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Foreword

The Agency for Toxic Substances and Disease Registry, ATSDR, was established by Congress in
1980 under the Comprehensive Environmental Response, Compensation, and Liability Act, also
known as the Superfund law. This law set up a fund to identify and clean up our country’s
hazardous waste sites. The United States Environmental Protection Agency, U.S.EPA, and the
individual states regulate the investigation and clean up of the sites.

Since 1986, ATSDR has been required by law to conduct a public health assessment at each of the
sites on the U.S.EPA National Priorities List. The aim of these evaluations is to find out if people are
being exposed to hazardous substances and, if so, whether that exposure is harmful and should be
stopped or reduced. If appropriate, ATSDR also conducts public health assessments when petitioned
by concerned individuals. Public health assessments are carried out by environmental and health
scientists from ATSDR and from the states with which ATSDR has cooperative agreements. The
public health assessment program allows the scientists flexibility in the format or structure of their
response to the public health issues at hazardous waste sites. For example, a public health assessment
could be one document or it could be a compilation of several health consultations - the structure
may vary from site to site. Nevertheless, the public health assessment process is not considered
complete until the public health issues at the site are addressed.

Exposure: As the first step in the evaluation, ATSDR scientists review environmental data to see
how much contamination is at a site, where it is, and how people might come into contact with it.
Generally, ATSDR does not collect its own environmental sampling data but reviews information
provided by U.S.EPA, other government agencies, businesses, and the public. When there is not
enough environmental information available, the report will indicate what further sampling data is
needed.

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

ATSDR uses existing scientific information, which can include the results of medical, toxicologic
and epidemiologic studies and the data collected in disease registries, to determine the health effects
that may result from exposures. The science of environmental health is still developing, and
sometimes scientific information on the health effects of certain substances is not available. When
this is so, the report will suggest what further public health actions are needed.
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Conclusions: The report presents conclusions about the public health threat, if any, posed by a site.
When health threats have been determined for high risk groups (such as children, elderly, chronically
ill, and people engaging in high risk practices), they will be summarized in the conclusion section of
the report. Ways to stop or reduce exposure will then be recommended in the public health action
plan.

ATSDR is primarily an advisory agency, so usually these reports identify what actions are
appropriate to be undertaken by U.S.EPA, other responsible parties, or the research or education
divisions of ATSDR. However, if there is an urgent health threat, ATSDR can issue a public health
advisory warning people of the danger. ATSDR can also authorize health education or pilot studies
of health effects, full-scale epidemiology studies, disease registries, surveillance studies or research
on specific hazardous substances.

Community: ATSDR also needs to learn what people in the area know about the site and what
concerns they may have about its impact on their health. Consequently, throughout the evaluation
process, ATSDR actively gathers information and comments from the people who live or work near
a site, including residents of the area, civic leaders, health professionals and community groups. To
ensure that the report responds to the community’s health concerns, an early version is also
distributed to the public for their comments. All the comments received from the public are
responded to in the final version of the report.

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

Letters should be addressed as follows:

Agency for Toxic Substances and Disease Registry
ATTN: Records Center

1600 Clifton Road, NE (Mail Stop F-09)

Atlanta, GA 30333
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I. Summary
I.A. Background

Introduction = The Agency for Toxic Substances and Disease Registry (ATSDR) recognizes
you want to know more about past and current exposures to mercury released
from the Y-12 plant at the Oak Ridge Reservation (ORR). We intend that this
public health assessment will provide you with the information you need to
protect your health.

Mercury in Mercury occurs naturally in the environment. It occurs in three forms:

the elemental mercury (also referred to as metallic mercury), inorganic mercury,

environment  and organic mercury. The form of mercury can change when combined with
certain microorganisms (e.g., bacteria, fungi) or natural environmental
processes. How you are potentially exposed and harmed by mercury depends
on the form of mercury to which you are exposed.

How you are  The following table identifies the main exposure pathways for the three forms
exposed to of mercury.

mercury
Mercury type Exposure pathway
Elemental Breathing in air.
mercury About 80% of elemental mercury enters your

bloodstream directly from your lungs, and then
rapidly spreads to other parts of your body, including
the brain and kidneys (ATSDR 1999). The primary
health concerns are nervous system and kidney
effects.

Inorganic mercury | Eating soil, sediment, surface water, or plants.

Typically, less than 10% is absorbed through the
stomach and intestines, but it has been reported that
up to 40% can be absorbed (ATSDR 1999).
Inorganic mercury enters the bloodstream and moves
to many different tissues, but will mostly accumulate
in the kidneys. The primary health concern is kidney
effects.

Organic mercury Eating contaminated fish.

(methylmercury) | Organic mercury is readily absorbed in the

gastrointestinal tract (about 95% absorbed) and can
easily enter the bloodstream (ATSDR 1999). It
moves rapidly to various tissues including the brain.
Effects on the developing nervous system in children
are the primary health concerns.
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ORR history

Tennessee
Department of
Health
involvement

ATSDR’s
involvement

In 1942, the federal government established the ORR in Tennessee’s
Anderson and Roane Counties. The ORR was part of the Manhattan Project
to research, develop, and produce special nuclear materials for nuclear
weapons. Over the years, ORR operations generated a variety of radioactive
and nonradioactive wastes. These wastes were released into the environment.
In 1989, the U.S. Environmental Protection Agency (U.S.EPA) added the
ORR to the National Priorities List. The U.S. Department of Energy (DOE) is
cleaning up the ORR under a Federal Facility Agreement with U.S.EPA and
the Tennessee Department of Environment and Conservation (TDEC).

The Tennessee Department of Health (TDOH) conducted the Oak Ridge
Health Studies (1991-1999) to evaluate whether off-site populations were
exposed in the past. The Oak Ridge Health Studies focused reconstructing the
exposure doses of individuals to contaminants released from the beginning of
the DOE facility operations in 1943 until 1990.

ATSDR is the principal federal public health agency charged with evaluating
human health effects of exposure to hazardous substances in the environment.
Since 1992, ATSDR has worked to determine whether levels of
environmental contamination at and near the ORR present a public health
hazard to surrounding communities. ATSDR has identified and evaluated
several public health issues and has worked closely with many parties.
ATSDR has responded to requests and addressed health concerns of
community members, civic organizations, and other government agencies
surrounding ORR. ATSDR’s public health activities in the 1990s addressed
current public health issues related to Superfund cleanup activities at two off-
site areas affected by ORR operations—the East Fork Poplar Creek (EFPC)
area and the Watts Bar Reservoir area.

Beginning in 2000, ATSDR initiated the formal public health assessment
process for the ORR when results of TDOH’s Oak Ridge Health Studies were
available and the Oak Ridge Reservation Health Effects Subcommittee
(ORRHES) had been established by the Centers for Disease Control and
Prevention (CDC) and ATSDR. To build upon their effort s, ATSDR
scientists reviewed and analyzed the Oak Ridge Health Studies Phase I and
Phase II screening-level evaluations of past exposure (1944 to 1990) and the
Phase II dose reconstruction reports to identify contaminants of concern
requiring further public health evaluation. ATSDR has since completed nine
chemical-specific and issue-specific public health assessments on releases of
hazardous substances requiring further public health evaluation and public
health issues of concern to the community. ATSDR scientists completed
public health assessments on uranium releases from the Y-12 plant (ATSDR
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2004), radionuclide releases from White Oak Creek (ATSDR 2006a), iodine
131 releases from the X-10 site (ATSDR 2008), ORR-wide polychlorinated
biphenyl (PCB) releases (ATSDR 2009), uranium and fluoride releases from
the K-25 site (ATSDR 2010), and other topics such as contaminant releases
from the Toxic Substances Control Act (TSCA) incinerator (ATSDR 2005a)
and contaminated off-site groundwater (ATSDR 2006b). In 2007, ATSDR
screened current (1990 to 2003) environmental data to identify any other
chemicals that required further evaluation (ATSDR 2007).

In conducting its public health assessments, ATSDR scientists evaluated and
analyzed the information and findings from previous studies and
investigations. ATSDR uses the public health assessment process to evaluate
potential public health impacts of past, current, and future exposures to
environmental contamination at Superfund sites. The public health
assessment process serves as a mechanism for identifying appropriate follow-
up public health actions for particular communities. The process also serves
as a mechanism through which the agency responds to specific community
health concerns related to hazardous waste sites.

Scope In this public health assessment, ATSDR evaluates past (1950—-1990) and
current (1990-2009) exposure to mercury released from the Y-12 plant to
determine whether exposure-related health effects were possible in off-site
residents. ATSDR evaluated potential residential exposures from 1950 to
2009 to three forms of mercury: elemental mercury, inorganic mercury, and
organic mercury. ATSDR evaluated potential exposures to Y-12 plant-related
mercury in air, soil, surface water, sediment, fish, crayfish, turtles, and
produce. The agency evaluated seven communities that were the most likely
to have been affected by Y-12 mercury releases. The studied population
included people who lived in the city of Oak Ridge, the Scarboro
neighborhood, or Wolf Valley, as well as people who lived or recreated in or
along the EFPC floodplain, Poplar Creek, Clinch River, or the Watts Bar
Reservoir.
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I.B. Overall Conclusions

Conclusions

Most past and current exposure pathways are not a public health hazard.
However, ATSDR identified a few pathways of potential concern.

Family members (especially young children) may have inhaled elemental
mercury carried from the Y-12 plant by workers into their homes.

Children who swallowed water while playing in East Fork Poplar Creek
(EFPC) during some weeks from 1956 to 1958, and adults who incidentally
swallowed water during some weeks in 1958, possibly could have been
exposed to levels of inorganic mercury that may have increased the risk of
developing renal (kidney) health effects.

Children who accidentally swallowed soil while playing in two areas along
the EFPC floodplain before the removal of mercury-contaminated soil in
1996 and 1997, possibly could have been exposed to inorganic mercury
that may have increased the risk of developing renal (kidney) health
effects.

Children born to or nursing from women who ate fish from waterways near
the ORR may have a small increased risk of developing subtle
neurodevelopmental health effects from exposure to organic mercury. For
this small increased risk to occur, mothers had to eat fish frequently just
before and during pregnancy, or while nursing. Also, children who ate fish
from waterways near the ORR may have a small increased risk of
developing subtle neurodevelopmental health effects.

Due to a lack of information, ATSDR cannot determine whether people living
off site could have been harmed from breathing elemental mercury from 1950
through 1963, swallowing water containing inorganic mercury from EFPC
from 1953 to 1955, and eating fish containing mercury during the 1950s and
1960s.
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I.C. Conclusions for Past Mercury Exposure (1950-1990)

Past exposure
to mercury in
the air

Past exposure
to mercury
from East
Fork Poplar
Creek (EFPC)
surface water

ATSDR concludes

¢ In the past (1950-1963), elemental mercury carried from the Y-12 plant by
workers into their homes could potentially have harmed their families
(especially young children), but ATSDR has no quantitative data to
evaluate the magnitude of this hazard.

e People living in the Wolf Valley area were not harmed from breathing
elemental mercury released from the Y-12 plant.

The highest annual concentration was more than 14 times lower than
ATSDR’s health guideline for elemental mercury vapor.

o After 1963, the elemental mercury released to the air from the Y-12 plant
and elemental mercury vapors released from the East Fork Poplar Creek
(EFPC) water did not harm people living off site near the ORR.

No estimated air mercury concentrations for any potentially exposed
community for any year exceeded ATSDR’s health guideline for elemental
mercury vapor.

ATSDR cannot conclude

e Whether people living off site in Oak Ridge, Scarboro, and along the EFPC
floodplain, who in the past breathed elemental mercury released to the air
from the Y-12 plant from 1950 through 1963, could have been harmed.

e Whether people living near the EFPC floodplain, who breathed elemental
mercury vapors released from the EFPC water from 1950 through 1963,
could have been harmed.

ATSDR concludes

e Children who swallowed water while playing in EFPC for a short period
(acute exposure: fewer than 2 weeks) during some weeks in 1956, 1957,
and 1958 may have an increased risk of developing renal (kidney) effects
from exposure to inorganic mercury.

The estimated exposure doses for some weeks in 1956, 1957, and 1958
were higher than ATSDR’s health guidelines (i.e., MRLs) and U.S.EPA’s
health guideline (i.e., RfD) for inorganic mercury.

e Adults who swallowed water from EFPC for a short time during some
weeks in 1958 may have an increased risk of developing renal (kidney)
effects from exposure to inorganic mercury.

The estimated exposure doses for some weeks in 1958 were higher than
ATSDR’s and U.S.EPA’s health guidelines for inorganic mercury.

Page | 5



(ATSDR

e People who swallowed water from EFPC for a short time before 1953 or
after the summer of 1958 were not harmed from exposure to inorganic
mercury.

The estimated exposure doses were lower than ATSDR’s and U.S.EPA’s
health guidelines for inorganic mercury.

e People who swallowed water from EFPC over a longer period of time
(intermediate and chronic exposures: more than 2 weeks) were not harmed
from exposure to inorganic mercury.

The estimated exposure doses were lower than ATSDR’s and U.S.EPA’s
health guidelines for inorganic mercury.

e People who swallowed water from EFPC were not harmed from exposure
to methylmercury.

The estimated exposure doses were lower than ATSDR’s and U.S.EPA’s
health guidelines for organic mercury.

ATSDR cannot conclude

e Whether people who swallowed water from EFPC for a short time during
1953, 1954, and 1955 could have been harmed from exposure to inorganic
mercury.

Past exposure ATSDR concludes

::Ol:lnegl:,l;)é e Children, who played in the EFPC floodplain at the National Oceanic and
. Atmospheric Administration (NOAA) site and Bruner site before soil

soil and e .

sediment removal activities in 1996 and 1997, may have accidentally swallowed

inorganic mercury in soil that may have increased the risk of developing
renal (kidney) effects.

The estimated exposure doses exceeded ATSDR’s health guidelines for
inorganic mercury.

e Adults are not expected to have been harmed from inorganic mercury in the
soil at the NOAA and Bruner sites before soil removal activities in 1996 and
1997.

The estimated exposure doses were below ATSDR’s health guidelines for
inorganic mercury.

e People who contacted EFPC floodplain soils in the past were not harmed
from exposure to methylmercury.

The estimated exposure doses were below ATSDR’s health guideline for
organic mercury.
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Past exposure
to mercury
from EFPC
fish

Past exposure
to mercury
from Poplar
Creek fish

ATSDR concludes

e Periodically eating fish from EFPC (up to nine meals per year for adults
and up to four meals per year for children') in the
1980s did not harm people’s health from exposure Eating nine fish meals
to methylmercury, including children who ate fish, per year is a worst case
nursing infants whose mothers ate fish, and fetal SN TS O

productive fishing area.
exposure from mothers who ate fish.

The estimated methylmercury exposure doses were below ATSDR’s and
U.S.EPA’s health guidelines.

ATSDR cannot conclude

e Whether eating fish from EFPC during the 1950s, 1960s, and 1970s could
have harmed people’s health from exposure to methylmercury.

Note: Since the 1980s there has been a fish consumption advisory due to
mercury and PCB contaminated fish.

ATSDR concludes

e Children born to or nursing from women who ate 12 fish meals per month
(i.e., the maximum consumption rate) from Poplar Creek in the 1970s,
1980s, and 1990 had an increased risk of subtle neurodevelopmental
effects from exposure to methylmercury.

The estimated methylmercury exposure doses came close to the
methylmercury dose identified by the National Academy of Sciences
(NAS) that resulted in a 5 percent increase in the incidence of abnormal
scores on the Boston Naming Test in the Faroe Islands study. The NAS
health effect level is consistent with the range identified as the benchmark
dose lower limit (BMDLOS) by the U.S.EPA in the Faroe Islands study.

e Children who ate up to six meals a month (i.e., the maximum consumption
rate) of Poplar Creek fish in the 1970s, 1980s, and 1990 had an increased
risk of subtle neurodevelopmental effects.

The estimated methylmercury doses came close to the NAS health effect
level, which is associated with subtle neurodevelopmental effects.

e Children born to or nursing from women who ate approximately three
meals a month (i.e., the average consumption rate) of Poplar Creek fish in
the 1970s, 1980s, and 1990 had a small increased risk of subtle
neurodevelopmental effects. Also, children who ate about 1.5 meals a
month (i.e., the average consumption rate) of Poplar Creek fish had a small
increased risk of neurodevelopmental effects.

' Appendix G contains detailed information on how the intake rates were derived for fish obtained from each of the
surface water bodies evaluated: EFPC, Poplar Creek, Clinch River, and Watts Bar Reservoir.
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Past exposure
to mercury
from Clinch
River fish

A few estimated methylmercury exposure doses were only slightly above
ATSDR’s and U.S.EPA’s health guidelines for methylmercury and were
not close to the NAS health effect level, which is associated with subtle
neurodevelopmental effects.

ATSDR cannot conclude

e Whether eating fish from Poplar Creek during the 1950s and 1960s could
have harmed people’s health from methylmercury exposure.

Note: Since the 1980s there has been a fish consumption advisory due to PCB
contaminated fish.

ATSDR concludes

e Children born to or nursing from women who ate 12 fish meals per month
(three fish meals a week) (i.e., the maximum consumption rate) from the
Clinch River in the 1970s, 1980s, and 1990 had a small increased risk of
subtle neurodevelopmental effects.

The estimated methylmercury exposure doses are only slightly above
ATSDR’s and U.S.EPA’s health guidelines for methylmercury and were
not close to the NAS health effect level, which is associated with subtle
neurodevelopmental effects.

e Children who ate approximately six fish meals a month (i.e., the maximum
consumption rate) from the Clinch River in the 1970s, 1980s, and 1990 had
a small increased risk of subtle neurodevelopmental effects.

The estimated methylmercury exposure doses were only slightly above
ATSDR’s and U.S.EPA’s health guidelines for methylmercury and were
not close to the NAS health effect level, which is associated with subtle
neurodevelopmental effects.

e Children born to or nursing from women who ate up to three Clinch River
fish meals per month (i.e., the average consumption rate) were not harmed
from exposure to methylmercury.

The estimated exposure doses were below ATSDR’s and U.S.EPA’s health
guidelines.

e Children who ate less than two Clinch River fish meals a month (i.e., the
average consumption rate) were not at risk of harmful neurodevelopmental
effects.

The estimated exposure doses were below ATSDR’s and U.S.EPA’s health
guidelines.
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ATSDR cannot conclude

e Whether eating fish from Clinch River during the 1950s and 1960s could
have harmed people’s health.

Note: Since the1980s there has been a fish consumption advisory due to PCB
contaminated fish.

Past exposure ATSDR concludes

to mercury e Children born to or nursing from women who ate 20 fish meals per month
from Watts i . .

Bar Reservoir (i.e., the maximum consumption rate) (5 fish meals a week) from Watts
fish Bar Reservoir in the 1980s and 1990 had a small increased risk of subtle

neurodevelopmental effects.

The estimated exposure doses were only slightly above U.S.EPA’s health
guideline and were not close to the NAS health effect level, which is
associated with subtle neurodevelopmental effects.

e Children who ate approximately 10 fish meals a month (i.e., the maximum
consumption rate) from Watts Bar Reservoir in the 1980s and 1990 had a
small increased risk of subtle neurodevelopmental effects.

The estimated exposure doses were only slightly above U.S.EPA’s health
guideline and were not close to the NAS health effect level, which is
associated with subtle neurodevelopmental effects.

e Children born to or nursing from women who ate up to five Watts Bar
Reservoir fish meals per month (i.e., the average consumption rate) were
not harmed from exposure to methylmercury.

The estimated exposure doses were below ATSDR’s and U.S.EPA’s health
guidelines.

e Children who ate less than three Watts Bar Reservoir fish meals a month
(i.e., the average consumption rate) were not at risk of harmful
neurodevelopmental effects.

The estimated exposure doses were below ATSDR’s and U.S.EPA’s health
guidelines.

ATSDR cannot conclude

e Whether eating fish from Watts Bar Reservoir during the 1950s, 1960s,
and 1970s could have harmed people’s health.

Note: Since the1980s there has been a fish consumption advisory due to PCB
contaminated fish.
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Past exposure ATSDR concludes

;:OI:::(CI?;]{: e People who ate local produce grown in gardens in the EFPC floodplain or
plants in private gardens that contained mercury-contaminated soils from the

floodplain were not harmed from exposure to inorganic mercury.

The estimated exposure doses for children and adults were below
ATSDR’s health guidelines for inorganic mercury.
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I.D. Conclusions for Current Exposure (1990-2009)

Current
exposure to
mercury from
East Fork
Poplar Creek
(EFPC) air

Current
exposure to
mercury from
Lower Watts
Bar Reservoir
(LWBR) air

Current
exposure to
mercury from
EFPC surface
water

ATSDR concludes
e People who breathe the air near the EFPC floodplain are not being harmed

from exposure to mercury.

The concentrations of mercury in all of the EFPC ambient air samples
(collected near the areas with the highest levels of mercury contamination)
are below the ATSDR comparison value for elemental mercury in air.

ATSDR concludes

e People who breathe the air near LWBR are not being harmed from

exposure to mercury.

Even though no Lower Watts Bar Reservoir (LWBR) ambient air samples
have been analyzed for mercury concentrations, the occurrence of harmful
health effects from exposure to mercury vapor from contaminated soil is
not a concern for the LWBR. The mercury contamination accumulated in
the sediments of the river channel and is now buried under cleaner
sediment and several meters of water. Additionally, the near-shore
sediment concentrations in the LWBR are much lower than those found in
the EFPC floodplain.

ATSDR concludes

e Children who swallow surface water while playing in EFPC are not being

harmed from exposure to inorganic mercury. However, there is a bacterial
advisory warning people to avoid contact with the water.

Only one EFPC surface water concentration of mercury was detected
slightly above the U.S.EPA’s maximum contaminant level goal (MCLG)
for inorganic mercury. To assess the exposure further, ATSDR evaluated
two scenarios: 1) a farm family member’s exposure, and 2), a child’s
exposure if the bacterial advisory to avoid contact with the water is
ignored. The calculated mercury exposure doses for both scenarios are
below U.S.EPA’s health guideline value for chronic exposure.
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Current
exposure to
mercury from
Oak Ridge
surface water

Current
exposure to
mercury from
Scarboro
surface water

Current
exposure to
mercury from
LWBR
surface water

Current
exposure to
mercury from
EFPC soil

ATSDR concludes

e People who incidentally swallow surface water from Oak Ridge are not
being harmed from exposure to inorganic mercury.

Only one concentration of mercury in Oak Ridge surface water was higher
than U.S.EPA’s MCLG. To evaluate the exposure further, ATSDR
calculated exposure doses for adults and children using the maximum
concentration detected in Oak Ridge surface water. Both estimated doses
are below the U.S.EPA’s health guideline for chronic exposure.

ATSDR concludes

e Children who swallow surface water while playing in ditches in Scarboro
are not being harmed from exposure to inorganic mercury.

Mercury has not been detected in any surface water samples collected from
the Scarboro community.

ATSDR concludes

e People who incidentally swallow surface water from LWBR are not being
harmed from exposure to inorganic mercury.

All of the LWBR surface water samples are below U.S.EPA’s MCLG for
inorganic mercury.

ATSDR concludes

e Children, who played in the EFPC floodplain at the NOAA and Bruner
sites before soil removal activities in 1996 and 1997, may have
accidentally swallowed inorganic mercury in soil that may have increased
the risk of developing renal (kidney) effects.

The estimated exposure doses exceeded ATSDR’s health guidelines for
inorganic mercury.

e Adults are not expected to have been harmed from the EFPC floodplain
soil at the NOAA and Bruner sites before removal activities in 1996 and
1997.

The estimated exposure doses were below ATSDR’s health guidelines.

e People who come in contact with EFPC floodplain soil after cleanup
activities are not being harmed from exposure to mercury.
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Current
exposure to
mercury from
Oak Ridge soil

Current
exposure to
mercury from
Scarboro soil

Current
exposure to
mercury from
LWBR soil

Floodplain soils with concentrations greater than 400 ppm of mercury were
removed in 1996 and 1997. ATSDR evaluated exposure to floodplain soils
with up to 400 ppm of mercury and determined that this clean-up level is
safe.

ATSDR concludes

e People who come in contact with Oak Ridge soil are not being harmed

from exposure to mercury.

Some of the concentrations of inorganic mercury in Oak Ridge soil are
higher than ATSDR’s comparison value. To evaluate the exposure further,
ATSDR calculated exposure doses for adults and children using the
maximum inorganic mercury concentration detected in Oak Ridge soil.
Both estimated doses are well below health effect levels.

ATSDR concludes

e People who contact Scarboro soil are not being harmed from exposure to

inorganic mercury.

All of the surface soil samples collected in Scarboro are below ATSDR’s
comparison value for inorganic mercury.

ATSDR concludes

e People who contact soil near the LWBR are not being harmed from

exposure to inorganic mercury.

No soil samples have been collected from the LWBR, but the occurrence of
harmful health effects from exposure to mercury in soil along the LWBR
shoreline is not a concern. ORR operations have not contaminated the soil
near LWBR with mercury. The mercury that ORR released into EFPC was
transported to the LWBR through Poplar Creek and the Clinch River. That
mercury accumulated in the sediments of the LWBR deep river channel,
but it was buried under cleaner sediment. Potential exposure (ingestion,
inhalation, and dermal contact) to mercury concentrations in these
subsurface sediments does not pose a health concern even if these deep
channel sediments were removed and used as surface soil on residential
properties. Additionally, the near-shore sediment mercury concentrations in
the LWBR are much lower than the comparison value for mercury in soil.
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Current
exposure to
mercury from
EFPC
sediment

Current
exposure to
mercury from
Oak Ridge
sediment

Current
exposure to
mercury from
Scarboro
sediment

Current
exposure to
mercury from
LWBR
sediment

ATSDR concludes

e People who contact EFPC sediment are not being harmed from exposure to

inorganic mercury.

Some of the concentrations of mercury in EFPC sediment are higher than
ATSDR’s comparison value for inorganic mercury. Thus to assess the
exposure further, ATSDR evaluated two scenarios: 1) a farm family
member’s exposure, and 2) a child's exposure if the bacterial advisory
warning signs are ignored. The estimated mercury exposure doses for both
scenarios are below the U.S.EPA’s health guideline value for chronic
exposure to inorganic mercury.

ATSDR concludes

e People who contact Oak Ridge sediment are not being harmed from

exposure to inorganic mercury.

Some of the concentrations of mercury in Oak Ridge sediment are higher
than ATSDR’s comparison value for inorganic mercury. To evaluate the
exposure further, ATSDR calculated exposure doses for adults and children
using the maximum concentration detected in Oak Ridge sediment. Both
the estimated doses are below U.S.EPA’s health guideline value for
chronic exposure to inorganic mercury.

ATSDR concludes

e People who contact Scarboro sediment are not being harmed from

exposure to inorganic mercury.

The levels of mercury in all of the sediment samples collected in Scarboro
are below ATSDR’s comparison value for inorganic mercury.

ATSDR concludes

e People who contact LWBR sediment are not being harmed from exposure

to inorganic mercury.

All of the near-shore sediment samples and deep-water sediment samples
collected from the LWBR are below ATSDR’s comparison value. Still, a
few concentrations of mercury in unspecified depth sediment samples are
higher than the comparison value. To evaluate further the exposure to
sediment, ATSDR calculated exposure doses for adults and children using
the maximum concentration detected in LWBR sediment from unspecified
depths. Both the estimated doses are below the U.S.EPA’s health guideline
value for chronic exposure to inorganic mercury.
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To prevent unnecessary exposures to workers and the public, ATSDR
cautions that the sediments should not be disturbed, removed, or disposed
of without careful review by the interagency working group.

Current ATSDR concludes
exposure to
mercury from
EFPC fish and
shellfish

e Children born to or nursing from women who ignore the posted warning
signs and eat one meal of fish caught from EFPC a month are not at risk of
being harmed from exposure to methylmercury. However, eating one or
more crayfish meals a month from the
EFPC floodplain increases the risk of EFPC is not a productive fishing location,

subtle neurodevelopmental effects and a fish consumption advisory is in
) place. That anyone is actually eating fish

The estlmated methylmercury from EFPC iS Unlikely. The Tennessee

exposure doses for eating fish are at or | fish advisories are available at .

below ATSDR’ d US.EPA’ http://www.tn.gov/environment/wpc/public
clow ALSDR'S an u. ; S ations/pdf/advisories.pdf.

health guidelines. The estimated

methylmercury exposure dose for eating crayfish is slightly above the

health guidelines but is not close to the NAS health effect level, which is

associated with subtle neurodevelopmental effects.

e Children who ignore the posted warning signs and eat one meal of EFPC
fish a month have a small increased risk of subtle neurodevelopmental
effects. Eating one or more crayfish meals a month from EFPC increases
that risk.

The estimated methylmercury exposure doses for eating fish are slightly
above the U.S.EPA’s health guideline but are not close to the NAS health
effect level, which is associated with subtle neurodevelopmental effects.
The estimated methylmercury exposure dose for eating crayfish comes
close to the NAS health effect level.

ATSDR recommends

e Children, pregnant women, and nursing mothers follow the fish
consumption advisory for EFPC.

Current ATSDR concludes
exposure to
mercury from
LWBR fish

e Adults and children who eat one LWBR fish meal a month are not at risk
of developing harmful effects.

The estimated methylmercury exposure doses are below ATSDR’s and
U.S.EPA’s health guidelines.

e Children who eat fish from LWBR once a week have a small increased risk
of subtle neurodevelopmental effects.
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Current
exposure to
mercury from
EFPC
Vegetables

The estimated methylmercury
exposure doses are slightly above
ATSDR’s and U.S.EPA’s health
guidelines but are not close to the

People frequently fish in LWBR. But since
1987, fishing advisories have warned people
to avoid or limit their consumption of fish due
to PCB contamination in the reservoir. ATSDR

evaluated three potential exposure scenarios:
1) adults and children eating one fish meal
with the average concentration of mercury
each month, 2) adults and children eating one
fish meal with the average concentration of
mercury each week, and 3) adults eating
about two fish meals with the average
concentration of mercury each week.

NAS health effect level, which is
associated with subtle
neurodevelopmental effects.

e Children born to or nursing from
women who eat one or two meals
of largemouth bass or striped bass
from LWBR a week have a small
increased risk of subtle neurodevelopmental effects. Eating catfish and
sunfish once a week is a safer alternative for pregnant and nursing women.

The estimated methylmercury exposure doses for largemouth bass and
striped bass are slightly above the U.S.EPA’s health guideline but are not
close to the NAS health effect level, which 1s associated with subtle
neurodevelopmental effects.

e Adults and children who eat the edible portion of turtles from LWBR once
or twice a week have a small increased risk of subtle neurodevelopmental
effects.

The estimated methylmercury exposure doses are slightly above the
U.S.EPA’s health guideline but are not close to the NAS health effect level,
which is associated with subtle neurodevelopmental effects.

ATSDR recommends

e Children, pregnant women, and nursing mothers follow the fish
consumption advisory for LWBR.

ATSDR concludes

e People who eat beets, kale, or tomatoes grown in the EFPC floodplain are
not being harmed from exposure to inorganic mercury.

Comparison values are not available for screening concentrations detected
in edible plants. Thus ATSDR used average concentrations to calculate the
estimated inorganic mercury exposure doses and evaluate exposure.
ATSDR found that the health effect levels available in the toxicological
and epidemiological literature are at least three orders of magnitude higher
than the estimated doses for adults and children eating vegetables grown in
EFPC gardens. Further, plants tend to store metals such as mercury in a
form that is not readily bioavailable to humans.
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Current ATSDR concludes
exposure to

mercury from e People who eat vegetables from Oak Ridge are not being harmed from

exposure to inorganic mercury.

Oak Ridge

vegetables Within the city of Oak Ridge only four vegetable samples from one garden
were collected and analyzed for mercury. Mercury was not detected in any
of the samples.

For more Call ATSDR toll-free at 1-800-CDC-INFO if you have questions or

information comments. Ask for information on the Oak Ridge Reservation site. Detailed

information about the toxicology of mercury is also available in ATSDR’s
Toxicological Profile for Mercury at
http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=115&tid=24.
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II. Background
II.A. Site Description

The Oak Ridge Reservation (ORR) is a U.S. Department of Energy (DOE) facility situated on
more than 34,000 acres in Anderson and Roane Counties in East Tennessee (Figure 1). The
Clinch River forms the southern and western boundaries of the ORR, and Poplar Creek and East
Fork Poplar Creek (EFPC) drain the property to the north and west (DOE 1997a). The ORR was
originally part of the Clinton Engineer Works (CEW), which was established by the War
Department in 19437 as part of the Manhattan Project. The mission of the CEW was to research,
develop, and produce special nuclear materials for nuclear weapons (ChemRisk 1993a; TDOH
2000). Four facilities were built: the Y-12 plant, the K-25 site, and the S-50 site to enrich
uranium, and the X-10 site to demonstrate processes for producing and separating plutonium
(TDOH 2000).

When the federal government established the CEW, the reservation consisted of 58,575 acres.
After World War II, the federal government conveyed 24,340 of the original 58,575 acres to
various parties, including the city of Oak Ridge and the Tennessee Valley Authority (TVA)
(ORNL 2002). DOE continues to control the remaining 34,235 acres (Jacobs Engineering Group
1996; ORNL 2002). Most of the ORR property is within the Oak Ridge city limits (EUWG
1998).

The Y-12 plant is in the eastern end of Bear Creek Valley; it is bordered on the south by
Chestnut Ridge and on the north by Bear Creek Road and Pine Ridge (ChemRisk 1999a). The
825-acre Y-12 plant is within the present-day corporate limits of the city of Oak Ridge, about 2
miles south of downtown (ChemRisk 1999a). It is less than a half-mile from the Scarboro
community. But Pine Ridge, which rises to about 300 feet above the valley floor, separates the
Y-12 plant from the main residential areas of Oak Ridge and hinders the exchange of air between
the city and the Y-12 plant (U.S. Weather Bureau 1953). The main Y-12 production area is about
0.6 miles wide and 3.2 miles long and contains roughly 240 principal buildings (ChemRisk
1999Db).

* The Tennessee project was originally called the Kingston Demolition Range. Land was acquired, trees were
cleared, and construction began in the fall of 1942. The name Clinton Engineer Works was officially adopted in
early 1943.
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II.B. Operational History

The first buildings at the Y-12 plant® were built in 1943. They were part of the Manhattan
Project’s production-scale separation of uranium isotopes for use in the first atomic bomb. In
1950, research and pilot operations began at Y-12 to identify a viable process for large-scale
production of enriched lithium for use in hydrogen bombs (ChemRisk 1999a). In 1952, the
facilities were converted to fabricate nuclear weapon components (ChemRisk 1999a). At the end
of the Cold War, the Y-12 missions were curtailed. In 1992, the major focus of the Y-12 plant
was the remanufacture of nuclear weapon components and dismantling and storage of strategic
nuclear materials from retired nuclear weapons systems. In October 2000, oversight of the Y-12
plant passed from the DOE Oak Ridge Operations to the DOE National Nuclear Security
Administration. The National Nuclear Security Administration currently uses the Y-12 National
Security Complex as the primary storage site for highly enriched uranium. See Figure 2 for a
time line of the major processes at the Y-12 plant.

In the early 1950s, the Y-12 plant began separating high-purity lithium 6 from natural lithium to
produce enriched lithium 6 deuteride for thermonuclear weapons (i.e.,

hydrogen bombs) (UCCND 1983a, 1983b). During pilot scale tests During the Colex
conducted between 1950 and 1955, alternate processes to separate process, lithium isotopes
lithium isotopes were investigated at Y-12, including Orex (organic ﬁ:;if:ﬁr?;attﬁ;: y
exchange), Elex (electrical exchange), and Colex (column exchange) between a water-based
(ChemRisk 1999a). Colex was determined to be the most efficient solution of lithium
process for enriching lithium (DOE 1993b). Two of these processes hydroxide and a solution

(Elex and Colex) were used in full-scale production, and both processes | ©f lithium in mercury.
used large quantities of liquid mercury (Brooks and Southworth 2011;

ChemRisk 1999a). The Colex process used large quantities of mercury as an extraction solvent.
Production-level lithium isotopic separation using the Elex process began in August 1953 and
ended in 1957. Production using the Colex process began in January 1955 and ended in May
1963 (ChemRisk 1999a). After Colex production ended, the mercury was removed from the
process-related equipment and put into storage or sent back into the commercial marketplace
(Brooks and Southworth 2011).

These dates are important for assessing mercury releases from the ORR. By far, the highest oft-
site releases of mercury occurred during these production years. Pilot project investigations
resulted in mercury releases to the soil, air, and water before actual production. But those
releases were minor—the quantities of materials used were relatively small. And Y-12 mercury
releases after 1963 (after the Colex process shut down) came from secondary sources such as
mercury spills in buildings and onto soils, mercury rebottling operations, and stripping
operations, that is, clean up, tear down, and removal of production equipment. Overall, with the
exception of the production years, Y-12 plant post-production activities were only responsible
for relatively small mercury releases.

3 Because this public health assessment focuses on exposure to mercury released from the Y-12 plant, the other
main facilities on ORR are not discussed in detail.
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Throughout the 1950s and 1960s, six pilot plants, three production facilities, and several
auxiliary support facilities used about 24 million pounds of mercury during lithium separation

processes (DOE 1993b). Most of the substantial mercury
losses to the environment occurred from 1955 to 1962
during the Colex production scale operations (Brooks and
Southworth 2011; ChemRisk 1999a). Mercury was also
used in small quantities in several other operations at the
Y-12 plant, at the X-10 site, and at the K-25 site. Still, Task
2* found either 1) no evidence that mercury was released
from those activities or 2) if it was, that the releases were
insignificant—in fact, they were less than 1 percent of the
releases from the lithium isotope separation processes at Y-
12 (ChemRisk 1999a). In any event, production of enriched
lithium stopped in 1962 (Richmond and Auerbach 1983).

Three major efforts have estimated Y-12
mercury releases to water and air:

= |n 1977, Y-12 personnel prepared a
classified report called the 1977
Mercury Inventory Report.

= In the early 1980s, the Mercury Task
Force investigated what was known
about mercury use and releases at the
Y-12 plant.

= |n the 1990s, the Task 2 team revised
the previous estimates of mercury
releases.

In total, about 73,000 pounds of mercury was released to the air, primarily through building
ventilation systems. These ventilation systems were installed in the lithium enrichment facilities
to lower the amount of mercury inhaled by the workers (ChemRisk 1999a), and about 280,000
pounds of mercury (or about 12 cubic yards) was also released to EFPC, largely from an early
process in which mercury was washed with nitric acid (ChemRisk 1999a).

* Task 2 of the Reports of the Oak Ridge Dose Reconstruction, Mercury Releases from Lithium Enrichment at the
Oak Ridge Y-12 Plant—a Reconstruction of Historical Releases and Off-Site Doses and Health Risks (ChemRisk
1999a) (referred to as the “Task 2 report”) describes in greater detail the history of the lithium isotope separation

process at the Y-12 plant.
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Figure 2. Y-12 Plant Time Line

MAJOR PROCESSES

@ Electromagnetic Separation of U-235, 1943-48
© Uranium Chemical Processing and Parts Manufacturing, 1943-present
© Disposal in Boneyard/Burnyard, 1944-72
® Electromagnetic Separation of Stable Isotopes, 1947-90

© ELEX & COLEX Separarting Process for Lithium Isotopes (Using Mercury), 1950-63

@ Production of Thorium Weapon Components, 1950-75

® Production of Lithium and Beryllium Weapon Components, 1950-present

© Waste Disposal in §-3 Ponds, 1951-82
® Disposal in Bear Creek Burial Ground, 1954-92
® Waste Disposal in New Hope Pond, 1963-88

ORR ENVIRONMENTAL MONITORING DATA

@ 1947-48, Radioactiviy, Flourine, Uranium in Clinch River, Poplar Creek
©1950-present, Radioactivity, Mercury in EFPC, Bear Creek
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©1971-90, PCBs in Bear Creek I
© 1983, Organics, Priority Pollutants in Bear Creek
© 1983, VOCs, PCBs, Metals in Bear Creek
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©1984-86, Mercury, Organics, in Bear Creek
© 1985, Herbicides, Pesticides, PCBs in Bear Creek
© 1986, Cs-137 in Watts Bar Reservoir
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1990, Metals, Organics, Radionuclides, in Melton Hill, Norris, and Watts Bar Reservoir ®
1993, EFPC Remedial Investigation o
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1967-present, Mercury, PCBs, Radionuclides, in Clinch River Fish
1970-82, Mercury in EFPC, Bear Creek Fish
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1977, Metals, PCBs in Clinch River and Poplar Creek Fish
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1979, Metals in Melton Hill Reservoir and Clinch River Fish
1982, Mercury in Pasture Grass in EFPC Draina
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1983, Mercury in EFPC and Bear Creek Frogs and Crayfish
1983-87, Mercury in Native Vegetation and Garden Vegetables on EFPC Floodplain
1984, Mercury in EFPC and Poplar Creek Turtles

1984, Metals, PCBs, Radionuclides in Mellon Hill Reservoir, EFPC,
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1985-present, Metals and Organics in EFPC Fish
mid-80's, Metals in Deer from the EFPC Floodplain
1986, Mercury, PCBs in EFPC Fish
1986-89, Metals, Pesticides, PCBs, in Melton Hill and Watts Bar Reservoir Fish
1987-present, Radioactivity i
1989, Metals, PCBs, Pesticides, SVOCs, Radionuclides in Clinch and Tennessee River Fish
1993, EFPC Remedial Invstigation
1995-96, Clinch River/Watts Bar Remedial Investigations

1951-66, 77, Radionuclides in Clinch River and Tennessee River 1998, Radionuclides, metals, organics in Scarboro
1960-64, Organics and Radioactivity in Clinch and Tennessee River 2001, Radionucides, metals, VOCs, SVOCs, pesticides, & PCBs in Scarboro
1970, Mercury in Melton Hill Reservoir, EFPC, Bear Creek
1972, Mercury in EFPC, Bear Creek
1973-74, 79, PCBs in Clinch River, EFPC, Poplar Creek
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1974-75, Mercury in EFPC
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Sediment
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Water
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© 1985, Radioactivity in Residential Well Water
©1986, Radioactivity, Radionuclides, Inorganics in Residential Well Water
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II.C. Characteristics of Mercury

Mercury is the only chemical evaluated by ATSDR in this public health assessment, and as such,
it is important to summarize the key characteristics of this ever-present metal to aid in the
discussion that follows in this document. The intent of this section is to provide a very brief
overview of mercury, explain general sources of mercury releases, describe the cycle of mercury
in the environment, and explain common types of mercury exposures. More detailed information
on mercury is presented in Appendix D of this public health assessment and in ATSDR’s
Toxicological Profile for Mercury (ATSDR 1999).

Mercury exists in the environment naturally, and is present in three forms: metallic (elemental)
mercury, inorganic mercury, and organic mercury. The form of mercury can change when
combined with certain microorganisms (e.g., bacteria, fungi) or natural environmental processes.
The change of one mercury form to another is referred to as “mercury methylation.” Each
mercury form is briefly summarized below.

e Metallic mercury, also called elemental mercury, is mercury in its pure form as it does not
combine with any other elements in the environment. At room temperature, metallic mercury
is a liquid, but some of it can evaporate and enter the air. Once in air, this mercury vapor can
change into other forms of mercury, and further transport to water or soil in rain or snow.

¢ Inorganic mercury compounds (also called mercury salts) can form when mercury mixes
with elements such as oxygen, sulfur, or chlorine. Inorganic mercury may enter air, water, or
soil from various sources (e.g., incineration of mercury-containing municipal garbage).

e Organic mercury compounds form when carbon combines with mercury. Organic mercury
can be released to air, water, or soil. Environmental microorganisms (and less commonly,
human activities) can convert inorganic mercury to methylmercury, the most common
organic mercury compound. Methylmercury can enter air, water, soil, and of greatest
concern, accumulate in the food chain.

While the purpose of this public health assessment is to only .

. Of all the potential mercury-related
evaluate potential exposures to mercury released from the Y-12' | gxposures, the most significant
plant at the ORR, it is worth noting other common sources of health concern for people and
mercury releases. Both natural (e.g., weathering of mercury- wildlife is exposure to mercury-
containing rocks) and human activities lead to mercury releases fﬁ”tam'“ated f'Sh-f Air fﬁ':“t'on 1S
to the environment. Of the mercury released from human € Main source of methylmercury

.. . . contamination in fish (USGS 1995).
activities, approximately 80 percent is elemental mercury
released to air from mining, smelting, fossil fuel combustion (mainly coal), and solid waste
incineration. For reference, TV A operates two coal-burning fossil fuel plants in the Oak Ridge
area: the Bull Run Plant and Kingston Steam Plant.” An additional 15 percent is mercury
released to soil from municipal solid waste, fertilizers, and fungicides; and the remaining 5
percent is mercury released to water from industrial wastewater.

As shown in Figure 3, the mercury cycle is multi-faceted. The mercury cycle is characterized by
degassing of mercury from soils and surface water, followed by atmospheric transport, wet and

> An evaluation of mercury emissions associated with the Kingston Steam Plant is presented in Appendix F. Note
that a screening modeling analysis showed that past mercury emissions from the TVA Kingston Plant almost
certainly did not have substantial air quality impacts near the Y-12 plant, even when considering a series of
health-protective assumptions. The Bull Run Plant was not built during the time evaluated, however.
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dry deposition of mercury back to land and surface water, sorption of mercury to soil and
sediment particulates, revolatilization of mercury deposited on land and surface water back into
the atmosphere, and bioaccumulation in both terrestrial and aquatic food chains.

People can be exposed to mercury in the environment through various ways. As presented in
Section III, ATSDR evaluates potential exposures to Y-12 mercury releases throughout the
environmental mercury cycle, including air, surface water, soil, sediment, fish, and local
produce. But by far the primary health concern for mercury exposure in the general population is
associated with people eating mercury-contaminated fish. Because methylmercury accumulates
in fish, bigger and older fish tend to have the highest contaminant levels and represent the
greatest health risk.

ATSDR recommends the public follow state fish advisories and federal government
recommendations. In March 2004, the U.S.EPA and the Food and Drug Administration (FDA)
released a joint national fish advisory. The advisory acknowledged that nearly all fish and
shellfish contain traces of mercury. It emphasized that fish and shellfish are an important part of
a healthy diet, and that the risk of mercury-related health effects from eating fish and shellfish
are not a concern for most people. The advisory pointed out that the risks from mercury in fish
and shellfish depend on the mercury levels in the fish and shellfish, and the amount eaten. The
FDA and U.S.EPA advised women who might become pregnant, women already pregnant,
nursing mothers, and young children to avoid some types of fish and to eat fish and shellfish
known to have lower mercury levels (EPA 2004; FDA 2004). The National Fish Advisory is
included in Appendix H. In addition, the state of Tennessee publishes advisories specific to local
water bodies at http://www.tennessee.gov/environment/wpc/publications/pdf/advisories.pdf.
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II.D. Remedial and Regulatory History

Over the years, ORR operations released a variety of radioactive and nonradioactive wastes. In
1989, U.S.EPA added ORR to the National Priorities List
(NPL) (EPA 2002b). DOE is conducting clean-up activities at | This ORR Federal Facility Agreement
the ORR under the Comprehensive Environmental Response LD AIBIIENNtSt) G SERVELY 1y e

) . p p o It is a legally binding agreement to
Compensation, and Liability Act® and under a Federal Facility | estaplish timetables, procedures, and
Agreement, an Interagency Agreement with the U.S. documentation for remediation actions
Environmental Protection Agency (U.S.EPA) and the at ORR. The Federal Facility
Tennessee Department of Environment and Conservation Agreement is availabls online at
(TDEC). U.S.EPA and TDEC, along with the public, help http-/hwww.ucor.com/ettp_fa.htm.
DOE with the details for remedial actions at the ORR. DOE integrates required measures from
the Corrective Action sections of the Resource Conservation and Recovery Act (RCRA) with
response actions under CERCLA. See Figure 2 for a time line of surface water, biota, sediment,
soil, air, and drinking water environmental monitoring data related to activities at the Y-12 plant.

But contaminants remain in old ORR waste sites. These sites occupy 5 to 10 percent of the
ORR’s total area. Abundant rainfall (annual average of 55 inches) and high water tables (for
example, 0 to 20 feet below the surface) contribute to leaching of these contaminants, resulting
in contaminated surface water, sediment, groundwater, and biota (EUWG 1998). Since 1986
(when initial clean-up activities commenced), DOE has initiated approximately 50 response
actions under the Federal Facility Agreement. These actions address contamination and disposal
issues on the reservation. The following remedial actions pertain to the Y-12 plant specifically
(SAIC 2007).

Upper East Fork Poplar Creek is located entirely on the site. It originates from a spring
beneath the Y-12 plant and is initially confined to a human-dug channel and flows through the
Y-12 plant along Bear Creek Valley. Contaminants released to the storm drain system
commingle and contribute to the surface water contamination. The principal contaminants
detected in the surface water are mercury and uranium. The principal contaminants in the
sediment are mercury, uranium, and PCBs.

The Upper EFPC Remedial Investigation (RI) report provides a comprehensive overview of
historical investigations of mercury fate and transport at the Y-12 plant. Residual mercury
remains in soils and storm sewers at Y-12, as well as in Upper EFPC sediments and bank soils.
How much residual mercury remains is currently unknown, but the flux of mercury from these
various sources is highly variable and dependent on a number of factors (SAIC 2007). Station
17, where Upper EFPC flows into Lower EFPC, has and will continue to monitor Y-12 plant
mercury releases. Mercury concentrations at Station 17 have decreased since 1995 (see Figure 4;
Bechtel Jacobs 2010; SAIC 2004, 2007).

U.S.EPA, TDEC, and DOE negotiated a Record of Decision (ROD) that selected a number of
different source control remedies to control the influx of mercury from the Y-12 plant into Upper
EFPC. Major actions include

The hydraulic isolation of contaminated soils in the West End Mercury Area.
The treatment of the discharge of groundwater into Upper EFPC at Outfall 51.
The removal of contaminated sediments from storm sewers, Upper EFPC, and Lake Reality.

8 CERCLA, also known as Superfund
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e Land use controls to prevent consumption of fish from Upper EFPC and to monitor access by
workers and the public.
e Surface water monitoring.

The goal is to restore surface water in Upper EFPC to human health recreational risk-based
values where Upper EFPC flows into Lower EFPC (DOE 2002; EPA 2002a). Future planned
CERCLA actions are expected to achieve the 200 parts per trillion (ppt) performance goal for
mercury in surface water at Station 17 (SAIC 2007).

In 2006, a comprehensive Five-Year Review was performed to evaluate baseline conditions in
advance of fully implementing the remedy outlined in the Upper EFPC Phase I ROD. The
remedy is expected to be protective of human health and the environment upon completion.
Until, however, further information is obtained, a human-health protective determination cannot
be made (SAIC 2007).

Lower East Fork Poplar Creek flows north from the

Y-12 plant off site through a gap in Pine Ridge and into | Lower EFPC RI/FS Conclusions

the City of Oak Ridge. Lower EFPC flows through Mercury was identified as the primary
residential and business sections of Oak Ridge to join contaminant in floodplain soils, and incidental
Poplar Creek, which flows to the Clinch River. Starting | soil ingestion was identified as the principal
in the early 1950s, Lower EFPC was contaminated by exposure route.

releases of mercury and other contaminants. No excessive risk associated with mercury in
] o surface water was found. The mercury
The Remedial Investigation (SAIC 1994a) and concentrations were less than drinking water
Feasibility Study (SAIC 1994b) (RI/FS) for Lower standards, except on occasion near the Y-12
plant.

EFPC were completed in 1994. Mercury was identified
as the primary contaminant of concern in the floodplain | Shallow groundwater was not being used and is
soils (SAIC 1994a). The ROD was approved in gqt Expecte:i 156 (EETI i I 5 2
September 1995 (DOE 1995b), and remediation field HI R EEEes, _
activities began in June 1996 (ATSDR et al. 2000). The | Such limited exposure o contaminated siream

. _— channel sediment reduced the human health risk
Remedial Investigation and Proposed Plan (DOE 2001; | acceptable levels.

SAIC 2004) ultimately led to the decision to Source: SAIC 2007

e Excavate those floodplain soils with mercury levels
higher than 400 parts per million (ppm),

e Dispose of contaminated soils in the Y-12 industrial landfill v (subtitle d landfill),

e Perform confirmatory sampling to ensure that all mercury above this level had been removed,
backfill the excavated areas with clean borrow soil and vegetating appropriately, and

e Monitor periodically to ensure the remediation’s effectiveness.

The clean-up level of 400 ppm was based on “open” land use; it protects the most sensitive
human receptor (children) via inadvertent soil ingestions and dermal contact, and considers the
specific form of mercury (mercuric sulfide) present in the EFPC floodplain soil (SAIC 2007).
The Agency for Toxic Substances and Disease Registry (ATSDR) evaluated the public health
impacts of the 400 ppm clean-up level and concluded that it was protective of public health
(ATSDR 1996a).

The excavation of floodplain soils with greater than 400 ppm of mercury was conducted in two
phases. From July 8 to September 14, 1996 (Phase I), 4,250 loose cubic meters (m®) of mercury-
contaminated soils were removed from the floodplain near the National Oceanic and

Page | 27



(ATSDR

Atmospheric Administration (NOAA) Atmospheric Diffusion Laboratory off Illinois Avenue.
From March 3 to October 24, 1997 (Phase II), an additional 29,970 loose m® of mercury-
contaminated soils were removed from the floodplain near the NOAA site and across the Oak
Ridge Turnpike from the Bruner’s Shopping Center on the Wayne Clark Property (SAIC 1994a,
2002a). Confirmatory samples were taken during both phases of the excavation to ensure that the
remediated areas were statistically below the clean-up standard (SAIC 1998). Post remediation
monitoring (mercury input, stream stability, and fish sampling) was conducted to ensure the
excavation’s effectiveness (SAIC 2002a).

In 2006, a comprehensive Five Year Review evaluated the protectiveness of the Lower EFPC
ROD (SAIC 2007). The remedy implemented for the Lower EFPC floodplain soil, groundwater,
and floodplain remains protective of human health and the environment. A second ROD, the
EFPC Surface Water and Creek Bed Sediment ROD, is planned for the future and will
investigate media the current ROD did not address (SAIC 2007).

As part of the 2006 Five Year Review, DOE reviewed land use changes along the EFPC
floodplain and the exposure factors used in the baseline risk assessment. The evaluation of land
use indicated residential use of land adjacent to the Lower EFPC floodplain increased
significantly in three locations and was consistent with the future land use projected in the 1994
RI/FS. The only exception was commercial development of the Community Reuse Organization
of East Tennessee’s (CROET) reindustrialization of the ETTP Parcel ED-1, the Horizon Center.
The key exposure factors were the mercuric sulfide bioavailability factor used to develop the
400-ppm clean level and the soil-to-vegetable biotransfer factors used to evaluate the vegetable
ingestion pathway. A search of the most current literature revealed no information that might
alter the original factors used or that might question the protectiveness of the 400-ppm mercury
level in floodplain soil (SAIC 2007).

The review concluded the following potential changes in human health exposure and toxicity
information:

e Because mercuric sulfide is stable in soil and has a low potential for biotransfer to plants, the
pathway has a lower risk than that calculated in the original baseline risk assessment.

e Dermal exposure to mercuric sulfide has the same risks as those calculated in the original
baseline risk assessment.

e Consumption of produce with mercury has the same risks as those calculated in the original
baseline risk assessment.

Changes in the Lower EFPC stream channel and floodplain were surveyed annually to evaluate
whether erosion of potentially mercury-bearing sediments was occurring and to identify areas
where sediment was being deposited in the channel and floodplain. The data indicated little
change in erosion, and deposition of mercury above the cleanup level was not occurring (SAIC
2007). Therefore, the floodplain survey was discontinued in 2004.

Since the mid-1980s, mercury concentrations in fish have been increasing at two Lower EFPC
locations (SAIC 2007). This raised concerns about the assumptions regarding the importance of
upstream industrial sources of mercury relative to floodplain or in-stream sediment sources
(Bechtel Jacobs 2010). Southworth et al. (2010) investigated the sources of mercury to EFPC
downstream from the Y-12 plant. They concluded that floodplain sources of mercury have the
potential to continue contaminating EFPC even if headwater sources are removed, although
more investigation is needed (Southworth et al. 2010). The upstream source continues to provide
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sufficient mercury to account for the concentrations in fish, and will confound the ability to
determine the role of floodplain soils and stream sediments as sources until it is substantially
reduced (SAIC 2007).

Lower Watts Bar Reservoir (LWBR) extends from the confluence of the Tennessee River and
the Clinch River downstream to the Watts Bar Dam. All surface water and sediment released
from the ORR enter the LWBR (DOE 2001; DOE 2003; SAIC 2004). In 1995, a RI/FS revealed
that discharges of radioactive, inorganic, and organic pollutants from the ORR contributed to
biota, water, and sediment contamination in the LWBR (ORNL and Jacobs Engineering Group
1995). In September 1995, a ROD (DOE 1995c¢) identified the following contaminants of
concern: 1) mercury, arsenic, PCBs, chlordane, and aldrin in fish; 2) mercury, chromium, zinc,
and cadmium in dredged sediments and sediments used for growing food products; and 3)
manganese through ingestion of surface water (ATSDR et al. 2000; DOE 2001, 2003; SAIC
2004).

The main source of additional mercury in LWBR is related to current and historical sources from
EFPC and the Y-12 plant. But as distances from the EFPC increase, mercury concentrations in
fish decrease. As such, mercury concentrations in fish caught in LWBR are 5-10 times lower
than fish caught in EFPC (SAIC 2004).

The main threat to public health from the LWBR is related to the consumption of PCB-
contaminated fish (ATSDR 1996b, 2009; DOE 2001, 2003; SAIC 2004). The remedial activities
selected for the LWBR have included using preexisting institutional controls (e.g., warning
signs) to decrease contact with contaminated sediment, fish consumption advisories printed in

the Tennessee Fish Regulations, and yearly monitoring of biota, sediment, and surface water
(ATSDR et al. 2000; DOE 1995c, 2001, 2003; EPA 2002a; SAIC 2004).

In 2006, a comprehensive Five-Year Review evaluated the protectiveness of the LWBR ROD
(SAIC 2007). The Review found that remedies in place under the LWBR ROD for the sediment
and surface water remained protective of human health and the environment. Contaminant
releases from upstream sources were reduced, which assures continued protection. Also, well-
maintained, ROD-required institutional controls remain in place (SAIC 2007).

Further detailed information on remedial and regulatory information at the ORR can be found in
Oak Ridge Health Studies Phase 1 Report: Volume Il — Part A — Dose Reconstruction Feasibility
Study, Tasks 1 & 2, A Summary of Historical Activities on the Oak Ridge Reservation with
Emphasis on Information Concerning Off-Site Emission of Hazardous Material (ChemRisk
1993a); the 2004 Remediation Effectiveness Report for the U.S. Department of Energy Oak
Ridge Reservation (SAIC 2004), and Oak Ridge Reservation Annual Site Environmental Reports
(available online at http://www.ornl.gov/sci/env_rpt/). A summary of selected remedies,
monitoring, and stewardship requirements for Upper EFPC, Lower EFPC, Bear Creek Valley,
and LWBR is provided in Table 1.
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ILLE. Site Geology/Hydrogeology

The ORR is in the East Tennessee Valley, part of the Valley and Ridge Province of the
Appalachian Mountains. The East Tennessee Valley is bound to the west by the Cumberland
Mountains of the Appalachian Plateau Province and to the east by the Smoky Mountains of the
Blue Ridge Province. The defining characteristics of the Valley and Ridge Province are the
southwest trending series of ridges and valleys due to crustal folding and faulting due to
compressive tectonic forces. Differential weathering of the various underlying formations also
define the province.

The major hydrologic watersheds associated with the ORR are East Tennessee Technology Park
Watershed, Bethel Valley Watershed, Melton Valley Watershed, Bear Creek Valley Watershed,
and Upper EFPC Watershed (EUWG 1998).

The majority of information available concerning the geology and hydrogeology of the site
indicates that groundwater occurs as shallow flow, with short flow paths to surface water (DOE
2004; MMES 1986; ORNL 1982; SAIC 2004; USGS 1986, 1988, 1989). The fractures and
solution cavities—common in this karst region—occur in shallow (0-100 feet deep) bedrock and
significantly decrease at depth (>100 feet deep). In the aquitard formations, as much as 95
percent of all groundwater occurs in the shallow zone and discharges into local streams and
eventually into the Clinch River. In the aquifer formations—the Knox Aquifer being the most
important—solution conduits can make flow paths much deeper and longer along the strike
(DOE 2004).

An extensive interconnection between groundwater and surface water and | Groundwater beneath

the ORR groundwater contamination sources are primarily in the shallow if;ew(lizlgv\t,}/plcally

subsurface. And core samples have shown that beneath the alluvium at the | zp5roximately 95

bottom of the area stream beds a silty-clay horizon likely impedes percent of it ends up
downward groundwater movement (USGS 1989). The incised meander of | as surface water
the Clinch River in bedrock also represents a major topographic feature before leaving the site

that retards groundwater from passing beneath the river (ORNL 1982). boundary (DOE 2004).

In 2006, ATSDR conducted a public health assessment to evaluate potential community
exposures to contaminated groundwater coming from the ORR. ATSDR concluded that no
human exposures to contaminated groundwater outside the ORR boundary have occurred in the
past, are currently occurring, or are likely to occur in the future (ATSDR 2006b). See ATSDR’s
2006 Evaluation of Potential Exposures to Contaminated Off-site Groundwater at
http://www.atsdr.cdc.gov/HAC/oakridge/phact/groundwater/index.html.

ILE.1. Bear Creek and Upper East Fork Poplar Creek Watersheds

On the ORR, Bear Creek Valley comprises a large portion of the Bear Creek watershed and the
Upper EFPC watershed. Bear Creek Valley is bordered by Chestnut Ridge and Pine Ridge. The
825-acre Y-12 plant is in Bear Creek Valley, predominantly in the Upper EFPC watershed.
Figure 5 illustrates how groundwater flows along strikes in Pine Ridge and Chestnut Ridge. The
southward sloping orientation of the bed planes beneath Pine Ridge prevents groundwater from
flowing north toward Scarboro.

As is the case throughout much of the ORR, surface and groundwater are highly interconnected.
Gaining and losing reaches of Bear Creek are found along the entire Bear Creek Valley. These
reaches are often contamination sources of surface water. As they increase contaminant
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concentrations in the shallow groundwater, the shallow groundwater increasingly contaminates
the reaches. Indeed, several large solution cavities are beneath Bear Creek, which (along certain
reaches) serve as a hydraulic drain to the Maynardville Limestone (Lemiski 1994; SAIC 1996).

Groundwater in the Upper EFPC watershed typically flows along strike from west to east in the
Maynardville Formation between 100 feet and 400 feet below ground. Groundwater flow
direction in this area is also influenced by anthropogenic structures such as pipes, drains, and
other underground structures that have created preferential flow paths for contaminated
groundwater (SAIC 2005). But the Maynardville Limestone is the primary pathway for
contaminant migration off-site from Y-12. Because of its well developed karst-system,
groundwater from adjacent formations tends to flow toward the Maynardville Limestone.
Because of the high interconnectivity with surface water, groundwater discharges at seeps and
springs constitutes much of the base flow of Scarboro Creek and Upper EFPC. Depth to
groundwater in this area is between 1 and 4 feet below ground during the winter and between 2
and 7 feet below ground in the summer (USGS 1989).

ATSDR’s 2006 Evaluation of Potential Exposures to Contaminated Off-site Groundwater
provides more detail about the hydrogeology and contamination beneath the Upper EFPC
watershed (ATSDR 2006b). See
http://www.atsdr.cdc.gov/HAC/oakridge/phact/groundwater/index.html.
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II.LF. Land Use and Natural Resources

Together with the three major DOE installations—the East Tennessee Technology Park
(formerly the K-25 site), Oak Ridge National Laboratory (formerly the X-10 site), and the Y-12
National Security Complex (formerly the Y-12 plant)—The ORR currently owns 34,235 acres,
occupying about 30 percent of the reservation. In 1980, the remaining 70 percent was established
as a National Environmental Research Park to provide protected land for environmental science
research and education and to demonstrate that energy technology development can coexist with
a quality environment. Over the past several decades large portions of the reservation have
grown into full forests. Some of this land includes areas known as “deep forest” that contain
ecologically significant flora and fauna; portions of ORR are considered biologically rich (SAIC
2002b).

