table 7: 2005-2013 Tap Water Sampling Data for Locations with a Lead Level in Drinking
Water Exceeding 15 ppb (page 1 of 2}

Service Sample Lead Level in ppb
Area* Location {date) :
{use)" 1t Sample | 2" Sample | ¥4 Sample | 4% Sample | 5t Sample 6t Sample 7" Sample
2 house) (8/11/2005) | (7/2/2008) | (6/25/2007) | (6/7/2010) | (7110/2013)
PP 3?:] . ND 82 5 ND ND
(assa”r:‘;ise? | 8/11/2008) | (7/212008) | (6/8/2007) | (6/7/2010) | (7/10/2013)
PP 3204 ; 13 65 ND ND
(”“h";f:;'e (7/2/2008) | (6/25/2007) | (6/10/2010) | (7/912013)
Holcomb PP 3203 38 7 4 ND ND
Boulevard fassa“;‘;idsé? be | a11/2008) | (7i202008) | (6/25/2007) | (6116/2010) | (7/9/2013)
PP 3i1t1 X 32 ND ND ND
(assumedtobe | 700000 | (71132007) | (B7/2010) | (711012013)
a house)
PP 3?1312 . 18 13 ND 14 ND ND
(assaumse? © | (8/3/2005) | (6/29/2006) | (6/25/2007) | (6/10/2010) | (10/26/2010) | (7/9/2013)
PP 3?‘5 . ND 16 ND ND ND
(assa“g;‘ise‘; | (81112005) | (6/26/2006) | (6/26/2007) | (6/10/2010) | (7/11/2013)
Rifle (7'1]]2 RR49 28 5 10
Ranage rifle range
g bulding) (8/3/2006) | (6/11/2007) | (6/2/2010)
(triﬁs?r?iﬁer 1,440 6 7 3 ND
bulding) (6/28/2007) | (2/11/2008) | (7/22/2008) | (3/10/2009) |  (6/4/2010)
G 521
{small building 29 7 9 3 ND
at Camp (6/14/2007) | (2112/2008) | (8/20/2008) | (3/25/2009) | (6/11/2010)
Geiger)
G 560
{recreation 165 46 10 23 11 10
center at Camp | (2/14/2008) | (8/21/2008) | (3/25/2009) | (6/8/2010) | (10/28/2010) | (8/28/2013)
Geiger)
MCAS o | omiiatave | N0 | WD WD 5 23 g
New River M (6/27/2007) | (2128/2008) | (7/22/2008) | (3/4/2009) | (B/28/2013) | (8/2312013)
building)
AS 4025 ND 71 ND ND ND 17 11
(barracks) | (6/21/2007) | (2/20/2008) | (7/22/2008) | (3(11/2009) | (6/3/2010) | (8/28/2013)  (9/23/2013)
d(??’ztot. 27 11 T 13 13
(a l';':;ﬂ‘éfnr; Ve 1 (211212008) | (8/20/2008) | (3/25/2009) | (6/11/2010) | (8/28/2013)
AS 4020 ND 18 7 ND ND
(barracks) | (6/21/2007) | (2/20/2008) | (7/22/2008) | (3r11/2009) | (6/3/2010)
(adm?n?sstSative 16 ; 6 5
buldinc) (2/21/2008) | (8120/2008) | (3/25/2009) | (6/11/2010)
54

Case 7:23-cv-00897-RJ  Document 472-4  Filed 08/24/25 Page 77 of 203

CLJA_HEALTHEFFECTS-0000000086



Case 7:23-cv-00897-RJ  Document 472-4  Filed 08/24/25 Page 78 of 203



Confidential — Contains Information Subject to Protective Order: Do Not Disclase to Unauthorized Persons

ATSDR Public Health Assessment - Final Version
Marine Corps Base Camp Lejeune, NC Drinking Water

Health Effect Evaluation for Lead

Neither ATSDR nor USEPA has developed a MRL or R{D Tor lead. Therefore. ATSDR cannol follow the
usual method of estimating human exposure to an environmental contaminant then comparing that dose to
a health-based comparison value (such as an MRL of RID). Instead. ATSDR had 10 ¢valuate lead using a
biological model that estimates blood lcad concentrations that could result from human exposure to
environmental lead contamination. Specilically. for this public health assessment. ATSDR evaluated
cxposurc o lcad by using USEPA’s Integrated Exposure Uptake Biokinctic (IEUBK) modcl for lead in
children.

Whereas the other chemicals in this assessment were evaluated separately by cach exposure pathway,
ATSDR notes the [EUBK model calculates combined exposurcs from lead in air, water, soil, dust, dict,
and other sources. The model then predicts the risk for clevated blood lead levels in children 6 months 10
7 years of age. Rescarchers can also use the model 1o predict risk for specific age groups up to age 7. To
predict blood lead concentrations for children 7 years of age and older, no generally accepted model is
currenily available, The IEUBK model integrates exposure with pharmacokinetic modeling to predict
blood lead concentrations. The four main components of the current IEUBK model are (USEPA 1994):

1. Anexposure model that relates environmental lead concentrations to age-dependent intake of Icad
into the gastrointestinal tract,

2. Anabsorption modcel that relates lead intake into the gastrointestinal tract and Icad uptake into the
bleod.

3. A biokinetic modc] that rclates 1cad uptake in the blood to the concentrations of lead in several
organ and tissue compartments, and

4. A maodcl lor uncertainty in cxposurc and for population variability in absorption and biokinctics.
The IEUBK maodel results can be viewed as a tool for estimating changes in blood lead concentrations as
environmental lead exposures are modilied (USEPA 1994). The [IEUBK model provides choices a user
may make in cstimating a child’s blood lcad concentration. These choices are relerred o as “uscr-
specified™ parameters or deeisions. But the reliability of the results obtained using the model is very
dependent on the proper sclection of site-specific cocefTicients and default values. USEPA notes that the
[EUBK predicts a BLL value of 1.15 pg/dL even when all input values are set to zcro; this is because in
batch mode the contribution from other dictary sources is always present (USEPA 2013).

ATSDR ran the [IEUBK model (IEUBKwin Model 1.1 Build 11) using default parameters Tor all inputs
cxcept the: 1) drinking water lead levels, which were set to site-specific levels: 2) soil level. which was
sct to 100 parts per million (ppm);*? and 3) BLL reference level for risk estimation™, which was set 10 5
ug/dL. Note the lirst drinking water level was set to 0 ppb. The next drinking water levels was set (0 3
ppb. Aboutl 66% of the sile-specific samples showed lead was not detected in drinking water at the
detection limit of 3 ppb. The next level was set 1o 15 ppb. which is the USEPA lcad action level for
drinking water. The remaining drinking water levels used in the IEUBK model correspond Lo the site-
specific lead levels detected at MCB Camp Lejeunc above the 15 ppb action level. In Table 8, ATSDR
provides the IEUBK estimated probability of exceeding a BLL of 5 ug/dL and the gecometric mean BLLs
for these drinking water lead levels.

¥ ATSDR set the value of lead in soil to 100 ppm. which is greater than the [ead levels found at Camip Lejeunc in a
wide range of soil types trom both developed and undeveloped locations (CH2M HILL 201 1. Overall, the report
tound that background soil levels at the base ranged from 0.45-54.6 ppin (CH2M HILL 2011). ATSDR notes also
that USEPA recommends < 100 ppm lead in seil tor gardens (USEPA 2014).

3 ATSDR notes the default BLL level for risk estimation the model uses is 10 pg/dL.
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treatment [acilities in the Camp Lejeune arca (Camp Lejeune and Cherry Point) for Department of the
Navy beneficiary children (NMCPHC 201 5). Records were obtained from the Health Level 7 chemistry
databasc through the Composite Health Care System. Records with a test collection date from March 30,
2004 through Octaber 1, 2015 were evaluated by age group (<1 year, =1 to <6 years, 26 to <18 years),
and BLL (NMCPHC 2015).

For its cvaluation, NMCPHC uscd the BLL reference value of 10 pg/dL for the years 2004 through 2013
10 determine ¢levated BLLs. For years 2014 through 2015, the current BLL reference value of 5 ng/dL
was used 10 determine elevated BLLs (NMCPHC 2015).

The results of the evaluation found (NMCPHC 201 5);

¢ March 30, 2004 through December 31, 2013. Records were analyzed for 3.484 children tested
in the Camp Lejeune arca, with two children showing BLLs above 10 pg/dL. Onc of the clevated
results was [rom a child within the =1 to <6 years old age range with a BLL of 220 pg/dL in
2004, The other clevated result was from a child within the =6 to <18 years old age range with a
BLL in the 10-19 pg/dL range in 2005. The report noies that before 2014, most BLL test results
that did not exceed the reference value were reported as <10ug/dL. Therefore, it is unknown how
many children could have had clevated lead levels by the current standard (5 pg/dL).

+« January 1, 2014 through October 1, 2015. Records were analyzed for 870 children tested in the
Camp Lejeunc arca, with three children showing BLLs above 5 pg/dL. One child in 2014 and two
children in 2015 showed clevated results. The three children were in the =1 1o <6 years old age
range with BLLs in the 5-9 pg/dL range.

Limitatioms in the evaluation were noted such as (NMCPHC 20135):

*  Although the Pediatric Lead Poisoning Prevention Program states that all Military Treatment
Facilitics must operate a formal pediatric lead screening program, universal BLL screening is not
required. Lead poisoning surveillance is focused on children aged 6 months 1o 6 years because of
their increascd susceptibility 10 high BLLs. Therefore. the number of children with high BLLs
may not be a true representation of the BLLs in the Camp Lejeune population because lead
testing is based on the discretion of healthcare practitioners.

¢ The data reviewed lor the evaluation do not include records from all sources. like purchased care
providers.

s Bascd on the way the tests are classified in the database. some results may not have been captured
in the search terms used to query the data. Some test results were possibly misclassified. though
validation stcps were included 10 reduce crror.

Although the evaluation has limitations, only a few elevated BLLSY in children (i.c.. 5 of 4.354 children
tested) were found between March 2004 and October 2015. These data may not necessatily be
representative of all children in the site area because: 1) the BLL program endeavors to test children with
the highest risk for clevated blood lcad levels and not all children. and 2) some children may receive care
outside of the Military Treatment Facilities system, like purchased care providers.

3 Elevared BLL is based on the reference level in place at the time of testing.
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¢ The IEUBK modcl depends on reliable estimates of site-specific information for several key
parametiers which include

o Lead concentration in outdoor soil {[ine fractiom) and indoor dust,
o Soil/dust ingestion rate,

o Individual variability in child blood lead concentrations alTecting the geometric standard
deviation and,

o Rate and extent of lead absorption (i.c.. bioavailability).

e If reliable site-specific inputs arc not available. the model will usc conservatively bascd default
parameters. For its drinking water evaluation, ATSDR used default parameters lor all inputs
excepl: 1) the drinking water level was set to various lead levels Tor cach model run, 2) the soil
level was set to 100 parts per million (ppm). and 3) the BLL rclerence level for risk estimation
was set o5 pg/dL.

¢ Another limitation of the IEUBK maodel is that the model was designed 1o evaluate relatively
stable exposure situations rather than rapidly varying exposures or exposures occurring for less
than a year. Because MCB Camp Lejeune’s buildings contain copper pipes and lead based solder,
the amount of lead found in drinking water likely varies—it depends on how long the water sat in
the pipes, whether cold water was used. and whether the cold water was run for 1-2 minutes
before usc.

¢ The [EUBK model was also not developed 1o assess lead risks Tor age groups older than 7 years.

Overall, ATSDR’s evaluation contains recognized uncertainties. Nevertheless, this public health
assessment provides a framework that puts site-specific exposures and the potential for harm into
perspective (ATSDR 2005).
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Next Steps

Public Comment

inte base tap water. Therefore. ATSDR considers (hat peaple’s {(especially
children’s) daily exposure to drinking water with clevated Icad
coneentrations could have in the past and could currently harm their
health. Other indoor and outdoor lead sources (c.g.. lead-based paint)
might also contribute (o elevated BLLs.

In October 2015, the Navy and Marine Corps Public Health Center
(NMCPHC) revicwed BLL tests ordered at Military Treatment Facilities in
the Camp Lejcune arca (Camp Lejeune and Cherry Point} for Department
of the Navy bencfliciary children (NMCPHC 20135). Although the
evaluation has limitations, from March 30. 2004 through October 1, 2015,
only a lew elevaled BLLs™ in children (i.e.. 5 of 4.354 children (ested)
were found. These data may not necessarily be representative of all
children in the site arca because: 1) the BLL program endeavors 10 test
children with the highest risk lor clevated blood lead levels and not all
children, and 2) some children may receive care outside of the Military
Treatment Facilitics system, like purchascd care providers.

Aflter its review of available information. ATSDR recommends basc-wide

s People take measures to reduce exposures to lead in drinking water by
using cold water Tor consumption and running the coid water 1-2
minutes before using it for drinking water purposes (CDC 2013d).

s Pcople take steps 1o reduce lead uptake (sec Figure 14, Appendix D.

¢ Pcople take measures to reduce exposure 1o lead tom other possible
sources {sce Table 12 and Figure 15. Appendix I).

s Parcnts follow the Amcerican Academy of Pediatric Guidelines and
have their children tested for blood lcad at 1 and 2 years of age (AAP
2012).

¢ MCB Camp Lejeunc follow its 2013 Environmental Standard
Operating Procedure (MCB Camp Lejeune 2013), USEPA’'s 3T
guidance (USEPA 2013b). and USEPA’s Lead and Copper Rule
{(USEPA 2012¢c.).

From May 3. 2016. through July 5. 2016. ATSDR released this public health assessmient for public
review and comment. Appendix L provides the public comments as well as ATSDR'’s responses.

MCB Camp Lejeune Public Health Action Plan

A Public Health Action Plan (PHAP) cnsurcs that this health assessment not only identilics public health
hazards, but also provides a plan of action designed to mitigate and prevent adverse human health effects
resuliing [rom cxposure 10 hazardous substances in the cnvironment. The PHAP includes undertaken,
planned, and recommended public health actions.

