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DISCLAIMER

NOTE: The authors of this report do not claim arpegtise in the field of human exposure to

chromium or chromium-related waste or by-produci&his report was prepared pursuant to
Paragraph 49 of the Partial Consent Judgment Coimcethe PPG Sites dated June 26, 2009,
which authorized the Site Administrator to recomth@nhealth exposure study, if necessary.
The preliminary recommendations made in this reghuld not be construed to provide

medical advice or an assessment of exposure riddge recommendations proposed in this
report are those of the Site Administrator and raoe necessarily those of the parties to the
Settlement or experts who were consulted for gyort.

ASSESSMENT AUTHORS

The background review and assessment was direnttd@authored by W. Michael McCabe,

however, the recommendations are solely those @d&le. McCabe is the independent, Court-
appointed Site Administrator for the cleanup of RBG chromium waste sites in Hudson
County, New Jersey. McCabe also is the PrincipalMaiCabe & Associates - a private

consulting firm addressing energy and environmepdicies, projects and opportunities at the
community, state and federal levels. He brings y@ars of experience in energy and
environmental policy leadership to the positiongluding a term as former USEPA Deputy
Administrator and Regional Administrator of the ERPMid-Atlantic Region under President

Clinton. Before joining EPA, McCabe served as t&em. Joe Biden's director of

communications and projects, representing Bideautinout the state of Delaware. Prior to
working with Biden, McCabe served in leadershipitpmss on Congressional committee and
Member staffs specializing in environmental andrgnéssues.

Co-author Ciara O’Connell is an independent enwvirental consultant for McCabe &
Associates who has worked since 1999 on a variegneironmental issues including estuary
policy, solid waste policy and permitting, air péitmg and compliance, brownfield
redevelopment, and RCRA Part B facility permittingrom 1996 through 1998, she worked as a
program environmental scientist for Environmentéiafce, Inc., where she specialized in Title
V, hazardous waste and solid waste permitting facilifies in Delaware, Pennsylvania,
Maryland and Virginia. Prior to that, Ms. O’Conhelorked as a program analyst in DNREC’s
Pollution Prevention Program. Ms. O’Connell reeeiva Masters of Environmental
Management from Yale University in 1995.



HEALTH STUDY RECOMMENDATIONS - EXECUTIVE SUMMARY

. BACKGROUND
Chromium Cleanup Settlement

On June 26, 2009, a Partial Consent Judgment wegedrwith the Superior Court of New
Jersey, binding the New Jersey Department of Enmiental Protection, PPG Industries, Inc.,
and the City of Jersey City to work together to egimte 20 chromium sites in Hudson County
for which PPG is responsible. The unique collabegaarrangement created by the settlement
was designed to “remediate the soils and sourcesrdmination at the PPG Sites as
expeditiously as possible with a five (5)-year gioalcompletion.®

To help meet this objective, the position of indegent Site Administrator with oversight
responsibilities was established. The responséslvested in this position include developing a
judicially enforceable 5-year master schedule lifating parties’ progress in meeting master
schedule milestones, hiring an independent techoacesultant, maintaining regular
communications with community representatives, @mmunicating community concerns to
the partnership. Environmental consultant and ésrthSEPA Deputy Administrator W.

Michael McCabe was appointed to this position byrtorder in July 2009.

As part of the Duties and Responsibilities of 3ithministrator, a provision was included in the
Consent Judgment requiring him to:

“Review previous and ongoing health studies coniogrihe health impacts of chromium in
Hudson County and consult with experts in the fiafdl, if necessary, to recommend a
protocol for a future medical study (health expasstudy), that would monitor the people
living within the vicinity of the Garfield AvenuéeSto ascertain chromium exposure risk$....

An extensive review of existing health study litera and research was conducted to form the
foundation for the recommendations in this report.

Health Exposure Study Scope and Criteria

The following questions formed the basis for thepscand criteria of what type of health
exposure study, if any, would be appropriate feidents living in the vicinity of the Garfield
Avenue Site.

! partial Consent Judgment Concerning The PPG @ig# Action No.: HUD-C-77-05), June 26, 2009, $.X.8

% |bid, p. 18, XVI. 49 (g)



1. Will the data gathered to detect a specific contemi (hexavalent chromium) aid in
the prevention of disease or health effect?

2. How will the information be used to: a) protect coomity health, b) address
community concerns; and c) take appropriate action?

3. Are there programs/resources in place to act airfgs, if necessary?
4. What follow-up will occur and who is responsible?

These questions are answered below in the contélxé secommended Community Health
Exposure Prevention and Testing Program.

Community Concern

Jersey City has a long history of exposure to clwanprocessing and the use of chromate
chemical production waste (CCPW), a by-product geted from the production of sodium
dichromate, as construction fill material. CCPWtains hexavalent chromium, Cr(VI), which
may cause lung cancer in humans and has been lial@ter health effects, such as respiratory
and dermal conditions. These health effects hanemlly been observed and studied in worker
populations that have been exposed to high le¥els (1) over a long duration. Low level
ambient exposure of the type that may be preseheiGarfield Avenue community and
possible related health effects have been the ctudjdimited research. Importantly, no research
results have established a clear causal link betwealth effects and exposure to background
levels of chromium for residents living near wasites. Where associations have been observed,
they may be attributed to chance or other facgush as smoking, and, therefore, are not
definitive.

According to information developed by NJDEP, thcbeomite ore-processing plants, which
operated for approximately 70 years between 1905181, generated more than two million
tons of waste disposed of in Hudson County. Orntbede plants was operated by PPG at its
former chromium chemical production facility locatiat Garfield Avenue in Jersey City.

CCPW has been found at residential, commercialrashaktrial locations. Chromate waste from
the Hudson County facilities was used as fill iegaration for building foundations, roadway
construction, filling of wetlands, sewer constroatiand other construction and development
projects. Chromate contamination has been fourdviariety of places including the walls and
floors of buildings, interior and exterior buildisgirfaces, surfaces of driveways and parking lots
and in the surface and subsurface of unpaved areas.

¥ ATSDR Toxicological Profile for Chromium, Drafoff Public Comment, September 2008,
www.atsdr.cdc.gov/toxprofiles/tp7.html#bookmark03




In the late 1980s, more than 200 waste sites irsbimounty were identified and investigated
and since then have either been cleaned up, capmtermined not to pose a threat to public
health until they can be remediated. In Jersey, @45 residential and industrial sites were
identified and during the 1990s; 50 sites - ned€lypercent — were cleaned tipthe rest, which
are awaiting cleanup, have been stabilized thronfghim measures or lay deep enough
underground not to cause ongoing community exposure

Most of the site remediation occurred only aftgialeaction directed cleanup through
Administrative Consent Orders (ACO). Cleanup ptyowvas directed at known residential sites,
which have since been remediated. However, rerediaf large industrial waste sites in
Jersey City, such as the Garfield Avenue Site dmfsbeen addressed through further legal
action. The largest industrial site, a 34-acre aibeg banks of the Hackensack River owned by
the Honeywell International, Inc., is nearing clegrrompletion after the Interfaith Community
Organization (ICO) won a lawsuit in 2003 requirexpedited remediation.

Despite considerable activity in the 1990s to dati the legacy of chromium waste in Hudson
County, little data exists to characterize backgrblevels of chromium in the air before sites
began to be cleaned up and capped. Subsequentrggrtipugh limited, shows chromium at
levels far below those considered to be a healtigela As described in more detail later in this
report, household dust studies conducted by thér&@mmental and Occupational Health
Sciences Institute (EOHSI) show that chromium-&drdust in homes near waste sites was
reduced by as much as 85 percent following siteetkation> More recent studies show dust
levels at homes near waste sites in Jersey Clgyvals comparable to homes in New Brunswick
where there is no legacy of chromium processirepit

The most effective way of addressing potential s associated with waste sites is to clean
them up. That is the objective of the court setdat and 5-year master schedule. Nonetheless,
the ubiquity of chromium waste in Jersey City amel associated health concerns of the Garfield
Avenue Site community argue for a combination aioas linked to planned remediation
activities that will:

Assess current exposure conditions to measurestdgatare conditions;

Protect the community from new exposure;

* Chromate Chemical Production Waste Sites Statuy, M2009, NJDEP, Division of Remediation Managemen
and Response

® Freeman, N. et aReduction in Residential Chromium Following SitenRéiation,J. Air & Waste Manage.
Assoc. 50:948-953, June 2000

® NJDEP, Office of Scienc&haracterization of Hexavalent Chromium Concentrasiin Household Dust in
Background Areaslune 200%http://www.state.nj.us/dep/dsr/chromium/bckgrd-df.p




Map residential soil samples to determine levelsasitamination above
background, if any;

Share quality-assured information with maximum $garency;

Collect information that can objectively characterthe likelihood of residents’
exposure to dangerous levels of chromium;

Integrate results collected with existing datartoviple more complete assessment
of residents’ exposure.

. SCOPE AND METHODS OF THE HEALTH EXPOSURE STUDY
ASSESSMENT

The health exposure study assessment was combetind specific community of residents
living in the vicinity of the Garfield Avenue Site Jersey City. As such, the scientific literature
review initially focused on past and current stesd@oking at chromium (Cr) and hexavalent
chromium-contamination and possible Cr(VI)-mediateshlth effects in Jersey City and
Hudson County. The review was further expandeddinde studies of other Cr(VI)-exposed
communities in the United States and abroad, alsasedtudies of workers occupationally
exposed to Cr(VI), research on the carcinogenmit@r(V1), and sources on Cr(VI)’s toxicity
and toxicology.

In considering the appropriateness of a health &x@ostudy and its potential format, literature
was reviewed regarding biomarkers, biomonitorimgesning tests for specific health endpoints,
health study options and protocols. More thandéngific studies were reviewed.

Federal and state environmental and health agestepases and websites (e.g., USEPA,
CalEPA, NJDEP, ATSDR) provided valuable sourcelamkground and insight into the
science, policy, technical and logistical compliesitof chromium-related issues.

As required by the Consent Judgment, the assessnatuded interviews with local, regional
and national experts and practitioners in the agleasribed above in order to gain additional
insight into the current understanding of how Cj(dhaves in the environment, how it acts in
human subjects and how body burdens can be measudadterpreted. Close to 20 individuals
were contacted with expertise in the following arg&ésk assessment, toxicology, environmental
and occupational medicine, pharmacology, heavy Insatainogenesis, cancer screening,
biomarker research, environmental epidemiology, l@abbgical monitoring.

The information gleaned from this review and reskeavas used to inform the Site
Administrator's recommendations regarding a futugalth study for the residents living in the
vicinity of the Garfield Avenue Site. The follovgrparagraphs summarize key health studies. A
more complete examination of these and other ssddlows the Executive Summary.



NOTE: The authors of this report do not claim argegtise in the field of human exposure to
chromium or chromium-related waste or by-produdthkis report was prepared pursuant to
Paragraph 49 of the Partial Consent Judgment Coincethe PPG Sites dated June 26, 2009,
which authorized the Site Administrator to recomoharhealth exposure study, if necessary.
The preliminary recommendations made in this regloould not be construed to provide
medical advice or an assessment of exposure rigke.recommendations proposed in this
report are those of the Site Administrator andrextenecessarily those of the parties to the
settlement or experts who were consulted for &yeort.

[ll.  PUTTING HEALTH STUDIES IN CONTEXT

Studies in Hudson County

Over the past two decades, the Jersey City comgnhag been the focus of numerous health
studies looking at exposure to chromium from CCRtssand potential related health effects.
Beginning in 1990, researchers from NJDEP, Newejyeepartment of Health (NJDOH) and
the Environmental and Occupational Health Sciehtst#tute (EOHSI) began collaborating on
the first of a series of studies that measuredrahnm in household dust in homes located near
CCPW sites and measured chromium in urine sampléscted from residents of these homes.

The data from these studies showed a correlatiomea® proximity to CCPW sites and the level
of total chromium in household dustThey also showed that children in households with
elevated total chromium in dust had higher Cr &irthrine®

A follow-up at homes near CCPW sites that had leerediated showed significant declines in
total Cr in household dust, essentially down tokigasund levels. In one example, homes that
had previously been identified as having had higgbq0 ppb) or medium (100-400 ppb) levels
of total Cr in house dust, showed an approxime&&Bb decline in Cr concentrations post-
remediation”

In 2006, due to continuing public concern over ptt Cr(VI) exposure from the remaining
unremediated CCPW sites in Jersey City, EOHSIatat a new two-phase study of potential
Cr(VI) exposure. In Phase I, 100 homes were sahipleCr(VI) in household dust, which

" Lioy, P., et al.Microenvironmental Analysis of Residential Exposior€hromium-Laden Wastes in and Around
New Jersey HomeRisk Analysis 12(2), 287-299, 1992

8 Stern, A, et alResidential Exposure to Chromium Waste — Urinedgjisial Monitoring in Conjunction With
Environmental Exposure Monitoringnv. Research 58, 147-162, 1992

° Freeman, N. et alReduction in Residential Chromium Following SiterRdiation,J. Air & Waste Manage.
Assoc. 50:948-953, June 2000
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averaged 3.7 pg/g (ppm), with a maximum value of §@/g** To provide “background
levels” with which to compare the Cr(VI) levels faiin household dust in Jersey City, EOHSI
collected dust samples from 20 homes in the New&mick area, an urban setting unaffected
by CCPW sites. Cr(VI) was detected in all of tleenes sampled, with an average of 4.6 ppm
and a maximum of 56.6 ppH.

Researchers found no significant difference inhitbesehold dust Cr(VI) concentrations between
the background area and Jersey City. SourceedZit{VI) in both areas are undefined. Itis
possible that at least some of the Cr(VI) in thetadame from materials inside the house, such as
older wooden furniture and structural elemént&urthermore, “comparison of the relationship

of Cr(VI) with Cr(lll) concentrations in the baclkgrnd locations and Jersey City suggested that
COPR [CCPW] was not a major source of Cr(VI) in $®dust in Jersey City®

Currently, the second phase of the two-phase studyderway. EOHSI is actively recruiting
homes with children 6 years old and younger in Whaccollect household dust samples for
Cr(VI) measurements and to collect urine samples fchildren.

A final health study of note pertaining to this aoomity is a study of lung cancer incidence in
Jersey City that was completed by New Jersey Deyeautt of Health and Senior Services
(DHSS). Using an individual’s residential addras the time of a cancer diagnosis as a
surrogate for exposure potential, the study exadwrieether lung cancer incidence rates differ
within Jersey City based on distance from CCPWssifehe study looked at lung cancer
incidence data from the New Jersey State Cancas®Regver the 25-year period of 1979 to
2003.

Based on the internal comparison within Jersey, @ityincreased risk of lung cancer incidence
was found for populations living in close proximityhistoric CCPW sites, although the
increases were not statistically significant, megrthe differences in rates are low enough that
they could be explained by chance. While the tesulggest that living closer to CCPW sites is
a potential risk factor for the development of lwamcer, the findings do not prove a cause-
effect relationship. The study authors comments‘important to note that the historic potential

Y joy, P. and Gochfeld, MFinal Report: Chromium Exposure and Health Efféstsludson County: Phase |
November 2008 http://www.state.nj.us/dep/dsr/chromium/chrom-expesphase%201.pdf

12 NJDEP, Office of Scienc&haracterization of Hexavalent Chromium Concen@masi in Household Dust in
Background Areaslune 200%http://www.state.nj.us/dep/dsr/chromium/bckgrd-df.p

3 Ibid
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exposures described in this investigation do notagent the current conditions in the city, since
considerable remediation of the CCPW sites hasroed'®

Studies in California

While the Consent Judgment only required a reviehealth studies limited to Hudson County,
it is essential to review any current health resednat could have a bearing on potential
exposure in Jersey City. As a result, severaltheaiidies sponsored by the Agency for Toxic
Substances and Disease Registry (ATSDR) for twddZala communities with inhalation
exposures to Cr(VI) compounds were evaluated fair tielevance to Jersey City exposure
patterns. In both California communities, residemére exposed to ambient levels of Cr(VI)
from chromium plating operations at levels muchkigthan Jersey City.