The ORR also includes an area set aside for residential, commercial, and support services. The
city of Oak Ridge was created in 1942 to provide housing to the employees of the ORR and was
originally controlled by the military (Friday and Turner 2001). The self-governing portion of the
city of Oak Ridge comprises about 14,000 acres and contains housing, schools, parks, shops,
offices, and industrial areas. Some residential properties are adjacent to the ORR boundary line.
Outside the urban areas, much of the region (about 40 percent) still reflects its historical pattern
of farms and small communities (ChemRisk 1993Db).

Public access is restricted at the Y-12 plant, which is entirely within the ORR “229 Boundary.”
Y-12 is “an active production and special nuclear materials management facility [and so]
additional security and access limitations apply” (DOE 2002). Out of 1,170 acres in the Upper
EFPC area, 800 are currently used for industrial purposes. This acreage includes maintenance
facilities, office space, training facilities, change houses, former Oak Ridge National Laboratory
Biology Division facilities, waste management facilities, construction contractor support areas,
and a high-security portion that supports core National Nuclear Security Administration missions
(DOE 2002).

A number of area maps indicate a wide range of land types, including “types of urban or built up
land, agricultural land, rangeland, forestland, water, and wetlands,” and uses such as “residential,
commercial, public and semi-public, industrial, transportation, communication and utility, and
extractive (e.g., mining)” (ChemRisk 1993b).

Although agriculture (beef and dairy cattle) and forestry had been the two predominant land uses
in the area around ORR, both are currently in decline. For many years, milk was produced,
bottled, and distributed locally. Corn, tobacco, wheat, and soybeans were the major crops grown
in the area. During certain periods hunters seek small game, waterfowl, and deer (ChemRisk
1993Db).

EFPC originates from within the Y-12 plant boundary, flows through the city of Oak Ridge for
about 12 miles, and ultimately converges with Poplar Creek near the K-25 facility (DOE 1989).
A number of small tributaries flow into the creek and support some small aquatic life. While
people do not use the streams on the reservation, they do have access downstream from the
reservation. The area through which the Lower EFPC flows has many uses, but they can be
grouped into five major categories: residential, commercial, agricultural, open land, and DOE-
owned (DOE 1995b). Land use changes were evaluated during the 2006 Five Year Review
(SAIC 2007). Much of the land along the creek remains undeveloped; however, residential use of
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land adjacent to the Lower EFPC floodplain has increased in the following three locations (see

Figure 6):

floodplain).

floodplain).

Development along Wiltshire Drive (approximately 24 parcels, with 12 adjacent to the

Jackson Crossing (approximately 30 parcels, with 6 adjacent to the floodplain).

Southwood subdivision (many residential parcels, with almost half adjacent to the

Within the city of Oak Ridge, EFPC is too shallow for swimming, however, children
occasionally play in the creek water. The area near the confluence with Poplar Creek is deep

enough for swimming, wading, and fishing. TDEC issued a
fishing advisory for EFPC that warns the public to avoid
eating fish from the creek because of mercury and PCB
contamination. They also have an advisory to avoid contact
with the water due to bacterial contamination. The presence
of bacteria in the water affects the public’s ability to safely
swim, wade, and fish in streams and reservoirs. According
to TDEC, bacterial sources include failing septic tanks,
collection system failure, failing animal waste systems, or
urban runoff. In 1992, some of the advisory signs along the
creek were replaced and additional signs posted to warn the
public about contaminated surface water and fish (TDEC
1992). The state reviews and updates postings along EFPC
to address exposure to surface water and fish. Postings
warning about the presence of bacteria may be removed in
the future; however, postings warning of contamination in
fish will remain (SAIC 2007).

The LWBR is downstream of the ORR and extends from the
confluence of the Clinch and Tennessee Rivers to the Watts
Bar Dam (DOE 1995a). The waters of the reservoir supply
domestic water (although LWBR is not a direct source of
drinking water), industrial water, and irrigation for plants
and livestock (DOE 1995c). The area around LWBR is
forested or agricultural, with moderate residential
development and little industrial development (DOE 2003).

Fish Advisories for Waterways Near
the ORR

Tennessee River

Catfish, striped bass, and hybrid (striped
bass-white bass) bass should not be
eaten due to elevated levels of PCBs.
Children, pregnant women, and nursing
mothers should not consume white bass,
sauger, carp, smallmouth buffalo, and
largemouth bass, but other people can
safely consume one meal per month of
these species.

Clinch River

Striped bass should not be eaten due to
elevated levels of PCBs. Children,
pregnant women, and nursing mothers
should not consume catfish and sauger,
but other people can safely consume
one meal per month of these species.

East Fork Poplar Creek

No fish should be eaten due to elevated
mercury and PCB levels. Avoid contact
with the water due to bacterial
contamination.

For the advisories, see
http://www.tn.gov/environment/wpc/publi
cations/pdf/advisories.pdf.

The public has access to the LWBR, which it uses for

recreational purposes such as boating, swimming, fishing, skiing, and shoreline activities (DOE
1996, 2003). The LWBR area comprises over 47 recreational parks and facilities (including
marinas, resorts, and golf courses) (TVA 1990). In the early 1990s, the total annual visitor-days
were estimated at over 1 million, with the area from the Watts Bar Dam upstream to Kingston
receiving the most visits (TVA 1987, 1990). TDEC issued a fishing advisory that warns the
public to avoid or limit how much fish from the LWBR they eat because of elevated levels of
PCBs (ORNL and Jacobs Engineering Group 1995; SAIC 2004).
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II.G. Demographics

The Y-12 mercury releases study area consists of two separate areas, with distinct exposures and
communities. The first area surrounds EFPC, which runs through the city of Oak Ridge. The
communities evaluated in this area live within the city of Oak Ridge, including the Scarboro
community and the communities living along the EFPC floodplain. The city of Oak Ridge is in
Anderson County and part of Roane County, Tennessee. The second area evaluated surrounds
the LWBR. Harriman, Kingston, Rockwood, and Spring City are the four main cities within the
reservoir area. Harriman, Kingston, and Rockwood are in Roane County, and Spring City is in
Rhea County. Meigs County is also in the area that surrounds LWBR and, therefore, is also in
the study area. Figure 7 provides the current demographics for a 1-mile and 3-mile radius of the
Y-12 plant.
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Figure 7. Demographics for a 1-Mile and 3-Mile Radius of the Y 12 Plant
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I1.G. 1. Counties within the Y-12 Mercury Releases Study Area

Since 1940, the populations of Anderson, Roane, Rhea, and Meigs Counties have all grown by
about 50 percent (U.S. Census Bureau 1940, 1950, 1960, 1970, 1980, 1993, 2000). Table 2
shows the population for these counties over that 60-year period, and Figure 8 shows the
population distribution for the counties over that same period.

Table 2. Populations of Anderson, Roane, Rhea, and Meigs Counties from 1940 to 2000

County 1940 1950 1960 1970 1980 1990 2000
Anderson County 26,504 59,407 60,032 60,300 67,346 68,250 71,330
Roane County 27,795 31,665 39,133 38,881 48,425 47,227 51,910
Rhea County 16,353 16,041 15,863 17,202 24,235 24,344 28,400
Meigs County 6,393 6,080 5,160 5219 7,431 8,033 11,086

Source: U.S. Census Bureau 1940, 1950, 1960, 1970, 1980, 1993, 2000

Figure 8. Population Distribution of Anderson, Roane, Rhea, and Meigs Counties
from 1940 to 2000
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Anderson County

From 1940 to 1950, as people came to build and operate the new Y-12 facilities, the Anderson
County population more than doubled: from 26,504 to 59,407. Over the next 50 years, the county
grew steadily at the more modest rate of 20 percent to 71,330 in the year 2000 (U.S. Census
Bureau 1940, 1950, 1960, 1970, 1980, 1993, 2000). Figure 8 shows the pattern of growth. As of
2000, most residents worked in management, professional, and related fields. Anderson County
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has 66,593 whites, 2,766 African Americans, and 828 persons of other races. Most residents are
between 40 and 44 years old, with a median age of 39.9 (U.S. Census Bureau 2000).

Roane County

Over this same 60-year period, the Roane County population has grown by 86.8 percent, as
shown in Table 2 (U.S. Census Bureau 1940, 1950, 1960, 1970, 1980, 1993, 2000). The
population declined slightly from 1960 to 1970, and between 1980 and 1990 (East Tennessee
Development District 1995; U.S. Census Bureau 1960, 1970, 1980, 1993). The county
population grew during the remaining time and reached a population of 51,910 in 2000. Figure 8
shows the population distribution of the county over time (East Tennessee Development District
1995; U.S. Census Bureau 1940, 1950, 1960, 1970, 1980, 1993, 2000).

Most of Roane County’s 2000 population is white (49,440); the rest are African American
(1,409) and other races (1,061) (U.S. Census Bureau 2000). Since the 1970s, the median age of
Roane County residents has increased from 32.1 to 40.7, suggesting that the county population is
aging (East Tennessee Development District 1995; U.S. Census Bureau 1993, 2000). The X-10
site and the K-25 site are both within Roane County (East Tennessee Development District 1995;
Jacobs EM Team 1997). Primarily because of these two facilities, between 1940 and 1990
manufacturing was the dominant occupation for Roane County residents (East Tennessee
Development District 1995; U.S. Census Bureau 1993).

Rhea County

The population of Rhea County declined between 1940 and 1960, but has increased steadily
since the 1960s (see Table 2 and Figure 8). The largest increase (40.9 percent) was between 1970
and 1980, when the number of residents increased from 17,202 to 24,235. Over the past 60 years,
the population of Rhea County has increased by nearly 75 percent (U.S. Census Bureau 1940,
1950, 1960, 1970, 1980, 1993, 2000). As of 2000, most residents worked in the manufacturing
industry. Rhea County has 27,097 whites, 580 African Americans, and 723 persons of other
races. Most residents are between the ages of 35 and 44, with a median age of 37.2 (U.S. Census
Bureau 2000).

Meigs County

Between 1940 and 1960, the population of Meigs County decreased. But the population has
nearly doubled since then—from 5,160 to 11,086 (46.5 percent) (see Table 2 and Figure 8). The
largest percentage increase in population occurred between 1970 and 1980, when the number of
residents grew from 5,219 to 7,431 (42.4 percent). Since 1940, the population of Meigs County
has grown by almost 60 percent (U.S. Census Bureau 1940, 1950, 1960, 1970, 1980, 1993,
2000). As of 2000, most residents worked in the manufacturing industry. The Meigs County
population is comprised of 10,826 whites, 138 African Americans, and 122 persons of other
races. Most residents are between the ages of 35 and 44, and the median age is 36.7 (U.S. Census
Bureau 2000).

11.G.2. Cities within the Y-12 Mercury Releases Study Area
Oak Ridge

In 1942, the city of Oak Ridge, Tennessee, was established in Anderson County for the 13,000
persons who were expected to work at the ORR (Friday and Turner 2001). By July 1944, the
population of Oak Ridge had increased to 50,000. The Oak Ridge population peaked in 1945 at
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approximately 75,000 and declined to 30,229 by 1950 (see Table 3) (Oak Ridge Comprehensive
Plan 1988). For the last three census years (1980, 1990, 2000) the city population has been
between 27,000 and 28,000. In 1959, about 14,000 acres within the city of Oak Ridge became
self-governing (ChemRisk 1993b). Almost since its establishment, the city of Oak Ridge has
been one of the largest population centers in the area (ChemRisk 1993b).

Table 3. Population of Oak Ridge from 1942 to 2000

1942 1944 1945 1950 1960 1970 1980 1990 2000

Oak Ridge 13,000 50,000 75,000 30,229 27,169 28,319 27,662 27,310 27,387

Sources: ChemRisk 1993b; Oak Ridge Comprehensive Plan 1988; U.S. Census Bureau 1940, 1950, 1960, 1970,
1980, 1993, 2000

From 1940 to 1960, the city of Oak Ridge had a higher proportion of working age people and
fewer seniors than the rest of Tennessee (ChemRisk 1993b). Since 1960, however, the resident
population under age 35 and over age 55 has increased, while the population of children under
age 16 has declined (Oak Ridge Comprehensive Plan 1988). The education level of Oak Ridge
citizens is dramatically higher than in surrounding areas; Oak Ridge boasts one of the highest per
capita PhD ratios of any city in the United States (Oak Ridge Comprehensive Plan 1988).

Scarboro

The Scarboro community is within the city of Oak Ridge, outside of the EFPC floodplain (see
Figure 9). It’s about a half mile from the Y-12 plant and is separated from the Y-12 plant by Pine
Ridge. Before 1950, the area was known as the Gamble Valley Trailer Camp, and the population
was predominantly white. In 1950, Scarboro was established to provide single-family homes,
duplexes, apartments, and an elementary school to African American Oak Ridge residents
(Friday and Turner 2001). To this day, Scarboro remains predominantly African American (94
percent) (Friday and Turner 2001).

In the fall of 1999, the Joint Center for Political and Economic Studies conducted a survey of the
broader Scarboro community (Friday and Turner 2001). The staff identified 380 residences, of
which 326 were occupied. About 266 persons responded to the survey (82 percent). The report
generated from the survey is one of the few sources of detailed information available on the
Scarboro community (Friday and Turner 2001).

The Scarboro community is aging—the average respondent is almost 53 years old. Only 36
percent of participating households reported having at least one member between the ages of 18
and 34 years. About half of the households reported having one senior citizen or more, while
only 23 percent of the surveyed households reported having children. Additionally, 39 percent of
respondents were retired. As of 1999, the average length of residence in Scarboro was 29 years.
But many (82 percent) of the young adult residents (18-30 years old) moved to Scarboro after
1994. For additional details, see the Scarboro Community Assessment Report (Friday and Turner
2001).
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EFPC Floodplain

The EFPC floodplain surrounds EFPC. Using available information, researchers found that over
the history of the ORR, approximately 10 farms were located in the floodplain (ChemRisk
1999a). The Task 2 team estimated that the total population size between 1940 and 1990 was
between 40 and 200 persons—the number in any given year was estimated to be between 10 and
50 (ChemRisk 1999a).

Harriman

The city of Harriman is located along Roane County’s Emory River, to the west of the ORR (see
Figure 1). As seen in Table 4 and Figure 10, the population of Harriman peaked between 1970
and 1980 (8,734 and 8,303, respectively) and has continued to decline since (East Tennessee
Development District 1995; U.S. Census Bureau 1940, 1950, 1960, 1970, 1980, 1993, 2000).
The median age of the population is 40.5 years; about 40 percent of the residents are between the
ages of 25 and 54 (U.S. Census Bureau 2000). About 90 percent of the population is white, 7.4
percent is African America, and a small percentage is persons of other races (U.S. Census
Bureau 2000). In 1990, Harriman had more minority residents than any other city in Roane
County (8.6 percent of the population; East Tennessee Development District 1995). In 1969, 18
of the 29 manufacturing plants in Roane County were located within the city of Harriman. By
1990, however, only 15 of 35 manufacturing plants were in Harriman (East Tennessee
Development District 1995). As of 2000, manufacturing was Harriman’s leading industry.

Kingston

The City of Kingston is in Roane County, at the confluence of the Clinch River and the
Tennessee River, southwest of the ORR (see Figure 1). The population of Kingston has grown
steadily from 1940 to 2000, except for a 0.2 percent decrease between 1980 and 1990 (see Table
4 and Figure 10) (East Tennessee Development District 1995; U.S. Census Bureau 1940, 1950,
1960, 1970, 1980, 1993, 2000). The median age of the population is 41.6 years. About 40
percent of the residents are between the ages of 25 and 54, with the greatest portion between 45
and 54 years of age (U.S. Census Bureau 2000). The majority of the population is white (93.8
percent), 3.6 percent are African American, and a small percentage consists of persons of other
races (U.S. Census 2000). Since 1990, the greatest portion of residents (26.2 percent) has been
employed in the professional services field (East Tennessee Development District 1995; U.S.
Census Bureau 2000).

Rockwood

Rockwood is situated to the southwest of ORR, northwest of the confluence of the Clinch and
Tennessee Rivers, also in Roane County. As seen in Table 4 and Figure 10, the city experienced
steady growth between 1940 and 2000, except for slight declines that occurred between 1960 and
1970, and between 1980 and 1990 (East Tennessee Development District 1995; U.S. Census
Bureau 1940, 1950, 1960, 1970, 1980, 1993, 2000). As of 2000, the median age was 42 years.
About 38 percent of the population is between the ages of 25 and 54 (U.S. Census Bureau 2000).
The majority of the population is white (92.9 percent), about 5.4 percent are African American,
and a small percentage are persons of other races (U.S. Census Bureau 2000). The largest
percentage of residents is employed in the manufacturing field. In 1969, 10 out of 29
manufacturing plants in Roane County were located in Rockwood; by 1990, Rockwood had 13
out of the 35 manufacturing plants in the county (East Tennessee Development District 1995).
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Spring City

Spring City is in Rhea County along the Tennessee River, south of the confluence with the
Clinch River and north of the Watts Bar Dam. Between 1940 and 2000, the Spring City
population remained relatively steady, with the number of residents slowly increasing by about
25 percent (see Table 4 and Figure 10). The largest percent increase in population was seen
between 1980 and 1990, followed by the largest decrease between 1990 and 2000 (U.S. Census
Bureau 1940, 1950, 1960, 1970, 1980, 1993, 2000). The median age of the population is 44
years. About 36 percent of the residents are between the ages of 25 and 54, with the greatest
portion between 35 and 44 years of age (U.S. Census Bureau 2000). The majority of the
population is white (94.5 percent), 4.5 percent are African American, and a small percentage
consists of persons of other races (U.S. Census 2000). As of 2000, the largest percentage (31.6
percent) of residents worked in the manufacturing industry (U.S. Census Bureau 2000).

Table 4. Population of Harriman, Kingston, Rockwood, and Spring City from 1940 to 2000

City 1940 1950 1960 1970 1980 1990 2000
Harriman 5,620 6,389 5,931 8,734 8,303 7,119 6,744
Kingston 880 1,627 2,010 4,142 4,561 4,552 5,264
Rockwood 3,981 4,272 5,345 5,259 5,695 5,348 5,774
Spring City 1,569 1,725 1,800 1,756 1,951 2,199 2,025

Sources: East Tennessee Development District 1995; U.S. Census Bureau 1940, 1950, 1960, 1970, 1980, 1993,
2000

Figure 10. Population of Oak Ridge, Harriman, Kingston, Rockwood, and Spring City
from 1940 to 2000
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II.LH. Summary of Public Health Activities Pertaining to Y-12 Mercury Releases

This section describes the public health activities that pertain to Y-12 mercury releases. Several
additional public health activities conducted at the ORR by ATSDR, the Tennessee Department
of Health (TDOH), and other agencies are described in Appendix B. Summary of Other Public
Health Activities. See Figure 2 for a time line of public health activities related to the Y-12 plant.

ILH.1. ATSDR

Since 1992, ATSDR has addressed health concerns of community members, civic organizations,
and other government agencies. ATSDR has worked to determine whether levels of
environmental contamination at and near the ORR present a public health hazard. During this
time, ATSDR has identified and evaluated several public health issues and has worked closely
with many parties, including community members, civic organizations, physicians, and several
local, state, and federal environmental and health agencies. While the TDOH conducted the Oak
Ridge Health Studies to evaluate whether off-site populations have experienced exposures in the
past (1944-1990), ATSDR’s activities in the 1990s focused on current public health issues
current at that time to prevent duplication of the state’s efforts. The ATSDR ORR Web site
(http://www.atsdr.cdc.gov/HAC/oakridge/phact/index.html) highlights ATSDR’s major public
health activities at the ORR. The following paragraphs highlight major public health activities
conducted by ATSDR that pertain to Y-12 mercury releases.

Health Consultation on Y-12 Weapons Plant Chemical Releases Into East Fork Poplar Creek,
April 1993 (ATSDR 1993). This health consultation provided DOE with advice on current public
health issues related to past and present chemical releases into the creek from the Y-12 plant.
Before finalizing its remedial investigation and feasibility study on EFPC, DOE implemented
many of ATSDR’s recommendations. The EFPC Phase Ia data evaluated for this health
consultation indicate that the creek’s soil, sediment, groundwater, surface water, air, and fish are
contaminated with various chemicals. ATSDR reached the following public health conclusions:

e Soil and sediments in certain locations along the EFPC floodplain are contaminated with
levels of mercury that pose a public health concern.

e Fish in the creek contain levels of mercury and PCBs that pose a moderately increased risk of
adverse health effects to people who eat fish frequently over long periods of time.

e Shallow groundwater in a few areas along the EFPC floodplain contains metals at levels of
public health concern; however, this shallow groundwater is not used for drinking or other
domestic purposes.

Other contaminants found in soil, sediment, surface water, and fish were not detected at levels
that could make people ill. In summary, among other recommendations, ATSDR advised
continuation of the EFPC fish advisory with posting of signs, especially at the confluence of
Poplar Creek (ATSDR 1993). Access this public health consultation at
http://www.atsdr.cdc.gov/HAC/PHA/eforkl/y12 toc.html. A brief summarizing the health
consultation is provided in Appendix C. Summary Briefs and Factsheets.

ATSDR Science Panel Meeting on the Bioavailability of Mercury in Soil, August 1995 (Canady
et al. 1997). The purpose of the science panel was to identify methods and strategies that would
enable health assessors to develop data-supported, site-specific estimates of the bioavailability of
inorganic mercury and other metals (arsenic and lead) from soils. The panel consisted of private
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consultants and academicians internationally known for their metal bioavailability research.
Experts from ATSDR, the Centers for Disease Control and Prevention (CDC), U.S.EPA, and the
National Institute for Environmental Health Science also participated. ATSDR used information
obtained from the panel meeting to evaluate the EFPC clean-up level. ATSDR also used the
findings to characterize and evaluate soil containing mercury at other waste sites. Three technical
papers and an ATSDR overview paper on the findings of the panel meeting were published in
Volume 17:5 of the International Journal of Risk Analysis in 1997 (Canady et al. 1997).

Health Consultation on Proposed Mercury Clean Up Levels, January 1996 (ATSDR 1996a). In
response to a request from community members and the City of Oak Ridge, ATSDR evaluated
the public health effects of DOE’s clean-up levels of 180 milligrams per kilogram (mg/kg) and
400 mg/kg of mercury in the EFPC floodplain soil. ATSDR concluded that both clean-up levels
would be protective of public health and would pose no health threat to adults or children
(ATSDR 1996a). Access this public health consultation at
http://www.atsdr.cdc.gov/hac/pha/pha.asp?docid=1360&pg=0. Note: Floodplain soils with
mercury concentrations greater than 400 ppm were remediated in 1996 and 1997 (SAIC 1994a,
2002a).

Watts Bar Reservoir Exposure Investigation, March 1998 (ATSDR 1998). In following up on the
findings of previous studies and investigations of the Watts Bar Reservoir, including Feasibility
of Epidemiologic Studies by the TDOH, ATSDR conducted the exposure investigation in
cooperation with the TDOH and the Roane County Health Department. The 1996 exposure
investigation was conducted to measure actual PCB and mercury levels in people consuming
moderate to large amounts of fish and turtles from the Watts Bar Reservoir. The investigation
also was to determine whether these people were exposed to high levels of PCBs and mercury.

ATSDR published the following three major findings:

e The exposure investigation participants’ serum PCB levels and blood mercury levels were
very similar to levels found in the general population.

e Five of the 116 people tested (4 percent) had PCB levels higher than 20 micrograms per liter
(ng/L) or parts per billion (ppb), which is considered to be an elevated level of total PCBs.
Of the five participants who exceeded 20 pg/L, four had levels of 20-30 pg/L. One
participant had a serum PCB level of 103.8 pg/L—higher than the general population
distribution.

e Only 1 of 116 participants had an elevated blood mercury level. The participants’ blood
mercury levels were very similar to levels found in the general population (ATSDR 1998).

A brief summarizing the exposure investigation is provided in Appendix C. Summary Briefs and
Factsheets.
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Where Can | Obtain More Information on ATSDR’s Activities at the ORR?

ATSDR has conducted several analyses that are not documented here, as have other agencies that have been involved with
this site. Community members can find more information on ATSDR’s past activities in the following three ways:

1. Visit one of the records repositories. Copies of ATSDR'’s publications on the ORR, along with publications from other
agencies, can be viewed in records repositories at public libraries and the DOE Information Center (located at 475 Oak
Ridge Turnpike, Oak Ridge, Tennessee; 865-241-4780). For directions to these repositories, please contact ATSDR at 1-
800-CDC-INFO (1-800-232-4636).

2. Visit the ATSDR or ORRHES Web sites. These Web sites include past publications, schedules of future events, and other
materials. ATSDR’s ORR Web site is at http://www.atsdr.cdc.gov/HAC/oakridge. The most comprehensive summary of
past activities can be found at http://www.atsdr.cdc.gov/HAC/oakridge/phact/c_toc.html.

3. Contact ATSDR directly. Residents can contact representatives from ATSDR directly by dialing the agency’s toll-free
number, 1-800-CDC-INFO (1-800-232-4636).

ILH.2. TDOH

Oak Ridge Health Studies. In 1991, DOE and the state of Tennessee entered into the Tennessee
Oversight Agreement, which allowed the TDOH to undertake a two-phase independent state
research project to determine whether past environmental releases from ORR operations harmed
people who lived nearby (ChemRisk 1999d; ORHASP 1999). Access all the technical reports
produced for the TDOH Oak Ridge Health Studies at
http://health.state.tn.us/ceds/oakridge/oridge.html.

Phase I. Phase I of the Oak Ridge Health Study is a Dose Reconstruction Feasibility Study. This
feasibility study evaluated all past releases of hazardous substances and operations at the ORR.
The objective of the study was to determine the quantity, quality, and potential usefulness of the
available information and data on these past releases and subsequent exposure pathways. Phase I
of the health studies began in May 1992 and was completed in September 1993.

The findings of the Phase I Dose Reconstruction Feasibility Study indicated that a significant
amount of information was available. Researchers could use this information to reconstruct the
past releases and potential off-site exposure doses for four hazardous substances that may have
been responsible for adverse health effects. These four substances include 1) radioactive iodine
releases associated with radioactive lanthanum processing at the X-10 site from 1944 through
1956; 2) mercury releases associated with lithium separation and enrichment operations at the
Y-12 plant from 1950 through 1963; 3) PCBs in fish from EFPC, the Clinch River, and the Watts
Bar Reservoir; and 4) radionuclides from White Oak Creek associated with various chemical
separation activities at the X-10 site from 1943 through the 1960s. A brief summarizing the
Phase I Feasibility Study is provided in Appendix C. Summary Briefs and Factsheets.

Phase I (also referred to as the Oak Ridge Dose Reconstruction). Phase Il of the health studies
conducted at Oak Ridge began in mid-1994 and was completed in early 1999. Phase II was
primarily a dose reconstruction study focusing on past releases of radioactive iodine, mercury,
radionuclides from White Oak Creek, and PCBs. In addition to the full dose reconstruction
analyses, the Phase II effort also included additional detailed screening analyses for releases of
uranium and several other toxic substances that Phase I had not fully characterized. The
following paragraphs describe the significant findings for each of the substances evaluated.
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e Radioactive iodine releases were associated with radioactive lanthanum processing at the X-
10 site from 1944 through 1956. Results indicate that children who were born in the area in
the early 1950s and who drank milk produced by cows or goats living in their yards had an
increased risk of developing thyroid cancer. The report stated that children living within a
25-mile radius of Oak Ridge were likely to have had an increased risk of more than 1 in
10,000 of developing thyroid cancer (ChemRisk 1999e).

e The study evaluated mercury releases associated with lithium e
separation and enrichment operations at the Y-12 plant from 1950 dose is an estimate of
through 1963. Results indicate that depending on their activities, the largest amount of a
persons living in the area during the years that mercury releases substance that a person

can take in on a daily

were highest (mid-1950s to early 1960s) may have received annual , s

. basis over their lifetime
average doses of mercury exceeding the U.S.EPA reference doses without experiencing
(RfDs) used for evaluating potential health effects from different adverse health effects.

mercury exposure scenarios (ChemRisk 1999a). A brief
summarizing this study is provided in Appendix C. Summary Briefs and Factsheets.

e Radionuclides associated with various chemical separation activities at the X-10 site from
1943 through the 1960s were released into White Oak Creek. Studied were eight
radionuclides (cesium 137, ruthenium 106, strontium 90, cobalt 60, cerium 144, zirconium
95, niobium 95, and iodine 131) deemed more likely than others to carry significant risks.
The results indicate that the releases caused small increases in the radiation dose of those
who ate fish from the Clinch River near the mouth of White Oak Creek. The dose
reconstruction scientists estimated that a male who ate up to 130 meals of fish from the
mouth of White Oak Creek every year for 50 years (worst-case scenario) would face an
excess cancer risk ranging from 4 to 350 in 100,000. The risk from eating fish goes down
proportionately for those who eat fewer fish and for those who eat fish taken farther
downstream (ChemRisk 1999f).

e Additional studies were conducted on PCBs in fish from EFPC, the Clinch River, and the
Watts Bar Reservoir. TDOH concluded that persons who consumed large amounts of fish
from the Clinch River and the LWBR were at risk of noncancer effects of PCBs. The studies
also concluded that three or fewer additional cases of cancer could have resulted from eating
Clinch River and Watts Bar Reservoir fish (carcinogenic risks ranged from 1 in 1,000,000 to
2 in 10,000; ChemRisk 1999c¢). Because, however, the estimates and modeling are
conservative, “the actual risks and expected number of cases are likely to be smaller and
could be zero” (ChemRisk 1999c). To reduce the uncertainty, TDOH also made
recommendations for further study.

e Uranium was released from various large-scale uranium operations, primarily uranium
processing and machining operations at the Y-12 plant and uranium enrichment operations at
the K-25 and S-50 plants. Because uranium was not initially given high priority as a
contaminant of concern, a Level II screening assessment for all uranium releases was
performed. Preliminary screening indices were slightly below the decision guide of one
chance in 10,000, which indicated that more work may be needed to characterize better the
uranium releases and the possible heath risk (ChemRisk 1999b).

Pilot Survey. In the fall of 1983, TDOH developed an interim soil mercury concentration for use
in environmental management decisions. CDC reviewed the methodology for the interim
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mercury level in soil. CDC then recommended a pilot survey to determine whether populations
with the highest risk for mercury exposure had elevated mercury body burdens. In June and July
1984, a pilot survey was conducted to document human body levels of inorganic mercury. The
survey focused on residents of Oak Ridge with the highest potential for mercury exposure from
contaminated soil and fish. The survey also examined whether exposure to mercury-
contaminated soil and fish constituted an immediate health risk to the Oak Ridge population. The
results of the pilot survey, released in October 1985, suggested that Oak Ridge, Tennessee
residents and workers were not likely at increased risk for significantly high mercury levels.
Mercury concentrations in hair and urine samples were below levels associated with known
health effects (Rowley et al. 1985).

I1.H.3. Florida Agricultural and Mechanical University (FAMU)

Scarboro Community Environmental Study (FAMU 1998). In 1998, soil, sediment, and surface
water were sampled in the Scarboro community to address community concerns about
environmental monitoring in the Scarboro neighborhood. The analytical component of the study
was conducted by the Environmental Sciences Institute at Florida Agricultural and Mechanical
University (FAMU) and its contractual partners at the Environmental Radioactivity
Measurement Facility at Florida State University and the Bureau of Laboratories of the Florida
Department of Environmental Protection, and by DOE subcontractors in the Neutron Activation
Analysis Group at the Oak Ridge National Laboratory.

Organic compounds were only detected in one of the samples tested. This same sample also
contained lead and zinc at concentrations twice as high as those found in the Background Soil
Characterization Project (DOE 1993a). Mercury was found within the range given in the
Background Soil Characterization Project, and about 10 percent of the soil samples showed
evidence of uranium 235, which is associated with uranium enrichment. The final Scarboro
community Environmental Study was released in September 22, 1998, during a Scarboro
community meeting (FAMU 1998). A brief summarizing this study is provided in Appendix C.
Summary Briefs and Factsheets.

ILH.4. U.S.EPA

Scarboro Community Environmental Sampling Validation Study (EPA 2003). In 2001,
U.S.EPA’s Science and Ecosystem Division Enforcement Investigation Branch collected soil,
sediment, and surface water samples from the Scarboro community to respond to community
concerns, identify data gaps, and validate the sampling performed by FAMU in 1998 (FAMU
1998). A final report was released in April 2003 (EPA 2003). U.S.EPA concluded that the results
support the sampling performed by FAMU in 1998, and that the residents of Scarboro are not
currently exposed to harmful levels of substances in the soil, sediment, or surface water. A brief
summarizing this study is provided in Appendix C. Summary Briefs and Factsheets.

ILH.5. DOE

Mercury Inventory Report, 1977. DOE asked Union Carbide to reconstruct the historical mercury
inventory at the Y-12 plant from 1950 through 1977. Two employees spent 2 weeks gathering
information from documents and employee interviews. The classified report indicated that
550,000 pounds of mercury had been spilled or lost to the environment, and about 1.9 million
pounds were unaccounted for (Case 1977; ChemRisk 1999a).
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Mercury Task Force, 1983. In May 1983, the Y-12 plant manager appointed the Mercury Task
Force to collect historical data (1950—1983) on mercury accountability, study mercury salvage
and recovery, and summarize mercury effects on worker health and the environment. The task
force consisted of employees who were not involved in operations when most mercury exposures
to workers and losses to the environment occurred. The classified report represents the official
statement of mercury releases from the Y-12 plant (ChemRisk 1999a).

Federal Facility Agreement, 1992. DOE is conducting clean-up activities at the ORR under a
Federal Facility Agreement—a legally binding agreement between DOE, U.S.EPA, and TDEC.
The agreement was finalized on January 1, 1992, to establish timetables, procedures, and
documentation for remediation actions at ORR. Under the Federal Facility Agreement, DOE,
U.S.EPA, and TDEC have conducted RI/FSs on the Lower EFPC Operable Unit (OU), the
LWBR OU, and the Clinch River/Poplar Creek OU. All of these OUs were placed on the NPL in
December 1989; under CERCLA an RI/FS is required for all sites on the NPL (ATSDR et al.
2000). The Federal Facility Agreement is available online at http://www.ucor.com/ettp _ffa.html.

Lower East Fork Poplar Creek Remedial Investigation/Feasibility Study, 1994 (SAIC 1994a,
1994b). The purpose of the RI/FS was to assess contamination (primarily mercury-contaminated
floodplain soils) resulting from releases since 1950 from the Y-12 plant. The objectives of the
study were to determine the extent of contamination of the EFPC floodplain, to develop a
baseline risk analysis based on the level of contaminants, and to determine whether remedial

action was required (ATSDR et al. 2000). a small area next to the

The findings indicated that portions of the floodplain were contaminated | NOAA site was not
with mercury. Also, floodplain soil with mercury concentrations of more | remediated. The area

. . underneath the Dean
than 400 ppm would constitute an unacceptable risk to human health and Stallings Ford automobile

the environment. Drawing on these findings, the 1995 ROD (DOE dealership parking lot
1995b) called for remedial action. The remedial action included was filled. But it still
. . ) contains mercury above
e Excavation of four areas of the floodplain where soils had mercury 400 ppm. DOE annually
concentrations of more than 400 ppm; visits the lot to ensure

. . ) s that the land use has not
e Confirmatory sampling during excavation activities to document the changed (SAIC 2007).

removal;
e Disposal of contaminated soil into a landfill at the Y-12 plant under a special waste permit;
e Backfilling of excavated areas, including a 0.6-acre wetland, with clean borrow soil; and
e Revegetation of the affected areas.

Remediation field activities began in June 1996 and were completed in October 1997 (ATSDR et
al. 2000).

Lower Watts Bar Reservoir Remedial Investigation/Feasibility Study, March 1995 (ORNL and
Jacobs Engineering Group 1995). The purpose of the RI/FS was to assess the level of
contamination in the Watts Bar Reservoir, to create a baseline risk analysis based on the
contaminant levels, and to establish whether remedial action was necessary. The findings of the
remedial investigation suggested that biota, sediment, and water at the Watts Bar Reservoir were
contaminated with metals, radionuclides, and organic compounds. The baseline risk analysis
suggested that protective standards for environmental and human health would not be reached if
deep channel sediments permeated with cesium 137 were dredged and placed in a residential
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area, and if people consumed moderate to high quantities of fish that contained increased levels
of PCBs (ATSDR et al. 2000).

Using the RI/FS results, a ROD was prepared and finalized in September 1995 (DOE 1995c).
The ROD mandated that DOE use controls to prevent adverse effects from exposure to
contaminants in the Watts Bar Reservoir. These controls included TDEC-administered fish

consumption advisories, ongoing monitoring, and controlling activities that could disturb
sediment (ATSDR et al. 2000; DOE 1995c¢).

Clinch River/Poplar Creek Remedial Investigation/Feasibility Study, March 1996 (Jacobs
Engineering Group Inc. 1996). The purpose of the RI/FS was to examine the past and present
releases to off-site surface water and to establish whether remedial action was necessary
(ATSDR et al. 2000). The RI/FS found two main hazards associated with the Clinch
River/Poplar Creek OU: 1) exposure to chromium, cesium 137, mercury, and arsenic located in
deep sediment within the main river channel, and 2) exposure to mercury, chlordane, PCBs, and
arsenic in fish tissue (DOE 1997a; Jacobs Engineering Group Inc. 1996).

A baseline risk assessment was conducted as part of the RI/FS. It suggested that consumption of
certain fish contaminated with PCBs posed the greatest risk to public health. Fish contaminated
with chlordane, mercury, and arsenic presented possible health risks as well. The assessment also
determined that the consumption of any type of fish in Poplar Creek posed a health risk, as did
bass from the Clinch River below Melton Hill Dam. The risk assessment further determined that
contaminants in the buried sediments in the deep-water river channel would only present a health
risk if they were dredged; there is no current exposure to these sediments (DOE 1997a; Jacobs
Engineering Group Inc. 1996).

Again using the results of the RI/FS, another ROD was finalized in September 1997 (DOE
1997a). This ROD recommended (DOE 1997a):

e Fish consumption advisories,
e Controls on activities that could disrupt sediment,
e Yearly monitoring of fish, sediment, surface water, and turtles, and

e Surveys to assess the value of fish consumption advisories.

In February 1998, a Remedial Action Report was approved (DOE 1997b). This report
recommended that monitoring for surface water, fish, sediment, and turtles in the Clinch
River/Poplar Creek OU (ATSDR et al. 2000).

Oak Ridge Environmental Information System (OREILS), April 1999. Because of the availability
of an abundance of environmental data for the ORR, DOE created an electronic data
management system to integrate all of the data into a single database, facilitating public and
government access to environmental operations data while maintaining data quality. DOE’s
objective was to ensure that the database had long-term retention of the environmental data and
useful methods to access the information. OREIS contains data on compliance, environmental
restoration, and surveillance activities. Information from all key surveillance activities and
environmental monitoring efforts is entered into OREIS, which include but are not limited to
studies of the Clinch River embayment and the Lower Watts Bar, as well as annual site summary
reports. As new studies are completed, the environmental data are entered as well.
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Upper East Fork Poplar Creek Record of Decision for Phase I Interim Source Control Actions,
May 2002 (DOE 2002). The ROD selected a number of different source control remedies to
control the influx of mercury from the Y-12 plant into Upper EFPC. The major actions are

e Hydraulic isolation of the West End Mercury Area (e.g., capping contaminated soils);

e Removal of contaminated sediments from storm sewers, Upper EFPC, and Lake Reality;
e Treatment of discharge from Outfall 51;

e Temporary water treatment;

e Land use controls to prevent consumption of fish from Upper EFPC and to monitor access by
workers and the public; and

e Monitoring of surface water.

The remedial action’s goal is to reduce the mass flux of mercury to Upper EFPC. Specifically,
200 ppt is the performance goal for mercury in surface water at Station 17, Building 9201-2
effluent discharge point, Outfall 550, and Outfall 551 (SAIC 2007).

2006 Remediation Effectiveness Report/Second Reservation-wide CERCLA Five-Year Review,
February 2007 (SAIC 2007). DOE conducted the second ORR-wide Five Year Review in 2006.
Five Year Reviews are required at all post-Superfund Amendments and Reauthorization Act
(SARA) sites that still have hazardous substances remaining above levels that allow for
unlimited use and unrestricted exposures. The purpose is to report on completed and ongoing
CERCLA actions and to determine whether the remedy at each site is protective of human health
and the environment. Because many of the CERCLA decisions on the ORR fall within this
definition, the ORR as a whole is subject to Five Year Reviews indefinitely. This Five Year
Review assesses an important set of key, off-site completed remedial actions (e.g., LWBR,
Clinch River/Poplar Creek, and Lower EFPC) and reviews the effects and progress of two major
watershed RODs (the Phase I ROD for Bear Creek Valley and the Interim Record of Decision
for Melton Valley) (SAIC 2007).
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III. Evaluation of Environmental Contamination and Potential Exposure
Pathways

III.A. Introduction

In 2001, ATSDR scientists conducted a review and analysis of the Phase I and Phase II screening
evaluation of TDOH’s Oak Ridge Health Studies. ATSDR’s purpose was to identify
contaminants that require further public health evaluation. In the Phase I and Phase II screening
evaluation, TDOH conducted extensive reviews of available information. TDOH also conducted
qualitative and quantitative analyses of past (1944—-1990) releases and off-site exposures to
hazardous substances from the entire ORR. After ATSDR’s review and analysis of TDOH’s
Phase I and Phase II screening evaluations, ATSDR scientists completed public health
assessments on

e Y-12 plant uranium releases (ATSDR 2004);

e White Oak Creek radionuclide releases (ATSDR 2006a);

e Site-wide current and future chemical exposures (ATSDR 2007);
e X-10 site iodine 131 releases (ATSDR 2008);

o X-10 site, Y-12 plant, and K-25 site PCB releases (ATSDR 2009);
e K-25 site uranium and fluoride releases (ATSDR 2010); and

e Other issues of community concern, such as contaminant releases from the Toxic Substances
Control Act (TSCA) Incinerator (ATSDR 2005a) and contaminated off-site groundwater
(ATSDR 2006Db).

This public health assessment on the Y-12 mercury releases evaluates and analyzes the
information, data, and findings of previous studies and investigations of releases of mercury
from the Y-12 plant and assesses the health implications of past and current mercury exposures
to residents living near the ORR.

The public health assessment is the primary public health process ATSDR uses to evaluate
further these contaminants. The documents released to date are available at
http://www.atsdr.cdc.gov/HAC/oakridge/phact/index.html and can also be ordered through the
agency’s toll-free number, 1-800-CDC-INFO (1-800-232-4636).

IIL.B. Evaluation of Past (1950-1990) Mercury Exposure Pathways

Over the years, three major efforts have been made to estimate Y-12 mercury releases to water
and air. Two of them included investigations to account for past mercury inventories at the Y-12
plant. In 1977, Y-12 personnel prepared a classified report entitled the 1977 Mercury Inventory
Report (Case 1977). In the early 1980s, after the public became aware that large quantities of
mercury had been released from the Y-12 plant, DOE appointed a Mercury Task Force to
investigate what was known about mercury use and releases. The Mercury Task Force studied
the 1977 Mercury Inventory Report and released its own reports in 1983 (UCCND 1983a,
1983b). The Task 2 report documents the third major effort to estimate Y-12 mercury releases
(ChemRisk 1999a). (See Section III.B.1 for a more detailed discussion of the report.) The Task 2
report did not revisit all of the previous inventory estimates, but it revised the previous estimates
of mercury releases to the air and water. The estimates of mercury inventories and releases to air
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and water in all three of these reports focused on the lithium enrichment production years (1953—
1963).

The 1977 and 1983 mercury inventory estimates are presented in Table 5. Table 5 does not
include the increased quantities of mercury released to the water and air that Task 2 estimated.
The Task 2 team’s estimates of the quantities of mercury lost to water and air were 40,000
pounds and 22,000 pounds greater, respectively, than the 1983 Mercury Task Force estimates
(ChemRisk 1999a).

As shown in Table 5, a large amount of the mercury originally received at the Y-12 plant is
unaccounted for. Table 5 distinguishes between what is lost and what is not accounted for. The
term “lost” includes the quantities of mercury that were estimated to have gone into the air, soil,
and water. The term “not accounted for” is arrived at by subtraction. It describes mercury
quantities received at the plant that could not be accounted for in either the lost quantities (to air,
water, and soil) or the remaining inventory of products and unused mercury. Personnel who
wrote the 1983 Mercury Task Force Report estimated that over 700,000 pounds of mercury were
lost to the environment and an additional 1,290,000 pounds of mercury were not accounted for
(UCCND 1983a, 1983b).

In interviews with former workers, the 1983 Mercury Task Force identified possible
explanations that might account for about half of the 1,290,000 pounds of mercury that was not
accounted for.” It estimated that perhaps 500,000 pounds of the mercury “not accounted for” was
never received, and that this discrepancy is a result of accounting errors. Mercury came into the
plant in 76-pound flasks. But the mercury was not accounted for by weight; it was accounted for
by the numbers of flasks (i.e., the amount of mercury coming into the plant was estimated by the
number of flasks times 76 pounds). People who worked at the plant said that at times flasks that
were leaking or not completely full would arrive at the plant. Thus, the 1983 Mercury Task Force
Report suggested it was likely that the accounting practice for recording the incoming amount of
mercury overestimated the true inventory. The 1983 Mercury Task Force also estimated that
another 60,000 pounds of mercury was unaccounted for in the production building walls, floors,
ceilings, and insulation (UCCND 1983a, 1983b). This rough estimate was based on a 1975
U.S.EPA study of mercury use in the chloralkali industry (Garrett 1975). The 1983 Mercury
Task Force authors emphasized that these figures were speculative.

Including the Task 2 revisions, approximately 1,230,000 pounds of mercury that were vouchered
into inventory during the lithium separation production years (1953—1963) are not accounted for.
This is still larger by more than half than the amount of mercury that Task 2 estimated was lost
to the environment (795,000 pounds; ChemRisk 1999a). Several theories might explain why the
mercury inventories have not been accounted for, and the 1983 Mercury Task Force Report
identifies some of them. Nevertheless, it’s more likely that these discrepancies will never be
confidently accounted for. More mercury might have been released to the environment than the
Task 2 team estimated.

" The 1983 Mercury Task Force Report only presents two explanations that may account for 560,000 pounds. The
report is silent on the other 85,000 pounds that it says it identified explanations for.
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Table 5. 1977 and 1983 Mercury Material Balance Estimates by Y-12 Plant Staff

1977 Mercury 1983 Mercury
Source of Material Inventory and Losses Inventory Report Task Force Report

(pounds) (pounds)
VOUCHERED to Y-12: 24,321,000 24,348,852
Returned unopened or rebottled and stored/sold * 21,666,348
In lithium hydroxide tails, sold and stored 1,000 1,400
In Building 9201-5 scrap, sold 10,000 14,000
In Building 9201-5 sludge, removed and sold 111,000 174,000
As flasking overage given to GSA 12,000 17,212
In Building 9201-4 equipment, still in place ¥ 200,000
In sludges and sumps in Alpha-4 Building 100,000 250,000
In Building 9201-2 sewer pipe ** 800
ACCOUNTED FOR Total: ¥ 22,323,796
Known LOST and NOT ACCOUNTED FOR Total: 2,437,752 2,025,056
Known lost to air 30,000 51,300
Known lost to East Fork Poplar Creek 470,000 238,944
Known lost to New Hope Pond sediment, Chestnut Ridge 7,200 6,629
Known lost to New Hope Pond sediments now in place * 8,475
Known lost to ground, Building 9201-5 spill accident 49,853 49,853
Known lost to ground, seven other spills ** 375,000
Known lost to ground, Building 81-10 operations ** 3,000
Known LOST Total: 557,053 733,201
NOT ACCOUNTED FOR Total: 1,880,699 1,291,855
Source: ChemRisk 1999a
* These data were classified for security reasons in 1977.
*ok Data not available in 1977 report.

III.B.1. The Oak Ridge Dose Reconstruction Project

In 1991, the State of Tennessee and DOE entered into the Oak Ridge Health Agreement. The
agreement’s purpose was to investigate health risks to off-site populations from past ORR-
related releases of hazardous substances to the environment. TDOH administered The Oak Ridge
Health Agreement for the State of Tennessee. As a part of the Oak Ridge Health Agreement,
TDOH conducted the Oak Ridge Health Studies. The studies’ purpose was to evaluate whether
off-site populations were exposed to ORR-related chemical and radiological releases and to
assess the risk posed by off-site exposures. The TDOH Commissioner appointed a 12-member
panel—the Oak Ridge Health Agreement Steering Panel (ORHASP)—to direct and oversee the
Oak Ridge Health Studies and to promote community interaction and cooperation.
McLaren/Hart-ChemRisk (referred to as ChemRisk) was hired to conduct Phase I of the Oak
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Ridge Health Studies—the feasibility study—which it did during 1992 and 1993. Using the
feasibility study, ORHASP and TDOH recommended dose reconstruction for

Radioactive iodine releases from the X-10 site (Task 1),

Mercury releases from the Y-12 plant (Task 2),

Releases of PCBs (Task 3), and

Radionuclides released from the X-10 site to the Clinch River via White Oak Creek (Task 4).

ORHASP and TDOH also recommended

e Screening evaluations of Y-12 and K-25 uranium releases (Task 6) and
e A screening-level evaluation of additional materials of potential concern (Task 7).

Task 5 was an additional task comprising a systematic review of historical records to support the
other six tasks. Phase II of the Oak Ridge Health Studies—the Oak Ridge Dose Reconstruction
Project—began in late 1994 and was completed in July 1999.

The Task 2 report estimated and evaluated exposures to past releases (1950-1990) of mercury
from the ORR. TDOH and ORHASP expended a great amount of work, resources, oversight, and
peer review on the Oak Ridge mercury dose reconstruction (Task 2). Drawing on the comments
from ATSDR’s technical reviewers of the mercury dose reconstruction (see Section I11.B.2,
ATSDR decided that it would not attempt to reproduce the dose reconstruction work. It would
use the results of the Task 2 mercury dose reconstruction to assess past exposures to mercury for
its public health assessment.

In particular, Task 2 amassed and reviewed a large amount of data and a large number of
documents. These data and documents described mercury inventories and releases, which formed
the basis of the source terms used to estimate past environmental mercury concentrations. Thus
further investigation of archived data would not substantially improve the Task 2 estimates of the
mercury source terms. Secondly, the dispersion models used to estimate mercury concentrations
in air and water are standard models—ATSDR would use the same or similar dispersion models.
Therefore, without substantial new information about past releases of mercury, newly discovered
historical environmental sampling data or meteorological data—none of which ATSDR presently
has—ATSDR would not likely improve on the basic elements of the Task 2 mercury dose
reconstruction.

IILB.2. ATSDR’s Technical Review of the Task 2 Report

Although source terms and dispersion models are not easily subjected to external analysis,
ATSDR can review many other assumptions go into dose estimation. In choosing to adopt the
Task 2 results for its public health assessment, ATSDR recognizes that dose reconstruction is a
technical investigation fraught with much uncertainty. Therefore, ATSDR wanted an additional
round of expert review of the Task 2 report. Rather than attempting to reproduce the work or the
results of the mercury dose reconstruction for its public health assessment, ATSDR believes that
an independent expert review of the Task 2 report assumptions offers the best insight into the
validity and usefulness of the Task 2 results for making public health decisions.
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In 2001, ATSDR contracted with Eastern Research Group, Inc. (ERG) to select five expert
technical reviewers to determine whether the Task 2 report provides a foundation on which

The five outside technical experts
reviewed the following documents:

= Reports of the Oak Ridge Dose
Reconstruction: The Report of
Project Task 2 — July 1999.

= Mercury Releases from Lithium
Enrichment at the Oak Ridge Y-12
Plant—a Reconstruction of
Historical Releases and Off-Site
Doses and Health Risks. Volumes
2 (main report) and 2A
(appendices). (submitted to the
Tennessee Department of Health
by ChemRisk) (ChemRisk 1999a).

= Releases of Contaminants from
Oak Ridge Facilities and Risks to
Public Health, report of the Oak
Ridge Health Agreement Steering
Panel (ORHASP 1999).

ATSDR can base its mercury public health assessment for the
ORR and surrounding communities. The reviewers were asked
to comment on the study design, methods, and completeness of
the mercury dose reconstruction, as well as the conclusions of
the report’s authors. The reviewers read the entire dose
reconstruction document on mercury releases, including
appendices, and the appropriate sections of the steering panel
document. ERG received the reviewer comments and compiled
and summarized them for ATSDR in June 2001.

In July 2003, ATSDR released the compilation and summary
of the reviewer comments to the public. The document is
titled, “Comments by Technical Reviewers on the Oak Ridge
Dose Reconstruction - Task 2 Report, Volume 2: Mercury
Releases from Lithium Enrichment at the Oak Ridge Y-12
Plant - a Reconstruction of Historical Releases and Off-Site
Doses and Health Risks, July 2003 (ATSDR 2003). The Task
2 report and the Comments by Technical Reviewers report
were discussed in meetings of the Public Health Assessment

Work Group (PHAWG) of the Oak Ridge Reservation Health Effects Subcommittee (ORRHES)
from July through December 2003. Throughout these discussions, the PHAWG understood and
recognized the limitations and recommendations of the Task 2 report, and agreed with ATSDR's
use of the Task 2 report in this public health assessment.

HI.C. Evaluation of Current (1990-2009) Mercury Exposure Pathways

HL.C.1. Exposure Evaluation
What is meant by exposure?

Exposure or contact drives ATSDR’s public health
assessments. Contaminants (chemicals or radioactive

materials) released into the environment have the potential environmental medium, (3) a point of
to cause harmful health effects. Nevertheless, a release exposure, (4) a route of hl{man exposure,
does not always result in exposure. People can only be and (5) a receptor population. The

exposed to a contaminant if they come into contact with it.
If no one comes into contact with a contaminant, no
exposure occurs, and no health effects occur. Often the

An exposure pathway has five elements:
(1) a source of contamination, (2) an

exposure pathway is incomplete if any
one of these five elements is missing.

The source is the place where the
chemical or radioactive material was

public does not have access to the source area of released. The environmental media (such
contamination or areas where contaminants move through as, groundwater, soil, surface water, or
the environment. This lack of access becomes important in | air) transport the contaminants. The point
determining whether people could come into contact with of exposure s the place where persons

come into contact with the contaminated
media. The route of exposure (for

The route of a contaminant’s movement is the pathway. example, i”EGS“O”: thalation,‘or dermal
ATSDR identifies and evaluates exposure pathways by CNIEE IS0 W e EOTEnmmE Cni e

cy . . . . the body. The people actually exposed
con51de'r1ng how people might come into c'ontact w1.th a are the receptor population.
contaminant. An exposure pathway could involve air,

the contaminants.
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surface water, groundwater, soil, dust, or even plants and animals. Exposure can occur by
breathing, eating, drinking, or by skin contact with the chemical contaminant.

How does ATSDR determine which exposure situations to evaluate?

ATSDR scientists evaluate site-specific conditions to determine whether people are exposed to
site-related contaminants. When evaluating exposure pathways, ATSDR identifies whether
exposure to contaminated media (soil, water, air, waste, or biota) is occurring through ingestion,
dermal (skin) contact, or inhalation.

If exposure is possible, ATSDR scientists then consider whether environmental contamination is
present at levels that might affect public health. ATSDR evaluates environmental contamination
using available environmental sampling data and, in some cases, modeling studies. ATSDR
selects contaminants for further evaluation by comparing environmental contaminant
concentrations against health-based comparison values. ATSDR develops comparison values
from available scientific literature on exposure and health effects. Comparison values are derived
for each of the media and reflect an estimated contaminant :
concentration not expected to cause harmful health effects for a given CJSEth:Z?;eZ%mpanson
contaminant, assuming a standard daily contact rate (for example, the chemicals that require
amount of water or soil consumed or the amount of air breathed) and additional evaluation.
representative body weight.

Comparison values are not thresholds for harmful health effects. ATSDR comparison values
represent contaminant concentrations many times lower than levels at which no effects were
observed in studies on experimental animals or in human epidemiologic studies. If contaminant
concentrations are above comparison values, ATSDR further analyzes exposure variables (such
as site-specific exposure, duration, and frequency) for health effects, including the toxicology of
the contaminant, other epidemiology studies, and the weight of evidence. Figure 11 illustrates
ATSDR’s chemical screening process.

More information about the ATSDR evaluation process can be found in ATSDR’s Public Health
Assessment Guidance Manual (ATSDR 2005b) at
http://www.atsdr.cdc.gov/hac/PHAManual/toc.html or by contacting the agency at 1-800-CDC-
INFO (1-800-232-4636).
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If people are exposed, will they get sick?

Exposure does not always result in harmful health effects. The type and severity of health effects
in a person as the result of contact with a contaminant depend on several factors:

Exposure concentration (how much),

Frequency (how often) and duration of exposure (how long),

Route or pathway of exposure (breathing, eating, drinking, or skin contact), and
Multiplicity of exposure (combination of contaminants).

Once exposure occurs, characteristics such as age, sex, nutritional status, genetics, lifestyle, and
health status of the exposed person influence how that person absorbs, distributes, metabolizes,
and excretes the contaminant. Taken together, these factors and characteristics determine the
health effects that can occur as a result of exposure to a contaminant in the environment.

HILC.2. Evaluating Exposures

ATSDR evaluated available, current data to determine whether mercury concentrations were
above ATSDR’s comparison values. ATSDR also reviewed relevant toxicologic and
epidemiologic data about mercury toxicity. It’s important to remember that exposure to a
contaminant does not always result in harmful health effects. The type and severity of health
effects expected to occur depends on the exposure concentration, the toxicity of the contaminant,
the frequency and duration of exposure, and the multiplicity of exposures.

Comparing Environmental Data to Comparison Values

Concentrations are compared to comparison values to determine ZATSDR uses the term
conservative” to refer to values
which contaminants need to be further evaluated. Comparison that are protective of public
values are concentrations derived using conservative exposure health in essentially all situations.
assumptions and health-based doses. Comparison values reflect Conservative values are
concentrations much lower than those found to cause adverse developed with assumptions that
health effects. Thus, comparison values are protective of public are more likely to overestimate
health in essentially all exposure situations. As a result, e WIS E DB TE 1.2

concentrations detected at or below ATSDR’s comparison values do not warrant health
concern. While concentrations at or below the relevant comparison value can reasonably be
considered safe, it does not automatically follow that any environmental concentration exceeding
a comparison value would be expected to produce adverse health effects. The fact that
comparison values are not thresholds of toxicity cannot be emphasized strongly enough. If
contaminant concentrations are above comparison values, ATSDR further analyzes
exposure variables (for example, duration and frequency of exposure), the toxicology of the
contaminant, other epidemiology studies, and the weight of evidence for health effects. The
likelihood that adverse health outcomes will actually occur depend on site-specific conditions
and individual lifestyle that affect the route, magnitude, and duration of actual exposure, as well
as current health condition (e.g., chronic health conditions) and genetic factors. An
environmental concentration alone will not cause an adverse health outcome.

When evaluating chemical effects of mercury exposure, ATSDR scientists used comparison
values specific to each environmental media. The comparison values used are shown in Table 6.
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Table 6. Comparison Values for Mercury

Media Comparison Value Source
Air 0.0002 mg/m? Chronic EMEG for elemental mercury
Surface Water 2 pglL LTHA/MCLG for inorganic mercury
Soil/Sediment 20 mg/kg Child RMEG for mercuric chloride
Fish 0.14 mg/kg RSL for methylmercury

EMEG: ATSDR’s environmental media evaluation guide
LTHA: U.S.EPA’s lifetime health advisory

MCLG: U.S.EPA’s maximum contaminant level goal
png/L:  microgram per liter (parts per billion or ppb)
mg/kg: milligram per kilogram (parts per million or ppm)
mg/m3 : milligram per cubic meter

RMEG: ATSDR’s reference dose media evaluation guide
RSL:  U.S.EPA’s regional screening level

ATSDR’s environmental media evaluation guide (EMEG) is a compilation of nonenforceable,
health-based comparison value developed for screening environmental contamination for further
evaluation. ATSDR’s reference dose media evaluation guide (RMEQG) is a lifetime exposure
level at which adverse, noncarcinogenic health effects would not be expected to occur.
U.S.EPA’s regional screening level (RSL) is a health-based comparison value. Concentrations
above the RSL may warrant further investigation or site cleanup. The lifetime health advisory
(LTHA) is the concentration of a chemical in drinking water not expected to cause any adverse
noncarcinogenic health effects for a lifetime of exposure. U.S.EPA’s maximum contaminant
level goal (MCLG) is the risk-based level of a contaminant that may be present in drinking water
under the Safe Drinking Water Act. The MCLG for mercury is the same as the enforceable
maximum contaminant level (MCL).

1.C.3. Comparing Estimated Doses to Health Guidelines

Deriving exposure doses

Exposure doses are expressed in milligrams of mercury per kilogram of .

. . ) An exposure dose is the
body weight per day (mg/kg/day). When estimating exposure doses, et 6 e sl &
health assessors evaluate chemical concentrations to which people person is exposed to over
could have been exposed, together with the length of time and the a specified period of time.

frequency of exposure. Collectively, these factors influence a person’s
physiological response to chemical exposure and potential outcomes. Where possible, ATSDR
used site-specific information regarding the frequency and duration of exposures. When site-
specific information was not available, ATSDR employed several conservative exposure
assumptions to estimate exposures.

The following general equation was used to calculate exposure doses:

Estimated exposure dose = C x IR X EF x ED
BW x AT
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where:

C = Concentration of chemical in parts per million (ppm, which is also mg/kg)

IR = Intake Rate—varies with media®

EF = Exposure Frequency, or number of exposure events per year of exposure—
varies with media®

ED = Exposure Duration, or the duration over which exposure occurs: adult = 70

years; child = 6 years

BW = Body Weight: adult = 70 kg; child = 28.1 kg (mean weight of an 8-year-old
child; EPA 1997)

AT = Averaging Time, or the period over which cumulative exposures are averaged:
adult = 70 years*365 days/year; child = 6 years*365 days/year

% The intake rate and exposure frequency factors are different for each media (e.g., air, soil, water) and for different
ages among the receptor population (i.e., the people who are actually or potentially exposed). These assumptions
are described during the media-specific health evaluations.

Using health guidelines to evaluate potential health hazards

Noncancer effects

ATSDR analyzes the weight of evidence of available toxicologic, medical, and epidemiologic
data to determine whether exposures might be associated with harmful health effects. As part of
this process, ATSDR examines relevant health effects data to determine whether estimated doses
are likely to result in harmful health effects. As a first step in evaluating noncancer effects,
ATSDR compares estimated exposure doses to conservative health guideline values, including
ATSDR’s minimal risk levels (MRLs) and U.S.EPA’s reference doses (RfDs). MRLs and RfDs
are based on noncancer health effects only. Proposed MRLs undergo a rigorous scientific review
process:

e Health EffectssMRL workgroup reviews within ATSDR’s Division of Toxicology,
e External expert panel peer reviews; and

e Agency-wide MRL workgroup reviews, with participation from other federal agencies,
including U.S.EPA.

The MRLs are then submitted for public comment. MRLs are derived when data are sufficiently
reliable to identify the target organs of effect or the most sensitive health effects for a specific
duration for a given route of exposure.

Proposed RfDs also undergo rigorous internal and external peer reviews and are submitted for
agency consensus, technical editing, and quality assurance.