% Elevated BLL is bused on the reference level in place at the time of testing. NMCPHC used a BLL reference value
of 10 png/dL tor the vears 2004 through 2013 and tound two children with elevated BLLs. NXMCPHC used the
current BLL reference value of 5 pg/dL for the years 2014 through 2015 and found 3 children with elevated BLLs

(NMCPHC 2015).
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Appendix A, ATSDR’s Screening Analysis

ATSDR gathers information for the exposure evalvation (o gain an understanding of the site and
community health concerns. the nature and extent ol contamination. and exposure pathways. and begins
performing the other scientific component of the public health assessment process—ihe health effects
evaluation. The health effects evaluation consists of two picces: a screening analysis and. at some sites.
bascd on the results of the screening analysis and community health concerns, a more in-depth analysis to
determing possible public health implications of site-specilic exposures.

Screening Process

In evaluating thesc data. ATSDR used comparison values (CVs) 1o determine which chemicals to
cxamine more closcly. CVs arc health-based contaminant concentrations found in a specific media (air,
soil, or water) and are used 1o screen contaminants for further evaluation. CVs incorporate assumptions of
daily exposure 1o the chemical and a standard amount of air. water, and soil that someone might inhale or
ingest cach day.

As health-based (thresholds, CVs are set at a concentration below which no known or anticipated adverse
human heaith effects are expected 1o occur. Different CVs are developed Tor cancer and noncancer health
eflects. Noncancer levels are based on valid toxicological studies for a chemical. with appropriate
uncertainty factors included, and the assumption that small children (22 pounds) and adults arc cxposed
every day. Cancer levels are based on an adult exposed to contaminated soil or drinking contaminated
walcr cvery day for 78 years. For chemicals for which both cancer and noncancer levels exist, we usc the
lower level 1o be protective. Exceeding a CV does not mean that health effects will oceur, just that more
cvaluation is nceded.

CVs used in preparing this document are listed below:

o Environmental Media Evaluation Guides (EMEGs) are estimated contaminant concentrations in a
media where noncarcinogenic health cffects are unlikely. EMEGs arc derived from the Agency
for Toxic Substances and Disecase Registry (ATSDR) minimal risk level {(MRL}.

o Cuncer Risk Evaluation Guides (CREGS) arc estimated contaminant concentrations that would be
expected 1o cause no more than one additional excess canger in one million persons exposed over
a lifetime. CREGs are calculated from U.S. Environmental Protection Agency {(USEPA) cancer
slope lactors (CSFs).

*  Reference Media Evaluation Guides (RMEGs) are cstimaled contaminaint concentrations in a
media where noncarcinogenic health effects are unlikely. RMEGs are derived from USEPA’S
reference dose (RfD).

o Muxinunm Contaminant Levels (MCLs) arc enforceable standards sct by USEPA for the highest
level of a contaminant allowed in drinking water. MCLS are set as close to MCL goals (MCLGs.
the level ol a contaminant in drinking water below which there is no known or expected risk 1o
health) as feasible using the best available might be based on different durations of exposure.
Acute duration is deflined as exposure lasting 14 davs or less. Intermediate duration exposure lasts
between 15 and 364 days, and chronic exposures last 1 ycar or more. Comparison valucs based on
chronic exposure studics arc used whenever available. If an intermediate or acule comparison
valuc is used, it may be denoted with a small i or ¢ before the CV (e.g., iEMEG refers 1o the
intermediate duration EMEG).

Determination of Exposure Pathways

ATSDR identifics human exposure pathways by cxamining environmental and human components that
might lead to contact with contaminanis of concern. A pathway analysis considers five principal
elements: & source of contamination, transport through an environmental medium. a point of exposure, a
route of human exposure. and a receplor population. Completed exposure pathways are those lor which
the five clements are evident, and indicate that exposure 10 a contaminant has occurred in the past, is now
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. Noncancer Dose : Cancer Dose
Chemical Inhalat : Inhafati
Chemical Concentration Ingestion Dose Dermal Dose ¢ nha atiog . Ingestion Dose Dermal Dose c nha at '°tr.1
(pph} {mafkg-day) {maikg-day) ONCemraton (mg/kg-day) {makg-day) encentration
{mg/im?) (mgim?)
Benzene 8 31E-04 4 1E-05 52E-03 1.2E-05 16E-06 1.9E-04
trans-1,2-Dichloroethylens 272 1.0E-02 1.1E-03 1.7E-01 3.9E-04 4 3B-03 6.2E-03
Tetrachloroethylene 25 9.3E-04 4 8E-04 1.5E-02 3.GE-05 19E-05 57E-04
Trichloroethylene 219 2.9E-02 4 2E-03 4.8E-01 TAE-04 1.1E-04 1.2E-02
Vinyl Chloride 41 1.5E-03 1.1E-04 2.9E-02 5.8E-05 4 5E-06 9.3E-04
Civilian Adult Worker; 15-year exposure duration
. Noncancer Dose Cancer Dose
Chemical Inhalati : Inhaafi
Chemigal Concentration Ingestion Dose Dermal Dose ¢ nhaa mt? ! Ingestion Dose Dermal Dose e nha at o
{ppb} (mglkg-day} (mgfkg-day) oncentration (mg/kg-day) (mglkg-day) oncentration
{mgim®) (mg/m?}
Benzene 8 2.2E-04 2.8E-05 3.6E-03 4.3E-05 5.6E-06 6.8E-04
trans-1,2-Dichloroethylene 272 72E03 78E-04 1.26-01 14E-03 15E-04 2 2E-02
Tetrachloroethylene 25 6.6E-04 3.5E-04 11E-02 1.3E-04 8. 7E-03 2.0E-03
Trichloroethylene 519 2 1E-02 3.0E-D3 3.3E-01 2 6E-03 38E-04 4 2E-02
Vinyl Chioride 41 1.1E-03 7.5E-05 1.7E-02 2.4E-04 14E-05 3.3E-03
Marine-in-Training; 3-year exposure duration
. Nencancer Dose Cancer Dose
Chemical Inhalation inhalati
Chemical Concentration Ingestion Dose Dermat Dose halation | Ingestion Dose | Dermal Dose nharation
(ppb) (mglkg-day) (mg/kg-day) Concentration (ma/kg-day) (mglkg-day) Concentration
{mg/m?) (mg/m?)
Benzene § 4 4E-04 8.2E-05 22E-02 1.7E-05 32E06 8 1E-04
trans-1,2-Dichloroethylene 272 1.4E-02 2.2E-03 71E-01 54E-04 85E-05 2.6E-02
Tetrachloroethylene 25 1.3E-03 9. 7E-04 6.59E-02 5.0E-056 37E-03 2.4E-03
Trichloroethylene 219 4 1E-02 84E-03 2.0E+00 1.0E-03 2AE-04 5.0E-02
Vinyl Chloride 41 21E-03 21E-04 1.1E-01 8.2E-05 6.4E-06 3.9E-03
82
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Chronic Daily Intake- Cancer Dose

It 0.001m L days
Coter (Tg) % ( Hg F) xR (ﬁ) ~ EF (yezr)

365days
AT ( year X LT(yrs)) x BW(kg)

Ingestion

CDIing(mg/kg — day) =

Dermal

ug ) 2
- = X
DAcvem (cm"- — event SA(em’)

365days

CD[(Icrm(mg/kg - day) =
Hg
ATl.csw( vear b LT(yrs)) X (0.00Img) x BW(kg)

where:

o L 6 x (hrs)xET(hrs)

QUrs u CIm 1 ent

T( ) < t'(hr), then DA, o (7g) = 2 xFAXK, (h—) % Conter (%) x ( ) x T \event event
r

event cm? — event 1000cm?

ar,

hrs .

hrs ug cm ng L ET (e\rent) hrs 1 + 3B + 3B*
ET( )>t‘ hr),then DA, . | —————— ) =FAXK [ —} % Coer | — ><( ,)>< + 2 X Ty ( )x -
event (hr) event (cmz - event) r ( hr) ater ( L ) 1000cm® 1+3B e L event (1 + B)?

Inhalation
0.001 d
Conter (“Tg) x (ng) I Fus X TsX CF X INRminx BT x EF (%rs) xED(yrs)

T (365 days
year

CD]inh (mg/m:‘l):

xLT(yrs)) X Vi x InRay
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Chronic Daily Intake- Cancer Dose-Vinyl Chloride

Ingestion
L L
IRl IR[=——
hgy  (0-001mg (kg) (day)
CD]i"g(mg/kg —day) = Cyater (_) x (7) %
L : BW(K
He AT (—365},‘3}33’5 X LT(yrs)) (kg)
Dermal
ug levent days 5
mg /DA“"“"‘ (cm2 - event) % EV( day ) x ED(yrs) x EF (year) x SA(em)
CD]dc]'m 1__ day | =
g

365days ng
AT (7year x LT(yrs)) b (0.0(]1mg) x BW(kg)

hrs hrs
hrs u cm L L 6 X Toyunt (—) x ET(
ET( ) = t’ (}’11‘), then DAcvcnt (7‘%) =2 xFAX K]) (_) x Cw;ltcr (%) X ( ) X J T \event event

avent cm? — event hr 1000cm?

hrs .
hrs ug cm g L (event hrs 1+ 3B + 3B°
ET( )>t‘ hr),then DA, | ——} = FAX K [ — ) xC, _er | — ><( ,)x +2xT1,, ( )x -

event (hr) event (cmz - event) P (hr) Rt ( L ) 1000cm? 1+B Ve event (1 + B)?

Inhalation
Coeator (M—Lg) X ((][)Dlﬂ) Xk X Fuw X TsxX CF X InRminx BT EF (da{s) XED(yrs)
CDL, ,, (mg/m*)= H8 V< InR X | 1+ Y
a X INkday .
: AT (7365 days LT(yrs))
year
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Appendix D. Derivation of ATSDR and USEPA Toxicological Guidelines
TCE toxicity

Noncancer-Review ol available human and animal studics shows that exposure to TCE has been
associaled with oxicity Lo the central nervous system, kidney. liver. immune system. male reproductive
system. and developing fetus. The ATSDR MRL and the USEPA Referenece Dosc (RITY) cstimate the
daily chronic exposure ol human populations to a chemical unlikely to cause noncancerous health effects.
The RID is based on the determination of the lowest dosc associated with the most sensitive physioclogical
endpoint. For TCE, the RfD is based on three studics that found developmental effects on fetal cardiac
abnormalitics and adverse cffects on the immune system function in young and adult animals:

+ (Cardiac effects during fetal development-Johnson ct al. (2003) observed increased heart delect
ralcs in newborn rats born o mothers exposcd o TCE in drinking water during pregnancy. A
Physiologically Bascd Pharmacokinetic (PBPK) model that compares TCE metabolism of rats
and humans was uscd to derive a 99" percentile human cquivalent dose (HEDyy) of 0.0051
mg/kg/day. PBPK modeling is a mathematical modeling techmnique that helps predict the
movement of chemicals through the body. Thus at an ingested TCE dose of 0.0051 mg/kg/day. a
1% response raie is theoretically expected for felal heart malformations in humans. An
uncertainty factor of 10 (3.16x [or interspecies extrapolation: 3.16x for human variability) was
applicd 10 the HEDyy, resulting in a candidate RID of 0.00051 mg/kg/day.

¢ Immune effects in animals—A study in female adult mice showed immune system cftects
{decreased thymus weight) after exposure to TCE in a 30-week drinking water study (Keil ¢t al.
2009). USEPA converted (he study findings (0 obtain a HEDy, of 0,048 mg/kg/day. An
uncertainty factor of 100 (10x for usc of LOAEL: 3.16x for interspecics extrapolation: 3.106x lor
human variability) was applicd 10 the HEDs,. resulting in a candidate RID of 0.00048 mg/kg/day

¢ Immune effects during fetal development and young animals-A study in mice exposcd Lo
TCE in drinking water during lctal development and during lactation periods showed problems
with immune system development {Peden-Adams et al. 2006). USEPA used the lowest study
cffeet level of 0.37 mg/kg/day as a point of departure. An uncertainty factor of 1.000 (10x lor use
of LOAEL: 10x for interspecics cxtrapolation: 10x [or human variability) was applicd to this
value, resulting in a candidate RfD of 0.00037 mg/kg/day.
This RID is supported by the toxic effects of TCE on the kidney. including toxic nephropathy (NTP 1988)
and increased kidney weight (Woolhiser et al. 2006). Integrating the appropriate dosc from cach of these
studies and the application of specific uncertainty factors, USEPA derived the following TCE RfD value
(USEPA 201 1¢, 2011d):

USEPA RfD for TCE: 0.0005 mg/kg/day

The USEPA Reference Concentration (RFC)Y was also based on the cardiac effects during fetal
development in rats {Johnson 2003) and the immune effects in mice (Keil 2009). The evidence of toxic
nephropathy (NTP 1988) is also supportive of the RIC based on developmental and immune effects.
Using a PBPK model, the oral doses were converted into an inhalation dose. Applying the same
uncertainty factors as for the RfD, the RIC for TCE is

USEPA RIC for TCE: 0.002 mg/m*.

ATSDR has adopted the USEPA RID and RIC values for TCE as our Minimum Risk Levels (MRLs) lor
oral and inhalation exposurcs. Given the narrow window of susceptibility for the development ol the
cardiac system. ATSDR applies the RID and RIC values when considering women exposed to TCE
during their lirst trimester of pregnancy.
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Summary Tables from ATSDR Interaction Profiles for Chemical Mixtures (ATSDR 2004)

(note that all citations refer to the Interaction Profile document, not to this PHA)
Effect of Trichloroethvlene on Tetrachloroethylene
BINWOE;: =I1C (for nervous system effects)

BINWOE: =11B (for cancer and noncancer liver or kidney effects)

Direction of Interaction - The parent chemicals and trichloroethanol {a metabolite of wichlorocthylene)
may additively act 1o produce nervous system cflects. but studies designed to test this hypothesis were
not located. 1t is plausible that trichlorocthylene may have little influence on tetrachlorocthylene
melabolism, and that (etrachlorocthylene and trichlorocthylene metabolites would additively act 1o
produce liver and kidney effects.

Mechanistic Understanding - Like other solvents, the parent chemicals (and (he irichlorocthylene
mgetabolite. trichlorocthanol) depress nervous system functions by reversibly acting on neuronal
membranes and sensitize the heart to epinephrine-induced arrhythmias (see Appendices C and D:
ATSDR 19974, 1997b).