A cancer registry review completed for the Willi&A community near the Abex/Remco facility
(which operated between 1963 and 1995) did notdisthtistically significantly elevated
number of cancers. The number of lung cancergesmratory cancers was greater than the
number expected, but the difference was not langeigh to be distinguished from a difference
that could occur by chanc®. Similarly, a mortality data review did not fintasstically
significant increases in mortality. On the basis of air modeling, estimated annu@Vigr
concentrations ranged between 56g0m°® and 10,000 ng/for 1968-1975 and ranged between
20.0ng/m® and 1,000 ng/i(and possibly as high as 20,000 nfjom higher) for 1976-198%

Similar findings were made for the residents livimgar the Chrome Crankshaft and J&S
Chrome Plating operations in Bell Gardens, CA, Wwihoperated between 1953 and 1999. No
excess cancer rates that could be attributed ttathilities were found? During the years before
air emissions were reduced (due to the closur&8fQhrome Plating and to the installation of
air control devices at Chrome Crankshaft), estichatenual average Cr(VI) concentrations in air

15 ATSDR, Analysis of Lung Cancer Incidence Near Chromium+@minated Sites in New Jersey (a/k/a Hudson
County Chromium Sites), Jersey City, Hudson Colxyy JerseySeptember 2008,
www.atsdr.cdc.gov/HAC/pha/Chromium-Contaminated%2&36(NJ)%20093008.pdf

16 ATSDR, Evaluation of Health Studies Possibilities and Itatibns at the Abex/Remco Hydraulics Facility
(07/11/06)http://www.ehib.org/cma/projects/AbexHC. pdf

7 bid

18 California Department of Health Servic&yblic Health Assessment: Evaluation of Exposundigtoric Air
Releases From the Abex/Remco Hydraulics Facilifilit¥YMendocino County, Californi@July 2004)
http://www.ehib.org/cma/projects/AbexRemcoFinal A#AR. pdf

19 California Department of Health Servic&eview of Cancer Rates in the Vicinity of Chr@nenkshaft Company
and J and S Chrome Plating Company (January 20@8)//www.atsdr.cdc.gov/hac/pha/pha.asp?docid=18&p




ranged from 0.16 ng/fto 15.16 ng/rfy Measured samples (while both facilities werk sti
operating) ranged from non-detéz#30 ng/m.*°

Because occupational exposures to Cr(VI) compobags been shown to cause asthma in some
workers, some residents have expressed concerarthiadnmental exposures to Cr(VI) could
also cause asthma in children. A retrospectivexaiudy in one of the California communities
examined whether children exposed to airborne Gidt higher risk of asthma based on
attendance at schools located next to two chrongmmitting facilities®*

Air modeling estimated annual average air concéntra of 0.1216ig/m> and 0.00002ig/m® for
high and low exposure periods. The highest Cr(Wlrancentration measured in the
neighborhood was 0.43@/m>. Analysis did not support an association betwtaen
development of asthma among children and exposualiorne Cr(VI) by attending a school
next to a Cr(VI)-emitting facility??

Notes on Biomonitoring and Screening
Biomarkers are much in the news lately as potdpmbmising ways of detecting exposure to
contaminants or as early evidence of health effects

Currently, the most reliable biomarkers of Cr(VXpesure are urine and blood, both of which
are indicators of relatively recent exposure. Cy@dncentrations in urine and blood
(specifically red blood cells) can only indicategmtial exposure, but say nothing about the risk
of developing specific diseases or conditions.

A new sensitive assay has been developed whidbles@ specifically identify DNA-protein
crosslinks which are caused by Cr(VI). Itis cathg not known how long it would take to
develop the assay to the point where it could leel irs a non-laboratory setting and meet the
essential criteria for use as a biomarker. Asthete is not enough evidence to determine what
is considered an abnormal level of DPC. And algioDNA-protein cross-linking by chromium
is known to damage DNA, considered a potential stepe continuum to cancer, DPC as a
biomarker cannot yet be used to correlate withezifip cancer or risk of cancer.

While there is much research being conducted iratba of cancer biomarkers, as yet there are
no biomarkers for lung cancer or gastrointestiaaloers that are available for the general
population. Currently no simple and accurate surggtest exists for detecting and diagnosing

%0 California Department of Health Servig&eview of Cancer Rates in the Vicinity of Chr@@nenkshaft Company
and J and S Chrome Plating Company (January 20@8)//www.atsdr.cdc.gov/hac/pha/pha.asp?docid=18&0

21 ATSDR, Asthma and Related Respiratory Conditions Amon¢gd@i: A Study Concerning Attending School
Near Two Chromium Plating Facilities [Chrome Crahkft and J&S Chrome Plating, Los Angeles County]
(February 2005http://www.ehib.org/cma/projects/CCHealthStudy. pdf
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lung cancers early. Tests such as chest x-raygdam and sputum collection are not
recommended by the National Cancer Institute aesong tests for the general population. Nor
are there screening tests for gastrointestinalezanc

IV. RECOMMENDED COMMUNITY HEALTH EXPOSURE
PREVENTION AND TESTING PROGRAM

As per the Consent Judgment, before deciding whébthrecommend “a health exposure study
for the residents living in the vicinity of GarfteAvenue,” relevant health study data was
reviewed and the opinions of health and sciencerspvere considered. This information was
evaluated in the context of protecting the publieslth from potential exposures related to the
remediation of the Garfield Avenue Site.

After a thorough review of the data and informatomtiected, the Site Administrator developed
a preliminary set of recommendations which wereedhavith the parties to the settlement.
Those recommendations have been largely incorgbrate the protective health measures that
are planned for cleanup activities at the Garfielgnue Site. Based on revisions to the cleanup
work plan made subsequent to the preliminary recenttations, the Site Administrator believes
the protective measures will protect the healthemglre the safety of residents living near the
Garfield Avenue Site.

After reviewing scientific studies and expert opms, the Site Administrator is recommending a
Community Health Exposure Prevention and Testirgggam. The recommended program will
be three-tiered: 1) a comprehensive Air Monitoffrggram to ensure the protection of the
surrounding community during the remediation of @eefield Avenue Site; 2) an accompanying
health exposure program to determine whether theramity is being exposed to Cr(VI) related
to the site cleanup; and 3) a mapping project usasglts from the Residential Inspection
Program established by the settlement to outlieasaof soil contamination, if detected. In
addition, the Site Administrator recommends actiimngromote the second phase of the EOHSI
household dust study. The details of the Commu#églth Exposure Prevention and Testing
Program are outlined below.

A. AIR MONITORING PROGRAM

The activities associated with excavation, in-aital/or ex-situ treatment and removal of CCPW
from the Garfield Avenue Site present opportuniteegenerate work site dust. In order to
ensure that the health and safety of off-site egglis being protected during these activities,
continuous on-site and perimeter monitoring of anbair will be conducted. The data
generated will be independently reviewed and madédadble in an open and transparent manner.
The Air Monitoring Program, as described fully iseparate Air Monitoring Plan that has been
reviewed by DEP, will:



Include measures to control CCPW-containing dudtpotential Cr(VI) exposure to off-
site residents;

Establish an Action Level for total particulateslanrisk-based concentration goal for
Cr(VI) for monitoring in the exclusion (work) zorad at the site perimeter;

Continuously monitor and document airborne paréitaiand Cr(V1) levels at on-site
locations and at the fenceline (perimeter);

Establish baseline conditions prior to remediaivatets;

Generate data to confirm successful dust contsolyell as evaluate the need to initiate
actions to mitigate dust generation in real-tim¢h&sexcavation proceeds;

Require program activity and data review by indejggn Technical Consultant;

Post air monitoring data on tisvw.chromecleanup.comwebsite.

A key component of the air monitoring program Vel the development of a risk-based
concentration limit for Cr(VI) in order to proteasidents from exposure to Cr(VI) during
remedial activities.The risk-based Cr(VI) concentration limit in amMiemr will be calculated
using a cancer risk methodology (representing timeutative average risk over the 5-year
duration of the remediation project). Since Cr(d&nnot be measured in real-time, a surrogate
real-time Action Level for total particulates (R§will also be calculated. The real-time total
particulate concentrations in the Exclusion (Watkhe will be averaged every five minutes in
order to provide site personnel ample time to eatalulust sources, employ dust control
procedures or, when necessary, cease operationdanto prevent off-site exposures to
elevated levels of contaminants.

B. COMMUNITY HEALTH EXPOSURE TESTING PROGRAM

In addition to the Air Monitoring Program, healtkp@sure testing for residents is proposed in
order to determine whether the community is bexmgpsed to Cr(VI) related to the remedial
activities. Blood testing is being offeréalrespond to community concerns about potential
exposures during remediation. It is not being gnibsdbecause of concerns about

past exposures. A sampling of area residents’doleauld be tested before, during and after
cleanup activities to determine whether increas€x /1) above levels of concern were
observed. The voluntary program would be openltesidents living in the area from the
Garfield Avenue Site west to Ocean Avenue; soutBagview Avenue and north to Bramhall
Avenue. The program will consist of:

An initial screening for chromium level in red bbboells (blood screening) to be completed
before any remedial excavation activities areandi at the Garfield Avenue Site in order to
establish a baseline for comparison purposes;
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Semi-annual blood screenings throughout the peridand-disturbing remedial activities;

Physical examinations for evidence of medical cbowls that indicate a recent exposure to
Cr(VI), if red blood cell sampling results are edéad above a level of concern;

Data management and integration of participantdidata with environmental exposure
studies data; and

Protections for participant privacy.

C. RESIDENTIAL INSPECTION PROGRAM RESULTS MAPPING PROJ ECT AND
EOHSI DUST STUDY PROMOTION

1. Residential Inspection Program Results Mapping Peoj

As stated earlier, the goal of the recommended CamitynHealth Exposure Prevention and
Testing Program is to ensure that the health odeess living in the vicinity of the Garfield

Avenue Site is protected during site remediatiosh iato the future. Supporting this goal is the
Residential Inspection Program, established byoiwesent Judgment to address the concerns of
residents living near the PPG sites who suspeonaiim waste may be in or on their property.
Residents living in the area from the Garfield Awversite west to Ocean Avenue, south to
Bayview Avenue and north to Bramhall Avenue argible to request an inspection under the
program. Residential-related properties locatetliwithese boundaries, such as daycare centers,
school and playgrounds, are also eligible.

The Residential Inspection Program will determim@tigh inspections and sampling if elevated
levels of Cr(VI) are present. Chromium waste thateeds NJDEP standards will at a minimum
be cleaned up to standards. In this way, both CORWe Garfield Avenue Site and residual
CCPW on surrounding residential properties wilkéeoved, thereby helping protect the
community’s health.

The information collected through site samplingfigireat value in determining the extent of
CCPW contamination within the Garfield Avenue Sitenmunity. The Site Administrator
recommends that the Residential Inspection Prodrasults Mapping Project be developed to
share sampling results through location maps abtqreports in order to provide the broader
community with an accurate picture of resident@tamination conditions. Information would
be shared with the public through website postimd) rewsletters, as appropriate.

2. EOHSI Dust Study Promotion

Through various exposure-oriented studies, EOHSIaded in providing an objective science-
based assessment of Cr(VI) exposure to Jersey&siyents for the past two decades. Their
latest active study is the second phase of areeatiamination of Cr(VI) in household dust,
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which was initiated in 2006 in response to contigupublic concern over potential Cr(VI)
exposure from the remaining unremediated CCPW.sBesause EOHSI found Cr(VI) in
household dust in Phase |, suggesting a potewotiaxXposure, they implemented the second
phase of the study in 2009. Currently, EOHSI tsvaty recruiting homes with children 6 years
old and younger in which to collect household dastples for Cr(VI) measurements and to
collect urine samples from children.

The Site Administrator recommends that communityigaation in the EOHSI study be
encouraged through promotion activities of theiparto the Consent Judgment.

V. CRITERIA CONSIDERED FOR POTENTIAL HEALTH EXPOSURE
STUDY

As stated earlier, a series of criteria-based questvas asked when considering what type of
health exposure study, if any, would be appropfiatéhe residents living in the vicinity of the
Garfield Avenue Site. These questions are answazkmlv in the context of the selected
comprehensive site-related exposure monitoringnarag

Will the data gathered aid in the prevention of d&se or health effect?

The data gathered under the recommended CommuedlittHEXposure Prevention and Testing
Program will be of two types: biological samplealahd air monitoring data. Air monitoring
data will be used to document the degree to wheatedial activities expose the community to
elevated levels of Cr(VI) in ambient air. Biologicsamples will be used to document whether
individuals are being exposed to Cr(VI) in theiveanment. The data collected will be part of a
comprehensive program designed to limit and assqsssure and, therefore, is inherently
preventative in nature (even while existing heattidies do not clearly establish that adverse
health effects result from low levels of exposwederiods of short duration).

How will the information be used to protect commuyihealth?

The air monitoring data gathered will be used tgut community health by showing whether
there are elevated levels of Cr(VI) dust in ambeintand whether the dust is leaving the
remedial site. If it is determined that dust &vaked levels is being generated and leaving the
site, work will be stopped until work procedures te re-evaluated and reconfigured in order to
eliminate this problem.

Simultaneously, biological testing can show whethdividuals are being exposed to Cr(VI). If
this is detected, steps can be taken to identdydhite of exposure and/or eliminate the source.

How will the information be used to address commiynconcerns?

One of the community’s primary concerns is protatfrom exposure to Cr(VI) during
remediation and the air monitoring data will docutr&ctual conditions and show that Cr(VI)
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concentrations in ambient air are maintained beboget levels. Air monitoring information
will be shared with the public through website pugtand newsletters.

Biological testing can confirm that individuals aret being exposed to elevated levels as a
result of remediation.

How will the information be used to take appropreagaction?

The Action Level for PMp will be used to control remediation operationgc&use the
continuously collected PM measurements in the Exclusion (Work) Zone areamest every

five (5) minutes, site personnel have ample timemolement corrective actions before Action
Levels are exceeded at the site perimeter. Additly, if air monitoring data indicates that the
risk-based Cr(VI) concentration is being exceedeel project will be shut-down and if
necessary reconfigured until PPG can show appitepmaasures are in place to prevent further
exceedances and to protect human health.

If biological testing shows elevated levels of Q)W blood samples, a physical exam by a
medical professional experienced in environmemidl @cupational medicine can be conducted
to determine if Cr(VI)-mediated health concernsesent in an individual.

Are there programs/resources in place to act on fimglings, if necessary?

The Health and Safety Plan and Standard OperatimzeBures for the Garfield Avenue Site
identify the procedures to be followed if an Actibevel is exceeded. The Site Administrator
has the authority to order the work at the sit@géa until it can be shown that measures are in
place to protect the public.

What follow-up will occur and who is responsible?

If air monitoring demonstrates that Cr(VI)-contamatied dust is migrating offsite at
concentrations above risk-based levels, PPG ionsdple for shutting down remedial operations
and revamping procedures to ensure that futuredeingctivities are protective of human
health.

VI.  CONCLUSIONS

After reviewing the data in numerous health studiegorts and websites, and after discussing
the state of Cr(VI) science with various healtherxgp a comprehensive Community Health
Exposure Prevention and Testing Program is recordetefor the residents living in the vicinity
of the Garfield Avenue Site. This three-tier paibis designed to prevent the public from being
exposed to elevated levels of Cr(VI) during remidig provide reassurance to the community
that their health is being protected and provideose complete picture of area residents’ current
exposure to Cr(VI).
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[. INTRODUCTION

A. OVERVIEW
Chromium CleanupSettlement

On June 26 2009, a Partial Consent Judgment wageenith the Superior Court of New
Jersey, binding the New Jersey Department of Enmiental Protection, PPG Industries, Inc.,
and the City of Jersey City to work together to egimte 20 chromium sites in Hudson County
for which PPG is responsible. The unique collabegaarrangement created by the settlement
was designed to “remediate the soils and sourcesramination at the PPG Sites as
expeditiously as possible with a five (5)-year goalcompletion.®?

To help meet this objective, the position of indegent Site Administrator with oversight
responsibilities was established. The responséslvested in this position include developing a
judicially enforceable 5-year master schedule lifating parties’ progress in meeting master
schedule milestones, hiring an independent techoacesultant, maintaining regular
communications with community representatives, @mmunicating community concerns to
the partnership. Environmental consultant and &srt'SEPA Deputy Administrator W.

Michael McCabe was appointed to this position byrtorder in July 2009.

In particular, the Site Administrator has respoiisyto:

Develop a judicially enforceable master scheduleluding a timetable for submitting
project work plans by PPG, reviewing those docusiegitan independent technical
consultant and issuing subsequent ruling by NJDEP;

Monitor closely, facilitate and promote partnerspipgress in meeting master schedule
milestones:

Conduct meetings to resolve issues that might;arise

Hire an independent technical consultant and eg@erneeded for the review of PPG’s
submittals;

Maintain regular communications with community egentatives, soliciting their
opinions and ideas; and

Communicate community concerns to the partnership.

% partial Consent Judgment Concerning The PPG &g Action No.: HUD-C-77-05), June 26, 2009, H.X.8
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In addition, the Site Administrator was given tlesponsibility for reviewing chromium-related
health studies, consulting with experts in thedfi@hd, if necessary, recommending a health
exposure study that would monitor people livinghwitthe vicinity of one of PPG sites, the
Garfield Avenue Site. The work completed to fuklfilis requirement is described in detalil
below.

B. SCOPE OF THE HEALTH EXPOSURE STUDY ASSESSMENT

The health exposure study assessment was combetind specific community of residents
living in the vicinity of the Garfield Avenue Site Jersey City. As such, the scientific literature
review initially focused on past and current stesdaoking at chromium (Cr) and hexavalent
chromium [Cr(VI)] contamination and possible Cr(\hediated health effects in Jersey City
and Hudson County. The review was further expamdéaclude studies of other Cr(VI)-
exposed communities in the United States and abesagell as studies of workers
occupationally exposed to Cr(VI), research on @reinogenicity of Cr(VI), and sources on
Cr(VI)'s toxicity and toxicology.

In considering the appropriateness of a health &x@ostudy and its potential format, literature
was reviewed regarding biomarkers, biomonitorimgesning tests for specific health endpoints,
health study options and protocols. More thandéntific studies were reviewed.

Federal and state environmental and health agestepases and websites (e.g., USEPA,
CalEPA, NJDEP, ATSDR) provided valuable sourcelamkground and insight into the
science, policy, technical and logistical complesitof chromium-related issues.