MRLs and RfDs are estimates of the daily human exposure to a hazardous substance likely to be
without appreciable risk of adverse noncancer health effects over a specified duration of
exposure. These substance-specific estimates, which are intended to serve as screening levels,
are used to rule out contaminants at levels that are not expected to cause adverse health effects. It
is important to note that MRLs are not intended to define clean-up or action levels. MRLs are
intended only to serve as a screening tool to help public health professionals decide where to
look more closely.
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The NOAEL is the highest tested dose MRLs and RfDs are derived for hazardous substances using
of a substance in a study that has been the no-observed-adverse-effect level (NOAEL)/lowest-
reported to have no harmful (adverse) observed-adverse-effect level (LOAEL)/uncertainty factor
fpali itz 6 p2agle o e, approach. They are below levels that might cause adverse
health effects in the people most sensitive to such effects.
The LOAEL is the lowest tested dose of | - \fost MRLs and RfDs contain a degree of uncertainty

a substance in a study that has been because of the lack of precise toxicologic information on the
reported to cause harmful (adverse) . - .
health effects in people or animals. people who might be most sensitive (for example, infants,
the elderly, or persons who are nutritionally or
immunologically compromised) to the effects of hazardous substances. Consistent with the
public health principle of prevention, ATSDR uses a conservative (that is, protective) approach
to address this uncertainty.

MRLs and RfDs are generally based on the most sensitive noncancer end point considered of
relevance to humans. Exposure to levels above the MRL or RfD does not mean that adverse
health effects will occur. Estimated doses at or less than these values are not considered of health
concern. To maximize human health protection, MRLs and RfDs have built-in uncertainty or
safety factors, making these values considerably lower than levels at which health effects have
been observed. The result is that even if a dose is higher than the MRL or RfD, it does not
necessarily follow that harmful health effects will occur.

Table 7 shows the health guidelines (MRLs and RfDs) developed for the different forms of
mercury referenced in this public health assessment. Also, see Figure 12 for levels of significant
exposure to elemental mercury, Figure 13 for levels of significant exposure to inorganic
mercury, and Figure 14 for levels of significant exposure to organic mercury. More detailed
toxicological studies and information are available in ATSDR’s Toxicological Profile for
Mercury (ATSDR 1999) and U.S.EPA’s Integrated Risk Information System (IRIS)—a database
of human health effects that could result from exposure to various substances found in the
environment (EPA 1993, 1995a, 2002c). ATSDR’s toxicological profile for mercury is available
on the Internet at http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=115&tid=24 or by contacting
the National Technical Information Service (NTIS) at 1-800-553-6847. IRIS is available on the
Internet at http://www.epa.gov/iris. For more information about IRIS, please call U.S.EPA’s
IRIS hotline at (202) 566-1676 or send an e-mail to hotline.iris@epa.gov. Additional information
is provided in Appendix D. Toxicologic Implications of Mercury Exposure.

In a clinical human population study of exposure, an adverse effect is typically reported only if seen in 1 percent or more of
the study population. That does not mean that anyone who is exposed to the substance has a 1 percent chance of having a
particular adverse effect that was seen in 1 percent of the study population. It just means that that effect may be seen in an
“exposed” population of comparable size to the clinical study population.

In an epidemiological study, it takes a population of exposed individuals to determine whether an effect seen has any
statistical significance. Any health effects cannot be attributed to a single exposure dose. Therefore, ATSDR cannot predict
with any certainty whether a single person with an exposure above a health guidance value such as an MRL or RfD that is
based on a large study population will have a particular effect. It takes a substantial population to identify a causal
relationship between exposure and effect.
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If health guideline values are exceeded, ATSDR examines the health effects levels discussed in
the scientific literature and more fully reviews exposure potential. ATSDR reviews available
human studies as well as experimental animal studies. This information is used to describe the
disease-causing potential of a particular chemical and to compare site-specific dose estimates
with doses shown in applicable studies to result in illness (known as the margin of exposure).
This process enables ATSDR to weigh the available evidence in light of uncertainties and offer
perspective on the plausibility of harmful health outcomes under site-specific conditions.

When comparing estimated exposure doses to actual health effects levels in the scientific
literature, ATSDR estimates doses based on more realistic, site-specific, exposure scenarios to
use for comparison. In this level of the evaluation, an average concentration is used to calculate
exposure doses to estimate a more probable exposure. This approach is taken because it is highly
unlikely that anyone would contact the maximum concentration on a daily basis and for an
extended period of time.

Cancer effects

Animal studies provide limited information about whether mercury causes cancer in humans
(ATSDR 1999). U.S.EPA has determined that mercuric chloride and methylmercury are possible
human carcinogens (EPA 2012a, 2012b). International Agency for Research on Cancer (IARC)
has determined that methylmercury compounds are possibly carcinogenic to humans (Group 2B),
and metallic mercury and inorganic mercury compounds are not classifiable as to their
carcinogenicity to humans (Group 3) (IARC 1997). The National Academy of Sciences (NAS)
concluded that studies on carcinogenic effects in humans are inconclusive (NRC 2000). Some
studies observed an increase in incidence of renal tumors in male mice from chronic exposure to
methylmercury, however, that effect was observed only at doses that were toxic to the kidney
and 1s thought to be secondary to cell damage and repair. Exposure to methylmercury did not
increase tumor rates in female mice or rats of either sex (NRC 2000). Therefore, the focus of
methylmercury exposure in this public health assessment will be on the most sensitive endpoint
for methylmercury toxicity (i.e., noncancer neurodevelopmental health effects). As explained
here, whether or not mercury causes cancer is still under scientific debate. However, basing the
public health evaluation of methylmercury exposure in this public health assessment on the most
sensitive endpoint of mercury exposure—neurodevelopmental effects—is likely protective of
any potential carcinogenic effects.
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IV. Public Health Evaluation
IV.A. Past Exposure (1950-1990)
1V.A.1.  Potentially Exposed Communities

The potentially exposed communities ATSDR used to evaluate exposures to past mercury
releases from the Y-12 operations are the same as those selected in the Task 2 report (ChemRisk
1999a), namely Wolf Valley residents, Scarboro community residents, Robertsville school
children, East Fork Poplar Creek farm families, Oak Ridge community residents (two
populations), and several fish consumer populations who ate fish from Watts Bar Reservoir,
Clinch River/Poplar Creek, and EFPC (see Table 8 and Figure 15).
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Table 8. Task 2 Exposure Pathways for Which Mercury Doses were Estimated
for Each Potentially Exposed Community

> =
= |2 | I E =2 8 i
8 E |38 |g<|€ |5 |8 |&
2 |IE |sels8ls |E~|3.|5
&5 281228l [STIEE|8
s |2E|E2 2|2 |SSlEE |88
S 82|85 |58(c2ES |53 |23
g E 8o |2 c|a 0 E|xa|c< |Ec
Exposure Pathway Mercury Species § SLIeslg % LS (8S9|52 g 3
Air pathways
Inhalation Elemental Xa Xb NG Xe Xc Xc E E
Fruit/vegetable consumption Inorganic Xa Xb E Xe X¢ E E
Milk consumption Inorganic Xa E E E Xc E E E
Beef consumption Inorganic Xa E E E X¢ E E E
Soil pathways
Soil ingestion Inorganic E X X X X E E E
Skin contact with soil Inorganic E X X X X E E E
Vegetable consumption Inorganic E X E E X E E E
Milk consumption Inorganic E E E E X E E E
Beef consumption Inorganic E E E E X E E E
Sediment pathways
Sediment ingestion Inorganic E X E X X E E E
Skin contact with sediment Inorganic E X E X X E E E
Surface water pathways
Incidental ingestion of water Inorganic E X E X X E E E
Skin contact with water Inorganic E X E X X E E E
Milk consumption Inorganic E E E E E E E E
Beef consumption Inorganic E E E E E E E E
Fish consumption Methylmercury E X E E X E X X

Source: ChemRisk 1999a
Xs indicate that the exposure pathways were evaluated for the potentially exposed community.
Es indicate that the exposure pathways were eliminated. Exposure pathways were eliminated if site characteristics
make past, current, and future human exposures extremely unlikely.

a

b

Evaluated for direct airborne releases of mercury from the Y-12 plant.

For 1953-1962, evaluated for both direct airborne releases of mercury from the Y-12 plant and volatilization of
mercury from EFPC; for the remaining years, evaluated for volatilization of mercury from EFPC only.

Evaluation for volatilization of mercury from EFPC only.
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Oak Ridge Reservation: Evaluation of Y-12 Mercury Releases
Public Health Assessment

1V.A.2.  Past Air Exposure Pathway
Task 2 Estimated Y-12 Mercury Releases to Air

When lithium separation studies began at the Y-12 plant, mercury was known to pose a health
hazard to people who inhaled mercury vapors. Y-12 personnel were concerned about indoor air
mercury concentrations; they made efforts to reduce and maintain
indoor air mercury concentrations below the acceptable worker
standard at the time (0.1 mg/m®). Engineering controls, such as the

Airborne mercury contaminants
at the Y-12 plant may have
occurred as a result of primary

installation of large high-speed exhaust fans in the buildings, operations and accidental
helped to reduce indoor air mercury concentrations, but possibly releases. Information pertaining
increased mercury vapor releases off site. Other modifications, to air mercury releases is largely

based on available statistics

such as resurfacing indoor building walls to reduce microscopic . )

: . > . regarding process operations,
mercury adhesion and flooding building floors with water or accidents, on-site and off-site
sodium thiosulfate solutions to suppress the vaporization of spilled | release monitoring data, and air
mercury, would have decreased the indoor air mercury dispersion modeling.

concentrations, as well as the release of mercury to the outdoors.

Three investigation teams (1977 Mercury Task Force, 1983 Mercury Task Force, and Task 2
team) independently estimated air mercury releases from the Y-12 plant. Specifically, Task 2
studied building engineering reports that included flow and ventilation diagrams, exhaust
measurements, and information on the upgrade of ventilation systems. Task 2 also gathered
hundreds of weekly-, monthly-, and quarterly-average indoor air measurements that were only
made in some of the pilot and production buildings for a select period of time during lithium
isotope separation operations. To compensate for missing data, air concentrations and flow rates
were estimated, based on similar conditions in buildings where measurements had been made.

Task 2 identified 114 point sources that included 62 stacks, 43 fans, and 9 vents on 9 buildings.
The buildings included three main production facilities, three steam plants, a mercury storage
warehouse, a scrap metal furnace, and Building 81-10, which housed the mercury recovery
furnace.® A separate source term was estimated for each point source for each year that the
source was known to have been in operation (1953-1962). Air source terms are expressed in
units of mass per unit time. Task 2 estimated that a total of 73,000 pounds of mercury had been
released from Y-12 operations during the 11 years of lithium isotope separation activities (see
Figure 16). This represents a 43 percent increase over the 1983 Mercury Task Force estimates.
None of the three investigation teams estimated Y-12 air mercury releases for the years before or
after the 1953-1962 operational time period.

¥ Building 81-10 was a facility at Y-12 designed to recover mercury from waste sludge materials through draining
and evaporation. Air releases from the furnace occurred because of incomplete condensation of evaporated
mercury. The furnace in Building 81-10 operated from March 1957 through July 1962, and physical separations
continued through September 1982. More than 3 million pounds of mercury were recovered from waste materials
in Building 81-10.
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Figure 16. Task 2 Estimated Mercury Releases to Air from Y-12 Operations (1953-1962)
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ATSDR scientists did not attempt to verify or reproduce the Task 2 air source terms—that work
is beyond the scope of this public health assessment. Consequently, the quality of the Task 2 air
mercury source terms was not evaluated. But confidence in those estimates is high: three
separate teams have studied the applicable records over the years. As a result, each team has
made contributions to our understanding of the activities at the Y-12 plant that resulted in air
mercury releases. ATSDR accepts the Task 2 air mercury source terms with one reservation—
Task 2 stated that it did not develop a source term for certain mercury spills to soil “because any
mercury runoff to EFPC within the plant boundary and before the [water] sampling location
would have been included in the mercury concentrations measured [in water] at the site
boundary.” All the mercury spills to soil, however, did not go into EFPC.

Some mercury spills to the ground were routed to the storm sewer system, which fed into EFPC.
In 1957, after the mercury recovery furnace was constructed in Building 81-10, some mercury
spills were removed and taken to the furnace. But no estimates are available of how long
mercury from any spill was on the ground and how long that mercury emitted vapors before it
was contained or removed. The percent recovery of mercury after some of the spills was low.
The 1983 Mercury Task Force estimated that 85,000 pounds of mercury were “not recovered”
after a major spill occurred outside between production buildings in 1956; and, 3,000 pounds of
mercury were lost to the ground (as of 1971) at Building 81-10. In another example, shelves
containing mercury flasks collapsed under the load inside a building and resulted in spilled
mercury. It is not known whether indoor air measurements or window exhaust estimates
reflected the effects from these types of incidents.

With no data to describe air releases from outdoor mercury spills, estimating air mercury releases
from historic on-site mercury spills is not possible. In addition, Task 2 did not estimate air
mercury releases from mercury spill to soils. The description of mercury spills suggests that they
may have been a source of substantial air mercury releases, but spill information is not sufficient
to estimate air concentrations and subsequent health effects.
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Finally, Task 2 and the 1983 Mercury Task Force reported air mercury releases that were not
used to develop the Task 2 source terms for Y-12 plant releases. For example, the K-25
powerhouse, near S-50, emitted 319 pounds of mercury annually from 1953 to 1961 and half that
amount in 1962 (ChemRisk 1999a). The total air mercury releases for these years is
approximately 4 percent of the total amount of the estimated air mercury releases from the Y-12
plant. Yet in individual years, the mercury released from the K-25 powerhouse was as much as
20 percent of the amount released from the Y-12 plant in 1953. The Task 2 team did not evaluate
the impact of the K-25 air mercury releases to the Task 2 potentially exposed communities,
presumably because the releases did not come from the Y-12 plant and the effect on the
potentially exposed communities was thought to be insignificant.

Mercury Concentrations in Air

Significant releases of elemental mercury to air from the Y-12 plant T .

occurred from 1953 to 1963, the years of production-scale lithium pathway to mercury in
separation activities. The peak Y-12 mercury releases to air occurred in air is the direct
1955. Task 2 concluded that the volatilization of mercury from EFPC inhalation of airborne
could have significantly contributed to air mercury concentrations near elemental (or metallic)
the EFPC floodplain. The evidence for this conclusion is the presence of (r;ergiﬂ%s:]rir;g;ms
elevated mercury concentrations in tree-core samples collected in 1993, e g

from red cedars growing in the EFPC floodplain (near the location where inhalation hazard.

East Tulsa Road crosses EFPC).

Moreover, mercury evasion from water is partly a function of the concentration of mercury in the
water. The air above EFPC would have been an important source of mercury, primarily from
1953 to 1963, when the Y-12 lithium separation program was active and Y-12 mercury releases
to water were greatest. Peak Y-12 mercury releases to water occurred in 1957. Although releases
of mercury to EFPC water did not cease when the lithium separation program ended, they
decreased considerably. This was due to 1959 process changes and due to additional abatement
efforts in later years. Total mercury concentrations decreased from a high of 14.5 milligrams per
liter (mg/L) in effluent in 1958 to below 1 mg/L after 1962, and below 0.1 mg/L after 1974,°
according to weekly measurements in EFPC at the Y-12 plant (ChemRisk 1999a).

But off-site mercury air exposures from the Y-12 plant have another important source. ATSDR
has ample anecdotal information presented in public meetings that in the past Y-12 workers
intentionally brought metallic mercury home with them (e.g., to show their children). Or they
unintentionally brought mercury home on their work boots and clothing. In either case, it is very
possibly mercury was lost or dispersed in homes and therefore posed an indoor air hazard.
ATSDR has no quantitative data to evaluate the magnitude of this hazard in the communities
surrounding the ORR. Still, elemental mercury has a high vapor pressure. And that air exposures
to elemental mercury vapor indoors can be a greater hazard than outdoor air mercury exposures
is well known today. Elemental mercury in a home is easily lost into carpeting, flooring,
furniture, drapes, and other household materials. The body of literature identifying this hazard
has grown in recent years. The possibility for adverse effects from breathing mercury vapor,
particularly among children, can be significant. ATSDR believes this exposure pathway may
have continued well beyond the years when the lithium isotope separation process ended in
1963.

? Data through 1982, though some values are missing.
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Three Task 2 Models

The earliest off-site ambient air mercury concentrations were measured in 1986. Therefore, no
air data are available from the years that air and water mercury releases from the Y-12 plant were
highest. To compensate for the lack of data, Task 2 modeled the average annual air mercury
concentrations for six potentially exposed communities in or near Oak Ridge (Table 9). Task 2
used three different models to estimate annual air mercury concentrations for each off-site
community, depending on its location. (See Appendix E. Task 2 Pathway Discussions for a more
detailed discussion of the three Task 2 air mercury models.)

Table 9. Three Task 2 Air Models and Potentially Exposed Communities

Potentially Exposed US EP.A 10 EFPC .

Communities Dispersion Model Volatilization
Model Model

Wolf Valley X

Scarboro Community X X

Robertsville School X

EFPC Floodplain X

Oak Ridge 1 X

Oak Ridge 2 X

Among the three models that Task 2 used, the U.S.EPA ISCST3 Dispersion Model and the x/Q
Model depend on the estimated air mercury releases during Y-12 operations. The third model,
EFPC Volatilization, depends on the water mercury releases during Y-12 operations. One
limitation of all three air models is that they produce average annual air mercury concentrations
that cannot be used to evaluate acute exposures. Therefore, whether spills or other activities at
the Y-12 plant resulted in mercury air plumes that caused short-term adverse health effects is
unknown. The 1983 Mercury Task Force report listed these significant mercury spills:

e Inl1956, an estimated 180,000—400,000 pounds of mercury spilled
e In 1966, a spill totaled 105,000 pounds of mercury

¢ An undetermined number of spills occurred from 1951-1955 that exceeded 100,000 pounds
of mercury (UCCND 1983a, 1983Db).

These spills were not necessarily outdoors, and the mercury was not necessarily disposed of in
the environment. Some of the mercury was recovered for reuse. But information is insufficient
to determine whether any of these events—or others—could have led to air mercury
concentrations off site that resulted in short-term adverse health effects. Task 2 estimated the
average annual air mercury concentrations to evaluate chronic inhalation exposures.

U.S.EPA Dispersion Model

Of the three models, the U.S.EPA Dispersion Model used to predict air concentrations in Wolf
Valley was the most reliable. This model uses a Gaussian dispersion equation to calculate air
concentrations at a remote location from the releases. It is an appropriate model to use in
relatively flat terrain. Therefore, the selection of this model for this application appears to be
appropriate. ATSDR considers Task 2 team’s reported estimates of air mercury concentrations in
Wolf Valley resulting from this model to be reasonable.
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The Task 2 estimated air mercury concentrations in Wolf Valley ranged from 0.0000008 to
0.000014 milligrams per cubic meter (mg/m’) for the 1953 through 1962 time period (ChemRisk
1999a). The peak value (0.000014 mg/m3 ) was in 1955. Task 2 estimated that the uncertainty
associated with the modeled air concentrations in Wolf Valley was + 44 percent of the true

concentration values.

ATSDR compared the highest estimated mercury concentration in Wolf Valley (0.000014
mg/m3) to the ATSDR chronic inhalation MRL for elemental mercury vapor (0.0002 mg/m3).
The highest annual concentration is more than 14 times lower than the ATSDR MRL. Even with
the Task 2 uncertainty added, the upper-bound average concentration is 10 times lower than the
ATSDR MRL. ATSDR concludes, then, that the mercury concentrations in the air in Wolf
Valley were not expected to have posed a chronic public health hazard for the period of study.
ATSDR cannot evaluate or draw a conclusion about acute, short-term exposures. Task 2
conducted an analysis of mercury doses to Wolf Valley residents and reached the same

conclusion.

Chi over Q (x/Q) Model

Task 2 used the “chi over Q” (¥/Q) Model and the EFPC Volatilization Model to estimate air
mercury concentrations in the Scarboro community. The x/Q Model is based on two physical
quantities: the measured air uranium concentrations in Scarboro (y) and uranium release rates
from the Y-12 plant to the air (Q). The basis of this model is the assumption that air mercury
releases from Y-12 will follow a physical pattern similar to air uranium releases from Y-12. But

no evidence supports that assumption. Specifically, ATSDR’s
evaluation of the Task 2 team’s use of this model reveals that 1)
uranium would be in the form of particulate whereas mercury
would largely be in the form of vapor, 2) evidence suggests that
the average mercury vapor droplet size would be much smaller
than the size of uranium particles associated with Y-12
operations, and 3) it is unclear whether the y/Q “custom
distribution” accurately depicts the relationship between the
mercury quantities released from Y-12 and the air mercury
concentrations in Scarboro. Therefore, ATSDR does not accept
that the y/Q model reliably predicted past air mercury
concentrations in the Scarboro community. See Appendix E for
more information on ATSDR’s evaluation of this model’s use in
Task 2.

EFPC Volatilization Model

Task 2 had planned to use tree-ring
mercury concentrations to estimate
air mercury concentrations in the
EFPC floodplain, but the tree core
data collected in 1993 suggested
that the mercury did not stay put in
individual rings. Therefore, Task 2
could not reliably assign the
measured mercury concentrations
in specific tree rings to specific
years. As a result, Task 2
abandoned its effort to estimate
annual historic air mercury
concentrations from tree core data.

Due to the volatilization of mercury from EFPC, Task 2 used the EFPC Volatilization Model to
estimate air mercury concentrations for the following potentially exposed communities: Scarboro
community, EFPC floodplain farm family, Robertsville School children, and two populations in
Oak Ridge (“Oak Ridge 1” on Louisiana Avenue and “Oak Ridge 2” on Jefferson Avenue).

The Task 2 report suggests it used the EFPC Volatilization Model because of the absence of an
adequate air dispersion model that could predict historic air mercury concentrations beyond
Scarboro. Task 2 gave as an additional reason the presence of significant mercury levels in tree-

core samples.
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The EFPC Volatilization Model estimated air Information Regarding the Tree Core Ring
mercury concentrations from the amount of mercury Samples

released from the Y-12 plant to the creek, the 1. Although the tree core data cannot establish
distance the mercury traveled in the water, and the annual air mercury concentrations, they
fraction of the mercury mass in the water that indicate that air mercury concentrations were
volatilized into the air. The pivotal feature of the elevated(?ur}r;]gl the 1d95ozand 1960s, ovond
EFPC Volatilization Model is the volatilization CRMEIEEI L ELDr EEese s [ EIEER 22l
. C 1 . . Scarboro. However, the tree core data cannot
fracthn, which is the fra.cfuon of metallic mercury indicate from where the mercury came.
mass in EFPC that VOlaUh?ed, frorp the water. Tas'k 2 2. Task 2 indicated that mercury concentrations in
assumed a log triangular distribution of values, with the tree core ring corresponded to 1938. This
a minimum value a “best estimate,” and a maximum concentration was higher than in subsequent
value equal to 1, 5, and 30 percent, respectively, of years in a tree on the west end of the Y-12

property. It is not known whether this mercury
may have been absorbed in later years and
migrated toward the center of the tree, or

the total mercury mass released annually to the
creek. Task 2 apparently selected these values from

data collected in the 1990s. ATSDR suggests that whether it was absorbed prior to the Manhattan
conditions in EFPC were too different in the 1990s Project.

compared with the 1950s to warrant unqualified 3. Unfortunately, the EFPC tree core samples
application of those values. Task 2 did not explain were all collected from red cedars in the same
how it derived the volatilization fractions it used, vicinity of the EFPC floodplain, which is on the
and ATSDR believes this key variable needs to be 25 i e Gl 0 AP, ey el

.. . . Avenue and East Tulsa Road. This area could
justified. Finally, Task 2 adopted a log triangular have been impacted by air releases from the Y-
distribution of the volatilization fractions, also 12 plant, or sources other than the ORR. A
without explanation or justification. ATSDR is not more representative sampling of trees along
aware of any evidence that supports the assumption the EFPC floodplain might have provided

quantitative support that mercury volatilization
from EFPC declined with distance from Y-12,
and that volatilization was responsible for

that volatilization fractions are distributed in this
way. ATSDR concludes that the EFPC Volatilization

Model is Ol’lly qualitatively supported by tree-core increased air mercury concentrations.

data, not quantitatively supported, and that the model Alternatively, the samples may have indicated
does not provide reliable predictions of air mercury that additional mercury sources were affecting
concentrations off site from the Y-12 plant. 12 GEITLTIES S 0 O

Task 2 Results

Using a 30 percent volatilization fraction, Task 2 estimated that mercury air concentrations in the
EFPC floodplain and in Scarboro exceeded the inhalation MRL (0.0002 mg/m®) during the years
1953 through 1961, and from 1957 through 1958, respectively. Using a 5 percent volatilization
fraction, Task 2 air concentrations in the EFPC floodplain exceeded the MRL for the years 1957
and 1958, and did not exceed the MRL at all in Scarboro (ChemRisk 1999a). Using the
assumption that 1 percent of the mercury mass in EFPC volatilized from the water, none of the
estimated air mercury concentrations for any potentially exposed community exceeded the MRL
for any year. These results reflect the relative magnitude of mercury released from the Y-12 plant
to water in different years, the distance of the potentially exposed communities from the creek,
and the assumed mercury volatilization fractions. That said, the few environmental data available
do not support the key model assumptions that volatilization of mercury was proportional to
distance from the Y-12 plant and formed a log triangular distribution from 1 to 30 percent with a
“best estimate” value of 5 percent.
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Past Air Exposure Pathway Summary

None of the Task 2 models are adequate for evaluating possible past, short-term (acute) air

exposures to mercury vapor.

ATSDR believes the U.S.EPA ISCST3 Dispersion Model is an appropriate model for

estimating annual air mercury concentrations in Wolf
Valley.

ATSDR’s chronic inhalation mercury MRL is the basis
for evaluating the Task 2 estimated average annual air
mercury concentrations in Wolf Valley.

ATSDR does not believe the x/Q Model or the EFPC
Volatilization Model is adequate for quantitatively
estimating annual air mercury concentrations for any
potentially exposed community.

Elemental mercury taken into the home could have been
spilled, resulting in unsafe indoor air mercury
concentrations.

Past Air Exposure Pathway Conclusions

The following conclusions refer to the past potential for
mercury in air from the Y-12 plant to cause harm. The
conclusions are not a measure of the past occurrence of
adverse health effects. Health outcome and exposure data
are unavailable that allow for an evaluation of the actual
occurrence of adverse health effects during the 1950s and
1960s from exposure to mercury in air.

ATSDR concludes

Elemental mercury carried from the Y-12 plant by
workers into their homes could potentially have harmed
their families—especially young children—in the past
(1950-1963).

Mercury Emissions from Selected
Electricity Generating Facilities

ERG, an independent contractor for
ATSDR, evaluated whether electric
generating facilities in close proximity to
the Y-12 plant would lead to air
concentrations of health concern. ERG
concluded the following:

EPA'’s “Mercury Study Report to
Congress” suggests that emissions from
coal-fired power plants have extremely
limited incremental effects on ground-
level air quality. The modeling analyses
EPA conducted on a hypothetical coal-
fired power plant found essentially no
ground-level impacts at locations 2.5
kilometers (km), 10 km, and 25 km
downwind.

Consistent with these general findings,
ERG'’s screening modeling analysis
showed that past mercury emissions from
the Tennessee Valley Authority’s
Kingston Fossil Plant almost certainly did
not have substantial air quality impacts
(i.e., concentrations approaching the
reference concentration) near the Y 12
plant, even when considering a series of
health-protective assumptions.

A copy of ERG’s memo to ATSDR is
included in Appendix F. Evaluation of
Mercury Emissions from Selected
Electricity Generating Facilities.

Air and water mercury releases from the Y-12 plant after 1963 are not expected to have

harmed people living off site near the ORR.

ATSDR concludes that breathing past (1950—1963) air mercury releases from the Y-12 plant
is not expected to have harmed people living off site in the Wolf Valley area.

ATSDR cannot conclude

Whether off-site populations breathing elemental mercury releases in the past (1950-1963)
from the Y-12 plant could have been harmed, except for the Wolf Valley area where harm is

not expected.

Whether people living near the EFPC floodplain breathing mercury vapors from Y-12
releases to the water from 1950 through 1963 could have been harmed.
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1IV.A.3.  Past Surface Water Exposure Pathway
Y-12 Mercury Releases to Water

Unlike exposure to mercury in air, the health hazards posed by ety e EmE e o
exposure to mercury in water were generally unknown before 1970. | \ater sources at the Y-12
Therefore, during the years of lithium isotope separation operations, | plant may have occurred as a
Y-12 managers were not concerned that releases of mercury to result of primary operations,
water would affect human health or the environment. From an waste disposal activities, or

. . - accidental releases.
economic standpoint, Y-12 administrators were more concerned

about mercury losses—mercury was a valuable commodity at the time.
Y-12 Mercury Releases to EFPC

Y-12 mercury releases to EFPC were highest during the years when the lithium separation
program was active. Research and development for the lithium separation processes began in
1950, and full-scale production began in 1953. Water mercury releases peaked during 1957 and
1958, but some mercury continued to enter the creek after the lithium separation operations shut
down in June 1963 (WJ Wilcox, Jr., personal communication, March 17, 2005). Subsequent
sources of mercury to EFPC included on-site cleaning operations and seepage from mercury
deposits inside building walls, ducts and equipment, and under floors. Today, the Y-12 National
Security Complex continues to release very small amounts of mercury into EFPC.

Y-12 Mercury Releases to the Storm Sewer System

The primary path by which mercury entered EFPC was via the storm sewer system that ran
through the Y-12 property. The main production buildings disposed of their liquid wastes into
collection tanks, and mercury was routinely removed from them. Overflow from the collection
tanks entered the storm sewer system that led into EFPC.

In the production waste streams, mercury was in the form of dissolved inorganic mercuric ions.
During the Colex process, liquid wastes were in the form of dilute nitric acid solutions. Nitric
acid was used to remove impurities from water and mercury used in the lithium separation
process. But washing the mercury with nitric acid dissolved a substantial amount, which then
entered the storm sewer and EFPC. When the nitric acid wash procedure was modified in June
1958, the mercury released off site through the storm sewer significantly reduced.

Indoor and outdoor mercury spills were also fed into the storm sewer. Mercury spills would have
included mercuric ions in liquid solutions and liquid elemental or metallic mercury. Spills
occurred in the production buildings, between the production buildings, in the loading area,
around the Building 81-10 recovery operations, and during stripping operations (cleaning,
tearing down, or salvaging equipment).

Y-12 Mercury Releases to New Hope Pond

In 1963, New Hope Pond was created in EFPC, downstream of the Y-12 buildings on the Y-12
property. The pond was intended to serve as a mixing location to stabilize the fluctuation of pH
in the water that flowed from the Y-12 operations. Before constructing the pond, the water pH
value that led into EFPC ranged between 3 and 12. The pond served to bring the pH into
acceptable limits (6-9) to protect fish and other aquatic life, as stipulated by the State of
Tennessee. After the pond was constructed, it became a settling location for mercury, which
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reduced the amount of mercury traveling off site. New Hope Pond was dredged in 1973, and
closed, cleaned, and filled in 1989 (ChemRisk 1999a; SAIC 2007).

Estimated Mercury Releases to Water

The 1983 Mercury Task Force and Task 2 scientists used measured concentrations of mercury in
water samples on the Y-12 property. They also used measurements of the storm sewer/EFPC
water flow rate to estimate mercury releases to EFPC (see Table 10).

Table 10. Estimated Y-12 Mercury Releases to Water

Mercury .
Terms concentration multiply | Stream flow rate | equals Mercury released
, mercury mass volume mercury mass
Equation: X ) = .
volume time time
Example: 2.22 mg/L 11.0 MGD!
X = 72,211 pounds/year
(1957) (1.85 E-5 pounds/gal) (4.02 E-9 gallyear)
measurements from water water flow (These quantities are the
Sources of . measurements or source terms for
) samples or estimated .
data: . . assumed default modeling water mercury
percentage of inventories X
values concentrations.)

" 11 millions of gallons per day is the average from 1955-1957 (ChemRisk 1999a).

Given that some stream flow data, mercury concentration data, or both are absent before 1956
(and both are completely absent before 1953), Task 2 estimated values for those quantities. The
period of 1950—-1955 is important—not only because both lithium separation pilot operations and
full-scale production were occurring, but because formal mercury recovery operations had not
yet begun. The operations were new, many changes were made. Spills happened, and the on-site
storm sewer became the means for liquid waste disposal.

For the flow rate estimates during this early period, Task 2 used an average of flow rates
measured in later years (1955-1957). All missing flow rate values were assumed to be 11 million
gallons per day (MGD). For missing mercury concentration data, Task 2 calculated values from
concentration measurements taken in 1953 and 1954. For those years, mercury concentrations in
samples were between 2.9 percent and 7.3 percent of mercury inventories. Task 2 estimated that
mercury losses during 1950—-1952 were between 3 percent and 8 percent of the mercury
inventories for those years.

Task 2 estimated that mercury releases to EFPC exceeded 10,000 pounds in 1953, and again in
years 1955-1959. During the peak years of mercury releases to EFPC, more than 72,000 pounds
and 64,000 pounds of mercury were released in 1957 and 1958, respectively. Annual releases
dropped below 1,000 pounds in 1967 (except for a small increase in 1973, probably as a result of
dredging New Hope Pond). They decreased below 100 pounds in 1975. Mercury releases to
EFPC for the years 1988—1990 were below 40 pounds per year (see Figure 17).
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Figure 17. Task 2 Estimated Mercury Releases to EFPC
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To estimate mercury releases in the early 1950s, Task 2 used data from a relatively small number
of water samples and water flow measurements. The Task 2 report did not state how many
sample data were used, or how well the samples distributed over time. ATSDR does not know
the quality of the data, nor how well the “percentage of inventory” model predicted water
mercury releases for the years 1950—1952. In all likelihood, these limitations will never be
resolved.

Water Sampling at the Y-12 Plant

During the second quarter of 1953, Y-12 employees began collecting water samples to measure
mercury concentrations. The earliest available stream flow data are from 1954; but until
September 1955, the data are sporadic. Fortunately, composite water sample data are available
for the peak years, 1957 and 1958. The highest composite weekly water mercury concentration
was 14.5 mg/L, from a sample collected during the second week of May in 1958. Water samples
were collected in the storm sewer on site, downstream of the Y-12 buildings, and later from the
outlet of New Hope Pond to EFPC. Data were reported in hundreds of weekly, monthly, and
quarterly internal technical and environmental reports over the years.

Water Collection Method before 1956

Between 1953 and 1955, water samples were taken from the surface of the storm sewer stream.
Surface water samples would likely not have captured all of the elemental mercury releases, nor
would it have captured mercury attached to particulate matter—it would have sunk in the water
and followed the course at the bottom of the streambed. Sufficient anecdotal evidence is
available in both the 1983 Mercury Task Force report and the Task 2 report that elemental
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mercury releases, which occurred prior to 1955, were not accounted for in the early water
measurements. In 1955, a “dipper type” sampler was installed in the storm sewer. But whether
the device would have adequately measured elemental mercury releases is not certain (ChemRisk
1999a).

Acidification of Water Samples

During the early testing period, samples were not acidified at the time of collection. An acidic
pH favors dissolved ionic mercury, and a basic pH favors undissolved, elemental mercury. Once
mercury is in the elemental form, it may evaporate, or it may volatilize from water at ambient
temperatures. Due to the nitric acid in the liquid wastes, the risk of mercury loss from the
samples would probably have been minimal. Not all of the liquid waste streams were acidic,
however.

In 1974, U.S.EPA recommended acidifying water samples collected for mercury analysis to
minimize loss of mercury from the samples due to volatilization. Y-12 staff began acidifying
water samples in the laboratory in 1977. In 1982, water samples were acidified in the field.
Samples collected before 1977 were not acidified. Reported pH measurements of composite
weekly water samples collected from June 1955 through 1959 were between 7.1 and 11.1 (i.e.,
they were all in the basic range). The basic pH favors the formation of dissolved elemental
mercury, which may escape from the water. ATSDR does not know whether the water samples
were capped or sealed prior to analysis, nor whether the absence of acidification of water
samples collected prior to 1977 significantly affected the reported mercury concentrations.

Uncertainty in the Analytical Methods

Until June 1957, Y-12 analytical chemists determined the mercury content of EFPC water using
a colorimetric technique. This method provided a detection limit of 0.1 mg/L with a relative limit
of error for a single analysis of = 50 percent. In July 1957, the colorimetric method was replaced
by the mercurometer method, which provided a detection limit of 0.01 mg/L, with a relative limit
of error for a single analysis of + 40 percent. In August 1967, an atomic absorption method was
adopted that provided a detection limit of 0.001 mg/L with a relative limit of error for a single
analysis of + 20 percent (UCCND 1983a, 1983b). Note that the uncertainties in the
measurements of water mercury concentrations through mid-1967 were relatively large.

Composite Water Sampling Data

The mercury water data of greatest interest were from samples collected weekly until the end of
the lithium separation operations in June 1963. Weekly water sample data from September 1955
through November 1960 are available, with only four data points missing during this period. The
data represent averages of mercury concentrations from composite water samples collected over
the duration of a week. The data from composite water sampling are useful; they allow for a
review of mercury concentrations within the period of acute exposures (2 weeks). Nevertheless,
the data cannot indicate the maximum water mercury concentration that may have occurred
following a single large release over the course of a few hours or a day.

Missing Water Sampling Data

Gaps appear in the weekly water sampling data before September 1955 and after November

1960. Only the gaps in the earlier period, however, appear important. Data from total mercury
release estimates, as well as monthly and quarterly reports, consistently indicate that mercury
releases to EFPC after 1958 did not result in mercury concentrations at levels that would have
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posed a public health concern. Whether high acute mercury exposures occurred between 1953
and 1955 is not known, given that the weekly water sampling data and supporting information
are incomplete.

The production scale lithium isotope separation work began using the Elex process in August
1953 and the Colex process in January 1955. (The Orex process never progressed beyond pilot
development.) These were new technologies at the time, and production start-up was marred by
difficult problems such as the loss of mercury. Estimated mercury spills before 1957 ranged from
200,000-500,000 pounds (UCCND 1983a, 1983b). Some of the spilled mercury was recovered,

though the 1983 Mercury Task Force report does not estimate how much went into the water.
From the earliest production days Y-12 managers considered mercury losses from the Colex
process “serious,” and considerable effort went into addressing them.

Fate and Transport of Mercury Releases in Water

Except for a period from 1974 through mid-1977, the
analytical data are measurements of total mercury in the
water. From January 1974 to June 1977, water samples were
filtered and analyzed for soluble mercury only. ATSDR has
a qualitative—not quantitative—knowledge of the species of
mercury in the water: through multiple physical and
chemical processes in the creek, as described below, the
mercury released from the Y-12 plant to EFPC may change
form. These uncertainties are accounted for, to the extent
possible, in the subsequent discussion on the bioavailability
of mercury.

The mercury released into the storm-sewer drainage ditch at
the Y-12 plant was primarily divalent mercuric nitrate and
elemental mercury. Mercuric nitrate is very soluble in water,
but neutralization of the acid in the creek water would have
formed mercuric oxide, or in the presence of sulfide ion,
mercuric sulfide. Mercury also adheres to, and forms
compounds with, other inorganic and organic species,
including particulate matter and plant material. The basic pH
of the composite weekly water samples at Y-12 during the
1950s would have favored the formation of the oxide and
sulfide salts, some of which would have precipitated out of
solution and would have been carried along in the stream.
Some of them would have settled in the streambed or
floodplain soil and diminished the concentration of mercury

We could not assess acute mercury
exposure because the data were not
representative of an acute exposure
scenario (0-14 days). The monthly
water sample data collection that
began in April 1954 and the quarterly
water sample data collection that
began in June 1953 were combined
averages of the weekly data. The
longer the duration over which
periodic data are averaged, the lower
the peak values. For example, the
average annual water mercury
concentrations were lower than some
of the quarterly concentrations for the
same period, and the average
quarterly concentrations were lower
than some of the monthly
concentrations.

The longer-period average mercury
water concentration values are
appropriate to evaluate average long-
term exposures, but not to estimate
short-term (acute) exposures.
Because not enough appropriate data
are available, ATSDR scientists
cannot determine whether short-term
mercury releases to EFPC from 1953-
1955 could have resulted in harmful,
acute exposures.

in the water. But the 1983 Mercury Task Force noted that suspended mercuric salts could have
“resolubilized” during “acid-dominated periods” when the water released to EFPC was acidic
(UCCND 1983a, 1983b). Basic pH (and warm temperatures) also would have favored

volatilization of dissolved elemental mercury to the air.

In 1995, Saouter et al. reported that water samples collected from the outlet of Reality Lake
(which fed EFPC on Y-12 property) contained approximately 83 percent mercury associated
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with particulate matter and 17 percent dissolved mercury (Saouter et al. 1995). Methylmercury
was less than 0.1 percent of the total mercury concentration of 0.00175 mg/L.

Southworth et al. (2004) published data from sixteen streams and rivers
throughout the Southeast United States (including EFPC) showing that
the percent of methylmercury in water decreases with increases in the
total mercury concentration (unfiltered water samples). The total mercury
concentrations during the 1950s were thousands of times greater in EFPC
water than in the 1990s. However, the portion of dissolved and suspended inorganic mercury that
remained in the water downstream of the Y-12 plant in the 1950s and 1960s remains highly
uncertain.

The Oral Bioavailability of Mercury in EFPC

The level of hazard
depends on the species
and the quantity of
mercury in the water.

Not all of the mercury a person swallows is absorbed into the blood. Some of it passes through
the gastrointestinal tract and is eliminated in the feces. Adverse
health effects associated with the ingestion of mercury depend on
how much mercury gets into the blood, not how much mercury is
swallowed. Mercury can also cause harm to the inside lining of the
stomach and intestines, but at levels much higher than those reported
in EFPC. The fraction of the mercury swallowed that passes through
the lining of the stomach and intestines and enters the bloodstream is referred to as the amount
that is bioavailable. This fraction is biologically available to cause harm to the tissues and organs
inside the body through its transport in the circulatory system.

The oral bioavailability of a
substance is the fraction of
the total amount of the
substance swallowed that
is absorbed.

Different forms of mercury have different bioavailabilities. For organic mercury, studies in
humans regarding the oral ingestion of methylmercury bound to fish muscle protein have shown
that absorption is almost complete (95 percent) (ATSDR 1999). In

Newborn mice exhibited higher
inorganic mercury absorption
than adult mice. Similarly, the
stomach lining of nursing
human infants is not fully
developed. It allows more
substances, such as milk
proteins, from the mother into
the blood. In this way, mothers
transfer nutritional and immune
proteins to their children. Yet
immature stomach linings also
make infants more vulnerable
to heavy metal poisoning than
are older children and adults.

contrast, elemental mercury absorbs poorly into the blood from the
gastrointestinal tract, even when it is ingested in large quantities.
For inorganic mercury, the highest oral bioavailability factor
reported in the scientific literature is 38 percent for mercuric
chloride administered in water to week-old suckling laboratory
mice (ATSDR 1999).

In adult mice, the bioavailability of mercuric chloride has been
reported to be 20-25 percent. In human studies, mercuric nitrate
was reported to be 15 percent bioavailable (ATSDR 1999). In other
studies, the mercury concentration in kidneys of mercuric sulfide-
dosed mice was approximately 20-fold to 50-fold lower than in
mercuric chloride-dosed mice, even when significantly higher
doses of mercury were administered to the mercuric sulfide-dosed

mice, and at more frequent intervals (Paustenbach et al. 1997; Sin et al. 1983, 1990). After
identical exposures, the kidney deposition of mercury was approximately 30-60 times lower in
mice exposed to mercuric sulfide, as compared with mice exposed to mercuric chloride.
Although these studies do not measure the bioavailability of mercuric sulfide, they do show that
mercuric sulfide is absorbed from the gastrointestinal tract to a measurable extent, though likely
to a lesser extent than mercuric chloride (Schoof and Nielsen 1997). A quantitative determination
of the relative bioavailabilities of mercuric sulfide versus mercuric chloride has not been derived
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in the available studies, nor has the relative bioavailability of mercuric sulfide in humans been
examined (ATSDR 1999). Nevertheless, because of mercury’s high water solubility, scientists
generally believe that mercuric chloride is among the most bioavailable of inorganic mercury
species. Thus an upper bound bioavailability factor for the oral ingestion of inorganic mercury in
non-nursing children and adults appears to be approximately 25 percent.

In this evaluation, ATSDR compared exposure doses with the ATSDR oral inorganic mercury
MRLs, which are based on measured exposure doses to mercuric chloride. The inorganic
mercury in EFPC water, however, is expected to be primarily mercuric nitrate. ATSDR therefore
calculated doses using the relative bioavailability of mercuric nitrate to the bioavailability of
mercuric chloride (Paustenbach et al. 1997). The oral bioavailability of mercuric nitrate in
humans has been reported as 15 percent (Rahola et al. 1973). In the dose calculations for
exposures to mercuric nitrate, ATSDR used a bioavailability factor of 0.6. Relative to mercuric
chloride, the bioavailability of mercuric nitrate is 60 percent (i.e., 0.15 + 0.25 = 0.6). See
Appendix G. Past Exposure Pathway Parameters for ATSDR’s assumptions and formulas used to
estimate exposure doses.

Past Surface Water Exposure Pathway Conclusions

ATSDR based the following conclusions on a comparison of the Note that many uncertainties

calculated exposure doses with the ATSDR oral organic and are associated with the
inorganic mercury MRLs. A person whose dose exceeds an MRL estimated exposure doses,
may not experience adverse health effects. No health data are and note that people vary

available that would allow ATSDR to evaluate the actual occurrence widely in their response to
hazardous substances. The

of adverse health effects during the 1950s and 1960s from exposure to | .- cionc ofer to the past
water in EFPC. With these points in mind, ATSDR concludes potential for mercury in

EFPC to cause harm. The

e Children who swallowed water from EFPC containing inorganic conclusions are not a

mercury for a short period of time (acute exposure, less than 2 measure of the past
weeks) during some weeks in 1956, 1957, and 1958 may have an occurrence of adverse
increased risk of developing renal (kidney) effects. Adults, who health effects.

swallowed water from EFPC for a short time during some weeks
in 1958, may have an increased risk of developing renal (kidney) effects.

e Swallowing water from EFPC containing inorganic mercury for a short time before 1953, or
after the summer of 1958, is not expected to have harmed people’s health.

e Intermittently (intermediate exposure, greater than two weeks and less than a year)
swallowing water from EFPC containing inorganic mercury is not expected to have harmed
people’s health during any year.

. .. ATSDR concludes, from the
o Swgllowmg water frqrn EFPC containing mercury over a long . e D reEl e
period of time (chronic exposure, more than a year) in the past is long-term exposures to
not expected to have harmed people’s health. mercury in EFPC water
. o . were not a public health
e Swallowing water from EFPC containing methylmercury is not hazard. ATSDR's separate
expected to have harmed people’s health. evaluation agrees with the
Task 2 results.
ATSDR cannot conclude whether

e Swallowing water from EFPC containing inorganic mercury for a short time during 1953,
1954, and 1955 could have harmed people’s health.
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ATSDR also examined the average annual and quarterly mercury concentrations (inorganic and
organic) in water at the Y-12 plant. These data may represent the highest mercury concentrations
in EFPC, with the possible exception of areas where mercury deposits in the EFPC floodplain
may have served as secondary sources. None of the data from water samples at Y-12 exceeded
ATSDR’s assessment of intermediate-term exposures (15-364 days) (i.e., calculated doses were
below ATSDR’s intermediate MRL). These data sets indicate that none of the mercury
concentrations in EFPC were an oral hazard to children playing in the creek.

1V.A.4.  Past Soil and Sediment Exposure Pathways
Y-12 Mercury Releases to the EFPC Floodplain

Y-12 mercury releases to water during the 1950s and 1960s resulted in significant mercury
Mercury contamination of deposits in off-site soils within the EEPC floodplain. Bgfore 1983,
soil and sediments along the | people collected EFPC floodplain soil to supplement private gardens.
EFPC floodplain nearthe Y- | The city of Oak Ridge personnel collected EFPC floodplain soil to
12 plant occurred primarily backfill 10 miles of sewer line installation. These activities resulted in
as a result of mercury distribution of mercury-contaminated soils from the EFPC floodplain
releases to surface water. .

to other areas of Oak Ridge.

Sediment consists of dirt, silt, and sand that accumulate at the bottom and along the banks of
rivers, streams, and other surface water bodies. Sediment accumulates in areas where the stream
depth, breadth, or direction changes. Some reaches of EFPC have very little bottom sediment;
the stream scours the bedrock and moves the lighter weight particulate matter downstream. Thus
collection of sediment samples from all locations along EFPC is difficult. Fewer sediment
samples were collected from EFPC compared with soil samples collected from the EFPC
floodplain.'® But compared with floodplain soil, people have less opportunity for exposure to
EFPC sediment. Mercury concentrations detected in sediment (as reflected in the sampling data)
are generally comparable to, or less than, those detected in soil. This discussion therefore
primarily focuses on mercury levels detected in soil, with less emphasis on the limited sediment
data.

During the early 1980s, the Oak Ridge Associated Universities (ORAU) and the TVA conducted
the earliest comprehensive surveys of mercury in EFPC floodplain soils and sediment. ORAU
collected more than 3,000 surface soil samples between 1983 and 1985 from the EFPC
floodplain, the Oak Ridge sewer line beltway, and private lawns and gardens in and around Oak
Ridge (Hibbitts 1984, 1986; TDHE 1983). TVA collected approximately 100 core samples in 10-
inch increments from 27 transects across the EFPC floodplain during

1984 (SAIC 1994a). The DOE EFPC Floodplain and Sewer Line Transects are imaginary

. .. . lines that cross the
Beltway Remedial Investigation (RI) is the most recent large-scale floodplain, They're a
sampling effort (SAIC 1994a). This investigation is discussed in e o plotting where
greater detail in the following section. soil samples are collected.

The EFPC Floodplain and Sewer Line Beltway RI

In October 1990, DOE began soil and sediment sampling of the lower EFPC floodplain. DOE
reviewed earlier ORAU and TVA data. These data indicated where the mercury contamination
was most concentrated along the floodplain. The RI is the most comprehensive soil and sediment

1 There were 50 sediment samples in both the CERCLA RI Phases Ia and Ib combined.
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investigation of mercury in the EFFC floodplain and the sewer line beltway area of Oak Ridge
(SAIC 1994a, 1994c). The RI characterizes mercury distribution in the EFPC floodplain and is
the primary source of data used to evaluate potential past mercury exposures for people living
near Lower EFPC.

The two-phase investigation comprised Phase Ia, which included more than 100 soil samples and
was designed to identify contaminants of potential concern;'' and Phase Ib, which was designed
to establish the nature and extent of contamination.'? Phase Ib included more than 2,600 soil
samples collected from 159 transects across the EFPC floodplain.

RI Sampling Methodology

Transects were separated at approximately 100-meter (330-foot) intervals beginning from the
confluence of EFPC with Poplar Creek and culminating at the mouth of Lake Reality on the Y-
12 property.'® Samples were collected at the edge of the water and every 20 meters (65 feet)
along each transect, up to (or beyond) the elevation of the 100-year
floodplain and on both sides of the creek (see Figure 18) (SAIC

Vertical Integration Study

The vertical integration study
(VIS) was included in the RI
report and examined the vertical
stratification of mercury in one-
inch increments down to 16
inches below ground surface.
The purpose of the study was to
examine the stratification of
mercury in the soil and the effect
which compositing the cores had
on the analytical results. Five
core samples were collected
from four locations in the
floodplain with one duplicate
sample at the Bruner site.

1994a). The spacing of the samples (i.e., sampling density)
collected was initially determined from a statistical analysis of the
costs of sampling and remediation and the variation of mercury
concentrations in surface soil as measured in the earlier ORAU
study (Hibbitts 1984, 1986; TDHE 1983).

Most of the RI soil samples were core samples collected in depths
of 1 or 2 feet (for Phase Ia samples) or 16 inches (for Phase Ib
samples). To minimize Phase Ib costs, collection of core samples
below the first 16-inch cores was planned for every other transect.
In some cases, physical obstacles prevented deeper sampling. Each
core sample was turned into a composite (i.e., the soil was blended
into a uniform mixture) for analysis. The average mercury

concentration for that sample interval was reported.

" In addition to mercury, many other analytes were tested in the samples.
12 Surface water, groundwater, air, and biota samples were also collected for the RI.
" The total distance was approximately 23 kilometers or 14.2 miles.
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Sampling Results

The data collected for the RI provided a comprehensive view of ORR mercury distribution in off-site
soils. The RI data are consistent with those collected in the earlier ORAU and TV A studies. The RI
sampling data demonstrated that mercury was present in some soils along the entire length of EFPC.
Mercury contamination did not typically extend out very far from the creek banks and rarely to the
elevation of the 100-year floodplain. Figure 19 shows the extent of mercury contamination in the EFPC
floodplain prior to remediation. The greatest deposition of mercury in the EFPC floodplain was found
in two regions: 1) behind the NOAA building at 456 South Illinois Avenue (see Figure 20) and 2) along
a reach (approximately 2,000 feet) of the creek—south of the Oak Ridge Turnpike—from about 750
feet west of Louisiana Avenue to about 1,000 feet west of Jefferson Avenue (see Figure 21). In DOE
reports, the former area is referred to as the NOAA site and the latter area is referred to as the Bruner
site.'* These two locations contained the highest measured and the most broadly distributed > mercury
concentrations in the EFPC floodplain soils (see Table 11). The highest soil mercury concentrations
detected during the RI were 2,110 ppm from a 1-foot core composite sample collected from the Bruner
site and 1,590 ppm from a 16-inch core composite sample from the NOAA site (SAIC 1994a).

Table 11. Maximum Mercury Concentrations Detected in EFPC Floodplain Soil

Location Sample type Concentration (ppm) Data Set

1-foot core 2,110 RI

Bruner site 10-inch core 1,300 TVA
16-inch core! 3,420 VIS
16-inch core 1,590 RI

, Surface soil 2,400 ORAU (April 1985)

NOAA site
10-inch core 1,800 TVA
16-inch core! 2,870 VIS

Sources: ChemRisk 1999a; SAIC 1994a

ppm: parts per million (this is the same as mg/kg)

RI: EFPC Floodplain and Sewer Line Beltway Remedial Investigation

TVA: Tennessee Valley Authority

ORAU: Oak Ridge Associated Universities

VIS: vertical integration study

! These peak concentrations were found 1011 inches and 9—10 inches below ground surface, respectively
(ChemRisk 1999a).

In 1995, during the ROD process, DOE, U.S.EPA, and TDEC established a 400-ppm remediation
(clean-up) goal for mercury in the EFPC floodplain (DOE 1995b). Most of the core mercury samples
(more than 98 percent) collected during the RI were below 400 ppm (DOE 2001; SAIC 2004). In fact,
almost all of the soil and sediment samples collected during the RI were below this concentration.
Exceptions were several samples at the NOAA site and the Bruner site, one sample near the creek in
the Grand Cove area of Oak Ridge, two samples near South Illinois Avenue northwest of Tuskegee
Drive, and three samples on DOE property—one on the Y-12 property and two core samples at the
same location on the K-25 property.

'* The Bruner site is also referred to as the Bruner’s Center site or the Bruner and Sturm properties. At the time of the RI,
the Bruner site included properties in the EFPC floodplain southeast of the Oak Ridge Turnpike. The name Bruner
referred to the owners of a shopping area on the northwest side of the Turnpike. The virtual extension of Louisiana
Avenue across the Turnpike.

' Detected at the greatest distance from EFPC and greatest vertical depths
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Remedial Activities

Remedial activities were first initiated in 1984, when DOE removed mercury-contaminated soils
from private residences (upon request) and from the Oak Ridge sewer line beltway.

The CERCLA Lower East Fork Poplar Creek Remedial Action prompted removal of mercury-
contaminated soil at the NOAA and Bruner sites (DOE 2000). The NOAA site was remediated in
1996, and the Bruner site in 1997. Remedial activities consisted of removing about 34,000 cubic
yards of mercury-contaminated soils from the NOAA and Bruner sites, transporting the
contaminated soil to the Y-12 Industrial Landfill V, and subsequently backfilling the excavated
areas with clean fill and topsoil (SAIC 2002a). Soils at the Grand Cove location and soil
northwest of Tuskegee Drive (maximum core mercury concentration = 443 ppm) were not
removed. Nearby sample concentrations were below 400 ppm and contamination in that area was
not expected to pose a public health risk.

Evaluation of Soil Mercury Data

Exposures to contaminants in soil typically occur in the top 3 inches. Still, children sometimes
dig deeper in the soil than 3 inches when playing, and adults may dig deeper when gardening or
during construction work, such as building a foundation for a bridge or some other structure. In
addition, soil below the ground surface was at one time close to or at the surface. Thus the
possibility remains that people were exposed in the past to mercury currently below the EFPC
floodplain surface. People may in the future come in contact with excavated subsurface soils or
sediments, or sediments that rise to the surface through natural processes. ATSDR scientists
assume that beginning in the early 1950s, people generally had access to soils with the highest
mercury concentrations; that is, until soil removal activities occurred in the 1980s and 1990s.

Human exposure pathways to mercury in both soil and sediment include incidental ingestion and
dermal absorption (contaminants passing through skin). Digging in the soil or playing in or near
EFPC connects people with the contamination. Incidental ingestion may occur because people
transfer soil from their hands to their mouths. Note here that dose estimates of mercury exposure
are based on a series of assumptions that account for how much mercury is in the soil, how much
soil or sediment people ingest, how much adheres to the skin, and ultimately, how much mercury
is absorbed into the bloodstream. See Appendix G. Past Exposure Pathway Parameters for
ATSDR’s assumptions and formulas used to estimate exposure doses.

In evaluating the soil and sediment data, ATSDR can eliminate from further consideration those
places along EFPC where mercury concentrations were detected below its comparison values;
these levels have not been shown to cause adverse health effects. Using the exposure dose
assumptions outlined in Appendix G. Past Exposure Pathway Parameters, mercury
concentrations at or below 2,400 ppm will result in doses at or below ATSDR’s oral mercury
MRLs (see Table 7). Using ATSDR’s dose assumptions, this site-specific comparison value
(2,400 ppm) applies to both dermal absorption and oral ingestion pathways, both inorganic and
organic mercury species in the soil and sediment, and to acute, intermediate, and chronic
exposures.

Among the reported soil and sediment data, three vertical integration study (VIS) core samples
collected at the NOAA and Bruner sites contained mercury concentrations above 2,400 ppm.
Among the three core samples, mercury exceeding 2,400 ppm was detected in six 1-inch layers
(layers were analyzed separately within each core sample). The maximum mercury concentration
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reported was 3,420 ppm. None of the other soil or sediment data in the ORAU, TVA, or RI data
sets contained mercury concentrations above 2,400 ppm (ChemRisk 1999a).

The TVA and RI data sets include soil mercury concentrations in composite core samples, not in
undisturbed soil layers. The VIS data indicate the mercury concentrations varied considerably by
vertical depth, even for core samples collected near each other. The highest mercury
concentrations in each of the five VIS samples (in 1-inch layers) ranged from 1 to 4.3 times
greater than the average concentration in each of the 16-inch core composite samples collected
from the same areas. But this is a small sample set, and it contains highly variable patterns of
mercury distribution in the soil (mercury concentrated in a fairly narrow band in one sample and
mercury highly dispersed throughout the core in another). The VIS data, then, are not especially
useful for predicting when the mercury was deposited in the floodplain or what mercury
concentrations people were actually exposed to in the past.

ATSDR scientists considered that the mixing of soil within each core sample (using composite
samples) likely diluted the mercury that was concentrated in narrow bands within the cores.
During the RI, an average concentration for each core composite sample was produced rather
than a minimum and maximum range across core layers. The range would have more accurately
reflected any large differences in concentration that may have occurred across varying core
depths. ATSDR accounted for this dilution effect of composite samples by applying an adjusted
core sample value that provides an estimate of the maximum mercury concentration possibly
detected within each core sample (see Appendix E. Task 2 Pathway Discussions for more
details).

Among the adjusted RI data, 27 samples (among 2,808 data points'®) exceeded 2,400 ppm. The
range of mercury concentrations among the adjusted RI data that exceeded 2,400 ppm was from
2,491 to 8,440 ppm. Except for one sample, all were collected from the NOAA and Bruner sites.
The exception was one subsurface floodplain core sample (16—32 inches below ground surface)
collected on undeveloped DOE property on the northwest side of the Oak Ridge Turnpike
(Highway 95) east of the Horizon Center on the south side of the EFPC at a sharp bend in the
creek. The adjusted mercury concentration for this sampling location is 3,010 ppm. At the upper
end of the adjusted RI data (8,400 ppm) the estimated child exposure doses exceed ATSDR’s
inorganic mercury oral MRLs (acute = 0.007 mg/kg/day; intermediate = 0.002 mg/kg/day).
Exposure doses did not exceed the mercury MRLs in adults. Nor does the maximum adjusted
concentration (8,400 ppm) result in exposure doses to children or adults exceeding ATSDR’s
methylmercury MRL (0.0003 mg/kg/day). (See Appendix G. Past Exposure Pathway Parameters
for more details on estimated doses.)

Although childhood exposures to inorganic mercury exceed their respective MRLs at the highest
adjusted mercury concentration (8,400 ppm), the estimated dose is approximately 10 times lower
than the NOAEL of 0.23 mg/kg/day used to derive the intermediate oral inorganic mercury MRL
(the smaller of the two inorganic mercury oral MRLs) (ATSDR 1999). Using health-protective
exposure assumptions and the highest adjusted mercury concentration, health effects have not
been observed in human or animal studies at the estimated doses. However, the uncertainties in
the assumed exposure dose parameters and limitations with the studies used to derive the MRLs

' This adjusted RI data group did not include RI sediment or sewer line beltway data, or data from the TVA or
ORAU data sets. ATSDR examined all of those data and confirmed that none would have exceeded 2,400 ppm if
they were similarly adjusted.
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do not assure us that exposures—particularly for very young children—are safe. While the
likelihood of young children playing in the floodplain soils diminishes with decreasing age, the
risk of harm from equivalent exposures increases with decreasing age and body size. In short, the
uncertainties in both the exposure parameters and the comparison values suggest that the
mercury in the floodplain soil could have posed an oral and dermal hazard to young children.

The estimated acute mercury dose for an adult worker exposed to the upper end of the adjusted
RI data for mercury in floodplain soil on undeveloped DOE property (3,010 ppm) is
approximately 8 times lower than the acute MRL and over 250 times lower than the NOAEL.
Therefore, exposure of an adult involved in excavation, digging, and other activities that turn
over the floodplain soil in the undeveloped area of DOE property is not expected to cause
harmful health effects for a worker contacting the floodplain soil.

Past Soil and Sediment Exposure Pathway Conclusions
ATSDR concludes

e Children who played at the NOAA site and Bruner site before the soil removal activities in
1996 and 1997 could have accidentally swallowed inorganic mercury in EFPC floodplain
soils. For children, eating this soil may have an increased their risk of developing harmful
renal (kidney) effects. Adults are not expected to have been harmed.

e Accidental ingestion of methylmercury in EFPC floodplain soils in the past is not expected to
have caused harmful health effects for anyone contacting the floodplain soil.

e Adult workers involved in excavation, digging, and other activities that turn over the EFPC
floodplain soil in the undeveloped area of DOE property are not expected to be harmed from
exposure to mercury in the floodplain soil.

Past Soil and Sediment Exposure Pathway Recommendations

¢ DOE should maintain long-term oversight of the mercury-contaminated EFPC floodplain soil
in the undeveloped area of DOE property east of the Horizon Center. DOE should also
consider remediation of the spot or deed restrictions if the property is transferred to another

party.
1IV.A.5.  Mercury in Fish

Mercury in fish and shellfish is predominantly methylmercury, with small amounts of inorganic
mercury. When elemental or inorganic mercury enters freshwater environments, some of it is
transformed into methylmercury, which accumulates in fish and seafood. It is the methylmercury
form in fish that is harmful to the developing fetus and young children. Tests for mercury in fish,
however, often measure all forms of mercury. We refer to these tests as total mercury
concentration or just mercury concentration. Identification of just the methylmercury or
inorganic mercury concentrations in fish requires specific tests.

Sampling Data

Fish downstream from the Y-12 plant were first collected and analyzed for total mercury'” in
1970. ATSDR reviewed mercury concentrations in fish samples collected from 1970 through
1990. This data was also used by the Task 2 investigators to develop the fish mercury model.