Liver or kidney effects in rodents exposed to high levels of tetrachloroethylene are believed o involve
rcactlive metabolic intermediates (see Appendices C and D). Tetrachlorocthylene is not a potent liver or
kidney toxicant because it is poorly metabolized (Monster et al. 1979: Pegg et al. 1979). Any influence
that trichlorocthylene may have on tetrachlorocthylene metabolism should have little influcnee on
tetrachlorocthylene toxicity due to detoxification from downstream metabolism and/or repair of damaged
cellular macromolecules. Results [rom a rat and mouse study suggest that trichloroethylene and
tetrachlorocthylene act in a less-than-additive manner o cause hepatic and renal peroxisomal proliferation
{Goldsworthy and Popp 1987: sce Scclion 2.2.7). This observation may be explained by non-competitive
inhibition of CYP isozymes lcading to slower rates of wichloroacctic acid formation {from
trichlorocthylene. Other rat studies (sec Section 2.2.7) show that the chemicals act additively to increase
kidney weight {Jonker ¢t al. 1996), and mixtures of subthreshold doses can produce increased scrum ALT
(Staccy 1989). The latter observation could be consistent with additive joint action on the liver, but the
study design could not delinitively rule out greater-than-additive or less-than-additive joint action (Stacey
1989).

Mechanistic understanding was assigned a moderate quality factor (1) o reflect lack of data regarding
joint actions on the nervous system, and uncertaintics regarding joint actions on the liver and kidney.

Toxicological Significance - Studies designed o examine the joint toxic action of these chemicals on
nervous system endpoints were not located. Thus, the lowest possible Loxicologic significance data
quality lactor. C, was assigned for nervous system effects. For liver and kidney effects. a moderate data
quality lactor. B. was assigned because there are studies on the joint toxic action of these chemicals on
liver and kidney endpeints in rats, but results are inconsistent across endpoints (sec above and Scction
2.2.1.

Additional Uncertainties - Competitive metabolic interactions al CYP catalytic sites arc possible.
especially at high exposure levels when sites are saturated. CYP induction by cthanol, phenobarbital, or
Aroclor 1254 has not produced consistent potentiation of acute high-level tetrachlorocthylene
hepatotoxicity (Cornish and Adefuin 1966: Comish et al. 1973: Klaassen and Plaa 1966: Moslen ct al.
1977). Any influcnce that wichlorocthylene may have on tetrachlorocthylene metabolism {enhancement ot
inhibition) should have little influence on toxicity, because tetrachloroethylenc is poorly metabolized.

96
Case 7:23-cv-00897-RJ  Document 472-4  Filed 08/24/25 Page 119 of 203

CLJA_HEALTHEFFECTS-0000000128



Case 7:23-cv-00897-RJ  Document 472-4  Filed 08/24/25 Page 120 of 203



Confidential — Contains Information Subject to Protective Order: Do Not Disclase to Unauthorized Persons

ATSDR Public Health Assessment - Final Version
Marine Corps Base Camp Lejeune, NC Drinking Water

Effect of Trichloroethylene on Vinyl Chloride
BINWOE: <1B for hepatic effects
BINWOE: <IB for renal effects
BINWOE: <IB for immunological effects
BINWOE: <IB for developmental effects
BINWOE: <IB for carcinogenic effects

Direction of Interaction — Because both richloroethylene and vinyl ¢chloride are metabolized to reactive
metabolites by the same enzyme, once metabolism is saturated, the effects of cach will be lessened
because of a limitation on the rate of production of new metabolites. A less-than-additive interaction at
the level of metabolism has been verilied in high-dose animal studies. This would be expected 1o result
in less-than-additive toxicity at high doscs of trichloroethylene and vinyl chloride.

Mechanistic Understanding — Many of the elfects of vinyl chloride are believed 1o be the result of
mctabolism by CYP2EI 10 a reactive metabolite, which then can bind to tissuc molecules to produce
cellular damage (Appendix D). Trichloroethylenc is also metabolized primarily by CYP2EI 1o form
reactive products (Appendix C3, so competition for the active enzyme at high doscs is possible. A five-
compartment joint rat PBPK model for vinyl chloride and trichlorocthylene has been developed (Barton et
al. 1995) and compared with high-dose inhalation data. A comparison of model simulations with
cxperimental co-cxposurce data indicated that a competitive model of metabolism, where the two
chemicals are assumed o independently compelte Tor the active site of the cnzyme. best fit the available
metabolic data. It was also noted that at concenirations below 30 ppm, there was no noticcable clfect of
cither compound on the uptake or metabolism of the other. Because a direct demonstration of the
mechanism by which the interactions could occur cxists, a rating of “I” for mechanistic understanding
was assigned.

Toxicological Significance — Relevant interaction data on pertinent health effects following simultancous
cxposure were not located. No studics were located in which pretreatment with trichlorocthylene before
vinyl chloride exposure was cxamined. Becaunse the wxicological significance of the metabolic interaction
can be infetred. and has been demonstrated for relaled binary mixtures (chloroform and trichloroethylene.
1.1-dichlorocthylenc and trichlorocthylenc), a rating of “B”™ was assigned.

Additiona! Uncertainties — Uncertaintics have been addressed in the above discussion.
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Table D-1: Specific Target-organ Toxicity Doses (TTD) for Ingestion

D-1a: Calculation of Target-organ Toxicity Dose (TTD) for Renal Effects-Ingestion

- HED- | HED- MRL  TTDuena
+ NOAEL | LOAEL :
; . UF (mgikg-  (mglkg- Effect i
day) day} :
Benzene 15 - 100 015
Dichlorosthylene, 1,2-trans- - - - -
Tetrachloroethylene 39 400 100 0.04 increased kidney weight
Trichloroethylene 14 250 100 014 increased urinary protein
Vinyl Chloride - - - -

“-" indicates not applicable

D-1b: Caleulation of Target-organ Toxicity Dose (TTD) for Liver Effects-Ingestion

- HED- | HED- MRL | TTDwar

: NOAEL | LOAEL .

- i UF | (mgfkg- i (malkg- Effect

{mg/kg- | {mglkg- : day) day)

© day) day}
Benzene 15 - 100 015 -
Dichloroethylene, 1.2-trans- 286 - 100 0.026 increased liver enzymes
Tetrachloroethylene 3 100 100 0.03 increased liver weight
Trichloroethylene 316 400 100 3.2 enlarged hepalocytes
Vinyl Chloride 0.05 1.7 30 0.0016 | liver cell polymorphism

** indicates not applicable

D-1c: Calculation of Target-organ Toxicity Dose (TTD) for Lymphatic System Effects-Ingestion

HED- HED- MRL TFDiymph
NOAEL LOAEL BNMD UF {mgikg-  (mgikg- Effect
(mgfkg-day} | {mg/kg-day) day) day)

Benzene - 3.8 - 1000 - 0.0038 | lymphocylopenia
. increased WBC,
Dichloroethylene, 1.2- ; 65 | 3000 | 0.02 decreased thymic

trans- .
weight
Tefrachloroethylene - -
Trichiorosthylene 430E-04 altered immune
response
Vinyl Chloride - - -
“- indicates not applicable
100
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Table D-2: Target-organ Toxicity Doses for Inhalation

D-2a: Calculation of Target-organ Toxicity Dose (TTD) for Renal Effects-Inhalation

HEC- HEC- |
" NOAEL | LoAEL | ur | MRL  TTDrn Effect
{ugim?) ugim?) {ngim?3} ug/im?)
Benzene 227 860 - 100 2,279
Dichloroethylene, 1,2-trans- 189,048 - 100 1.890 -
Tetrachloroethylene - 24,214 100 242 nephrotoxicity
Trichloroethylene - 47307 100 473 increased kidney weight
Vinyl Chloride 5486 100 56 increased kidney weight

“-” indicalcs not applicable

D-2b: Calculation of Target-organ Toxicity Dose (TTD) for Liver Effects-Inhalation

. HEC- HEC- |

- NOAEL | LOAEL = UF 5(':;"‘3) {TL?;;; Effect

_{ugim?) | {ugimd) A "
Benzene 170,880 - 100 1,709 -
Dichloroethylene, 1,2-frans- - 189,050 1,000 189 - increased liver enzymes
Tefrachloroethylene - 61,020 1,000 61 increased liver weight
Trichloroethylene 47,310 100 473 increased cholinesterase activity
Vinyl Chloride - 3,200 30 107 - liver hypertrophy

“-” indicales not applicable

D-2c: Calculation of Target-organ Toxicity Dose (TTD) for Lymphatic System Effects-Inhalation

© HEC- HEC- MRL 70 :
| NOAEL LOAEL | BMD UF . {ugim?) ( g!'r‘;':;’)” Effect
_{pgim’)  (ugim?) : * :
Benzene - 96 10 96 - lymphocytopenia
Increased white blood
Dichloroethylene, 1,2-frans- 189,050 1,000 189 cells, decreased
thymic weight
Tefrachloroethylene -
. increased
Trichlaroethylene 20 - 10 2 - autoantibodies
Vinyl Chloride 4571 1,000 ncreased lymphocyte
proliferation
“-"indicates not applicable
102
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Table D-3;: Hadnot Point- Child (0-3 yrs old); Hazard Quotients for Specific Target Organs- Ingestion Pathway- Upper End Exposure Level

Max 3 yr Renal Liver Immune Hematologic Neurologic . Developmental
0-3 yrs old Total Dose RfD or TTD HQ RID or TTD HG R or TTD HO RfD or TTD HQ RID or TTD HQ - RfDor TTD HQ

(malkgiday} | {maikg/day) {mag/kg/day} {mg/kg/day)} {mg/kg/day) (mgfkg/day} - {mg/kg/day)

h.9E- 5.9E- 5.8E-
Benzene 8.8E-04 0.15 03 0.15 03 3.6E-03 0.2 4 7E-04 19 0.2 03
Dichloroethylene, 3 8E.02 i . 8.3E- i )
1.2-rans- 0.026 1.1 2.2E-02 13 0.1 02 34 03
3.6E-03 9.1E- ) i 9.1E- g

Tetrachloroethylene 0.04 02 003 0.12 39 04 6.2E-03 0.6
Trichlorosthylene 5.5E-02 o | a2 ML asEe |15 | o7 0.08 : SO 4sE4 [ 115
Vinyl Chloride 4.9E-03 - - 16603 26 - - 16602 | 0.26 - - -

Hazard Index 0.5 38 116 2.4 0.7 115

£l

“-* indicales not applicable

Table D-4: Hadnot Point- Marine-in-training; Hazard Quotients for Specific Target Organs- Ingestion Pathway- Upper End Exposure
Level

Max 3 yr Renal Liver Immune Hematologic Neurologic Developmental
Marine-in-training Total Dose | RfD or TTD HG i R orTTD Ha RfD or TTD HQ RfD or TTD HQ * RfDor TTD HQ RfD ot TTD Ha
(mg/kgiday} | (mgfkgiday) - {mg/kg/day) (mg/kgiday) (maikg/day} © (mg/kgiday} {mg/kg/day)
3.5E- 3.5E- 3.5E-
Benzene 5.2E-04 0.15 03 0.15 03 3.8E-03 0.1 4.7E-04 1.1 0.2 03
Jlorootnylene. 1.6E-02 : : 0026 | 06 | 22602 08| 0.1 0.1 34 |
2-trans- 03
2 9E-03 5.8E 7.6E- ] ] 5.8E- |
Tetrachloroethylene 0.04 0o 0.03 02 39 04 6.2E-03 04
Trichlorosthylene 4.9E-02 0.14 04 32 1'0625 48E04 02| 07 652'5 1 4'525 50E04 | 98
Vinyl Chloride 23E-03 - - 18E03 | 15| - 16602 0.1 -
Hazard Index 0.4 | 22 | 103 1.5 04 98
“-" indicates not applicable
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Table D-7: Tarawa Terrace- Child (0-3 yrs old); Hazard Quotients for Specific Target Organs- Ingestion Pathway- Upper End Exposure
Level

Max 3 yr Renal Liver Immune Hematologic Neurologic Developmental
0-3 yrs old Total Dose | RID or TTD HQ RID or TTD HQ RfD or TTD HQ RfD or TTD HQ RfD or TTD HQ RID or TTD HQ
{mgfkg/day} {ma/kg/day} imglkg/day) (mgikgiday) (mglkg/day) {mglkg/day) ! {makgiday}

Dichloroethylene, 4 BE- 54E- 8.7E- 3.5E-
1.2-trans- 1.2E-03 - - 0.026 0 2.2E-02 a0 0.1 03 34 04
Tetrachloroethylene | 1.1E-02 004 | 03 003 | 04 . : 39 [Py &0 18

. 28E- 1.2E- 5.2E- 3.7E-
Trichlorosthylene 3.7E-04 0.14 03 32 04 4.8E-04 0.9 0.7 04 1 04 4 8E-04 0.9
Vinyl Chloride 6.26-04 - - 16E03 | 04 - S| s |5

Hazard Index 03 0.8 09 5022E 1.8 049

£l

=" indicates not applicable

Table D-8: Tarawa Terrace- Marine-in-training; Hazard Quotients for Specific Target Organs- Ingestion Pathway- Upper End Exposure
Level

Max 3 yr Renal Liver Immune Hematologic Neurologic Developmental
Marine-in-training TotalDose RfDorTID Ha RfD or TTD HQ RfDor TTD - HQ R or TYD HQ RfD or TTD HQ Rfb or TTD HQ
(mg/kgiday} {mglkgiday) . {mglkgiday) (motkg/day} : (mg/kg/day) {mg/kg/day) (mg/kg/day)
Dichloroethylene, 3.3E- 3.8E- 6.2E- 2E-
1.2-trans- 8.30E-04 - - 0.026 02 2.2E-02 09 0.1 03 34 04
Tetrachloroethylene | 9.40E-03 004 024 | 003 | 03 : . 39|57 e2Em 15 : .
. 3.0t 1E- 59E- 4E-
Trichloroethylene 4 14E-04 0.14 03 3.2 04 4.8E-04 09 0.7 04 1 04 51E-04 0.8
Vinyl Chleride 4.34E-04 - - 1.6E-03 0.3 - - 1.6E-02 2'(?2E'
Hazard Index 0.2 0.6 0.9 s 15 0.8

i

" indicales not applicable
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Appendix E. Additional Exposure Scenarios

Bascd on information and concerns provided by the Community Assistance Pancl ATSDR cvaluated
three additional cxposure scenarios (o estimate individuals™ exposure to contaminants of concern and to
determine if those exposures may have occurred at levels that could cause adverse health effects. The
three exposure scenarios are

1. Swimming/Training Pools

2. Laundry Facilitics

3. Food Preparation/Dishwashing Operations
These three exposure scenarios were evaluated separately from the wxicelogical and exposure assessment
contained in the body of this PHA. IT an individual fell into an cxposure calegory discussed in the body of
this PHA and also engaged in one of the exposure categorics discussed in this appendix. that individual
should cxpect to have the cumulative cxposure from all the exposure categorics that applicd to their
specific circumsiance. Civilian workers in these scenarios would expect 1o have an increased estimated
cancer risk in addition 1o what they may have cxpericnced in exposure scenarios discussed in the main
body of this PHA. Exposurcs cxperienced by training swimming and recrcational pool users would not
contribute to an increased cancer risk as much as the laundry lacility and food preparation/dishwashing
operations because the swimming scenarios have much shorter exposure durations, whereas the civilian
workers of the laundry facility and food preparation/dishwashing operations could have been exposed for
a 15-year period.