As required by the Consent Judgment, the assessnotuded interviews with local, regional
and national experts and practitioners in the agleasribed above in order to gain additional
insight into the current understanding of how Cj(dhaves in the environment, how it acts in
human subjects and how body burdens can be measudadterpreted. Close to 20 individuals
were contacted with expertise in the following are&ésk assessment, toxicology, environmental
and occupational medicine, pharmacology, heavy Insatainogenesis, cancer screening,
biomarker research, environmental epidemiology, l@abbgical monitoring.

The information gleaned from this review and reskeavas used to inform the Site
Administrator's recommendations regarding a futugalth study for the residents living in the
vicinity of the Garfield Avenue Site.

C. METHODS

The foundation of this assessment rests on an trapanalysis of health studies and other
research pertaining to Hudson County, occupatisnalies, studies of Cr(VI) exposure in other
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communities, current research of Cr(VI)-mediatedltmeeffects and health screening tests and
protocols.

Relevant studies, reports, documents and statéededal agency websites were reviewed for
background and insight into the science, policghiécal and logistical complexities of these
issues.

The primary source of information comes from heattidies and documents referenced
throughout the report and interviews with healtll acience experts. Close to 20 individuals
(see a list in Appendix C) were interviewed witlperise in the following areas:

Risk Assessment Environmental Epidemiology
Toxicology Pharmacokinetics

Environmental Medicine Occupational Medicine
Pharmacology Biological Monitoring

Heavy Metal Carcinogenesis Environmental Fate and Transport
Cancer Screening and Biomarker Cr(VI) Biomarkers

Research

[I.  JCO SETTLEMENT: HEALTH EXPOSURE STUDY
REQUIREMENT

As part of the Duties and Responsibilities of Sithministrator, a provision was included in the
Consent Judgment requiring the Site Administrator t

“Review previous and ongoing health studies conicgrthe health impacts of chromium

in Hudson County and consult with experts in te&fand, if necessary, to recommend a
protocol for a future medical study (health exp@sstudy), that would monitor the people
living within the vicinity of the Garfield AvenueateéSto ascertain chromium exposure

risks...?*

An extensive review of existing health study litera and research was conducted to form the
foundation for the recommendations in this report.

% |bid, p. 18, XVI. 49 (g)
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ll. HEALTH EFFECTS ASSOCIATED WITH HEXAVALENT
CHROMIUM EXPOSURE

The primary sources of information regarding thaltimeeffects of Cr(VI) come from studies of
occupational exposures, as well as animal studiég. primary health endpoints associated with
high levels of exposure to Cr(VI) are summarizelblwe This discussion is drawn from the
ATSDR Public Health Statement for Chromidm.

A. NON-CANCER EFFECTS
Respiratory effects

The most common health problems in workers exptsetiromium involve the
respiratory tract. Breathing high levels of Cr(\¢8n irritate the lining of the nose, and
cause nose ulcers, runny nose, and respiratorygonsbsuch as asthma, cough,
shortness of breath, or wheezing. ATSDR notesrkexs have also developed allergies
to chromium compounds, which can cause breathiffiguties and skin rashes?

Respiratory tract problems similar to those obsg¢maevorkers have been seen in
animals exposed to Cr(VI) via inhalation.

ATSDR states that “the concentrations causing raspy problems in workers are at
least 60 times higher than levels normally founthi& environment?®

Stomach and small intestines

Health problems seen in animals following ingesodiCr(VI) compounds include
irritation and ulcers in the stomach and smallshie, as well as anemia. Some
occupational studies showed stomach pains, crangpslaers in workers exposed to
Cr(VI) via inhalation?®

2 ATSDR, Public Health Statement for Chromiunttp://www.atsdr.cdc.gov/toxprofiles/phs7.html

% bid, Section 1.5.
27 | bid

2 ATSDR Toxicological Profile for Chromium, Chap@Health Effectshttp://www.atsdr.cdc.gov/toxprofiles/tp7-
c3.pdf
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Male reproductive system

Laboratory animals exposed to Cr(VI) have shownrmepmgamage and damage to the
male reproductive system.

Dermal effects

Contact with Cr(VI) compounds can produce deleteyieffects on the skin and mucous
membranes, including irritation, burns, ulcersgigic dermatitis, and allergic reactions
consisting of severe redness and swelling of tie sk

B. CANCER
Respiratory

The Department of Health and Human Services (DHHf®))nternational Agency for
research on Cancer (IARC), and the EPA have detedhthat Cr(VI) compounds are
known human carcinogens.

Occupational exposure to Cr(VI) has been showratse lung cancer, and less
consistently nasal cancer. Numerous animal studige shown Cr(VI) to cause lung
cancer and other respiratory tract cancers.

Gastrointestinal

In July 2008, the National Toxicology Program psb&d results of its two-year studies
on the ingestion of Cr(VI) in drinking water by saand mice. The study found clear
evidence of carcinogenic activity in the oral cgwf rats and in the small intestine of

F . ~29
mice:

In another study, an increase in stomach tumorsolvasrved in humans environmentally
exposed to Cr(VI) in drinking waté?.

29 National Toxicology Program, National InstitutefsHealth, NTP Technical Report on the Toxicologylan
Carcinogenesis Studies of Sodium Dichromate DihtgdiraF344/N Rats and B6C3F1 Mice (Drinking Water
Studies), July 200&ttp://ntp.niehs.nih.gov/files/546_WEB_FINAL.pdf

39 ATSDR Toxicological Profile for Chromium, ChaptrRelevance for Public Health,
http://www.atsdr.cdc.gov/toxprofiles/tp7-c2.pdf
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C. EFFECTS IN CHILDREN

Very few studies have looked at the effects of Qr@xposure on children. ATSDR
says, “it is likely that children would have thevsahealth effects as adults. Itis
unknown whether children would be more sensitiantadults to the effects of
chromium.®!

A retrospective cohort study in one California coomity examined whether children
exposed to airborne Cr(VI) had higher risk of asthmsed on attendance at schools
located next to two chromium-emitting faciliti& Analysis did not support an
association between the development of asthma actaltyen and exposure to airborne
Cr(VI) by attending a school next to a Cr(VI)-enmtj facility.

There are no studies showing that Cr(VI) causdh defects in humans. In animal
studies, exposure to high doses of Cr(VI) durirggpancy caused miscarriage, low birth
weight, and impaired development of the skeletdl mproductive systents.

IV. STUDIES REVIEWED AND RESULTS

Under the Consent Judgment’s health study requmgrtiee first task for the Site Administrator
is to review previous and ongoing health studiegceming the health impacts of chromium in
Hudson County. As such, the study authors injtidltused on studies pertaining directly to
Jersey City and Hudson County. The literatureewwwvas then expanded to include studies of
communities elsewhere in the United States andaabndnich had been environmentally
exposed to hexavalent chromium. Studies of occopatiexposures were reviewed, as were a
variety of sources on biological monitoring, healtineening, chromium toxicology and other
relevant topics.

A. STUDIES SPECIFIC TO HUDSON COUNTY, NEW JERSEY

The study authors’ review of health studies begdh more than 20 technical reports and papers
pertaining specifically to exposure and health igsidonducted in Hudson County dating from

3L ATSDR, Public Health Statement for Chromium (Seyiter 2008)
http://www.atsdr.cdc.gov/toxprofiles/phs7.html#bowk k06

32 ATSDR, Asthma and Related Respiratory Conditions Amon¢gd@i: A Study Concerning Attending School
Near Two Chromium Plating Facilities [Chrome Crahkft and J&S Chrome Plating, Los Angeles County]
(February 2005http://www.ehib.org/cma/projects/CCHealthStudy. pdf

33 ATSDR Toxicological Profile for Chromium, ChaptrRelevance for Public Health,
http://www.atsdr.cdc.gov/toxprofiles/tp7-c2.pdf

19



1989 and continuing through to the present. Téteoli studies specific to Hudson County is
presented in Appendix A.

1. Health Studies in the 1990s
Whitney Young Jr. School

The first study to examine potential exposure t@/Qrin Jersey City was a study that looked at
adults and schoolchildren at the Whitney Youndsé¢hool in Jersey City (PS#15). In June
1989, following reports of visual evidence of Crsmhool walls, the New Jersey Department of
Health (NJDOH) conducted a screening assessmdsoadults and schoolchildren which
included a visual exam of skin, nose and throataaegot urine test “intended to provide an
indication of potential recent exposure to chrominrthe community.* In addition,

researchers collected and analyzed samples afuat, soil and crystals scraped from basement
walls.

The physical exams did not identify any conditidimst could be specifically linked to chromium
exposure and there was no evidence of chromiunaoanation of the basement walls. Thirty-
six percent of children and 16 percent of adultsasdd Cr in urine above the detection limit of
0.3 pg/L. While there was no relationship for adidetween urine Cr levels and residential
proximity to Cr-contaminated sites, this was net tase for children. The proportion of
children having detectable levels of Cr in the enmas highest among those living closest to
known Cr-contaminated waste sif8s.

Chromium Medical Surveillance Project (CMSP)
The Young School study ultimately led to the depetent of the Chromium Medical
Surveillance Project (CMSP), which was conducte@vben January 1992 and June 1993.
Based on proximity to known chromium waste sitee,NJDOH identified 14 residential areas
and 78 workplaces to target for medical screerongssess exposure to chromium. A total of
2,224 individuals participated in the screeninggeb Those who participated were 1) given a
screening physical exam of the skin and nasal gass@o look for irritant or allergic effects), 2)
asked to supply a urine sample for a urine Cr tesl;3) asked to complete a questionniire.
NJDOH also conducted a baseline urine survey off#t3ons living in various parts of New
Jersey. Pertinent results included:

3 New Jersey Department of Heathledical Evaluation of Children and Adults of theitay Young Jr. School
Jersey City, New Jersépecember 1989)

% Ibid

% Fagliano, J. and Savrin, J., New Jersey Departofdrealth,Chromium Medical Surveillance Project: Final
Technical ReportOctober 1994
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Of 806 residents and 934 workers who submittedeusamples, 158 adults and children
had elevated urine Cr levels (more than 0.5 pgdghéi than the expected value) and
were referred for follow-up evaluation.

Of 800 residents and 938 workers who received ¢heesing physical examination, 32
were referred for follow-up evaluation.

Of those referred for follow-up examinations, sxealed clinical effects potentially
attributable to Cr exposure. Five of the six waergkyed at screened workplaces and
one was from a targeted residential area. Foumetix had skin conditions possibly
related to Cr and three had persistent nasal a&kergut none had nasal perforations.
Average urine chromium levels for all screened geowere higher than those from the
control group; differences between screened antt@ayroups were less as age
increased

The average urine Cr differences were greatesthitdren under 6 years of age: resident
children (0.33 pg/L) vs. control children (0.20 g/

Household Dust Exposure Studies

In 1990, researchers from EOHSI, NJDEP and NJDQgameollaborating on the Hudson
County Chromium Exposure Assessment Study whigmgdted to estimate exposure to Cr from
various media. During the summer of 1990, sampka® collected of outdoor air, indoor air
and household dust from homes near four chromiumeaooinated processing waste (CCPW)
sites and from control homes, and analyzed fof @ta At the same time, spot samples of urine
were collected from residents.

The data showed a correlation between proximi@@PW sites and the level of total chromium
in household dust. They also showed that children in households elighated total chromium
in dust had higher Cr in their urife.

Household dust sampling was also offered to mantyggaants of the Chromium Medical
Surveillance Project. The testing was complete@®Y¥1SI under a contract with NJDEP.
Nineteen percent of individuals screened in the €Np&rticipated in what was called the
Chromium Household Dust Study. EOHSI and NJDERBaehers found Cr concentrations in
household dust and Cr loadings were higher in hameas CCPW sites than in control homes
outside Hudson County (New Brunswic®) Further analysis of the data showed Cr

3 Lioy, P., et al.Microenvironmental Analysis of Residential Exposior€hromium-Laden Wastes in and Around
New Jersey HomeRisk Analysis 12(2), 287-299, 1992

3 Stern, A, et alResidential Exposure to Chromium Waste — Urinedgjical Monitoring in Conjunction With
Environmental Exposure Monitoringnv. Research 58, 147-162, 1992

%9 Freeman N., et aExposure to Chromium Dust from Homes in a Chronfunveillance ProjegtArchives of
Environmental Health, May 1997
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concentration in household dust was a predictarrioie Cr across the entire age range of
residents, particularly for children 10 years andnger®®

A follow-up at homes near CCPW sites that had eerediated showed significant declines in
total Cr in household dust, essentially down tokigasund level$? In the 1992-93 Chromium
Household Dust Study, homes were identified asriggliad high (> 500 ppb), medium (100-400
ppb) or low (< 100 ppb) levels of total Cr in howkest. Between November 1996 and February
1998, 23 homes from the original group were re-dachpHomes that previously had high-level
and medium-level total Cr concentrations in houset dhowed an approximately 85% decline in
Cr concentrations post-remediation. As seen inrfeid below, in high-level homes the median
Cr concentration declined from 749 ppb to 50 ppbmedium-level the median Cr Concentration
declined from 245 ppb to 34 pfb.

Figure 1: Reduction in Residential Chromium Followhg Remediation

Median Total Cr Concentration in Household Dust, pdg

ey

“0Stern A, et. al.The Association of Chromium in Household Dust Witimary Chromium in Residences Adjacent
to Chromate Production Waste Siteswv. Health Perspectives, Vol 106, Num. 12, Decemi998

“1 Freeman, N. et alReduction in Residential Chromium Following SitenRdiation, J. Air & Waste Manage.
Assoc. 50:948-953, June 2000

42 1bid
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Measurements of Cr(VI) Air Concentrations

Several studies published between 1991 and 19%id=yed the health hazards posed to
workers working on and near CCPW sites and to eesglliving near CCPW sites. As part of
these studies, researchers measured Cr(VI) aieotrations in a number of occupational and
residential settings in Hudson County. Resultsifgampling included:

Indoor air and outdoor air on a partially paved @C§ite with heavy truck
traffic:** ranged from 0.57 to 27 ngfrgeometric mean was 2.5 ng/m

Indoor and outdoor air at industrial sites in Hud€wounty contaminated with
CCPW** overall means of 3.0 nghindoor) and 9.9 ng/fn(outdoor)

Indoor air in Jersey City residences distant froBP@V sites® 0.38-3.3 ng/m
mean of 1.2 ng/fh

Background air concentrations at an urban indusite in Newark, NJ and
background air concentrations at an undevelopedvangial property in
Lyndhurst, Hudson County, NJ; both sites were gaoigically close to Jersey City
CCPW sites but distant enough not to be influeryedarticulate emissions from
the sites'® Concentrations in Newark ranged from 0.2 to 3 8migConcentrations
in Lyndhurst ranged from 0.4 to 1.7 ng/m

Study of DNA-Protein Cross-links
In 1994, a team of researchers from NYU and RolMerdd Johnson Medical School examined
the levels of DNA-protein cross-links (DPC) in lyhgrytes of 33 individuals determined to be
at risk for Cr(VI) exposure due to their residencéludson County. DPC are considered
potential biomarkers for Cr(V1) exposure, since\@)(s a cross-linking agerit. The study
found elevated levels of DPC in Hudson County resisl when compared with DPC in controls
living in non-contaminated areas. However, becélus@assay used to identify DPC is not

3 Paustenbach, D. et ahn Assessment and Quantitative Uncertainty Anabfsise Health Risks to Workers
Exposed to Chromium Contaminated Sdilexicology and Industrial Health (1991) 7: 15919

“Falerios, M. et a) Airborne Concentrations of Trivalent and Hexaral Chromium from Contaminated Soils at
Unpaved and Partially-Paved Commercial/Industrigk§ J. Air & Waste Manage. Assoc. (1991) 42:40-48

> Finley, B, et al.Field Validation for Sampling and Analysis of Airhe Hexavalent Chromiun@ppl. Occup.
Environ. Hyg. (1993) 8(3), 191-200

“® Scott, P. et aBackground Air Concentrations of Cr(VI) in Hudsoau®ty, New Jersey: Implications for Setting
Health- Based Standards for Cr(VI) in Sdil Air & Waste Manage. Assoc. 47:592-600

" Taoli, E. et allncreased DNA-Protein Crosslinks in LymphocyteRedidents Living in Chromium-Contaminated
Areas Biological Trace Research, Vol. 50, 1995
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specific to Cr(V1), it is not possible to say whetlthe DPC were caused by Cr(VI) or by other
agents which can also cause DPC, such as formaldehy

2. Household Dust Studies (2006-2009)
Hudson County — Phase |

Due to continuing public concern over potential\dyexposure from the remaining
unremediated CCPW sites in Jersey City, EOHSIatatl a new two-phase study of potential
Cr(VI) exposure in 2006. By this time, analytictmads to measure Cr(VI) had been developed
and were used to specifically measure Cr(VI) in Bemin Phase |, EOHSI researchers collected
dust samples from 100 homes in Jersey City betWesember 2006 and May 2008, with two

to three samples collected in each home. Cr(VH feand in all homes, with an average of 3.7
na/g (ppm), and a maximum value of 90.4 ug/g. imnes had a single high sample over 20
ppm, with no home having more than one sample 29gipm. With repeat sampling, two
homes continued to be high (above 20 ppt).