7 Methylmercury comprises nearly 100% of the mercury in fish tissue (ChemRisk 1999a).
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Table 12 provides a summary of the fish data. Bolded numbers represent the maximum fish
mercury concentrations in each stream sampled: EFPC, Poplar Creek, Clinch River, and Watts
Bar Reservoir. The numbers of fish contributing to each dataset are not available from the Task 2
report; each data set specifies a different location, a different collection period, or a different fish
species (ChemRisk 1999a).

Table 12. Mercury1 Concentrations in Fish Collected Downstream of the Y-12 Plant

Location Year No. of Data Sets Conce;ntration (pp ’f’)
Average Maximum

EFPC 1970 3 0.55 1.3
EFPC 1982 4 1.4 3.6
EFPC 1983 6 0.28 0.74
EFPC 1984 18 0.73 1.4
Poplar Creek 1976 6 0.5 1.4
Poplar Creek 1977 36 0.3 2.1
Poplar Creek 1982 24 0.35 1.3
Poplar Creek 1984 3 0.2 0.42
Poplar Creek 1990 3 0.49 0.88
Clinch River 1976 23 0.29 21
Clinch River 1977 24 0.23 15
Clinch River 1979 7 0.11 1.1
Clinch River 1984 7 0.24 1.2
Clinch River 1990 2 0.27 0.77
Watts Bar Reservoir 1984 6 0.14 0.45
Watts Bar Reservoir 1987 1 <0.10 <0.10
Watts Bar Reservoir 1990 2 0.08 0.25

Source: ChemRisk 1999a (Refer to Appendix J Table J-3 in the Task 2 report for information regarding fish
species sampled and specific sample location.)

EFPC:  East Fork Poplar Creek

ppm: parts per million

All concentrations are reported as fresh (i.e., wet) weight.

Bolded numbers represent the highest average and maximum fish concentrations in each stream sampled.

' Methylmercury comprises nearly 100% of the mercury in fish tissue (ChemRisk 1999a).

* The average represents the average of the mean reported for each data set and is not weighted to reflect the

difference in sample size across the different studies.

ATSDR used the fish data from Table 12 to evaluate past exposures to methylmercury'® in fish.
ATSDR scientists considered both acute and chronic exposures to mercury in fish. For acute
exposures (eating fish for short periods of time with high mercury concentrations, fewer than 2
weeks), we used the maximum fish concentrations reported. For chronic exposures (eating fish
from the local streams over an extended period of time, more than a year), we used the highest
yearly average mercury concentrations reported in fish tissue samples collected from each of the
sampling location.

'8 ATSDR assumed that the mercury measured in fish is 100% methylmercury.
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Although the datasets are limited, the mercury concentrations detected in fish samples fall within
a relatively narrow range (range of mean values: <0.10—1.4 ppm). This suggests mercury levels
do not vary widely across the different sampling locations. But we have no way of knowing how
mercury concentrations in fish caught prior to 1970 compare with these data.

Results and Discussion: Chronic Exposures from Eating Fish

Estimating mercury intake from eating fish is uncertain. The intake varies depending on the type,
frequency, and quantity of fish eaten. Fish mercury concentrations generally decrease with
distance downstream from the Y-12 plant, while the fish consumption rates increase with
distance from the Y-12 plant. The highest mercury concentrations were in EFPC. However, the
anglers who ate fish from Poplar Creek, Clinch River, and Watts Bar Reservoir have the higher
estimated mercury doses than anglers who ate fish from EFPC; they eat more fish than anglers in
EFPC because EFPC is not a productive fishing location. See Appendix G. Past Exposure
Pathway Parameters for ATSDR’s assumptions and formulas used to estimate exposure doses.

To evaluate the long-term (chronic exposure, more than a year) methylmercury exposure to the
average individual eating fish caught downstream from the Y-12 plant, ATSDR used the average
mercury concentrations from EFPC, Poplar Creek, Clinch River, or Watts Bar Reservoir (see
bold concentrations in Table 12) and the average fish consumption rates reported in the Task 2
report (see Table G-2 and Table G-3). For EFPC, Clinch River, and Watts Bar Reservoir, the
estimated doses of the fish-eating populations are about an order of magnitude lower than both
the ATSDR chronic organic mercury MRL of 3.0 x 10™ mg/kg/day and the U.S.EPA RfD of 1.0
x 10 mg/kg/day (see Table 13, Table 7, and Figure 14). The estimated doses for Poplar Creek
were above the U.S.EPA RfD, but below the ATSDR MRL (see Table 13, Table 7, and Figure
14).

To evaluate people eating the estimated maximum amount of fish from EFPC, we used the
average yearly mercury concentrations and the maximum fish consumption rates reported in the
Task 2 report to estimate methylmercury doses. The estimated exposure doses were below both
the U.S.EPA RfD and the ATSDR MRL (see Table 13, Table 7, and Figure 14).

For recreational anglers (adults and child) eating Poplar Creek, Clinch River, or Watts Bar
Reservoir fish, we also used the average yearly mercury concentrations and the maximum fish
consumption rates reported in the Task 2 report to estimate methylmercury doses. All of the
estimated doses were above the U.S.EPA RfD (see Table 13, Table 7, and Figure 14). Some
were also above the ATSDR MRL.
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Table 13. Methylmercury Exposure Doses from Fish Collected Downstream
of the Y-12 Plant

Exposure Doses Using Exposure Doses Using
Average Concentrations Average Concentrations
Average . :
, , and Average Consumption and Maximum
Location Year | Concentration 1 . 1
p— Rates Consumption Rates
= (mg/kg/day) (mg/kg/day)

Adults Children Adults Children

EFPC 1970 0.55 9.4 x 106 1.2x10°% 3.1x10% 3.9x10%
EFPC 1982 14 24 x10°% 3.0 x10°5 8.0 x 105 1.0 x 10+
EFPC 1983 0.28 4.8 x10% 6.0 x 106 1.6 x 10 2.0x10%
EFPC 1984 0.73 1.3x10° 1.6 x 10 4.2 x10°% 52x10%
Poplar Creek 1976 0.5 1.3x 104 1.6 x 10+ 4.6 x 10+ 59x104
Poplar Creek 1977 0.3 7.7%x10% 9.6 x 10% 2.8x 104 3.5x 104
Poplar Creek 1982 0.35 9.0x 105 1.1x 104 3.3x 10+ 4.1x 104
Poplar Creek 1984 0.2 5.1x10% 6.4 x 10 1.9 x 10+ 2.3x104
Poplar Creek 1990 0.49 1.3x 104 1.6 x 104 4.6 x 104 5.8 x 104
Clinch River 1976 0.29 7.5%x 105 9.3x10% 2.7x 104 3.4x104
Clinch River 1977 0.23 59x 105 7.4 %105 2.1x 104 2.7x104
Clinch River 1979 0.11 2.8x10% 3.5x10% 1.0 x 10+ 1.3x 104
Clinch River 1984 0.24 6.2 x 10 7.7x105 2.2x 104 2.8x104
Clinch River 1990 0.27 6.9 x 105 8.6 x 10 2.5x 104 32x104
Watts Bar Reservoir | 1984 0.14 6.0 x 10 7.5x10°% 2.2x104 2.7x104
Watts Bar Reservoir | 1987 <0.10 43 x10°% 53 x 105 1.6 x 104 2.0x 10+
Watts Bar Reservoir | 1990 0.08 3.4 x105 4.3x10°% 1.3x 104 1.6 x 10

"'See Table G-2 in Appendix G for average and maximum consumption rates.
Bold text indicates that the exposure dose is higher than the U.S.EPA RfD of 1.0 x 10 mg/kg/day.

The ATSDR chronic MRL of 3 x 10™* mg/kg/day for ingestion of organic mercury is based on
the Seychelles Child Development Study, in which people who were exposed to 1.3 x 10
mg/kg/day of methylmercury from eating fish did not experience any adverse health effects
(Davidson et al. 1998) (See Table 7 and Figure 14.) Over 700 mother-infant pairs have been
followed and tested from birth through 107 months of age (Myers et al. 2009). The Seychellois
regularly consume a large quantity and variety of ocean fish, with 12 fish meals per week
representing a typical methylmercury exposure. Developing fetuses were exposed to
methylmercury in utero through maternal fish ingestion before and during pregnancy. Neonates
continued to be exposed to maternal mercury during breastfeeding (some mercury is secreted in
breast milk), and methylmercury exposure from the regular diet continued after the gradual post-
weaning shift to a fish diet (Davidson et al. 1998). After 66-months test results revealed no
evidence of adverse effects in offspring attributable to a mother’s chronic ingestion of low levels
of mercury (median total mercury concentration in 350 fish sampled from 25 species consumed
by the Seychellois was <1 ppm [range, 0.004—0.75 ppm]) of methylmercury in fish (Davidson et
al. 1998). After 107 months test results revealed a number of associations between postnatal
exposure and test outcomes, but the results varied. Although the authors concluded that the
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findings were consistent with the earlier 66-month testing, they suggested that postnatal exposure
should be further studied (Myers et al. 2009). More information about the harmful effects of
methylmercury is available in ATSDR’s Toxicological Profile for Mercury (ATSDR 1999).

The U.S.EPA RfD of 1.0 x 10™* mg/kg/day for methylmercury is based on a long-term study of
children born to women who lived on the Faroe Islands (See Table 7 and Figure 14)."° This
population relies heavily on seafood and whales as a protein source. The investigators used
various neurological tests that monitor child development. They concluded that at birth, cord
blood mercury levels in the mother were associated with lower performance on standardized
neurobehavioral tests at age 7 years involving attention, verbal memory, confrontational naming,
and to a lesser extent visual/spatial abilities and fine-motor functions (Grandjean et al. 1997).
Follow-up studies at age 14 years showed similar findings (Debes et al. 2006). Using a
mathematical model, U.S.EPA concluded that the benchmark dose lower limit (BMDLO0S5) range
from 46 to 79 ppb methylmercury concentration in maternal cord blood. This range of
methylmercury concentration in maternal cord blood is associated with a 5 percent increase in
the incidence of neurodevelopmental effects. This methylmercury concentration in maternal cord
blood equated to a range of 8 x 10 mg/kg/day to 1.5 x 10~ mg/kg/day as a dietary intake. The
doses were divided by an uncertainty factor of 10 to arrive at the RfD of 1.0 x 10™ mg/kg/day.

The U.S.EPA’s approach is consistent with the National Academy of Sciences (NAS)
recommendation of using the BMDL of 58 ppb methylmercury in maternal cord blood from the
Faroe Islands Study to develop the methylmercury RfD (NRC 2000) (See Table 7 and Figure
14.) The NAS concluded that the Boston Naming Test was the most sensitive and reliable at
detecting neurodevelopmental effects in the Faroe Island children (NRC 2000). The NAS
concluded that the estimated BMDL of 58 ppb of methylmercury in maternal cord blood is the
dose that resulted in a 5 percent increase in the incidence of abnormal scores on the Boston
Naming Test (a picture-naming, vocabulary test) (NRC 2000).%° The cord blood concentration of
58 ppb methylmercury corresponds to 12 ppm methylmercury concentration in maternal hair
(NRC 2000). The associated dietary intake was calculated to be 1.1 x 107 mg/kg/day (NRC
2000).

None of the estimated exposure doses from fish collected downstream of the Y-12 plant were
higher than the NOAEL (1.3 x 10” mg/kg/day) from the Seychelles study (Davidson et al. 1998)
(Table 13, Table 7, and Figure 14). Nor were they higher than the LOAELs (8 x 10 mg/kg/day
to 1.5 x 10~ mg/kg/day) from the Faroe Island study (Grandjean et al. 1997). However, some of
the doses were in the same order of magnitude as the LOAELs from the Faroe Island study.

' Weaknesses in the RfD derivation process are provided in Dourson et al. (2001).
2% These neurodevelopmental effects were observed at a population level; not on an individual basis.
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Conclusions for Eating Fish Containing Methylmercury
Public health hazard The estimated exposure doses are above the NAS health effect level.

Increased risk The estimated exposure doses are below the NAS health effect level. However, they are above
ATSDR'’s and U.S.EPA’s health guidelines for methylmercury and come close to the NAS health effect
level.

Small increased risk  The estimated exposure doses are above ATSDR’s and U.S.EPA’s health guidelines for
methylmercury. However, they are not close to the NAS health effect level.

No health hazard The estimated exposure doses are below ATSDR’s and U.S.EPA’s health guidelines for
methylmercury.
East Fork Poplar Creek

The estimated methylmercury doses are below the U.S.EPA RfD and ATSDR MRL and are not
at levels associated with harmful effects in children or fetuses of women who consumed an
average or maximum rate of EFPC fish in 1970 and the 1980s. Figure 22 compares the estimated
exposure doses in Table 13 to the health guidelines. These estimated doses for EFPC are based
on an occasional meal of EFPC fish (approximately four meals a year for a child and nine meals
a year for an adult). Low consumption rates are used because EFPC is not a productive fishing
area.
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Figure 22. Past Estimated Methylmercury Exposure Doses from Eating EFPC Fish
Compared to Health Effect Levels and Health Guidelines
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Poplar Creek

Developing fetuses were at an increased risk of subtle neurodevelopmental effects if, before and
during pregnancy, women ate approximately 12 meals per month of Poplar Creek fish caught in
the 1970s, 1980s, and 1990. In Table 13, a woman’s estimated methylmercury dose from eating
Poplar Creek fish at the maximum consumption rate approached 1.1 x 10~ mg/kg/day (see
Figure 23). This was identified by the NAS in the Faroe Islands study as a dose that results in a 5
percent increase in the incidence of abnormal scores on the Boston Naming Test (a picture-
naming, vocabulary test) (NRC 2000). The NAS effect level is consistent with the range of 8.5 x
10 mg/kg/day to 1.5 x 10~ mg/kg/day identified as the benchmark dose lower limit (BMDLO05)
by the U.S.EPA. Based on the Faroe Islands study, this BMDLOS is the lowest dose that is
expected to be associated with a 5 percent increase in the incidence of neurodevelopmental
effects (NRC 2000). Possible harmful effects identified from studies of children exposed in utero
involve attention, verbal memory, confrontational naming, and to a lesser extent visual/spatial
abilities and fine-motor functions (Debes et al. 2006; Grandjean et al. 1997; NAS 2000). In
addition, even if children were not exposed in utero, some young children who frequently eat the
same fish as their mother ate are also at an increased level of risk for harmful effects. This
conclusion is somewhat uncertain because studies were not done on children not exposed in
utero; therefore, it is not known whether children are as sensitive to neurotoxic effects as fetuses.
Further, a person’s mercury response is itself somewhat uncertain. Contributing to that
uncertainty is how the body handles mercury, and the sex, genetics, health, and nutritional status
of the person who eats the fish, or how mercury is handled in the body.

Similarly, children who ate 6 meals a month (the maximum consumption rate) of Poplar Creek
fish also have estimated doses that come close to the NAS dose effect level and the EPA
BMDLOS5 (see Figure 23). Whether children are as sensitive to the neurotoxic effects of mercury
as the fetus is uncertain. To be protective, U.S.EPA’s and FDA’s national fish advisory includes
a warning for children as well as women who are pregnant, who plan to become pregnant, and
nursing mothers (see Appendix H).

National Fish Advisory

Women who consumed an average | in March 2004, the U.S.EPA and the FDA released a joint national fish
rate of approximately 3 meals a advisory. |t emphasized that fish and shellfish were an important part of a
month of Poplar Creek fish in the healthy diet. The advisory pointed out that fish and shellfish contained
1970s, 1980s, and 1990 are at a high-quality protein and other essential nutrients, were low in saturated

fat, and provided omega-3 fatty acids (a heart healthy chemical). A well-

small increased risk of harming a balanced diet that included a variety of fish and shellfish could contribute

developing fetus if they are to heart health and to children's proper growth and development. The
pregnant or a baby if the mother is advisory concluded that people, including women and young children,
nursing. Also, children who ate should include fish or shellfish in their diets (EPA 2004; FDA 2004).
about 1.5 meals a month (average The joint advisory acknowledged that nearly all fish and shellfish contain
consumption rate) of Poplar Creek traces of mercury. For most people, the risk of mercury-related health
fish have a small increased risk of effects from eating fish and shellfish was not a concern. Yet some fish

and shellfish may contain levels of mercury considered unhealthy. The
neurodeyelopmental effects. Most risks from mercury in fish and shellfish depend on the mercury levels in
of the estimated doses in Table 13 | e fish and shellfish and the amount eaten. The FDA and the U.S.EPA

for these women and children are advised women who might become pregnant, women already pregnant,
below the U.S.EPA RfD and nursing mothers, and young children to avoid some types of fish and to
ATSDR MRL and the few doses eat fish and shellfish known to have lower mercury levels (EPA 2004;

that are slightly above the RfD are FDA 2004). The National Fish Advisory is included in Appendix H.
not close to the NAS dose effect level or the EPA BMDLOS5 (see Figure 23).
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Figure 23. Past Estimated Methylmercury Exposure Doses from Eating Poplar Creek Fish
Compared to Health Effect Levels and Health Guidelines
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Clinch River

Women who consumed a maximum rate of approximately 12 meals a month of Clinch River fish
in the 1970s, 1980s, and 1990 have a small increased risk of harming a developing fetus if they
were pregnant or a baby if the mother was nursing the baby. Children who consumed an average
rate of approximately 6 meals a month of Clinch River fish also have a small increased risk of
neurodevelopmental effects. The estimated doses in Table 13 for these women and children are
only slightly above the RfD and MRL; however, these estimated doses are not close to the NAS
dose effect level or the EPA BMDLOS (see Figure 24).

The estimated doses in Table 13 for women and children who consumed 2-3 meals of Clinch
River fish a month are not at risk of harmful effects from mercury in fish. The estimated doses in
Table 13 for women and children are below the U.S.EPA RfD and ATSDR MRL (see Figure
24).

Watts Bar Reservoir

Women who consumed a maximum rate of approximately 20 meals a month of Watts Bar
Reservoir fish in the 1980s and 1990 have a small increased risk of harming a developing fetus if
they were pregnant or their baby if the mother was nursing the baby. Children who consumed an
average rate of approximately 10 meals a month of Watts Bar Reservoir also have a small
increased risk of neurodevelopmental effects. The estimated doses in Table 13 for these women
and children are only slightly above the RfD; however, these estimated doses are not close to the
NAS dose effect level or the EPA BMDLOS (see Figure 25).

The estimated doses in Table 13 for women and children who consumed 3-5 meals of Watts Bar
Reservoir fish a month are not at risk of harmful effects from mercury in fish. The estimated
doses in Table 13 for these women and children were below the U.S.EPA RfD and the ATSDR
MRL (see Figure 25).
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Figure 24. Past Estimated Methylmercury Exposure Doses from Eating Clinch River Fish
Compared to Health Effect Levels and Health Guidelines
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Figure 25. Past Estimated Methylmercury Exposure Doses from Eating Watts Bar
Reservoir Fish Compared to Health Effect Levels and Health Guidelines
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Results and Discussion: Acute Exposures from Eating Fish

To evaluate acute exposure, the maximum mercury concentration reported from the Task 2 fish
data set was used (see Table 12). It was assumed that a person would eat one fish meal consisting
of 170 grams (about 6 ounces) of fish.

The scientific literature includes one study in which the LOAEL for acute methylmercury
exposure was estimated to be 0.001 mg/kg/day. This was a study of Iraqi children born to
mothers who had consumed grain tainted with methylmercury used as a fungicide (Cox et al.
1989). The adverse affect was delayed onset of walking in young children. However, a closer
examination of the study revealed numerous shortcomings and confounding factors (Crump et al.
1995). Further, the same results were not observed in the Seychelles study used to derive the
ATSDR chronic methylmercury MRL (Davidson et al. 1998) nor in the Faroes study (Grandjean
et al. 1997) used to derive the U.S.EPA RfD for methylmercury. Neither the Seychelles study
nor other human studies examined acute methylmercury exposures.

In animal studies, neurotoxic signs, including muscle spasms, gait disturbances, flailing, and
hindlimb crossing were observed in rats after acute-duration gavage dosing with methylmercury
concentrations at doses as low as 4 mg/kg/day for 8 days (Inouye and Murakami 1975). The
authors stated the effects may not be observed until several days after dosing has stopped. It is
not clear whether 4 mg/kg/day represents an acute toxicological threshold for humans. Evidence
from the scientific literature, however, suggests that no adverse effects in rats occur at dose
levels of 2 mg/kg/day (Hughes and Annau 1976; Inouye and Murakami 1975). At the highest
mercury concentration reported in the Task 2 datasets (fish from EFPC, mercury concentration =
3.6 ppm), a child eating 2 six-ounce meals of fish per day would have a dose of 0.044
mg/kg/day, which is two orders of magnitude below these acute doses. Except for
neurodevelopmental effects observed following methylmercury exposures in utero and to
nursing babies via breast milk, the animal studies suggest exposures to older children and adults
from consuming fish from EFPC or farther downstream will not result in acute adverse health
effects.

The scientific evidence is clear that fetuses and breast feeding babies are much more sensitive to
mercury than are older children and adults. Four-month old rats were reported to exhibit
significant reduction in behavior performance tests after exposure in ufero to methylmercury at
doses as low as 0.008 mg/kg/day during gestational days 6—9. Doses of 0.004 mg/kg/day did not
result in performance reduction (Bornhausen et al. 1980). A pregnant woman would not exceed
the LOAEL dose of 0.008 mg/kg/ day by eating only one 6-ounce fish meal (170 grams) with a
mercury concentration of 2.8 ppm (6.9 x 10~ mg/kg/day). And would not exceed the NOAEL
dose (0.004 mg/kg/ day) by eating one meal with a mercury concentration of 1.4 ppm (3.4 x 10~
mg/kg/day). Only eating fish from EFPC in 1982 would result in an acute exposure dose higher
than the LOAEL.
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Benefits from Fish Consumption

It is important to note that, even though there are federal and state fish advisories in place across the country, there are many
fish species in U.S. water bodies that are safe to eat. And having a healthy diet that includes lean sources of protein (such as
grilled, broiled, and baked fish) can provide health benefits. Much of the research regarding beneficial effects of consuming
fish surrounds species with higher levels of omega-3 fatty acids (e.g., sardines, mackerel, tuna, herring, trout, and salmon).
The scientific literature regarding the health benefits from eating freshwater species is not as robust as with saltwater species.
The following text provides suggestive evidence that fish consumption provides 1) beneficial developmental effects, 2)
decreased incidence of and mortality from cancer, and 3) improvements in heart health.

e Developmental Effects. Higher developmental scores were reported in children at 15 months of age from women eating
fish (omega-3 rich) one to four times per week compared to those of women who seldom ate fish. The children were
tested for social activity, vocabulary, and language; all improved with increased maternal fish consumption (Daniels et al.
2004).

e Cancer. Observations of protection against breast cancer among fisherman’s wives in Norway date back at least a
decade (Lund and Bonaa 1993). Larsson et al. (2004) reviewed studies showing that omega-3 fatty acid (fish)
consumption protects against breast cancer by several mechanisms. The incidence of both breast and colorectal cancer
is decreased proportionally to the amounts of omega-3 rich fish consumed (Cayagill et al. 1996; de Deckere 1999).

o Heart Disease. One of the most serious complications of diabetes is increased risk of mortality from coronary artery
disease. But fish (omega-3 rich) intake shows significant protection, at least in women, against atherosclerosis (Connor
2004; Erkkila et al. 2004), as well as against coronary heart disease and total mortality (Hu et al. 2003). Fish intake (tuna
and other broiled or baked fish, but not fried fish) also lowers the incident risk of atrial fibrillation (Mozaffarian et al. 2004).

Conclusions for Fish

ATSDR’s conclusions refer to the potential to cause harm for methylmercury exposures (in the
past) from eating fish downstream from the Y-12 plant. Given the available information, an
evaluation of reported adverse health effects that could be attributed to methylmercury exposure
from consuming fish during the 1950s and 1960s is not possible. It is also important to
emphasize that ATSDR’s conclusions should only be interpreted as a potential for health effects
to have occurred due to methylmercury exposures in the past.

ATSDR concludes that periodically eating fish from EFPC (up to nine meals per year) in the
1980s is not expected to have harmed people’s health, including children who ate fish,
nursing infants whose mothers ate fish, and children born to women who ate fish during
pregnancy. Intake rates of fish from EFPC are low because it is not a productive fishing area,
and the estimated methylmercury exposure doses are below both the U.S.EPA RfD and the
ATSDR MRL for methylmercury (see Figure 22).

ATSDR concludes that eating approximately 12 fish meals per month from Poplar Creek in
the 1970s, 1980s, and 1990 may have increased the risk of subtle neurodevelopmental effects
in children who ate fish and children born to women who ate fish during pregnancy. The
estimated methylmercury exposure doses approach the dose of 1.1 x 10 mg/kg/day
identified by the National Academy of Sciences in the Faroe Islands study as a dose that
results in a 5 percent increase in the incidence of abnormal scores on the Boston Naming Test
(a picture-naming, vocabulary test) (NRC 2000). The NAS effect level is consistent with the
range of 8.5 x 10™* mg/kg/day to 1.5 x 10~ mg/kg/day identified as the BMDLO5 by the
U.S.EPA in the Faroe Islands study. Similarly, children who ate up to 6 meals a month of
Poplar Creek fish also have estimated methylmercury doses that come close to the NAS dose
effect level and the EPA BMDLOS5 (see Figure 23).
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Women who consumed an average rate of approximately three meals a month of Poplar
Creek fish in the 1970s, 1980s, and 1990 are at a small increased risk of harming a
developing fetus or their nursing child. Also, children who consumed about 1.5 meals a
month (average consumption rate) of Poplar Creek fish were at a small increased risk of
neurodevelopmental effects. Most of the estimated methylmercury doses for these women
and children are below the EPA RfD and the few doses that are slightly above the RfD are
not close to the NAS dose effect level or the EPA BMDLOS (see Figure 23).

ATSDR concludes that women eating 12 fish meals per month (3 fish meals a week) from
the Clinch River in the 1970s, 1980s, and 1990 had a small increased risk of subtle
neurodevelopmental effects in children born to women who ate fish while pregnant. Children
who ate approximately six fish meals a month from the Clinch River also had a small
increased risk of subtle neurodevelopmental effects. The estimated methylmercury exposure
doses are only slightly above the U.S.EPA RfD and ATSDR MRL and are not close to the
NAS dose effect level or the U.S.EPA BMDLOS identified in the Faroe Islands study.
Pregnant women who ate up to three Clinch River fish meals per month would not have
resulted in increased risk of harmful health effects to developing fetuses (see Figure 24) .

ATSDR concludes that pregnant or nursing women who ate 20 fish meals per month (five
fish meals a week) from the Watts Bar Reservoir in the 1980s and in 1990 have a small
increased risk of subtle neurodevelopmental effects in the fetus or nursing child. Children
who ate approximately 10 fish meals a month from the Watts Bar Reservoir also had a small
increased risk of subtle neurodevelopmental effects. The estimated exposure methylmercury
doses are only slightly above the U.S.EPA RfD and are not close to the NAS dose effect
level or the U.S.EPA BMDLOS5 identified in the Faroe Islands study. Eating fewer than six
meals per month is not expected to have caused harmful health effects to a developing
fetus(see Figure 25) .

ATSDR cannot conclude whether eating fish from EFPC, Poplar Creek, Clinch River, or
Watts Bar Reservoir during the 1950s and 1960s could have harmed people’s health (from
both acute and chronic exposures). Although mercury concentrations in water, surface
sediments, and surface soils were higher during the 1950s and 1960s than they were in later
decades, we do not have adequate data characterizing the methylmercury concentrations in
fish in those waters during the 1950s and 1960s. Earlier attempts to model the average annual
mercury concentrations in fish or exposure doses from eating fish (beginning in 1950)
included assumptions not easily verifiable and may not be appropriate for making public
health decisions.

ATSDR cannot conclude whether eating fish from EFPC and Watts Bar Reservoir during the
1970s could have harmed people’s health (from both acute and chronic exposures). A small
number of fish samples were collected from EFPC in 1970 (after 1970, samples were not
collected again until 1982). But they are not representative of the entire decade of the 1970s.
No fish samples were collected from Watts Bar Reservoir in the 1970s. Therefore, the hazard
posed by fish consumed from either EFPC or Watts Bar Reservoir during the 1970s cannot
be evaluated.
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IV.A.6. Mercury in Local Produce
Sampling Data

ORAU evaluated mercury accumulation in vegetation between 1983 and 1987; Science
Applications International Corporation (SAIC) evaluated mercury accumulation in vegetation as
part of the EFPC RI in 1992 (ChemRisk 1999a). ORAU collected approximately 150 vegetation
samples and analyzed them for mercury. The samples were collected from a variety of locations
throughout the city of Oak Ridge and EFPC floodplain with a wide range of reported soil
mercury concentrations. SAIC collected 55 vegetation samples from the EFPC floodplain.
ORAU also collected 32 samples from plants grown in a laboratory greenhouse. Table 14 lists
the specific types of edible samples collected and analyzed for mercury.

Data from higher plants indicate that virtually no mercury is taken up from the soil into the
shoots of plants such as peas, although mercury concentrations in the roots may be significantly
elevated and reflect the mercury concentrations of the surrounding soil (Lindqvist 1991).
ATSDR assumed that the total mercury measured in fruits and vegetables is inorganic mercury.
Mercury speciation studies of plants grown in soil with inorganic mercury contamination
indicate that the mercury taken into plants is taken up as inorganic mercury (i.e., mercuric ions)
(ChemRisk 1999a).

Table 14. Types of Local Produce Tested for Mercury

Fruits and Other Vegetables Leafy Vegetables Root Crops
Banana Pepper Broccoli Beets
Bell Pepper Cabbage Carrots
Blackberry Chard Onions
Corn Collard greens Potatoes
Cucumber Green beans-Pod Radishes
Eggplant Kale Turnips
Grapes Lettuce
Green Beans Radish leaves
Okra Spinach leaves
Pea Pods Turnip leaf
Squash Watercress
Strawberry
Tomato
Watermelon
Zucchini

A flowering meadow perennial called sneezeweed had the highest total mercury concentration in
vegetation across both studies (maximum = 239.4 ppm).*' Mercury concentrations in most of the
edible produce sampled from Oak Ridge-area gardens were below 1 ppm. None of the ORAU
vegetable samples collected in the city of Oak Ridge and EFPC floodplain exceeded 1 ppm, and

! Mercury concentrations in vegetation are reported in ppm on a dry weight basis. The sneezeweed (genus,
Helenium) samples were greenhouse samples grown in soil with soil mercury concentrations of 1,140 ppm.

Page | 113



(L ATSDR

only four of SAIC edible produce samples collected from the EFPC floodplain Bruner site
exceeded 1 ppm (ChemRisk 1999a). The highest mercury concentration in edible produce
samples from the Bruner site was 3.2 ppm in a kale leaf sample. On average, leafy vegetables
and root vegetables had similar mercury concentrations, and both had higher mercury
concentrations than fruits. The average mercury concentration was 1.6 ppm in leafy vegetables,
1.4 ppm in root vegetables, and 0.025 ppm in fruits (see Table 15).

Table 15. Mercury Concentrations in Locally Grown Produce

Edible Produce No. of Samples Average Hg Concentration (ppm)
Leafy vegetables 32 1.6
Fruits 72 0.025
Root vegetables 16 1.4
Total 120 0.64

Source: ChemRisk 1999a
ppm:  parts per million
Hg: mercury

Results and Discussion for Local Produce

The data show that vegetables or fruits grown in private gardens with mercury-contaminated
floodplain soils may contain inorganic mercury. That said, whether edible vegetation is
consumed in large enough quantities or at a sufficient frequency to pose harm to people’s health
is unlikely. Based on an EPA estimated intake rate for people living in the south, adults and
children were assumed to eat 2.27 grams of homegrown vegetables per kilogram of body weight
per day (EPA 1997) (See Appendix G. Past Exposure Pathway Parameters for additional
exposure assumptions.). The estimated mercury exposure doses for children and adults are well
below the acute oral MRL (0.007 mg/kg/day) and the intermediate oral MRL (0.002 mg/kg/day).
Using the average mercury concentration of 1.6 ppm in leafy vegetables, the estimated
intermediate oral doses for children and adults are 0.0001 mg/kg/day and 0.00009 mg/kg/day,
respectively. For acute exposure, the highest concentration of 3.2 ppm mercury in edible produce
was used to estimate the acute oral doses of 0.001 mg/kg/day for children and 0.0007 mg/kg/day
for adults. This analysis suggests that the mercury in the fruits and vegetables grown in the city
of Oak Ridge and the EFPC floodplain are not expected to have harmed people’s health, even
when consumed regularly in moderate to high quantities.

Conclusions for Local Produce

ATSDR concludes

e (Consuming local produce grown in mercury-contaminated gardens in the city of Oak Ridge
and the EFPC floodplain is not expected to have harmed people’s health.
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IV.B. Current Exposure (1990-2009)

Because the Task 2 dose reconstruction evaluated past exposures through 1990, exposures since
1990 are evaluated as “current exposures” in this public health assessment.

1V.B.1. Current Exposure Pathways

To evaluate current exposures, ATSDR gathered and

assessed available data from four main areas of interest: N el EERl eaTehions £ [ el ol

different than those in the late 1990s, because

East FOI‘k POplaI‘ Creek, the Clty Of Oak Rldge, the there have been no Signiﬁcant mercury
Scarboro neighborhood within the city of Oak Ridge, releases and remediation activities involving
and the Lower Watts Bar Reservoir (including the mercury at Y-12 are being monitored.

Clinch River and Watts Bar Reservoir). The media
evaluated include air, surface water, soil, sediment, and biota (including fish and vegetables) (see
Table 16).

Table 16. Current Exposure Pathways Evaluated

Exposure Pathway Mercury Species Pclfglsatr Iz:or:al;k OELIRIeS ST é_e?rvﬁersvgfvt;?r
Air pathway Elemental X E E X
Surface water pathway Inorganic X X X X

Soil pathway Inorganic X X X X
Sediment pathway Inorganic X X X X

Biota pathways

Fish consumption Organic X E E

Vegetable consumption Inorganic X X E

Xs indicate that the exposure pathways were evaluated.
Es indicate that the exposure pathways were eliminated. Exposure pathways were eliminated if site characteristics
make past, current, and future human exposures extremely unlikely.

1IV.B.2.  Current Air Exposure Pathway (elemental mercury)
Current EFPC Air

In 1993 and 1996, ATSDR evaluated ambient elemental air data from the EFPC RI (ATSDR
1993, 1996a). These data were collected before the floodplain soil was remediated. Specifically,
short-term (minutes to hours) and long-term (days to weeks) ambient air samples were collected
from three floodplain locations (NOAA, Lysimeter, and Minit Chek) with known mercury soil
contamination up to 3,000 mg/kg. Ambient mercury concentrations ranged from 0.0000059 to
0.0000109 mg/m’ using short-term monitoring and from 0.0000031 to 0.0000124 mg/m” using
long-term monitoring (DOE 1992b; SAIC 1994c). All of the concentrations are one to two orders
of magnitude below the chronic EMEG of 0.0002 mg/m® for mercury concentrations in air.

Before, during, and after Phase I remediation of the Lower EFPC floodplain soil, continuous
mercury air monitoring was conducted at the NOAA site, located approximately 200 meters
northeast of the excavation area (Barnett et al. 1997). Monitoring was conducted from March 10
to October 14, 1996 (Phase I excavation occurred from July 8 to September 14, 1996; SAIC
2002a). All of the concentrations were below the comparison value of 0.0002 mg/m’ for mercury
concentrations in air (the maximum concentration detected was 0.000061 mg/m3; Barnett et al.
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1997). As expected airborne mercury after the excavation was at least three times lower than the
concentrations before and during remediation (Barnett et al. 1997).

During Phase II remediation of the Lower EFPC floodplain soil, over 10,000 ambient air samples
were collected near the Bruner site (OREIS 2009; SAIC 2002a). Monitoring was conducted from
March 12 to October 21, 1997. All of the mercury ambient air concentrations were at least 2.5
times lower than the comparison value of 0.0002 mg/m’ for mercury concentrations in air (the
maximum concentration detected was 0.00008 mg/m’; OREIS 2009).

Ambient air sampling was conducted near the areas with the highest levels of mercury
contamination. Sampling was also conducted during the summer months when increased sunlight
and temperature cause more mercury vapor to release from the soil (Barnett 1997). All of the air
samples were less than the comparison value for mercury in air. As stated earlier, health-based
comparison values reflect concentrations much lower than those that have been observed to
cause adverse health effects and are protective of public health in essentially all exposure
situations. As a result, we do not consider concentrations detected at or below ATSDR’s
inhalation comparison values to warrant health concern. Therefore, no further evaluation is
required. The air monitoring data indicate that the mercury levels in the ambient air at EFPC are
not at levels of public health concern.

Current LWBR Air

No ambient air samples have been analyzed for mercury concentrations at the LWBR. But the
occurrence of harmful health effects from exposure to mercury vapor from contaminated soil is
not a concern for the LWBR. The mercury contamination accumulated in the sediments of the
river channel (where little, if any, exposure occurs), buried under as much as 80 centimeters of
cleaner sediment (ORNL and Jacobs Engineering Group 1995). The near-shore sediment
concentrations in the LWBR (less than 1 mg/kg; ORNL and Jacobs Engineering Group 1995) are
much lower than those found in the EFPC floodplain. Thus mercury levels in the ambient air
near LWBR (if any) are not expected to be at levels of public health concern.

IV.B.3.  Current Surface Water Exposure Pathway (inorganic mercury)
Current EFPC Surface Water

In a 1993 health consultation concerning Y-12 plant releases into . .
As stated earlier, comparison

EFPC, ATSDR evaluated exposures to mercury contamination in
surface water using data from a summary of the EFPC Phase Ia RI
(ATSDR 1993). Within the creek in 1991 and 1992, surface water
was sampled from five stations (the mouth of Lake Reality,
confluence of EFPC with Poplar Creek, two intermediate stations,
and an area of known high contaminant concentrations in the
floodplain soil). Mercury was only detected in one sample. The
mercury concentration was 0.72 ppb (DOE 1992a; SAIC 1994a);
below U.S.EPA’s MCLG of 2 ppb in drinking water. Therefore, no
further evaluation is required. ATSDR concluded that the levels of

mercury in the surface water do not present a public health concern.

values reflect concentrations
that are much lower than
those that have been
observed to cause adverse
health effects and are
protective of public health in
essentially all exposure
situations. As a result,
concentrations detected at or
below ATSDR’s comparison
values are not considered to
be a health concern.

The OREIS Environmental Database contains almost 650 surface water samples from EFPC
(OREIS 2009). The majority of the surface water samples were collected during Phase II
remediation of the Lower EFPC floodplain soil (Phase II excavation occurred from March 3 to
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October 24, 1997; SAIC 2002a). Water samples were collected in 1991-1994, 1996, 1997, and
1999-2009 from 25 different locations in the creek. Of the 647 samples collected from the EFPC
surface water, mercury was detected in only 126 samples (about 1 out of 5 samples). As shown
in Table 17, in 1992, only one mercury concentration (about 0.1 percent) was detected slightly
above U.S.EPA’s MCLG of 2 ppb for drinking water. None of the 643 water samples collected
since 1992 have exceeded the MCLG. This indicates that the vast majority of the concentrations
were detected at levels not warranting health concern.

Table 17. Mercury Concentrations in EFPC Surface Water

Year Minimum (ppb) Ma(;;”bl )um Average (ppb) |Detection Frequency
1991 0 0.54 0.092 314
1992 28 28 28 11
1993 ND ND ND 0/2
1994 0 0.25 0.016 6/39
1996 0.10 0.52 0.30 5/5
1997 0 0.77 0.022 30/505
1999 0.22 0.71 0.467 212
2000 0.03 0.5 0.19 8/8
2001 0.029 0.96 0.25 1111
2002 0.025 0.35 0.13 8/8
2003 0.02 0.21 0.093 8/8
2004 0.024 0.45 0.16 8/8
2005 0.028 0.45 0.15 8/8
2006 0.016 0.28 0.12 8/8
2007 0.022 0.28 0.095 8/8
2008 0.017 0.46 0.13 8/8
2009 0.19 0.28 0.15 4/4

Overall 0 28 0.047 126/647

Source: OREIS 2009
ND: not detected

Note: remember that exceeding a comparison value does not automatically mean that the
environmental concentrations are expected to produce harmful health effects. Comparison values
are not thresholds of toxicity. They simply indicate to ATSDR that further evaluation is
warranted. Keep in mind, too, that the comparison value ATSDR is using to screen surface water
samples is a drinking water guideline based on a lifetime exposure that assumes ingesting 1 liter
(children) or 2 liters (adults) of water per day. Adults and children are unlikely to participate in
recreational activities that would involve drinking EFPC surface water, especially since signs are
posted to warn the public to avoid contact with the water because of the bacterial contamination.
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To evaluate the potential for exposure, ATSDR calculated exposure doses using the maximum
concentration detected in the EFPC surface water (2.8 ppb; OREIS 2009) and the formula
described in Section III.C.3 Comparing Estimated Doses to Health Guidelines. Both adults and
children were assumed to ingest 0.15 liters of water/day during a 3-hour swimming event (EPA
1997) for 4 days/year (minimum value for a farm family member described in ChemRisk 1999a).
ATSDR assumed that adults weighed 70 kg and were exposed for 30 years, and children
weighed 28.1 kg and were exposed for 6 years. Using these assumptions in the exposure dose
formula, both the estimated adult dose (6.6 x 10~ mg/kg/day) and child dose (1.6 x 10
mg/kg/day) were below the U.S.EPA RfD of 3.0 x 10 mg/kg/day for chronic exposure to
inorganic mercury. The RfD is an estimate of the daily human exposure to a hazardous substance
likely to be without appreciable risk of adverse noncancer health effects. It has built-in
uncertainty or safety factors, making it considerably lower than levels at which health effects
have been observed. Estimated doses that are less than this value are not considered of health
concern. ATSDR does not expect that exposure to EFPC surface water would cause adverse
health effects.

ATSDR also evaluated an additional exposure scenario, assuming that the posted bacterial
advisory is ignored. Children were assumed to ingest 0.15 liters/day during a 3-hour swimming
event (EPA 1997) for 18 days/year (four times per month for 3 months plus six times over the
remainder of the year). As noted earlier, ATSDR assumed that children weighed 28.1 kg and
were exposed for 6 years. This scenario produced an estimated exposure dose (1.1 x 10™
mg/kg/day) below the RfD (3.0 x 10™* mg/kg/day) using the average concentration (0.42 ppb).*
Even if children ignore the bacterial advisory, slightly more frequent exposures to mercury in the
surface water are also not expected to cause harmful health effects.

Current Oak Ridge Surface Water

The OREIS Environmental Database contains 53 surface water samples from the city of Oak
Ridge (OREIS 2009). Samples were collected in 1990, 1991, 1993, 1995-2001, and 2003-2005
from 15 different locations within the city of Oak Ridge. Of the 53 samples collected, mercury
was only detected in 10 samples (19 percent). In 1993, only one sample containing mercury was
above U.S.EPA’s MCLG of 2 ppb for drinking water (see Table 18). None of the water samples
collected since 1993 have exceeded the MCLG. In fact, mercury was only detected in one
sample since 1993. This indicates that the vast majority of the concentrations were detected at
levels not warranting a health hazard.

** By using an average concentration, ATSDR can estimate a more probable exposure. In this case, using the
average concentration is even more appropriate given that the maximum detection seems to be an outlier. The
second highest concentration was 0.96 ppb and all but one sample were detected below the conservative
comparison value of 2 ppb (OREIS 2009).
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Table 18. Inorganic Mercury Concentrations in Oak Ridge Surface Water

Year Minimum (ppb) M‘;;ZZ )um Average (ppb) |Detection Frequency
1990 0.2 0.2 0.2 11
1991 ND 0.3 0.15 112
1993 0.2 4.7 1.08 7
1995 ND ND ND 0/2
1996 ND ND ND 0/11
1997 ND 0.1 0.014 17
1998 ND ND ND 0/2
1999 ND ND ND 0/4
2000 ND ND ND 0/6
2001 ND ND ND 0/2
2003 ND ND ND 0/6
2004 ND ND ND 0/2
2005 ND ND ND 0/1
Overall ND 4.7 0.15 10/53

Source: OREIS 2009
ND: not detected

To evaluate the exposure further, ATSDR calculated exposure doses using the maximum
concentration detected in Oak Ridge surface water (4.7 ppb; .
OREIS 2009) qnd the formula described ig Seption I1.C.3 strmeaTebE; LZ?IE/tEinTLE s an
Comparing Estimated Doses to Health Guidelines. Both adults and | exposure (including sensitive

children were assumed to ingest 0.15 liters of water/day during a subgroups) to a hazardous
3-hour swimming event (EPA 1997) for 4 days/year (minimum substance that s likely to be
value for a farm family member described in ChemRisk 1999a). MLl e ik

. . adverse noncancer health
As noted earlier, ATSDR assumed that adults weighed 70 kg and offects. It has built-in

were exposed for 30 years, and children weighed 28.1 kg and were uncertainty factors, making it
exposed for 6 years. Using these assumptions in the exposure dose | considerably lower than levels
formula, both the estimated adult dose (1.1 x 10™* mg/kg/day) and at which health effects have
child dose (2.7 x 10 mg/kg/day) were below the RfD of 3.0 x 10™ SEID @RETE, eI
/kg/day for chronic exposure to inorganic mercury. ATSDR doses that are less than ihis
mg/kg/day p g ) 1y value are not considered a
does not expect that exposure to surface water in the city of Oak health hazard.
Ridge would cause harmful health effects.

Current Scarboro Surface Water

In May 1998, the Environmental Sciences Institute at FAMU collected seven surface water
samples from drainage ditches in the Scarboro community. Mercury was not detected in any of
the samples (the quantitation limit was 0.1 ppb; FAMU 1998; OREIS 2009). In September 2001,
U.S.EPA collected two surface water samples from the Scarboro community to validate the 1998
FAMU results. Mercury was not detected in either sample (the detection limit was 0.029 ppb;
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EPA 2003). Therefore, no further evaluation is required—mercury has not been detected in any
surface water samples collected from the Scarboro community. The data indicate that exposure
to the surface water in Scarboro is not at levels that could cause adverse health effects.

As mentioned earlier in the hydrogeology section, the southward sloping orientation of the bed
planes beneath Pine Ridge prevents groundwater from flowing north toward Scarboro.
Furthermore, Scarboro is located outside of the EFPC floodplain. As Figure 9 shows, the
elevation of Scarboro is greater than 50 feet higher than EFPC. Therefore, contamination from
EFPC could not have reached Scarboro.

Current LWBR (Clinch River/Watts Bar Reservoir) Surface Water

In a 1996 health consultation on LWBR, ATSDR evaluated exposures to mercury contamination
in surface water in the reservoir. ATSDR determined that the levels of mercury in the surface
water do not present a public health concern, and the reservoir is safe for swimming, skiing,
boating, and other recreational purposes (ATSDR 1996b).

To arrive at this conclusion, ATSDR used surface water data from the LWBR RI/FS (ORNL and
Jacobs Engineering Group 1995), which references data from Phase I of the Clinch River RI
(Cook et al. 1992) and the ORR Environmental Monitoring Program (Energy Systems 1993).
Mercury was not detected in any of the surface water samples analyzed (detection limits ranged
from 0.05 to 0.2 ppb; ORNL and Jacobs Engineering Group 1995). Because mercury was not
detected in the surface water and the detection limits were below U.S.EPA's MCLG of 2 ppb, no
public health concerns arise from exposure to mercury in LWBR surface water.

The OREIS Environmental Database contains 311 surface water samples from LWBR (OREIS
2009). Samples were collected in 1990 and from 1993 to 2009 from 19 different locations in the
reservoir. Mercury was only detected 5 percent of the time (OREIS 2009). As shown in Table

19, when mercury was detected, the concentrations were less than U.S.EPA's MCLG of 2 ppb for
mercury in drinking water. No further evaluation is required, and the data indicate that exposure
to mercury in the surface water in LWBR is not causing harmful health effects.
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Table 19. Mercury Concentrations in LWBR Surface Water

Year Minimum (ppb) M‘;;ZZ )um Average (ppb) |Detection Frequency
1990 ND ND ND 0/4
1993 ND ND ND 0/14
1994 ND 1.3 0.024 10/90
1995 ND 0.056 0.0056 110
1996 ND ND ND 0/11
1997 ND ND ND 0/15
1998 ND ND ND 0/14
1999 ND ND ND 0/16
2000 ND ND ND 0/26
2001 ND ND ND 0/13
2002 ND ND ND 0/28
2003 ND 0.2 0.033 3112
2004 ND ND ND 017
2005 ND ND ND 0/12
2006 ND ND ND 012
2007 ND ND ND 0/10
2008 ND ND ND 0/4
2009 ND ND ND 0/3
Overall ND 1.3 0.0084 14/311

Source: OREIS 2009
ND: not detected

Municipal Water Systems

Drinking water from the municipal water supply systems is safe. The City of Oak Ridge,

including Scarboro, is supplied with treated water from the
Clinch River (Melton Reservoir) upstream of the ORR.
Rockwood and Spring City draw surface water from the Piney
River and King Creek tributary embayments of the LWBR. The
Kingston municipal water system intake is in the Tennessee

Information about Tennessee’s Safe
Drinking Water Program can be
found at
http://www.tn.gov/environment/dws/.

River upstream from where the Clinch River joins with the Tennessee River to form LWBR (see
Figure 1). Harriman receives their public water supply from the Emory River, which flows into
the LWBR. In addition, these municipal water systems are required to meet specific drinking
water quality standards set by U.S.EPA. Under the authorization of the Safe Drinking Water Act,
U.S.EPA has set national health-based standards to protect drinking water and its sources. TDEC
enforces these requirements and ensures that the drinking water is safe for public consumption.
Residents who use municipal drinking water should have no health concerns about that water.
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Seeps and Springs

In 2006, ATSDR conducted a public health assessment that evaluated potential exposures to
contaminated off-site groundwater from the ORR (ATSDR 2006b). In this assessment, ATSDR
evaluated data from seeps and springs from various sampling locations around the main ORR
facilities: near the East Tennessee Technology Park (formerly the K-25 site), near the Oak Ridge
National Laboratory (formerly the X-10 site), and near the Y-12 National Security Complex
(formerly the Y-12 plant). Elevated levels of mercury were not found in any of the seep or spring
water samples. For the complete evaluation of seeps and springs, please refer to ATSDR’s Public
Health Assessment.: Evaluation of Potential Exposures to Contaminated Off-Site Groundwater
from the Oak Ridge Reservation (ATSDR 2006b) (available on the Internet at
http://www.atsdr.cdc.gov/HAC/pha/PHA .asp?docid=1371&pg=0).

1V.B.4.  Current Groundwater Exposure Pathway

In the 2006 public health assessment, ATSDR concluded that no human exposures to
contaminated groundwater outside the ORR boundary have occurred in the past, are currently
occurring, or are likely to occur in the future (ATSDR 2006b). Therefore, ATSDR does not
expect any health effects from exposure to contaminated off-site groundwater. For a complete
evaluation of groundwater, please refer to ATSDR’s Public Health Assessment.: Evaluation of
Potential Exposures to Contaminated Off-Site Groundwater from the Oak Ridge Reservation
(ATSDR 2006b) (available on the Internet at

http://www.atsdr.cdc.gov/HA C/oakridge/phact/groundwater/index.html).

1V.B.5.  Current Soil Exposure Pathway (inorganic mercury)
Current EFPC Soil

EFPC Floodplain Soil (prior to remediation in 1997)

In a 1993 health consultation concerning Y-12 plant releases into EFPC, ATSDR evaluated soil
data from the EFPC Phase Ia RI (ATSDR 1993). ATSDR concluded that in some locations along
EFPC, mercury levels in the floodplain soil could pose a threat to people—especially children—
who ingest, inhale, or have dermal contact with contaminated soil while playing or fishing along
the creek’s floodplain (ATSDR 1993).

See section IV.A.4. Past Soil and Sediment Exposure Pathways for a more extensive public
health analysis of potential exposure to the EFPC floodplain soil prior to remediation of soil
containing greater than 400 ppm of mercury in 1996 and 1997. ATSDR concluded that children
who played at the NOAA site and Bruner site before the soil removal activities could have
accidentally swallowed inorganic mercury in EFPC floodplain soils, which may have increased
the risk of developing renal effects. Adults are not expected to have been harmed from exposure
to inorganic mercury in soil. Accidental ingestion of methylmercury in EFPC floodplain soils in
the past is not expected to have caused harmful health effects for anyone contacting the
floodplain soil.

ATSDR’s Evaluation of DOE’s Proposed Mercury Cleanup Level for EFPC Floodplain
Soil

In response to public comments on the 1995 Proposed Plan for East Fork Poplar Creek (DOE
1995d), DOE, U.S.EPA, and TDEC selected a remedial action to remove soils containing greater
than 400 ppm of mercury from the EFPC floodplain (DOE 1995b). This 400 ppm mercury clean-
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up level is higher than the original remediation goal of 50 ppm. Some community members and
organizations were concerned about this higher clean-up level and asked ATSDR to evaluate
whether the proposed clean-up level of 400 ppm in EFPC floodplain soil was protective of public
health.

To help evaluate the proposed EFPC mercury clean-up level for soil, ATSDR sponsored a
Science Panel Meeting on the Bioavailability of Mercury in Soil. The science panel convened to
identify methods and strategies for the development of data-supported, site-specific estimates of
the bioavailability of inorganic mercury and other metals from soils. Private consultants and
academicians internationally known for their metal bioavailability research were invited to the
meeting, which was held in August 1995. In addition to these members, the panel included
experts from ATSDR, CDC, U.S.EPA, and the National Institute for Environmental Health
Sciences. The science panel published four articles on bioavailability of inorganic mercury in
soil in Risk Analysis 17(5), 527-569 (Canady et al. 1997).

ATSDR analyzed the clean-up level using a worst-case scenario and a likely mercury exposure
scenario of young children in a residential setting (ATSDR 1996a). The worst-case exposure
scenario assumed a 16-kg child ingested 100 mg of soil every day. The likely exposure scenario
assumed that a 16-kg child ingested 100 mg/day, 5 days/week for 36 weeks/year. For both
exposure scenarios, estimated oral exposure doses of mercury were orders of magnitude lower
than the NOAEL and LOAEL for inorganic mercury. ATSDR also considered inhalation of
mercury vapor from the floodplain soil and determined that the level of mercury vapor in air
above floodplain soil with 400 ppm of mercury or less would be too low to be a health hazard
(ATSDR 1996a). ATSDR concluded that the clean-up level of 400 ppm of mercury in EFPC
floodplain soil is protective of public health and poses no health threat to children or adults
(ATSDR 1996a).

The excavation of floodplain soils with greater than 400 ppm of mercury was conducted in two
phases. From July 8 to September 14, 1996 (Phase I), 4,250 m® of mercury-contaminated soils
were removed from the floodplain near the NOAA Atmospheric Diffusion Laboratory off Illinois
Avenue. From March 3 to October 24, 1997 (Phase II), an additional 29,970 loose m” of
mercury-contaminated soils were removed from the floodplain near the NOAA site and across
the Oak Ridge Turnpike from the Bruner’s Shopping Center on the Wayne Clark Property (SAIC
1994a, 2002a). Confirmatory samples* were taken during both phases of the excavation to
ensure that the remediated areas contained less mercury than the clean-up standard (SAIC 1998).
Postremediation monitoring (mercury input, stream stability, and fish sampling) is conducted to
ensure the effectiveness of the excavation (SAIC 2002a). Following cleanup and removal in
1996 and 1997, mercury in EFPC is not a public health hazard.

Current Oak Ridge Soil

The OREIS Environmental Database contains over 200 soil samples from the city of Oak Ridge
(OREIS 2009). Samples were collected in 1991, 1992, 1995, 1999, and 2000 from 176 different
locations within the city. As shown in Table 20, mercury was detected in 157 samples (70
percent). Of the 224 samples collected from soil in the city of Oak Ridge, 34 samples (15
percent) were detected above the comparison value of 20 ppm (OREIS 2009).

2 Data from Phase Ia and Ib of the EFPC R, including the confirmatory samples, appear to be included in OREIS.
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Table 20. Mercury Concentrations in Oak Ridge Soil

Year Minimum (ppm) M‘;;;Z;lm Average (ppm) |Detection Frequency
1991 23 126 14.13 45/45

1992 ND 158 22.18 45/52

1995 ND 48.6 6.38 45/85

1999 ND 49.5 2.62 21/41

2000 0.13 0.13 0.13 11
Overall ND 158 10.89 157/224

Source: OREIS 2009
ppm:  parts per million

Because the comparison value was exceeded, ATSDR continued to evaluate exposures to Oak
Ridge soil. As the next step in the screening process, ATSDR

calculated exposure doses using the maximum concentration As stated earlier, comparison
detected in the soil (158 ppm; OREIS 2009) and the formula values reflect concentrations
described in Section II1.C.3. Comparing Estimated Doses to much lower than those that

have been observed to cause
adverse health effects and are
protective of public health in

Health Guidelines. To calculate exposure doses, an adult was
assumed to ingest 100 mg of soil/day for 16 days/year (2 times a

month for 8 months; likely scenario described in ChemRisk essentially all exposure
1999a). A child was assumed to ingest 200 mg/day for 180 situations. As a result
days/year (20 times a month for 6 months). As noted earlier, concentrations detected at or

below ATSDR’s comparison
values are not considered a
health concern.

ATSDR assumed that adults weighed 70 kg and were exposed for
30 years, and children weighed 28.1 kg and were exposed for 6
years.

Using these assumptions in the exposure dose formula, the estimated adult dose (9.9 x 10
mg/kg/day) was below U.S.EPA’s RfD of 3.0 x 10™ mg/kg/day for chronic exposure to
inorganic mercury. Estimated doses at or less than the RfD are not considered a health hazard.
But the child dose (5.5 x 10 mg/kg/day) was slightly higher than the RfD. Still, when compared
with actual health effects levels studied in the toxicological and epidemiological literature
(autoimmune effects were observed in Brown Norway rats exposed to doses of 0.226, 0.317, and
0.633 mg/kg/day [Andres 1984; Bernaudin et al. 1981; Druet et al. 1978]), the child dose is three
orders of magnitude lower. Therefore, ATSDR does not expect that exposure to mercury in Oak
Ridge soil to cause adverse health effects.

Current Scarboro Soil

In May 1998, the Environmental Sciences Institute at FAMU collected 40 surface soil samples
from the Scarboro community. Mercury concentrations ranged from 0.021 to 0.30 ppm, with a
median value of 0.11 ppm (FAMU 1998; OREIS 2009). In September 2001, U.S.EPA collected
six surface soil samples from the Scarboro community to validate the 1998 FAMU results.
Mercury concentrations ranged from 0.0432 to 0.0904 ppm, with an average concentration of
0.07 ppm (EPA 2003). All of these concentrations are below the comparison value of 20 ppm for
mercury in soil. Therefore, no further evaluation is required. The sampling data indicate that the
mercury levels in the surface soil in Scarboro are not at levels of public health hazard.
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Current LWBR Soil

The OREIS Environmental Database does not contain any soil samples collected from the
LWBR (OREIS 2009). Even though no data are available, the occurrence of harmful health
effects from exposure to mercury in soil along the LWBR shoreline is not a concern. Mercury
from ORR operations has not contaminated the soil near LWBR. Mercury from the ORR was
released into EFPC from the Y-12 plant and traveled to the LWBR through Poplar Creek and the
Clinch River. The mercury accumulated in the sediments of the LWBR river channel (where
little, if any, exposure would occur) and is buried under as much as 80 centimeters of cleaner
sediment and several meters of water (ORNL and Jacobs Engineering Group 1995; ATSDR
1996b). The near-shore sediment concentrations in the LWBR were less than 1 ppm—much
lower than the comparison value of 20 ppm for mercury in soil (ORNL and Jacobs Engineering
Group 1995).

In 1996, ATSDR evaluated ORR-related chemical and radiological contaminants in the surface
and deep channel sediments of the LWBR (ATSDR 1996b). Specifically, ATSDR evaluated
surface sediments in shallow areas of the reservoir using maximum concentrations of
contaminants (e.g., mercury) and worst case scenarios, including if surface sediments were
dredged and used as surface soil at residential properties. ATSDR concluded that the maximum
chemical contaminant concentrations (including mercury) would not present a public health
hazard. Additionally, ATSDR evaluated the potential exposure (ingestion, inhalation, and dermal
contact) if these subsurface sediments were removed and used as surface soil on residential
properties. ATSDR concluded that the potential exposure to mercury would not pose a health
concern, even if these deep sediments were dredged and used as residential soil. Accordingly, the
mercury levels in the soil near the LWBR are not a public health hazard.

IV.B.6. Current Sediment Exposure Pathway (inorganic mercury)
Current EFPC Sediment

In a 1993 health consultation concerning Y-12 plant releases into Remember. an environmental
EFPC, ATSDR evaluated sediment data from the EFPC Phase Ia RI | qoncentration that exceeds a
(ATSDR 1993). From Autumn 1990 to Spring 1991, nine samples comparison value doesn't
were collected from seven sites within EFPC to define source automatically mean harmful
contributions (DOE 1992a; SAIC 1994a). Phase 1b of the EFPC RI | health effects. Comparison
: values are not thresholds of

was conducted from August 1991 to February 1992 to determine the toxicity. Thev simolv indicat

R . s ) y. They simply indicate
extent and distribution of contaminants within the floodplain (SAIC to ATSDR that further
1994a). Transects were established across the floodplain at 100- evaluation is warranted.
meter intervals. Stream sediment samples were taken at odd-
numbered transects, and every three sequential sediment samples were composited for analysis.
Investigators collected 27 sediment samples, each one representing 600 meters of the creek
(SAIC 1994a). Sediment samples from both phases ranged from 10 to 2,240 ppm, which
exceeded the comparison value of 20 ppm for mercury in sediment. But the maximum value
(2,240 ppm) appears to be an outlier; it was reportedly taken from an area with obvious creek
sediment contamination (SAIC 1994a). The second highest concentration from this dataset
appears to be 95.6 ppm,>* which also exceeds the comparison value (SAIC 1994a). The mean

** ATSDR does not have access to the raw data. ATSDR makes an assumption about the 2,240 ppm detection being
an outlier based on the data presented in tables within the EFPC RI (SAIC 1994a). Specifically, Table 3.19, the
results for the Phase 1a and 1b sediment sampling, does not contain this value.

Page | 125



(ATSDR

concentration, based on a total of 35 samples (excluding the 2,240 ppm outlier) is 14.9 ppm
(SAIC 1994a). The data from the EFPC RI does not appear to be in the OREIS Environmental
Database. Because ATSDR does not have access to the raw data from this investigation, the
EFPC RI data cannot be combined with the data available in OREIS.

The OREIS Environmental Database contains 58 sediment samples from EFPC (OREIS 2009).
Samples were collected in 1990-1992, 1994, and 1996 from 38 different locations in the creek.
As shown in Table 21, mercury concentrations exceeded the comparison value of 20 ppm for
sediment. Of the 58 samples collected from the EFPC sediment, 20 samples (34 percent) were
detected above the comparison value (OREIS 2009).

Table 21. Mercury Concentrations in EFPC Sediment

Year Minimum (ppm) M‘g;)’;;lm Average (ppm) | Detection Frequency
1990 15.4 42 28.7 212
1991 ND 101 17.58 13/26
1992 0.94 120 2413 19119
1994 0.03 0.061 0.045 212
1996 224 78.89 40.00 9/9
Overall ND 120 21.59 45/58

Source: OREIS 2009
ppm:  parts per million

Because the comparison value was exceeded in both datasets, ATSDR continued to evaluate
exposures to EFPC sediments. Adults and children are unlikely to participate in recreational
activities in the EFPC sediments, especially since signs are posted to warn the public to avoid
contact with the creek’s surface water because of the bacterial contamination. In 1992, some of
the advisory signs along the creek were replaced and additional signs were posted (TDEC 1992).