We used conservative one-compartment models 10 estimate inhalation cxposures from sources. The
models tend to over-predict actual exposures that occurred because they do not take clean air ventilation
inte account. Equations obtained from the USEPA SWIMODEL were used 10 estimate PCE, TCE. 1.2-(
DCE. vinyl chloride. and benzene inhalation exposures 10 indoor swimming pool users. The one-
comparument model developed by Andelman {1990) was used to estimate the inhalation cxposures (o
laundry facility and mess hall workers. Results of the models were converted into 24-hour average
inhalation cxposures in air and compared with intcrmediate and chronic minimum risk levels {MRLs) for
inhalation for cach contaminant of concern. An MRL is an estimate of the daily human exposure to a
hazardous substance that is likely 10 be without appreciable risk for adverse noncancer health ¢ffects over
a specilicd duration ol exposure. These substance-specific estimates, which are intended 0 serve as
screening levels. are used by ATSDR health assessors and other responders to identily contaminants and
potential health effects that may be of concern at hazardous waste sites. To go once step beyond the
screening process. the model’s 24-hour average inhalation exposures were alse evaluated against
applicable studics™ points of departure. A point of departure is a dosc that can be considered to be in the
range of observed responses, without significant extrapolation. A point of departure can be a datum point
or an estimated point that is derived rom observed dose-response data. A point of deparwure is used Lo
mark the beginning of extrapolation to determine risk associated with lower environmentally relevant
human exposures. Commeon points of departure are LOAEL. NOAEL. and benchmark dose. The chronic
inhalation MRL for PCE, TCE. and benzene are 41 ug/m®. 2.1 pg/m’, and 9.6 pug/m’, respectively., were
used to comparce the inbalation exposurcs 1o laundry facility and mess ball workers. No cstablished
chronic inhalation MRLs currently cxist for vinyl chloride and 1,2 t-DCE, so the RfC was used for vinyl
chloride and the intermediate MRL was used for 1,2 t-DCE, 100 pg/m* and 790 ug/m’, respectively.
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Indoor Swimming Pool Results

Table 9¢a) lists calculated inhalation exposure concentrations from the four levels of indoor swimming
pool training. For basic and intermediate training, TCE exposure to cnlisied Marines cxceeds the
intermediate and chronic inhalation MRL; for advanced and pre-dive training, PCE., TCE, and benzenc
exposures 1o cnlisted Marines exceed health guidelines. Both advanced and predive training groups
exceeded the comparison values for rans-1.2-DCE and VC. See individual inhalation exposure tables for
the asscssment of cach receplor cvaluated. Table 9(b) lists calculated total inhalation exposures for
enlisted Marines who trained in and used the indoor pool lor recreation. For all four levels of training,
PCE. TCE. and benzene exposurcs to enlisted Marines cxceed the intermediate and chronic inhalation
MRLs and trans-1.2-DCE and VC cxposures exceed the intermediate MRL and RFC, respectively. Table
9(c) lists total exposure concentrations for persons who used the pool for recrcation only. TCE and
benzene exposures cxceed the intermediate and chronic inhalation MRLs for all ages that used the pool
for recreation only. Trans-1.2-DCE and VC exposures exceed the intermediate MRL and RIC,
respectively, for all ages. The TCE exposures cxceeded both of its points of departurc. or LOAELS, lor
immune ¢lfeets and heart mallformations. as presented in USEPA’s [RIS Web site. The uncertainty laclors
applicd 10 the immunce cffects and heart malformation studics are 100 and 10, respectively. Additionally.
the points of departure for PCE, vinyl chloride, or benzene were not exceeded.

For those whosce values in the [ollowing tables are presented in bold font, people could have experienced
noncanccer health cffects described in this PHAs Potential Health Effects from Exposure section. For
instance, a Marine who trained in the pool at any of the exposure frequencies (basic. intermediate,
advanced, or pre-dive) may experience 1oxicity 1o the central nervous system, kidney. liver, immune
system, male reproductive system. and developing fetus. Regarding vinyl chloride exposures. the RIC is
based on continuous lifetime exposures. The swimming exposures evaluated here are based on our
conservative assumptions, such as exposure o the maximum ¢ontaminant concentration. n addition,
indoor swimming exposures are [or less than lifetime and cither do net exceed the RIC or only exceed the
R{C by onc order of magnitude or so. Therefore, adverse health effects are not expected to occur because
of exposure 10 VC. Of nole, a lincar relationship exists between contaminant concentration and the
calculated inhalation cxposures below, so il an individual was swimming during a time when the
contaminant concentrations were half of the maximum contaminant concentration. their calculated
inhalation ¢xposure would be hall of the value presented in the following tables.

In addition, the indoor swimming pool inhalation exposurcs are ¢stimated using calculations that assume
volatilization is constantly occwrring at the surface of the pool. The pool would have 1o be continuously
filled with new water or volatilization (o occur at a constant rate. Continuously filling the pool with new
waler obviously did not occur, however, the indoor pool was backwashed 8-10 inches every 100 hours
(C. Delaney. electronic communication. Dec. 2014). Backwashing is the process of cleaning the pool
filter by a method of reversing the flow of water until the water runs clear through the waste linc. During
the backwashing process. new walter is added to the pool as existing water is drained from it. Measured air
concentrations taken from inside the indoor swimming pool facility during the time of interest would give
the best estimate of how much inhalation exposure actually occurred. Because air measurements do not
cxist, overly conservative inputs and cquations arc uscd 1o calculate estimated exposures from the indoor
swimming pool water. Actual inhalation exposures arc expected 10 be much less than the cxposures
calculated from using the overly conservative inputs and equations. Another reason actual inhalation
exposurcs at the surface of the indoor swimming pool water arc expected (o be much less than the
estimated exposures is because contaminants of concern would most likely volatilize from the swimming
pool water during the time the pool is filled and the day or two after, when chemicals are added to get the
pool to safe swimming conditions. By the time the pool water was chemically balanced and ready for
swimmers (o enter, most of the contaminants of concern would have volatized from the water,
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Laundry Facility Workers
Inhalation exposures are estimated for civilians who worked in laundry facilities where industrial size
stcam presses and washing machines were operated. Becausce air concentrations were not measured at the
laundry facilitics and the chemicals of concern are volatile. the estimated ambicnt vapor concentration is
calculated as follows:

Cop=CyxIxF.xET/V,

(3)

where;

Cop = Ambient air concentration {mg/m™)

Cew = Concentration of chemical in water (mg/L)

f = Fractional volatilization rate {unitless)

F. = Flow rate (L/hr)

ET = Exposure time (hr/cvent)

V. = Room volume {m")

The number of steam presses and washing machines located inside specific laundry lacilities at Camp
Lejeune are determined from reviewing as-built drawings given to ATSDR by Camp Lejeune
environmental personnel (C. Delancy. clectronic communication, September 16, 2014). The as-built
drawings show wherc the machines arc located inside the buildings and also provide building dimensions
that are vsed 1o determine the room volumes. A conservative fractional volatilization rate of 0.9 is used
when calculating ambient air concentrations for washing machines, indicating that around 90% of the
contaminants of concern chemical concentration in the walter volatizes into the ambicnt air. A fractional
volatilization rate of 1.0+ is used for steam presses. indicating that all of the chemical concentration in the
waler volatizes into the air. Washing machine flow rates for equipment in the existing laundry lacilities
are used Lo represent machines used during the study period. Steam press [low rates are assumed 10 be 0.2
gallons per minute (gpm).

Initial water coneentrations uscd o determine inhalation exposures 10 laundry facility workers are
obtained from calculating 15-year running averages of the modeled water concentrations at the Hadnot
Point water treaiment plant. The total inhalation exposure per cvent is calculated using equation {2)
discussed above. Inhalation cxposurcs from laundry facilitics arc cstimated over the entire ycar and are
converted to 24-hour air concentrations that can be compared to health guidelines. Other values, such as
inhalation rates, that are needed 10 calculate an individual’s exposure come from the Environmental
Protection Agency Exposure Factors Handbook (USEPA 2011d).

Laundry Facility Resulis

Table 10(a) lists calculated exposure concentralions from steam presses and washing machines in the
Naval Hospital laundry lacility (Building H21). TCE and benzene total inhalation exposures 1o civilians
working in the Naval Hospital laundry facility exceed the chronic inhalation MRLs. Trans-1,2-DCE and
VC exposures did not exceed the intermediate MRL and RFC, respectively. Table 10(b} lists calculated
cxposurc concentrations from steam presses and washing machines in the Industrial Arca laundry facility
{Building 1500). TCE and benzene total inhalation exposures to civilians working in the Industrial Arca
laundry lacility exceed the chronic inhalation MRLs. Trans-1.2-DCE and VC exposures did not exceed
the intermediatc MRL and RfC. respectively. The TCE exposures exceeded both its points of departure,
or LOAELSs. for immune cffects and heart mallormations. as presented in USEPA’s IRIS website. The
cxposurcs 10 PCE, vinyl chloride, and benzene did not exceed their studics points ol departure. For the
individuals whose values in the [ollowing tables are presented in bold font. they could have experienced
noncancer health cffects described in this PHA’s Potential Health Elfects from Exposure section. For
instance, a person who worked in cither the Naval Hospital or Industrial Arca laundry facilities might
experience toxicity Lo the central nervous system, kidney. liver, immune system. male reproductive
system, and, if pregnant, a developing fetus.
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The approximale dimensions of the mess hall rooms where workers were exposed by prerinsing dishes
and operating dishwashers were estimated by Camp Lejeune persomiel and given 1o ATSDR (C. Delancey.
clectronic communication, July 16, 2014). A conscrvative [ractional volatilization rate of 0.9 s used when
calculating ambient air concentrations for dishwashers, indicating that around 90% of the contaminant of
concern chemical concentration in the water volatizes into the ambient air. Dishwasher flow rates for
cquipment in the existing mess hall facilitics are around 0.7 gallons per rack. Assuming one rack is run
every minute. a flow rate of 159 liters per hour is used to represent a dishwasher used during the study
period. Steam tables werce localed in a different room from the dishwashers and pre-rinsing activitics. The
dimensions of the room where steam tables were located were determined from floor plans provided by
Camp Lejeunc personnel (S. Williams. clectronic communication. February 4, 2015). A fractional
volatilization rate of 1.0 is used for steam tables, indicating that all of the contaminants of concern
chemical concentration in the water volatizes into the air. Based on a sicam table size of 15 feet long and
3 feet wide, containing 6 inches of water, stcam table flow rates were assumcd to be 80 liters per hour.

Initial water concentrations used to determine inhalation exposures to enlisted Marine who worked in the
mess hall Tacilitics are obtained from calculating 3-vear running averages of the modeled water
cancentrations at the Hadnot Point water treatment plant. Initial water concentrations for civilian mess
hall workers are obtained lrom calculating 15-year running averages of the modeled waler concentrations.
The total inhalation exposurc per cvent is calculaled using cquation (2) discussed above. Inhalation
exposures from mess hall lacilities are estimated over the entire year and are converted (o equivalent 24-
hour concenlrations which can be comparcd with health guidelines. Other valucs, such as inhalation rates,
that arc nceded 1o calculate an individual’s exposure are obtained from the Environmental Protection
Agency Exposure Factors Handbook (USEPA 201 1d).

Food Preparation/Dishwasher Operation Results

Table 11(a) lists calculated exposure concentrations for enlisted Marines who worked in the mess hall
facilities. PCE, TCE and benzene inhalation exposures 10 enlisted Marines who pre-rinsed dishes and
operated dishwashers exceed the chronic inhalation MRLs. TCE inhalation exposure 10 enlisted Marines
who worked over sicam tables also exceeds the chronic inhalation MRL. VC exposures exceed the REC
for all mess hall activities. Trans-1.2-DCE did not exceed the intermediate MRL for the steam 1able
activity. Table 11(b) lists calculaled exposure concentrations for civilians who worked in the mess hall
facilitics. TCE and benzenc inhalation exposuccs 1o civilians who pre-rinsed dishes and operated
dishwashers exceed the chronic inhalation MRLs. TCE inhalation cxposure 10 civilians who worked over
stcam tables also exceeds the chronic inhalation MRL. Trans-1.2-DCE and VC exposures only exceed the
intermediale MRL and RIC. respectively. for the prerinsing activity. The TCE exposures exceeded both
its points of departure, or LOAELS. for immune effects and heart mallormations, as presented in
USEPA’s IRIS Web site. The exposures to PCE. vinyl chloride. and benzence did not exceed their studics
points of departure.

For persons whose values in the lollowing tables are presented in bold font. they could have experienced
noncancer health effects described in “Polential Health Effects from Exposurce™ scction of this PHA. For
instance, a Marine or civilian who worked in the mess hall at any of the activitics (dishwashcer, pre-
rinsing. stcam table) may cxpericnee toxicity 1o the central nervous system. kidney, liver, immune system.
male reproductive system, and developing fetus. Regarding vinyl chloride exposures, the RfC is based on
continuous lifetime exposures. The exposures that are evaluated here are based on our conservative
assumptions and are for less than lifetime and cither do not exceed the RfC or only exceed the RIC by one
order of magnitude or so. Therefore, adverse health effects are not expected 10 oceur because of cxposure
o VC.
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Appendix F. ATSDR Health Studies

ATSDR has conducted several health studies at MCB Camp Lejeunc. One of the health studies,
completed in 2013, evaluated whether in ttero and infant {up 1o 1 year of age) exposures (o contaminants
of concern in drinking water at MCB Camp Lejeune were associated with specific birth defects (i.c..
neural tube defects and oral clefis) and childhood hematopoietic cancers. The study population includes
births that occurred during 1968-1985 to women who were pregnant while they lived in family housing at
the base. This was a case control study. where the exposure (0 contaminants of concern was compared
between mothers who gave birth to a child with birth defeets or developed hematopoictic cancer, and
mothers who had a live birth without a major birth defect or childhood cancer. Contaminants of concern
of major interest to the epidemiological study include PCE, TCE, trans-1,2-DCE, VC. and benzene. The
study findings were limited in statistical precision but suggested associations between drinking water
contaminants and neural tube defects (i.¢. spina bifida and anaencephaly). A weaker association was
found with childhood hematopoictic cancers. This study was published in Emvirommental Health in
December 2003 (Ruckart et al. 2013).