Hudson County — Phase Il (Ongoing)

Since EOHSI did find Cr(VI) in household dust inaBk I, suggesting a potential for exposure,
they implemented the second phase of the stud§08.2EOHSI is actively recruiting homes
with children 6 years old and younger in which edlect household dust samples for Cr(VI)
measurements and to collect urine samples frondreml

Background Study of Household Dust

EOHSI also completed a background study to comipar€r(VI) levels found in household dust
in Jersey City with those in homes another urbaw Blersey area. EOHSI researchers collected
household dust samples from 20 homes in the NewdBvick area between April and
September 2008, with three samples collected ih bame. Cr(VI) was detected in all of the
homes samples, with an average of 4.6 ppm and amaaxof 56.6 ppm. Only one home had a
single high sample (over 20 ppfi).

Researchers found no significant difference inhtbesehold dust Cr(VI) concentrations between
the background area and Jersey City. SourcesdEt{V1) in both areas are undefined and their
identification was not part of the design. It aspible that at least some of the Cr(VI) in thetdus
came from materials inside the house, such as wldeden furniture and structural elemetfts.

“8 Lioy, P. and Gochfeld, MFinal Report: Chromium Exposure and Health Efféatsludson County: Phase |
http://www.state.nj.us/dep/dsr/chromium/chrom-expesphase%201.pdf

49 NJDEP, Office of Scienc& haracterization of Hexavalent Chromium Concentrasi in Household Dust in
Background Areaslune 200%http://www.state.nj.us/dep/dsr/chromium/bckgrd-df.p
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Other sources are also possible, such as consimutiaterials and cement, atmospheric
deposition (from traffic, power generating plarasyl from soil contaminated with Cr(VI) from
sources such as fertilizer and sludge. Furtherpiooenparison of the relationship of Cr(VI)
with Cr(lll) concentrations in the background laoas and Jersey City suggested that COPR
(CCPW) was not a major source of Cr(VI1) in housstd Jersey City>*

3. Lung Cancer Incidence Study (2008)

In response to community concerns about the camg@ications of potential Cr(VI) exposure
from CCPW sites, the New Jersey Department of Healtl Senior Services (DHSS), with
assistance from NJDEP, completed a study of lungeraincidence in Jersey City. The study
examined whether lung cancer incidence rates diffenin Jersey City based on distance from
CCPW sites. The study looked at lung cancer imzmdealata from the New Jersey State Cancer
Registry over the 25-year period of 1979 to 20B@sidential proximity to CCPW sites at the
time of an individual's cancer diagnosis was used aurrogate for exposure potential.

First, NJDEP characterized the potential for resiidé Cr(VI) exposure in Jersey City. Based on
measured or estimated Cr(VI) concentration, the WG&Res were classified into three
categories: 1) Cr(VI) > 900 ppm; 2) Cr(VI) concextion less than 900 ppm; and 3) no available
Cr(VI) concentration. Site boundaries were mappid 300-foot buffers drawn around the
boundaries. Then the proportion of the resideatie in each census block group that fell
within a 300-foot buffer of each of the Cr(VI) cantration categories was calculated.

Census block groups were aggregated into “expostersity groups” of “none, low or high”
based on the proportion of the residential pathefblock group located within the 300-foot
buffers around the CCPW sit¥%s NJDHSS then compared the incidence of lung caindée
exposure intensity groups to 1) the cancer incidd¢acthe whole state during 1979-2003 and 2)
to the lung cancer incidence in non-exposed graupsrsey City during the same period.

Based on the internal comparison within Jersey, @ityincreased risk of lung cancer incidence
was found for populations living in close proximityhistoric CCPW sites, although the
increases were not statistically significant. Ratielsing cancer in high exposure areas as
compared to no exposure areas were 7% to 17% higherales and 0% to 10% higher for
females depending on how “high exposure intensitgs defined. However, statistically the
differences in rates are low enough that they cbeléxplained by chance.

1 bid

2 ATSDR, Health Consultation: Analysis of Lung Cancer Incide near Chromium-Contaminated Sites in New
Jersey (a/k/a Hudson County Chromium Sites), JeEsyy Hudson County, New Jers@eptember 2008)
http://www.atsdr.cdc.gov/HAC/pha/Chromium-Contant@dSitesinNJ/Chromium-
Contaminated%20Sites%20(NJ)%20093008.pdf
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While the results suggest that living closer to @Csltes is a potential risk factor for the
development of lung cancer, these findings do no¢ga cause-effect relationship. The study
authors comment: “it is important to note that linsoric potential exposures described in this
investigation do not represent the current conagim the city, since considerable remediation
of the CCPW sites has occurred.”

Dr. Jerald Fagliano, one of the study authors, ptsnted out that the repo@ancer Incidence
Rates in New Jersey’s Ten Most Populated Munidipali1998-2002shows how cancer rates

in New Jersey cities compare to each other ankdeastate. “Overall cancer rates in Jersey City
were lower than the state for both males and fesnalat were similar to other cities like
Paterson, Elizabeth and Edison Township. Canddle@rostate, breast, lung (females),
bladder (males and females), melanoma (males analés), thyroid (females), and kidney
(males) were statistically significantly low compdrto the state. Cervical cancer was
statistically significantly high. In general, ca@ncates appear to be similar to other cities with
similar race/ethnicity composition and socioecorootinditions.>

4. Gastrointestinal Cancer Incidence Study

Given the National Toxicology Program’s 2008 finglithhat ingesting Cr(VI)-contaminated
drinking water increases the risk of oral and snmadistine cancers in rats and mice, the ATSDR
analysis of lung cancer incidence report recommeriolet NJDHSS consider completing a
similar study for the incidence of gastrointesticahcers in Jersey City.

Following this recommendation, NJDHSS complete@duaalysis of gastrointestinal (GI) cancers
for the 28-year period 1979-2006 using the saméoakstas the lung cancer incidence study
(using address at time of diagnosis as a surrdgatxposure potential and grouping residential
areas into exposure intensity groups — see dismusdiove, 1V.A.3). The study looked at the
incidence of the following Gl cancers: oral, esayad, stomach, and small intestine. Results of
the study are expected in the second half of 2010.

B. HEALTH STUDIES OUTSIDE NEW JERSEY

Outside Hudson County, New Jersey a few other aretiee country have experienced
significant Cr(VI) contamination issues, in partexuCalifornia. While the majority of
California’s cases involve Cr(VI) contaminationdsinking water, ATSDR has completed a few
analyses of California communities exposed to Or{Whir. Studies were also reviewed for
communities in China and Sweden.

*% |bid

> Cancer Incidence Rates in New Jersey’s Ten Mogtited Municipalities, 1998-2002,
http://www.state.nj.us/health/ces/documents/camoanicipalities.pdf
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1. Community Exposure Studies - California

The study authors looked at ATSDR studies of twbf@aia communities impacted by airborne
exposures to Cr(VI) from chrome plating facilities.

Abex/Remco Hydraulics Facility in Willits, Califorra

The Abex/Remco hydraulics facility located in Wli California operated a chromium plating
operation between 1963 and 1995.

The California Department of Health Services (nogpBrtment of Public Health),
Environmental Health Investigations Branch (EHIB)pleted a Public Health Assessment
(PHA) to determine whether historic air release€{i/1) from the facility between 1963 and
1995 could have harmed residents.

The report concluded that releases of Cr(VI) inglidrom the facility posed a public health
hazard during the period chromium plating operatiaere conducted (1963 to 1995). Air
modeling data suggest potential non-cancer hetithte and some increased risk of cancer
(primarily lung). On the basis of air modelingtiested Cr(VI) concentrations were:

The estimated annual average concentrations ofICig¥/1968 — 1975 ranged between
50.0ng/m* and 10,000 ng/fiadepending on location in the community, with
concentrations decreasing further away from thiitiac ATSDR further determined that
the average Cr(VI) concentrations in the adjacentraunity could have been between
1,000 ng/m and 50,000 ng/Ar®

From 1976-1989: estimated annual average Cr(VIzentnations ranged between 20.0
ng/nt and 1,000 ng/fh depending on location in the community. ATSDRHar
determined Cr(VI1) concentrations during this timergvlikely higher than modeled due
to operational issues at the facility (e.g., brokefaulty air control equipment) and
could be as high as 20,000 nd/far higher) in the community nearest the facifity.

From 1990-1995: estimated annual average Cr(VIgentnations ranged between 0.02
ng/nt and 0.5 ng/rf) depending on location in the community. ATSDRHar
“determined that Cr(VI) concentrations during ttise were likely 450 times higher than
modeled, due to operational issues identified dusiource testing>®

% Callifornia Department of Health Servic&sblic Health Assessment: Evaluation of Exposutdistoric Air
Releases From the Abex/Remco Hydraulics Facilifilit¥/Mendocino County, Californi@July 2004)
http://www.ehib.org/cma/projects/AbexRemcoFinal AR pdf

%% |bid, p.19.

> Ibid.

%8 |bid.
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A cancer registry review completed for the commyditl not find a statistically significantly
elevated number of cancers overall. The numb&rmaf cancers and respiratory cancers was
greater than the number expected, but the differgras not large enough to be distinguished
from a difference that could occur by chanteSimilarly, a mortality data review did not find
statistically significant increases in mortalffy.

As a follow-up to the PHA, the CDHS evaluated pa&repidemiological health studies and
other exposure research studies for the Willitsrooimity. The study concluded that despite the
past exposure hazard (and indeterminate currentudimek exposure hazards), “method
limitations in satisfying the criteria for scientifvalidity limits the potential for research stes]
including the relatively small size of the mosthiigexposed population, the difficulty in
accurately defining a study population, and thé flaat exposure ceased so long atfoExcept
possibly an exposure registry or case reports, Ryfanalytical epidemiological studies) and
Type-1 studies (descriptive epidemiological stupwesre not recommended. The report also
noted that it could be possible to conduct exposelaed research studies, such biomonitoring
in body tissues/organs, participation in early earisomarker or Cr-related proteomics testing,
depending on community interest and the statee§tiencé?

Finally, a panel of science and medical expertsicaned the feasibility of conducting medical
monitoring among Willits residents who had beenoseqal to Cr(VI), convened under the
auspices of the University of California, San Fiaog with the CDHS. The panel recommended
notification of exposed residents, access to ategd nurse trained in environmental health,
health education and counseling, access to mechcalby qualified local medical practitioners,
referral where appropriate to an occupational ardioal medicine expert, and provision of the
healthcare services at no extra charge if carenwtstherwise provided as part of a person’s
insurance plaf® Ultimately these recommendations were never impleed.

9 ATSDR, Evaluation of Health Studies Possibilities and ltations at the Abex/Remco Hydraulics Facility
(07/11/06)http://www.ehib.org/cma/projects/AbexHC. pdf

% pid
® |bid
%2 |bid
63 ATSDR, Expert Panel Report: Recommendations for Conduddledical Monitoring for Residents of Willits,

California and Workers Exposed to Hexavalent Chtomand Volatile Organic Compounds from the Abexem
Hydraulics Facility (11/30/06http://www.ehib.org/cma/projects/MMReportFinal.pdf
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Chrome Crankshaft and J&S Chrome Plating

Two former chromium plating facilities, Chrome Ckahatft, Inc. and J&S Chrome Plating, were
located adjacent to each other in the town of Balldens, Los Angeles County California.
Chrome Crankshaft operated from 1963 to 1999; J&f>@e Plating operated from 1953 to
1991.

The California Department of Health Services (nogpBrtment of Public Health),
Environmental Health Investigations Branch (EHIB)pleted a Public Health Consultation on
cancer rates in areas that could have been affegtedposures from the two faciliti&s.

No excess cancer was found in children in any ggggcal area studied. No excess cancer was
found in any group of Hispanics (males or femateariy areas). Similarly, in the area

downwind of the facilities, cancer rates were wliatild be expected under usual circumstances.
Rates of cancer overall and lung cancer in the idiate area where Chrome Crankshaft and
J&S Chrome Plating are located were lower than ebggefor white males, but white females

had slightly higher than expected lung cancer.

No excess cancer rates that could be attributéuketéacilities were found. The report noted:
“Because the ambient air levels in the communitgrighrome Crankshaft and J&S Chrome
Plating were much lower than those found to causg tancer in workers, it is unlikely that
cancers among residents were caused by expostirest facilities *

During the years before air emissions were redgded to the closure of J&S Chrome Plating
and to the installation of air control devices atr@ne Crankshaft), the estimated annual average
Cr(VI) concentrations in air ranged from 0.16 ngfm15.16 ng/m Measured samples (while
both facilities were still operating) ranged fromnadetecto 430 ng/m.°®

Childhood Asthma Incidence in Relation to Cr(VI) osures

In the fall of 2000, the California Department oéddth Services, began a health study of
children in two schools, Suva Elementary School &nda Intermediate School, located next to
Chrome Crankshatft, Inc. and J&S Chrome Platingctvisollectively operated between 1953
and 1999. The retrospective cohort study examivieether children exposed to airborne Cr(VI)

64 California Department of Health Services for ATSReview of Cancer Rates in the Vicinity of Chrome
Crankshaft Company and J and S Chrome Plating Comp3anuary 2003)
http://www.atsdr.cdc.gov/hac/pha/pha.asp?docid=18&0
65 [

Ibid

% 1bid
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had higher risk of asthma based on attendancénabksclocated next to two chromium-emitting
facilities in a low-income community/.

Air modeling resulted in estimates of 0.12&f#m>and 0.00002ig/m® for annual average air
concentration levels for high exposure (schoolnaiéece prior to emission controls) and low
exposure (school attendance post-emission conpel)ds®® Air sampling in 1988 found
levels of Cr(VI) on the Suva School property ramgim to 0.43Qg/m>.%° Air sampling in 1998,
after Chrome Crankshaft Company added air scrupfmrsd substantially lower levels of

Cr(VI), ranging from non-detect to 0.0011 ug/fh

A take-home questionnaire provided data on 2,73@reim (86% participation rate) regarding
asthma, respiratory symptoms, potential risk fagtand historical exposures. Prevalence of
asthma in the community was similar to or lowemnthizat reported for other communities,
although there may have been undiagnosed asththa population. Analysis did not support
an association between the development of asthrmaguhildren and exposure to airborne
Cr(VI) by attending a school next to a Cr(VI)-erimig facility.”*

2. Community Exposure Studies — Outside the U.S.

In addition to the community studies in New Jerarg California, study authors also considered
studies of environmentally exposed communitiesidatthe U.S. Results differed depending on
route of exposure and dose.

China

In 1987, researchers in Liaoning Province, Chimored elevated mortality rates for all
cancers, lung cancer and stomach cancer betwe@nab®@71978 for residents living in villages
with Cr(VI)-contaminated drinking watéf. Operations at the Jinzhou Iron Alloy Plant, a
ferrochromium factory in the province, began in 398y 1965 water in drinking water wells in

67 ATSDR, Asthma and Related Respiratory Conditions Amondd@i: A Study Concerning Attending School
Near Two Chromium Plating Facilities [Chrome Crahkft and J&S Chrome Plating, Los Angeles County]
(February 2005http://www.ehib.org/cma/projects/CCHealthStudy. pdf

% 1bid

% 1bid
0 bid
" bid

2 Beaumont, J. et. alGancer Mortality in a Chinese Population ExposedHtxavalent Chromium in Drinking
Water, January 2008, Epidemiology Volume 19(1), p. 13.
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some nearby villages turned yelld#v.Cr(VI)-contaminated wastewater, leaking factory
equipment and stockpiled chromium ore residue \iekmetified as sources of groundwater
contaminatior* Cr(VI) concentrations in drinking water wells gl as high as 20 mg/f.

Between 1987 and 2006 some controversy swirlednarthe study beginning when Zhang and a
colleague published a 1997 follow-up in the Jougfaccupational and Environmental

Medicine (JOEM) finding no elevated cancer monditr exposed village¥ In 2006, JOEM
retracted the more recent paper when “financialiatedlectual input to the paper” by

ChemRisk, a U.S. consulting firm hired by chromiimtustry clients, was revealéd.

In January 2008 a group of researchers from CalddePA’s Office of Environmental Health
Hazard Assessment reevaluated the available ofridata. Their reanalysis confirmed the
findings of increased mortality from stomach carfoeresidents in exposed areas compared to
the rate for residents in unexposed areas andaioning Provincé® The lung cancer mortality
rate in exposed areas was not significantly elevateen compared to the rate in unexposed
areas, but was elevated when compared to therrdéite iprovince as a whole. Mortality from
cancers other than stomach and lung was not iregleathough mortality from all cancers
combined was elevated for the exposed areas cothfatke rate for Liaoning Proviné@.

Sweden

Researchers in a 1980 Swedish study looked atdanger mortality in residents living near two
ferrochromium plants and exposed to chromium thinanpalation. The Cr (total) concentration
in air in the most polluted areas ranged from 10800 ng/m, approximately 50 to 100 times
higher than the concentration in unexposed ruedsat the time of the stuffy.The study
evaluated 810 lung cancer deaths between the $864s1975. When population density was

3 Zhang, J. and Li, Xlnvestigation and Study of Chromium Pollution inzlioy Chinese Journal of Preventive
Medicine, 1987, Volume 21, Issue 5, p.1.

" Beaumont, J. et. al. p. 13
5 Zhang, J. and Li, X., p. 2.