However, to evaluate the potential for exposure, ATSDR calculated exposure doses using the
maximum concentration detected in the sediments (2,240 ppm; SAIC 1994a) and the formula
described in Section III.C.3. Comparing Estimated Doses to Health Guidelines. Specifically,
ATDSR assumed that adults weighed 70 kg and were exposed to the maximum concentration for
30 years, and children weighed 28.1 kg and were exposed to the maximum concentration for 6
years. To calculate exposure doses, an adult was assumed to ingest 50 mg of sediment/day for 4
days/year (minimum value for a farm family member described in ChemRisk 1999a). A child
was assumed to ingest 100 mg/day of sediment for 4 days/year (minimum value for a farm
family member described in ChemRisk 1999a). ATSDR assumed that adults weighed 70 kg and
were exposed for 30 years, and children weighed 28.1 kg and were exposed for 6 years.

Using these assumptions in the exposure dose formula, both the estimated adult dose (1.8 x 107
mg/kg/day) and child dose (8.7 x 10~ mg/kg/day) were below U.S.EPA’s RfD of 3.0 x 10™
mg/kg/day for chronic exposure to inorganic mercury. Remember that the RfD is an estimate of
the daily human exposure to a hazardous substance that is likely to be without appreciable risk of
adverse noncancer health effects. Estimated doses below these values are not considered of
health concern. Furthermore, ATSDR used the maximum concentration (2,240 ppm) (most likely
an outlier) to calculate these exposure doses. The levels that people are actually being exposed to
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are expected to be much lower. Exposures to EFPC sediments are not expected to cause harmful
health effects.

ATSDR also evaluated an additional exposure scenario: assuming the posted bacterial advisory
to avoid contact with the water is ignored. Children were assumed to ingest 100 mg/day of
sediment for 18 days/year (four times per month for 3 months plus six times over the remainder
of the year). As noted earlier, ATSDR assumed that children weighed 28.1 kg and were exposed
for 6 years. Using the maximum concentration (2,240 ppm; SAIC 1994a), this scenario produced
an estimated exposure dose (3.9 x 10 mg/kg/day) slightly above the RfD (3.0 x 10™
mg/kg/day). As stated earlier, however, ATSDR believes that the maximum concentration from
the EFPC Rl is an outlier. If this data point is removed and the dose is recalculated using the
second highest concentration (120 ppm from the OREIS database), the resulting exposure dose
(2.1 x 10” mg/kg/day) is lower than the RfD for chronic exposure to inorganic mercury. Thus,
even if the bacterial advisory for water is ignored, more frequent exposures to mercury in the
sediments are not expected to cause harmful health effects for children.

Current Oak Ridge Sediment

The OREIS Environmental Database contains 36 sediment samples from the city of Oak Ridge
(OREIS 2009). Samples were collected in 1990, 1991, 1993, 1995, and 1997-2001 from 15
different locations within the city. As shown in Table 22, mercury was detected in 30 samples
(83 percent). Of the 36 samples collected from sediment in the city of Oak Ridge, 6 samples (17
percent) were detected above the comparison value of 20 ppm (OREIS 2009).

Table 22. Mercury Concentrations in Qak Ridge Sediment

Year Minimum (ppm) Mt(z;c;z;;m Average (ppm) | Detection Frequency
1990 344 344 344 11
1991 204 35.7 30.57 33
1993 0.096 6.6 1.64 77
1995 ND 31.8 6.19 711
1997 ND 0.93 0.47 112
1998 0.29 0.37 0.33 212
1999 0.12 0.25 0.18 6/6
2000 ND 0.35 0.18 112
2001 0.12 0.17 0.15 212
Overall ND 35.7 5.80 30/36

Source: OREIS 2009
ppm:  parts per million

Comparison value exceedences caused ATSDR to continue its evaluation of exposures to Oak
Ridge sediment. As the next step in the screening process, ATSDR calculated exposure doses
using the maximum concentration detected in the sediment (35.7 ppm; OREIS 2009) and the
formula described in Section III.C.3. Comparing Estimated Doses to Health Guidelines. To
calculate exposure doses, an adult was assumed to ingest 50 mg of sediment/day for 24 days/year
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(4 times per month for 4 months plus two times a month for 4 months). A child was assumed to
ingest 100 mg/day of sediment for 32 days/year (6 times a month for 4 months plus 2 times per
month for 4 months). ATSDR assumed that adults weighed 70 kg and were exposed for 30 years,
and children weighed 28.1 kg and were exposed for 6 years.

Using these assumptions in the exposure dose formula, both the estimated adult dose (1.7 x 10
mg/kg/day) and child dose (1.1 x 10~ mg/kg/day) were below U.S.EPA’s RfD of 3.0 x 10™
mg/kg/day for chronic exposure to inorganic mercury. Estimated doses below the RfD are not
considered to be a health hazard. ATSDR does not expect that exposure to mercury in the
sediment in the City of Oak Ridge would cause adverse health effects.

Current Scarboro Sediment

In May 1998, the Environmental Sciences Institute at FAMU collected nine sediment samples
from drainage ditches in the Scarboro community. Mercury concentrations ranged from 0.018 to
0.12 ppm, with an average of 0.05 ppm (FAMU 1998; OREIS 2009). In September 2001,
U.S.EPA collected two sediment samples from the Scarboro community to validate the 1998
FAMU results. Mercury was detected at concentrations of 0.0271 and 0.0393 ppm (EPA 2003).
All of these concentrations are at least two orders of magnitude below the comparison value of
20 ppm for mercury in sediment. No further evaluation is required—the sampling data indicate
that the mercury levels in Scarboro sediment are not at levels of public health concern.

Current LWBR Sediment

Mercury from the ORR was released into EFPC from the Y-12 plant and traveled to the LWBR
through Poplar Creek and the Clinch River. The mercury accumulated in the deep sediments of
the LWBR river channel, buried under as much as 80 centimeters of cleaner sediment and
several meters of water (ORNL and Jacobs Engineering Group 1995). Exposure to sediments in
the deep channel, therefore, is not expected. On the other hand, exposure to sediment in shallow,
near-shore areas is more likely. ATSDR thus evaluated these exposure scenarios separately,
except when the depths of the sediment sampling were unspecified.

Shallow, near-shore sediment

For several months every winter, sediments in shallow areas along the LWBR are above the
water line. In a 1996 LWBR health consultation, ATSDR evaluated exposures to mercury
contamination in surface sediments in the reservoir using maximum concentrations and worst-
case scenarios (ATSDR 1996b). ATSDR assumed children could be exposed to mercury in the
shallow sediments while swimming or fishing in the reservoir or if surface sediments were
dredged and used for surface soil at residential properties. ATSDR determined that the levels of
mercury in the surface sediments did not present a public health concern.

ATSDR used near-shore sediment data from the LWBR RI/FS (ORNL and Jacobs Engineering
Group 1995), which references data from TVA’s Recreation Area Sampling Study (TVA 1991).
In May and June1990, the TVA sampled near-shore sediments from recreational areas along the
LWBR. Five sediment samples were collected from each recreational area, which were then
combined to make one composite sample for analysis (TVA 1991). Mercury was only detected
in three of the 12 composite samples in concentrations of 0.15 ppm® (the detection limit was 0.1
ppm; TVA 1991). These concentrations are two orders of magnitude below the comparison value

23 These data appear to be included in the OREIS database.
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of 20 ppm for mercury in sediment. Therefore, no further evaluation is required—the sampling
data indicated that the mercury levels in the shallow sediments in LWBR were not at levels of
public health concern. ATSDR does not expect current conditions to be different from those in
the 1990s, because there have been no significant mercury releases and the deep channel
sediments have not been disturbed.

Deep channel sediments

As stated earlier, people are not directly exposed to the highest concentrations of mercury in the
subsurface sediments; these deposits are found in deep channels where contaminants are covered
by 40 to 80 centimeters of sediment and several meters of water (ORNL and Jacobs Engineering
Group 1995). In a 1996 health consultation, ATSDR evaluated potential exposure a child might
receive if the subsurface sediments were removed from the deep reservoir channels and used as
surface soil in residential properties (ATSDR 1996b). ATSDR determined that the levels of
mercury in the deep channel sediments do not present a public health concern.

ATSDR used deep-water sediment data from the LWBR RI/FS (ORNL and Jacobs Engineering
Group 1995), which references mercury data from a 1986 study in which two core samples from
the LWBR were analyzed (TVA 1986) and a 1992 study in which four core samples from the
LWBR were analyzed (Cook et al. 1992). Mercury was detected in concentrations ranging from
1 to 3 ppm (ORNL and Jacobs Engineering Group 1995). These concentrations are six to 20
times lower than the 20-ppm comparison value for mercury in sediment. No further evaluation is
required—the sampling data indicate that the mercury levels in the deep channel sediments in
LWBR are not at levels of public health concern.

Unspecified sediment depths

The OREIS Environmental Database contains 140 sediment samples from the LWBR (OREIS
2009). In 1990, from 1993 to 2002, and in 2004, samples were collected from 43 different
reservoir locations. The depths of the sediment samples are not clear. As shown in Table 23, in
1990 and 2002, maximum mercury concentrations exceeded the comparison value of 20 ppm for
sediment. Yet the average mercury concentrations were below the comparison value. Of the 140
samples collected from the LWBR sediment, only six samples (about 4 percent) were detected
above the comparison value (OREIS 2009). This indicates that the vast majority of the
concentrations were detected at levels that do not warrant health concern.
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Table 23. Mercury Concentrations in LWBR Sediment

Year Minimum (ppm) Mt(l;clt,z;lm Average (ppm) |Detection Frequency
1990 0.061 160 11.76 39/39
1993 14 6.4 2.35 16/16
1994 0.05 12.3 1.77 42/42
1995 ND 1.21 0.60 4/5
1996 0.11 6.2 1.48 6/6
1997 0.52 0.52 0.52 11
1998 0.57 0.59 0.58 212
1999 0.24 45 1.42 6/6
2000 0.09 2.79 1.57 6/6
2001 0.17 1.05 0.55 5/5
2002 0.08 42.2 6.15 8/8
2004 ND 1.4 3.6 3/4

Overall ND 160 4.78 138/140

Source: OREIS 2009
ppm:  parts per million

Nevertheless, because the comparison value was exceeded, ATSDR further evaluated exposures
to LWBR sediments. As the next step in the screening process, ATSDR calculated exposure
doses using the maximum concentration detected in the unspecified sediments (160 ppm; OREIS
2009) and the formula described in Section III.C.3. Comparing Estimated Doses to Health
Guidelines. For exposure purposes, ATSDR assumed that all the unspecified depth samples were
shallow, near-shore sediments—that is, that they were accessible.

LWBR is a high-use recreational area. Not only do people live in the vicinity of the reservoir, but
people from outside the area visit the many parks and recreational facilities (TVA 1987, 1990).
People, particularly children, who fish, play, hike, or swim along the reservoir may be exposed to
mercury through ingestion of sediment from inadvertent hand-to-mouth activities. Young
children have the greatest risk of exposure to mercury. Given that children play in the dirt and
engage in frequent hand-to-mouth activity and often mouth objects, they are likely to have the
most frequent and longest duration exposure to LWBR near-shore sediments.

To calculate exposure doses. ATSDR assumed an adult ingested 50 mg of sediment/day for 24
days/year (four times per month for 4 months plus two times a month for 4 months). We
assumed a child ingested 100 mg/day for 32 days/year (six times a month for 4 months plus two
times per month for 4 months). ATSDR assumed that adults weighed 70 kg and were exposed
for 30 years, and children weighed 28.1 kg and were exposed for 6 years.

Using these assumptions in the exposure dose formula (see Section III.C.3. Comparing
Estimated Doses to Health Guidelines), both the estimated adult dose (7.5 x 10 mg/kg/day) and
child dose (5.0 x 10™ mg/kg/day) were well below U.S.EPA’s RfD of 3.0 x 10 mg/kg/day for
chronic exposure to inorganic mercury. Remember that estimated doses at or less than the RfD
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are not considered of health concern. Furthermore, ATSDR used the maximum concentration
(160 ppm) to calculate these exposure doses, but the vast majority of the samples (96 percent)
were detected below the conservative comparison value of 20 ppm. Exposures to LWBR
sediments are not expected to cause harmful health effects.

Still, to prevent unnecessary exposures to workers and the public, ATSDR cautions that the
sediments should not be disturbed, removed, or disposed of without careful review by the
interagency working group (DOE, TDEC, U.S.EPA, TVA, and the U.S. Army Corps of
Engineers). Established in 1991, the interagency working group coordinates and reviews
permitting and other use activities that could result in the disturbance, resuspension, removal,
disposal—or a combination thereof—of contaminated sediments in the Watts Bar Reservoir
(DOE 1995¢; SAIC 2004).

IV.B.7.  Current Biota Exposure Pathway
Current EFPC Biota
EFPC Fish (methylmercury)

In a 1993 health consultation concerning Y-12 plant releases into EFPC, ATSDR evaluated a
summary of the November, 1990, and May, 1991, fish data from EFPC compiled by the DOE
Biological Monitoring and Abatement Program (ATSDR 1993). Concentrations of mercury in
fish fillets ranged from 0.08 to 1.31 ppm?® (DOE 1992a; ORNL 1992). This exceeded the
comparison value of 0.14 ppm for fish samples. ATSDR concluded that the levels of mercury
found in fish from EFPC were at levels of public health concern (ATSDR 1993).

The OREIS Environmental Database contains 430 samples from redbreast sunfish, rock bass,
largemouth bass, and crayfish collected from seven locations in EFPC (OREIS 2009). Redbreast
sunfish were collected in 1991 and 1995 through 2001 and 2004-2008; rock bass were collected
in 2004, 2006, 2008, and 2009; largemouth bass were collected in 1995; and crayfish were
collected in 1991. As shown in Table 24, mercury was detected in all 430 fish and crayfish
samples above the comparison value of 0.14 ppm (OREIS 2009). Remember this does not
automatically mean that an environmental concentration exceeding a comparison value is
expected to produce harmful health effects. Comparison values are not thresholds of toxicity.
They simply indicate a need for further evaluation.

26 These data appear to be included in the OREIS database.
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Table 24. Mercury Concentrations in Fish from EFPC

ot Portion Minimum | Maximum | Average Detection
(ppmy) (ppmy) (ppmy) Frequency

Largemouth Bass (Hg) Muscle 0.51 0.61 0.56 2/2
Redbreast Sunfish (Hg) Fillet/Muscle 0.37 1.8 0.87 167/167
Redbreast Sunfish (Hg) Whole body 0.59 25 1.4 8/8
Redbreast Sunfish (Hg) Unknown 0.35 1.6 0.86 120/120
Redbreast Sunfish (MeHg) Muscle 0.50 1.5 0.92 24/24
Redbreast Sunfish (MeHg) Unknown 0.19 1.6 0.63 36/36
Rock Bass (Hg) Muscle 0.64 1.58 1.0 67/67
Crayfish (Hg) Whole body 0.51 6.6 3.3 6/6
Overall 0.19 6.6 — 430/430

Source: OREIS 2009
ppm:  parts per million

Some of the fish samples were analyzed specifically for methylmercury and other samples were
analyzed for total mercury (OREIS 2009). In fish tissue, mercury is present predominantly as
methylmercury (about 85 percent; Jones and Slotten 1996). Methylmercury is the organic form
of mercury and is much more harmful via the oral route than the elemental and inorganic forms
(ATSDR 1999). Thus ATSDR took a conservative approach and assumed that all the total
mercury detected in the fish was methylmercury.

Because the comparison value was exceeded, ATSDR continued to evaluate mercury exposures
from eating EFPC fish. That anyone is actually eating fish from EFPC is unlikely. EFPC is not a
productive fishing location, and a fish consumption advisory is in place. Nevertheless, ATSDR
evaluated a potential exposure scenario and assumed people would ignore the advisory.

To evaluate this potential exposure scenario, ATSDR calculated exposure doses using the
average concentration detected in the EFPC fish fillet and muscle samples®’ and the formula
described in Section III.C.3. Comparing Estimated Doses to Health Guidelines. ATSDR assumed
that both adults and children ate one 8-ounce fish meal each month (12 meals/year = 7.5
grams/day). As noted earlier, ATSDR assumed that adults weighed 70 kg and were exposed for

30 years, and children weighed 28.1 kg and were exposed for 6 years.

Using these assumptions in the exposure dose formula, some of the estimated doses from eating
EFPC fish once a month were above both the ATSDR MRL for methylmercury (3.0 x 10™
mg/kg/day) and the U.S.EPA RfD for methylmercury (1.0 x 10 mg/kg/day) (see Table 25).

Remember that calculated exposure doses higher than the health guidelines do not automatically
mean harmful health effects. They are instead an indication that ATSDR should examine further
the harmful effect levels reported in the scientific literature and more fully review exposure
potential. Therefore, ATSDR compared these potential exposure doses with actual health effects
levels in the toxicological and epidemiological literature.

271t is standard protocol to analyze fillets/edible portions when evaluating human health concerns.
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Table 25. Estimated Methylmercury Exposure Doses from Consuming EFPC Fish

Average Estimated Exposure Doses
Species Concentration (mg/kg/day)
(ppm) adult child

Largemouth Bass (Hg in muscle) 0.56 6.0 x 10 1.5x 10+
Redbreast Sunfish (Hg in fillet/muscle) 0.87 9.3x10% 2.3x 104
Redbreast Sunfish (MeHg in muscle) 0.92 9.9x10% 2.5x 104
Rock Bass (Hg in muscle) 1.0 1.1x 104 2.7x 104
Crayfish (Hg in whole body) 3.3 3.5x104 8.8 x 104

mg/kg/day: milligrams per kilograms per day
ppm: parts per million
Bold text indicates that the exposure dose is higher than the U.S.EPA RfD of 1.0 x 10 mg/kg/day.

The ATSDR chronic MRL of 3 x 10 mg/kg/day for ingestion of organic mercury is based on
the Seychelles Child Development Study, in which people who were exposed to 1.3 x 107
mg/kg/day of methylmercury in their food did not experience any adverse health effects
(NOAEL; Davidson et al. 1998). The U.S.EPA RfD of 1 x 10 mg/kg/day is based on the Faroe
Islands study, in which maternal dietary intakes of 8 x 10 mg/kg/day to 1.5 x 10~ mg/kg/day
were associated with performance on standardized neurobehavioral tests involving effects on
attention, memory, confrontational naming, and to a lesser extent visual/spatial abilities and fine-
motor functions in children (LOAELS; Debes et al. 2006; Grandjean et al. 1997; NRC 2000).
These U.S.EPA benchmark dose lower limits (BMDLOS5) are expected to be associated with a 5
percent increase in the incidence of neurodevelopmental effects in children exposed in utero. The
U.S.EPA RfD is consistent with the approach used by the NAS which identified a dose of 1.1 X
10~ mg/kg/day as a dose that results in a 5 percent increase in the incidence of abnormal scores
on the Boston Naming Test (a picture-naming, vocabulary test) (NRC 2000).%*

Women who ate one meal a month of EFPC fish in the 1990s and 2000s were not at risk of
harming a developing fetus if they were pregnant. The estimated doses in Table 25 for women
are at or below the U.S.EPA RfD and are not at levels associated with harmful effects in the
fetus. However, the estimated exposure doses for children eating fish from EFPC once a month
are slightly above the U.S.EPA RfD, but are not close to the NAS dose effect level or the EPA
BMDLOS. Figure 26 compares the estimated exposure doses in Table 25 to the health effect
levels and health guidelines. Whether children are as sensitive to the neurotoxic effects of
mercury as is the fetus is uncertain. Even if children were not exposed in utero, some young
children who frequently eat the same fish as their mother ate are also at an increased level of risk
for harmful effects. This conclusion is somewhat uncertain, primarily because a person’s
mercury response is itself somewhat uncertain. Contributing to that uncertainty is how the body
handles mercury, and the sex, genetics, health, and nutritional status of the person who eats the
fish, or how mercury is handled in the body.

Only the estimated methylmercury dose for children eating one meal a month of crayfish from
the EFPC is above the lowest LOAEL (8 x 10™ mg/kg/day) from the Faroe Island study and

%8 These neurodevelopmental effects were observed at a population level; not on an individual basis.
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comes close to the NAS dose effect level. Therefore, children who ignore the posted EFPC
advisory (no fishing and no contact with water) may be at risk of subtle neurodevelopmental
effects if they eat one crayfish meal a month. Pregnant women who ate one crayfish meal a
month have a small increased risk of harming a developing fetus because the estimated
methylmercury dose is slightly above the U.S.EPA RfD, but not close to the NAS dose effect
level or the EPA BMDLOS. Figure 26 compares the estimated exposure doses in Table 25 to the
health effect levels and health guidelines. However, it is highly unlikely for pregnant women and
young children to eat one meal a month of EFPC crayfish because of the posted advisory and
EFPC is not a productive fishing location.
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Figure 26. Current Estimated Methylmercury Exposure Doses from Eating EFPC Fish and
Crayfish Compared to Health Effect Levels and Health Guidelines
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EFPC Vegetables (inorganic mercury)

The OREIS Environmental Database contains 16 samples of beet, kale (cabbage), and tomato
collected from two locations in the EFPC floodplain in 1992 (OREIS 2009). Mercury was
detected in 12 of the 16 samples (75 percent). See Table 26 for a summary of the mercury
concentrations detected in each type of plant.

Table 26. Mercury Concentrations in Edible Plants from EFPC

Species Portion Minimum (ppm) \Maximum (ppm)| Average (ppm) I?r eeile;gzgy
Beet Root 0.63 2.7 1.3 4/4
Kale Leaves 0.13 3.2 0.80 77
Tomato Fruit ND 0.42 — 1/5
Overall ND 3.2 — 12/16

Source: OREIS 2009
ppm:  parts per million

Comparison values are not available for inorganic mercury concentrations detected in edible
plants. Thus to further evaluate any edible plant exposure, ATSDR calculates exposure doses.
The exposure doses for eating plants are calculated slightly different from the other media
because a body weight factor is already incorporated into the intake rate. Therefore, ATSDR
calculated exposure doses using the maximum concentration detected in the plants (3.2 ppm;
OREIS 2009) and the following formula:

ED = Conc x IR x AF?

ED: exposure dose

Conc: concentration

IR: intake rate

AF: bioavailability factor

According to U.S.EPA’s Exposure Factors Handbook people living in the South eat 2.27 grams
of homegrown vegetables per kilogram of body weight per day (g/kg/day) (EPA 1997). The total
survey population used to calculate this intake rate (IR) included adults and children (EPA
1997). As with the past exposure evaluation, ATSDR assumed the oral bioavailability factors
(AF) of inorganic mercury in produce are 15 percent for children and 10 percent for adults (see
Appendix G. Past Exposure Pathway Parameters).

The resulting exposure doses are 7.3 x 10 mg/kg/day for adults and 1.1 x 10~ mg/kg/day for
children, above the RfD of 3.0 x 10 mg/kg/day for chronic exposure to inorganic mercury.
Mercury exposures through eating vegetables from EFPC gardens were then further evaluated
using a more realistic exposure scenario—average concentrations to calculate the exposure
doses. By using average concentrations, ATSDR can estimate a more probable exposure.
ATSDR used the same equation and assumptions as above but substituted the average mercury
concentration for each species for the maximum concentration (see Table 27 for the estimated
exposure doses). ATSDR then compared these potential exposure doses to actual health effects
levels in the toxicological and epidemiological literature (EPA 2012a).

#9227 g/kg/day was converted to 0.00227 kg/kg/day to allow the units to cancel in the formula.
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Table 27. Estimated Inorganic Mercury Exposure Doses from EFPC Vegetable

Consumption
Average Estimated Exposure Doses (mg/kg/day)
Species C .
oncentration (ppm) Adults Children
Beet (root) 1.3 3.0 x 104 4.4 x 104
Kale (leaves) 0.80 1.8 x 10+ 2.7 %104
Tomato (fruit) 0.42 9.5x10% 1.4 x 104

mg/kg/day: milligrams per kilogram per day
ppm: parts per million

The RfD for inorganic mercury was “arrived at from an intensive review and workshop
discussions of the entire inorganic mercury data base” (EPA 2012a). It is based on a back
calculation from U.S.EPA’s recommended drinking water equivalent level (DWEL). This level
is based on three studies in which autoimmune effects were observed in rats exposed to doses of
0.226, 0.317, and 0.633 mg/kg/day (Andres 1984; Bernaudin et al. 1981; Druet et al. 1978).
These health effect levels are at least three orders of magnitude higher than the estimated doses
for adults and for children eating vegetables grown in EFPC gardens. Furthermore, plants tend to
store metals such as mercury in a form not readily bioavailable to humans (ATSDR 2001).
ATSDR does not expect that eating beets, kale, or tomatoes grown in the EFPC floodplain would
cause harmful health effects.

Current Oak Ridge Biota
Oak Ridge Vegetables (inorganic mercury)

The OREIS Environmental Database contains only four vegetable samples (three kale samples
and one tomato sample) from the city of Oak Ridge (OREIS 2009). In 1992, samples were
collected from one garden within the city. Mercury was not detected in any of the samples. The
vegetable data, although minimal, indicate that eating garden vegetables grown in the city of Oak
Ridge is not likely to cause harmful health effects.

Current LWBR Biota
LWBR Fish (methylmercury)

In a 1996 health consultation on LWBR, ATSDR evaluated exposures to mercury contamination
in fish from the reservoir’® (ATSDR 1996b). ATSDR determined that the levels of mercury in
the fish did not present a public health concern. To arrive at this conclusion, ATSDR evaluated
the available data using a worst-case scenario that assumed a 70-kg adult ate one 8-ounce fish
meal containing the maximum concentration of mercury every week for 30 years (ATSDR
1996D).

30 Fish samples were collected prior to the floodplain remediation.
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In September 1997, ATSDR conducted an exposure investigation to quantify actual exposures
from eating moderate to large amounts of fish and turtles from LWBR (ATSDR 1998).
Preliminary information about consumption eligibility and willingness to participate was

collected from more than 550 potential participants who
volunteered information. About 80 percent of the potential
participants did not eat enough fish from LWBR to be included in

Since 1987, fishing advisories
for LWBR have been posted
warning people to avoid or limit

the exposure investigation. ATSDR chose to measure blood their consumption of fish due to

mercury levels from 116 of the participants who during the past PCB contamination in the

year reported eating one or more turtle meals; six or more meals of | reservoir (ORNL and Jacobs
Engineering Group 1995).

catfish and striped bass; nine or more meals of white, hybrid, or

smallmouth bass; or 18 or more meals of largemouth bass, sauger,

or carp. The participants consisted of 58.6 percent male and 41.4 percent female with an age
range from 6 to 88 years and a mean age of 52.2 years. About 80 percent of the participants ate
fish from LWBR for six or more years and 65 percent ate fish for more than 11 years. The

estimated average daily fish and turtle consumption rate for the participants was 66.5 grams per
day (g/day) (ATSDR 1998).

For the 116 participants, the total mercury levels in blood ranged from nondetectable to 20 pg/L.
Eighty-nine persons had nondetectable levels of mercury in their blood (the detection limit was 3
ng/L). The median value was below the detection limit and the arithmetic mean of the total
mercury detections was 5.2 ug/L. Organic mercury levels in blood ranged from nondetectable to
11 pg/L. One hundred and twelve participants (out of 116) had nondetectable levels of organic
mercury in their blood (the detection limit was 3 pg/L). The arithmetic mean of the organic
mercury detections was 6 ng/L. The ATSDR scientist concluded in the 1998 exposure
investigation that only 1 of 116 participants had an elevated blood mercury level and that the
overall exposure investigation participants’ blood mercury levels were very similar to levels
found in the general population (ATSDR 1998).

In this public health assessment on Y-12 mercury releases, ATSDR further analyzed the
exposure investigation results by comparing the total blood mercury data to the total blood
mercury data from the National Health and Nutrition Examination Survey (NHANES). We
wanted to determine if the 116 exposure investigation participants eating moderate to high
amounts of LWBR fish were exposed to elevated levels of mercury. The CDC’s National Center
for Health Statistics began conducting the NHANES in 1999, to obtain health and nutritional
related data from a nationally representative sample of adults and children in the United States in
two-year cycles. The survey combines interviews and physical examinations and includes the
measurement of 219 chemicals in people’s blood or urine. The Fourth National Report on
Human Exposure to Environmental Chemicals 2009 and the Updated Tables, February 2011
(CDC 2011) provide the most comprehensive assessment of nationally-representative
biomonitoring data of environmental chemical exposure in the U.S. population. The report and
tables are available at CDC's website http://www.cdc.gov/exposurereport/. The NHANES
biomonitoring studies provide physicians and public health officials with reference ranges that
can be used to determine whether people have been exposed to higher levels of mercury than are
found in the general population (CDC 2009). The 2011 Updated Tables presents the 95
percentile of total blood mercury data and 95 percent confidence interval for the U.S. population
from the 2003-2004, 2005-2006, and 2007-2008 NHANES survey periods (CDC 2011). Based
on the total blood mercury data from the NHANES, except for the one elevated exposure
investigation blood mercury level of 20 pug/L, the distribution of total blood mercury from the
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1998 exposure investigation of moderate to high consumers of LWBR fish is similar to the
distribution of total blood mercury for the U.S. population.

In 1996, TDEC conducted a screening study to determine the mercury levels in turtles from the
LWBR and the Clinch River (TDEC 1997). Muscle tissue from 13 common snapping turtles was
analyzed for mercury content. Mercury concentrations ranged from 0.1 to 0.35 ppm, with an
average of 0.19 ppm>' (TDEC 1997). These levels are slightly above the comparison value of
0.14 ppm for fish. TDEC noted, however, that the mercury concentrations were below FDA’s
action level of 1 ppm for methylmercury in fish.

In 2005, DOE collected three common snapping turtles from Brashear Island (CRM 11,
downstream of Poplar Creek) to monitor mercury levels. Composited mercury concentrations
were “relatively high” in both muscle (0.465 ppm) and liver tissue (3.341 ppm), and much lower
in fat (0.048 ppm). The 2005 samples were similar to, or slightly less than those collected from
the same locations in 2000 (SAIC 2007).

The OREIS Environmental Database contains over 387 samples from channel catfish,
unspecified catfish species, largemouth bass, striped bass, gizzard shad, bluegill sunfish,
unidentified sunfish species, and red-eared sliders™ collected every year from 1992 to 2009,
from 14 locations in the LWBR (OREIS 2009). As shown in Table 28, many of the maximum
detected concentrations exceeded the comparison value of 0.14 ppm for fish samples. Of the 387
fish samples collected from the LWBR, 214 samples (55 percent) were detected above the
comparison value (OREIS 2009).

*! These data do not appear to be included in the OREIS database.

32 Note that the red-eared slider is not one of three species that are legal to harvest: common snapping, midland
smooth softshell, and Eastern spiny softshell (TDEC 1997). That anyone is eating this particular turtle species is
unlikely. But with no other turtle sampling data available, ATSDR used red-eared sliders as a representative
species.
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Table 28. Mercury Concentrations in Fish and Turtles from LWBR

St Portion Minimum Maximum Average Detection
(ppmy) (ppmy) (ppm) Frequency

Channel Catfish Fillet/muscle ND 0.48 0.19 40/41
Channel Catfish Unknown ND 1.1 0.28 33/39
Channel Catfish Whole body 0.10 0.58 0.32 8/8
Catfish, Unspecified Species | Fillet 0.05 0.51 0.19 16/16
Catfish, Unspecified Species | Unknown 0.053 0.36 0.17 4/4
Gizzard Shad Whole body 0.047 0.054 0.051 3/3
Largemouth Bass Fillet/muscle ND 0.78 0.33 39/40
Largemouth Bass Unknown ND 0.77 0.27 46/54
Largemouth Bass Whole body 0.13 0.4 0.3 6/6
Striped Bass Fillet 0.14 0.52 0.29 4/4
Striped Bass Unknown 0.093 0.14 0.1 2/2
Striped Bass Whole body 0.13 0.54 0.28 717
Bluegill Sunfish Unknown ND 0.45 0.087 33/52
Bluegill Sunfish Muscle 0.069 0.24 0.12 35/35
Sunfish species Fillet ND 0.53 0.14 58/59
Sunfish species Unknown 0.069 0.16 0.1 4/4
Red-eared Slider (turtle) Muscle 0.058 0.40 0.26 6/6
Red-eared Slider (turtle) Whole body 0.061 1.07 0.55 717
Overall ND 1.1 — 351/387

Source: OREIS 2009
ppm:  parts per million

All of the fish and turtles samples from LWBR were analyzed for total mercury (OREIS 2009).
In fish tissue, about 85 percent of mercury is methylmercury (Jones and Slotten 1996). Again,
methylmercury is the organic form and is much more harmful than the elemental and inorganic
forms (ATSDR 1999). To remain conservative, ATSDR assumed that all the total mercury
detected in the fish and turtles was methylmercury.

Because the comparison value was exceeded, ATSDR continued to evaluate exposures to eating
fish and turtles from the LWBR. People frequently fish in the reservoir. But since 1987, fishing
advisories have warned people to avoid or limit their consumption of fish due to PCB
contamination in the reservoir (ORNL and Jacobs Engineering Group 1995). To evaluate
exposure to mercury through eating fish and turtles from the reservoir, ATSDR calculated
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exposure doses using the average concentration detected in fillet and muscle samples®” and the
formula described in Section III.C.3. Comparing Estimated Doses to Health Guidelines. ATSDR
evaluated three potential intake rates. The first scenario assumed that both adults and children ate
one 8-ounce fish meal each month (12 meals/year = 7.5 grams/day). The second assumed that
both adults and children at one 8-ounce fish meal each week (52 meals/year = 32 grams/day).
The third assumed adults ate 66.5 grams of fish/day (about two 8-ounce fish meals each week),
which is the self-estimated consumption based on frequency and meal size for moderate to high
consumers of LWBR fish (ATSDR 1998). Turtle consumption is not well documented. For the
sake of this evaluation, ATSDR assumed the same consumption rates applied to turtles as to fish,
although this likely overestimates actual turtle consumption. ATSDR assumed that adults
weighed 70 kg and were exposed for 30 years, and children weighed 28.1 kg and were exposed
for 6 years.

The estimated adult and child doses from eating LWBR fish and turtles once a month were
below both the U.S.EPA RfD (1.0 x 10™* mg/kg/day) and the ATSDR MRL (3.0 x 10™*
mg/kg/day) for methylmercury (see Table 29). All of the child and some of the adult estimated
exposure doses from eating fish and turtles for the second and third consumption scenarios (one
8-ounce fish meal each week and two 8-ounce fish meals each week) were above both the
ATSDR MRL and U.S.EPA RfD (see Table 29). Therefore, ATSDR compared these potential
exposure doses to actual health effects levels in the toxicological and epidemiological literature.

Table 29. Estimated Methylmercury Exposure Doses for LWBR Fish and Turtles

Estimated Exposure Doses (mg/kg/day)

Average Eating fish once Eating fish once Mocht;lte t0

Species Concentration a month a week consufc e

(rpm) (7.5 g/day) (32 g/day) (66.5 g/day)

adult child adult child adult

Channel Catfish (fillet/muscle) 0.19 20%x105 | 51 %105 | 87 %105 | 2.2 x 104 1.8 x 104
Catfish, Unspecified Species (fillet) 0.19 20%x105 | 51x105 | 8.7x105 | 2.2 x 10+ 1.8 x 104
Largemouth Bass (fillet/muscle) 0.33 35%x105 | 8.8x105 | 1.5x 104 | 3.8x 104 3.1 x 10+
Striped Bass (fillet) 0.29 34x105 | 7.7x105 | 1.3x 104 | 3.3 x 10 2.8 x 10
Bluegill Sunfish (muscle) 0.12 1.3x105 | 3.2x 105 | 55x 105 | 1.4 x 10 1.1x 104
Sunfish species (fillet) 0.14 15x105 | 3.7x105 | 6.4x105 | 1.6 x 104 1.3x 104
Red-eared Slider (muscle) 0.26 28x105 | 69x105 | 1.2x 10 | 3.0x 10* 2.5x 10

Bold text indicates that the exposure dose is higher than the U.S.EPA RfD of 1.0 x 10™ mg/kg/day.
g/day: grams per day

mg/kg/day: milligrams per kilogram per day

ppm: parts per million

The ATSDR chronic MRL of 3 x 10™* mg/kg/day for ingestion of organic mercury is based on
the Seychelles Child Development Study, in which people who were exposed to 1.3 x 10
mg/kg/day of methylmercury from eating fish did not experience any adverse health effects

3 It is standard protocol to analyze fillets/edible portions when evaluating human health concerns.
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(NOAEL; Davidson et al. 1998). The U.S.EPA RfD of 1 x 10 mg/kg/day for mercury is based
on the Faroe Islands study, in which maternal dietary intakes of 8 x 10 mg/kg/day to 1.5 x 10
mg/kg/day were associated with effects associated with performance on standardized
neurobehavioral test involving attention, verbal memory, confrontational naming, and to a lesser
extent visual/spatial abilities and fine-motor functions in children born to women who lived on
the Faroe Islands (LOAELS; Debes et al. 2006; Grandjean et al. 1997). These U.S.EPA
BMDLOS5 are expected to be associated with a 5 percent increase in the incidence of
neurodevelopmental effects in children exposed in utero. The U.S.EPA RfD is consistent with
the approach used by the NAS which identified a dose of 1.1 x 10~ mg/kg/day as a dose that
results in a 5 percent increase in the incidence of abnormal scores on the Boston Naming Test (a
picture-naming, vocabulary test) (NRC 2000).

In Table 29, the estimated methylmercury doses for adults and children from eating one meal a
month (12 meals/year) of LWBR fish and turtles are below U.S.EPA RfD of 1 x 10 mg/kg/day
and ATSDR's MRL of 3 x 10™ mg/kg/day and are; therefore, not at levels that would cause
harmful effects in children or fetuses. Figure 27 compares the estimated exposure doses in Table
29 to the health guidelines.

Some of the estimated doses in Table 29 for adults who eat one meal a week (52 meals a year)
and two meals a week (104 meals a year) of LWBR fish and turtles are at levels near or slightly
above the U.S.EPA RfD; however, these estimated doses are not close to the NAS dose effect
level or the EPA BMDLOS (see Figure 27). Pregnant women who eat one and two meals of
largemouth bass, striped bass, or turtles from LWBR a week have a small increased risk of
harming a developing fetus. Possible subtle neurodevelopmental effects identified from studies
of children exposed in utero involve attention, verbal memory, confrontational naming, and to a
lesser extent visual/spatial abilities and fine-motor functions (Debes et al. 2006; Grandjean et al.
1997; NAS 2000). Eating catfish and sunfish once a week is a safer alternative for pregnant
women.

The estimated doses in Table 29 for children eating one meal a week of LWBR fish and turtles
are slightly above the U.S.EPA RfD but are not close to the NAS dose effect level or the EPA
BMDLOS5 (see Figure 27). Therefore, children who eat up to one LWBR fish meal a week have a
small increased risk of subtle neurodevelopmental effects. Whether children are as sensitive to
the neurotoxic effects of mercury as is the fetus is uncertain. Even if children were not exposed
in utero, some young children who frequently eat the same fish as their mother ate are also at an
increased level of risk for harmful effects.
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Figure 27. Current Estimated Methylmercury Exposure Doses from Eating LWBR Fish
and Turtles Compared to Health Effect Levels and Health Guidelines

mg/kg/day
S
C) —
<@ Chronic exposure NOAEL = 0.0013 mg/kg/day
o <—0 NAS health effect level = 0.0011 mg/kg/day
=2 — BMDL = 0.0008 - 0.0015 mg/kg/day
< ® Chronic exposure ATSDR MRL = 0.0003 mg/kg/day
§_ Chronic exposure EPA RfD = 0.0001 mg/kg/day
o e
Range of estimated exposure doses from eating fish and
— turtles caught in LWBR (0.000013 - 0.00038 mg/kg/day)
2
o
S
o

Page | 143



(ATSDR

V. Health Outcome Data Evaluation

Health outcome data measures disease occurrence in a population. Common sources of health
outcome data are existing databases (cancer registries, birth defects registries, and death
certificates) that measure morbidity (disease) or mortality (death). Health outcome data can
provide information on a community’s general health status: where, when, and what types of
diseases occur and to whom they occur. Public health officials use health outcome data to look
for unusual patterns or trends in disease occurrence by comparing disease occurrences in
different populations over periods of years. These health outcome data evaluations are
descriptive epidemiologic analyses. They are also exploratory; they provide additional
information about human health effects and are useful in that they help identify the need for
public health intervention activities such as community health education. But health outcome
data cannot—and are not meant to—establish cause-and-effect between environmental exposures
to hazardous materials and adverse health effects in a community.

ATSDR scientists generally consider health outcome data evaluation when they see an
association between 1) a reasonable expectation of adverse health effects and 2) observed levels
of contaminant exposure. In this public health assessment on Y-12 mercury releases, ATSDR
scientists determined that because of past mercury released from the Y-12 plant, potential past
off-site exposures were possible.

Criteria for Conducting a Health Outcome Data Evaluation

To determine whether to use health outcome data in the public health assessment process,
ATSDR scientists consult epidemiologists, toxicologists, environmental scientists, and
community involvement specialists. But ultimately the following criteria, based only on site-
specific exposure considerations, determine whether a public health assessment should include a
health outcome data evaluation.

e Does the site include at least one current (or past) potential or completed exposure pathway?
e (Can the period of exposure be determined?
e (an the population that was or is being exposed be quantified?

e Are the estimated exposure doses(s) and the duration(s) of exposure sufficient for a plausible,
reasonable expectation of health effects?

e Are health outcome data available at a geographic level or with enough specificity to be
correlated to the exposed population?

e Do the validated data sources or databases have information on the specific health
outcome(s) or disease(s) of interest—for example, are the outcome(s) or disease(s) likely to
occur from exposure to the site contaminants—and are those data accessible?

Using the findings of the exposure evaluation in this public health assessment, ATSDR identified
the following completed past exposure pathways to Y-12 mercury.

e In the past (1950-1963), family members could have inhaled elemental mercury carried from
the Y-12 plant by workers on their clothes into their homes.
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e Children ingesting inorganic mercury in EFPC surface water during some weeks in 1956,
1957, and 1958, and adults ingesting inorganic mercury in EFPC surface water during some
weeks in 1958, may have an increased risk of developing renal (kidney) effects.

e Children accidentally swallowing inorganic mercury in EFPC floodplain soils at the NOAA
site and Bruner site before soil removal activities in 1996 and 1997 may have an increased
risk of developing renal (kidney) effects.

e Children born to or nursing from women who periodically ate 12 meals of fish per month
from Poplar Creek in the 1970s, 1980s, and 1990 were exposed to organic mercury at levels
that may have increased the risk of subtle neurodevelopmental effects in these children. Also,
in the 1970s, 1980s, and 1990, children who ate six meals a month of Poplar Creek fish have
an increased risk of subtle neurodevelopmental effects.

ATSDR then used the above criteria to determine whether any of these completed exposure
pathways would support inclusion of health outcome evaluations in this public health
assessment. ATSDR was not able to sufficiently quantify the exposed population or document
the dose and duration of past exposures sufficiently to identify observable health effects for any
of these completed exposure pathways.

In the mid-1990s, ATSDR documented the completed exposure pathway to mercury via
ingestion of fish (ATSDR 1998). ATSDR conducted an exposure investigation to quantify actual
exposures from eating moderate to large amounts of fish and turtles from LWBR. ATSDR’s
exposure investigation determined the body burden or the actual amount of mercury at a specific
time, in the bodies of 116 people who ate moderate to large amounts of fish from the Watts Bar
Reservoir. For the 116 participants, the total mercury levels in blood ranged from nondetectable
to 20 png/L. Eighty-nine persons had nondetectable levels of mercury in their blood (the detection
limit was 3 pg/L). The median value was below the detection limit and the arithmetic mean of
the total mercury detections was 5.2 pg/L (ATSDR 1998).

In this public health assessment on Y-12 plant mercury releases, ATSDR analyzed the exposure
investigation results by comparing the total blood mercury data to the total blood mercury data
from the NHANES to determine if the 116 exposure investigation participants eating moderate to
high amounts of LWBR fish were exposed to elevated levels of mercury. The CDC’s National
Center for Health Statistics began conducting the NHANES in 1999, to obtain health and
nutritional related data from a nationally representative sample of adults and children in the
United States in two-year cycles. The Updated Tables, February 2011 presents the 95™
percentile of total blood mercury data and 95 percent confidence interval for the U.S. population
from the 2003-2004, 2005-2006, and 2007-2008 NHANES survey periods (CDC 2011). Based
on the total blood mercury data from the NHANES, except for the one elevated blood mercury
level of 20ug/L, the distribution of total blood mercury from the 1998 exposure investigation of
moderate to high consumers of LWBR fish is similar to the distribution of total blood mercury
for the U.S. population. Because the level of mercury exposure via ingestion of moderate to high
amounts of LWBR fish in the mid-1990s is similar to the level expected in the general
population and is not expected to cause measurable health effects, no further analysis of health
outcome data is appropriate for this exposure pathway.
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Given the lack of documentation for any of the other completed exposure pathways, no further
analysis of health outcome data is appropriate. Analysis of site-related health outcome data is not
scientifically reasonable unless the level of estimated exposure is adequately documented to meet
the criteria to conduct a health outcome evaluation. ATSDR cannot make such an exposure
estimate. Thus the requirement is complete to consider analysis of site-related health outcome
data on the basis of exposure.

In addition, many validated health outcome databases or data sources on the public generally are
not available. Especially those with data or information on the known specific health effect
(subtle neurodevelopmental effects involving attention, verbal memory, confrontational naming,
and to a lesser extent visual/spatial abilities and fine-motor functions [Debes et al. 2006;
Grandjean et al. 1997; NAS 2000], and renal effects [Andres 1984; Bernaudin et al. 1981; Druet
et al. 1978]) associated with low level environmental exposure to elemental mercury, inorganic
mercury, and organic mercury.
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VI. Community Health Concerns

Responding to community health concerns is an essential part of ATSDR’s overall mission and
commitment to public health. ATSDR actively gathers comments and other information from
those who live or work near the ORR. ATSDR is particularly interested in hearing from area
residents, civic leaders, health professionals, and community groups. ATSDR is addressing these
community health concerns in the ORR public health assessments that are related to those
concerns.

To improve the documentation and organization of community health concerns at the ORR,
ATSDR developed a Community Health Concerns Database specifically designed to compile
and track community health concerns related to the site. The database allows ATSDR to record,
track, and respond appropriately to all community concerns, and also to document ATSDR’s
responses to these concerns.

Since 2001, ATSDR compiled more than 2,500 community health concerns obtained from the
ATSDR/ORRHES community health concerns comment sheets, from written correspondence,
phone calls, newspapers, comments made at public meetings (ORRHES and work group
meetings), and surveys conducted by other agencies and organizations. These concerns were
organized in a consistent and uniform format and imported into the database.

The community health concerns addressed in this public health assessment are those concerns in
the database related to mercury releases from the Y-12 plant. Table 30 contains the actual
comments and ATSDR’s responses, and is organized according to category.

Concerns about cancer

Area residents have also voiced concerns about cancer.’* Those living in the communities
surrounding the ORR have expressed many concerns to the ORRHES about a perceived increase
in cancer in areas surrounding the ORR. A 1993 TDOH survey of eight counties surrounding the
ORR indicated that cancer was a concern more than twice as much as any other health issue. The
survey also showed that 83 percent of the surveyed population in the surrounding counties
believed examining the actual occurrence of disease among Oak Ridge area residents was very
important.

ORRHES thus requested that ATSDR conduct an assessment of health "Cancer incidence”
outcome data (cancer incidence) in the eight counties surrounding the refers to newly
ORR. ATSDR conducted an assessment of cancer incidence using data diagnosed cases of
already collected by the Tennessee Cancer Registry (ATSDR 2006¢). This | cancer reported to
assessment is a descriptive epidemiologic analysis providing a general the Tennessee

. . . . Cancer Registry.
picture of cancer occurrence in each of the eight counties. The
assessment’s purpose was to provide citizens living in the ORR area with information regarding
cancer rates in their county compared with those in the state of Tennessee as a whole. This
evaluation only examines cancer rates at the population level—not at the individual level. It is
not designed to evaluate specific associations between adverse health outcomes and documented
human exposures, and it does not—and cannot—establish cause and effect.

** Note that the Department of Health and Human Services (DHHS) and IARC have not classified mercury as to its
human carcinogenicity. U.S.EPA has determined that mercury chloride and methylmercury are possible human
carcinogens (ATSDR 1999).
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The cancer incidence assessment results were released in 2006. They indicated that when
compared with cancer incidence rates for the state of Tennessee generally, both higher and lower
rates of certain cancers occurred in some of the counties examined. But no consistent cancer
occurrence pattern was identified. The reasons for the increases and decreases of certain cancers
are unknown. ATSDR’s Assessment of Cancer Incidence in Counties Adjacent to Oak Ridge
Reservation is available online at
http://www.atsdr.cdc.gov/HAC/oakridge/phact/cancer_oakridge/index.html.

In addition, over the last 20 years, local, state, and federal health agencies have conducted public
health activities to address and evaluate public health issues and concerns related to chemical and
radioactive substances released from the ORR. For more information, please see the
Compendium of Public Health Activities at
http://www.atsdr.cdc.gov/HAC/oakridge/phact/c_toc.html.

Page | 148


http://www.atsdr.cdc.gov/HAC/oakridge/phact/c_toc.html
http://www.atsdr.cdc.gov/HAC/oakridge/phact/cancer_oakridge/index.html

6T | abed

"palwuIeYy Usaq aAeY pInod ‘€96 ybnoayy 061 woly jueid g1-A dU} wol

Jle a8y} 0} pases|al Ainosaw Buiyiealq ¥y ay; Jeau ayis yo Buinij ajdoad Jaydym apnjouod JouUed YASLY =
‘eale Ao|le/ Jlop 8y} ul Buinl ajdoad pawiey aaey 0}

pa1oadxa Jou sijueld Z}-A 8yl Wolj saseajal Aindlaw Jie (£961-0G61) 1sed Buiyiesiq 1ey) sapnjouod YAasly =
"s|j1ds AInoJaw JOOPINO WO BJep OU SJe 818y} aSNedsq pawley Ussq aAeY PINod awi} Loys e Joj jueld

Z1-A 8y1 woly Jsed ayy u sases|al Ainasew Buiyyesiq suoneindod a8)Is-1o Jayloym apnjouod Jouued YASLY =
1sed ayy ul (ualpjiyo BunoA Ajjeioadse) saljiwey Jisy) pawiey aney Ajjenusiod pinod sewioy

J13Y) 0JuI SBYI00 J1dy} Uo SsJaxiom Aq Jueld g1-A dU} woJy pauied Aindjsw [ejuswals Jey) Sapnjouod ¥ASLy =

‘uonenjeAs

JUSLIND 8y} JO} () UOIOBS pue uoeN|eAd Jsed 8y} Joj Zy"A\| UOIJDaS 993 Juswssasse yyeay aignd siy)

"sbuldg JanjQ Jo
uonoaJIp 8y} Ul saseajal AinaJaw jsed Jnoge paulaouo)

‘0S| U8Ye) 8q p|noys sajduues Jie os ‘painsesw

Ul BJEP PUB S|9pOW S|ge[IBAR 8U) PajEN|BAS HSLY "PRINSesw PUe Pajewsa usaq aAey Jie Ul S[aAs] AINJIs| 8q p|noys Jie 8y ul Aindisw Jo uonesuduod dyl | ¢
"yyjeay s,s|doad wiey oy pajoadxa jou si abpiy ¥eQ wol} sajqeaban Buies Ajjualing jey) sapnjouod YAasly =
‘Yyesy sa1doad w.ey o}
pajoadxa jou si uleldpooly Dd43 8y Ul umoib saojewo) Jo ‘ajey ‘syaaq Bunes Ajpualing Jey) sepnjouod YAJsLly =
‘1sed
ay) ur yyeay s,ajdoad wiey o} pajoadxs jou si Uiejdpoo)) 8y} WO S|I0S PaJRUILIBIU0I-AINDJBW UIBJUOD YDIYm
suap.eb ayeaud ul Jo uieidpools D443 8y} ul suspleb ui umolb sanpoud [eao| Bunes eyl sepnjouod YASLY = ¢punolb anoqe jueld ay; jo
(J°g Al UONo8S Med ay) Aq dn uaye) sem AIndiaw 1By} UMOYS ) SemM MOH
99s) Juasald pue (9| uonoes 99s) Jsed ayy ui sjuejd Buies psjenjeas Yasly ‘Juswssesse yyesy algnd ‘painseaw
siy) uj “syuerd ayy jo suonJod punoib anoge Ui pajosjep sem Aindiajy AindJaw Joj pazAeue usaq aAey sjue|d aq pinoys sjued ur Ainossuwi Jo uonenusouod syl | g

Buidwes Ainaiapy

"J8}eM PUE JIE 8U} 0) $3seaal AIndJaw JO S8jewiysa snoinaid ay) pasiAsl )i Ing ‘sejewysa
Aiojuanur snoinaid 8y} JO [[B HISIABI JOU PIP Z %S "Sasesjal Aindisw z|-A Pelewnss osje uodal g )sel 8yl =

"sejewnse syl Jo Auew pajsnipe pue poday Alojuaau] AindJsp /61 SY) paipnis 82104

sse] Anosay ayL (dgg6) ‘BE86L ANOON) €861 Ul Hodal s) pasesjal 80104 yseL Anoss|y ayL Jueld z}-A
83U} Je sasesjal pue asn AIndJaw INoge umouy Sem Jeym sjebijsaul 0} 82104 jse] Ainos e psjuiodde 30Q =
‘Hoday Aojuaau] AindJsp / /61 dUi pajjed Modal payisse)d e patedaid jpuuosiad gL-A /6L Ul =

"(£961-£G661) SJeak uononpoud JuswydLua wniyy| 8y} uo pasnao} suodal asay)
JO 831U} ||B Ul J8}eM PUB JIe 0} SOSBa|a) PUB SBLI0JUSAUI AINdJawW JO S8jewlysa ay "(s|iejep aJow Joj g'||| uondes
99S) sieak 8y} JOAO Jie pue Jajem 0} sasesjal AIndisw Z|-A S1eWi)sa 0} Spew usaq ey Suoya Jofew sy

*finaJaw Jo spunod 950°620°
JO SSO| 8U} Y}IM PauIaduod S| Jaquiall 99jliwodqns

"} Hodai jou pip inq
pasesjal Bulaq sem Ainasaw jeyy mauy Ajgeqoid 304

b

soses|al AinaJa|y

asuodsay S, Yas.Lv

Jumio))

Iseqe)e( SUINIU0)) YI[LIH Aunwiwio)) YO Y} WOIJ SWINDU0)) YI[eIH Ayunuwwio)) *(€ d[qeL

JUBWISSaSSY YijeaH dlignd
Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




0ST | @bed

7'V /\l UOI0aS 98S ‘uoneue|dxs Jayuny Jo4 -g|dwes 8109 yoes

UIY)IM Pajos)ap Uaaq aAey Aew Jey) Uoieusouod AIndJsw Wnwixew ay) JO 8}ewss ue sepiaoid yaiym ‘enjea
adwes 2109 pajsnipe ue Buifidde Aq sejdwes a)isodwiod jo J0aye uolN|Ip SIY} 0} PBJUN0IIE YJSLY "$8100 8y}
UIYIM SpPUBQ MOJIBU Ul Paleljuasuod sem Jey) Ainosaw ayy pain|ip gy (sejdwes ajsodwod buisn “o'1) ajdwes
8102 Y2Ba UIUyM 108 JO Buixiwi 8y} Jey} paJapisuod Sisiualos YSLy ‘Juswssasse yyeay angnd siys UYL

‘so|dwes
8102 9)e} Jou pIp A3y} ‘pijeA Jou ale sashjeue 30Q 8L

"S1ofe| Jamo|
ay 0} siehe| Jaddn ayy woJy Aindsew Jo Jajsuel) sy} Joj
PSJUNOOE Z 3SB] MOU PaySe JaqLusw as)iuwooqns

‘so|dwes |10s Buiziusbowoy uaym
Buissiw AInoJaw JO SUOIBIIUBIUOD Jaybily JO SUIaouo)

‘so|dwes |10s Buiziusbowoy Inoge suIsouo)

“dnoub Buppiom Aousbelsul ayy Aq MaIABI [NjBIBD INOYYIM JO PaSOdSIp JO ‘parowal ‘paginisip
9 J0U PINOYS SJUBLIPAS 8} Jey) suoines YASLy ‘ongnd sy pue siexyiom 0} sainsodxa Alessadsuun jusaaid o)

"2Ins0dxa 01U0JYD 10} anjeA auljapInb y)jesy sy} Mojaq alom Sesop pajellnse ay) yiog syidsp paiioadsun woij
JUBLIPSS YA Ul Pe1osiep UoIenusouod Wwnwixew ay) Buisn uaip|iyo pue synpe Joj sasop ainsodxe paje|nojes
¥QSLY ‘Jayun} Juswipas 0} ainsodxs sy} ajenjeas 0] “anjea uosuedwod sy} Uey) Joybiy ajom sajdwies Juswipas
yidap payoadsun Ul AIndJsw JO SUOIRIUSIU0D M) B ‘IOASMOH "SanjeA uoslieduwiod sy Uey) s8] a1om YgmT oy

woJ} pa10s]|0o sejdwes Juswipss Jejem-desp pue ssjdwies JuswWIPss aioys-1eau ay) Jo ||y “yesy s,a|doad wiey
01 pajoadxa JoU S| JUBWIPSS YT Ul AInoJa Y)Im J0BIU0D Ul BUILoD Jey) SBpNjouod YJSLY UsLssasse yyjeay

aljgnd SIy} Ul YgAAT Ul JUSWIPSS MO||BYS puUe [auueyd desp Yjoq Ul sjeAs| Aindlsw pajenjeas Ajjeoliosds ¥asSLy

‘Buidwes
JUBWIPaS MO||eysS pue [suueyd dasp Inoge suladuo)

"0=bdR1 /€1 =p1a0p¢ dSe’YHd/eyd/QH/AOD Opd"Ipsie Mmm;/-dpy

0} 1x8) 8y} ul pabueyd usaq sey s}isqam ay ] e d|qejieAe uoiieAlasay abpry

YeQ 8y} WoJj JaTempunols) alS-JO pareulwrIu0) 0} S8insodx3 [enusiod 0 uonen[eAd :Juslssassy UiesH
211qNd 900Z S.4AS.LY 0} Jaja1 ases|d ‘Jayempunoib Jo uonenjes a}|dwod e 404 "ainjn} 8y} Ul InJ90 0} A|ay| aJe
Jo ‘Buninaoo Apualing ale ‘ysed ay} Ul pauInd20 aAey Alepunog Z|-A 8Yi SpISINO Jajempunolf pajeulweiucd o)
S8Insodxa UewNY Ou Jey} papnjouod YASLY (49002 ¥ASLY) HHO 8y) wouj Jayempunold 8)is-4o pajeulwejuod
0} sainsodxa [enuajod Bunenjeas 0} Aj9|0s pajoAap Juswssasse yjeay dlgnd sjeedas e payonpuod

YASLY (S9SN) Aening [e0160j089) 'S’ B} WO BIE YHO Ba13US dY} o sdew [ealydeiBodo) paulelqo YAS1y

“finosew Aq pajeulweu0d
U83g aABY PNO9 Jajem aiaym suoleoo| punolbiapun
pue spunolb [eung AindJaw JNoge pauladuo)

‘finaJaw Aq pajeulweiuod

U98(q dABY PNOJ JBJEM BIBUM SUONEI0| punoibiapun pue
suol1ea0| punolb [eLng ay) se [jom se shajjen pue sabpu
ay) smoys Jeyy dew |eaiydesbodoy e 186 pjnoys YASLY

*SUOIJBPUSLULIOJa] PUB SUOISNOUOD S, 4ASLY 10! [IIA UoI108g 8ag uone1abaa pue ‘ysi) JuswIpss ‘[1os
‘Iojem 90eUNS “Jle 8)IS-1o B} Ul punoj AIndJsl JO [9A3] 8} S8}eNn|eAs pue SMaIAS) Juslussasse yeay alignd siy |

"S]8] (B| Ul UMOUS Usa(
aAey 1.y} AIndJaW JO S|9A8| PaleAS|S NG PauIsoU0)

"yeay s,8/doad wuey o} pajoadxa jou sI YgAT Jeau Jie Buiyiesiq Apusiind Jey} SepNnjouod YASLy =
"yyeay s,8/doad wuey o} pajoadxa jou si D443 Jeau Jie Buiyiesiq Apusiind Jey) Sepnjouod YAsSLy =
“HHO 8y} Jeau ayis yo Buial sjdoad pawley saey
0] payoadxs Jou ale ‘g9 Jeye wueld z|-A By} Wol Sases|al Aindiaw Jajem pue Jie Jey) Sepnjouod YASLyY =

‘pawLiey usaq aney pinod ‘€96 ybnoly 0ge | Woll Jueld Z|-A 8yl Wwolj pases)al
Jajem wouy siodea Ainassw Buiyiealq uiejdpooy D443 sy Jeau buinll sidoad Jayiaym apnjouod Jouued ¥ASLY =

asuodsay S, JASLV

JuMUI0)




16T | obed

ELETIES

Uyeay [njwey sousuadxe 0} pajoadxa jou ale Buikeid ajiym JuswIpas Dd43 10BIU0D AJUSLIND OYM USIP|IYD =
'sjoay8 Uieay

[njwJey sausiadxe 0} pajoadxa Jou ale D43 ul Buife|d sjiym Ja1em 80BLINS MOJ[BMS AJUSLIND OUM UBIP|IYD =
J10s urejdpooy; 8y} ur Buiked uaipjiyo Joj sjoays Yyeay

[njw.ley pasned aaey 0} pajoadxa jou st jsed ayy ul sjios ureidpool Dd43 ul AnasswiAyiew Bunes A|[elusapiooy =
'sjoaye yesy
[njWJey pasned aney pinod ey s|1os urejdpools Dd43 ul Aindisw djuebliour usjes Ajjejuapiooe aaey Aew

‘661 PUE 9B Ul SBIIAIOE [BAOWAI [10S BY} 0} Jold B)is Jaunig pue a)is YYON 8y} e pafe|d oym uaipjiy) =
‘UBIPIIYo J0J sjo8yis Ujjeay

[njwIeYy pasned aAey o) pajoadxa jou st jsed ayy ul pouad awi Buo| e JoA0 Dd43 WOy Jsjem Bumo|emS =
'Sjoaye Yyeay |njwley paoustiadxs aney

0} pa10adxa J0U aIe ‘gGE| JO JOWWINS B} JaYe IO ‘€GH| 810480 Dd4T WO} IBJeM PAMO|[BMS OUM UBIP|IYD =
“UBIpJIY0 pawLiey aAeY pnood 6Ge|

pUB ‘$G6] ‘€561 BuLnp Dd43 WoJ) Jajem BuImO|lems JaUIdym sulluIs}ep 0} UoheuLIojUl YBnous jJou sem aisy| =
"Sjo8yo Uy|eay |njwiey paousiiadxs sney

PIN02 ‘gG6| PUB ‘/GEL ‘9GE] Ul SYoaM BWI0S BuLnp awi} Loys e 10} Hd4T WO} JoJem POMO|[BMS OUM USIP|IYD =

Juswssasse yyeay algnd siyy ul D443 ui buiferd Aq pswiey Buiaq (9'g Al PUB £'g Al SUOI0SS 83s) Ajua.lino ale