The second health study is an evaluation of mortality among Marine and naval personnel statiomed at
Camp Lejeunc. The study, completed in 2014, looked at all causes of death, including cancers and other
fatal discascs o determine a possible link between the death and exposure w0 contaminated drinking water
a1 Camp Lejeunc. The study focused on active duty Marines and naval personnel who were stationed at
Camp Lejeune anytime between April 1975 and December 1985. The mortality study also included a
population of uncxposcd former active duty Marines and naval personnel from Camp Pendleton,
California. The study findings were limited in statistical precision. but clevated rates compared with
Camp Pendleton personnel were observed for several causes of death. including cancers of the kidney.
liver. csophagus, cervix, multiple myeloma. and Hodgkin [ymphoma. This study was published in
Environmental Health in February 2014 (Bove et al. 2014a).

The third health swdy is an evaluation of mortality among civilian workers who were employed at Camp
Lejeune during 1973-1985. The study used the same methodology as the mortality study of Marine and
Navy personnel. with the objective of determining il an association exists between cause ol death and
cxposurc to contaminated drinking water. The mortality rates of Camp Lejeunc workers were compared
with the rates lor workers at Camp Pendleton. who performed similar tasks bul were not exposed 1o
contaminated drinking water. As was the case for the active duty personncel, the study findings were
limited in statistical precision. However. the results showed clevaled mortality hazard ratios for kidney
cancer, leukemias, multiple myclomas. rectal cancer. oral cavity cancer. and Parkinson’s discase. This
study was published in Environmental Health in August 2014 (Bove et al. 2014b).

The fourth health study is an evaluation of adverse birth outcomes for children whose mothers resided at
Camp Lejeune at the time of delivery during 1968—1985. The objective of the study was 1o cvaluate
associations between residential prenatal exposure (o contaminated drinking water and preterm birth,
small [or gestational age (SGA). term low birth weight (TLBW), and mean birth weight (MBW) among
term births. The findings suggested associations between exposure during pregnancy 1o TCE and SGA,
TLBW, and reduced MBW. The risk of TLBW increased with increasing level of exposure to TCE,
particularly in the second trimester of pregnancy. The risk for TLBW also incrcased with increasing
levels of exposure to benzene, which occurred over the entire duration of pregnancy. An association was
also noted between exposure to PCE during pregnancy and risk for preterm birth, particularly during the
2" trimester. This study was published in Environmental Health in November 2014 (Ruckart et al. 2014).
The fifth health study is a case-control study 1o determine whether male Marines who served at MCB
Camp Lejeune during periods of contaminated drinking water have clevated rates of breast cancer. The
findings suggested possible associations between exposure (¢ PCE. DCE. and vinyl chloride at Camp
Lejeune and male breast cancer. Exposures to TCE, PCE, DCE, and vinyl chloride werc also obscrved o
possibly accelerate the onsct of male breast cancer. The study did not find evidence suggesting
associations between male breast cancer and exposurcs (o benzene. These findings were based on small
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Appendix G. Modeled Contaminants of Concern in Drinking Water

Reconstructing Contaminant Concentrations in Drinking Water

To get estimates of historical cxposurcs, ATSDR used water-modeling techniques and historical
reconstruction to quantily concentrations of particular contaminants in drinking water and to estimalte the
level and duration of human cxposure o contaminated drinking water (Maslia ¢t al. 2007, 2009, 2013).
The specific chemicals detected in the water supply systems for Hadnol Point and Tarawa Terrace were
TCE. PCE. 1-1,2-DCE, VC. and benzene. Estimates of contaminant concentrations based on modceling
were derived for cach of these chemicals.

Given the limited number of historical contaminant-specific data measurements during most of the period
relevant to this public health assessment, ATSDR uvsed historical reconstruction to estimate the spatial and
temporal distributions of contaminant-specific concentrations in groundwater and drinking water serving
the Tarawa Terrace. Hadnot Point, and Holcomb Boulevard study arca. Characteristically. historical
reconstruction includes the application of simulation ools. such as models, to recreate or represent past
conditions {(Radenbeck and Maslia 1998: McLaren/Hart-ChemRisk 2000; Costas et al. 2001: Reil et al.
2003: Kopecky et al. 2004: Maslia ct al. 2005; Sahmel ¢t al. 2010). To achieve the goal of reconstructing
historical drinking water concentrations. ATSDR undertook live tasks:

1. Identify chemical compounds and their sources {contaminants of concern) that contaminatcd
drinking water at Camp Lejeunc.

2. Estimate when contaminated groundwaler arrived at waler-supply wells and the duration of the
CONtamination.,

3. Determing the distribution of contaminated drinking water throughout the water-distribution
systems serving the study areas,

4. Quantify the spatial and temporal distributions of monthly drinking water contaminant
concentrations, and

5. Compulc contaminant concentration ranges (about a mean) bascd on simulation results for a
specific historical menth.

Groundwaler was the sole water supply source for MCB Camp Lejeunc.

The ATSDR cpidemiological studics needed historical drinking water concentrations at monthly intervals.
and hence, the use and application of numerical and computational models to estimate monthly mean
drinking watcr concentrations lor contaminants of concern.

Confidence in Uncertainty and Variability of Historical Drinking Water Concentrations
Variability and uncertainty are associated with the data, analyses, models, and calibrated model
parameters in the historical reconstruction for the Tarawa Terrace, Hadnot Point, and Holcomb Boulevard
arcas. All modeling analyses have inherent uncertaintics. Uncertainty and variability, however. are not
limited solely o the historical reconstruction analyses summarized in ATSDRs historical reconstruction
reports {Maslia et al. 2007; Maslia et al. 2013). Uncertainty and variability are inherent features of all
madels and data, even when uselul data are plentiful. Thus. best modeling practice requires that
evaluations be conducted 1o ascertain confidence in modcels by assessing variances and uncerlaintics
associated with the modeling process and with the outcomes attributed to models (Saltelli et al. 2000).
Thetefore, the Chapter A reports of ATSDR’s historical reconstruction analyses (Maslia et al. 2007,
2013) summarize the characterization of uncertainty of model output {simulated concentrations) duc to
model input parameter uncertainly and variability.

Rescarchers frequently use several methods o evaluate and quantify uncertainty. Tweo such methods are
sensitivity and uncertainty analysis. Within the generalized classification of uncertainty analysis, Monte
Carlo {MC) simulation is a particularly well known numerical method (USEPA 1997, Tung and Yen
2005). For thc ATSDR study, lour types ol sensitivily analyscs and three types of uncertainty analyses,
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Reviewer | Reviewer Comment ATSDR Response

3 The assessment does provide results from elaborate recenstructions of Lactational fransfer was not evaluated as an exposure pathway in this
historical water concentrations. Thisis a definite strength of the assessment. assesement. While transfer of VOCs from maternal blood to breast milk can occur
Exposures by several routes were considered. [t is chvious that the exposure to a limited extent, direct contact with water is the primary source of exposure to
assessment was a large part of this waork. One minor note, was lactational these VOCs. For that reason, exposure through breast milk was not included in
transfer of solvents to infants evaluated in this document? | did not find it. the assessment.

4 Yes. The assessment adequately describes the nature and extent of Thank you for the confirmation.
contamination.

5 This public health assessment is excellent. Very detailed but organized in a ATSDR agrees. We have reviewed the document to clarify uses of the specified
manner for experts to follow. ATSDR excels in public health scenarios and types of qualifiers.

statements so it will be interesting fo see how these details will be presented in
a manner for non-technical public. This reviewer did have concerns that with
this very detailed and carefully conducted risk evaluation that non-quantitative
words such as slightly, low, high appeared in the document. These words need
to be removed or placed into context. As a reviewer, | feel these additions
weaken an excellent document. Please see my specific comments for examples
on peints 1,2,3,7 8 and 20 on the attached document.

2. Does the PHA adequately incorporate the consideration of uncertainty in the discussion of exposures and associated health impacts?

1 As incorporated in my track-changes and document comments, the document From the perspeciive of dose and risk calculations, ATSCR helieves the greatest
tends to emphasize uncertainties that are inherent in anyfevery risk uncertainty/limitation lies with using modeled exposure peint concentrations

assessment, e.g., detailed listing of the adjustment or uncertainty factors for the | rather than measured dala, as detailed in the Limitations seclion and Appendix F.
MRLs or RfDs used, but fails to adeguately discuss some of the important

strengthsflimitations and uncertainties specific to the site-related work. We understand the value of having epidemiclogic data on the same population
Particularly, | would like to see more discussion of the strengths and limitations | and will attempt to make effective reference to those results in this document. The
of the epidemiological studies conducted so far. Having these studies is a epidemiclogical studies conducted thus far are described in the PHA as

critical asset for this PHA. There are always limitations in an epi study butitis background, with the study findings serving to provide perspective on aclual

quite powerful infarmation when the studies find that populations exposed on health outcomes observed in populations of concern. This document was not
base are experiencing increased risk. intended to be a validation of the findings from the epidemiclogic studies. We will

expand the discussion about both the concordance and the gaps between the
epidemiglogic endpeints that were examined and the predicted effects from our
texicological evaluation. However, it is not our intent to conduct an exhaustive
review of the strengths/limitations and uncertainties for each of these studies and
will refer the reader to those publications for that specific information. A statement
regarding the limitations of using epidemioclogic data to establish causal
relationships has been included in the document.
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The assessment rightfully identifies a number of important limitations and ATSDR does not believe a sensitivity analysis is needed to justify further data
uncertainties in the lead section. Given this, more sensitivity analyses are collectionfintervention because programs are already set up for continued
needed to examine whether these uncertainties are important encugh to justify moenitoring of lead in fap water and continued menitoring of children's bloed lead
further data collectionfintervention. levels (BLLs). Specifically,

1. As stated in the main text of this document, since 2013, MCB Camp
Lejeune has followed its Environmental Standard Operating Procedure
which requires increased monitoring frequency of drinking water and an
immediate followup sample to be collected following any detection of an
inorganic contaminant, including lead {MCB Camp Lejeune 2013). This
is a voluntary action undertaken by the base—an action that goes
beyond regulatory requirements. In 2014, as its schoel and daycare
sampling strategy, MCB Camp Lejeune began to follow the USEPA 3T
guidance (MCB Camp Lejeune 2014). Camp Lejeune alsc follows the
regulatory menitoring requirements set forth in USEPA's Lead and
Copper Rule {USEPA 2012¢).

2. The Pediatric Lead Poisoning Prevention Program (PLPPP) states that
all Military Treatment Facilities must eperate a formal pediatric lead
sareening program that focuses on children aged six months to six
years due to their increased susceptibility o high BLLs. Following the
draft release of this document in July 2014, the Navy and Manne Corps
Public Health Center provided ATSDR with a Camp Lejeune surmmary
report of BLLs in children collected as part of the PLPPP from March
2004 to October 2015 for the Camp Lejeuns area. The results of this
report have been added to the main text of the document. Overall,
although there are limitations stated in Camp Lejeune summary repaort,
only a few elevated BLLs*" in children (i, 5 of 4,354 children tested)
were found hetween March 2004 and October 2015 (NMCPHC 2015).

#FElevated BLL is based on the reference level in place at the time of testing. NMCPHC used a BLL reterence value ot 10 pg/dL for the years 2004 through 2013
and tound two children with clevated BLLs. NMCPHC used the current BLL reference value of 5 pg/dL tor the years 2014 through 2015 and found 3 children
with clevated BLLs (NMCPHC 2015).
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5

| agree with the overall conclusions of the assessment with the inclusion of edits
that | provide in my written comments aftached. Please see also my comments
on the actions to be taken based on these conclusions. | feel addilional actions
are needed.

ATSDR has reviewed and incorporated changes througheut the document.
Specific comments on our conclusions and recommended actions are contained
later in this appendix (see Reviewer 5 additional comments;).

6. Are there any other comments about the public health assessment that you would like

to make?

1

It may be useful to address differences between the 1897 assessment and this
PHA explicitly. The current draft discusses the historical reconstruction to some
extent and does reference the epidemiological studies completed and ongoing.
| nofice in this assessment that you have used the 2011 Exposure Factors
Handbook for numerous defaults. If risk calculations were done in the 1997
report, different defaults would have been used. A discussion about these
differences will be important if you anticipate anyone will be comparing these
reports.

There is a general shortcoming in much of the document with regard to
pravision of references/citations to support methadologies emplayed in the
assessment. |'ve tried to note some of these in my redline markup. Itis
especially important when the methods employed deviate from standard risk
pracedures that some explanation, justification and methodological origin be
included/cited. One area that is especially deficient is in the cancer risk
estimation section.

The section entitled, “ATSDR Investigations of Environmental Exposures” could
he organized more intuitively {and possibly improved simply with the inclusion of
clear subheadings). As it stands, the order of presented elements is as follows:
Discussion of reconstruction of historic contamination estimates, discussion of
enviranmental guidelines, and then area-specific discussions that seem to
haphazardly combine background information about specific chemicals,
approaches to the modeling of exposure (with focus on temporality), and
discussions of changes in contaminant concentrations over time. No synthesis
is provided on a site-by-site basis.

138
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The 1997 PHA is no longer available publicly. There is not a lot of expectation
that individuals will compare the two reports. Further, this PHA is a more
complete analysis of drinking water exposure and includes updated guidance. A
meaningful comparisan of the two reports would be difficult because the exposure
evaluation process has evolved singe the 1997 assessment.