5 Smith, A.Hexavalent Chromium, Yellow Water, and Cancer: A@tuted SagaEpidemiology, January 2008,
Volume 19 (1), p. 24.

" Brandt-Rauf, P. Editorial retraction. Journal afcDpational and Environmental Medicine. 2006; 48.7
8 Beaumont, J. et. al., p. 18.
9 Ibid, p. 19

8 Axelsson G. and Rylander FEnvironmental Chromium Dust and Lung Cancer MotyalEnv. Research 23
(1980), 469-476.
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controlled for, no association was found betwee lcancer mortality rates among the exposed
population and the rest of the counfty.

3. Occupational Exposure Studies

Inhalation Exposure

Most occupational studies of workers exposed t&Igertain to the inhalation route. Non-
cancer respiratory effects were observed at coraténis ranging from to 0.002 to 0.414 mg/m
and included: asthma, cough, irritated and peréaraiasal septum, nasal ulceration, runny nose,
nose bleed, nasal mucosa atrophy and decreasetulutgpn. Gastrointestinal effects (stomach
pains, cramps, ulcers and gastritis; chronic tbtisiand pharyngitis) were observed at 0.004 to
0.414 mg/m. These effects may be due to workers mouth bireptind swallowing chromate
dust? and/or to “large inhaled Cr(VI)-laden particulafesich] would be expected to be cleared
from the lung ...and then swallowed,” where presuméity could affect the gastrointestinal
tract®®

Hepatic (liver) and renal (kidney) effects haveodieen observed at Cr(VI) air concentrations of
> 0.01 mg/m and 0.004 mg/rh respectively. Information is limited or evideriseveak for
cardiovascular and reproductive effects after iati@h exposure in occupational settings.

Numerous studies note increased incidences indumngspiratory system cancers among
workers exposed to Cr(\f}, as well as increased lung cancer mortHjtyarticularly in
chromate production, chromate pigment productiah@momium plating industri€$.Data
compiled by ATSDR showed workers chronically exgbseCr(VI) via inhalation began to
have increased risks for lung cancer at conceatrsias ranging from 0.1 to 0.5 md§/th

8 |bid, p.469.

8 ATSDR, Toxicological Profile for Chromium, Drafoff Public Comment, September 2008, Chapter 3: Healt
Effects, p.84http://www.atsdr.cdc.gov/toxprofiles/tp7-c3.pdf

8 Sedman, R. et aReview of the Evidence Regarding the Carcinoggniditiexavalent Chromium in Drinking
Water,Journal of Environmental Science and Health, Bag4:155-182, 2006

8 ATSDR, Toxicological Profile for Chromium, Draforf Public Comment, September 2008, Chapter 3: Healt
Effectshttp://www.atsdr.cdc.gov/toxprofiles/tp7-c3.pdf

8 Luippold, R. et alLung Cancer Mortality Among Chromate Production Wéss Occupational and
Environmental Medicine, 2003, 60:451-457

8 Sedman, R. et al., p.168.

87 ATSDR, Toxicological Profile for Chromium, Drafoff Public Comment, September 2008, Chapter 3: Healt
Effects, Table 3-1http://www.atsdr.cdc.gov/toxprofiles/tp7-c3.pdf
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ATSDR notes: “Chromium dose-response relationshipy®& been reported for chromate
production workers, but not for other categoriestubmium workers® In studies of chromate
production workers, increased risks of respirat@mcers are associated with increased
cumulative exposure to Cr(Vif.

At least one study of workers at four facilitiegpesged to Cr(VI) during chromite ore processing
found, in addition to increased risk of lung canaecreased risks of nasal cavity/sinus cancer, as
well as a cluster of bladder cancer at one facifitRisks for stomach cancer were weakly
associated with exposure to chromate dust in ansthdy which looked at cancer mortality in
workers in a Newark, New Jersey chromium pigmectifay **

Table I below shows the air concentrations of Cy@tlwhich lung cancer and non-cancer health
effects began to be observed in different occupatistudies.

Ingestion Exposure

In a 1950s study by T.F. Mancuso, workers in aro@hromate plant exposed to both Cr(VI)
and Cr(lll) dust reported gastrointestinal effeats|uding gastric ulcers, gastritis, and stomach
pain. Due to high dust levels, workers breatheduph their mouths, subsequently ingesting
chromium dust? A 1967 study by L. Hanslian et al. of workers hramium electroplating
facilities in Czechoslovakia also found stomachmpalcers, gastritis, and stomach cramps, as
well as chronic tonsillitis and pharyngitis (sohedat)®

Dermal Exposure

The results of dermal exposures to Cr(VI) in octgmel settings are well-documented,
particularly for chromate production and chromdipta Dermal exposure health effects include
irritated skin, skin ulcers, scarring, penetratimges, dermatitis, and burns. Eye irritation and
oral effects (oral swelling, thickening of lips agdms, gingivitis, and periodontis) have also
been reported in Cr(VI)-exposed workéts.

8 |bid, Chapter 3: Health Effects, p. 99.
8 |bid, p.101.

% Rosenman, K and Stanbury, Riisk of Lung Cancer Among Former Chromium Smeliiké/s American
Journal of Industrial Medicine, December 1998, Viodu29, Issue 5, p. 491-500.

1 Hayes, R. et aCancer Mortality Among a Cohort of Chromium Pigm@farkers American Journal of Industrial
Medicine, Volume 16, Issue 2, p. 127-133.

92 ATSDR, Toxicological Profile for Chromium, Draforf Public Comment, September 2008, Chapter 3:Health
Effects, p. 156http://www.atsdr.cdc.gov/toxprofiles/tp7-c3.pdf

* Ibid

 \bid, p. 196.
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Table |
Concentrations of Chromium in the Air
and Associated Health Effects in Occupational Studs

Cancer Health Effects Concentrations in the air, ug/n? Cr(VI)
Lung cancer 100 to 500
Non-Cancer Health Effects
Respiratory: asthma, bronchitis, pharyngitis, daseel lung 2.0
function
Nasal: nosebleed, runny nose, nasal septum pedor@id 2.0
ulceration
Dermal: skin irritation, dermatitis, ulceration (a) 5.0
Gastric: stomach irritation (ulcer), stomach cramps 4.0-5.0
Renal: changes in kidney function 4.0

- Unless otherwise indicated, source is ATSDR, §okigical Profile for Chromium, Sept. 2008, Chag@eHealth Effects,
Table 3-1.
(a) ATSDR, Chapter 3: Health Effects, Table 3-5

C. BIOMARKERS AND SCREENING

Since community concern is high regarding potemxgdosure to Cr(VI) and Cr(VI)-related
health effects, logical questions are:

What are the ways to measure whether an individaslbeen exposed to Cr(VI)?

Can a test for Cr(VI) exposure be used to quansks for a specific illness or health
endpoint?

Are there ways to measure for Cr(VI)-mediated leeffects?

Are there screening tests available for diseasssatle associated with Cr(VI) exposure,
such as lung cancer or gastrointestinal cancers?

In seeking answers to these questions, the stutigi@ureviewed numerous articles, as well as
state and federal health and environmental ageebgites. In addition, they communicated
with biomarker researchers, cancer researchemdgmlogists and state environmental health
practitioners.

The first three questions are concerned with bickignarkers, or biomarkers. Biomarkers are
characteristics or substances that can be measupadts of the body and evaluated as
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indicators of events in biologic systems. Theye“abservable end points that indicate events in
the processes leading to diseaSe.”

Biomarkers are typically classified into three ggeumarkers of exposure, markers of effect and
markers of susceptibility. There are also somenbiders that fall somewhere between markers
of exposure and markers of effect. To be usefamlrkers need to be sensitive, specific, robust
and practical.

Biomarkers relevant for Cr(VI) are discussed below.

1. Biomarkers of Exposure

Biomarkers of exposure are used to detect expaswresubstance. A biomarker of exposure is a
foreign substance or its metabolite(s) or the pevd@ian interaction between a foreign
substance and some target molecule or cell thabeaneasured in an individu&l.Exposure to
Cr(VI) can be measured in urine, blood, hair, naited expired air; however, urine and blood
(whole, serum and red blood cells) are considetedrtost reliable exposure indicatdfs.

Urine

It is important to note that all measurable Crimldgical samples is in the form of Cr(lll). Even
under conditions of high exposure to Cr(VI), uptas@ption into biological fluids or tissues,
Cr(VI) is quickly reduced to Cr(I11f® Because of this, it is difficult to tell whethiire source of
Cr measured in urine is Cr(VI) or Cr(lll). Thisfigrther confounded by the fact that Cr(lll) is an
essential nutrient, and also a popular supplemastsuch, dietary sources of Cr(lll) can
significantly influence urine Cr concentrationsheTinability to differentiate between exposure
to Cr(Ill) and Cr(V1) in urine reduces its utiligs a biomarkers in low-level Cr exposure
scenarios and “makes it difficult to perform risiadysis at environmental exposure levels.”

Also of note, while urine has the benefit of beimap-invasive, as well as easy to collect and
analyze, it can only indicate very recent Cr(VIpegure, generally in the past 1 to 2 days.

% Ward, J. and Henderson, Bentification of Needs in Biomarker ResearEnvironmental Health Perspectives
104, Supplement 5, October 1996

% ATSDR, Toxicological Profile for Chromium, Draforf Public Comment, September 2008, Chapter 3: Healt
Effects http://www.atsdr.cdc.gov/toxprofiles/tp7-c3.pdf

“Ibid, p. 276

9 Zhitkovich, A.Chapter nineteen: Chromium: Exposure, toxicity &i@monitoring approachesn Biomarkers of
Environmentally Associated Disease: Technologies)d@pts and Perspectives, by Samuel H. Wilson, ERGs,
(2002) , p. 275

% bid
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Red Blood Cells (RBCs)

Cr(VI) that enters the bloodstream is readily talkprby red blood cells, whereas Cr(lll) has a
poor ability to cross plasma membrafi®s Therefore, the Cr content inside RBCs can be used
as a specific biomarker of exposure to Cr(VI1), ptiedly measuring the cumulative dose of
Cr(VI) over the lifespan of the red blood cell, i@p120 days. While considerably longer than for
urine, red blood cell Cr content is still a biomarlf relatively recent exposure.

Anecdotally, it can more difficult to obtain parpation from individuals in epidemiological
studies when collecting blood rather than ufitfeAlso, care needs to be taken when collecting
blood to ensure samples are not contaminated wiVillxfrom stainless steel needles; plastic
needles can be used to eliminate this problem.fa@@oning from Cr(VI) contamination in
laboratory equipment and methods also needs todide.

Other Notes about Biomarkers of Cr(VI) Exposure

Unlike lead and cadmium which accumulate in theyp@i (V1) does not. Consequently, as Dr.
Michael Gochfeld of EOHSI pointed out, there arenays of testing for historic exposure to
Cr(V1).10?

ATSDR’s Toxicological Profile for Chromium notesatithigher than normal levels of
chromium in blood or urine may indicate that a pareas been exposed to chromium.
However, increases in blood and urine chromiumltegannot be used to predict the kind of
health effects that might develop from that expest® Cr(VI) concentrations in urine and
blood (specifically red blood cells) can only inglie potential exposure, but say nothing about
the risk of developing specific diseases or coadsi

2. Biomarkers of Effect
Biomarkers of effect indicate a biological respotsan exposure.

DNA-protein cross-links (DPC)
DNA-protein cross-links (DPC) occur when a toxi@otical reacts with two cellular molecules,

DNA and proteins, causing them to become (covalesthbly attached to each otH&t. If the
crosslink cannot be repaired, the resulting DNA dgencan be the precursor to chromosomal
damage, and potentially carcinogenesis.

199 g
191 personal communication, Dr. Kathy Black, EOHSI.
192 personal communication, Dr. Michael Gochfeld (E@QHSeptember 23, 2009.

193ATSDR, Public Health Statement for Chromium, Sefiten2008, Section 1.8,
http://www.atsdr.cdc.gov/toxprofiles/phs7.html

194 personal communication with Anatoly Zhitkovich bfgary 4, 2010.
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Cr(VI) is known to cause formation of DPC. SinceM®fdrmation indicates DNA damage, some
have recognized its potential utility as biomar&eeffect or initial screening tool in Cr(VI)-
exposed population§> Several studies have found elevated DPC in tmg@hocytes of both
occupational populations exposed to Cr(VI), suctvalslers and chrome platers, as well as in
residential populations who lived near sites cortated with Cr(V1).X°® However, many other
agents can produce DPC, including formaldehydenardrioxide, copper sulfate, and UV
light.*®” Consequently, without an assay specific to Cr(¥i¢ presence of DPC could not be
solely attributed to Cr(VI)-exposure.

Recently, Anatoly Zhitkovich of Brown Universityedeloped a sensitive assay which is able to
specifically identify DPC which are caused by CiVAs noted above, Cr(VI) is readily taken
into cells where it is reduced to Cr(lll). In theduction process it forms a wide assortment of
DNA-adducts, abnormal chemical modifications wheMA is covalently bonded to Cr(lll). A
fraction of these Cr(l1)-DNA adducts capture pingeand are converted to protein-Cr(IIl)-DNA
cross-linkst®® Discovery of this three-step process and theabf@r(lll) in “bridging” DNA

and protein were essential in Zhitkovich’s new gssaich is able to quantify not only total
DPC, but the percentage of DPC which are causezrwl).**® It is currently not known how
long it would take to develop the assay to the paimere it could be used in a non-laboratory
setting and meet the essential criteria for use l@emarker (such as robustness, high
throughput, economy, practicality and minimally aswe).

The lifespans of lymphocytes vary widely, dependinghe type of lymphocyte (e.g., T-cell or
B-cell) and subgroups within those types, froma flays to a few years. Therefore it is
currently unknown how far back in time an expodor€r(VI) could be assessed using DPC as
biomarkers.

As yet, there is not enough evidence to determinatve considered an abnormal level of DPC.
And although DNA-protein cross-linking by chromiusnknown to damage DNA, a potential

195 Zhitkovich, A. et al Utilization of DNA-protein cross-links as a biomarlof chromium exposure
Environmental Health Perspectives, 1998 August; (Buppl 4): 969-974

1% Costa, M., Zhitkovich, A., et aMonitoring Human Lymphocytic DNA-Protein Cross-brés Biomarkers of
Biologically Active Doses of Chromatenvironmental Health Perspectives, Vol 104, $ament 5, October 1996
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108 Macfie, A., Hagan, E., Zhitkovich, AMechanism of DNA-Protein Cross-Linking by Chromi@hemical
Research in Toxicology, October 2009 (online).

199 personal communication with Anatoly Zhitkovichndary 11, 2010.
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step in the continuum to cancer, DPC as a biomaenot yet be used to correlate with a
specific cancer or risk of cancer.

Cancer Biomarkers

One class of effects about which residents arecepeconcerned is cancer. As cited earlier in
this report, exposure of workers to Cr(VI) via itdteon is associated with increased risk of
developing lung cancer, and possibly other cansei) as stomach. The National Toxicology
Program’s studies of the ingestion of Cr(VI) inrdking water by rats and mice showed a higher
incidence of gastrointestinal tumors in both ansndl Consequently, the study authors looked
at the availability of biomarkers for early detectiof these cancers.

Lung cancer biomarkers
Lung cancer has the highest mortality of any cancére United States. Early-stage lung
cancers also show few symptoms and tend to spagédly before they are fourld®

The National Cancer Institute’s Early Detection &ash Network, which specializes in research
on biomarkers of early cancer and cancer risk nibitsare no validated molecular biomarker
tests for the early detection of lung cant@ér.

One problem with some potential lung cancer biomarks that they lack specificity. “Several
DNA and protein biomarkers have been identified,rhast previously discovered biomarkers
are correlated with the general process of car@negis and immune responses. Therefore,

many of these biomarkers are found in other typescers, and thus are not specific to lung

cancer.?

Many potential lung cancer biomarker tests in depelent are at different stages of discovery,
evaluation and validation. Some look promising, fmmne are commercially available yet.
Some examples of biomarkers projects in the pipedig™*

10 National Toxicology Program, National InstitutésHealth, NTP Technical Report on the Toxicity Sasdof
Sodium Dichromate Dihydrate, January 200p://ntp.niehs.nih.gov/ntp/htdocs/ST_rpts/TOXH.p

Hlwistar Institute, News Release: Wistar-Led Redediam Discovers Genetic Pattern That Indicatel/fiage
Lung Cancer, December 1, 200@tp://wistar.org/news_info/pressreleases/pr_12®htm

12 National Cancer Institute, Early Detection Reskadetwork, Fourth Report, January 2008.
http://edrn.nci.nih.gov/docs/progress-reports/edtin-report_200801.pdf

113 Cho J, Sung HProteomic Approaches in Lung Cancer Biomarker Dewelent ExpertRev
Proteomics. 2009;6(1):27-42

114 National Cancer Institute, Early Detection Reskatetwork, Fourth Report, January 2008.
http://edrn.nci.nih.gov/docs/progress-reports/edth-report_200801.pdf
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Validation of protein markers (autoantibodies)wid cancer
Circulating DNA methylation markers (a panel of ggn
Mitochondrial DNA mutations associated with lungncer that are detectable in blood

Particularly promising research is the recent discp by Wistar Institute researchers of immune
system markers in the blood which indicate earfdgstlung tumors in people at high risk for
developing lung cancer. The findings could potdhtiead to a simple blood test to detect lung
cancer in its earliest phases, when it can be mustessfully treatetf®

Currently no simple and accurate screening testefor detecting and diagnosing lung cancers
early, such as mammography for breast cancer onostopy for colon cancer. Tests such as
chest x-ray, CT scan and sputum collection areemimmended by the National Cancer
Institute as screening tests for the general pdipula Dr. Melvin Tockman, Professor of
Oncology and Medicine at the University of Soutbrfda, confirmed that “there is no test
approved for lung cancer screening of the genaxplifation. Neither CT or chest x-ray is
approved for lung cancer screening in the genenalifation.**® There are several reasons for
this, including*!’