‘sem puod o4 }se3 asaym
0} J9SO[0 “BJ2JI0) UOSIayar Jeau ¥8aIo ay) ul buiked

10 (4" A\l PUE €Y'\ SUOoag 99s) 1sed 8y} Ul Usaq aABY PNOM UBIP|IYY JaLIaum pajen|eas Ajjealioads ¥asLy uaIp|Iyo Joy Aemuyyed Ainossw ay) Jnoge pawiaouo)) | 1}
"sjo0Ye Ujeay njuLLIEY 9SNED 0} pejoadxa S[aAS] Je JOU aJe JUSWIPAS PUE JSJem S0BLNS M PUE Dd43 *AIN2JeW 0} SNP UOIRUILIEIUOD JO Sl 8]qissod
aU} Ul punoj AIndJaw JO S|oA8] JUBLIND 8U) ‘Sjoa)0 Uj[eay [njwliey pasnes aney Jybiw jsed ay) ui sainsodxa ajiym aU} JO BIEMEUN aJE g3 Jeau sawoy mau Jo siafng | o}
"$190)J3 U)|BaY |njULLIEY PasnieD sainsodxa Jualing Jo jsed Jaujaym Jnoge SUoISN|ouod S 4ASLY 10} 'Z-A Woy aunsodxe AinaJew 1noge pauieouod
111\ UOI08S 89S "UONE}aBaA pU. ‘Ysij JUSWIPas ‘[I0S ‘Jajem a9BUNS “Jie d)is-10 ojul Jueld Z}-A Y} WO} pases)a "S)uapIsal ay} pasodxa pue Sjiy 8y} JoAo
AinoJaw 0} ainsodxe Jusnd pue jsed [epusjod SJUsPISal SISSNISIP JUSWSSASSE Lyeay oljgnd aiua siyL |  passoi Ing siaxiom 1paj01d 0} pabieyosip sem Ainosspy | 6
Ainasaw 0} ainsodxa [enus)od
“UJBOUOD U)EBY B JUBLIEM JOU OP ‘BI0JaI0Y)
puE “Jajem a9epns Joj qdd Z Jo anjeA uosiedwod S} MOJaq [[OM BJE GG N PUE |G NDd 1B SUOHEAUSIUD
oy} ‘Jaypn4 "ajdwes Jayjo Aue uey) JayBiy saw b~z 10U SI G 8jiW ¥oa17) Jejdod Je pajosjep UONeUsouod
AInoJsW WNWIXeW 8y} ‘a10jeJay ] '00z Ul qdd 96°0 SEM Dd4T Ul Pejoslap Jaquinu Isaybiy jxeu sy "Z66)
ur gdd g'z sem Dd43 Ul pajosjep uonesjusduod Aindssw wnwixew ay| "qdd "0 Sem uonesusouco sbelane
ay "qdd 790 0} Z000"0 Wolj pabUEl SUOHIUSIUOD "Y6G] PUE £66) Ul AInolaul Joj pazAjeue aiom saduies “JoquINU Jay)o
paJpuny auQ “(xejdwiod Gz-y o) BuLIBlUS 81037 NG Y9317 Jejdog oI SMOY Jd4T SIBUM JO WESLSUMOP Aue ueyy JayBiy sawiy oy 0} 0 SI S B|IN %9310 sejdod
Pajean]) §'S INDd PUE 'S [NDd WO} pajos]jod sojdWes Jojem a9BLNS Je paxoo| YASLY ‘UIsouod SIy) JOMSUB O] | JO UONE)USOUOD AIndJal WNWIXEW Sy jey) suiaouo) | g

asuodsay S, JASLV

JuauM0)

JUBWISSaSSY YijeaH dlignd
Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




ZST | sbed

‘10s urejdpooy} 8y} ul Buikeld uaip|iys 1o} s)oays yieay

[njwley pasned aney 0} pajoadxa jou sijsed ayy ul sjios uieidpools Dd43 ul AnasswiAyiew Bunes A|jeyuspiody =
'sjoaye yyeay
[njw.iey pasned aaey pinod jey} sjios urejdpools Dd43 ul Aindisw oluebiour usies Ajjejuspiode aaey Aew

‘661 PUB 966 Ul SBIIAIOE [BAOWIAI [I0S BY} 0} Joud 8)is Jaunig pue ajis YWYON 8y} Je paAeld oym ualpjy) =
"UBIp|IYo Jo} Sjoaye yjeay

[Njw.iey pasned aney o} pajoadxa jou s jsed ay} ul pouad awiy Buo| e JaA0 Dd43 wol) Jsjem Buimojlems =
'S}y Yyeay |njuwley paousiiadxa aney

0} pajoadxa Jou aJe ‘QGE| JO JaWWINS B} JaJe IO ‘£GE| 8J0Joq Dd4T WO} JoJeM PAMO|[eMS OUM UBIpIIYD) =

“UBJP|IY0 pBWIBY 8ARY P|NOD GGG
PUB ‘bGB1 ‘€G6) BuLnp Dd43 Wouj jsyem BUIMOj[emS Jay)aym suiIs)ap 0) UONBULIOUI YBNnous Jou Sem aJay =

"$]08)J0 Yj|eay |njluiey paousiiadxs arey
PIN02 ‘gG6 | PUB ‘/GBL ‘956 Ul S3B8M SWIOS BULINp s} LOYS B 10} Dd4T WOJ) JOJeM PSMO|[eMS OUM UBIp(Iy) =

"“YYO 8y} SIjus Ji Jalle JAY Uoul[D 8y} pue yesun) Jejdod
oI sutelp Dd43 1sed sy ur Dd43 oyl pasesjal Ainoswi 0} sainsodxs PooyplIyo paleneas Ajleolioads YASLY

“JRIN0IBW/ACD 0P IPSTE MMM/-ATY 1B 8IS G\ UleaH JnoA pue AInaJsjy S, 4SLY 99S ‘Uoiewlou
2I0W 104 199} pUe SPUBY PaI0jodsIp pue ‘ssauquinu ‘ainssaid poojq paseatoul ‘(uoissaidap Jo ‘Ajigelil
‘sso| Alowew “B-8) seouequnysip aujelydAsdoinau ‘enbie; ‘Jeasy asned Jybiw siodea asayy ui Buiyiea.g “iodea

‘AinaJaw 0} pasodxa
aJam Jey} aAlje ||is ale oym ajdoad oIS ale aiay

"ured sjosnw pue juiol

pue ‘swajqoid Asupny pue snuis ‘ssauizzip ‘saydepesy
‘anbije; ‘saysel uoisiA pue ‘aoueleq ‘Bulieay Jo sso|
‘ewapa ‘uieb ybiem Buipnjour swajqosd yyesy sjdiynw
Buiney spodal o ,'sn Buniny sem Ji jeyy pue AindJjaw
A|leas sem JaA|IS [nyiNeaq, 8y} Jey} SMouy ay Jey) Mou
AiBue pue paJeos si ay Jey} ples aH "SWeal)s pue syaald
[e20] BuijeuiwElu0 aiam AIndJaw 010} Se yons suosiod
JBU) P[0} JOABU SEM BH "JBAIY UdUI|D 8U} pUe %881

B W08 0s|e Ued AindJaw ojjlejew ‘AIndJsw 0} 81nsodxs [ew.sp woyy Bunnsas spiewIsp JOeU0I 0} UOKIPPE U| Jejdod ui padeld ay pjiyo e se jeyy pies uosiad suQ | ¢
"unys Jay o} wiepd Aej [is seauejsgns jeym ssanb o} Jay
Buines| ‘1 uejdxa Jouued si000( “Ba| Jay payes aouo
pnw ay a1aym Ajgerdipaidun sieadde ysel e ‘Juspioul
“JRINOISW/AOB 0P IPSTE MMM/ ATy 8y} BOUIS JOAT "YHO 8y} Woly pasesjas Aindsaw ussq
1e 3)IS g9\ UedH JnoA pue Anduspy S, ¥ASLY 89S ‘uoiewlojul siow Jo4 -sjdoad aney Jybiw 1 s}oadsns UBLIOM 8y} Ing 'SEM BoUB)SgNS
Ul S10848 Uj[eay SNOLIaS 810w U| paynsal aney sainsodxa [ewlap wis}-buo| AjuQ "siiewsp 10eju00 asnes By} JeUM pauILLIS}ep JaABU SBM }| “1O pays Ajjeul 0}
ued AinoJaw dljjejaw 0} ainsodxa [ewtaq "uis 8y} 0} alaype 0} Aj@yijun s AIndJaw Ojjjejew ‘aiouisylng “uys |  8oue)sqns ayy o} yaam e Yooy I Buiqgnios asusiul Ja)e
ay) ybnoay} pagiosae si AinoJaw ojjjejew sy Aian ‘pabewiep si ups ay} Ssajup "0} pasodxa Sem UBLIOM 8y} uaAg "aauy Jay 0} dn JaAjis paysiule} ayi| Buiyjewos
80UB)SqNS 8y} 8q pINod Aindssw dljielew ‘uonduosap Jay Buisn “pinbij $sa140j02 e si ‘AinasswiAyiswip ‘punodwod PaY00| 1y} Jnis Jo Johe| Aulys, B Sem aJay] JuswiIpas
Ainasaw o1ueblo suQ “sjejsAio 1o siepmod ale spunodwod Ainosew diuebio pue oluebioul JSopy “[eldw pinbi| ay ojul yuns Baj Jay “yueq ayy 4o 1eoq ayy buiysnd
ajym-1aA|s ‘Aulys e si Ainassw aljjelspy “Ainasaw oueblo pue ‘Aindaw aluebiour ‘Aindsew oljjlejew—suwiio} ulew BIYM "X38]dW0d GZ-Y 8Y} JO WEaSUMOp S3JIW 7]
921y} Ul sjsixa Ainosa)y "0} pasodxa uaaq aAey Jybiw uBWOM SIU} 8OUBISONS JeYM SSBSSE 0} Ynalip A1aA s1y| | Inoge JaAly youl) ay; ul Buneoq sem uewom e ‘ggalL Ul | Z1

AindJaw woyj S10848 Y)jeay [enusjod

asuodsay S, JASLV

JuauM0)




€GT | obed

‘(66| Joyosue( pue ussuey) suebio

196.€) 0} AanaJaw jo podsuel ayy Ul 8jos Juepodwi ue Aejd Aew yoiym ‘we)sAs oneydwi| ayy Jejus ues Aindsspy ‘wa)shs ydwA| sy Bunsjus Ainossw jnoge pausasuo) | g
JAIN3I8W/USBE/A0B 0pa1q MMM//-01Y 18 Aindus| :esuodsey pue ssaupaledaid Aousbiaw3 s,0q) =
JRINJIaW/ACH Bda MMM//:O1IY e a)is gap\ AIndIBy SYdI'SN =
7Z=PIP3E | |.=Pl¢dSE J}/SDEIX0}/A0E P IpSIE MMM/ GRY e AIndis| 104 SDY4X0L SHASLY =
¥2=pP1’R90 | =p1¢,dSe Buitl/BWW/ACG 0pa"IpSTE MMM /-dNy
1e AinaJap 1o} sauljeping juswabeuely [eaIps S, YASLY =
JAINDIaW/ACE 0pa IpSTE MAWWW/-011Y JB U}|edH NOA pue AIndJsjy S, 4aSLy =
YZ=PRG | [ =PIy, dse"d}/So]110JdX0)/A0B 0pd IpSIE MMA/-01Y Je AIndisy 1o} aJ1j0id [B0160j09IX0] S ¥ASLY =
:UOIJBLLIOJUI [BUONIPPE 0} $80.N0S3) BWIOS 8. BuImoj|0) 8yl oIS
awo9aq [|im noA Jayjeym Jo ‘eousiiadxe 1ybiw noA s1oaya yieay Jo puny sy} moys Jouued Aayy ing “Aindisw yim
JOBJUOD Ul Usaq aAey noA Ji nok |19} ued sise) asay] “(syerdosdde se) Ainosew Joj Jiey Jo ‘auun ‘poojq JnoA 1se}
0} 10)00p JnoA yse pjnoys noA ‘Ainassw o) ainsodxa Aq pasned aq pinod swojdwAs inok yuiyy noA § ‘buluosiod "S1S048|2G B|dnn|\ SE Sewnawos ‘pasoubelpsiw
Ainassw Jo swoydwAs ay 0} Jejuwis A1an ale (sishjesed ‘ssaupuiiq ‘anbiye; ‘sssuquinu) S| Jo swoldwiAs ay | Buiaq si buluosiod Ainosew Jey) paussduo) | /|
"9AISN[OU0D JOU
Ing ‘eAsabbns aq 0} sWaas 82uspIAG JualINd 8y (88-82S:(6)S/ ‘d8S 2007 eIyoASd |0InNaN JyIspo "aseasip "9SeasIp S JowIisyzy
sJawiayzy pue AIndJajy “200z ‘1e 1o Jepnjy “6-8) aseasip sJawisyz)y yim sjusied swos jo poojq pue suoifal 0} UOI}9BUU0I 8|qIssod S} pue wajsAs SNoAIBU [BJJUSD
Ulelq Ul suoreuaouod Anasaw Jaybly punoy Sisnusios awog “paydleasal Buiaq Apuslino st jey; 21do} e si syl 3y} Ul uore|nwndoe AndJawiAyiaw noge pausaouo) | 91
*AIndJaw Joj sasn YasSLy saulepinb yjjeay ayy sepinoid  8|qe] pazijeul
Bureq a1058q Juswwod a1gnd Joj payiwigns osje ale Aayl 'Yd3'S N Buipnjoul ‘seiousbe [elapa} Jaylo wolj "9S0p 9oUsI9yal
uonedionied yum ‘smainal dnoibxiom TN apim-Aousbe pue ismainal Jaad [euiaixe Jo jaued padxe (AB0jooIx0] | S¥dT 1Y) Jomo] SI )l 9sneaaq Aj9sojd 210w paulwexs aq
JO UOISINI] S, 4SLY Ulyim smaiaal dnoibyiom THIN/SI084T YieaH—sSsa20.d maiaal snotobi e obispun sTYN | pinoys AinoJaw [ejuswiajs Joj [9A8] YsH [ewiuiw S ¥ASLY | Gl
‘Bunidsyo ul s108ys |ejuswdojanap
S| uieau0d Arewd ay] -Ainasaw olueblo 0} ainsodxa Jo ajnoJ [ealdA} sow ay) sI ysl jo uonsebu] =
"skaupiy
ay) aJe sueblo 18biey Aewud ay] “Ainassw oluebioul 0} 81nsodxa Jo 8jnol |ealdAy Jsow sy si uoisabu| =
‘skaupny pUE Wa)sAs SNOAJBU [1JUBD U} Ul S)039 KinaJew 40 $350p BANIPPE 8L 0GR PaUIsOU0)
aonpoud ued suojesjuaouod ybiy o} ainsodx3 "we}sAs SNOAIBU [BJJUSD BU) SI SUOIRJIUSIUOD MO| 0} 8insodxa ¢Jayebo) sasop Aindssw
pabuojoid woly uebio 18bie) Aewnd ay] “Ainosaw oijje}ow 0} ainsodxs Jo 8jnod [eaIdA) Jsow 8y} S uoleleyu] = uoneleyul pue uonsabul ayy ppe 0} sjeudoidde )i s
"finoJaw Joj sasn YASLy ‘Ajgyesedas Aindssw jo sapads
sauliapinb yyeay ayy sapiroid / aqe] “Ydes 10} pajejndje ale sasop aleledas 8104818y "UYIEsS IO} JuIalp 991U} BY} PaISpISUOD }I 8SNeIaq AINJIa JO S}08)d
ale S)oayd Y)leay pue ainsodxa Jo sanol ay) asnesaq Ajejesedas pajen|eas ase Aindisw Jo sadA} saiyy syl | 8y} pajewnsalapun aaey Aew uononisuoday asog eyl | vl

asuodsay S, JASLV

JuMUI0)

JUBWISSaSSY YijeaH dlignd
Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




ST | abed

"selI0sIApe uondwnsuod ay) peay pnoys ajdosd *(2°g Al UONOSS 88S) UONEN|BAS JUSLIND

‘uone|ndod ysi ay) ojul paisysuel; buiaq

pue (G'y' Al Uonoag 9as) uolen|eas Jsed ayy 4oy ysi Dd43 ul Aindisw pajenjens Aj[eaioads ¥AS1V ‘VHd Sy Ul | S Y8810 Jejdod yi04 Jse3 wouy Aindisw Jey) pauiasuo) | €g
"S9LI0SIAPE UoldwnNsSuod ay) pasy pinoys
a|doad "(2'g'/\l UOIOAS 98S) UOIEN|BAS JUBLIND By} Jo} Ysl: HEMT/HBAIY YoullD au pue (G Al Uonoss aas) *AIndJaw yjIm pajeulwe)uod ale
uoien|eaa jsed ay) 1oy ysi 48819 Jejdod/iaary youiiD sy} ul Aindssw pajenjens Ajjeayoads YasSLy ‘WHd SIui | 18y} ysi Bululejuod JaAry YyouiD sy} Inoge pauisduo) | zz
(GVAl
uoijoag 9as) yyleay s,a|doad wJey pinod (/6| 810509 ysi} Bunes Jayiaym apnjouod Jouued YJsly ‘elojeisy)
"0/61 0} Joud ysy Ul suoieuaouod AinodJaw ay) azlisjoeleyd o} ajenbape Jou a.le ejep auy} Jey) Senslaq
HASLY ‘siy) Jo asnedag ‘suoisioap yieay angnd Buew Joy sjendoidde aq jou Aew pue paijaa Ajises aq
Jou pjno2 jey; suondwnsse papnjoul (056 ul Buiuuibaq) ysiy Buies wouy sesop 81nsodxa J0 Ysl} Ul SUOIBJUSIU0D "S0961
Ainosaw enuue abelaAe ay) [opow 0} Jdwaye Jales 0/6) Ul AindJaw Joj pazA[eue 1siij 819m ysi4 “ani i SIyL 3Y Ul sl Jo Juaju0d AindJaw ayy painseaw ApoqoN | 1z
‘|9A9)|
¥SI Wnwiuiw 8y} uey} asop Jaybly e pey ysiy asoy} aje
oym auokians Alea "Jusjuod Aindssw ysty 8y} sjewnss
"S8LI0SIAPE uodwinsuod ay) pasy pinoys 8|dosd "UOHEN[BAS JuSLINd 8y} Jo} /g A\ UOIJOSS pue UojEN[eAs jsed 0} seale Jayjo Ul sjuejd 30Q 0} JusWwaINSeaw jey)
8} 10} G\l UORO8S 888 600z UBNOJY) 026 WOJ) paas||0d sajdwes Ysi) Ul SUOHEIJUSIUOD AINJISW PaMaIAS) 9)E[81J09 0} pau} uay} A8y} YoIYM ‘GgG | [UN JUBWIPSS
HASLV ‘VHd SIUi U] "0/61 Ul Aindisw 1oy pazAjeue pue pajas|jod sy a1em Jueld Z1-A dU} WOl Weslsumop ysi4 8y} Ul Jo ysi 8y} Ul AIndJaw sy} painseaw suo oN | 0z
[oA8] AnoJaw poojq [ejo} pajeAs|s ue pey sjuedionted 9| | Jo 8UO AUD =
‘uoiejndod
‘S’ 8} Joj AIndssw poojq [e}0} JO UORNGLISIP B} 0} Je|IWIS aJe S|As| Aindssw poojq sjuedidiied ay| =
"sj99ys)oe4 pue sjaug Arewwng 9 xipuaddy ul papiaoid si uoiebiisaaul ainsodxe
ay) Buizuewwns Jauq vy -AnaJaw jo sjeas| ybiy oy pasodxa Bureq aiem ajdoad asay) Jayjeym aulwialap 0} pue
‘JIONIBSBY JBg SHEeA B} WoJ) SajLN} pue yst jo sjunowe abie| 0} ajesapow Buiwnsuod ajdoad jo poojq ay} U
sjans| AinoJaw [enjoe ainseaw 0} (8661 YASLY) uonebisaau| ainsodx3 Jeg siep eyl paonpuod YAsLy ‘osy
"Ipd"SaNI0SIAPE/IPd/SUONEIIGNd/2dM/JUSWUOJIAUS/ACD 98SSauus) MWM//.011Y Je 8|qe|ieAe
aJe SLI0SIAPE 8y "S8LoSIAPE uolduwinsuod ay} pasy pinoys a|doad "UOKEN|BAS JUBLIND B} IO} / g/ UOI08S
pue uonen|eas jsed ay} Jo} G'y"A| U0IISS 883 WYHJ SIU} Buunp ysiy ul Ainosaw pajenjens Ajjeaoads YasLly
‘InoJaW Joj pazAjeue alom Jey) SaIpn}s [eJanas Buunp pajos)jod sajdues ysl jo Spaipuny Jo Synsel Anosew Jo sjens| ybiy pey
aU) SUEIU0D 9SEqEIEp SITHO UL "S/IM 810 1eId0d/IaY UOUID) B} PUB S/1d HEANT 3t Buunp Aimossw | OABYIUOIU 184} Sl Bunes Ajueisuod aiom sidoad Auepy
Joj wayy pajdwes pue ysy pa3os|j00 H3AL PUB ‘YdI'S'N ‘J0Q ‘uswaalby Ayjioe [eiopa 8y} Japun "SBA ¢Anasaw 1oy 38} noA pip saipnjs ysi ay Buung | 61

ysi ur Aanass

asuodsay S, JASLV

JuauM0)




GST | ebed

(09002 ¥AS.LY) Jerempunoub s)is-}o pajeulwejuod pue (G00Z YASLY) Jojessuiou] YOS1 8y} wol

SOSES|al JUBUIWEIUOI SE YoNS ‘UJaouod Ajunwiwiod Jo senssi Jaylo pue (| 10z ¥asSLy) sesesjas Ainassw jue|d
Z1-A (0107 HASLY) seses|al apuon|j pue wniuein 8yis Gz-) ‘(6002 YASLY) seses(as g0d 8ks GZ-) pue ‘jued
Z1-A '8N 01-X ‘(8007 HASLY) seses|al ¢ auIpol 8ys 0}-X ‘(B900Z HASLY) seses|al apijonuoipel %8819 Yeo
BNYM ‘(¥00Z HASLY) sasesjas wniueln jueid g1-A UO SjuaWISsasse yyeay algnd pajajdwod sisnusios HAsS1y
"uoljen|eas

yyieay ognd Jayuny pauinbai Jey) sjueuiwejuod Ayuspl o} seipmig uiieaH abply ¥eQ s,HOAL pazAjeue

pue PAMBIABI SISIIUBIOS YASLY "SAemisiem Agieau woij st Buipnjoul “YyO J1us ay) Wolj S8oUBISgns
snop.ezey 0} sainsodxe a)is-4o pue sases|al (066 0} 61 ) 1sed Jo sashjeue aaneuenb pue sAneyenb

pue UOIBULIOJUI S|GBJIBAE JO SMBIASJ BAISUSIXS PapN|oul YdIym ‘saipnig yeaH abpiy YeQ sy} paionpuod HOAL
Wiy Xapuioeyd/ebpiyeo/)H/ACE 0PI IpSIE MMM /-0 1B punoj aq ued sjuawssasse yieay aand s,4as.ly
"Ysly Ul sg0d pue Aindisu 8)en|eAs 0} USHLIM oM Sjuswssasse yjeay algnd sjesedag “sjeolway juaiayip

L} 10y pazkjeue aiem Jeu se|dues ysij 0009} JoA0 Pajen|ers ¥ASLY ‘(2007 YASLY) uoneniasay abpiy
3e0 3y} Jo AU aY} Ul SaINSOOXT [EAILIBYD dIMIN4 pue (E00Z 0} 066T) UBLND JO uolenjers 00z 8y Buung

¢10} pa1sa) NoA ||e sem Jey) uaym sgod
uey} Jayio buiyihue 1oy ysi suo Buies wouy Jobuep
OU SeMm aJay} Jey) UoISN[ou0d 8y} 0} 8W0d ¥YAJSLY PIa | oz

(0102 '[e 10 UHOMUINOS pUE ‘200 DIVS ‘0102 SA0%ET [8)Y09g

99s) 9sned ayy Ajuspl 0} spoya Buinuiuos pue ‘uoneNWNdeolq Aindiaw Ul asealoul ayy Bulojuow s 300
*/00Z 0} G861 W0} suonesussuod Anasaw ui (wdd g0 Alybnod) esesioul Ue S| 818y "sul| pusl} B Yyim ejep sy}
panojd ¥ASL1V 100z ul wdd || 01 9861 Ul wdd 0 wouy sbues pajdwes Jesk yoes Joj suoielusouod abesane
3U '$00Z JoquisAoN Ul pajoslep sem (wdd | z'0) Uonesuasuod WNWIUIW dY] "866 | JOqUIBAON Ul pajosiap
sem (wdd z;°}) uonesuaouod wnwixew ay] “wdd 9;° sI sieak ay) [|e $S0Joe UoleIUSIUCD abelane 8y
"AinoJawi Joj pazAjeue pue 00z 01 G861 W0} pajaa)0d alam sajdwes "(YYO ayi Siejus-al Dd43 alojeq ybu
G6-| JesuU pajedn]) €9 Y43 UOIe]S W0y Pajasj0d Ysiuns 1Seaiqpal Je payoo] YaSLy ‘UJeouod siy) Jamsue 0

"Wo8.7) Jejdod }I04 1S€3 Ul Wes)sumMop
Jaypny ale jeyy ysi ay u sjel Jeyesib e je Buisesioul
aJe ysi} Ul AInoJal JO SUOIJe.USOU0D BY) Jey) pauisouo) | 6z

"800Z 0} 166 WO} suoneussuod Anassw ui (wdd

G0°0 Alubnou) esea108p Jyblls A1aA e S| dIay] dull pus) e yjm ejep ey} papold YASLY 9661 Ul dd 2270 0} 1661
ur wdd 5 0 wouy abuel pajdwes Jeak yoes Joj suolesuaouod abelane ay| “Aep awes jey) pajosjep sem (wdd
/0°0) UOIBJUSIUOD WNWIUIW 3Y] "000Z dunp Ul pajoajep sem (wdd g5 |) uoleiusoU0d Wnwixew ay] “wdd

90 S! Sieak ay} ||e SS0JOB UoKeUaouU0d abelaAe ay] “AindJaw Joj pazAjeue pue g0z 0} 966 WOl pUe ‘Z66 |
‘1661 Ul pa109|j00 atem sajdwes "(xejdwoo jueid g1-A dU} UIYIM 8)IS UO pa}edo|) Z'vZ M43 UOielS Woly pajos)|jod
Usluns 1seaiqgpal je payoo| YOSLY ‘U1souod siyi Jamsue 0] Jueid Z|-A BU UIYIM 8YIS UO psjedo) st Dd43 Jaddn

‘Buisealnsp jou ale ¥aa.) Jejdod yi04 1se3 Jaddn
4O UYS1} Ul AIndJsw JO SUOIBJUSOUOD Jey) paulsouo) | g

asuodsay S, JASLV

JuauM0)

JUBWISSasSY YijeaH dliqnd

Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




9GT | abed

‘pawinsse

[oAa] dnues|d JeulBlio 8y} ueyy 91x0} SS9 pue Apoq sy} OJul pagiosqe ssa| s juasald Aindssw Jo adA) ay; jeyy
paulwIs}ap (Juswuwiod snolaaid 98s) |10s 8y} jo Bunse) jeuonippe asnesaq pabueys sem jans| dnuesjo sy “wdd
00t 03 wdd oG wouy |ars] dnuesyo |1os ulejdpools Dd43 pesodold sy} Buisies 0} 8ousI8al Ul SI JUSWILIOD SIY |

Jubnou}
Aisnoinaid uey) [njwiey ssa| I AIndJaw ey sajels jey)
Apnis Mau 8y} 99s 0 81| PINOM Jagusw Ajunwwo9

6¢

"(G:21 swinjop) 2661 Ut sisAjeuy sty Jo [euinop [euoleusdju| U Ul
paysijgnd a1em Bunasw jsued ayy jo sbuipul ayy uo sjeded mainiano YgsLy ue pue siaded [ealuyosy saiy] “says
a)sem Jayjo je Anassw Bujuiejuod |10s aenjeas pue szuajoeleyd o) sbuipul ay) pasn osje ¥YJSLY ‘[ors| dn-uesjo

0d43 8y} sjenjeas o} Buiesw [sued sy} WOoJj PaUIB}qo UOIBWIOUI PASN YASLY 82UsIdS U)|edH [ejuswuoliAug
1o} 3)nyijsu| [eUONEN BU} PUE ‘Yd3'S'N ‘00D "YASLY Wol spadxa yyim Buoje yosessal Ayjiqe|iereolq

[B}SWI JIB} JO} UMOUY AJ[BUOIBUISJUI SUBIDILISPEIE PUB S)UB)NSuUod ajeAlid Jo palsisuod [aued ay] "S|loS WwoJj
(pes| pue oluasie) sjejsw Jayjo pue Ainassw oluebioul Jo Ayjigejieaeolq sy} Jo sajewss ouoads-ayis ‘papoddns
-eJep dojanap 0} SI0SSaSSe Ujeay a|qeus pinom Jey saibajels pue spoyjow Ajjuspl 0} Sem [gued aousios auy) Jo
asodind ay] "Gg6| 1snBny Ul [10s Ul Aindsaw jo Ayjigeieaeolq ay) uo Bunsaw [gued 82UsI0S B PAUSAUOD YASLY

‘(98661 30Q) Anosaw Jo wdd gy uey) Jayeslb Buluieluo s|10S sAoWal

0} uoioe [elpawsal e parcidde 931 pue Y43 'S N pUe psjosjes 30Q ‘spodal omy 8say) uo paseq (97661
JIVS) s]10s ulejdpooj; Dd43 ays ul AindJaw [e}0} 8y} Jo Jusuodwod Jouiw e si (AnaJaw Jo wioy dluebioul 91xo}
1SOW 8y} pue paquosqe AjISes JSou ay}) SpLIOJYd d1NJIBW Jey} pue jussaid swioy Ainosew odjuebioul Jueuiop
3y} aq 0} Aj9y1| a1e AindJauu OljjB}aW pUB apyINS JLINJJBW Jey) Pajedipul SpoylawW [BonAjBUR JUBIBYIP [BIOASS

Jeuy pajels 30Q ‘wnpuappe 8y} U] *(9r661 IVS) 110s Utejdpoolj Dd43 ayi Ul saipnjs uolerdads Aindlaw jo
s)nsal oy} pajuasaid Yolym ‘y Y} 0} Wnpusppe ue pasesjel 304 ‘¥66} dunr Ul ‘(ey66) DIVS) ureldpooy 9d43
1eak-00 | U} Ul UOHEUIWEIUOD JO [9A8] PUE JUBIXD BU) PAYEN|eAd YoIum |y Od43 au} pasesajes 304 ‘€66 Iy u|

"salsionun Ajolew pue Auouiw

y1oq Aq pawuopad yoseasal pue sisheue yuspuadapul
aAey 1snw ap\ 1l ssaippe 0} Buiob jou aue Jng wajqoud e
[InS S1 uoneioads Aindsaw jeyy paziubooal sey dSYHYO

8¢

(e200Z

‘9661 ‘BY66L DIYS) UOBARIXS B} JO SSBUBAIJIYS B} 8INSUS 0} PajanNpuod Sem BULIOjUOW UOIeIPaWaSOd
‘wdd oot Jo pJepuels dn-Ues|d 8y} Mojaq d1om Seale pajeipalial 8y} Jey} aInsus 0} usye} alom sajdwes
A10jewjuOD "paAoWIal 8JaMm [10S JO (¢W) SIB18W 2IGNI 000°‘SE 03} 8S0|D /66| Ul Aladoid JejD sukep) ayp uo
Jajuen Buiddoyg ssunig ayy wouy ayiduin] abpry YeO ay) $SoIoe pue a)is YyON oY} Jeau uiejdpooy) sy wiolj
pUB ‘966 Ul anuaAY sioul||| 4o AIojeioge uoisngig duaydsowly YYON U3 Jeau urejdpooy) sy} Wolj paaowal
alem Ainasaw Jo wdd ooy uey) Jeyealb suoiesuaduod Yim S|ios urejdpooly Dd43 /661 PUB 966 Ul SBA

i pauaddey
1BUM ¢pa1ajdwod 186 Jana 198foid Ainassw ayy piq

LZ

dnues|d 9d43

asuodsay S, JASLV

JuauM0)




/ST | abed

10 Jud)Xd umouy ay} Buikuano puel ayy souls *(9900Z HASLV) Aa|ieA uolun ui sbulds Jo sdass je Jayempunoclb
UM 10BJU0D 10811 Ul Buiwod auoswos Jo Ajiqissod sy} paien|eAs uoleAlasay abiply e syl wolj Jarempunols)
alIS-JJO PareulweIu0) 0} S3INSodx3 [enualod JO uolen|eAd :JUsWSSasSY YieaH 21land 9002 S.4ASLY

"Jajem 89eJNS JO ‘Juswipaes

‘l10s 010gJedS Ul AindJaw Jo s[aAs| pajeAs]e punoj Apnjs JauyiaN ‘(€002 Yd3) 1002 ul Apnis uoneplieA Buldwes

[ejusWUOIIAUT AJUNWWOD 010GIEIS B} PSJINPUOD Yd3'S'N PUE (8661 NINYH) 8661 Ul ApNIS [EJUBLULOIIAUT
Aunwwo) 040gJeds sy} PaaNpuUod N4 "0Joqueas ul spunolb jeung Ainossw Aue jo aduaping ou si aJay ]

"uredpooy

Jeak 00l Dd43 Ul uoneuIWEUod AINdisW JO JUs)Xa

3y} SMOUS YaIym ‘ao1jo piatls ayy ul dew sy} ayi| sdew
UO N0 pajulod pue pajuswNIop 8q piNoys AIndiaw Jo
adA) Aue Joj sjuiod abedaas pue sayis [BlING UMOUY 8y |

"010QBOS Ul peOY
uojdweH uo punoJf [eung AindJsw ayy INOge pauadu0?)

vE

“HHO 8y} S YyaNns $aYIS Je UaIp|Iyo JO Sjsaldjul
[e1oads ay} Bunen|eas 0 papilwod sI YASLY “84niny 8y} ul pasodxa aq ||im Jo ‘pasodxa Buiaq Ajuslind ale ‘)sed
ay} u pasodxa asam ajdoad Jayjaym sajenjeas YQSLy ‘ssaooid Juswssasse yyeay algnd ays Jo Led sy "sap

¢1sed

3y} Ul AJUNWIWOd 010GJeIS 8Y} Ul PAAI OyM UBIP|IYD 0}
Adde suoisnjouod yieay ongnd s,4aSLY Op ‘ewi JoAo
uonisodwod Jajem pue [10s ul sebueyd Buuapisuod usypp

€e

0J0q

1203

"UIB2UO) Y}[eaY e JUeLIem Jou op ‘8i0}81ay)

pue ‘Jajem adens Joj qdd g jo anjea uosLiedwod sy} MOjaq [|oM aJe SUOBUBIUD 8S8Y} JO ||B ‘JanamoH 6002
0} 000z WoJj suonesusouod Anassw ui (qdd Go o Ajybnos) aseaoul Jybijs e si aiay] “aul| pusl) e yim ejep sy}
papold YASLY "000g Jequiadaq ul pajosiep sem (qdd 00"0) UOHEUSOUOD WinWIUIW BY] "8Q0Z dunf Ul pajos}ep
sem (qdd ¢°1) uonesjusouod wnuwixew ayj "qdd g} 0 SI SIeak sy} ||e SS00. Uone.juadu0d abeseae ay] “Aindjew
10} pazkjeue pue 00z 0} 000Z Wo.} pajos)0d aiam sajdwes Inoj-ALo4 (YO dYi Sisjus-al D443 810499

1ybL G@-| Jeau pajeao)) £°9 Y43 UOHEIS WO} Pajas]j0d Jajem a0BuNS Je paxoo| YASLY ‘UIaduod siy) Jamsue 0|

"WBS.SUMOP 8SLI 0}
sjaAs] AInosaw Buisned 8q pinoo SsoUBQINISIP JUBWIPSS

14

"UJ80u09 Uyeay Bunuelsem jou

S|OAS| 1B PBJOBIOP BJOM SUOIJBJJUSOU0D By} Jo Ajiofew 1seA sy} Jey) sajealpul iy “(dnues /66| Pue 9661 dY)

0} Joud) z661 Ul Jeyem adepns Joy qdd g jo anjea uosuedwod ayy anoge Apybis perosiep sem (yusaiad |°( Inoge)
uonenuaduod Aindsaw auo AjuQ (sejdwes ¢ Jo 1no | 1noge) sajdwies 9z Ul pajosjep Ajuo sem AIndJajy "yoa.o
8U} Ul SUONEIO| JUBIaYIp GZ WOl 6002666 PUE ‘/66) ‘9661 ‘7661—166) Ul PRI0s]|00 diom sajdWes YHd SIu} Ul
0d43 WoJ} sajdwes Jayem d9BLNS /9 Pajen|BAd YJSLY "UIeouod yyesy e ag 1ou pinom Asy) Mo| 0S 81 S|oAg)|
AInoJaw 8y} ‘JBABMOH “JaAlY Youll) ay Buiyoeal ale sjunowe adel} aanoge AIndJaw jo S|aAg) ey} a|qissod si |

*IBAIY Youl|D 8y} ojui buiob ale Aindssw
JO Sjunowe adel} 9A0ge syunowe jey; ajqissod aq Aew }|
‘Yoa19) Jejdod Y104 1s€3 WOJ} N0 $3Yoes| ||ns Andsew |

L€

"90USI0S U}|eoH [eJUsWUO.IAUT JOj S}N}ISU| [BUCHEN 8Y) PUe ‘YdI'SN
‘00 ‘YasLy wou suadxe yym Buoje yolessal AYljiqe[ieAROI] [e}aW Ji8y) Joj UMOU AJ[RUOBUISIUI SUBIDIUSPEOE
pue sjuB)Nsuod ajeald Jo pasisuod [10s ul AinoJaw Jo AJljigejieagolq 8y} uo Bunssw [sued 8ousids S, ¥ASLY

"0=bdg09¢ | =p1oop;, dse eyd/eyd/oey/A0h opa IpSie MMM /-1y Je paSSa09. 8q UBD UISdu0d SIy)

Buissnosip uoneynsuod yjeay aljgnd 8y (9661 HASLY) UaIp|Iyd Jo synpe 0} Jeaiy Lyesy ou asod pue yjjeay
21/gnd jo aAos)0ud 8q pinom ure|dpooy Dd43 8yl Jo [1os ayy ul Aindsew Jo By/6w ot Jo [oAs] dn-uesjo ay; jeyy
papnOU0d YASLY ‘1os urejdpool Dd43 8y} ut Aindssw Jo By/Bw oot Jo [9A8] dn-uesjo s,30(Q 40 1oedwi yjjeay
allqnd 8y} pajenjeas YASLY ‘9Bpry YeQ Jo Ao ayy pue sisquis Ajunwiwod wouj 1senbal e 0} asuodsal uj

"1sa.la)ul [e10ads Jo ajdwexa
Ue usaq aAey 0} paeadde wdd ooy 0} wdd g wouy
seale |enuapisal Ul (93] Aindisw agqemolje ay) Buisiey

0¢

asuodsay S, JASLV

JuauM0)

JUBWISSaSSY YijeaH dlignd
Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




8ST | abed

‘pJezey yesy & 10U ‘siojaisy)
pUE ‘enjeA uosliedwoo sy} UBY) SS8| 8JoM 010G.e0g Ul pajos||00 sajduwes JUsWIPas Pue [I0S 82euNS 8y} JO [y =

*AIUNWWOD 010gJeag 8y} Ul Pa1os)|0o sajdwes Jsjem aoepns Aue Ul pejos)ap useq Jou sey AINDJsj\ =

“Aunwwod 010gJeas sy}

Ul Yd3'S'N pue NIV Ag pa}os||oo ejep JuswwIpas pue ‘[0S ‘Jajem 8deuns Jualnd pajenjens Ajjeayoads YasLly
"anjeA uosuedwod 8y} MOj8q 8Jam 010gJedS Ul SUOIJe.Usdu0D Jie Jsed psjewlisy =

"SJUBpISaI 010gJedS 0} sainsodxa jsed pajen|eas Ajjeaudads HASLY (e6661 ysiyway)) uodsal Z ysel

ay) ul Ayunwwod pasodxs Ajjenusjod e se paynuapl sem 010gJedas ‘uieidpooy ay o} Alwixoud syl Jo 8sneasq
"S0B6 BY} Ul PAAOLUSI SEM |I0S PaJRUILIBIUOD

ay] ‘(6| 8inbi4 83s) UIBOUOD Y} |EaY BA0qe S[9A3] Je AIndJaw paulejuod Jey) uieidpooy ayy buoje sesle

A|uo 8y} a1em says Jaunig pue YYON UL ‘|10S uiejdpool} Dd43 8y} ul punoy a1am Aindisw Jo sjaas| 1saybiy sy

‘(punoy Jans sem AindJaw JueILIUBIS OU BIBYM)
pooyJioqybiau 0I0gJeas sy} ul uoljeuiweuod Ainosaw
uo uonuajie pasnao} Aewd eipaw ay} ‘Jaramoy
‘abpry YeQ Jo seale [BIoASS Ul UOIJRUILIBIU0D AIndiaw
10 sjaAa] ybiy Asen pamoys ejep ay] - AinaJaw Yim
pajeulWeIuod S| 99ssauua| ‘ebpry ¥eQ ul pooyioqybiau
010g/e9g 8y} Jey) uoijeu ay} sdeylad pue aassauus |

ur anl) oym ajdoad 1sow Aq pansijaq Ajjessuab si |

9¢

"SS9 UM 3soy} 0} AjAoNpu09 ainelpAy Jayby yim

Seale woJj ajelbiw [|Im Jajem Jey Aj@yiun S 3| ‘SBUC)SYIS PUe Sojeys AJIAIONPUOI-MO] JO SISISUOD Jey} UOHEBWIO)
aWOoY 8y} Uo pajedo st Ajunwwod oJogieas ay| “AlAionpuod olnelpAy ybiy Ajeanejal ym uoneuwo) jajinbe
ue ‘(dnoug) ebneseuo?) ayy jo ued) suoisawi s|jiapseudepy ayy ul Ajgunus st swnid ayy Jeyy sajeaipul uiddew
awn|d 30Q waun) *ABojoab Buikapun ayy Buljs|jesed ‘eyus Buoje 1seayuou-jses smoyy awnid jueid z1-A
3yl "(9900Z ¥QSLY) oueuads ainsodxa [eusiod siy) pajen|eas uoneAlasay abpiy YeQ ayl Wolj Jarempunols)
31IS-JO paleulwrIu0) 0} SaINS0dX3 [enuslod JO UoIeN[eAT JUBWSSasSY UieaH 911and 900Z S.4ASLY

"0J0gJeog 0} Jueld Z}-A SU} WO} SMOJ} JoJeMpuUnoIS)

41

"010gJe0g pPayoeal sABY 10U PIN0D Dd-4T WOJ) UONBUIWERIUO0D 8y} ‘siojeiay] "uleldpoo)s ay)
Uey) Jaybly si 010gIe9S JO UoNeAS|S 8Y) ‘SMoys 6 8inbi4 sy “ulejdpool} Dd43 8y Jo SpISINO pa}edo| si 0J0gJeds

‘Ajanjoadsal /661 PUB 9661 Ul Seale

9S8} WOJ) POAOWSI SEM UOIJBUILIBJUOD 8y “BYS Jaunig pue a)is YWON 8y} Je punoy sem uiejdpooyy Dd43 sy

ur Ainasswi Jo uopisodap jsejealt ay] “uiejdpooy; Jeak-gQ| 8y} JO UoneAa|d ay} 0} Ajael pue Syueq %oaId 8y} WwoJj
Jey A1aA Jno pus)xa Aj[eaidAy Jou pip uoneuiwejuod Andis|y *Dd43 1o yibus| ainus sy} Buoje s|10s awos ui yussaid
sem Aindisw Jey pajeljsuowsp elep Buiidwes [y syL "SaIpnis WAL PUB NYHO J81Jes ay; Ul pajos|jod asoy)

UMM JUS)SISUOD i BJep [ BYL “(By66) DIVS) SIIOS 8YIS-HO Ul AIndJsw JO uonNqUISIp 8y} JO MaIA SAISUSYBIdwod
e papinoad (1Y) uonebnsanu| [eipaway Aemijag aur Jamas pue urejdpoold Dd43 8y} 10} pajos|jod eieq

"0=bdR1 L€ =p1o0p¢ dse’YHd/eyd/QH/AD"OPd"IpSIe Mmmy/-dny

1B puno} aq Ueo Juswissasse Yijeay olgnd siy| SINJ90 Jajem 83eNS Yjm uonnjip 810j8q sbuuds

pue sdass ul Jajempunolb yjim JOBIU0D Jo8.Ip OjUI BWOI [[IM S[eNpIAIpUI Jey} Aj@yijun si i ‘0S *(YHd Jelempunois)
ayy ul || ainbi4 8as) Aaj|eA UoIuN Ul 9819 010gJeIS I0} MO|ISE] 8y} S8JN}ISU0d Jajempunolb ‘paspuy

"§9817) 0J0gJeog oyl Ajoauip abIeydsIp aSNyIp Se seoeLNs Jeyempunold jsow ‘os|y “ea.e siy) Ul sdess Jo sBulds
UJIM JOBJUOD Ul SLUOD [[IM S|BNPIAIPUI Jey) Ajaxijun si )l ‘,Z JoLIsSI [elLisnpul, Se pauoz si awn|d Jueuiwe)uod ay)

'88IN0J 409 |IIH Yinos
3y} Jeau youelg |1\ S! 8jdwexs suQ "UoieuIWe}u0d
9|qissod Jo} pajdwes 8q pjnoys Z| A Jeau Sweal}s |lews

"pPajeUILEB)UOD
ale abpry auid Jo apis yuou sy} Buoje sbunds sy

"SjuspIsal

Buipunouns sy soeduwi AposJip Blep Siy) pue Z|

-A 1B S8lpn)s Jajempuno.f pue 82eLns sy} Lo} eyep ay)
Spesu AJUNWIWOoD 8y 'S8} 8y} 8ouls auop Buliojuow
-[|oM 18109S Y} WIOJ} BIBP SU} SPEsU AJUNWIWIOD 8y ]

“abuey2I8IUI 86pIY YeQ 1. Jajem punoJb ay) pue soens
U] 1BY) MOUY BM PUB S[BOIWBYD 01UBBOUIDIRD PasN Z]-A

asuodsay S, YASLV

Juu0)




6ST | ebed

"sjeaysioe pue sjalg Alewwng

"0 Xipuaddy U papircid ale saIpn)s 98U} JO SSLBWIWING “JS}BM S0BUNS JO JUSWIPSS |I0S 8U) Ul S8oUBIsqns

10 S|9A8] [njlutey 0} pasodxs Bulaq AjJusiind Jou aJe 0J0qIedS JO SJUBPISI BU} JBY} PAPNIOU0D YdT'S N "0I0GIEIS
Ul UONBUIWER)UOD S)BN[eAd 0} Pajonpuod salpnis aynads Ajunwwod omy aie (£002) Vd3 pue (8661) NINYL ‘OSIy

‘pJezey yyeay oignd e Buisod sjans| 1. sjesiwayo
PaUIRIUOD AUNWILLIOD 0J0GJBIS BY} WOJ) Pa}0s]|00 SajdWes Jsjem 80eLNs JO ‘JUBWIPSS ‘|I0S 8U) JO BUON =

'suolrenasay abipry Yeo auys o ANUIdIA 8y} Ul sainsodx3 [ealwayd ainn4 pue (002

0] 066T) JUB1IND JO UoNeN|BAT JUBWISSSSY YieaH dljgnd S Buunp uonenjeas yyesy oijgnd ouioads-010gJess
B PaJonpuod YASLY ‘sg0d pue ‘Aundssw ‘wniueln ‘Jayempunolf 1o} sjuswssasse yjjeay aljgnd sy} 0} uonippe
Ul "Sjuspisal 010gJedg 0} sainsodxa pajen|eAs pue 0JOQIEdS Ul UOeUIWE)UOD [EJUSWUOIIAUS PASSaSSe aAeY
‘300 pue ‘NAIV4 ‘Yd3'S'N “YasLy Buipnjoul ‘seiousabe [eiaAss ‘sjuawiwiod 0} sasuodsal snoinaid ul pajels sy

"010qJe9S Ul 8jdoad Jo yjleay 8y} Jnoge pauiaouo)
"Yeay AJunwiwod 0J0gJeds Jnoge paulsouo)

ueid Z1-A S.UoneAIasal Jesjonu

8y} WoJ} aBpu e Jano Jsnl uoneoo] syl 0) yuij Aue ey
010gJe0g Ul swajqoid Yijeay Ji Mouy 0} JUBM pue pasu
alay sjuspisal Jey) paulejdxa Juspisal 8BpIY YBQ Uy

"SBUDNIP PBJRUILIEIUOD BY) J8A0D pInoys A)d 8y

(‘uingy ayy sn (18} 1snr) ) eroud
0} SUOAWIOS JUBM puB pajeulweluod si [10S 8y} Mouy ap\

"pajeUILIEIU0D AJBA ale Bale Buipunouns sy pue z|-A
"B8JE [Bl)UBPISB) PBJRUIUB)UOD JSOW 8U) S| 0J0GIE0S

8¢

"JUSWIPSS 0 |10S BY) 0} 8INS0dxXa WOl S}y Uiesy
[njlLIey 8SNEed PINOM ey} SUOHEJUSOUDD Je Siom (Paj0s)ap JOU 81aMm S[edIayd (0| JOA0) Pajos)ep S|ealayd
U} JO 8UOU Jey) pauILLIS}ap pue Blep asay) pajen|ers YASLY "866 Ul S|ealwayd oluebioul pue oluebio
051 1o} sajdwes ay} Jo Jusaiad (| pazAjeue pue 0I0GIEIS WIOJ) JUBWIPSS PUe |I0S Pa}as|jod NINYS “4eyun4
"(600Z YASLY) seses|ay (90d) IAuaydig pareutiojyaA|od 104 JUBISSASSY UieaH
211gnd 600z dY: Ul (siseq Ajrep e uo aiay) Buifeld usip|iyo) sjuspIsal SAISUSS JSOU B} 19848 0} MO| 00} S|OA9)
1e aJam uoibai 010JedS BY) Jeau [10S Ule|dpoo]) PaleInoSSe puB JUBWIPSS Dd43 Ul Sg0d 1By} punoy YASLy =

"UJB0U09 Y)jesy Jo 8q 0} AIUNWWIOD 0J0GIBIS
U} Ul MOJ 00} JO P8}Is}ep JOU Jay)ie 81em S|aAs] AINoJsW Jey) punoj YSLy Juswssasse yjesy ongnd siyj u| =

(7007 HASLY) sesesjay wniuein ZT-A 10} JUsWSSassy YieaH dljand ¥00Z
8y} Ul sj0848 Uyeay [njwey Buisned sjeAs| 1e Jou SI PUB J0U SeM 0J0GJedS Ul WNIUeIN 1By} PapNjouod YasLy =

‘WY XaPUIoeUd/aBPINE0; OV H/AOD 9P IPSTE MAWJ-GI
1B puno} 8q Ueo sjusLissasse yyjesy ojgnd s, yaSLY ‘sluslissasse yyeay olgnd
[BJOABS Ul AJUNLILOD 010QBOS BY) Ul Sg0d pue ‘Ainossw ‘wniuein o) sainsodxa pajenjeas Ajjeoliosds ¥asLy

"0J00E0S
Ul pa)aalap Uaaq aney sg0d pue ‘Ainassw ‘wniueln

JAY

asuodsay S, JASLV

JuauM0)

JUBWISSaSSY YijeaH dlignd
Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




09T | @bed

pliw pey uaJp|iyo [elanas “paynuapl aiam Juswabeuew jusbin papasu jeyy swajqoid ou pue Ayyesy paleadde
uaJp|Iyo 8y} ‘[lelsAQ “(Uoneulwexs s,10100p 8y} Bulinp paIsAcdsIp Jo MaIAIS)UI 8sInu 8y) Bulinp paiiodal)
ssau||l Alojelidsal JO W0} BUIOS JO BOUSPIAS PeY ZZ ‘POUILUEXS 8J9M OUM USIP|IYO £Z 8U JO “ABAns Ajunwiwod
U} pue suoneulwexs [eaisAyd sy jo sBulpuly ay) pamairsl Ajybnoloy) ‘euIoIpaj 4O [00YIS 8SNOYSIOH

ay) pue ‘Ayunwwod [eaipaw abpry ¥eO 8y ‘HOAL ‘Da) Bunussaidal suernishyd jo wes) e ‘6661 Alenuer

'swiajqoud asay) pey Ajjeal swsjqoid [eaipaw Alojeidsal aney o) Jadedsmau sy ul

pajiodal UaJpjIyo 8y} Jayiaym aulws}ep 0} pue ‘papasu Aay) aJed [eaipaw ay) Buniab atem sassau||l Aojeuidsa.l
Uim UBIp|Iyd Jayleym ysijqelss o} ‘Aaains Ajunwiwod sy} Jo S)Nsal sy} WUU0d 0} §66 | Joquiada(q pUe JaqIBAON
Ul PjoNpuod a19M SUOIJBUILUEXS 9S8 “Uojeuiwexd [edisAyd e aai@dal 0} pajiaul 8iam ‘Yodal eipsw sy} ul
paynuapl asoy) Buipnjour ‘uaip|iyd 9¢ ‘Aanins uonebsaAul Yeay sy} ul paule}qo UOHBWIOMUI dU} JO MBIASI B JaYY

usosad g'9¢ 01 9'| wolj sbuel Jey sejewnse [euoijeussiul o paledwod qusdlad Gg Sem 0J0gedS Ul usIp|Iyd
Buowe ajes Buizasym ay] "sejelS payun ay} Inoybnolyy seipnys Jejiwis ul papodal Jusdiad 9| 0} 9 WO} Sajel

J0 abuBJ 8y} uIyIm ‘JaAamoy ‘Sem djel 0J0qIeaS 8y "sieah g0 pabe ua.p|iyd uesuswy uedupy Buowe jusdiad
6 pue sieak gL pabe uaip|iyo |le Buowe jusoiad J JO SajBWIISS [BUOHEU 0} paJedwod ‘0J0qIedS Ul usIp|Iyd
Buowe jusosad ¢ | sem ajel ewyise sy “Aealns ayj jo synsal Aleuiwijeld ay) pasesiel HQD ‘8661 Jequisides uj

"$9SS8U||I 8Y) PASNED JeyM pulj 0} paubisep Jou sem uonebisaAul 8y "sessauj|l asay)

10 SOliSLI9}0RIRYD [eNSNUN AUe 8Jam aIay) JI sUIWIS)SP pue ‘sejel [eUONBU U)iM sa)el 8say) aleduiod ‘0100Jeog

Ul 8pISal OuMm UaJp|iyd Buowe sassau|l A1ojelidsal UOLWIWOD JO Sajel 8y} ainseaw o) paubisap Ajuiew sem
uonebnseaul siyy *(000g ‘[e 18 uosuyor) Alunwwod 010g4eag ay) Ui uaip|iyo Buowe ssau|l Aiojeiidsal Jo Ss80xe
payodai e ajebissaul 0) HOAL Aq paleuipiood sem ‘abe Jo sieak g| Uey) $S8| UaIp|Iyd JO Uoiien|eAs [eolpaw
dn-mojjo} B pue AsAins yjjeay AJIUNLILWOD B papnjoul yolym ‘uonebnseAul yijesH ANUnwwos) 0Jogieas ay |

Jaquialu JaYI0UB PUEB JBUOISSIWWOD AJUNOD) UOSIapUY Uy

"s)s1xa AnJy uisyed

J0 adA} 1eym auap 0} 010qJedas ol 06 0} Ayunwiwod
JlYUBIOS PUE [BOIPBW BU} JO SIBqUIBW IO} pasu 8y}
Sjueslem Ajuiepa Sy "0J0qeag ul swajqoud Jo Jajsnjo
e 9q ybiw asayy 1ey; ‘Buoje |je Buikes usaq anom jeym
seoJojulal sy -awi Buoj e aynb oy Aenins onewoydwiAs
e J0} Buij[ed usag aABY SN JO M} B ‘8JaU} }SIXa MOUY

am Jey) sainsodxa ay} pue uoieasasal ayj o} Ajwixoud
5,0100/B0G JO 8SNEdag ‘JUspIdde Ue aq 0} ybiy 00} Jey
aJe swa|qo.d Jo SjuspIoul 88y "OUBIOS Jou Ble A3y}

JI uane ‘aloubi 0y ybiy 0oy Jey Aldwis ale siequinu sy} Jng

. Auew 1ey; aney 0}

PaUIBOU0D BW aYew saop }| “swajqoid Alojesidsal Jaddn
BABY 8J18Y UBIP|IYD 3} JO }|BY Jnoge, Jey} pies g|—¢ sabe
uaJpIyo Joj Jajuad aJed Aep 0J0gIedS e Jo Jojoalip 8y
“Aunwwod 010gJedss

ay ul (swajqoud Alojelidsal pue ‘suonosjul Jes ‘ewyise
‘solb.Jaje) S9SSAU||I SNOLIBA )M UBJP[IYD JO Jaquinu

abue| Ajlensnun ue atem alay} jeyy papoda. eipawl ay |

"BWY)SE YONW 00} WOJ} JayNS UaIp|Iyo 0I0GIedS

0y

"1sed 8y ul yyeay s,a1doad pawLiey aaey Jou pjnom uiejdpooy) sy}

WoJj S|I0S pajeulweluo9-Ainaiau uieuod yaiym suspaeb ajeaud ui Jo uiejdpool Dd43 8y} ul suapied ul umoib

aonpoud [ea0| Buijes 1eyy papnjouod YASLY "Yyeay s.sidoad wiey o} paoadxs jou si abpry 3eQ Jo uieidpooy
9d43 8y ul umoub Ajua.lino sajqejabon Bunes jey) papnjouod YQsLy Juswssasse yieay angnd siyp UIYIAL =

(6002 ¥ASLY) seseajad (g0d) 1Auaydig payeuniojyaAjod 10} Juswssassy UeaH dljand 600¢ au} Bulinp
yieay s,ajdoad wiey 0} payoadxa jou sem [i0s ure|dpool D443 ul umolb sajgejebian Buijes jey) puno} YASLy =

‘($00Z HASLY) Sases|ay wniueln ZT-A 10} JUBWSSASSY Y)eaH 91|and 00z 8y} Ul sajqelaban uapieb aje
OYMm SJuapISal 0J0GIEIS 0] S}0BYS Yyjeay |njiey Buisned Jou S| pue Jou Sem wniueln Jey) papnjouod YAasly =

(2002 YASLY) suoieniasey abpry YeQ oy} Jo AjUIdIA au} ul sainsodx3

[EOIWAYD 81nn4 pue (£00Z 01 0661 ) JusLNY JO UOliEN|BAT JUBWSSASSY YleaH 21ignd Si Buunp sjosye
yjjeay |njwiey mc_wsmo S[aA9] Je wm_gmﬂwmg Ul pajdajop alom S|edisyd sy} Jo auou Jeyj pspnjouocd YJsSly =

‘WY Xepul/oeyd/ebpLye0/QYH/ACD dpI IpSie MMM//:dRy
Je punoj} 8 Ued Sjuswssasse yjeay agnd s,4JSLY ‘Sluaissasse yieay olgnd
Sl Jo [esanas Bulnp ss|qeleban uspleb jo uoniod ajqips sy buijes wous sainsodxa Je payoo| Ajjeayoads ¥AsLy

1002 pabueyd
pue 1ea 0} 8JeS J0U 8l 00 eag Ul umolb sajqeiabop

6¢

asuodsay S, JASLV

JuauM0)




1971 | bed

Wiy Xapul/ebpLYe0/QH/A0D P IPSIE MMM/ A}y

;e B)IS Gam Y)eaH 9ljqnd :UoneAIasay abpry ¥eQ S.4aSLY U0 pamalA 8q ued 08pIA aY] , Salels

Pa}IUN By} Ul SeuUNWWOd Auew Ui punoj aq Jybiw Jey) sjes e Sem )i pue ‘ajel pajens|s ASea e jusem )| “abesane
[BUONEBU B} UBY} AHUNWIWIOD By} Ul BWY)SE JO 8jel Jaybiy B punoj am Jey} aiam synsal ay] “Ajunwwod sy} o)
¥oeq suoijebisanul asay} Jo synsas ay} panodal am usy] “Aysiaaiun asnoyaiopy wodj isibis)je ue pue sueisAyd
[BOO] PApN[oUl MaIAB) Jey) PUB ‘SUOIIBUILLEXS 8S8Y) JO S}NSaJ B} PamalAal uay} ap) “sueloLieipad ajjiaxouy

AQ pa1ONPUOD BIOM SUOIJBUILIEXD 8S8Y) PUY "BWYISE U)IM JUs)SISuod swojdwAs pey Jo Buyise pey oym usipjiyo
10 suoneuiwexa [eaisAyd yum dn AaAaIns ay) pamoj|o) am pue ‘AaAaIns ay} pajonpuod ap) “Aeains ayy ul payse aq
pInoMm Jey} suonsanb ay} aulal 0} Siequia AJUNWILIOD LM SUIUOW [BISASS IO} POXIOM BAN, JBY) 0BpIA SBses|ay
wniueln z}-A 8yj ui pauiejdxe ‘0@ 8y} o youelg yijesH Alojeuidsay pue uonnjjod 1y 8y} Jo Ja1yd ‘ppay “ig
"S9NIAIDY UiesH dllgnd JaylO Jo

Arewwng -g xipuaddy ui papiaoid st uoneBinseau| yiesH Alunwwio) 010gJeds 8y} JO UOISSNISIP PaJIeIap 2J0W
(0002 ‘|e 18 uosuyor) oJogieag ui bunesw Ayunwwod e je ‘66l ‘. Aenuep

uo pajuasaid a1am MaIABI By} JO SYNsal 8y “ABAINS Yjeay AJunwiwiod ayj Jo S)nsal sy} pawlijuod Ajlenuessa
suoljeulwexa Jo sbuipuly sy Ayunwiwod Aue ui punoy aq Jybiw 1eyy asoy) jo [edidA} alem pue pajoadxe aq
PINOM UBY} 9J9ASS SI0W JOU SIOM PaJIa}ap SIaM Jey) Sassau|l 8y "0JOQIeIS Ul uapjiyd Buowe ssaujjl jo uieped
[ensnun Aue 8jedipul Jou pip Ssuoneulwexs 8y "Buizesym pey uaip|iyd 8y} JO SUON "UOIJBUILUEXS BU} JO B} 8y}
1e sbun| ay} Jo Ayjewiouge ue jo sBuipuly pey pjIyo auo AjUo ‘UoleUILUEXS B} JO BWI} 8y} Je sassau|l Alojelidsal

,/0J0queag i uo Buiob peq Buiyiawos s

a1ay) smouy Apoghiana ybnoyy usas ‘siomsue Joj Buiiem
(IlS 8.,8M puE ‘)l sWeu noA ‘pajosssip ‘padoasololw
usaq aAey 8\, ‘swajqoud Aiojeadsas Bulayns

asoy} Buowe aie uaip|iyopueld Jnoj 8soyMm Juspisal
010gJeds e pies ,‘Aym Jo siamsue Aue aAey J,uop ||is am
INQ ‘oW SWIB|R USIP[IYD %JIS 4O JOguINU 8y} 8SIn093 JO,

Jalay Buin Ag

uaIp|Iyo Aw Buij} We | JI JSPUOM | ‘SBWUNBLIOS INg "BABS|
0} 8.y PiNOM pue 818y }I BA0| S\ "POAI| JOAS BASM
aoe|d Ajuo 8y} ‘aWwoy Jno SI 0J0GIEIS "BUI UISOUOD SI0p
uoneAIasal 8y 0} 8s0jo 0s Buiaq os ‘uonoalip sebueyd
1snl puim 8y} 41 4o peq 186 ued ay ayl| s} 'se|gnos
Buiyiesiq sey ||ns ay ‘op am Jeym Jajjew ou ‘uos Aw yim
Ing, ples ays ‘uos Jay 0} Buliisley "suonipuod Alojelidsa.l
UM Uos e pue sJaybnep om} sey Jayjow 010gJeoS

. day 01 op 0} pasu

AM JBUM MOUY UBD am 0s ‘mou ‘uoljeindod ayy Apnis

pue Ul 8Wo9 0} spadxa pasu g\ "040gIeag ul Buieas

9 0} W3S oM JeyMm JNoge aIns aq ued am Aem Ajuo

3y} SI ApNis B ey YUy} | "aulw Jo uiaouod abie| Jayioue
S| yoiym ‘sanjiqesip Buiuies) ui sjol e Aejd ued swejqoud
fiojeadsal Jo adAy esay) puy N0 Buiwod payes aney
SaIpN}s Juadal 8y} JO ||e 8ouls Ajje1nadse ‘uoieAlasal ay)
0] 8s0|0 0s Bulaq Aq pasnes aq Jybiw )i 10adsns sjualed
U} JO BWOS pue ‘swajqoid swos aAey pip uaIp|iyo