The references have been reviewed to ensure that the various guidance
documents and other citations are included. We do not consider the methods
used in this assessment to be a deviation from standard methods, but rather the
application of specialized approaches o evaluate somewhat unique exposure
conditions. Cne methodology that has required additional presentation is the
adjustment for estimaling cancer risk for young children. The IRIS file for vinyl
chlotide recormmends a 2 fold-adjustment for lifetime exposures that begin at
hirth. However, a different method for calculating cancer risk is recommended
when evaluating less-than-lifetime exposures, which is described in Section
5.3.3.1 of the EPA Toxicological Review of Vinyl Chloride; EPAG35R-00/004;
2002. The methadology uses a lime-independent dose term for early life
exposure to children that is added to the typical exposure duration term in the risk
calculation. Appendix D has been medified to include an excerpt from that
document that describes the basis for this term and example calculations.

This section was renamed "ATSDR Evaluation of Environmental Exposures™ and
was made its own main section with the screening process and area evaluations
as subsections. Bullets were added to the chemical discussions. The background
information about the chemicals was moved to a text box under Table 1.
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2

As noted in my comments in the previous section - |1 am not cpposed to this
consideration, but the descripticn and justification provided are wholly
inadequate. To consider its appropriateness, | would need to see a thorough
explanation of the methodology and at least a reference/citation to its origins.

| did try to dig through the VC tox review for the description of the methodology.
| did not find specific quantitative {or qualitative) recommendations for
calculating rigk estimates that consider early life exposures, but | did find this
statement:

“In general, the potential for added risk from early-life exposure to VC is
accounted for in the quantitative cancer risk estimates by a twofold uncertainty
factor. If exposure occurs only during adult life, the twofold factor need not be
applied " {page 56 as numbered in the document) {currently pg 93-84).

| am not certain that this is consistent with the methods employed in the Camp
Lejeune Assessment - it dogs not appear to be, at least.

The IRIS file for vinyl chloride recommends a 2 fold-adjustment for lifetime
exposures that begin at birth. However, a different method for calculating cancer
risk is recommended when evaluating less-than-lifetime exposures, which is
described in Section 5.3.5.1 of the EPA Toxicological Review of Vinyl Chloride;
ERA/G3ISR-00/004; 2002 The methodology uses a time-independent dose term
for early life exposure ta children that is added to the typical exposure duration
term in the risk calculation. Appendix D has been modified to include an excerpt
from that document that describes the basis for this term and example
calculations.

See previous note. The difference in methodology is due to the fact that the
Camp Lejeune assessment is assessing less-than-lifetime exposures to vinyl
chlonde that begin at birth and early ¢hildhood. An excerpt from the EPA
Toxicological Review documnent has been inserted into Appendix D to describe
the methodology in more detail.

| think so. The risk occurs during this age because of cell turnover rates {and
mutations), so theoretically this risk continues from early life exposure even if
the exposure ig discontinued.

Yes. The inclusion of the additional cancer risk term is appropriate for the
assessment of less-than-lifetime exposures to vinyl chloride.

This reviewer is supportive of this approach. The potential for key issues is early
exposure, during key developmental windows which may be able to impact later
risks for cancer. Flease see my specific comments on TCE and how mutagenic
mode of action impacted these decisions to apply or not to apply ADAF. This
needs to be madified in document either by providing more details on what was
done or to apply the ADAF more widely.

Thank you for the confirmation.

Thank you for the confirmation.

As per EPA guidance on the cancer evaluation, ATSDR applied ADAF
adjustments to the kidney component for the cancer slope factor and inhalation
unit risk values. The approach was based on the determination that the
mutagenic mode of action for TCE only applies to the carcinogenic effects on the
kidney.

What is your overall recommendation on this report?

1

Recommend with Required Changes

2
3

Recommend with Required Changes

Recommend with Required Changes
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3

See comments about integrating sile-specific risk assessment outcomes and
epidemiclogical sludies in a more meaningful way.

A_Adding discussion throughout as to whether an “upper confidence” or “central
estimale” is assumed - and discussing how different they would be from each
other.

B. Adding documentation as to the methedology for comparing exposure and
hazard when the exposure exceeds to the screening value.

C. In characterizing exposures above the screening values, make comparisons
with PODs based on human equivalent dosesiconcentrations.

We undersiand the value of having epidemiclogic data on the same population
and have attempted to make effective reference to those resulis in this document.
The epidemiclogical studies conducted thus far are described in the PHA as
background, with the study findings serving to provide perspective on actual
health outcomes observed in populations of concem. This document was not
intended to be a validation of the findings from the epidemiologic studies. We will
expand the discussion about both the concordance and the gaps between the
epidemiclogic endpoints that were examined and the predicled effects from our
toxicological evaluation. However, it is not our intent to conduct an exhaustive
review of the strengths/limitations and uncertainties for each of these studies and
will refer the reader to those publications for that specific information. There will
be a general acknowledgement about the limitations of using epidemiologic data
to establish causal relationships.

For the purposes of displaying the comparison of estimated exposure doses to
effect levels fram experimental or epidemiologic studies, Figures 11-13 will be
revised incorporate both the "Central Tendency” and the “Upper End” exposure
dosesfconcentrations. Those comparisons will be made using Human Equivalent
Doses and Concentrations, and will focus on the scenarios that are of greatest
impact (i e. young children, workers, Marines-in-training). For the water ingestion
pathway, there is actually only limited variability in the dose estimates betwesn
average and upper end exposure levels. The estimates of dose from inhalation of
chemical vapors from use of contaminated water is subject to a greater level of
uncertainty, in part due to a larger number of input parameters with estimated
values. The assessment will be revised to reflect both the average and upper
end exposure levels.

The methodelogy for conducting a toxicological evaluation for exposures
exceeding the screening level is described in the ATSDR Public Health
Assessment Guidance Manual, 2005. The text will be revised to make sure that
citation is clear.

Tables 5a and 5b have been revised to include Poinls of Departure, the basis for
their derivation, and their Human Equivalent doses/concentrations,

See attached detailed comments.
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Case 7:23-cv-00897-RJ

Document 472-4

Thank you for the comments and edits. ATSDR has reviewed and incorporated
them into the PHA, where appropriate.

Filed 08/24/25 Page 167 of 203

CLJA_HEALTHEFFECTS-0000000176




Case 7:23-cv-00897-RJ  Document 472-4  Filed 08/24/25 Page 168 of 203



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons

ATSDR Public Health Assessment — Final Version
Marine Corps Base Camp Lejeune, NC Drinking Water

146
Case 7:23-cv-00897-RJ

Document 472-4

Reviewer | Reviewer Comment ATSDR Response

1 p.Xll {currently pg xv} Conclusion 2 Next Steps. What about those concerned Since the drinking waler exposures on base ended in 1985, there is no longer a

about pre-term birth? risk of preterm birth. The last babies conceived or carried on base when the
drinking water was contaminated were bom in 1986.

1 p XY {currently pg xvil) Conclusion 9. This 1s meant o address current The sentence in guestion refers to current and future exposures. The sentence
canditions, right? was modified as appropriate to clarify the exposure timeframe.

1 p. XV {currently pg xix) Conclusion Limitations. | think this is meant to be a The results of the epi studies provide useful information fer the PHA, but we
discussion of the conclusions overall? A subheader is needed so people don’t recognize that there are limitations in those studies. One limitation commen te all
think this is just for Conclusion 5. This is also an opportunity to make any the epi studies is that ATSDR only modeled residential exposures to drinking
broader, overarching comments about environmental health at Camp Lejeune or  water contaminants. Since drinking waler exposures could ocour during daily
anything that bridges across the 5 separate conclusions. activities all over the base, some people categorized as unexposed may have had

I P N . some drinking water exposure. This expasure misclassification bias could have
As far as limitations go there are also limitations in the epidemioclagical studies di . ) . .

. . L N istorted exposure-response trends in compaiisons involving more than two
that were done {specific to each study) and given that this is a historical | . . . )
o S . evels. For that reason, the ATSDR epi studies used a comparison population at
exposure situation, there are limitations to the types of studies that can be done. c , . .
amp Pendleton, assuming that all marines/navy personnel at Camp Lejeune

That said, having even the suggestive findings from the epidemiclogical studies  were exposed either residentially andfor during training and other activities and
is an unusual advantage for a PHA and mare can be made of those data, | that all marines/navy personnel at Camp Pendleton were unexposed. The same
believe. Including the recent release of the male breast cancer study, 3 was done for civilian workers.
published studies (I haven't reviewed the mortality findings so maybe more?)
have found associations between Camp Lejeune exposures and numerous
health effects cancer and non-cancer. These findings are expanding our
understanding of health effects of sclvent expesures and justify the continuing
work.

z p.1 Site Description and History. It seems relevant to note what prompted the What prompted the 1980 distribution system testing was the interim THM

initial 1983 assessment. standard promulgated by EPA under SDWA in 1979. What prompted the initial
site assessments in 1982-1983 were concems about possible toxic waste scurce
areas on base such as landfills, storage tanks and tank farms, and likely also the
discovery of high levels of TCE in the Hadnot Paoint treatment plant finished water,
and high levels of PCE in the Tarawa Terrace treatment plant finished water.
Further details are described in Chapter A of the ATSDR's 2013 “Analysis and
Historical Reconstruction of Groundwater Flow, Contaminant Fate and Transport,
and Distribution of Drinking Water within the Service Areas of Hadnot Peint and
Holcomb Blvd Water Treatment Plants and Vicinilies - U.S. Marine Corps Base
Camp Lejeune, North Carolina” (page A17 in the Investigations and Occurrence
of Groundwater Contamination section of Chapter A).

2 p.1 Site Description and History. More detail on what types of waste would be In response to a previous comment, this sentence has been deleted from the
helpful. PHA.
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1 p.7 Table 1. Why are some chemical names in bold and others not? This was corrected so that none of the chemical names are bold.

1 p.7 {currently pg 8) Hadnot Point Water Supply Arsa. Not sure what is meant by The text was clarified to say that the first estimated detections of the other
“followed by"? s that the timing of the first estimated exceedence? This is not chemigals ocourred later,
clear.

P p.7 {currently pg 8) Hadnot Point Waler Supply Area. This isn't presented very To avoid confusion, the text was shortened to explain that 3 years was used for
clearly, and this is an important detail of the exposure assessment. What does consistency with the ATSOR health studies’ exposure duration.
the distribution of time spent on base lock like? Some descriptive stafistics
would help me react to this. What did the tails look like? Without knowing more,
3 years sounds reasonable as an assumption for most active duty personnel, but
not for the “more highly exposed population”.
** |'ve come back to this section, now that I've read more about this below - I'm
not sure why this discussion is even included in this section - it is explained
more clearly below in the exposure assessment section. **

8] Page 8, 1% paragraph. Good choice to use monthly averages versus Jyr The modeling of the water concentrations had cutputs of monthly estimates, so
averages. | probably would have alse done peak values to see how high these those represent the peaks. The maximum concentration shown with the dot is the
values might have been. Unclear about maximum concentration plotted on highest reading for any 1-month period {Figure 3, pg 11).
Figure 3 — please clarify calculation. Relate to this and subsequent figures.
Perhaps foot note is needed for these figure legends or reference to specific
section of the docurment where this is discussed?

pd p.8 Hadnot Paint Water Supply Area. Unclear. What do you mean by this? If The term water supply area refers to the area that received drinking water from
this is a reference to an approach presented more clearly elsewhere in fext, the Hadnot Point water treatment plant.
direct the reader to that passage.

2 p.8 {currently pg 9) Benzene. Do the background bits on each of the chemicals The chemical background information was moved to a text box below Table 1 {pg
belong here? Seems like the text could be streamlined and this could be 7).
presented earlier (not in a site-specific section) or in an appendix.

2 0.8 (currently pg 9) Benzene. How ofien? Half of the time? Once? The whole As shown in Figure 3, the estimated concentrations of benzene consistently
time? On average? exceeded the CREG from 1963 to 1896.
It would help to know more about the variability, especially since you are talking
about a 33 year period.
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P p.10 {currently pg 11} Figure 3. Great figure - very helpful. Thank you for the comment.

) Page 11 {currently pg 12). Please modify wording such as “barely exceeded” the  To clarify, the estimated concentration range from 518 ppb was added to

MCC in paragraph 2. Again this paragraph has a mixture of ppb and ug/L. See the text. All instances of ug/L were changed to ppb.

earlier comment.

5 Page 11, 4% paragraph {currently pg 12). Again use of words such as “slightly The text was edited to remove “slightly”.

below” should be replaced with facts. Exceeding values by X fold could be

helpful or comparisens to other values but do not use non quantified words.

2 n.12. {currently pg 13) Figure 4. Would be good to include a vertical line The highly contaminated wells were taken offline February 1985 and is mentioned

indicating when most highly contaminated Tarawa Terrace wells were taken throughout the document.

offline.

1 p.13 {currently pgs 14 and 15) Exposure Pathway Analysis. Explain Table 2. Per ATSDR's established PHA exposure assessment process, ATSDR evaluated

What is meant by possible exposure situations as a critical step in evaluating health hazards.

“Past completed pathway” and “Future Potential Pathway” “Completed” exposure pathways represent those where all five “elements” of
exposure exist (a population who could be exposed, the existence of
contaminated media, a contaminant source, and an exposure point and route).
Table 2 lays out these elements. In the case of past situations, the pathway has
been labeled complete because contamination was detected in well water that we
know people were using for drinking and bathing purposes. ATSDR has
designated future exposures as “potential” because it is possible that groundwater
contamination plumes could migrate to aclive wells.

z p.14 Table 2 {currently pg 6). Incidental water ingestion can occur during This is true, but it is a minor contribution compared to inhalation.

showering and swimming. Same comment below.

P p.15 {currently pg 19) Additional Exposure Scenarios. Why? These are specific scenarios different and separate fram what we evaluated for
the drinking water pathway. The community assistance panel expressed concemn
that these scenarios coniributed to exposure and we felt it prudent to evaluate
these pathways. This evaluation is provided in Appendix E.

1 p. 15 {currently pg 19) Additional Exposure Scenarios. Where? Is it available? Appendix E provides details of the additional scenarios evaluation
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2

p.16 {currently pg 20) Exposure Dose Calculations. It is mentioned above that
the second term of pregnancy was relevant for PCE and preterm birth risk.

ATSDR's fourth health study (Ruckart et al. 2014) found an association between
exposure to PCE during pregnancy and risk of preterm birth, particularly during
the 2nd trimester. The sentence referenced by the reviewer is discussing fetal
heart effects and other potential birth outcomes that might accur from TCE
exposures during the first frimester of pregnancy. To evaluate pregnant women’s
exposure, ATSOR used the historical reconstructed concentrations for each
moenth of pregnancy.

recommendations for IRIBW directly — why weren't those used? That would
chviate the need to mix central tendencies and upper percentiles.