Neither chest x-ray and sputum cytology or CT sd¢ans not been shown to reduce lung
cancer mortality

Chest x-rays and CT scans both expose individoaladiation

False-positive tests may lead to anxiety and imeadiagnostic procedures, such as
percutaneous needle biopsy (lung biopsy) or thaoay (chest surgery). These follow-
up procedures have potential serious complicaiioeiading partial collapse of the lung,
bleeding, infection, pain, chest nerve damage a@wbthfort.

CT and x-ray screening may detect small tumorswioatid never become life
threatening. This phenomenon, called overdiagnpsis some screening recipients at
risk from unnecessary biopsies or surgeries asasgalinnecessary treatments for cancer,
such as chemotherapy or radiation therapy.

Currently several observational studies are evialgdhe effectiveness of low-dose helical
computed tomography (LDCT) at detecting stage ¢loancers. In the Early Lung Cancer
Action Project (ELCAP) LDCT detected almost six ¢isnas many stage | lung cancers as chest

15 wistar Institute, News Release: Wistar-Led Rede@ieam Discovers Genetic Pattern That Indicately/fiage
Lung Cancer, December 1, 200@tp://wistar.org/news_info/pressreleases/pr_12®htm

1% personal communications with Dr. Melvyn Tockma®2B/09 and 10/30/09.

17 National Cancer Institute, Lung Cancer Screerfiwiglence of Benefit (webpage)
http://www.cancernet.gov/cancertopics/pdg/screghing/HealthProfessional/page4
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x-rays and most tumors were no larger than 1 cdiameter. The effectiveness of LDCT has
not yet been evaluated in a controlled clinicalfi®

Gastrointestinal cancer biomarkers

As yet, with there are no biomarkers availabledi@l, esophageal, stomach or small intestine
cancers. As with lung cancer, there are biomarikedevelopment that are at different stages of
discovery, evaluation and validation. Some prgjéutiude validation of a saliva-based assay
for oral cancer and research on methylated DNAasma for early detection of esophageal
adenocarcinom&?

3. Biomarkers of Susceptibility

Biomarkers of susceptibility detect and measuradividual's susceptibility (whether innate or
induced) to the effects of exposure to a toxi¢ghtExamples include the activity of specific
enzymes involved in activating or detoxifying a @ifie chemical, or the capacity to repair
certain DNA damage. No biomarkers of susceptibiiere identified specific to Cr(VI).

V. EXPERTS CONSULTED

As stated earlier, one piece of the Consent Judgsneealth study requirement is that the Site
Administrator “speak to experts in the field”. Asch, the study authors communicated with
technical experts that could contribute to theidenstanding of:

Exposure pathways and exposure routes (past, t@merfuture remediation-related)
Potential chromium-related health risks and outc®(oancer and non-cancer)
The status of relevant biomonitoring techniques gfample:
- biomonitoring in body fluids and body tissues
- biomarkers for early cancer detection
- biomarkers for chromium-related changes in pro&ipression
- radiological screening tests
Health study protocols to mitigate health effects

The study authors looked for experts with expereanc
Conducting research in occupational and environai@pidemiology
Evaluating environmental exposures and health owso

118 bid

19 National Cancer Institute, Early Detection Reskadetwork, Fourth Report, January 2008, p. 44.
http://edrn.nci.nih.gov/docs/progress-reports/edtin-report_200801.pdf
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Quantifying risk

Developing medical screening and surveillance @ogr

Developing community environmental health educatimdules for health care
providers

Ultimately, 19 health and science experts were @ed with experience in the following areas:

Risk Assessment Environmental Epidemiology
Toxicology Pharmacokinetics

Environmental Medicine Occupational Medicine
Pharmacology Biological Monitoring

Heavy Metal Carcinogenesis Environmental Fate and Transport
Cancer Screening & Biomarker Cr(VI) Biomarkers

Research

Appendix C contains a list of the experts consudted their affiliations.

VI. PUTTING THE HEALTH STUDIES IN CONTEXT

The data gathered from the review of health stualiesdiscussions with experts was used to
evaluate exposure scenarios for the Garfield AveSiteecommunity in general terms. For the
residents of this community, there are three perafdootential exposure to Cr(VI) to consider:
past exposure, current exposure, and future exposteaders of this study should understand
that this discussion is presented in general tenmisdoes not constitute a true risk assessment
for the residents of the community.

A. PAST EXPOSURE

The history of chromate processing at the Garffetldnue Site and the use of CCPW throughout
the area, causes residents concern about pot€nfidl)-related health effects. The household
dust studies of the early 1990s demonstrated nica@ased proximity to Jersey City CCPW
waste sites was equated with increased total Gresdrations in house dust and elevated levels
of total Cr in the urine of children living in theiomes. However, follow-up studies also
demonstrated that once CCPW sites had been remédmtviously studied homes located near
the sites showed dramatic decreases in total Grecrations upon re-sampling. These results
suggest that as CCPW sites were remediated arsbtinee of chromium eliminated, potential
exposures to chromium also declined.

Ambient Air Cr(VI) Concentrations
A few studies published between 1991 and 1997 dliéat air samples for Cr(VI) in
occupational and residential settings in HudsonnBouAlthough not specifically in the
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Garfield Avenue Site, these samples provide a géia of conditions that may have existed
in the area at the time.

. Indoor air and outdoor air on a partially paved @C§ite with heavy truck traffi¢?*
Cr(VI) concentrations ranged from 0.57 to 27 ng/geometric mean was 2.5 ng/m

. Indoor air in Jersey City residences distant froBP@V sites-*? Cr(VI) concentrations
ranged from 0.38-3.3 ngfintmean was 1.2 ngfn(Intended as “background”
concentrations for comparison with air samples QiP®@/-contaminated industrial sites)

- Background air concentrations in Newark, NJ anddiymst, Hudson County, NJ ranged
from 0.2 to 3.8 ng/rhin Newark and ranged from 0.4 to 1.7 ngimLyndhurst-*®

These numbers suggest that in an urban setting itheome low level of background Cr(VI),
even in indoor air. In the absence of actual ttata the Garfield Avenue Site or the
neighborhood from the 1990s, the study authors iserthat ambient air concentrations would
have been in the 10s of ng/nfThe most recent Cr(VI) concentration in ambiginon the
Garfield Avenue Site that is publicly available2id4 ng/ni collected in September 2007).

In trying to determine whether the levels of Cr(if)Jersey City may have posed a threat to
residents in the past, the study authors lookedgttaties of communities that were also
environmentally-exposed to Cr(VI) in air. Two Gathia communities located near chromium
plating facilities, the Abex/Remco facility in Wik, CA and the Chrome Crankshaft/J&S
Chrome Plating facilities in Bell Gardens, CA, weraluated under ATSDR. Air sampling and
air modeling completed for these communities, alé agecancer registry analyses performed for
both communities also provide some data with witdcvaluate the Garfield Avenue
community.

In Willits, CA Abex/Remco operated from 1963-198f; modeling led to estimated
annual average Cr(VI) concentrations ranging betvBge0ng/m® and 10,000 ng/fy for
1968 — 1975 and from 20.0 ngfiand 1,000 ng/rfior 1976-1989 (and possibly as high as
20,000 ug/ror higher)** A cancer registry review completed for the W&llit

121 An Assessment and Quantitative Uncertainty Anabfsise Health Risks to Workers Exposed to Chromium
Contaminated Soi/Paustenbach, D. et al., Toxicology and Industteslth (1991) 7: 159-196

122 Fjeld Validation for Sampling and Analysis of Airhe Hexavalent Chromiumfinley, B, et al., Appl. Occup.
Environ. Hyg. (1993) 8(3), 191-200

123 Background Air Concentrations of Cr(VI) in HudsoauBty, New Jersey: Implications for Setting Hedtsed
Standards for Cr(VI) in SoilScott, PK et al., J. Air & Waste Manage. Asso891) 47:592-600

124 california Department of Health Servic@yblic Health Assessment: Evaluation of Exposundigtoric Air
Releases From the Abex/Remco Hydraulics Facilifilit¥YMendocino County, Californi@July 2004)
http://www.ehib.org/cma/projects/AbexRemcoFinal Ai#AR. pdf
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community found the number of lung cancers andiragpy cancers was greater than
the number expected, but did not find the elevasiatistically significant®®

In Bell Gardens, CA two former chromium platingifdéies, Chrome Crankshaft, Inc.
and J&S Chrome Plating, operated from 1963 to E%91953 to 1991, respectively. A
Public Health Consultation found that in the arealwind of the facilities, cancer rates
were what would be expected under usual circumsetanRates of cancer overall and
lung cancer were lower than expected for white sydlat white females had slightly
higher than expected lung cancer. No excess caatar that could be attributed to the
facilities were found®® Measured samples (while both facilities werd splerating)
ranged up to 430.0 ngAi?’

In 2000, the California Department of Health Seegicompleted a retrospective cohort
study examining whether schoolchildren exposedrtmee Cr(VI) had higher risk of
asthma based on attendance at schools locatedoritet two chromium-emitting

facilities in Bell Gardens, CA?® The highest Cr(VI) air concentration measurethi
neighborhood of the schools was 430 riy/frevalence of asthma in the community was
similar to or lower than that reported for othemrounities. Analysis did not support an
association between the development of asthma agtaltyen and exposure to airborne
Cr(VI) by attending a school next to a Cr(VI)-enmig facility.*?°

Lung Cancer

Many residents are aware of the fact that occupatiexposure to Cr(VI) has been linked to an
increased risk of developing lung cancer. Consetlijyesome residents fear that past exposure
to CCPW may have put them at higher risk for dgvielg lung cancer too. Some points to
consider:

Occupational exposures to Cr(VI) associated witrettgment of lung cancer, according
to ATSDR'’s Toxicological Profile for Chromium, raagrom 100 to 500 ug/m

125 ATSDR, Evaluation of Health Studies Possibilities and ltations at the Abex/Remco Hydraulics Facility
(07/11/06)http://www.ehib.org/cma/projects/AbexHC. pdf

126 california Department of Health Servic&eview of Cancer Rates in the Vicinity of Chr@nenkshaft
Company and J and S Chrome Plating Company (Jan2@0og)
http://www.atsdr.cdc.gov/hac/pha/chromecrankshsdt/pl.html
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128 ATSDR, Asthma and Related Respiratory Conditions Amon¢gd@i: A Study Concerning Attending School
Near Two Chromium Plating Facilities [Chrome Crahkft and J&S Chrome Plating, Los Angeles County]
(February 2005http://www.ehib.org/cma/projects/CCHealthStudy. pdf
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No studies are available showing cause-and-efiegtden environmental exposure to
Cr(VI) and development of lung cancer (including@0R’s studies referred to above).

A lung cancer incidence study completed by NJDH8Sérsey City found that higher
incidence of lung cancer for residents living clos€ CPW sites were not considered
statistically significant.

The study authors also looked at whether biomarkedéor screening techniques for
early lung cancer detection were available or recenmded for this community. While
there are biomarkers in various stages of developmene are yet available for general
use. In addition, the National Cancer Institutesinot currently recommend the use of
chest x-ray, sputum analysis and/or CT scanningg$eras lung cancer screening tools
for the general population.

Gl Cancer

The NTP study of Cr(VI) in drinking water (as soaiuichromium dihydrate) showed evidence
of oral cancer in rats and evidence of stomachearananice. In light of this, it is reasonable to
consider residents’ concerns that in the past @mldnay have been exposed to Cr(VI)-
contaminated soil through incidental ingestion ara/ have experience potential health effects.
Some points to consider:

In the study, a statistically significant increaderal cancers only occurred at the highest
does tested (516 mg/L) in both male and female rats

A statistically significant increase of small iniee tumors only occurred at the highest
dose tested in male mice (257.4 mg/L) and at tleehighest doses tested in female mice
(172 and 516 mg/L).

Cr(VI) researcher Dr. Silvio DeFlora pointed ouhis comments on the NTP study that
“the highest concentration tested (516 mg/L) warddespond to the intake of about 1 g
sodium dichromate dehydrate every day for two yeaes70 kg man**® These are

huge doses.

As with lung cancer, there are no biomarkers fatrgéntestinal cancers (oral,
esophageal, stomach or small intestine) curreniylable.

B. CURRENT EXPOSURE

Currently the Garfield Avenue Site is covered meéwork of caps which prevent contaminated
soil from coming in contact with ambient air. dtthe opinion of several of the experts to whom
the study authors spoke that the residents’ cumembsure to CCPW is minimal to none. After

130 pyblic Comments on TR546 (Sodium Dichromate Dihaely, Silvio DeFlora, May 2007,
http://ntp.niehs.nih.gov/files/TR546_Cmts_Silviod@a03May07.pdf
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having walked the site, Dr. Max Costa, a nationredigowned Cr(VI) researcher and expert
witness, supported this conclusibi. Recent household dust studies by EOHSI suggastha
Garfield Avenue Site is not a source of Cr(VI) ne thomes in the neighborhood and that
ambient air concentrations of Cr(VI) are extremely:

A sample taken by EOHSI staff on the Garfield Ave8ite in September 2007
measured Cr(VI) in the air at 2.14 nd/h¥ To compare: Occupational inhalation
exposures to Cr(VI) starting at 2 ug/almost 100 times higher than the ambient air
measurement) have been associated with non-caasal, nespiratory, renal, hepatic and
gastric effects. Occupational exposures to Cr(&itiging from 100 to 500 ugfhalmost
50,000 to 250,000 times higher than the ambienhaasurement) have been associated
with lung and other respiratory cancers.

Comparison of Cr(VI) in household dust from honmedersey City and homes in New
Brunswick found similar concentrations. Study fessuggest that the source of Cr(VI)
in Jersey City homes is something other than CCPW.

Furthermore, the Residential Inspection Programbleas initiated to address the concerns of
those residents who worry that there may be rekdi&1) contamination on their property.
This program will determine through inspections aathpling if elevated levels of Cr(VI) are
present. Any exceedances will be remediated t@tR-prescribed standard.

C. FUTURE EXPOSURE

Concerns exist that once the capping is removedeamnddiation begins, dust will be created
from underlying soil which could blow off the sid contaminate the neighborhood. In order
to prevent this from happening, PPG is requireidhfglement a robust air monitoring program to
measure levels of Cr(VI) and total particulatestumsite and at the site fenceline to ensure that
no elevated levels are leaving the property. Tauenthat off-site receptors will be protected,
the air monitoring program will require:

The development of a risk-based Cr(VI) concentralimit in ambient air using an EPA
methodology (or comparable methodology) for camisér(representing the cumulative
average risk over the duration of the remediatiajegt).

131 personal communication with Dr. Max Costa, Octahe20009.

13%inal Report: Chromium Exposure and Health Effectsludson County: Phade, Lioy, P. and Gochfeld, M.,
Environmental and Occupational health Sciencestist November 2008
http://njedl.rutgers.edul/ftp/PDFs/5778.pdf
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The calculation of an Action Level for total duas(a surrogate for Cr(VI)) for
monitoring in the excavation work zone and at titee gerimeter. If monitoring detects
that the Action Level has been exceeded, stepdwithken to identify the source of
particulates, reduce the dust, or if necessarp, stk until measures can be taken to
bring dust levels down below the Action Level.

Constant monitoring of airborne particulate leal®n-site locations and perimeter
locations during any remedial activities that dibtthe site soil;

Comparison of analytical data to the risk-basedceatration to ensure there are no
exceedances.

These measures will minimize exposure of the comiytm Cr(VI) contaminated soil as
throughout the remediation process, and will enthweerotection of public health.

Additionally, as mentioned above, if the Residdritiapection Program detects elevated
concentrations of Cr(VI) on residential propertigs contamination will be remediated,
eliminating any further exposures.

ViIl. RECOMMENDED COMMUNITY HEALTH EXPOSURE
PREVENTION AND TESTING PROGRAM

In considering whether to recommend “a health expostudy be conducted for the residents
living in the vicinity of Garfield Avenue” as pené¢ Consent Judgment, the Site Administrator
conferred with numerous health and science expedseviewed dozens of studies, both
specific to Hudson County, New Jersey and moredbyaan Cr(VI) exposure and related health
effects. After a thorough review of the data amfdrimation collected, the Site Administrator
developed a preliminary set of recommendations wvhiere shared with the parties to the
settlement. Those recommendations have beenyargerporated into the protective health
measures that are planned for cleanup activitifseaGarfield Avenue site. Based on revisions
to the cleanup work plan made subsequent to tHenpmary recommendations, the Site
Administrator believes the protective measures pvilitect the health and ensure the safety of
residents living near the Garfield Avenue site.