8y} Jey) syualed wouj pieay pey | ‘ejdwes wopuel

€ Ul uaAa ‘abue| Jeys si punoy Jadedsmau sy UsIp|iyo || J0
slaquinu 8y} Jey} pasudins we |, ‘papaau s uojebisaaul
Juapuadapul ue jey; ples swajqoid yyesy eale

abpiy YeQ Buifpnis |sued palosuods-juswulanob sy} Jo

asuodsay S, YASLV

Juu0)

JUBWISSaSSY YijeaH dlignd
Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




2971 | abed

‘(100g Jouiny pue Aepu) Buiuueld

Aunwwod pue Ao Ul JUBWSAJ0AUI AJUNWWIOD BAJOE Ul 8SBSIOUI UB PAPUSWWOIAS SIPNIS JIWOU0IT pue
[BO1}1|0d 10} JBIUSY) JUIOf 8y "JuswWdojaAsp JILOU0IS pue ‘Usp|Iyd ‘AJLINdas ‘WO JnOge PauISoU0d SJOW SEM
Ajunwwoo sy} se ‘syuspisal 010qieas Buowe Ayioud e Jou a1om SaNSS Yy esy pue [ejusLUUOIIAUS ey} PamMoys
JUSLUSSSSSE 8] "SUIBOU0D AJUNWWOD Jaylo 0} Uostiedwod ul syuspisal Buowe sanss| yyesy pue [ejuslWUOIIAUS
10 douepodwIuUN BAI[B] 8Y} PRIRJISN||I PUB ‘Sassaudeam pue syibuslis §,01004e9S paluap! JUSLSSASSE By}
‘uoippe U] 'snsuan) ay} Jo neaing ay e yons ‘seale pajejndod aiow a}en|eAs Jey} $80IN0S WOl S|ge|leA. 8q
10U p|NOM Jey} SJUBpISaJ )i PUB BB BU) IN0ge UONBWIOojUl Mau papiAold Juslissasse Ajunwiwod sy} ‘Ajunwiwod
[lews e sI 010q4e0S snedag "sjel asuodsal 9,z Ue paAsIyde Ing ‘AJUNLWWOod a1jus sy} WoJy sasuodsal Ji01e

0} paydwiape sJoABAINS Y "SUISOUOD U}[BaY pue [ejuslUOIIAUS SjuspIsal sy} Ajjuapl 0} AJUNWILOD 0J0gJeds
8y} Jo AoAIns B pajoNpUOd SBIPNIS JILIOUOIT PUE [BONI|Od 1O} JaJUY) JUIOr B} ‘666 U] "SPo8U [BI90S PUB ‘Yjjesy
‘|BJUSLUUOJIAUS ‘01WOU098 Jidy) sseidxe sjuapisal djay 0} AHunwwod 010GIeIS 8y} Yim paxiom sey (suonesadQ

“Aunwwod 010gJeds ay; jo Aojes

abpiy ¥eQ .30 Jo poddns ay) ym) S8IPNIS J1WOU0IT pue [edl}I|0d JO} J8Jua) JUIoP By} ‘866 8UIS 3} JNOGE PaUIBIU0D SUSZIYD SBY SJoIJe SMaU Jusdal y | ¢
Jueid ZL-A 8y} Woyj 8w B uey) Ssa| ‘alay
BuiAl] uaipjiyo pue ‘uswom ‘usw g9 Ajplewixoidde
ay) Jo Auew 00} Jej anbejd o) Jeadde siapiosip
[eaiBojounau 0} Jaoued wouj Buibues swajqold yyesy
paulejdxaun "steah ayy Jono swajqoid asoy) ul padeld
Sey AJunwwIod Sy} Ul UOIJeUILUBIUOD BU} 9]04 Jeym
"Wy Xapul/abpLYeo/)yH/ACB 0pa IpSTE MMAY/-01Y ;18 8IS am U}eaH 9ljlgnd :uolieAlasay abpiy ¥eQ | pue ale swajqoid asoy) Jeym ssaippe sn djay o} poddns
S, 4ASLV UO pamalA 8 UBI 08PIA 8Y] , 8I8Y BAI| O} Uny S1}| "8Jes s1 )| “Ayiesy s} "8q 0} 80e|d 8y} S| 010GJEIS anusyine InoA pue diysiepes| 1noA jo Aiuoyine ay)
"8q 0} aoe|d ay; s1 £8]|BA XBQ 8q 0} 82e]d By} S| SIU} Jey) (98} 1snl o), 09PIA SBSES[OY WNIUBIN Z}-A 8Y) U0 pasu 9\, "0J0qIedg Ul Jojsed e pies ,‘aiay ajdoad sy}
mainB)ul ue Buunp Buimolioy sy pies aH ‘pabueyd uojuido s Jojsed sy} ‘7661 Ul SPEW SEM JUBWIWIOD SIU} 80UIS 10 yjeay ayy yum Buoim Aisa ‘Aien Buiyjewos siaisyl, | zv
“UMOUMUN 3Je SI80UBd UIB)ad JO SOSBaIdap pUB SBSealdul 8y} 0} SUOSeal 8y "Palljuspl Sem a0ua.ndo0
Jaoued Jo uisjed Jus)sISU0d OU pue ‘S|aAd| Pajoadxa Je palindoo eale Ajunod-Jybie ay) ul SI8OUBD ay)
JO JSO[\ "99SS8UUB] JO B}EIS BU} JO} SB)J BOUSPIdUI Jadued 0} paIedwod UsYM PaUILIEXS SBIUN0D BU} JO SWOS
Ul SJ9OUBD UIBLIAD JO SBJEJ JAMO| pue Jaybiy yioq psjeoipul 82UspIoul JaJUB) JO JUSWSSISSE 8y} JO SINSal 8y =
‘TWny Xapul/abpuyeo Jadued/;oeyd/abpuy e/ )y H/ACD 0pa IpSiE MMM /-dny
]e BUIJUO B|qe|IBAB S| 9JUBPIOU| JEJUEY) JO JUBWISSASSY ¥HO S.HASLY
"99SS8UUS ] JO 8)e)S 8y} 0} pasedwod Aunod Jidy) Ui sejel Jedued Buipiebal uonewloul Yyim eale YHO ay)
ur Buin suszpio spiaoid 0} sem uoleneas siy) Jo asodind sy seiunod Jybis ay; JO Yo Ul JBOUBD JO 82US1INJ0
ay Jjo ainaid [essuab e sapinoid Jey siskjeue oibojoiwapide aAldiosap e sI Juswssasse siy| Ansibay
Jaoue)) sassauus | sy} Aq pe1oa||09 Apealje elep Buisn 82UspIOUI JOIUED JO JUSWSSSSSE UE Pajonpuod YASLY "0100JEOS Ul SYJesp Jaoued Jo sjes ybly e siaieyl | Ly

asuodsay S, JASLV

JuMUI0)




€971 | ebed

"(B€66) YSIYWaYD) UISOUOT JO JUBUIWEJUOD B JOU SeM /G-}BqOD
Jey paulLuelap (| 8seyd) Apmis Anjiqisea uononiisuoosy 8soq 8bpry YeO HOAL 84} O Z pue | sysel =
JeqoD
(2002 YASLY) uoireAlasay abpiy YeQ aup Jo AIUIdIA auy ul sainsodx3
[ealayd aning pue (€00z 03 066T) JUSLIND Jo Uolen[eAs /00Z dYi Buunp winjwoyo pajenjers YASLy =
"(Bp66 L ASIYWaYD) uonen|eas Jayuny Joj Ajoud ybiy e yueliem jou op sases)|al
WNIWOJY JuajeAexay jsed Jey) papnjouod (|| 8seyd) uononisuoday 8soq abpry ¥eQ HOQL dYi 10 / jsel =
(98661 YsiyWayD) wnjwoiyd
pajenjeAs Jaypuny A_ wwmcn_v >v3m b__ ISE94 UOIJONJISUOI8Y 8S0(J wmv_m_ YeQ HOQL dyljopypue g syse] =
wniwolyn
(2002 YASLY) uoieAiasay abipiy XeQ ays Jo ANUIdIA auy ul sainsodx3
[ealwayd aning pue (€00z 03 066T) JUaLIND Jo uoirenfeAs L00Z dYi Bulnp wnjwiped pajeniend YASLY =
wniwpe)
(£00Z HASLY) uonenasay abpry seQ auy} Jo ANuiolA aup ut sainsodx3
[ealwayD a1nin4 pue (€002 03 066T) JUaLINYD Jo uoieNnfeAs /00Z Y Bulnp wnjjiAieq pajenjers YASLY =
(666 qsiyWay)) uonen|eas Jayuny Joj Ayoud ybiy e juesem
Jou op sases|a. wnyjifiaq jsed 1ey) papnjouod (|| 8seyd) uonansuoIay asoq abpiy YeO HOQL 8Yl Jo / Yse] =
(06661 Ysiyway) wnijiAiaq
pajen|eas Jayun; (] aseyd) Apms Aljiqisea uononisuodsy 8soq abpry YeO HOQL @Yl JO 7 puB € SYse] =
wnijifieg
(£00Z HASLY) uonenasay abpry seQ ay} Jo ANuidIA sy ut sainsodx3
[edlway) ainin4 pue Amoom 0] omm._u Juslin)d Jo uonenjeAs /00¢ @Y mc_‘_:_u Jlusslie pajenjeAs YJS1ly =
"ojuasle
pajenfens Jayuny (66661 Asiywayd) (|| 8seud) uononisuoday 8soq abply YeO HOAL au} Jo / Xse pue
(0£661 AsiHwayd) (| aseyd) Apnis Anjigises4 uoponijsuodey 8soq abpiy ¥eQ HOAL dU} JO 7 PUe ¢ SySe| =
oluasly
'S9IpniS YieaH abply 3eQ s.HOAL o Alewwns
e sapinoJd Juswissasse yjleay dlgnd siy} o z'H'[| Uoioag Ly abpIgO/ebpRye0/SAI0/SN Uy arels Uieay//-any
Je punoj aq ued salpnis yljesH wmc_w_ XeQ s,HOAL ‘s|edlwayd asayj Jo ||e 0} salnsodxa Jjuslind pajenjeas

yolym ‘(49661 HASLY) HEM1 Pue (€661 HASLY) Od43 UO Suoie}Nsuo yyesy pajonpuod YasLy ‘Alleuonippy
W3y Xapul/3oeyd/abpLe0;/)yH/ACB 0pa IpSIE' MMM//-d1IY 1B punoj aq ued sjuswssasse yieay a1and s,4as.ly
"spodas snoJawinu Ul S|eAIWBYD 8S8Y} JO SuoilenjeAs yieay agnd paonpuod aaey YAsS1y pue HOAL yiog

"VHd 8y} Ul wnjuoJis pue }[eqod
‘AInoJaw ‘[oxaIu ‘pes| ‘WnIWpe ‘dlussie sjuswa|e ay)
JapIsuod 0} paau 8ajILWOodgns ay) pue sdnolb yiom ay |

‘wniAeg Jo ‘wniuojnd

‘wniundau ‘wniwolyd ‘AndJaw ‘ojussie ‘|exoIu

‘auLionj} ‘wnjueJn Jo S|jeAd] dluaboulaied 0} pasodxe usaq
10U aAey Asy} Jey) painsseal usaq jou sey algnd ay |

144

U809 JO S[eallayd 18yl

asuodsay S, JASLV

JuauM0)

JUBWISSaSSY YijeaH dlignd
Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




971 | abed

'(L00Z ¥aS.Ly) uoireniasay abpiy 2O ayl Jo ANuIoiA 8y} ul sainsodx3
[edlwayd a1ning pue (€00z 0 066T) JUBLIND JO UoieN[eAs L00Z dYi Bulnp [8%olu pajenjers YASLY =
‘(Be661 ASIYWaYD) uonen|eAs Jayuny Joj Aoud ybiy e juesem
Jou Op sases|al [9xoIu Jsed Jey) papnjouod (|| 8seyd) uononisuodsy asoq abply ¥eO HOQL 8YJo 2 Yse] =
'(0£661. siywiayD) [exoIu
ISB94 UONONISU0IDY 9s0( 96pIY YO HOQL 9Y} 4O ¢ puUB € SYse| =
[SXOIN
‘(66661 Ysiyway)) uonenjens Jayuny Joj Ayuoud ybiy e juelem jou op
sases|al /gz-wniunydau jsed 1ey) papnjouod (|| 8seyd) uononisuoaay asoq abpiy Yeo HOAL @Yl Jo 2 ¥sel =
(08661 Asiyway)) wniunjdeu
pejen|eAs Jayuny (] eseyd) Apnig Aujiqisesd uoponisuoosy 8soq 8bpiy Ye0 HOQL 8Y} 4O ¢ pue ¢ syse] =
wniunydsN
‘Juswssasse yyeay algnd siyy ul Ainasaw 0} sainsodxe passalppe Ajleayioads YasLy =
(2666 JsrywayD) Jueyd Z|.-A dU} Je JusLUYdLIUS WnIyy|
wouj saseajas Ainosew sessaippe Ajjeoyioads (|] aseyd) uononsuoday 8soq abpry ¥eQ HOQL Y JO Z jsel =
"(0£661 Ysyway)) Apnis Jayuny Joy syueulweuod Aoud 1saybiy ayi Jo suo
se AinoJaw paynuapl (] aseyd) Apnis Ajjigiseaq uononsuoaay asoq abpry ¥eQ HOQL Y} JO 7 pue ¢ Syse| =
JNTRYEETIY
(£00Z YASLY) uoieniasay abpry se0 aup Jo AyuldiA ayp ul
sainsodx3 [ealway) ainn4 pue (£00zZ 01 066T) 1uaLn) Jo uoneneAs 00z 8y Buunp pes| psienjeas Yasly =
"(Be661 MSIYWAYD) pajueLiem 8] Jou Aew SUOIRIUSIUOD ped|
POO|q JO UOI}eN|eAs Jayuny Jey} papn|ouond (|| 8seyd) Uononiisuoday asoq abpry ¥e0 HOQL 8YiJo 2 ysel =
(0661 Ystdway)
pes| pajen[eaa Jayunj (] aseyd) Apms Aljiqisead uononnsuoday 8soq abpry YeQ HOQL dUi JO 7 pue € SYse] =
pea
(0102 ¥ASLY) 010T Ul BuLionj} Jo sasea|a
SSaJppe 0} JUBWSSASSY Yl[eaH 2l|gnd Saseajay aplion|4 wniuein 0S-S pue Gz-Y 8y} pasesjal YAsLy =
‘(BEEBL YSIYWAYD) UISOUOD JO JUBUILIBIUOD B JOU SeM aulion|)
Jeu paulLielap (| 8seyd) Apmis Anjiqisead uononiisuoday 8soq abpry YeO HOAL 84} JO Z pue | sysel =
aulon|4
(£00Z YASLY) uonenasay abipy se0 auy} Jo ANUIdIA aup uf sainsodx3
[edlwayd a1min4 pue (€00z 0} 066T) JUaLND Jo Uoiren[eAs 200Z 8y} Bulinp }leqoo pajenjers YASLY =

pajen|ena Jayuny (] eseyd) Apnis A

asuodsay S, JASLV

JuauM0)




G971 | abed

“Y¥O 8y} Joj P8JoNpU0d Uds] BARY Jey) SalIAloe

Uieay oijgnd sy} ||e 8ziewwINS Juswissasse yyeay olignd sy Ul SSNIANOY YijesH dlignd JayiQ Jo Alewwing

g xipuaddy pue H'|] Uoijoas "Y¥HO BuIpUNOLINS JUSLLLOIIAUS BY) Ul SJUBUIWEIUOD [eius)od Joj suoien|eAs
snoJswinu psonpuod Apuspuadapul ‘YaSLY PUB ‘NIANVY4 ‘“03aL ‘HOAL ‘Yd3'S'N Buipnjour ‘seiousbe |eiansg

‘pasn ale
sjuswiaje Auew-ainyoid Biq sy} 1e 400| 0} Spasu YASLY

"podau jou pip 30Q 18y
pasesjal aJam Jey) SjuuILIEIU0D AuBW 8q pinod alsy) | Gt

(0107 ¥ASLY) seses|ay apuon|4 wniuein S-S pue Gz-3 pue (Y00zZ ¥ASLy)
Sasea|ay WniueIN ZT-A—wWniuein 0} sainsodxe yim Buijeap syuawissasse yjeay algnd om) pasesjal YasLy =

(06661 YsIHWAYD) YHO S} Wouj seses|al wniuein

ssaippe Ajjeoyioads 0} pajeniul sem (]| 9Seyd) uononisuodsy asoq abpry Yeo HOQL dUi JO 9 Yse) nsal

e Sy "sainsodxa |enusjod pue suoissiwe wniueln jsed Jo uoiebisaaul pajiejep alow e pajsebbns saakojdwa
Ayj1oB) WNUBIN YYO JoWIo) pue siaquisll dSYHYO [BJanas ‘sBuipul | aseyd ayj Buluiwexs Jaye ‘JOASMOH =

'(9g661 AsryuwayD)

Apnys Jayuny Joj sjueuiwe)uod Ayoud 1saybiy sy} Jo suo se wniueln Ayuapl jou pip (| 8seyd) Apms Aljiqisea
uononsuooay 8soq abpry YeQ HOAL 8} JO # pue € syse] Buunp pe1onpuoo suonebisaaul Aleulwijald =
wniueln

*Apnys Jayuny pajueliem ey} JUBUILUBIUOD B SB paljijuspl Jou sem )| (95661 YsiyWay9) 06- ‘68-Wwniuons
pajen|eAa Jayuny (] aseyd) Apnis Ajiqisea uoonisuooay 8soq abpiy YeQ HOQL dYi JO ¢ pue ¢ Syse| =
wnpuons

(98661 YSIYWaYD) UIBdUOD JO JUBUIIBIUOD B JOU Sem wnjuojnd
Jeu) paulwalap (| aseyd) Apnig Ajiiqisead uononsuooay 8soq 9bply YeO HOAL U} JO 7 pue ¢ syse] =
wnjuonid

asuodsay S, JASLV

JuauM0)

JUBWISSasSY YijeaH dliqnd

Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




9971 | abed

‘uoinquisip uonendod |eJauab
ay) ueyy Jaybiy st yoiym /61 g'g0} Jo [9AS] §Od Wnies e pey juedioipied suo AjuQ “1/6M 0€-0g 40 SiaAs|
pey Inoj “1/6M gz pepasoxe oym syuedioned oAl 8y} JO "SGDd [BI0) JO |[9AS] PIBASIS UE 8] 0} PaIapISU0d
sl yoiym /611 oz ueyy Jaybiy aiem ey} sjeas] g0d pey (1uedsad y) pejse) ajdoad 9} | 8y} jo GAUQ =
"|]aAs] AIndJaw poojq [eo} pajease ue pey syuedionied 91| Jo suo AluQ =

‘uoijeindod
[eJauab 8y} ul punoy S[aA3| 0} Jejiwis A1oA aie §|aAd| AIndJaw poojq PUe S|ans| g0d wnias siuedionied 8yl =
'sj@aysioe4 pue syalg Alewwng 9 xipuaddy ul papiaoid si uonebisaaul
ainsodxa ay) Buizuewwns Jauq y “AindJaw pue sgod Jo sjeas] ybiy oy pasodxe Buleq atem ajdoad asayy
Jay1aym dujwIB}ap 0} PUB JIOAIBSY JBg SHEA BU} WOJ) S3[LN} pue ysi o sjunowe abie| 0} ajesspow Buiwnsuod
a|jdoad ul sjeas| AindJaw pue g0d [enioe ainsesw 0} (8661 ¥ASLY) uonebisaau| ainsodx3 Jeg suep
8y} pajoNnpuod YASLY ‘(9966 ¥ASLY) ¥GMT U0 uoielnsuo) eaH 9661 S4ASLY jo sBuipul ay) Buisn
"S18Judd yyleay Ayunwwod Je bunss) se yoans saAloe yieay diiqnd dn-mojjo} Jo} pasu e s
218U} ©}e9IpUI JOU 0P YHO B} U0 Sjuswssasse Lyesy dlignd s YJSLY Pue salpnig LyesH abpiy ¥eQ HOAL 8L

‘Buiusalos/buiysa) AindJaw NOge pauadu0)

‘wnififieg

Joj s1 a1ay) &Y AInossw o} s|ge|ieA. s)se) 8q pinoys
iBuiuosiod Ainasaw

aABY 0} punoj usaq aaey oym ajdoad Apnys ¥ASLY I
"sjuapisa. abpry yeQ pajoaye

Joj Ajjeaiyioads dn jes si jey Jejusd juswieal) abps
-Buino e ul syuswale J0j Pasa) 8q piNoYS Sjuapisay

Ly

saliAloe y)eay oljgnd [euonippy

"Sp|oysaly} 19818 Yijeay paanpul-Aiojeoge| mojaq saul 000‘L UeY} siow ale (susbouoied pue susbouioieauou)
S|eolwayd 0} sainsodxa [ejuswuoIAUS [BDIdA} JBY} PajoU 8q pinoys 3| “spunodwod (), Jo} $T39 8U3 40 00L/1

1e sjewiue Buisop usym Jaoued Ul asealoul ou papodal (F66 1) ‘e 190 emebaseH ‘JoASMOH “I9QUBD Ul 9SBaJ0U|

Ue Ul pajnsal $739 418y} JO G/} Je UOIleUIqUIOD Ul pajsa} Saouelsqns Of Jey pauodal (6861) '[e 10 ewedeye
‘Apnis [ewiue ue U] *(z00z Ybnos) paniasqo alam wsiuobelue Jo sased 8|qissod (g a|iym suoioelsiul usboudied
a1s1618UAs 10} 83uapIAS BuiouIAuod ou paanpold Apnis Jey Jo synsal 8y “sjewiue pasodxa ayj Jo Juslad

08 0} 0Z Ul siown} aanpo.d 0} pajoadxe a1em s[aAs| 8s0Q *(z00Z UBNoo) syes 00G 1L JoAo Ul sjse} asim-Jied

816 Ul pa)$a) 81aMm S[eIIWBYD 7| ‘SIn}iIsu| JoOUED [euoijeN auyj 0} JOBJUOD Japun ‘SO/6-PIW 8y} U] “8insodxa
[BJUSWIUOJIAUS WOJ} PBAIBSO SBSOP JOMO| B} Je 8ouedliubis [BaNiSIIe)S 10} papasu S| (S|ewIue JO suewny)

dnoub Apnjs abie| e asnedaq sesop [ejuswuolIAUS Je Ayuenb 0} Jnoiyip s1ow ale susbouldied Jo suoljoeIsul 8y |

"SJ09449 JIX0} BA)IpPE

2onpoJd Ued ‘Spjoysaly} [ENPIAIPUI JIBY) Jeau S8SOp Je palsiSIUILIPE 8Jom S|BDIWLBYD 8U} YoIyMm Ul ‘sainixiw
[B2IWIBYD 0} 8INSOAXS 1By} 82UBpIAS papircid BAY SBIPN]S JaYIQ ‘[9A8] PIOYSIY} 8U} MO|aq 0} PaSealoap

Sem asop 8y} se Jaylebo)je paseaddesip S10818 8SIoApe ‘(66 [e 18 JONUOT {2661 [B 18 Us}0lS) Sel Ul SaIpn)s
Ay01x0) 8)n2EQNS 8)eJedas oM U] SPIOYSaIL} 10818 MO|Sq SI0W JO P|ojus) SBSOP Je SUONIBIS)UI JO 82USSqE

3y} pajesysuowap (1661) ‘[e 1o usjol9) pue (0661) ‘(e 38 Jeyuor ‘Ajleuonippy (G661 B 1o PosS ‘G661 ‘[ Jo uoied)
spunodwod [enpIApul Jo} TIYON 9Y MO[S( S|oA9] 1B Pajaslap ale ainjxiw Jey) Jo sjusuodwod se Buo| se sjoaya
Uieay asJanpe 8anpo.d 0} Ajgyijun si S[EIIWBYD JO INJXIW B 0} 8INS0dXa JBy) UMOYS 8ABY S3IPNIS "SUOIORIBUI
104 spjoysa.y} papiodal Aey (4861 ‘|8 1 SIIEH ‘€661 ‘[e 18 H0IQ ‘€86 '[e 1o ouude) ‘Z66) |8 1o uewueq)
S8IpNJS UBWNY pue [ewiue [BI8ASS ‘SUOIJOBISB)UI [EIIUBYD UO 8Injela)l| JIHIUSIOS 8y} pamalral sey ¥ASLly

‘paipnis
8( 0} PedU PaLINd20 SABY JBy) S8seD snoioidsns swos

“UMOUY 10U 8/ SUOIeUIqUI0D
adiynw jo s108ye ansibiauAs wis)-buol sy

"SJUBUILIEIUOD B|dynw 0) Sainsodxs
a|diynw Jo s10848 onsIBIaUAS 8y} IN0GR PALIBIUOY

9y

asuodsay S, JASLV

JuuU0)




L9T | abed

"¥Z=pP890 =pI¢,dSe Buil/Blw/A0G 0p0 IpSIe" MMM/-d1y Je Andisj 4oy Sauljaping
Juswabeuey [eaIPa S, 4OSLY 89S ‘UOIBWIOMUI BI0W IO 'SBSEaIOUI 8INS0dXa 80UIS SWI) B} Se SA08Ye
ss9| sewooaq Adelay uonejay) ‘uelnisyd e Aq spew aq pinoys alejayd 0} Uoisioap ay | olewoldwAs S|

‘Adelay)

pue ‘ainsodxa AIndJaw [ejuswale SINJe JO 9SED IES|I B SBY 8U0SWOS usym pajueliem Ajuo si Adelay uonegy) uoieay Jo $)s02 8y} pioye jouued sjdoad Auepy | 6¥
JAIN3I3W/USBE/A0B 0pa1q MMM//-01Y 18 Aindus|y :esuodsey pue ssaupaledaid Aousblaw3 s,9Q) =
JRINJIaW/ACH Bda MMM//:C1NY Je a)is gap\ AIndIBN SydI' SN =
72=PIF3E || =Pl¢dSe J}/SDEIX0}/A0E dpD IpSie MM/ GRY Je AIndiaj 10} SDY4X0L SHASLY =
¥2=pP1"R90 | =p1¢,dSe Blil/BWW/ACG 0pa"IpSIE MMM /-0y
1e AinaJay Jo} sauljaping) juswabeue)y [eoIpaly S, HASLY =
JAINDIaW/ACE0pa IpSTE MWW /-01Y JB U}edH NOA pue AIndJajy S, 4aSLy =
YZ=PIRG ] [ =PIy, dse d}/So]110JdX0)/A0B 0PI IpSIEMMM/-01Y Je AIndJsy 1o} aJ1j0id [e0160j09IX0] S, ¥ASLY =
:uoliewoyul [euonippe apinoid sajis gap Buimoyoy sy
"sjoaye |ejuswdojonsp aousuadxs Jybiw uaipiy) “bunieads Aynaiyip pue ‘ouod 8josnw Jo
$s0| ‘ssauquinu ‘sso| Buleay pue Jybis ‘sayoepesy aaey Jybiw noA ‘Ainassw oluebio 0} pasodxe aiom NOA Y| =
“obewep
[EUBJ PUB )98} pUB SpuBy PaJojodsIp ‘ssauquinu ‘ainssald poojq pasea.oul ‘ssoj Alowaw ‘eaylielp Apoojq
aney ‘yoewos JnoA 0} yais Ajpianas aq Jybiw noA ‘Ainassw oluebioul o sunowe ybiy o) pasodxs a1em nok )| =
"S}08Y)0 WaysAs SNoAIBU [BJJUSD DJUCIYD pue ‘SbewEep [eual 188} pue
SpUBY paJojodsip ‘ssauquinu ‘ainssald poojq pasealoul ‘yoewols Inok o} 3ais Bulaq ‘ssoj Alowaw ‘ssauyybiy
158Y9 ‘sbunj Jo saAa pajel ‘enbie) ‘1aas) e aAey Jybiw nok ‘siodea Aindssw oljjedw U paylealq nok )| =
OIS BW098q [[IM NOA Jaydym Jo ‘aousliadxe
1yBiw noA s)oaye Yieay Jo puny ayy Moys Jouued Aay) Ing AIndJaw Yim JOBJUOD Ul Usaq aABY NOA Ji noA “Aunwwod
(18} Ued §]$8) 8say ] “Jley ul paysa) aq os|e ued AndsswiAyia|\ “auln Jo poojq ul Si AINdJaW Yanw Moy 1$8) ued 3y} pue SIHYYHO 10} IO pie| pue pauiuspl 8q pjnoys
sl10)00Q “AIndJaw 0} pasodxe ussq sey suoswos Jayleym BulAjuspl Joj uoijeulIojul Jo $80In0s Auew ale aiay | Buiuosiod Ainasaw Buikuapi Joy ainpadoid s|qipao y | of

asuodsay S, JASLV

JuMUI0)

JUBWISSaSSY YijeaH dlignd
Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




89T | abed

‘WY XapUl/abpIbE0] )Y H/ACD Op0 IpSTE MMM/-O1Y :Je 8)IS qam

UileaH ollgnd :uoneAlasay abpry YeQ s, 4ASLY U0 pemaiA 8g UBD 08pIA 8y ,|njasn aq 0} aAold [[Im Jey) piemio)
1 Bumab pue eyep siy) Buusyeb ul— siy) ul 8]0 Jo puny 8y} paAe|d SABY SM Jey) JUSPLUCD We | *'Sesjiuwoogns
ay) ‘seaIWWoo 8y} |e jo ed e yonw Aisa usag aaap) ‘[nidiay sinb aq o) usaoid sey ey} Jo |je pue:"siesA g}
1SB| 8} JOA0 BUOP Usaq SARY Jey) SASAINS U} JO (e YIM PaXJoM aARY UoneBaIBuod Jno Ul siaquisul [eIonss aAeY
9\, O9PIA S8SBS|9Y WNIURIN ZL-A BY} U0 MaIAIBIUI U Buunp Buimojjo) sy} pies Jojsed UedLaWY UBdLIY [BI0] Y

'SBRIAIOE S, HAS LY JO pawojul

Aunwwoo ayy desy 0} apew siem suoijejuasald pue ‘SoapiA OM} ‘S}eays 1o} ‘saseajal ssaid snoJswnpy =
"spodal o1JUSIOS B}EN|BAS pUB MBIASI 0) papasu S||ixs 8y} dojaasp siaquisw

Aunwwod jsisse 0y pue ABojolwapida jo aouslos ay urejdxe 0} sdoysxiopn ABojoiwepid3 pley YASLy =

"SUIBOU0D pUE Bnss] U)eay ssalppe 0} sweiboid uoieonps Ajunwwod pue ueroisAyd pjey ¥YasLy =

"BaJR YYO 9y} Inoybnoly suoisses
Auligejieae olgnd [eseAss pjay pue ‘Juswwiod 2ignd Joj s)uswissasse yjjesy olignd ay) Jo |je pesesjel YasLy =

"S)UBWSSasSe y)eay a1ignd sy} ul SUIBU0I Y)[eay AJUNnWwWoD ay) passalppe

HASLY 920 piald a6piy e HASLY ey Aq Buiddos sjenpiaipur pue ‘(sbunssw dnoibiom pue SIHHHO)

sBunasw ognd je apew syuswwod ‘siadedsmau ‘s||ea suoyd ‘@ouspuodsaII0d USHLM WO} pauIelqo
SUJB2U0D AJUnWWo9 SSaIppe pue ‘Joel} ‘piodal 0} YASLY Pamoje aseqelep Siyl {0 8y} 1o} aseqeieq
SUIB0U0Y) YieaH Ajunwwo) YOSV dU Ul SBNSS| PUB SUIBOUOD U}[eay pajuswiniop pue pajos]jod YASLyY =
‘WY X3pUI/S0PLY B0/ H/AOD DPI"IPSIEe MMM/ /-d)Y
Je 8)is gam UjleaH dljand :uoheniasay abpiy YeQ ey pejesido YasSLy =
HYO 8y} 1e saniloe yjeay angnd s, 4aSLY Ul PAAJOAUl 8Ww028q 0} saliunjoddo yym siaquisu
Ayunwiwod Buipiroid Ag ¥YO 8yl Buipunouns saHUNWILWIOD 8y} pue YJSLY Usamaq uoljeloge|jod ajowold
0} pauado sem 20140 8y “aBpry 3eQ Jo A)o 8y} ul 890 pjalj e paulejulew YASLY ‘G00Z O} |00Z WOl
‘suoluido pue
seapl J1ay} Juasaid pue puajie pjnod suoAlana pue aignd ay} 0} uado atem sdnob yiom s,88)ILIWIOIGNS BY)

10 sBuneaw sy} ‘uonedionied uszyo ainsus djdy 0] “YYO By} 1 SaliAnde Yieay dlignd Buionpuod pue senss|
yiesy a1gnd Bunenjeas ale jey} salousbe ay) pue susziyo 8y} USBMq UOHEIO]E|[0D PUB UOHEIIUNWWOD JO)
winJo} e apiroid 0} pajeald sem )| “selouabe ajejs pue [elapa) Wy SJaquiall UOSIE]| SE ||9M Se ‘Saljiunwuwod

pue ‘spunoibyoeq ‘esiiadxe ‘sjsalajul asianlp pajuasaidal oym ajdoad Jo pasISUOD 8a)ILILIOINS
8y "paysi|qelse sem (STHYHO) d8HIU0IINS S}08YT YieaH uoleriasay abply YeQ oy} ‘666 Ul =
"ss9004d Juswssasse yjeay angnd auus sy} Inoybnoiy) ‘syuspisel
010¢Jeog UeoLBWY Uedwyy Buipnjoul ‘Ajunwiwod YYO By} Jo Siaquisw yim Aj9sod paxiom sey ¥YasLy

"S9NSS| U}[Bay [ejuswuoliAug pue uonnjjod
[BJUSLUUOJIAUS JNOCE UOIEIIUNWWOD PUB UOBWIOUI
Jajaq pajuem syuapuodsal asay} Jo Auepy “Ajunuwiwiod
0100JeaS 8y} Inoge suIsauo9 bBuipiebal uonsanb uado
Ue 0} asuodsal Ul SUIadu0d 8say) pasiel sjuspuodsal
10 %6 AJUQ "SJajiew Jay}o UBY) S)USPISaI 0I0GIBIS
Jamay u1aouo9 0} Jeadde sanss| yyesy [ejusiuoliAuS
pUE ‘UOIRUILUEJUOD [BJUSWUOIIAUS ‘UONN||0d

"uoleljeyal jo Jesy Joj ajedioned
10U Op SUBJLIBWY/-04)Y JBYI0 pue Sjuspisal 010gJeds | 0G

SNOBUE||80SI|

asuodsay S, JASLV

JuauM0)




69T | abed

"uoneoo| bulysy

anonpo.d e Jou sl D443 Jey 8loN ‘1pd SeHoSIApe/pd/SUoREdIqnd/odM/JUSIUOIIAUS/ACD 89SSaUUSYT MWM//-0NY
1e salIoSIApe pa)sod aU) 89S 9Ses|d "UONBUILIBIUOD [eLig)oeg 0} anp pajsod ale S|l oAl

/71 InOge 99SS8UUS ] JO 81B)S Y} UILMIAA "HOouNns UBgIN 1o ‘SwajsAs aysem [ewiue Buljie) ‘ainjie} waysAs UON0S|[02
‘syue) ondas Buijie} spnjoul $82.N0S [BLISJoR] ‘)J L 0} BUIPI00dY "SII0AISSSI pue SWesl)s Ul Ysl) pue ‘opem
‘wims Ajayes o) Ajjige s,011qnd ay) sjosye Jajem sy Ui BL8)Oeq J0 9ouasald 8y "anssi) Yslj Ul UOIeUIB)UoD

g9d pue AindJsw Se [|am Se “Jajem ay Ul UOBUILUBIUOD [BLIBJOE( JO 8SNBIa] Dd4T J0} SBLOSIApe panss| 9301

"Jodedsmau Jabpry

YeQ 8y 0} BuIpI0OOE 88SSBUUS | Ul %8810 Pajeuileuod
Jsow 8y} se 93 AL Aq paynuspl usaeq sey Od43

14

"s198ysioe4 pue syaug Arewwng 9 xipuaddy ul papiaold si

uonebnsaAul ainsodxa sy} Buizuewwns Jauq v 'sg0d pue Ainaisw Jo sjaas| ybiy o) pasodxs Buieq siem ajdoad
9S3Y) JOYJBUM BUIWIB)BP 0} PUE ‘NI0AISSSY Jeg SHEeA dU) Wolj Sa[1N} pue ysiy Jo sjunowe abie| o) sjesapow
Buiwinsuoo ajdoad ul sjpas| god pue Aindssw [enjoe ainsesu 0} (8661 YASLY) uonebiisau| ainsodx3g

Jeg sjep ay) paionpuod ¥AsLy YO ay; Jo4 "uonebisaau| ainsodx3 ue jonpuod Aew Yasly ‘deb ejep

B S| aJay) uayp “ansodxa Juaind pue jsed Jo suoneoldwi yyesy algnd sy ssasse 0} suolebiisaAul pue salpnjs
snoiaaud woyy sbuipuly pue uoew.ojul Yy} 8zA[eue pue a)en[eAs S}SiUsIdS YASLY ‘SYHd @sayr bunonpuod uj
(1102 ¥ASLY) ueld zZ}-A Y} Woly sesesjas Andsojy

(0107 HASLY) 8¥s GZ-) 8y} W0y seses|al pLoNjy pue wniueln =

(600Z YASLY) seseslal g0d =

(800Z ¥ASLY) 8MS 0}-X 8y} Wol} seses|al Lg| aulpo| =

(£00Z ¥QSLy) seinsodxa [eolwayd ainynj pue Jualny =

(29002 HASLY) 48810 ¥eQ 8Ny Wol} seses|al spijonuolpey =

(49002 HASLY) Je1empunolb eyis-4O =

(G00Z YASLY) Jojelsuou] (YDOSL) 10V [0JJU0D) S82URISANS DIX0] 8y} WOJ) SISea|a) JUBLIWEIUOD) =

(#00Z ¥ASLY) wueid Z|-A 8Y) Wwiouj sesesjal WniueIn =

:Buimojjo} ay) uo syuswissasse yieay ognd paje|dwoo sA_Y SISNUBIOS YASLY ‘MalAs] SIU) U0 paseg "Uuoien|eAs
JByLIN] 10} UISOU0D JO S)UBUILIEIUOD Aluapl 0} ainsodxa 1sed |0 uonenjeAs [aAs|-BuluasIos || 8seyd pue | 8seyd
S,HOQL o siskjeue Bulusalos e pue MalAal & Pajonpuog sisnusIos ¥JS1Y ‘HOdL Jo suoys ay) uo puedxs 0]

"mau BuiyjAue op Jo suoAue djsy
j0u op sdnoub 8y} ‘way} uo sjaqge| mau Ind pue salpnjs
pue ejep p|o je 00| Ajuo 0} Wess SIHYHO Pue YASLY

LG

asuodsay S, JASLV

JuauM0)

JUBWISSaSSY YijeaH dlignd
Sasea|ay AINJJS ZT-A JO UOIEN|BAT :UOIIRAISSDY 2b6pIY Meo




0T | abed

"$90UB)SgNS SNopJezey

0} ainsodxe WoJj sjosye Yjjesy Jnoge aseq abpajmouy sy} puedxs 0) pue ‘sainsodxe yons woij Jnsal jey)
sessaU||l ay) pue ainsodxs Jayun) sonpal Jo Jusas.d djay o} ‘saus punuadng oloads Je spiezey yyjesy Jo ainjeu
pue 8oussald ay) ssesse 0] 1oy punuadng sy Japun pableyd s YASLY ‘Y10YID 10 suoisirold pajeje.-yyesy
ay) Bunuswa|dwi 1o} 82IA18S Yl|BaH 21jdnd 8y} uiyim Aousbe pes| a1 sy '30Q PUe Yd3'S'N woly Aousbe
ajeledss e S| )| 'S80IAIBS UBWNH PUB U)jeaH Jo Juswiiedaq 'S n ayp jo Aousbe yyeay oijgnd eieps) e s YASLV

IpaJ0 Yo [Im Apnjs pajjosu0d-30q Auy

)1 1SN} JOU |)IM AJUNLWLIOD By} 8|9 10 J0joe.ju0d Aue
Uim pajeroosse aq jou pinoys dn jes si1eyy weiboud Auy

S

"UONINJISU0IaY 30 abpIy XeQ 8y} 4o} S1siusIos HOQL dui Aq pasn (palissejoap

MOU) sjuswinoop juswulanoh [eulblio g’ INoge Joj 1x8) 8|qeyaleas sapiroid Jeyl Yo Jo ainjes; [euonippe
UB SI SJUSpISa) 88SSBUUS| 0} }saisjul Jenoied JO "selis 3O SNOLEeA Je siayiom Jo salpnis aibojoiwapida g
1noge 0} surepad uonos||09 ejep abie| s, Q3D 4O ISO 7Ipad/A0D NEIO MAMM//-SATY JE J8uIaiu| 8y} UO 8]gISSadde
WAy} Seyew pue salpn)s asay} Bulnp pajos]|09 UONEJUSWNIOP pUe BJep JO Saji 2U0JJI8|e 8y} s8zjueblio
80Inosal ablej Siy] "sjuspisas Ajunwwod Agieau pue sanijioe} 3O I8 SISXIOM JO SBIPN)S Y}|eay [BJUSWUOIIAUS
pue [euoiiednaoo Buunp ps}od||09 (sialiuap! [euosiad Jnoyym) elep jo Aioysodas asn-ojgnd ‘|qissaaoe

Ajisea siyy sepinoid 30Q S8l JOQ J8Yl0 pue YHO 8y} Je pawlopad saipn)s pajejal-yjeay o} jusuiad
uoljeLLIOjUI SUIBJU0 Jey} aseqelep asn-algnd e si (Yg30) 824nosay ejeq aibojoiwapid eaisusyaidwo) ay |

“HHO 8y} 1B 8|Iym SJUBLIWEIUOD JOBIU0D ABW OYM S|ENPIAIPUI JBYJO PUB SISYIOM
0} sainsodxa Buipnjoul ‘uolieAIasal 8y} Je s8)is uo Bulnado Ajjenualod sainsodxa Aue ajenjeas jou op Asyl “HHO
3} WOJ} SaSes|al JUBUIWEUOD 0} S8INSOAXS 8)IS-10 B)EN[eAd A|Uuo sjuswssasse Uieay alignd YO S.¥ASLY

¢,89e|d Jay}Id WOl BWed aAeY PIN0I 8INsodxs 8y} Uaym
8]IS-U0 10 8)IS-}0 Jay}Ie Se sainsodxa ajesedas am op
MOH "$3]04 Y10q O}l I} uslo 8jdoad asnesaq siaquiaw
Aunwwod wouj siexiom sjesedas 0} NP aq [|IM )|

€g

asuodsay S, JASLV

JuMUI0)




Oak Ridge Reservation: Evaluation of Y-12 Mercury Releases
Public Health Assessment

VII. Child Health Considerations

ATSDR recognizes that infants and children can be more sensitive to environmental exposure
than adults in communities faced with contamination of their water, soil, air, or food. Children
are not small adults; a child’s exposure can differ from an adult’s in many ways. Developing
fetuses, infants, and children have unique vulnerabilities. This sensitivity is a result of 1)
children’s higher probability of exposure to certain media because they crawl on the floor, put
things in their mouths, play closer to the ground, and spend more time outdoors; 2) children’s
shorter height, which means that they can breathe dust, soil, and vapors close to the ground; and
3) children’s generally smaller stature, which means childhood exposure will result in higher
doses of chemical exposure per body weight (i.e., a child drinks more liquid, eats more food, and
breathes more air per unit of body weight than an adult). Very young children and infants are
also more susceptible because their organs are not fully matured. Also, young children have less
ability to avoid hazards because they lack knowledge and depend on adults for decisions. As part
of ATSDR’s Child Health Initiative, ATSDR is committed to evaluating the special interests of
children at sites such as the ORR.

These behaviors can result in longer exposure durations and higher intake rates. Children grow
and develop rapidly in the first few months and years of life. In critical
periods of development before they are born, and in the early months e
after birth, fetuses and children are particularly sensitive to the harmful commonly assgciated
effects of metallic mercury and methylmercury on the nervous system with a risk for
(ATSDR 1999). As with mercury vapors, exposure to methylmercury is | developmental effects.
more dangerous for young children than for adults, because more
methylmercury easily passes into the developing brain of young children and may interfere with
the development process. During critical periods of structural and functional development in
both prenatal and postnatal life, children are especially vulnerable to the toxic effects of mercury
(ATSDR 1999).

Methylmercury eaten or swallowed by a pregnant woman or metallic mercury that enters her
body from breathing contaminated air can also pass into the fetus. Inorganic mercury and
methylmercury can also pass from a mother’s body into breast milk and into a nursing infant.
The amount of mercury in the milk will vary, depending on the degree of exposure and the
amount of mercury that enter the nursing woman’s body. There are significant benefits to breast
feeding, so any concern that a nursing woman may have about mercury levels in her breast milk
should be discussed with her doctor. Methylmercury can also accumulate in an unborn baby’s
blood to a concentration higher than the concentration in the mother (ATSDR 1999).

Methylmercury is the

Methylmercury Exposures in Children

Several human studies have evaluated the neurological effects of methylmercury exposure in
children.

e A long-term human study of children from the Faroe Islands, a small group of islands in the
North Atlantic Ocean affiliated with Denmark, began in 1986 and focused on children born
to women who lived on the islands. This population relies heavily on seafood and whales as a
protein source. The investigators used various tests that monitor child development. They
concluded that at birth, cord blood mercury levels in the mother were associated with
harmful effects in children at age 7 years involving language, attention and memory, and to a
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lesser extent visual/spatial and motor functions (Grandjean et al. 1997). Follow-up studies at
age 14 years showed similar findings (Debes et al. 2006).

In 1978, New Zealand was the site of another human study. It focused on 61 children who
were exposed in utero to high mercury levels that resulted from their mother’s consumption
of four or more fish meals a week. If the authors omitted one outlier, the data showed a
decrease in children’s intelligence quotient (IQ) at age 6 with increasing exposure to
methylmercury as measured by their mother’s hair mercury levels at birth (Crump et al.
1998).

The third study came from the Republic of Seychelles, where 85 percent of the population
relied on local seafood for protein. Average ocean fish consumption in this population was
12 meals a week (Davidson et al. 1998). The Seychelles study initially did not find harmful
effects in children as they grew older. In one recent publication, the investigators reported
that two of 21 endpoints (one positive and one negative) were associated with prenatal
methylmercury exposure. The authors stated that these outcomes were probably due to
chance and conclude that their data did not support a neurodevelopment risk from prenatal
methylmercury exposure from eating fish (Myers et al. 2003). In another paper, the authors
reported that they found several associations between postnatal methylmercury exposure and
children’s developmental endpoints. However, the investigators concluded that no consistent
pattern of associations emerged to support a causal relationship (Myers et al. 2009).

Past Evaluation (1950-1990)

During the past evaluation, ATSDR specifically addressed childhood sensitivity to mercury in
the air, surface water, soil and sediment, fish, and edible plants.

Exposure to elemental mercury carried from the Y-12 plant by workers into their homes
could potentially have harmed their families (especially young children) in the past (1950—
1963).

Air and water mercury releases from the Y-12 plant after 1963, are not expected to have
harmed children living off site near the ORR. But insufficient information is available for
ATSDR to determine whether releases from 1950 through 1963 could have caused harmful
health effects.

Breathing past (1950-1963) air mercury releases from the Y-12 plant is not expected to have
harmed children living in the Wolf Valley area.

Children who swallowed water from EFPC for a short time during some weeks in 1956,
1957, and 1958, may have an increased risk of developing renal (kidney) effects from
exposure to inorganic mercury.

Children who swallowed water containing mercury from EFPC before 1953, or after the
summer of 1958, are not expected to have experienced harmful health effects.

Children who swallowed water from EFPC over a long time period in the past are not
expected to have experienced harmful health effects from mercury exposure.

Children who played at the NOAA site and Bruner site prior to the soil removal activities in
1996 and 1997, may have accidentally swallowed inorganic mercury in EFPC floodplain
soils that may have increased the risk of developing renal (kidney) effects.
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Accidentally swallowing methylmercury in EFPC floodplain soils in the past is not expected
to have caused harmful health effects for children playing in the floodplain soil.

Children who periodically ate fish from EFPC (up to four meals from EFPC per year) and
children born to or nursing from women who ate EFPC fish in the 1980s are not expected to
have experienced harmful health effects.

Children born to or nursing from women who ate 12 meals a month (3 meals a week) of fish
from Poplar Creek in the 1970s, 1980s, and 1990 have an increased risk of subtle
neurodevelopmental effects.

Children who ate six meals a month of fish from Poplar Creek in the 1970s, 1980s, and 1990
have an increased risk of subtle neurodevelopmental effects.

Children born to or nursing from women who ate three meals a month (average consumption
rate) of Poplar Creek fish in the 1970s, 1980s, and 1990 had a small increased risk of subtle
neurodevelopmental effects.

Children who ate about 1.5 Poplar Creek fish meals a month in the 1970s, 1980s, and 1990
have a small increased risk of neurodevelopmental effects.

Children born to or nursing from women who ate 12 meals a month (3 meals a week) of fish
from Clinch River in the 1970s, 1980s, and 1990 have a small increased risk of developing
subtle neurodevelopmental effects.

Children who ate six meals a month of fish from Clinch River in the 1970s, 1980s, and 1990
have a small increased risk of subtle neurodevelopmental effects.

Children born to or nursing from women who ate up to three Clinch River fish meals per
month are not expected to have been harmed.

Children who ate less than two Clinch River fish meals a month are not at risk of harmful
neurodevelopmental effects.

Children born to or nursing from women who ate 20 meals a month (5 meals a week) from
Watts Bar Reservoir in the 1980s and 1990 have a small increased risk of developing subtle
neurodevelopmental effects.

Children who ate 10 meals a month of fish from Watts Bar Reservoir in the 1980s and 1990
have a small increased risk of subtle neurodevelopmental effects.

Children born to or nursing from women who ate up to five Watts Bar Reservoir fish meals
per month are not expected to have been harmed.

Children who ate less than three Watts Bar Reservoir fish meals a month are not at risk of
harmful neurodevelopmental effects.

Eating produce grown in the city of Oak Ridge and the EFPC floodplain in private gardens
that contain mercury-contaminated soils is not expected to have harmed people’s health.

Insufficient information is available to determine whether

Children who swallowed water containing mercury from EFPC during 1953, 1954, and 1955
could have been harmed.
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Children who ate fish from EFPC and Watts Bar Reservoir during the 1950s, 1960s, and
1970s could have been harmed by methylmercury.

Children who ate fish from Poplar Creek and Clinch River during the 1950s and 1960s could

have been harmed by methylmercury.

Current Evaluation (1990-2009)

During the current evaluation, ATSDR specifically addressed childhood sensitivity to mercury
from exposures through breathing the air; incidentally ingesting surface water, soil, and
sediment; and eating fish, crayfish, turtles, and vegetables.

None of the ambient air samples detected mercury at levels of public health concern for

children, or for fetuses and nursing infants.

The majority of the surface water samples either did not detect mercury or found mercury
well below levels of health concern for children, fetuses of pregnant women, or infants of
nursing mothers incidentally ingesting (or being exposed to) the surface water.

Children, who played in the EFPC floodplain at the NOAA and Bruner sites before soil
removal activities in 1996 and 1997, may have accidentally swallowed inorganic mercury in
soil that may have increased the risk of developing renal (kidney) effects. Children who
come in contact with EFPC floodplain soil after cleanup activities are not being harmed from

exposure to mercury.

Incidentally ingesting mercury in the soil
around the ORR is not expected to cause
harmful health effects for non-pica
children, or for fetuses and nursing
infants.

Incidentally ingesting mercury in the
sediment around the ORR is not expected
to cause harmful health effects for non-
pica children, fetuses, or nursing infants.

Children born to or nursing from women
who ignore the posted warning signs and
eat one meal of fish caught from EFPC a
month are not at risk of being harmed
from exposure to methylmercury.
However, eating one or more crayfish
meals a month from the EFPC floodplain
increases the risk of subtle
neurodevelopmental effects.

Fish Advisories for Waterways near the ORR
Tennessee River

Catfish, striped bass, and hybrid (striped bass-white bass)
bass should not be eaten due to elevated levels of PCBs.
Children, pregnant women, and nursing mothers should not
consume white bass, sauger, carp, smallmouth buffalo, and
largemouth bass, but other people can safely consume one
meal per month of these species.

Clinch River

Striped bass should not be eaten due to elevated levels of
PCBs. Children, pregnant women, and nursing mothers
should not consume catfish and sauger, but other people can
safely consume one meal per month of these species.

East Fork Poplar Creek

No fish should be eaten due to elevated mercury and PCB
levels. Avoid contact with the water due to bacterial
contamination.

For the advisories, see
http://www.tennessee.gov/environment/wpc/publications/pdf/

advisories.pdf.

Children who ignore the posted warning signs and eat one meal of EFPC fish a month have a
small increased risk of subtle neurodevelopmental effects. Eating one or more crayfish meals
a month from EFPC increases that risk.

Eating one or two meals of largemouth bass, striped bass, and turtles a week from LWBR can
cause children, fetuses of pregnant women, and nursing infants to have a small increased risk
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of subtle neurodevelopmental effects. Children who eat one LWBR fish meal a month are not
at risk of developing harmful effects. Children, pregnant women, and nursing mothers should
heed the fish consumption advisories for LWBR.

e Eating beets, kale, or tomatoes grown in the EFPC floodplain and eating garden vegetables
grown in the city of Oak Ridge are not likely to cause harmful health effects for children,
fetuses, and nursing children.

Pica Children

One additional assessment ATSDR conducts is to evaluate hazards to children displaying pica
behavior (a craving for nonnutritive substances like soil). Information on the incidence of soil
pica behavior is limited. A study described in U.S.EPA’s Exposure Factors Handbook (EPA
1997) showed that the incidence of soil pica behavior was approximately 16 percent among
children from a rural black community in Mississippi. This behavior, however, was described as
a cultural practice among the community surveyed. Thus that community may not represent the
general population. In five other studies, only one child out of more than 600 ingested an amount
of soil significantly greater than the range of other children. Although these studies did not
include data for all populations and represented short-term ingestion only, the assumption
remains that the incidence rate of child pica behavior in the general population is low.

Little information is available on the amount of soil ingested (measured in mg/day) by children
with pica behavior (EPA 1997). Intake rates between 1,000 and 10,000 mg/day have been used
to estimate exposure doses for pica children. In this health assessment, ATSDR assumed a
soil/sediment intake rate of 5,000 mg/day for 52 days per year (once a week) to represent pica
behavior in children aged 1 to 3 years of age (weighing 10 kg). ATSDR considers this a health-
protective assumption that likely overestimates soil/sediment consumption. In the case of pica
behavior, estimated exposure doses were calculated using the maximum surface soil or sediment
concentration detected in an area of likely exposure (see Table 31). ATSDR then compared these
doses to acute health effect levels—this exposure pattern can be episodic and short-term.

Table 31. Estimated Inorganic Mercury Exposure Doses for Pica Children

Location Maximum Concentrations (ppm) Estimated Exposure Doses (mg/kg/day)
Soil Sediment Soil Sediment
EFPC 3,420 2,240 2.4 x 101 1.6 x 101
Oak Ridge 158 35.7 1.1 x 102 25x103
Scarboro 03 0.12 All concentrations were below the comparison
value of 20 ppm.
LWBR Soil was not sampled. 160 Not available 1.1x 102

Sources: OREIS 2009; SAIC 1994a
ppm: parts per million

All of the estimated exposure doses for potential pica child exposures are below the health effect
levels available in the toxicological and epidemiological literature (the acute MRL is based on a
study in which no renal effects were observed in rats administered 0.93 mg/kg/day once daily for
14 days; NTP 1993). ATSDR does not expect that children exhibiting pica behavior would
experience adverse health effects from exposure to the current levels of mercury in soil/sediment
around the ORR.
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VIII. Conclusions and Recommendations
Past Evaluation (1950-1990)

Air (elemental mercury)
ATSDR concludes

Elemental mercury carried from the Y-12 plant by workers into their homes could potentially
have harmed their families (especially young children) in the past (1950-1963 ), but ATSDR
has no quantitative data to evaluate the magnitude of this hazard.

Elemental mercury releases into the air from the Y-12 plant after 1963 are not expected to
have harmed people living off site near the ORR. No estimated air mercury concentrations
for any potentially exposed community for any year exceeded ATSDR’s health guideline for
elemental mercury vapor.

Elemental mercury vaporizing into the air from the water released from the Y-12 plant after
1963 is not expected to have harmed people living off site near the ORR. No estimated air
mercury concentrations exceeded ATSDR’s health guideline for elemental mercury vapor.

Breathing elemental mercury from past (1950-1963) airborne releases from the Y-12 plant is
not expected to have harmed people living in the Wolf Valley area. The highest annual
concentration was more than 14 times lower than ATSDR’s health guideline for elemental
mercury vapor.

ATSDR cannot conclude

Whether people living off site near the ORR who breathed airborne releases of elemental
mercury from the Y-12 plant from 1950 through 1963 could have been harmed.

Whether people living near the EFPC floodplain who breathed elemental mercury vapors
from Y-12 releases to the water from 1950 through 1963 could have been harmed.

Surface Water (inorganic mercury)
ATSDR concludes

Children who swallowed water from EFPC containing mercury for a short period of time
(acute exposure: less than 2 weeks) during some weeks in 1956, 1957, and 1958 may have an
increased risk of developing renal (kidney) effects. The estimated exposure doses for some
weeks in 1956, 1957, and 1958 were higher than ATSDR’s health guidelines (i.e., MRLs)
and U.S.EPA’s health guideline (i.e., RfD) for inorganic mercury.

Adults who swallowed water from EFPC containing mercury for a short time during some
weeks in 1958 may have an increased risk of developing renal (kidney) effects. The
estimated exposure doses for some weeks in 1958 were higher than ATSDR’s and
U.S.EPA’s health guidelines for inorganic mercury.

Swallowing water from EFPC containing mercury for a short time before 1953 or after the
summer of 1958 is not expected to have harmed people’s health. The estimated exposure
doses were lower than ATSDR’s and U.S.EPA’s health guidelines for inorganic mercury.
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Intermittently (intermediate exposure: more than 2 weeks and less than 1 year) swallowing
water from EFPC containing inorganic mercury is not expected to have harmed people’s
health during any year. The estimated exposure doses were lower than ATSDR’s and
U.S.EPA’s health guidelines for inorganic mercury.

Swallowing water from EFPC containing mercury contamination over a long period of time
(chronic exposure: more than 1 year) in the past is not expected to have harmed people’s
health during any year. The estimated exposure doses were lower than ATSDR’s and
U.S.EPA’s health guidelines for inorganic mercury.

Swallowing water from EFPC containing methylmercury is not expected have harmed
people’s health during any year. The estimated exposure doses were lower than ATSDR’s
and U.S.EPA’s health guidelines for organic mercury.

ATSDR cannot conclude

Whether swallowing water from EFPC containing mercury for a short time during 1953,
1954, and 1955 could have harmed people’s health.

Soil and Sediment (inorganic mercury)
ATSDR concludes

Children who played at the NOAA site and Bruner site before soil removal activities in 1996
and 1997 may have accidentally swallowed inorganic mercury in EFPC floodplain soils that
may have increased the risk of developing renal (kidney) effects. The estimated child
exposure doses exceeded ATSDR’s health guidelines for inorganic mercury. Adults are not
expected to have been harmed. The estimated adult exposure doses were below ATSDR’s
health guidelines for inorganic mercury.

Methylmercury in EFPC floodplain soils in the past is DG e e e e i e G

not expected to have caused harmful health effects people should heed the fish
for anyone contacting the floodplain soil. The consumption advisories. For the
estimated exposure doses were below ATSDR’s advisories, go to

http://www.tennessee.gov/environmen
t/wpc/publications/pdf/advisories.pdf.

health guideline for organic mercury.

Adult workers involved in excavation, digging, and
other activities that turn over the EFPC floodplain soil in the undeveloped area of DOE

property are not expected to be harmed from exposure to mercury in the floodplain soil. The
estimated exposure dose was below ATSDR’s acute health guideline for inorganic mercury.

Fish (methylmercury)
ATSDR concludes

Periodically eating methylmercury-contaminated fish from EFPC (up to nine meals per year
for adults and four meals per year for children) in the 1980s is not expected to have harmed
people’s health, including children who ate fish, nursing infants whose mothers ate fish, and
children born to women who ate fish. The estimated methylmercury exposure doses were
below ATSDR’s and U.S.EPA’s health guidelines.
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Children born to or nursing from women who ate approximately 12 fish meals per month
from Poplar Creek in the 1970s, 1980s, and 1990 have an increased risk of subtle
neurodevelopmental effects from exposure to methylmercury. The estimated methylmercury
exposure doses came close to the NAS health effect level, which is associated with subtle
neurodevelopmental effects.

Children who ate up to six meals a month of Poplar Creek fish in the 1970s, 1980s, and 1990
have an increased risk of subtle neurodevelopmental effects from exposure to
methylmercury. The estimated methylmercury exposure doses came close to the NAS health
effect level, which is associated with subtle neurodevelopmental effects.

Children born to or nursing from women who ate approximately three meals a month of
Poplar Creek fish in the 1970s, 1980s, and 1990 have a small increased risk of subtle
neurodevelopmental effects. A few estimated methylmercury exposure doses were only
slightly above ATSDR’s and U.S.EPA’s health guidelines for methylmercury and were not
close to the NAS health effect level.

Children who ate about 1.5 meals a month of Poplar Creek fish in the 1970s, 1980s, and 1990
have a small increased risk of neurodevelopmental effects. A few estimated methylmercury
exposure doses were only slightly above ATSDR’s and U.S.EPA’s health guidelines for
methylmercury and were not close to the NAS health effect level.

Children born to or nursing from women who ate 12 fish meals per month (three fish meals a
week) from the Clinch River in the 1970s, 1980s, and 1990 have a small increased risk of
subtle neurodevelopmental effects. The estimated methylmercury exposure doses are only
slightly above ATSDR’s and U.S.EPA’s health guidelines for methylmercury and were not
close to the NAS health effect level.

Children born to or nursing from women who ate up to three Clinch River fish meals per
month were not harmed from exposure to methylmercury. The estimated exposure doses
were below ATSDR’s and U.S.EPA’s health guidelines.

Children who ate approximately six fish meals a month from the Clinch River in the 1970s,
1980s, and 1990 have a small increased risk of subtle neurodevelopmental effects. The
estimated methylmercury exposure doses were only slightly above ATSDR’s and U.S.EPA’s
health guidelines for methylmercury and were not close to the NAS health effect level.

Children who ate less than two Clinch River fish meals a month are not at risk of harmful
neurodevelopmental effects. The estimated exposure doses were below ATSDR’s and
U.S.EPA’s health guidelines.

Children born to or nursing from women who ate 20 fish meals per month (5 fish meals a
week) from Watts Bar Reservoir in the 1980s and 1990 have a small increased risk of subtle
neurodevelopmental effects. The estimated exposure doses were only slightly above
U.S.EPA’s health guideline and were not close to the NAS health effect level

Children born to or nursing from women who ate up to five Watts Bar Reservoir fish meals
per month were not harmed from exposure to methylmercury. The estimated exposure doses
were below ATSDR’s and U.S.EPA’s health guidelines.
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Children who ate approximately 10 fish meals a month from Watts Bar Reservoir in the
1980s and 1990 have a small increased risk of subtle neurodevelopmental effects. The
estimated exposure doses were only slightly above U.S.EPA’s health guideline and were not
close to the NAS health effect level.