152
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5 Page 16 {ourrently pg 20), bullet point 5. If Children's Exposure Factor The 2011 Exposure Factors Handbook provided all the information on the
Handbook was used as well | would specifically reference this here. childhood age groups.

4 p.19 (currently starting on pg 37). ltis not clear whether these are "mean” or For the purposes of displaying the comparisen of estimated exposure doses to
“upper percentile” estimates of exposure. ffect levels from experimental or epidemiologic studies, Figures 11-13 will be

. . N revised incorporate both the “Central Tendency” and the “Upper End” exposure
My recommendation would be to pick one of two options: p . . . : .

S osesfconcentrations. Those comparisons will be made using Human Equivalent

{a) Show the results of an “upper percentile,” but also to note that a D . . .
M . u " . oses and Concentrations, and will focus on the scenarios that are of greatest
cenlral estimate™ would only be *X-fold” smaller — for this exposure assessment, impact (i.e. young children, workers, Marines-in-training)
I think the difference is 2~3 fold. s ’ ! ’
{b) Show both “central tendency” and “upper percentile” resulis. The
upper percentile could be thought of as a “screening” value.
For Hazard Quotient f Hazard Index caloulations, the upper percentile is
prabably most appropriate.

2 p.19 {currently pgs 17-18). Yes, the equations are there, but there is not much The exposure assumptions, along with their sources, are provided in Tables 3
detail in the way of the assumptions. Also, some annotation of the assumptions  and 4.
with support for why specific values ware employed should be included.

1 p. 18 {currently pg 24). What program? Please specify. For ingestion, the Contaminated Media {Risk] calculator at the Risk Assessment
Information System (RAIS), available on the Oak Ridge National Laboratory site
was used {see Heallh Effects Evaluation section).

4 p.20/21 {currently pgs 17-18) Tables 3/4. This appears to be a mix of “central Itis correct that the overall methodology uses a mix of mean values {e.g. body
tendency” and “upper percentile” measurements. It is not clear whether the weight) and higher percentile (e g. water ingestion rate, showering frequency,
overall methodology is to simulate an “upper percentile” or not. bathroom time) exposure estimates to generate a scenario that reflects upper end

o . level of exposure.
See recommendation in previous comment.
4 p.20/21 {currently pgs 17-18) Tables 3/4. The Exposure Facters Handbook has The ingestion rates and body weights used in ATSDR's assessment are from

EPA's Exposure Factors Handbook {USEPA 2011d). Only the ingestion rate for
Marines-in-training was modified to account for their increased activity level
{Kaolka et al. 2003).
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p.24 {currently Appendix D, pg 88) TCE Toxicity. These chemical specific
sections seem unneceseary — this information is readily available in
IRIS/ToxFAQs. If the intent was to modify the dose-response assessment
based on a re-interpretation of the evidence, | could see that necessitating this
level of discussion. It doesn’t appear that this is the case, though.

That said, it doesn't seem worthwhile to include these chemical-specific
treatments in the main document. If anything, I'd make this an appendix.

The text describing the derivation of the health guidelines was moved to Appendix
D.

“silent” on mode of action. See earier peint about action for TCE mode of action
for kidney tumars. If ATSDR considers Benzene associated cancers are
possible by mutagenic mode of action then ADAF should be added. Did | miss
this discussion? Especially clarify on page 24.

154
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1 p.24 {currently Appendix D, pg 88) TCE Toxicity. In general | think you have oo ATSDR moved the delailed discussion to Appendix D.
much detail in these sections reviewing toxicity for the chemicals of concern.
I suggest a streamlined presentation here along these lines.

-Summary of health effects from human and animal studies

-Present the RfDYRID - discuss relevant data issues considered in deriving
these and cut details out for an appendix.

-Present CSFIUR - discuss relevant data issues considered in deriving these
and cut details out for an appendix.

1 p.24 (currently Appendix D, pg 88) TCE Toxicity. Too much information for the ATSDR moved the detailed discussion to Appendix D
main body of the report. This can be presented as supplemental information in
an appendix for those interested in further detail.

5 Page 25. {currently Appendix D, pg 89) TCE Cancer. The discussion of The most recent EPA Toxicological Review for TCE (p.5-130) states that:
mutagenic mode of action proposed only for kidney tumers needs additional “When there is sufficient weight of evidence to conclude that a carcinogen
explanation here and on pages 34 and 35. Nothing is stated that says how TCE  operates through a mutagenic mode of aclion, and in the absence of chemical-
caused non-Hodgkin lymphoma and liver cancers. [If they are not by a mutagenic  specific data on age-specific susceptibility, EPA's Supplemental Guidance for
mechanisms state this and provide details and justification. See my comments Assessing Susceptibility from Early-Life Exposure to Carcinogens (USEPA
on page 34 for ADAF. 2005¢e) advises that increased early-life susceptibility be assumed and

recommends that default ADAFs be applied to adjust for this potential increased
susceptibility from early-life exposure. As discussed in Section 4 4, there is
sufficient evidence to conclude that a mutagenic mode of action is operative for
TCE-induced kidney tumors.” TCE is clearly immunotoxic, however, the mode of
action for the induction of non-Hodgkins lymphoma is unclear.

H Page 29. {currently Appendix D, pg 99) Note that section on Benzene Canceris  Induction of cancer by exposure to benzene has been associated with muliiple

modes of action. Based on the current weight of evidence, the list of chemicals
where application of ADAF adjustments for children’s exposure does not include
benzene. Therefore, an ADAF is not applied in the cancer calculations for
benzene.
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2

p.34 {currently pg 32) Calculation of Cancer Risk. Yvhat is this?

Vinyl chloride also has a mutagenic mede of action, but the methodology for the
calculation of cancer risk is distinguished by the age at onset of exposure. The
methodology for assessing less than lifetime exposure beginning during early life
is presented in Section 5.3.5.1 of the EPA Toxicological Review of Vinyl Chloride;
EPA/G35R-00/004; 2002. The methedology uses a time-independent dose term
for early life exposure ta children that is added to the typical exposure duration
term in the risk calculation. Appendix D has been modified to include an excerpt
from that document that describes the basis for this term and example
calculations.

p.34 {currently pg 32) Calculation of Cancer Risk. While this might be true in the
generic case, in the specific case of TCE, benzene, and vinyl chloride, the case
that the risk "might be zero” is not as strong.  First, these are genotoxic (for TCE,
at least kidney cancer is). Second, they are based on human data, or consistent
with human data {in the case of Vinyl Chloride).

Recommend softening this assertion, and acknowledging strengths of the
cancer rigk estimates in this case.

The sfatements regarding cancer slope factors and inhalation unit risk values
reflect general uncertainty descriptions for assessment of risk for carcinogens that
appear in EPA documents and in ATSDR guidance. The phrasing of the canger
section and Appendix D in this document has been revised to make the
characterization of uncertainty more specific to the chemicals that are included in
this assessment.
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4

p.38 {currently pg 37) Summary of Potential Health Effects from Contaminated
Water Supplies. This section needs to describe the methodology for comparing
with PODs. In particular, as previously noted, | recommend a table with the
PQDs - and that they all be human equivalents or converied to human
equivalents by standard methods. For TCE, they should be 50th percentile
human equivalents (g .g., HEDSQ), though in the comments, though you might
include the 99th percentiles as well. The 50th is most comparable te the (human
equivalent) PODs for the non-TCE sludies, so that is why | suggest using it
instead of the HED/C99.

Ancther thing to consider for TCE is whether to include the route-ta-route
extrapolated HEDs/HECs. That s, for the ingestion graph, whether the HEDs
exfrapolated from inhalation studies should be included. They might be
informative as to characterizing nsk.

Furthermore, in the Figures, it may be useful fo have both the “conservative™ as
well as the “central estimate” exposure measures.

If the “central estimate™ exposure measures exceed the PODs {adjusted to
human equivalents), then that implies that exposures reached levels where
toxicity would be expected to be observed in the "typical” individual. If the
“‘upper end” exposure estimate exceeded, but not the “central” estimate, then
that still implies that some individuals will have been expected to have
observable toxicity, Moreover, my sense is that in these exposure scenarios,
the difference between the “central” and *upper end” estimate is not very large
{2~3 fold?).

Table 5a and 5b have been added that list the Point of Departure, the Human
Equivalent Doses and Concentrations, and the basis for the extrapolation.

For the purposes of displaying the comparison of estimated exposure doses to
effect levels from experimental or epidemiclogic studies, Figures 11-13 will be
revised incorporate both the “Central Tendency” and the “Upper End” exposure
dosesfconcentrations. Those comparisons will be made using Human Equivalent
Doses and Concentrations, and will focus on the scenarios that are of greatest
impact (i.e. young children, workers, Marines-in-training).

locked at immune outcomes in the studies it has conducted? If yes, is there any
corroberating human evidence? |f ATSDR has not looked at this, explain why
not.

158
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P p.38 {currently pg 37) Summary of Potential Health Effects from Contaminated Details of that study are described in the published Bove et al. 2014, Morality
Water Supplies. For those unfamiliar with Camp Pendleton (like me}, this Study Fact Sheet states “The Camp Pendleton workers were not exposed to
comparison isn't helpful without some description of the people and chemical contaminated drinking water”
exposures ocourring at that base.

2 p.38 {currently pgs 37 and 38) Hadnet Point Water Supply Users. Consider The ordering has been adjusted.
reversing the order of presentation to display risk estimates first, followed by epi
evidence that does not have the same level of quantitative estimation.

1 .38 (currently pgs 37 and 38) Hadnot Point Water Supply Users. Has ATSDR Multiple Sclerosis (MS) was evaluated as an immune ocutcome in the marine

mortality study and a slight effect was found. MS, scleroderma and lupus are
being evaluated in the health survey. There is no registry of immune effects and
characterization of the full range of petential immune impacts would be a very
challenging study design.
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4

p.47 {currently pg 43) Data Limitations. If the exposure concentrations are
intended to be “accurate” {not biased higher or lower), then why is it “health
protective? That makes it sounds like this is conservative, while it is actually a
“central estimate” (however uncertain).

For the purposes of displaying the comparison of estimated exposure doses to
effect levels fram experimental or epidemiologic studies, Figures 11-13 will be
revised incorparate both the “Central Tendency” and the “Upper End” exposure
dosesfconcentrations. Those comparisons will be made using Human Equivalent
Doses and Gongentrations, and will focus on the scenarios that are of greatest
impact (i e. young children, workers, Marines-in-training).

explain the possibilities for its impact.

Perhaps even recommend this be a subject of a future ATSDR mixture
assessment...?

160

Case 7:23-cv-00897-RJ Document 472-4

4 p.47 {currently pg 43) Data Limitations, This is not "very” conservative — less The parameter of exposure duration is based on how long Marines where in

than 2-fold different than a “central” estimate. training. Information provided to ATSDR indicated that the use of a 3 year on-
base duration would cover 85% of those individuals. Ye believe that to be a
conservative (health-protective) exposure assumption. We also included longer
term workers at the base to ensure that the potential impacts to individuals who
were exposed for a longer duration were considered.

2 p.A7 (currently pg 43) Data Limitations, This is good and reasonable — but the That fact is mentioned earlier in the section describing the Exposure Dose
detail that it is the 85th percentile should have bheen mentioned above in the Calculations.
earlier discussions of that assumption.

2 p.47 {currently pg 43) Data Limitaticns. | recall mention above that guidance on Individual exposures may vary. ATSDR used a combination of site-specific
water consumption and bathing frequency was provided by base parameteis, such as bathing frequency and water ingestion rate for Marines-in-
leadership/military personnel. .7 training, and upper end exposure parameters from reliable sources such as

EPA’s Exposure Factors Handbook.

4 p.47 (currently pg 43) Data Limitations. In many of these cases, however, the For the water ingestion pathway, there is actually only limited variability in the

“upper end” is not too far different than a central estimate. dose estimates between average and upper end exposure levels. The estimated
of dose from inhalation of chemical vapors from use of contaminated water is
subject to a greater level of uncertainty, in part due to a larger number of input
parameters with estimated values. The assessment will be revised to reflect both
the average and upper end exposure levels.

z p.47 {currently pg 43) Data Limitations. You should discuss this more - and A discussion about exposure ta the mixture of chemicals in Camp Lejeune water

systems has been included in a separate section. The basis for this discussion is
contained in the ATSDR Interaction Toxicological Profile, which summarizes
mixtures data that includes on TCE, PCE, and Vinyl Chloride. Detailed summaries
of those analyses have been inserted info Appendix D The outcome of that
evaluation is that the use of the additive approach used in this assessment is the
most conservative (health-protective).
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2

p.56 {currently pg 52) Lead Levels in Camp Lejeune's Drinking Water.
Summarize the most impoertant points in text.

The most important points related to Table 7 are already summarized in the
bullets and text of this section. A few clarifying statements were added to the text
on page 53.

assertion.

162
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2 p.56 (currently pg 53) Lead Levels in Camp Lejeune’s Drinking Water, So, what Camp Lejeune indicated major repairs were completed for some buildings and
does this mean? Synthesis would strengthen this section. information was added to this report.

P p.57 {currently pgs 54-55) Table 7 (two places). Why did sampling nof continue ATSDR only reports the sampling data; the agency does not determine when and
here? from where samples are collected. Note that one sample found 10 ppb, which is

below the EPA action level of 15 ppb; guidance does not indicate followup
sampling is needed at this location.

ATSDR noles that the other sample found 17 ppb, which is above the EPA action
level of 15 ppb. Additional data were provided during the public comment period
release of this PHA. Interior and exlerior repairs were completed in 2011 at
MCAS New River building AS 4025 {barracks). ATSDR notes that sampling of tap
water at these barracks showed lead fluctuated {e.g., not detected in June 2007,
71 pph in February 2008, not detected in July 2008, etc ), which was before
repairs were completed in 2011. Then, in August 2013, at this same building, lead
was detected again above the 15 ppb action level, but was not detected in a
followup sample in September 2013.

5 Page 58-61{currently pgs 58-57). This reviewer would suggest an additional look  ATSDR describes many health endpoints, including nen-neure endpeints such as
at efforts of lead. There have been discussions on non-neuro endpoints. Please  hearing, delays in puberty, and kidney problems {see Blvod Lead Levels and
re-review. Also see comments abeout biomarker surveillance {i.e. blood level) to Heaith Effects section).
confirm lead exposure values in your populations of interest. | would support this
rather than additional environmental exposures. After the draft was released for external peer review, the Navy provided a site-

specific pediatric BLL data summary report. As stated in respense to previous
comments, ATSDR has added the summary data to the document.