The Site Administrator recommends a Community HeBkposure Prevention and Testing
Program. The recommended program will be threediel) an expanded Air Monitoring
Program to ensure the protection of the surroundamgmunity during the remediation of the
Garfield Avenue Site; 2) an accompanying healthosype and testing program to determine
whether the community is being exposed to Cr(VBtel to the site cleanup; and 3) a mapping
project using results from the Residential Insgeci#rogram established by the settlement to
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outline areas of soil contamination, if detectéd addition, the Site Administrator recommends
actions to promote the second phase of the EOH&dimld dust study.

The preliminary details of the Community Health Bgpre Prevention and Testing Program are
outlined below.

A. AIR MONITORING PROGRAM

The activities associated with excavation, in-aital/or ex-situ treatment and removal of CCPW
from the Garfield Avenue Site present opportuniteegenerate work site dust with the potential
to migrate off-site into the surrounding communitynder DEP regulations governing site
remediation, PPG is required to develop an Air Manmg Plan (AMP) to protect the health and
safety of residents during ground intrusive adgit The Site Administrator is recommending
an expanded program with specific elements addéaketéinal AMP in order to ensure that
elevated levels of Cr(VI) are not migrating off thike. These elements include:

Calculation of a risk-based concentration limit @n(VI) based on long-term exposure
(greater than one year);

Calculation of a specific Action Level for total stumonitoring in the exclusion (work)
zone and at the site perimeter;

Establishment of baseline conditions prior to rei@leaktivities;

Continuous monitoring of airborne total particuagend Cr(VI) levels at on-site locations
and at the fenceline (perimeter);

Use of monitoring data to confirm successful dust &r(VI) control, as well as evaluate
the need to initiate actions to mitigate dust gatien in real-time as the excavation
proceeds;

Web-posting of monitoring data for access by thielipuand

Program activity and data review by the independeatnical Consultant.

PPG has submitted to DEP a revised AMP entifledMonitoring Workplan for Ground
Intrusion Activities at the Garfield Avenue Sitelarsey City, New Jersegated January 2010.
In the following discussion of recommended elemémtshe expanded AMP, comparison will
be made to PPG’s proposed plan.

1. Risk-Based Concentration Limit for Cr(VI)

The Site Administrator recommends that a risk-baseatentration limit for Cr(VI) be
developed for the Garfield Avenue Site project base the total number of days of ground
intrusive activities. This risk-based concentnatiionit would represent the permissible average
air concentration of Cr(VI) over the entire permidntrusive remedial activities. The
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concentration of Cr(VI) would be measured contirslpat the excavation zone and at the site
perimeter, and would be compared to the risk-basedentration limit. The measured Cr(VI) at
a given monitoring location could exceed the rislsdd concentration limit temporarily,
provided that the long-term average concentragomains below the risk-based concentration
limit.

To calculate the risk-based concentration lime, $ite Administrator recommends the use of
EPA risk assessment methodology for estimatingeramnsk, representing the cumulative
average risk over the duration of the excavatidiviéies. The relationship between the
concentration of Cr(VI) in air and estimated riskevaluated using established risk assessment
techniques and default values set by the EPA. iAoek Inc. employed this methodology to
calculate a risk-based concentration limit for Qj(&t its recently completed five-year CCPW
excavation at 441 Route 440 in Jersey City (therfeorRoosevelt Drive-In Site).

PPG’s January 2010 Air Monitoring Plan does preassincentration limit for Cr(VI) in

ambient air (called an “acceptable air concentrd}iof 0.91 pg/ni; however, it was developed
using a calculation for short-term exposures ({feas one year) and a chronic inhalation
Reference Concentration (RfC) for non-cancer entpoiThe calculation is predicated on the
assumption that intrusive remedial activities wake place over 120 days. However, a
preliminary assessment of the total number of simiwork days in the project (derived from
the Master Schedule), estimates a total of 690 dagsapproximately 5 years, with an average
of 138 days per year. Because the total numbdays exceeds one year, the short-duration
calculation is not valid for this project.

Consequently, DEP has developed a revised accealioncentration for Cr(VI) at the
Garfield Avenue Site. DEP’s calculation follows &P risk assessment methodology, utilizing
a longer exposure duration (5 years, 138 days ez yand assuming a 1 x4QL in 1 million)
increased cancer risk. It also incorporates apelision modeling to account for dissipation in
Cr(VI) particulate mass (due to settling, wind pat, moisture content, etc.) prior to reaching
the site perimeter. The revised air concentragot9.12 ng/m This value is more than 100
times lower (i.e., more protective) than the curi@8HA permissible exposure limit (PEL) for
Cr(VI) of 5.0 ug/ni.**?

3 The permissible exposure limit (PEL) is an occigretl exposure standard and is the concentratienaoitaminant in

air, calculated as an 8-hour time-weighted ave(@y#A), above which a worker shall not be expos@dcording to CFR
1910.1026(c), “the employer shall ensure that npleyee is exposed to an airborne concentratiomairaium (VI) in
excess of 5 micrograms per cubic meter of air (Brf)y, calculated as an 8-hour TWA.
http://www.osha.gov/pls/oshaweb/owadisp.show_doaife table=STANDARDS&p id=13096#1910.1026(c)
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Based on plan revisions made subsequent to prelmmecommendations on this topic, the Site
Administrator feels that this new risk-based ama@entration will protect the health and ensure
the safety of residents living near the GarfielceAue site.

2. Action Levels and Early Warning System

In order to protect members of the community frataease health impacts of Cr(VI) and
particulates, the Site Administrator recommendsdaneelopment of an Action Level for dust
and Cr(VI) for the time frame encompassing intressite activities.Since Cr(VI) cannot be
measured in real-time, a surrogate real-time Adtievel for total particulates (P}¢) would be
calculated. The Action Level is the concentratdparticulates in ambient air which triggers a
re-evaluation, limitation or cessation of dust-gatiag activities on the site until air
concentrations can be reduced.

PMjp at the eight perimeter locations will be measw®actinuously and reported as 15-minute
averages and compared to the Action Level. Asdaled measure of safety, the continuous
PM;o measurements in the Exclusion (Work) Zone wiltdygorted as 5-minutaverages.
Exceedances of the Action Level in the Exclusion€will advise site safety personnel of the
need for additional evaluations or dust control suees at the dust source, before the Action
Level is reached at the site perimeter. This agll as a kind of early warning system and
provide additional time to evaluate the dust soueceploy aggressive dust control procedures or
curtail operations in order to prevent elevategitéfexposures.

Existing soil analytical data will be used to esitdbthe initial Action Level criteria for the
project. Air monitoring data collected during timst several months of excavation activities
may be used to better define the relationship batwer(VI) and ambient measured dust levels
and may be used to further evaluate or refine tls Action Level and the locations for real-
time air monitoring.

PPG’s January 2010 Air Monitoring Workplan proposadAction Level for total particulates

(as a surrogate for Cr(VI)) that relied on a cadtioh for short-duration activities that is not
appropriate for this long-term project (see abogeussion under 1.) DEP has since calculated a
new Action Level of 333 ug/frbased upon the actual concentration of hexavalewmium in

the site soils. This calculation is consideredeatable for the derivation of site-specific total
particulate action levels, provided analytical testor co-located hexavalent chromium samples
do not exceed 49.12 ngim

Based on cleanup work plan revisions made subsetu@reliminary recommendations on this
topic, the Site Administrator feels that this newtidn Level will protect the health and ensure
the safety of residents living near the GarfieldceAue site.
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3. On-Site and Perimeter Monitoring

Throughout the excavation activities, dust generawill be monitored visually and with
particulate monitoring instruments, including direeading “real-time” monitors and filter
cassette samplers, which will collect airborne sllist subsequent laboratory analysis of Cr(VI)
and total particulates. The Site Administrator reatends a two-tier approach to evaluating
airborne contaminant levels to effectively ensiia potential airborne contamination from the
excavation area will be detected prior to impactang residents. A combination of fixed and
mobile monitoring equipment will be used to samgte monitor at both of the recommended
areas: the excavation zone and the site perimeter.

Monitoring data indicating that airborne particelaiare present above Action Levels will require
re-evaluation of site activities, a re-evaluatidnork practices of individual workers, and/or
changes in dust management practices. Work witldhed if conditions require.

Exclusion (Work) Zone Monitoring

Real-time air monitoring for PM will be collected continuously (5-minute data ages for 8-
to-10 hours per day, 5 days per week) at four esxafuzone locations. The continuous data
collection of PM levels will serve as real-time a surrogate fon@x,( The locations of the four
exclusion zone monitoring stations will encircle trea where daily site intrusive activity will

be performed, and will be relocated as necessaoudgihout the program. All real-time data

from exclusion zone stations will be continuougieimetered to the central air monitoring

station (as 5-minute data averages) located osith@roperty and subsequently compared to the
Action Level developed for the site. Correctivéi@as will be being taken ifiwhen any of these
locations exceed an action level.

In addition to the continuous data collection fartulates, daily (5 days per week) integrated
sampling for particulates (Pdy) and Cr(VI) will be conducted at the four exclusione
locations. The Site Administrator recommends caimganeasured concentrations to the
Action Level and the risk-based concentration lifoitCr(VI).

Site Perimeter Monitoring

PPG’s current Air Monitoring Workplan proposes giggimeter monitoring to demonstrate that
excavation activities and materials handling openatdo not result in ambient air
concentrations of total particulates above thedkctievel reaching nearby residences or
businesses. The Site Administrator recommendsnekpg this to include a risk-based
concentration limit (screening level) for Cr(VI).
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Under the expanded plan, real-time air monitorimgHM o will be conducted continuously (24
hours per day, 7 days per week) at four fixeds#iemeter locations, as well as at four mobile
perimeter air monitoring locations (for 8-to-10 n®per day, 5 days per week). All real-time
data will be compared to the Action Level. In ddsh, daily integrated sampling (8-to-10 hours
per day, 5 days per week) will be conducted fonfPamd Cr(VI). Measured concentrations will
be compared to the Action Level and the risk-basettentration limit for Cr(VI).

PMyo at the eight perimeter air monitoring locationd ¥ measured on a continuous basis and
reported as 15-minute averages. If a 15-minuteageePM, concentration exceeds the Action
Level at the site perimeter or if airborne dustbiserved leaving the property boundaries,
additional evaluations and dust control measurdéseapoint identified as causing the elevated
readings will be implemented. Work may continuéhét point at the discretion of the site safety
personnel.

A second 15-minute average PjMoncentration exceeding the Action Level at tie gerimeter
will be cause for intrusive activities at the pamentified as causing the elevated readings to hal
and be reevaluated. Work will resume provided thest suppression measures and other
controls are successful in reducing the conceptratio less than the Action Level at all
perimeter stations for 15 minutes and in preveniisile dust from migrating beyond the work
site.

Baseline Monitoring

The Site Administrator recommends that prior toithiation of excavation activities, baseline
monitoring be performed for at least five conseaitiays to quantify “background” levels of
Cr(VI) and total particulates. The anticipated ¥-8aseline sampling program will involve
collection of 24-hour Plyp data from the four fixed site perimeter locati@hss collection of 8-
to-10 hour PM, data at the four mobile site perimeter locatioms the four exclusion zone
locations. Integrated P)dland Cr(VI) samples from the eight perimeter and f&xclusion zone
sampling locations will be collected from 8:00 ambt00 pm. In scheduling the baseline
monitoring to be performed, weather conditions tkfiect normal weather patterns are required.
Meteorological data will also be collected (24 rwoper day) for the entire five-day baseline
period.
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Table Il

Recommended
Program Element

PPG’s Air Monitoring Workplan
(January 2010)

Comments

Baseline Monitoring

Yes — 5 consecutive days pigor
initiation of the ground intrusive
remedial activities.

Recommend use of baseline data g
background.

AS

Development of Risk-
Based Concentration
Limit (Screening Level)
for Cr(VI)

Plan proposes an acceptable air
concentration (AAC) for Cr(VI) of
910 ng/nt; however this is not
offered as a level against which
monitoring data for Cr(VI) will be
compared. Furthermore, the AAC i
determined using a calculation for
short-term projects and for non-
cancer endpoints.

DEP'’s revised site-specific risk-
based concentration limit for Cr(V1)
of 49.12 ng/m}, developed using
EPA’s cancer risk-based calculatio
for long-term exposure, is acceptak
5to the Site Administrator.

=)

Exclusion (Work) Zone| Yes —mobile monitoring stations for| Approved.
Monitoring real-time PM, and integrated

samples for Plyy and Cr(VI)
Site Perimeter Yes — 7-day monitoring for real-time Approved.

Monitoring PM;o and 5-day integrated samples
for PMg and Cr(VI)
Action Level AMP uses a calculation for a non- | DEP’s proposed revised Action

established by:

carcinogenic endpoint and short
duration activities that is not
appropriate for this long-term projeq
to calculate (1) an acceptable air
concentration and (2) a related
particulates Action Level
concentration.

Level, based upon the actual
concentration of hexavalent
tchromium in the site soils, is
acceptable to the Site Administrato

=

Action Level —
Exclusion (Work) Zone

DEP’s revised value for the Action
Level is 333ug/m®

Approved.

Action level — Site
Perimeter

DEP’s revised value for the Action
Level is 333ug/m®

Approved.

Early Warning System

Continuous RMata will be
averaged every 5-minutes in the
Exclusion (Work) Zone to provide
ample time for site personnel to tak
corrective action prior to a perimete|
15-minute PM, concentration

Approved.

4]

=

exceeding the Action Level.
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B. COMMUNITY HEALTH EXPOSURE TESTING PROGRAM

In addition to the Air Monitoring Program, the SAeministrator recommends instituting real-
time health exposure testing in order to determihether the community is being exposed to
Cr(VI) related to the remedial activities at therfidd Avenue Site. The program will be
voluntary and open to all residents living in tmeaafrom the Garfield Avenue Site west to
Ocean Avenue; south to Bayview Avenue and norBréanhall Avenue. The program will
consist of:

An initial screening for chromium level in red bbboells (blood screening) to be completed
before any remedial excavation activities areandd at the Garfield Avenue Site in order to
establish a baseline for comparison purposes;

Semi-annual blood screenings throughout the peridand-disturbing remedial activities;

Physical examinations for evidence of medical chowl$ which indicate a recent exposure to
chromium, if red blood cell sampling results arevaked;

Data management and integration of participantdidata with environmental exposure
data; and

Protections for participant privacy.

1. Blood Screening

Blood screening for chromium measures the levehodmium in red blood cells (RBCs). Itis
considered the most accurate method for assessimgli@idual’'s exposure to hexavalent
chromium within the previous 60 to 120 days prmspecimen collection. [The life span of a
red cell is approximately four months].

Health Questionnaire

All participants will complete a confidential hdaljuestionnaire designed to help program
personnel understand individual factors that mflyemce the concentration of chromium in the
blood. The questionnaire may be used to assesghfmsources for chromium exposure or other
causes of elevated blood chromium levels.

Collection Frequency

During the baseline period prior to the start oheglial activities, and then semi-annually
throughout the Garfield Avenue Site remediationtip@ating residents will provide a blood
sample to be analyzed for the presence of chromifttempts will be made to collect semi-
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annual samples during a dry period when potentiat dxposure might be higher (although strict
dust control procedures will be implemented thraugtihe remediation). A final sample will be
collected approximately six months after remediatias been completed. This time frame
would allow all of the red blood cells that miglave absorbed hexavalent chromium to be
replaced.

The Site Administrator also recommends conductemggbne testing with a small group of
volunteers living outside of Jersey City in ordeestablish a background mean and variability.
Participants will be recruited from a New Jersey similar in size, degree of industrialization
and socio-economic makeup to Jersey City, but witkaown historical or existing Cr(VI)
contamination. Blood sampling of these “backgrdwadunteers will be accomplished within
the first six months of the program. Collectiomgadures, laboratory analysis and data
management will be the same as those for the pyipragram participants.

Collection Procedures

In order to control the testing, the Site Admirastr will identify one or two locations where
sample collection will occur (e.g., the MetropatitBamily Health clinic). One or two
phlebotomists will be identified to draw the bloaxd perform the sample collection according
to strict chain-of-custody procedures. Each samypdivent is expected to occur over 2 to 3 days.

The phlebotomist’s job would include labeling tladlection tube, drawing the blood, having the
participant verify the name on the tube, and hattegparticipant sign a chain-of-custody
(COC) form. In addition, a third-party testing gram manager (discussed below) will provide
an individual on-site to oversee the collectiorsvaer questions from participants, initiate the
chain-of-custody, and collect the tubes and CO@$ofor shipping to the laboratory on a daily
basis.

Blood will be drawn, spun down to provide the réaldd cells and placed inside trace metal-free
tubes (to avoid potential Cr(VI) contamination) it two hours of collection. Each day’s
samples will be sent by courier in a refrigeratedler.

Laboratory Analysis

The distribution of blood chromium values in norpeged individuals will be used to set an
“elevated” criterion, most likely the 8ercentile of the non-exposed distribution. Citel
samples will be analyzed for chromium in red bleetls using Graphite Furnace Atomic
Absorption Spectroscopy (GFAAS). The analyses bélberformed by a CLIA-certified
clinical toxicology laboratory.

Follow-Up

The laboratory will send the test results diretblya third-party testing program manager,
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identified by the Site Administrator. The Site Aaistrator has had extensive discussions with
Dr. Paul Lioy and Dr. Michael Gochfeld of the Eronmental and Occupational Health Sciences
Institute (EOHSI) regarding their potential roletasting program manager. Dr. Lioy and Dr.
Gochfeld, who have worked with the Jersey City camity on issues of hexavalent chromium
contamination for more than twenty years, are mglland able to administer the testing program.
Given their record of experience and their esthblisrelationship with the community, EOHSI

is the appropriate group to manage participanurenent, oversee sample collection, perform
laboratory QA/QC and evaluate the data that thgnara generates.

EOHSI will provide written results to each partiaipg resident and will make available a health
professional with experience in environmental aocupational medicine to answer any
guestions each participant might have regardingekelts. If an elevated RBC chromium level
is not detected, the participant’s semi-annuairtgswill be complete.

If chromium is detected in the blood sample atlamated level, the participant will be offered a
medical examination, as described below.

2. Medical Examination

If laboratory analysis detects an elevated RBC roiuimn level, the participating resident will be
offered a medical examination by a medical protesai with experience in environmental and
occupational medicine (e.g., physician or nursetgraner) to evaluate for medical conditions
which indicate a potential recent exposure to clwomsuch as dermatitis, ulcers and nasal
septum perforations.

As part of the medical follow-up, participants willview the questionnaire completed during the
baseline testing with the examining medical pratess. Furthermore, the participant will be
required to share medical records with the medioaflessional to determine whether
confounding conditions exist that might contribtdean elevated level. Review of medical
records will not only assist in evaluating the seuof elevated chromium levels, but it will also
help protect the integrity of the testing prograsritaelates to other participants. Participants’
privacy will be protected. Medical information Wanly be reviewed by the attending medical
professional.

The participating resident will receive written ulis of the examination from the examining
medical professional, who will also be availablatswer any questions related to the
examination. If any medical conditions potentialjated to chromium exposure are identified,
the participating resident will be referred to alified physician for further evaluation.

3. Data Management, QA/QC & Administration

A cornerstone of the testing program will be sodath management and program management.
As mentioned previously, the Site Administrator fteentified EOHSI to oversee blood sample
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collection, perform laboratory QA/QC, and run datanagement. EOHSI’s responsibilities
would include:

a. Assisting in the recruitment of program particigaahd encouraging sustained
participation;

b. Insuring that the blood drawing facility(s) opesaten a time schedule;
c. Announcing the times of blood drawing to the prognaarticipants;

d. Overseeing each blood draw session, initiatingctieen of custody, and shipping the
samples;

e. Maintaining the participant database;

-

Receiving the results of the RBC chromium analysebentering them in the database;

Informing participants of their results by lettanth explanation)

= «Q

Reviewing laboratory QA/QC performance (typically@utside laboratory validates 5%
of samples);

Linking participant blood data to environmental espre data;

j.  Providing periodic reports to the Site Administraaod participants on the progress of
screening, the results, and the linkage to enviemtal monitoring; and,

k. Providing an overall report to the Site AdministratPPG, DEP, the City of Jersey City,
and the Garfield Avenue community with the results

To provide a further level of program oversight,aaditional physician specializing in
occupational and environmental medicine will aahitl oversee the program, specifically
focusing on elements related to blood samplingincb&custody, and laboratory procedures.

C. RESIDENTIAL INSPECTION PROGRAM, RESULTS MAPPING PROJECT AND
EOHSI DUST STUDY PROMOTION

1. Residential Inspection Program Results Mappingofect

As stated earlier, the goal of the recommended CamitynHealth Exposure Prevention and
Testing Program is to ensure that the health odeess living in the vicinity of the Garfield
Avenue Site is protected during site remediatioth iato the future. Supporting this goal is the
Residential Inspection Program, established byodwesent Judgment to address the concerns of
residents living near the PPG sites who suspechaiim waste may be in or on their property.
Residents in homes within 400 feet of PPG cleaiteg 81 Jersey City and Bayonne, including
the Garfield Avenue Site, are eligible to requesirspection under the program. Residential-
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related properties located within these boundasigsh as daycare centers, school and
playgrounds, are also eligible.

The Residential Inspection Program will determim@tigh inspections and sampling if elevated
levels of Cr(VI) are present. Chromium waste thaeeds NJDEP standards will, at a minimum,
be cleaned up to standards. In this way, both C@OR\We Garfield Avenue Site and residual
CCPW on surrounding residential properties wilk&moved, thereby helping protect the
community’s health.

The information collected through site samplingfigireat value in determining the extent of
CCPW contamination within the Garfield Avenue Sitenmunity. The Site Administrator
recommends that the Residential Inspection Prodrasults Mapping Project be developed to
share sampling results through location maps abtqreports in order to provide the broader
community with an accurate picture of resident@itamination conditions. Information would
be shared with the public through website postimd) rewsletters, as appropriate.

2. EOHSI Dust Study Promotion

Through various exposure-oriented studies, EOHSIldi@ded in providing an objective science-
based assessment of Cr(VI) exposure to Jersey&siyents for the past two decades. Their
latest active study is the second phase of areeatiamination of Cr(VI) in household dust,
which was initiated in 2006 in response to contigupublic concern over potential Cr(VI)
exposure from the remaining unremediated CCPW.sBesause EOHSI found Cr(VI) in
household dust in Phase |, suggesting a potewptiaxXposure, they implemented the second
phase of the study in 2009. Currently, EOHSI tsvaty recruiting homes with children 6 years
old and younger in which to collect household diastples for Cr(VI) measurements and to
collect urine samples from children.

The Site Administrator recommends that communityiggation in the EOHSI study be
encouraged through promotion activities of theiparto the Consent Judgment.

VIIl. CRITERIA CONSIDERED FOR POTENTIAL HEALTH EXP OSURE
STUDY

In considering what type of health exposure stifdny, would be appropriate for the residents
living in the vicinity of the Garfield Avenue Sitthe Site Administrator considered the
following questions.

1. Will the data gathered to detect a specific contaamnt (chromium waste) aid in the
prevention of disease or health effect?
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2. How will the information be used a) to protect conumty health, b) address
community concerns; and c) take appropriate action?

3. Are there programs/resources in place to act ondiimgs, if necessary?
4. What follow-up will occur and who is responsible?

These questions are answered below in the contélxé selected comprehensive site-related
exposure monitoring program.

Will the data gathered aid in the prevention of d&se or health effect?

The data gathered under the recommended CommuedittHEXposure Prevention and Testing
Program will be of two types: biological samplealahd air monitoring data. Air monitoring
data will be used to document the degree to wteatedial activities expose the community to
elevated levels of Cr(VI) in ambient air. Biologisamples will be used to document whether
individuals are being exposed to Cr(VI) in theiveanment. The data collected will be part of a
comprehensive program designed to limit and assgsssure and, therefore, is inherently
preventative in nature (even while existing heattidies do not clearly establish that adverse
health effects result from low levels of exposwederiods of short duration)

How will the information be used to protect commuyinealth?

The air monitoring data gathered will be used gt community health by showing whether
there are elevated levels of Cr(VI) dust in ambeintand whether the dust is leaving the
remedial site. If it is determined that dust aveked levels is being generated and leaving the
site, work will be stopped until work procedures te re-evaluated and reconfigured in order to
eliminate this problem.

Simultaneously, biological testing can show whethdividuals are being exposed to Cr(VI). If
this is detected, steps can be taken to identdydlite of exposure and/or eliminate the source.

How will the information be used to address commtynconcerns?

One of the community’s primary concerns is protatfrom exposure to Cr(VI) during
remediation and the air monitoring data will docatr&ctual conditions and show that Cr(VI)
concentrations in ambient air are maintained beboget levels. Air monitoring information
will be shared with the public through website pagtnd newsletters.

Biological testing can confirm that individuals aret being exposed to elevated levels as a
result of remediation.
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How will the information be used to take appropreaaction?

The Action Level for PMp will be used to control remediation operationgc&use the
continuously collected PM measurements in the Exclusion (Work) Zone areamest every

five (5) minutes, site personnel have ample timemolement corrective actions before Action
Levels are exceeded at the site perimeter. Additly, if air monitoring data indicates that the
risk-based Cr(VI) concentration are being exceettedproject will be shut-down and if
necessary reconfigured until PPG can show apptepmaasures are in place to prevent further
exceedances and to protect human health.

If biological testing shows elevated levels of Q)W blood samples, a physical exam by a
medical professional experienced in environmemtdl@cupational medicine can be conducted
to determine if Cr(VI)-mediated health concernsmesent in an individual.

Are there programs/resources in place to act on fmalings, if necessary?

The Health and Safety Plan and Standard OperatimzeBures for the Garfield Avenue Site
identify the procedures to be followed if an Actibevel is exceeded. The Site Administrator
has the authority to order the work at the sit@igéal until it can be shown that measures are in
place to protect the public.

What follow-up will occur and who is responsible?

If air monitoring demonstrates that Cr(VI)-contamatied dust is migrating offsite at
concentrations above risk-based levels, PPG ionsdple for shutting down remedial operations
and revamping procedures to ensure that futuredeingctivities are protective of human
health.

IX. CONCLUSIONS

After reviewing the data in numerous health studiegorts and websites, and after discussing
the state of Cr(VI) science with various healtherxgp a comprehensive Community Health
Exposure Prevention and Testing Program is recordetefor the residents living in the vicinity
of the Garfield Avenue Site. This three-tier paaibis designed to prevent the public from being
exposed to elevated levels of Cr(VI) during remidig provide reassurance to the community
that their health is being protected and provideose complete picture of area residents’ current
exposure to Cr (VI).
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APPENDIX A —

Cr(VI)-RELATED HEALTH STUDIES
SPECIFIC TO NEW JERSEY



Chromium-Related Health Studies and Scientific Liteature

Specific to New Jersey

Medical Evaluation of Children and Adults of the Wimey Young Jr. School, Jersey City,
New JerseyDecember 1989- NJ Dept. of Health,
http://www.state.nj.us/dep/dsr/chromium/young.pdf

An Assessment and Quantitative Uncertainty Analysfehe Health Risks to Workers
Exposed to Chromium Contaminated So{$991) Paustenbach DJ, Meyer DM, Sheehan PJ
et al. Toxicol. Ind. Health 7, 159-1%#6tp://tih.sagepub.com/cgi/content/abstract/7/3/159

The Health Hazards Posed By Chromium-ContaminateailS in Residential and
Industrial Areas: Conclusions of an Expert PanéApril 1991) Paustenbach DJ, Rinehart
WE, Sheehan PJ, Reg. Toxic. and Pharm. 13, 195-222
http://www.sciencedirect.com/science?_ob=ArticleldRudi=B6WPT-4DDP4D4-

BB& user=8702323& coverDate=04%2F30%2F1991& rdoc=n&=high& orig=brows
e& srch=doc-
info(%23t0c%236999%231991%23999869997%23521351%23tA3display%23Volume
)& ¢di=6999& sort=d& docanchor=& ct=8& acct=C000@20& version=1& urlVersio
n=0& userid=8702323&md5=f7c81f5a8f0a787f715378b7@E50

Chromite ore processing residue in Hudson CountyeWJersey(May 1991) T Burke, J
Fagliano, et. al. Environ. Health Perspect. 92:-131
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519894

Airborne Concentrations of Trivalent and Hexavale@hromium from Contaminated
Soils at unpaved and partially-Paved Commercial/lredrial Sites(January 1992) Falerios
M, Schild K, Sheehan P et. al. J. Air & Waste M@maAssoc. 42:40-48
http://secure.awma.org/onlinelibrary/ProductDetadpx?productID=10639

Chromium exposure assessment of outdoor workerslirdson County, NJJuly 1992)
Bukowski JA, Goldstein MD, Korn LR, et al. Sci. thie Total Environment, 122, 291-300
http://www.sciencedirect.com/science? ob=Articlel8Rudi=B6V78-48XT4VY-

1SB& user=8702323& coverDate=07%2F29%2F1992& all@4D87850& rdoc=8& fm
t=high& orig=search& cdi=5836& sort=r& docanchor=zi&w=c& ct=15& acct=C00005
0221& version=1& urlVersion=0& userid=8702323&md52D8c7492731d3c53d81f7ecb
6f6cal

Microenvironmental Analysis of Residential Exposute Chromium-Laden Wastes in and
Around New Jersey Homedune 1992) Lioy PJ, Freeman NCG, Wainman T, €Riak
Analysis 12(2), 287-29%ttp://www3.interscience.wiley.com/journal/1193283#bstract




Residential Exposure to Chromium Waste — Urine Bigical Monitoring in Conjunction
With Environmental Exposure MonitoringJune/August 1992) Stern AH, Freeman NCG,
Pleban P, et al. Env. Research 58, 147-162

http://www.sciencedirect.com/science? ob=Articlel8Rudi=B6WDS-4G3K8RY-

38& user=8702323& rdoc=1& fmt=& orig=search& sord=alocanchor=&view=c& ac
ct=C000050221& version=1& urlVersion=0& userid=8323&md5=37f00aaa6b0e81860
503d4dc6cb84729

Field Validation for Sampling and Analysis of Airbbme Hexavalent Chromium(March
1993) Finley B, Fehling K, et al. Appl. Occup. Eron. Hyg. 8(3), 191-200
http://direct.bl.uk/bld/PlaceOrder.do?UIN=0048132FE3 OC=EN&from=searchengine

Designing a biological monitoring program to assessmmunity exposure to chromium:
Conclusions of an expert panéDecember 1993) Anderson RA, Colton T, Doull alet).
Tox and Env. Health, Part A, 40:4, 555-583
http://www.informaworld.com/smpp/content~db=all~contea916044055

Chromium Medical Surveillance Project: Final Technal Report(October 1994) - NJ
Department of Health, Div. of Epidemiology, Jer&lagliano and Jonathan Savrin,
http://www.state.nj.us/dep/dsr/chromium/surveilleupcf

Urinary Excretion of Chromium Following Ingestion 6Chromite-Ore Processing
Residues in Humans: Implications for BiomonitorinDecember 1994) Gargas ML,
Norton RL, Harris MA, et al. Risk Analysis, Vol. 1HKlo. 6
http://www3.interscience.wiley.com/journal/1192780sbstract

The Effect of Remediation of Chromium Waste Sitas Ghromium Levels in Urine of
Children Living in the Surrounding NeighborhoodAugust 1995) Freeman NCG,
Wainman T, Lioy PJ, et al. J. Air & Waste Managsséc. 45: 604-614
http://secure.awma.org/onlinelibrary/ProductDetagpx?productiD=11006

Increased DNA-Protein Crosslinks in LymphocytesRésidents Living in Chromium-
Contaminated AreagDecember 1995) Taioli E, Zhitkovich A, Kinney P al. Biological
Trace Element Research, Vol. 50, 175-180
http://www.springerlink.com/content/65u4r8674w18883

Monitoring Human Lymphocytic DNA-Protein Cross-linkas Biomarkers of Biologically
Active Doses of Chromat@ctober 1996) Costa M, Zhitkovich A, et. al. Erlealth
Perspect. 104(9)ttp://ehp.niehs.nih.gov/imembers/1996/Suppl-5/chdtatml

Background Air Concentrations of Cr(VI) in Hudson @unty, New Jersey: Implications
for Setting Health-based Standards for Cr(VI) in 8¢May 1997) Scott PK, Finley BL,



Harris MA et al. J. Air & Waste Manage. Assoc. 82500
http://secure.awma.org/onlinelibrary/ProductDetagpx?product|D=588

Exposure to Chromium Dust from Homes in a Chromiu8urveillance Projec{May
1997) Freeman NCG, Stern AH, Lioy PJ, Archives n¥iEonmental Health
http://www.highbeam.com/doc/1G1-19478916.html

Community Exposure and Medical Screening Near Chriim Waste Sites in New Jersey
(August 1997) Fagliano JA, Savrin J, Udasin |, GelthM, Reg. Tox. And Pharm. 26, S13-
S22http://www.sciencedirect.com/science?_ob=Articlel8Rudi=B6WPT-45NJS8P-

11& user=8702323& coverDate=08%2F31%2F1997& ali®iDB1592& rdoc=61& fmt
=high& orig=search& cdi=6999& sort=r& docanchor=&w=c& ct=64& acct=C00005
0221& version=1& urlVersion=0& userid=8702323&md&f87547593b321e62460ad9cd
ba549a

The Association of Chromium in Household Dust withrinary Chromium in Residences
Adjacent to Chromate Production Waste Sit@ecember 1998) Stern AH, Fagliano JA,
Savrin JE, et. al., Env. Health Perspectives, \0@, Num. 12
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC15332d8f/envhper00535-0107.pdf

Reduction in Residential Chromium Following Site Reediation(June 2000) Freeman
NCG, Lioy PJ, Stern AH J. Air & Waste Manage. Ass80:948-953
http://secure.awma.org/onlinelibrary/ProductDetagpx?productiD=385

Analysis of Lung Cancer Incidence Near Chromium-Ctaminated Sites in New Jersey
(a/k/a Hudson County Chromium Sitegpeptember 2008) — NJ Department of Health and
Senior Services and NJ DEP for ATSDR, Jerald FaglidPH, PhD (principal author),
http://www.atsdr.cdc.gov/HAC/pha/Chromium-Contant@tSitesinNJ/Chromium-
Contaminated%20Sites%20(NJ)%20093008.pdf

Chromium Exposure and Health Effects in Hudson Cotyn Phase I(December 2008}
Environmental and Occupational Health Sciencestinst(EOHSI), Paul Lioy, PhD and
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