2 p.59 {currently pg 57) Table §. Is this for all ages <77 Yes, as described in the text, the IEUBK model predicts the risk of elevated blood
lead levels in children B months to 7 years of age. This was added as a nofe to
the table.

2 p.60 {currently pg 59). More detail is needed here. Yes, | know the factsheet is Clarification was added to the previous sentence that provides details about the

in the appendix, but the appendix is better suited for details beyond what is USEPA 3T program.
needed to understand the paragraph at hand. There is not encugh presented
here to understand what 3T guidance will require/do.
2 080 (currently pg 59). What? Please provide a scientific rationale for this Nutrients like calcium and iron reduse lead uptake. This clarification was added to

the sentence,
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p.78 {currently pg 80) Cancer Health Effects. Not necessarily “worst-case” -
these are based on lower 85% confidence of the BMD. Additionally, in these
specific cases, they are mostly based on human data, so the uncertainty is much
less than being based on animal data. Even for Vinyl Chloride, which is based
on animal data, it is documented that the animal-baged estimates are very
consistent with estimates based on human epidemiclogy.

Furthermore, for the genotoxic carcinegenic endpoints, linear extrapolation may
be a reasonable choice, and not “worst-case™ by any means. Finally, recent
work has indicated that, taking model uncertainty into account, linear
extrapolation may not be “conservative” {Chiu and Sloh 2015, in press
DOI:10.1289/ehp. 1409385 ; Slob et al., 2014 DOI: 10.1111/frisa.12194)

The sfatements regarding cancer slope factors and inhalation unit risk values
reflect general uncertainty descriptions for assessment of risk for carcinogens that
appear in EPA documents and in ATSDR guidance. The phrasing of the cancer
section in this document has been revised to make the characterization of
uncertainty more specific to the chemicals that are included in this assessment.

there? Taken when? | realize this has been documented elsewhere but it would
be helpful to have at least a brief review of some key details here.

5 Page 78. This reviewer does not agree with the recommendation to use The qualitative, undefined terms have been deleted and replaced with more direct
undefined qualitative terms. See comments for points 1,237, 8and 20. Inmost  statements.
cases when quantitative or semi-quantitative terms are used their definitions are
provided that help guide the reader.

1 p.82 (currently pg 83) Appendix C. Exposure doses were calculated only for The unused equations were deleted.
organics, right? Lead was evaluated with IEUBK. Delete equations that were
not used.

1 p.85 {currently pg 83) Appendix C. In regard to question 7 of the peer review: | Vinyl ehloride also has a mutagenic mode of action, but the methodology for the
don't get how an additional intake term as shown here relates to the EPA calculation of cancer risk is distinguished by the age at onset of exposure. The
recommendad 2-fold cancer risk adjustment for early life exposure. methodalogy for assessing less than lifetime exposure beginning during early life

is presented in Section 5.3.5.1 of the EPA Toxicological Review of Vinyl Chloride,
EPA/G35R-00/004; 2002. The methodology uses a time-independent dose term
for early life exposure ta children that is added to the typical exposure duration
term in the risk calculation. Appendix D has besn modified to include an excerpt
from that document that describes the basis for this term and example
calculations.

1 0.89 (currently pg 116) Appendix F. How limited? How many samples were The intent of this PHA was to evaluate past exposures to contaminanis of

concern. The authors tried to keep the document concise and provide references
in areas where we fell the reader may want more detail an pertinent studies.
Including too much of their information in our document may make an already
lengthy decument unwieldy.

164
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1 None Would a neoplasm {benign) but physiclogically active in the None. The assessment of cancer risk is based on the exposure
endocrine system, which is over producing socme hormones dose associated with the induction of a tumor. If that
and under reproducing other, be considered in this tumor is modulating endocrine hormones, that effect
assessment? Would this fall under non-cancer health would theoretically be independently assessed as a
effects? noncancer effect. However, there would need to be

sufficient evidence to determine the exposure dose for a
chemical that would lead to hormone levels oulside of
nermal ranges that could lead to an adverse health
outcome.

? Nene Throughout the text we note a tendency to avoid direct Suggest that the same ATSDR made the change from the term "would” to
repetition, e.g., of the same potential effects for similar potential effects from “gould” when making conclusive statements based on
exposures. While it makes for more interesting reading, it exposure to the same our assessment of potential impacts of exposure.
may cause individuals to infer that real differences exist We  chemicals be reported using
rniole, for example, “could” was used instead of “would” for the same text. Specifically, if
some of ATSDR's conclusions. For very similar statements the exposures are the similar
with the same underlying dala, we suggest that ATSDR make  the anticipated outcomes
the wording consistent across all conclusions and use “could”  should also be similar.
instead of "would”. Repetition also prevents

incorrect inferences of
perceived differences,

2 xiii ATSDR should add the following text at the end of the last The results of ATSDR studies  The 2013 ATSDR study evaluated specific birth
paragraph of Conclusion Basis: “Note that neither of these should be either reported or outcome data that was reported by the participants. The
developmental effects were found in the 2013 ATSDR study  not reperted in an unbiased developmental effects of TCE exposure on specific
{Ruckart et al. 2013) of in utero and infant exposures.” We fashion, whether they do ordo cardiac abnormalities that were identified in the animal
suggested this addition because ATSDR has mentioned not support predicted findings.  studies would not necessarily be the type of effect that
when their studies support the predicted effects. would be easily diagnosed at birth or in early childhood.

Therefore, claiming that this study is evidence of a lack
of such an effect is not appropriate. However, a
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elevated hazard ratios mentioned in Conclusion 1. Since publish their resulis of such significant, for a variety of reasons, but may have
statistical significance is usually one of the criteria for analyses. ATSDR should significant biological relevance and should not be
establishing causation, ATSDR should not be averse to acknowledge that other ignored.
reporting the published limitations of the studies. The lack of  stakeholders might find this
statistical significance is more important than the current information critical for their
generalized stalement about “limitations” of the study that evaluation of the situation and
could be applied to many epidemiclogical studies that did include that there was no
demonstrate statistical significance. statistically significant finding,
in their discussion of the
finding of an association.

P Xiv Conclusion 2 Conclusion Basis: “Children would have an If ATSDR continues to label The paragraph was edited to make the cancer rigk
increased cancer risk, while adults would have a low an increased cancer risk as comparison between children and adults more clear,
increased cancer risk.” The reason for the distinction “low”, the document should However, cancer risk is a continuous probability
between the child and adult risk is not clear, especially as this  state (1) what level of ariskis  estimate. Therefore, there are na bright lines, anly
is the only conclusion where this difference is noted. If considered “low” and (2} relative comparisons of what is high vs. low.

ATSDR means that the adult risk is lower than the risk for whether ATSDR considers
children, the sentence should say that — but that should then  that level to be one for which
also be stated for the other exposures where this is also true.  no action would be required
Other conclusions relate the level of rigk to the target levels {or some other reason for
for remediation of Superfund sites. Why is that metric not distinguishing that risk from
used here? If ATSDR considers some increased cancer riske  the other increased cancer
to be “low”, does it also consider some increased cancer risks).

risks to be “high”, or should the reader infer “high” unless

“low" is stated?

2 xy Conglusion 2 — Next Steps. This is the first use of ADEC. Itis  Spell out “Association of The acronym list was updated to include AOEC.
not defined and ACEC is net in the list of acronyms. (ltis Occupational and Conclusion 2 was not the first time this term was used;
defined in Conclusion 3 — Next Steps at the bottom of the Environmental Clinics.” AOEC was defined previcusly in Conclusion 1, page xiv.
page.) Include AQEC in list of

acronyms.

2 Xv Congclusion 3 - Holcomb Blvd: The first sentence states, Suggest that the phrase The text has been edited to make the reference to
* _fetal cardiac effects and other adverse birth cutcomes” In - “other adverse birth “adverse birth outcomes™ more specific.
other sections, fetal cardiac effects and developmental cutcomes” be replaced with
immunotoxic effects are mentioned as potential effects. In specific endpoints as in other
the ATSDR studies, some non-statistically significant parts of these conclusions.
elevations of endpoints such as lower birth weight are
mentioned. The open-ended “other adverse birth outcomes”
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“These data may not necessarily be representative of all
children the site are because 1) The BLL program endeavors
to test children with the highest risk for elevated blood lead
levels and not all children, 2) the evaluation did not include
data from all sources like purchased care providers.

. If only testing the highest risk would this not
assume worst cage?

. It is not clear what is being implied by “all sources
like purchased care providers.”
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at risk children is not
representative of a worst case
scenaria. Clarify what is “data
from all sources like
purchased care providers.”
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? Xvi Conclusion 3, Conglusion Basis: The second paragraph Suggest changing the text to The secand paragraph has been edited to make is
states, “ . water ingestion and inhalation of vapors during read “water ingestion was consistent with the other concluding statements
showering/bathing were estimated at levels similar to those estimated at levels similar to regarding exposure to TCE. The inhalation pathway
associated with fetal cardiac effects in animal studies.” This those associated with fetal was evaluated using a route extrapolation method for
statement is not accurate with regard to inhalation exposures.  cardiac effects in animal the RfC and Inhalation MRL.

The published, developmental study that found effects only studies. If those oral

had oral expasure. The inhalation study {Carney et al. 2006 exposures are converted into
as also discussed in USEPA 2011) did not find any cardiac what is expected to be an
effects. Therefore, there are no inhalation exposure values eguivalent exposure by

for animal studies that caused cardiac effects for the human inhalation, ..."

exposures to be “similar to”.

2 Xy Conclusion 4, Conclusion Basis: The last sentence states, ATSDR authors and The sentence has been edited to indicate the
“According to the applicable air studies in ATSDR's TCE reviewers should know and exirapolation and human equivalent comparisen. The
toxicological profile, estimated TCE exposures also exceeded  accurately reference the citations for the ATSDR Toxicalogical Profiles for TCE
study effect levels.” ATSDR’s inhalation MRLs are based on material in relevant ATSDR and PCE have been inserted.
extrapolations from oral studies. There are no “applicable air  documents.
studies™

2 il Conclusion 5, Lead, Conclusion Basis: The statement, Explain why testing the most Yes, testing for children with the highest risk for elevated

blood lead levels could be considered a worst case
scenarnio. However, although BLL programs endeavor {o
test high risk children, it is not known whether all high
risk children are identified and tesied because lead
testing is based on the discretion of healthcare
practitioners.

For its BLL evaluation, the Navy and Marine Corps
Public Health Center (NMCPHC) evaluated records
chtained from the Health Level 7 chemistry database
through the Composite Health Care System (NMCPHC
2015). In this report, ATSDR only summarized the
NMCPHC results. Inits report, NMCPHC notes that
seme pediatric beneficiaries may receive care outside of
the Military Treatment Facilities system (i.e., other
sources), such as purchased care providers (NMCPHC
2015). Clarification was added to the main text of this
report.
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Nongancer Effects of Exposure to Chemical Mixtures”, we
note that ATSDR did not cite the PBPK models of the
interaction of these chemicals, e.g., Haddad 5, Charest-
Tardif G; Krishnan K, “Physiclogically based modeling of the
maximal effect of metabolic interactions on the kinetics of
components of complex chemical mixtures ™ J Toxicol
Environ Health A, 2000 61(3).208-23 that examined “the
theoretically possible, maximal impact of metabolic
interactions on the blood concentration profile of each
component in mixtures of volatile organic chemicals (VOCs)
[dichloromethane (DCM), benzene (BEM), trichloroethylens
{TCE), toluene (TOL), tetrachloroethylene (PER},
ethyibenzene (EBZ}, styrene (STY)” or Price K, Krishnan K
“An integrated QSAR-PBPK modelling approach for
predicting the inhalation foxicokinetics of mixtures of volatile
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semi-guantitative method
{BINWOE) to estimate
interactions. When
quantitative models are
available, they can be used fo
estimate inferactions not only
more accurately, but also for
the specific concentrations of
concern. Apparently, this has
been done by some of
ATSDR scientists; of. Ruiz et
al. “Development of a Human
Physiologically Based
Pharmacokinelic {PEPK)
Toolkit for Environmental
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Reviewer | Page Reviewer Comment Reviewer Suggested Edit ATSDR Response
? 18 Table 4, Parameters: There is no distinction for Marines-in- It may be appropriate to One of the critical objectives of the assessment was to
training. The impression is that marines assigned to MCB include different categories for  determine the potential impact to individuals who had
Camp Lejeune for a 3 year assignment undergo the same Marines living on Base. the highest level of exposure to contaminated water.
level of exertion as those assigned for advanced training. The The exposure assumptions for the Marines-in-training
average Marine-in-fraining event is significantly shorter than . reflect that objective. It is acknowledged that other
the adult active duty marine resident assigned fo base Inhalation rates for Adult individuals who may not have had the level of exertion
residential housing. The exertion level of a marine residentis  resident, Civilian worker. and — gy56rienced during training exercises would likely have
significantly different from a Marine-in-training. Note: Civilian ~ Marine-in-training shouldbe 44 5 lesser degree of exposure. The exposure
Worker ED (3 Years) is different than Table 3 (3-15 Years). population specific, not the calegories were selected to reflect the range of
same. intensities of water use. Based on specific levels of
contact, individuals who worked andfor lived on base
could determine where their exposure level may have
fallen within that range.
Inhalation rates were based on exposure during
showering, which is primarily age-dependent rather than
oh residence or occupational category. Adults would
likely breath at the same rate during showering
regardless of their calegory.
2 33 In the section *Evaluation of Combined Cancer and The ATSDR guidance uses @ While it is acknowledged that there is detalled

information available of the specific characteristics of
exposure to a chemical mixture, the use of quantitative
methods could be useful in more accurately assessing
blood concentrations and possible metabolic
interactions. The references cited in the comment have
been included in the document as examples of the use
of QSAR and PBPK approaches to the evaluation of
mixtures. However, the exposure assessment for Camp
Lejeune is an historical reconstruction using modeling to
predict concentrations of chernicals in drinking water. In
addition, the inhalation exposure pathway relies on
further modeling to predict concentrations in air during
water use. Given the uncertainties in those estimales of
exposure, the semi-quantitative method used in this
assessment was determined to be justified to predict
interactions. If the actual concentrations in various
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