Children who ate less than three Watts Bar Reservoir fish meals a month are not at risk of
harmful neurodevelopmental effects. The estimated exposure doses were below ATSDR’s
and U.S.EPA’s health guidelines.

ATSDR cannot conclude

Whether eating fish from EFPC, Poplar Creek, Clinch River, or Watts Bar Reservoir during
the 1950s and 1960s could have harmed people’s health.

Whether eating fish from EFPC and Watts Bar Reservoir during the 1970s could have
harmed people’s health.

Edible Plants (inorganic mercury)
ATSDR concludes

Eating local produce grown in gardens in the EFPC floodplain or in private gardens that
contain mercury-contaminated soils from the floodplain would not have harmed people’s
health in the past. The estimated exposure doses for children and adults were below
ATSDR’s health guidelines for inorganic mercury.

Current Evaluation (1990-2009)

Air (elemental mercury)
ATSDR concludes

Breathing air near EFPC is not expected to harm people’s health. All of the EFPC ambient
air sample elemental mercury results (collected near the areas with the highest level of
contamination during the summer) were less than the comparison value for elemental
mercury in air.

Breathing air near LWBR is not expected to harm people’s health. Despite a lack of analysis
of LWBR ambient air samples for elemental mercury concentrations, the occurrence of
harmful health effects from exposure to mercury vapor from contaminated soil is not a
concern for the LWBR. The mercury contamination accumulated in the sediments of the
deep river channel; the contamination is buried under cleaner sediment. The near-shore
sediment concentrations in the LWBR are much lower than those found in the EFPC
floodplain.

Surface Water (inorganic mercury)
ATSDR concludes

Accidentally swallowing surface water from EFPC is not expected to harm people’s health.
Only one EFPC surface water mercury concentration was detected slightly above the
mercury comparison value. To assess the exposure further, ATSDR evaluated two scenarios:
1) a farm family member’s exposure and 2) a child’s exposure if the bacterial advisory to
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avoid contact with water is ignored. The calculated inorganic mercury exposure doses for
both scenarios were below the chronic exposure health guideline value.

Accidentally swallowing surface water from Oak Ridge is not expected to harm people’s
health. Only one concentration of mercury in Oak Ridge surface water was higher than the
comparison value. To evaluate the exposure further, ATSDR calculated inorganic mercury
exposure doses for adults and children using the maximum concentration detected in Oak
Ridge surface water. Both estimated inorganic mercury doses were below the chronic
exposure health guideline value.

Accidentally swallowing surface water from Scarboro ditches will not harm people’s health.
Mercury has not been detected in any surface water samples collected from the Scarboro
community.

Accidentally swallowing surface water from LWBR is not expected to harm people’s health.
All of the LWBR surface water samples were less than the mercury comparison value.

Soil (inorganic mercury)
ATSDR concludes

Floodplain soils with concentrations greater than 400 ppm of mercury were removed in 1996
and 1997. Children who played in the EFPC floodplain at the NOAA and Bruner sites before
soil removal activities, may have incidentally swallowed inorganic mercury in soil that may
have increased the risk of developing renal (kidney) effects. Adults are not expected to have
been harmed. ATSDR evaluated exposure to floodplain soils with up to 400 ppm of
inorganic mercury and determined that this clean-up level is safe. People who come in
contact with EFPC floodplain soil after cleanup activities are not being harmed from
exposure to mercury.

Coming in contact with mercury in Oak Ridge soil is not expected to harm people’s health.
Some of the concentrations of inorganic mercury in Oak Ridge soil were higher than
ATSDR’s comparison value. To evaluate the exposure further, ATSDR calculated inorganic
mercury exposure doses for adults and children using the maximum concentration detected in
Oak Ridge soil. Both the estimated inorganic mercury doses were well below health effect
levels.

Coming in contact with mercury in Scarboro soil is not expected to harm people’s health. All
of the surface soil samples collected in Scarboro had mercury concentrations that were less
than ATSDR’s comparison value.

Coming in contact with mercury in the soil near the LWBR is not expected to harm people’s
health. The soil near LWBR has not been contaminated with mercury from ORR operations.
Mercury from the ORR was released into EFPC and traveled through Poplar Creek and the
Clinch River to the LWBR. The mercury accumulated in LWBR deep river channel
sediments, buried under cleaner sediment. Potential exposure (ingestion, inhalation, and
dermal contact) to mercury concentrations in these subsurface sediments does not pose a
health concern even if these deep channel sediments were removed and used as surface soil
on residential properties. The near-shore sediment mercury concentrations in the LWBR
were much lower than the comparison value for mercury in soil. Despite the absence of soil
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samples collected from the LWBR, the occurrence of harmful health effects from exposure to
mercury in soil along the LWBR shoreline is not a concern.

Sediment (inorganic mercury)
ATSDR concludes

Coming in contact with mercury in EFPC sediment is not expected to harm people’s health.
Some of the concentrations of mercury in EFPC sediment were higher than the comparison
value. To assess the exposure further, ATSDR evaluated two scenarios: 1) a farm family
member’s exposure and 2) a child’s exposure if the bacterial advisory to avoid contact with
the water is ignored. The calculated exposure doses for both scenarios were below the health
guideline value for chronic exposure to inorganic mercury.

Coming in contact with mercury in Oak Ridge sediment is not expected to harm people’s
health. Some of the concentrations of mercury in Oak Ridge sediment were higher than the
comparison value. To evaluate the exposure further, ATSDR calculated exposure doses for
adults and children using the maximum concentration detected in Oak Ridge sediment. Both
the estimated doses were below the health guideline value for chronic exposure to inorganic
mercury.

Coming in contact with mercury in Scarboro sediment is not expected to harm people’s
health. All of the sediment samples collected in Scarboro had mercury concentrations that
were less than the comparison value.

Coming in contact with mercury in LWBR sediment is not expected to harm people’s health.
All of the near-shore sediment samples and deep-water sediment samples collected from the
LWBR had mercury concentrations that were less than the comparison values. A few
concentrations of mercury in unspecified depth sediment samples, however, were higher than
the comparison value. To evaluate further the exposure to sediment, ATSDR calculated
inorganic mercury exposure doses for adults and children using the maximum concentration
detected in LWBR sediment from unspecified depths. Both the estimated inorganic mercury
doses were below the health guideline value for chronic exposure.

Biota (methylmercury and inorganic mercury)
ATSDR concludes

EFPC is not a productive fishing location, and a fish consumption advisory is in place. That
anyone is actually eating fish from EFPC is unlikely. Nevertheless, ATSDR evaluated a
potential exposure scenario and assumed people would ignore the posted advisory. ATSDR
assumed that both adults and children ate one 8-ounce fish meal each month.

o Children born to or nursing from women who eat fish are not at risk of developing
harmful effects. The estimated methylmercury exposure doses for eating fish are at or
below ATSDR’s and U.S.EPA’s health guidelines. However, eating crayfish increases
the risk for children born to or nursing from women who ignore the posted warning signs.
The estimated methylmercury exposure dose for eating crayfish is slightly above the
health guidelines but is not close to the NAS health effect level.
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o Children who eat fish have a small
increased risk of subtle
neurodevelopmental effects. The estimated
methylmercury exposure doses for eating
fish are slightly above the U.S.EPA’s
health guideline but are not close to the
NAS health effect level. Eating crayfish
increases that risk. The estimated
methylmercury exposure dose for eating
crayfish comes close to the NAS health
effect level, which is associated with
subtle neurodevelopmental effects.

People frequently fish in LWBR. But since
1987, fishing advisories have warned people
to avoid or limit their consumption of fish due
to PCB contamination in the reservoir.
ATSDR evaluated three potential exposure
scenarios: 1) adults and children eating one
fish meal with the average concentration of
mercury each month, 2) adults and children
eating one fish meal with the average

Fish Advisories for Waterways near the ORR
Tennessee River

Catfish, striped bass, and hybrid (striped bass-white
bass) bass should not be eaten due to elevated levels
of PCBs. Children, pregnant women, and nursing
mothers should not consume white bass, sauger, carp,
smallmouth buffalo, and largemouth bass, but other
people can safely consume one meal per month of
these species.

Clinch River

Striped bass should not be eaten due to elevated
levels of PCBs. Children, pregnant women, and
nursing mothers should not consume catfish and
sauger, but other people can safely consume one
meal per month of these species.

East Fork Poplar Creek

No fish should be eaten due to elevated mercury and
PCB levels. Avoid contact with the water due to
bacterial contamination.

For the advisories, see
http://www.tennessee.gov/environment/wpc/publicatio
ns/pdf/advisories.pdf.

concentration of mercury each week, and 3) adults eating about two fish meals with the

average concentration of mercury each week.

o Adults and children who eat one LWBR fish meal a month are not at risk of developing
harmful effects. The estimated methylmercury exposure doses are below ATSDR’s and

U.S.EPA’s health guidelines.

o Children who eat fish from LWBR once a week have a small increased risk of subtle
neurodevelopmental effects from methylmercury. The estimated methylmercury exposure
doses are slightly above ATSDR’s and U.S.EPA’s health guidelines but are not close to

the NAS health effect level.

o Children born to or nursing from women who eat one or two meals of largemouth bass
and striped bass, a week have a small increased risk of subtle neurodevelopmental
effects. The estimated methylmercury exposure doses for largemouth bass and striped
bass are slightly above the U.S.EPA’s health guideline but are not close to the NAS
health effect level. Eating catfish or sunfish once a week is a safer alternative.

o Adults and children who eat the edible portion of turtles from LWBR once or twice a
week have a small increased risk of subtle neurodevelopmental effects. The estimated
methylmercury exposure doses are slightly above the U.S.EPA’s health guideline but are

not close to the NAS health effect level.

Eating beets, kale, or tomatoes grown in the EFPC floodplain is not expected to harm
people’s health. Comparison values are not available for screening concentrations detected in
edible plants. ATSDR thus further evaluated exposure to eating them by calculating
inorganic mercury exposure doses using the average concentrations. The health effect levels
available in the toxicological and epidemiological literature are at least three orders of
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magnitude higher than the estimated inorganic mercury doses for adults and children eating
vegetables grown in EFPC gardens. And plants tend to store metals such as mercury in a
form that is not readily bioavailable to humans.

Eating vegetables from Oak Ridge is not expected to harm people’s health. Only four
vegetable samples were collected and analyzed for mercury from one garden within the city
of Oak Ridge. Mercury was not detected in any of the samples.

Recommendations

DOE should maintain long-term oversight of the elevated mercury-contaminated soil in the
undeveloped area of DOE property at the spot along the EFPC floodplain east of the Horizon
Center and, if the property is transferred to another party, consider remediation of the spot or
deed restrictions.

To prevent unnecessary exposures to workers and the public, ATSDR cautions that the
LWBR sediments not be disturbed, removed, or disposed of without careful review by the
interagency working group.

People, particularly children, pregnant women, and nursing mothers, should heed the fish
consumption advisories in waterways near the ORR.

Page | 183



(¢ ATSDR

IX. Public Health Action Plan

The public health action plan for the ORR contains a description of actions taken at the site and
those to be taken at the site following the completion of this public health assessment. The
purpose of the public health action plan is to ensure that this health assessment not only identifies
potential and ongoing public health hazards, but also provides a plan of action designed to
mitigate and prevent adverse human health effects resulting from exposure to harmful substances
in the environment. The following public health actions at the ORR are completed or ongoing:

Completed Actions

Section II.H contains a summary of public health activities pertaining to Y-12 plant mercury
releases. Several additional public health activities conducted at the ORR by ATSDR,
TDOH, and other agencies are described in Appendix B. Summary of Other Public Health
Activities.

In 1991, TDOH began a two-phase research project to determine whether environmental
releases from the ORR harmed people who lived nearby. Phase I focused on assessing the
feasibility of doing historical dose reconstruction and identifying contaminants most likely to
have public health effects (e.g., ChemRisk 1993a, 1993c). Phase II efforts included full dose
reconstruction analyses of iodine 131 (ChemRisk 1999¢), mercury (ChemRisk 1999a), PCBs
(ChemRisk 1999c), radionuclides (ChemRisk 1999f), and uranium (ChemRisk 1999b), as
well as a more detailed health effects screening analysis for releases of technetium-99,
beryllium compounds, and several other toxic substances (ChemRisk 1999g). Phase II was
completed in January 2000.

In 2004, ATSDR released the final ORR Public Health Assessment for Y-12 Uranium
Releases (ATSDR 2004). The document is available from
http://www.atsdr.cdc.gov/HAC/oakridge/phact/y12/index.html.

In 2005, ATSDR released the final ORR Public Health Assessment for the TSCA Incinerator
(ATSDR 2005a). The document is available from
http://www.atsdr.cdc.gov/HA C/oakridge/phact/tsca/index.html.

In 2006, ATSDR released the final ORR Public Health Assessment for Contaminated Off-
site Groundwater Exposures (ATSDR 2006b). The document is available from
http://www.atsdr.cdc.gov/HAC/pha/PHA .asp?docid=1371&pg=0.

In 2006, ATSDR released the final ORR Public Health Assessment for White Oak Creek
Radionuclide Releases (ATSDR 2006a). The document is available from
http://www.atsdr.cdc.gov/HAC/oakridge/phact/white _oak/index.html.

In 2007, ATSDR released the final ORR Public Health Assessment for the Evaluation of
Current (1990 to 2003) and Future Chemical Exposures in the Vicinity of the Oak Ridge
Reservation (ATSDR 2007). The document is available from
http://www.atsdr.cdc.gov/HAC/oakridge/phact/screening/index.html.

In 2008, ATSDR released the final ORR Public Health Assessment for lodine 131 Releases
(ATSDR 2008). The document is available from
http://www.atsdr.cdc.gov/HAC/oakridge/phact/iodine/index.html.
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e In 2009, ATSDR released the final ORR Public Health Assessment for Polychlorinated
Biphenyl (PCB) Releases (ATSDR 2009).

e In 2010, ATSDR released the final ORR Public Health Assessment for K-25 and S-50
Uranium Fluoride Releases (ATSDR 2010).
Ongoing Actions

e On public request, ATSDR will evaluate whether providing additional environmental health
education materials would help community members understand this public health
assessment’s findings and implications.
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Appendix A. ATSDR Glossary of Terms

The Agency for Toxic Substances and Disease Registry (ATSDR) is a federal public health
agency with headquarters in Atlanta, Georgia, and 10 regional offices in the United States.
ATSDR’s mission is to serve the public by using the best science, taking responsive public
health actions, and providing trusted health information to prevent harmful exposures and
diseases related to toxic substances. ATSDR is not a regulatory agency, unlike the U.S.
Environmental Protection Agency (U.S.EPA), which is the federal agency that develops and
enforces environmental laws to protect the environment and human health. This glossary defines
words used by ATSDR in communications with the public. It is not a complete dictionary of
environmental health terms. If you have questions or comments, call the agency’s toll-free
telephone number, 1-800-CDC-INFO (1-800-232-4636).

Absorption
The process of taking in. For a person or an animal, absorption is the process of a substance
getting into the body through the eyes, skin, stomach, intestines, or lungs.

Acute
Occurring over a short time [compare with chronic].

Acute exposure
Contact with a substance that occurs once or for only a short time (up to 14 days) [compare with
intermediate duration exposure and chronic exposure].

Adverse health effect
A change in body function or cell structure that might lead to disease or health problems

Aerobic
Requiring oxygen [compare with anaerobic].

Ambient
Surrounding (for example, ambient air).

Anaerobic
Requiring the absence of oxygen [compare with aerobic].

Analytic epidemiologic study
A study that evaluates the association between exposure to hazardous substances and disease by
testing scientific hypotheses.

Background level
An average or expected amount of a substance or radioactive material in a specific environment,
or typical amounts of substances that occur naturally in an environment.

Biota
Plants and animals in an environment. Some of these plants and animals might be sources of
food, clothing, or medicines for people.

Body burden
The total amount of a substance in the body. Some substances build up in the body because they
are stored in fat or bone or because they leave the body very slowly.
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Cancer
Any one of a group of diseases that occur when cells in the body become abnormal and grow or
multiply out of control.

Cancer risk
A theoretical risk for getting cancer if exposed to a substance every day for 70 years (a lifetime
exposure). The true risk might be lower.

Carcinogen
A substance that causes cancer.

Central nervous system
The part of the nervous system that consists of the brain and the spinal cord.

CERCLA [see Comprehensive Environmental Response, Compensation, and Liability Act of
1980]

Chronic
Occurring over a long time [compare with acute].

Chronic exposure
Contact with a substance that occurs over a long time (more than 1 year) [compare with acute
exposure and intermediate duration exposure]

Comparison value (CV)

Calculated concentration of a substance in air, water, food, or soil that is unlikely to cause
harmful (adverse) health effects in exposed people. The CV is used as a screening level during
the public health assessment process. Substances found in amounts greater than their CVs might
be selected for further evaluation in the public health assessment process.

Completed exposure pathway [see exposure pathway].

Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA)

CERCLA, also known as Superfund, is the federal law that concerns the removal or cleanup of
hazardous substances in the environment and at hazardous waste sites. ATSDR, which was
created by CERCLA, is responsible for assessing health issues and supporting public health
activities related to hazardous waste sites or other environmental releases of hazardous
substances. This law was later amended by the Superfund Amendments and Reauthorization Act
(SARA).

Concentration
The amount of a substance present in a certain amount of soil, water, air, food, blood, hair, urine,
breath, or any other media.

Contaminant
A substance that is either present in an environment where it does not belong or is present at
levels that might cause harmful (adverse) health effects.

Dermal
Referring to the skin. For example, dermal absorption means passing through the skin.

Dermal contact
Contact with (touching) the skin [see route of exposure].
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Detection limit
The lowest concentration of a chemical that can reliably be distinguished from a zero
concentration.

Disease registry
A system of ongoing registration of all cases of a particular disease or health condition in a
defined population.

DOE
United States Department of Energy.

Dose (for chemicals that are not radioactive)

The amount of a substance to which a person is exposed over some time period. Dose is a
measurement of exposure. Dose is often expressed as milligram (amount) per kilogram (a
measure of body weight) per day (a measure of time) when people eat or drink contaminated
water, food, or soil. In general, the greater the dose, the greater the likelihood of an effect. An
“exposure dose” is how much of a substance is encountered in the environment. An “absorbed
dose” is the amount of a substance that actually got into the body through the eyes, skin,
stomach, intestines, or lungs.

Dose-response relationship
The relationship between the amount of exposure [dose] to a substance and the resulting changes
in body function or health (response).

Environmental media
Soil, water, air, biota (plants and animals), or any other parts of the environment that can contain
contaminants.

Environmental media and transport mechanism

Environmental media include water, air, soil, and biota (plants and animals). Transport
mechanisms move contaminants from the source to points where human exposure can occur. The
environmental media and transport mechanism is the second part of an exposure pathway.

Epidemiology
The study of the distribution and determinants of disease or health status in a population; the
study of the occurrence and causes of health effects in humans.

Exposure
Contact with a substance by swallowing, breathing, or touching the skin or eyes. Exposure may
be short-term [acute exposure], of intermediate duration, or long-term [chronic exposure].

Exposure assessment

The process of finding out how people come into contact with a hazardous substance, how often
and for how long they are in contact with the substance, and how much of the substance they are
in contact with.

Exposure-dose reconstruction
A method of estimating the amount of people’s past exposure to hazardous substances. Computer
and approximation methods are used when past information is limited, not available, or missing.

Exposure investigation
The collection and analysis of site-specific information and biologic tests (when appropriate) to
determine whether people have been exposed to hazardous substances.
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Exposure pathway

The route a substance takes from its source (where it began) to its end point (where it ends), and
how people can come into contact with (or get exposed to) it. An exposure pathway has five
parts: a source of contamination (such as an abandoned business); an environmental media and
transport mechanism (such as movement through groundwater); a point of exposure (such as a
private well); a route of exposure (eating, drinking, breathing, or touching), and a receptor
population (people potentially or actually exposed). When all five parts are present, the exposure
pathway is termed a completed exposure pathway.

Exposure registry
A system of ongoing follow up of people who have had documented environmental exposures.

Feasibility study
A study by U.S.EPA to determine the best way to clean up environmental contamination. A
number of factors are considered, including health risk, costs, and what methods will work well.

Geographic information system (GIS)

A mapping system that uses computers to collect, store, manipulate, analyze, and display data.
For example, GIS can show the concentration of a contaminant within a community in relation to
points of reference such as streets and homes.

Grand rounds
Training sessions for physicians and other health care providers about health topics.

Groundwater
Water beneath the earth’s surface in the spaces between soil particles and between rock surfaces
[compare with surface water].

Hazard
A source of potential harm from past, current, or future exposures.

Hazardous waste
Potentially harmful substances that have been released or discarded into the environment.

Health consultation

A review of available information or collection of new data to respond to a specific health
question or request for information about a potential environmental hazard. Health consultations
are focused on a specific exposure issue. Health consultations are therefore more limited than a
public health assessment, which reviews the exposure potential of each pathway and chemical
[compare with public health assessment].

Health education
Programs designed with a community to help it know about health risks and how to reduce these
risks.

Health investigation

The collection and evaluation of information about the health of community residents. This
information is used to describe or count the occurrence of a disease, symptom, or clinical
measure and to evaluate the possible association between the occurrence and exposure to
hazardous substances.

Health promotion
The process of enabling people to increase control over, and to improve, their health.
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Health statistics review

The analysis of existing health information (i.e., from death certificates, birth defects registries,
and cancer registries) to determine if there is excess disease in a specific population, geographic
area, and time period. A health statistics review is a descriptive epidemiologic study.

Incidence
The number of new cases of disease in a defined population over a specific time period [contrast
with prevalence].

Ingestion
The act of swallowing something through eating, drinking, or mouthing objects. A hazardous
substance can enter the body this way [see route of exposure].

Inhalation
The act of breathing. A hazardous substance can enter the body this way [see route of exposure].

Intermediate duration exposure
Contact with a substance that occurs for more than 14 days and less than a year [compare with
acute exposure and chronic exposure].

Lowest-observed-adverse-effect level (LOAEL)
The lowest tested dose of a substance that has been reported to cause harmful (adverse) health
effects in people or animals.

Medical monitoring
A set of medical tests and physical exams specifically designed to evaluate whether an
individual’s exposure could negatively affect that person’s health.

Metabolism
The conversion or breakdown of a substance from one form to another by a living organism.

Metabolite
Any product of metabolism.

mg/kg
Milligram per kilogram.

mg/m3
Milligram per cubic meter; a measure of the concentration of a chemical in a known volume (a
cubic meter) of air, soil, or water.

Migration
Moving from one location to another.

Minimal risk level (MRL)

An ATSDR estimate of daily human exposure to a hazardous substance at or below which that
substance is unlikely to pose a measurable risk of harmful (adverse), noncancerous effects.
MRLs are calculated for a route of exposure (inhalation or oral) over a specified time period
(acute, intermediate, or chronic). MRLs should not be used as predictors of harmful (adverse)
health effects [see reference dose].

Morbidity
State of being ill or diseased. Morbidity is the occurrence of a disease or condition that alters
health and quality of life.
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Mortality
Death. Usually the cause (a specific disease, a condition, or an injury) is stated.

National Priorities List for Uncontrolled Hazardous Waste Sites (National Priorities List or
NPL)

U.S.EPA’s list of the most serious uncontrolled or abandoned hazardous waste sites in the United
States. The NPL is updated on a regular basis.

National Toxicology Program (NTP)
Part of the Department of Health and Human Services. NTP develops and carries out tests to
predict whether a chemical will cause harm to humans.

No-observed-adverse-effect level (NOAEL)
The highest tested dose of a substance that has been reported to have no harmful (adverse) health
effects on people or animals.

NPL [see National Priorities List for Uncontrolled Hazardous Waste Sites]

Pica
A craving to eat nonfood items, such as dirt, paint chips, and clay. Some children exhibit pica-
related behavior.

Plume

A volume of a substance that moves from its source to places farther away from the source.
Plumes can be described by the volume of air or water they occupy and the direction they move.
For example, a plume can be a column of smoke from a chimney or a substance moving with
groundwater.

Point of exposure
The place where someone can come into contact with a substance present in the environment
[see exposure pathway].

Population
A group or number of people living within a specified area or sharing similar characteristics
(such as occupation or age).

ppb
Parts per billion.

ppm
Parts per million.

Prevalence
The number of existing disease cases in a defined population during a specific time period
[contrast with incidence].

Prevention
Actions that reduce exposure or other risks, keep people from getting sick, or keep disease from
getting worse.

Public availability session
An informal, drop-by meeting at which community members can meet one-on-one with ATSDR
staff members to discuss health and site-related concerns.
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Public comment period

An opportunity for the public to comment on agency findings or proposed activities contained in
draft reports or documents. The public comment period is a limited time period during which
comments will be accepted.

Public health action
A list of steps to protect public health.

Public health advisory

A statement made by ATSDR to U.S.EPA or a state regulatory agency that a release of
hazardous substances poses an immediate threat to human health. The advisory includes
recommended measures to reduce exposure and reduce the threat to human health.

Public health assessment (PHA)

An ATSDR document that examines hazardous substances, health outcomes, and community
concerns at a hazardous waste site to determine whether people could be harmed from coming
into contact with those substances. The PHA also lists actions that need to be taken to protect
public health [compare with health consultation].

Public health statement

The first chapter of an ATSDR toxicological profile. The public health statement is a summary
written in words that are easy to understand. The public health statement explains how people
might be exposed to a specific substance and describes the known health effects of that
substance.

Public meeting
A public forum with community members for communication about a site.

Radionuclide
Any radioactive isotope (form) of any element.

RCRA [see Resource Conservation and Recovery Act (1976, 1984)]

Receptor population
People who could come into contact with hazardous substances [see exposure pathway].

Reference dose (RfD)
A U.S.EPA estimate, with uncertainty or safety factors built in, of the daily lifetime dose of a
substance that is unlikely to cause harm in humans.

Registry
A systematic collection of information on persons exposed to a specific substance or having
specific diseases [see exposure registry and disease registry].

Remedial investigation
The CERCLA process of determining the type and extent of hazardous material contamination at
a site.

Resource Conservation and Recovery Act (1976, 1984) (RCRA)
This Act regulates management and disposal of hazardous wastes currently generated, treated,
stored, disposed of, or distributed.

RfD [see reference dose]
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Risk
The probability that something will cause injury or harm.
Risk reduction

Actions that can decrease the likelihood that individuals, groups, or communities will experience
disease or other health conditions.

Risk communication
The exchange of information to increase understanding of health risks.

Route of exposure
The way people come into contact with a hazardous substance. Three routes of exposure are
breathing [inhalation], eating or drinking [ingestion], or contact with the skin [dermal contact].

Safety factor [see uncertainty factor]
SARA [see Superfund Amendments and Reauthorization Act]

Sample

A portion or piece of a whole. A selected subset of a population or subset of whatever is being
studied. For example, in a study of people the sample is a number of people chosen from a larger
population [see population]. An environmental sample (for example, a small amount of soil or
water) might be collected to measure contamination in the environment at a specific location.

Sample size
The number of units chosen from a population or an environment.

Solvent
A liquid capable of dissolving or dispersing another substance (for example, acetone or mineral
spirits).

Source of contamination
The place where a hazardous substance comes from, such as a landfill, waste pond, incinerator,
storage tank, or drum. A source of contamination is the first part of an exposure pathway.

Special populations

People who might be more sensitive or susceptible to exposure to hazardous substances because
of factors such as age, occupation, sex, or behaviors (for example, cigarette smoking). Children,
pregnant women, and older people are often considered special populations.

Statistics

A branch of mathematics that deals with collecting, reviewing, summarizing, and interpreting
data or information. Statistics are used to determine whether differences between study groups
are meaningful.

Substance
A chemical.

Superfund [see Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA) and Superfund Amendments and Reauthorization Act (SARA)]
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Superfund Amendments and Reauthorization Act (SARA)

In 1986, SARA amended the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA) and expanded the health-related responsibilities of ATSDR.
CERCLA and SARA direct ATSDR to look into the health effects from substance exposures at
hazardous waste sites and to perform activities including health education, health studies,
surveillance, health consultations, and toxicological profiles.

Surface water
Water on the surface of the earth, such as in lakes, rivers, streams, ponds, and springs [compare
with groundwater].

Survey

A systematic collection of information or data. A survey can be conducted to collect information
from a group of people or from the environment. Surveys of a group of people can be conducted
by telephone, by mail, or in person. Some surveys are done by interviewing a group of people.

Toxic agent
Chemical or physical (for example, radiation, heat, cold, microwaves) agents that, under certain
circumstances of exposure, can cause harmful effects to living organisms.

Toxicological profile

An ATSDR document that examines, summarizes, and interprets information about a hazardous
substance to determine harmful levels of exposure and associated health effects. A toxicological
profile also identifies significant gaps in knowledge on the substance and describes areas where
further research is needed.

Toxicology
The study of the harmful effects of substances on humans or animals.

Uncertainty factor

Mathematical adjustments for reasons of safety when knowledge is incomplete. For example,
factors used in the calculation of doses that are not harmful (adverse) to people. These factors are
applied to the lowest-observed-adverse-effect-level (LOAEL) or the no-observed-adverse-effect-
level (NOAEL) to derive a minimal risk level (MRL). Uncertainty factors are used to account for
variations in people’s sensitivity, for differences between animals and humans, and for
differences between a LOAEL and a NOAEL. Scientists use uncertainty factors when they have
some, but not all, the information from animal or human studies to decide whether an exposure
will cause harm to people [also sometimes called a safety factor].

U.S.EPA
United States Environmental Protection Agency.

Volatile organic compounds (VOCs)
Organic compounds that evaporate readily into the air. VOCs include substances such as
benzene, toluene, methylene chloride, and methyl chloroform.

Other glossaries and dictionaries:
U.S. Environmental Protection Agency (http://www.epa.gov/OCEPAterms/)
National Library of Medicine (NIH) (http://www.nlm.nih.gov/medlineplus/mplusdictionary.html)



http://www.nlm.nih.gov/medlineplus/mplusdictionary.html
http://www.epa.gov/OCEPAterms
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For more information on the work of ATSDR, please contact:
Office of Policy and External Affairs

Agency for Toxic Substances and Disease Registry

1600 Clifton Road, N.E. (MS E-60)

Atlanta, GA 30333

Telephone: (404) 498-0080
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Appendix B. Summary of Other Public Health Activities
Summary of the Agency for Toxic Substances and Disease Registry (ATSDR) Activities

Health Consultation on the Lower Watts Bar Reservoir (LWBR), February 1996. ATSDR
concluded that polychlorinated biphenyls (PCBs) detected in fish from LWBR pose a public
health concern. Frequent and long-term ingestion of fish from the reservoir poses a moderately
increased risk of cancer. It could also increase the possibility of developmental effects in infants
whose mothers consume fish regularly during gestation and while nursing. ATSDR found that
current contaminant levels in the reservoir surface water and sediment are not a public health
concern. The reservoir is safe for swimming, skiing, boating, and other recreational purposes.
Additionally, water from the municipal water systems is safe to drink. ATSDR also reported that
U.S. Department of Energy’s (DOE) selected remedial actions would protect public health.
These actions include maintaining the fish consumption advisories; continuing environmental
monitoring; implementing institutional controls to prevent disturbance, resuspension, removal, or
disposal of contaminated sediment; and providing community and health professional education
regarding PCB contamination (ATSDR 1996b).

Community and Physician Education, September 1996. To follow up on the recommendations in
the ATSDR LWBR Health Consultation, ATSDR developed community and physician
education programs on PCBs in the Watts Bar Reservoir. At a community health education
meeting in Spring City, TN on September 11, 1996, Daniel Hryhorczuk, MD, MPH, ABMT, of
the Great Lakes Center, University of Illinois at Chicago, presented on the health risk associated
with PCBs in fish. On September 12, 1996, health care providers in the vicinity of the LWBR
met for a physician and health professional education meeting at the Methodist Medical Center
in Oak Ridge. ATSDR, in collaboration with local citizens, organizations, and state officials,
developed an instructive brochure on the Tennessee Department of Environment and
Conservation’s (TDEC) fish consumption advisories for the Watts Bar Reservoir (ATSDR et al.
2000).

Coordination with other parties. Since 1992, ATSDR has consulted regularly with
representatives of other parties involved with the Oak Ridge Reservation (ORR). Specifically,
ATSDR has coordinated efforts with the Tennessee Department of Health (TDOH), TDEC, the
National Center for Environmental Health (NCEH), the National Institute for Occupational
Safety and Health (NIOSH), and DOE. This effort led to the establishment of the Public Health
Working Group in 1999, which further led to the establishment of the Oak Ridge Reservation
Health Effects Subcommittee (ORRHES). ATSDR also provided some assistance to TDOH in its
study of past public health issues. ATSDR has also obtained and interpreted studies prepared by
academic institutions, consulting firms, community groups, and other parties (ATSDR et al.
2000).

Oak Ridge Reservation Health Effects Subcommittee. In 1999, ATSDR and the Centers for
Disease Control and Prevention (CDC), under authority of the Federal Advisory Committee Act
(FACA), established the ORRHES as a subcommittee of the U.S. Department of Health and
Human Services’ Citizens Advisory Committee on Public Health Service Activities and
Research at DOE sites. The subcommittee comprised people with diverse interests, expertise,
backgrounds, and communities, as well as liaison members from federal and state agencies. It
became a forum for communication and collaboration between the citizens and those agencies
that evaluate public health issues and conduct public health activities at the ORR. To help ensure
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citizen participation, the meetings of the subcommittee’s work groups were open to the public.
Everyone was invited to attend and present ideas and opinions. The subcommittee

e Served as a citizen advisory group to CDC and ATSDR and made recommendations on
matters related to public health activities and research at the ORR.

e Allowed citizens to collaborate with agency staff members and to learn more about the public
health assessment process and other public health activities.

e Helped to prioritize the public health issues and community concerns evaluated by ATSDR.

ATSDR Field Office. From 2001 to 2005, ATSDR maintained a field office in the city of Oak
Ridge. Office staff promoted collaboration between ATSDR and the communities surrounding
the ORR. Staff for example provided community members with opportunities to become
involved in ATSDR’s public health activities at the ORR.

Clinical Laboratory Analysis. In June 1992, an Oak Ridge physician reported to the TDOH and
the Oak Ridge Health Agreement Steering Panel (ORHASP) that approximately 60 of his
patients may have been exposed, either occupationally or from the environment, to several heavy
metals. The physician felt that these exposures had resulted in a number of adverse health
outcomes. Such outcomes included but were not limited to increased incidence of cancer,
chronic fatigue syndrome, neurological diseases, autoimmune disease, and bone marrow damage.
In 1992 and 1993, ATSDR and NCEH assisted with clinical laboratory support by NCEH’s
Environmental Health Laboratory for patients the Oak Ridge physician referred to Howard
Frumkin, M.D., Dr.PH., Emory University School of Public Health.

Because of patient-to-physician and physician-to-physician confidentiality, results of the clinical
analysis have not been released to public health agencies. Dr. Frumkin, however, recommended
(in an April 26, 1995 letter to the TDOH Commissioner) that one should “not evaluate the
patients seen at Emory as if they were a cohort for whom group statistics would be meaningful.
This was a self-selected group of patients, most with difficult to answer medical questions (hence
their trips to Emory), and cannot in any way be taken to typify the population at Oak Ridge. For
that reason, I have consistently urged [physician name], each of the patients, and officials of the
CDC and the Tennessee Health Department, not to attempt group analyses of these patients.”

Review of Clinical Information on Persons Living In or Near Oak Ridge. In addition to the above
Clinical Laboratory Analysis, an ATSDR physician reviewed the clinical data and medical
histories provide by the Oak Ridge physician on 45 of his patients. The purpose of this review
was to evaluate clinical information on persons tested for heavy metals and to determine whether
exposure to metals was related to these patients’ illnesses. ATSDR concluded that this case
series did not provide sufficient evidence to associate low levels of metals with these diseases.
TDOH came to the same conclusion. ATSDR sent a copy of its review to the Oak Ridge
physician in September 1992.

Health Professional Education on Cyanide. In 1996, a physician education program provided
information regarding the health effects of possible cyanide intoxication. The program was
intended to assist community health care providers in responding to health concerns expressed
by employees working at the East Tennessee Technology Park (formerly the K-25 facility).
ATSDR provided the local physicians with copies of the ATSDR Case Studies in Environmental
Medicine publication “Cyanide Toxicity” (ATSDR 1991), the NIOSH final health hazard
evaluation (Blade and Worthington 1996), and the ATSDR public health statement for cyanide
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(ATSDR 2006d). Further, ATSDR instituted a system through which local physicians could
make patient referrals to the Association of Occupational and Environmental Clinics (AOEC).
Finally, ATSDR conducted an environmental health education session for physicians at the
Methodist Medical Center in Oak Ridge, Tennessee. The medical staff grand rounds provided
the venue for conducting this session. The workshop focused on providing local physicians and
other health care providers with information to help them diagnose chronic and acute cyanide
intoxication and to answer patient questions.

Workshops on Epidemiology. At the request of ORRHES members, ATSDR held two workshops
on epidemiology for the subcommittee. The first epidemiology workshop was presented at the
June 2001 ORRHES meeting. Ms. Sherri Berger and Dr. Lucy Peipins of ATSDR’s Division of
Health Studies provided an epidemiology overview. The second epidemiology workshop was
presented at the December 2001 ORRHES meeting and was designed to help subcommittee
members develop the skills needed to review and evaluate scientific reports. At the August 28,
2001, meeting of the Public Health Assessment Work Group (PHAWG), Dr. Peipins guided the
work group and community members through a systematic, scientific approach as they critiqued
a report by J. Mangano entitled “Cancer Mortality Near Oak Ridge, Tennessee” (Mangano
1994). Using the PHAWG critique, the ORRHES made the following conclusions and
recommendation to ATSDR.

e The Mangano paper is not an adequate, science-based explanation of any alleged anomalies
in cancer mortality rates of the off-site public.

e The Mangano paper fails to establish that radiation exposures from the ORR are the cause of
any such alleged anomalies of cancer mortality rates in the public generally.

e The ORRHES recommends to the ATSDR exclusion of the Mangano paper from
consideration in the ORR public health assessment process.

Health Education Needs Assessment. Throughout the public health assessment process, ATSDR
staff members have gathered concerns from people in the communities around the ORR.
Through a cooperative agreement with ATSDR, AOEC began a community health education
needs assessment in 2000 to aid in developing a community health education action plan. George
Washington University and MCP Hahnemann University are conducting the assessment for the
AOEC. The needs assessment will help in planning, implementing, and evaluating the health
education program for the site. It will also help health educators identify key people, cultural
norms, attitudes, beliefs, behaviors, and practices in the community—information that will aid in
developing effective health education activities. Information on the needs assessment was
presented at several ORRHES meetings.

Site visits. To better understand site-specific exposure conditions, ATSDR scientists have
conducted site visits to the ORR and visited surrounding areas numerous times since 1992. The
site visits included guided tours of the ORR operation areas, as well as tours of the local
communities to identify how community members might come into contact with environmental
contamination.

Summary of TDOH Activities

The Oak Ridge Health Agreement Steering Panel (ORHASP) is a panel of experts and local
citizens. They were appointed to direct and oversee the Oak Ridge Health Studies and provide
liaison with the community. Drawing on the findings of the Oak Ridge Health Studies and what

B-3



(ATSDR

is generally known about the health risks posed by exposures to various toxic chemicals and
radioactive substances, ORHASP concluded that past releases from ORR were likely to have
affected the health of some people. Two groups most likely to have been harmed were 1) local
children who drank milk produced by a “backyard” cow or goat in the early 1950s and 2) fetuses
of women who in the 1950s and early 1960s routinely ate fish from contaminated creeks and
rivers downstream of ORR. For additional information on the ORHASP findings, please see the
final report of the ORHASP titled Releases of Contaminants from Oak Ridge Facilities and Risks
to Public Health (ORHASP 1999).

Feasibility of Epidemiologic Studies. TDOH and ORHASP contracted with a physician from
Vanderbilt University’s Department of Preventive Medicine to explore the feasibility of
initiating analytical (for example, case-control or cohort) epidemiological studies. These studies
would address potential health concerns in the off-site populations surrounding the ORR. A
study was released in July 1996 (Thapa 1996). It concluded that the feasibility and desirability of
initiating future analytical epidemiologic studies would be significantly influenced by the
findings of the dose reconstruction studies. Those studies would clarify the extent and magnitude
of releases and possible human exposure from past releases of radioactive iodine, mercury,
PCBs, uranium, and other radionuclides, including cesium 137 (ATSDR et al. 2000).

Public Meetings. Between January 1992 and December 1999, TDOH and ORHASP held open
meetings in Oak Ridge (more than 40 meetings), Nashville (5 meetings), Harriman (2 meetings),
and Knoxville (3 meetings). In addition, the ORHASP held two meetings in the Scarboro area to
update the residents on Phase II of the Oak Ridge Health Studies. The first meeting was held at
the Oak Valley Baptist Church in November 1995; the second meeting was held at the Scarboro
Community Center in September 1997 (ATSDR et al. 2000).

Health Statistics Review. In June 1992, an Oak Ridge physician reported to TDOH and ORHASP
that he believed approximately 60 of his patients had experienced occupational and
environmental exposures to several heavy metals. The physician suggested these exposures had
resulted in increased cancer, immunosuppression, chronic fatigue syndrome, neurologic diseases,
autoimmune disease, bone marrow damage, and hypercoagulable state including early
myocardial infarctions and stroke. In 1992, the TDOH conducted a health statistics review to
compare cancer incidence rates for the period of 1988 to 1990 for counties surrounding the ORR
to rates from the rest of the state. Review findings are in a TDOH memorandum dated October
19, 1992, from Mary Layne Van Cleave to Dr. Mary Yarbrough (Van Cleave 1992). The
memorandum details an Oak Ridge physician’s concerns about the health status of Oak Ridge
area residents. Also available from TDOH are the minutes and handouts from a December 14,
1994 presentation given by Ms. Van Cleave at the ORHASP meeting.

Health Statistics Review. In 1994, local residents reported many community members with
amyotrophic lateral sclerosis (ALS) and multiple sclerosis (MS). TDOH in consultation with
Peru Thapa, MD, MPH, from the Vanderbilt University School of Medicine, conducted a health
statistics review of mortality rates for ALS, MS, and other selected health outcomes. The August
18, 1994 ORHASP meeting minutes discuss this review.

TDOH found that because ALS and MS are not reportable diseases, it is impossible to calculate
reliable incidence rates. Mortality rates for the period of 1980 to 1992 were reviewed for the 10
counties surrounding the ORR and compared with mortality rates for the state of Tennessee. On
August 18, 1994, at the ORHASP public meeting, TDOH reported the following results.
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No significant ALS mortality differences surfaced in any of the counties in comparison to the
rest of the state.

For Anderson County, the rate of age-adjusted deaths from chronic obstructive pulmonary
disease was significantly higher than rates in the rest of the state. But rates for total deaths,
deaths from stroke, deaths from congenital anomalies, and deaths from heart disease were
significantly lower for the period from 1979 to 1988. No significant differences surfaced in
the rates of deaths due to cancer for all sites in comparison with rates in the rest of state.
Rates of deaths from uterine and ovarian cancer were significantly higher than the rates in the
rest of the state. The rate of deaths from liver cancer was significantly lower in comparison to
the rest of the state.

For Roane County for the period 1979—1988, the rates of total deaths and deaths from heart
disease were significantly lower than the rates in the rest of the state. Although the total
cancer death rate was significantly lower than the rate in the rest of the state, the rate of
deaths from lung cancer was significantly higher than the rate in the rest of the state. Rates of
deaths from colon cancer, female breast cancer, and prostate cancer were also significantly
lower than the rates in the rest of the state.

For Knox County, the rates for total deaths and deaths from heart disease were significantly
lower than the rates in the rest of the state. TDOH found no significant difference in the total
cancer death rate in comparison to the rest of the state.

TDOH found no significant exceedances for any cause of mortality studied in Knox, Loudon,
Rhea, and Union counties in comparison to the rest of the state.

Rates of total deaths were significantly higher in Campbell, Claiborne, and Morgan counties
in comparison with the rest of the state.

Cancer mortality was significantly higher in Campbell County in comparison to the rest of
the state. The excess in number of deaths from cancer appeared to be attributed to the earlier
part of period 1980—1985; the rate of deaths from cancer was not higher in Campbell County
in comparison with the rest of the state for the periods 1986—1988 and 1989-1992.

From 1980 to 1982, cancer mortality was significantly higher in Meigs County in comparison
with the rest of the state. This excess in cancer deaths did not persist from 1983 to 1992.

Knowledge, Attitude, and Beliefs Study. TDOH coordinated a study in an eight-county area
surrounding Oak Ridge, Tennessee. The study’s purpose was to 1) investigate public perceptions
and attitudes about environmental contamination and public health problems related to the ORR,
2) ascertain the public’s level of awareness and assessment of ORHASP, and 3) make
recommendations for improving public outreach programs. The report was released in August
1994 (Benson et al. 1994). Following is a summary of the findings.

A majority of the respondents regard their local environmental quality as better than the
national environmental quality. Most rate the quality of the air and their drinking water as
good or excellent. Almost half rate the local groundwater as good or excellent.

A majority of the respondents think that activities at the ORR created some health problems
for people living nearby. A majority think that activities at ORR created health problems for
people who work at the site. Most feel that researchers should examine the actual occurrence
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of disease among Oak Ridge residents. Twenty-five percent know of a specific local
environmental condition they believe has adversely affected public health, but many of these
appear to be unrelated to ORR. Less than 0.1 percent has personally experienced a health
problem that they attribute to the ORR.

e About 25 percent have heard of the Oak Ridge Health Study. Newspapers are the primary
source of information about the study. Roughly 33 percent rate the performance of the study
as good or excellent, and 40 percent think the study will improve public health. Also, 25
percent feel that communication about the study has been good or excellent.

Health Assessment. TDOH’s East Tennessee Region conducted a health assessment of the East
Tennessee region to evaluate the health status of the population, assess the availability and use of
health services, and develop priorities in resource allocation. In December 1991, the East
Tennessee Region released the first edition of A Health Assessment of the East Tennessee
Region, which included data generally from 1986 to 1990. The second edition, released in 1996,
included data generally from 1990 through 1995 (TDOH 1996). A copy of the document is
available from the TDOH East Tennessee Region.

Presentation. At the February 16, 1995 ORHASP public meeting, Dr. Joseph Lyon of the
University of Utah presented to ORHASP and to the public multiple studies related to fallout
from the Nevada Test Site, including the study of leukemia and thyroid disease. TDOH
sponsored the presentation.

Summary of TDEC Activities

Watts Bar Reservoir and Clinch River Turtle Sampling Survey, May 1997. For several years,
TDEC issued fish consumption advisories for the Watts Bar Reservoir warning of PCB
contamination in fish. Because of the concern regarding PCBs in fish and the recognition that
people were also eating turtles from the reservoirs, TDEC sampled snapping turtles from the
Watts Bar Reservoir and Clinch River to determine the body burdens of contaminants in the
turtles. Many agencies were consulted and involved in the project, including ATSDR, DOE,
TDOH, Tennessee Valley Authority (TVA), and the Tennessee Wildlife Resources Agency.

The results of the survey indicate that turtles in the Watts Bar Reservoir and Clinch River do
accumulate PCBs and other contaminants. Using data from the fish consumption advisories for
the area, PCB concentrations in turtle tissue were found at levels of concern for human
consumption. But as with fish, most of the PCB contamination was found in fat tissue. Methods
of food preparation, therefore, especially tissue selection, can greatly affect the amount of PCBs
consumed with the turtle meat (ATSDR et al. 2000; TDEC 1997).

Summary of Joint Center for Political and Economic Studies Activities

Scarboro Community Assessment Report. In 1999, the Joint Center for Political and Economic
Studies conducted a survey of the Scarboro community to identify environmental and health
concerns of the residents. The surveyors attempted to elicit responses from the whole community
and achieved an 82 percent response rate. Additionally, with support from DOE Oak Ridge
Operations, the Joint Center has been working with the community since 1998 to help residents
articulate their environmental, health, economic, and social needs. Because Scarboro is small, the
community assessment provided new information not available through sources such as the U.S.
Census Bureau. It also identified Scarboro’s strengths and weaknesses and illustrated the relative
unimportance of environmental health issues to other community concerns. Environmental and
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health issues are not a priority for most Scarboro residents; rather, the community is more
concerned about crime and security, children, and economic development. The Joint Center
recommended more active community involvement in city and community planning (Friday and
Turner 2001).

Summary of CDC Activities

Scarboro Community Health Investigation, July 2000. In November 1997, a Nashville
newspaper published an article about illnesses among children living near the nuclear weapons
facility at the ORR in eastern Tennessee. The article described a high rate of respiratory illness
among residents of the nearby community of Scarboro—16 children had repeated episodes of
“severe ear, nose, throat, stomach, and respiratory illnesses.” Among those respiratory illnesses
were asthma, bronchitis, sinusitis, allergic rhinitis, and otitis media. The article implied that
exposure to the ORR caused these illnesses, especially given the proximity of these children’s’
residences to ORR facilities (Thomas et al. 1997). In response, the TDOH Commissioner asked
CDC to work with the department to investigate the Scarboro situation. TDOH coordinated the
Scarboro Community Health Investigation to investigate a reported excess of respiratory illness
among children in the Scarboro community; the investigation included a community health
survey and a follow-up medical evaluation of children less than 18 years of age (Johnson et al.
2000). Both the survey and the examination components were designed to measure the rates of
common respiratory illnesses among children who reside in Scarboro, compare these rates with
national rates, and determine any unusual characteristics of these illnesses. The investigation was
not designed to find what caused the illnesses.

In 1998, a study protocol was developed and a community health survey was administered to the
members of each household in the Scarboro community. The purpose of the survey was to
determine whether the rates of certain diseases were higher in Scarboro than elsewhere in the
United States and to determine whether exposure to various factors increased residents’ risk for
health problems. In addition, information regarding occupations, occupational exposures, and
general health concerns was collected for adults. The participation/response rate of the health
investigation survey was 83 percent (220/264 households) and included 119 questionnaires about
children living in these households and 358 questionnaires about adults.

In September 1998, CDC released the preliminary results of the survey. The asthma rate was 13
percent among children in Scarboro, compared with national estimates of 7 percent among all
children aged 0—18 years and 9 percent among African American children aged 0—18 years. The
Scarboro rate was, however, within the range of rates from 6 to 16 percent reported in similar
studies throughout the United States. The wheezing rate among children in Scarboro was 35
percent, compared with international estimates ranging from 1.6 to 36.8 percent. With the
exception of unvented gas stoves, no statistically significant association was found between
exposure to common environmental asthma triggers and asthma or wheezing illness (Johnson et
al. 2000). Common environmental asthma triggers might include pests, environmental tobacco
smoke, and the presence of dogs or cats in the home. Or they might include potential
occupational exposures such as living with an adult who works at the ORR or living with an
adult who works with dust and fumes and brings exposed clothes home for laundering. In any
event, the survey found no asthma trigger/wheezing illness link.

Using the information obtained in the health investigation survey, 36 children, including those
identified in the media report, were invited to receive a physical examination. These
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examinations were conducted in November and December 1998 to confirm the results of the
community survey, to establish whether children with respiratory illnesses were getting the
medical care they needed, and to determine whether the children reported in the newspaper to
have respiratory medical problems really had these problems. Children who were invited to
participate met one or more conditions:

e Severe asthma, defined as more than 3 episodes of wheezing or visiting an emergency room
because of these symptoms;

e Severe undiagnosed respiratory illness, defined as more than 3 episodes of wheezing and
visiting an emergency room because of these symptoms;

e Respiratory illness and no regular source of medical care; or
e Identified as having respiratory illness in newspaper reports.

Of the 36 children invited, 23 participated in the physical examination. Some of the eligible 36
children had moved out of Scarboro; others either were not available or decided not to
participate.

During the physical examination, nurses asked children and their parents a series of questions
about the child’s health. Volunteer pediatricians reviewed the results of the nurse interview and
examined the children. In addition to direct physical examinations, children also underwent a
blood test and a special breathing test. If the examining doctor thought the child needed an x-ray
to complete the assessment, this was done. All examinations, tests, and transportation to and
from Knoxville were provided free of charge.

Immediately after the examinations, the results were reviewed. None of the children had findings
that needed immediate intervention. A number of laboratory tests were found to be either above
or below the normal range, such as blood calcium level, blood hemoglobin level, or breathing
test abnormality. Following the initial review of results, laboratory results were communicated
by letter or telephone to the parents of the children and their doctors. If the parents did not want
the results sent to a doctor, the results were given to the parents by telephone. The parents of
children with any health concern identified as a result of the examination were sent a personal
letter from Paul Erwin, M.D., of the East Tennessee Regional Office of the TDOH, informing
them of the need for follow-up with their medical provider. If they did not have a medical
provider, they were to contact Brenda Vowell, RNC, Public Health Nurse, East Tennessee
Regional Office of the TDOH, for help in finding a provider and possible TennCare or
Children’s Special Service.

In January 1999, a team of physicians representing CDC, TDOH, the Oak Ridge medical
community, and the Morehouse School of Medicine reviewed the findings of the physical
examinations and the community survey. Of the 23 children who were examined, 22 had
evidence of some form of respiratory illness (reported during the nurse interview or discovered
during the doctor’s examination). Overall, the children appeared healthy and no problems that
needed urgent management were identified. Several children had mild respiratory illnesses at the
time of the examination; only one child had findings of an abnormality of the lungs at the time of
the examination. None of the children had wheezing. The examinations did not indicate any
unusual pattern of illness among children in Scarboro. The illnesses that were detected were not
more severe than would be expected and were typical of those that might be found in any
community. The findings of examinations essentially confirmed the results of the community
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health survey. The results of the review were presented on January 7, 1999, at a community
meeting in Scarboro (Johnson et al. 2000).

Three months after the letters went to the parents and physicians about the findings, attempts
were made to telephone the parents of children who participated. Eight parents were successfully
contacted. Because some of the parents had more than one child who was examined, questions
addressed the health of 14 children. Parents of nine children could not be contacted despite
attempts on several days to contact them by telephone.

Of the 14 children whose parents had been contacted, seven had seen a doctor since the
examinations. In most cases, the health of the child was the about the same, although one child
had been hospitalized because of asthma, and another child’s asthma medication had been
increased to treat a worsening asthma condition. Several children had nasal allergies, and several
parents mentioned difficulties in obtaining medicines because of cost and lack of coverage by
TennCare for the particular medicines. Health department nurses subsequently have assisted
these parents in getting the needed medicines (Johnson et al. 2000).
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Appendix C. Summary Briefs and Factsheets

e ATSDR’s Health Consultation on the Y-12 Weapons Plant Chemical Releases Into East Fork
Poplar Creek

e ATSDR’s Exposure Investigation, Serum PCB and Blood Mercury Levels in Consumers of
Fish and Turtles from Watts Bar Reservoir

e TDOH’s Phase I Dose Reconstruction Feasibility Study

e TDOH’s Task 2 Study: Mercury Releases from Lithium Enrichment at the Oak Ridge Y-12
Plant—A Reconstruction of Historical Releases and Off-Site Doses and Health Risks

e FAMU’s Scarboro Environmental Study
e U.S.EPA’s September 2001 Sampling Report for the Scarboro Community
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Site: Oak Ridge Reservation

Conducted by: Agency for Toxic
Substances and Disease Registry

Time Period: Early 1990s

Location: East Fork Poplar Creek and
Floodplain Area

Purpose

The purpose of the health consultation was to evaluate
published environmental data and to assess health
risks associated with Y-12 Weapons Plant releases at
the Oak Ridge Reservation.

Background

Between 1950 and 1963, the Department of Energy
(DOE) Y-12 Weapons Plant used mercury in a lithium
separation process. DOE officials estimate that 110
metric tons of mercury were released to the East Fork
Poplar Creek (EFPC), and that an additional 750 metric
tons of mercury used during that period could not be
accounted for. Releases of mercury to the creek con-
taminated instream sediments, and periodic flooding
contaminated floodplain soils along the creek. Land
uses along the floodplain are residential, commercial,
and recreational. Furthermore, residents used the sedi-
ment to enrich private gardens, and the city of Oak
Ridge used creek sediment as fill material on sewer
belt lines. In 1983, the state of Tennessee publicly dis-
closed that sediment and soil in the EFPC floodplain
were contaminated with mercury. That same year, the
Oak Ridge Task Force initiated remediation of public
and private lands within the city of Oak Ridge.

In 1992, during Phase IA of the EFPC remedial investi-
gation, DOE conducted preliminary sampling of soil,
sediment, surface water, and groundwater from the
EFPC floodplain area. During 1990 and 1991, DOE
sampled for contaminants in EFPC fish through its
Biological Monitoring and Abatement Program.

Public Health Consultation, Y-12 Weapons Plant
Chemical Releases into East Fork Poplar Creek,
Oak Ridge, Tennessee, April 5, 1993

Study design and method

This was a health consultation conducted by the Agency
for Toxic Substances and Disease Registry (ATSDR).
An ATSDR health consultation is a verbal or written
response from ATSDR to a specific request for informa-
tion about health risks related to a specific site, chemi-
cal release, or the presence of hazardous material. In
this case, DOE requested that ATSDR comment on the
health threat posed by past and present chemical releas-
es from the Y-12 Weapons Plant to the East Fork Poplar
Creek. To conduct the consultation, ATSDR evaluated
DOE’s preliminary environmental sampling data for
metals, volatile and semivolatile organic compounds,
radionuclides, and polychlorinated biphenyls (PCBs).

Health consultations may lead to specific actions, such
as environmental sampling, restricting site access, or
removing contaminated material, or ATSDR may make
recommendations for other activities to protect the
public’s health.

Study group
ATSDR did not conduct a study.

Exposures

ATSDR estimated human exposure to contaminated
EFPC floodplain soil, sediments, surface water,
groundwater, fish, and air.

Outcome measure
ATSDR did not review health outcome data.

Results

Only mercury in soil and sediment, and PCBs and mer-
cury in fish, are at levels of public health concern. Other
contaminants, including radionuclides found in soil,
sediment, and surface water, are not at levels of public
health concern. Data were not available on radionu-
clides in fish.

Elevated levels of mercury, up to 2,240 parts per
million (ppm), were found in a few soil and sediment
samples from all three creek areas sampled. The mer-
cury in the EFPC soil consisted primarily of some
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relatively insoluble inorganic forms of mercury (mer-
cury salts and metallic mercury), with less than 1% of
the mercury in organic form.

Mercury Salts in Soil

The primary routes of inorganic mercury exposure for
people (particularly for children) who fish, play, or
walk along the creek and floodplain, are through
ingestion of soil from hand-to-mouth activities and
from excessive dermal exposure. Following ingestion,
absorption of inorganic mercury compounds across the
gastrointestinal tract to the blood is low in both people
and animals. Long-term exposure to the EFPC flood-
plain soil containing elevated levels of mercury may
result in body burdens of mercury that could result in
adverse health effects. The kidney is the organ most
sensitive to the effects of ingestion of inorganic mer-
cury salts. Effects on the kidney include increased
urine protein levels and, in more severe cases, a reduc-
tion in the glomerular filtration rate, which is a sign of
decreased blood-filtering capacity.

Metallic Mercury in Soil

The metallic mercury vapor levels in the ambient air
at the three creek areas sampled are not at levels of
public health concern. However, excavation of con-
taminated soil may result in mercury vapor being
released from the soil, especially as the air tempera-
ture increases. Such releases may increase ambient air
levels of mercury vapor, which could pose a health
risk to unprotected workers and the public. Once
inhaled, metallic mercury vapors are readily absorbed
across the lungs into the blood; however, metallic
mercury is poorly absorbed through dermal and oral
routes. Exposure to mercury vapor may elicit consis-
tent and pronounced neurologic effects.

Organic Mercury in Fish

Organic mercury is the primary form of mercury found
in fish. Frequent ingestion of EFPC fish over the long
term may result in neurotoxic effects. Concentrations
of mercury in EFPC fish samples ranged from 0.08
ppm to 1.31 ppm. Studies on the retention and excre-
tion of mercury have shown that approximately 95% of
an oral dose of organic mercury is absorbed across the
gastrointestinal tract. Neurodevelopmental effects have
been seen in infants following prenatal exposure via
maternal ingestion of organic mercury in fish.

PCBs in Fish

Frequent and long-term ingestion of EFPC fish could
result in a moderate increased risk of developing can-
cer. Concentrations of PCBs in EFPC fish samples
ranged from 0.01 ppm to 3.86 ppm. PCBs are widely
distributed environmental pollutants commonly found
in blood and fat tissue of the general population. PCBs

are classified as a probable human carcinogen by the
U.S. Environmental Protection Agency. PCBs have
been shown to produce liver tumors in mice and rats
following intermediate and chronic oral exposure.
Groundwater samples collected from shallow monitor-
ing wells along the EFPC floodplain were shown to
contain elevated levels of metals and volatile organic
compounds. There was no evidence, however, that
groundwater from shallow aquifers was being used for
domestic purposes. The municipal water system, which
is used by most Oak Ridge residents, receives water
from Clinch River upstream of the DOE reservation.

Conclusions

In some locations along the creek, mercury levels in
soil and sediment pose a threat to people (especially
children) who ingest, inhale, or have dermal contact
with contaminated soil, sediment, or dust while playing,
fishing, or taking part in other activities along the
creek’s floodplain.

Mercury and PCBs were found in fish fillet samples
collected from the creek. Although people who eat fish
from the creek are not at risk for acute health threats,
people who frequently ingest contaminated fish over a
prolonged period have a moderate increased risk of (1)
adverse effects to the central nervous system and kidney
and (2) developing cancer.

ATSDR did not have enough information on groundwa-
ter use along the East Fork Poplar Creek to comment
on the contamination of groundwater in shallow, private
wells along the creek. However, contamination detected
in wells along the creek does not pose a threat to people
who receive municipal water.

ATSDR made the following recommendations.

* Determine the depth and extent of mercury contam-
ination in the EFPC sediments and floodplain soil.

* As an interim measure, restrict access to the con-
taminated soil and sediment, or post advisories to
warn the public of the hazards.

* Continue the Tennessee Department of
Environment and Conservation EFPC fish advisory.

* Continue monitoring fish from the creek for the
presence of mercury and PCBs.

» Complete the survey of well water use along the
EFPC floodplain.

» Sample shallow private wells near the creek for
PCBs, volatile organic compounds, and total and
dissolved metals.
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Site: Oak Ridge Reservation
Conducted by: ATSDR

Time period: 1997

Study area: Watts Bar Reservoir

Purpose

The purpose of this exposure investigation
was to determine whether people consuming
moderate to large amounts of fish and turtles
from the Watts Bar Reservoir were being
exposed to elevated levels of polychlorinated
biphenyls (PCBs) or mercury.

Background

Previous investigations of the Watts Bar
Reservoir and Clinch River evaluated many con-
taminants, but identified only PCBs in reservoir
fish as a possible contaminant of current health
concern. The U.S. Department of Energy (DOE)
and the Tennessee Department of Environment
and Conservation (TDEC) detected PCBs at lev-
els up to approximately 8 parts per million (ppm)
in certain species of fish from the reservoir.
PCBs were detected in turtles at levels up to 3.3
ppm in muscle tissue and up to 516 ppm in adi-
pose tissue. Mercury is a historical contaminant
of concern for the reservoir due to the large
quantities released from the Oak Ridge
Reservation. However, recent studies have not
detected mercury at levels of health concern in
surface water, sediments, or fish and turtles from
the Watts Bar Reservoir.

Exposure Investigation, Serum PCB and Blood
Mercury Levels in Consumers of Fish and Turtles
from the Watts Bar Reservoir, March 5, 1998

The 1994 DOE remedial investigation for the
Lower Watts Bar Reservoir and the 1996 DOE
remedial investigation for Clinch River/Poplar
Creek concluded that the fish ingestion pathway
had the greatest potential for adverse human
health effects. The Agency for Toxic Substance
and Disease Registry’s (ATSDR’s) 1996 health
consultation of the Lower Watts Bar Reservoir
reached a similar conclusion. These investiga-
tions based their conclusions on estimated PCB
exposure doses and estimated excess cancer risk
for people consuming large amounts of fish over
an extended period of time. Fish ingestion rates,
however, provide large uncertainty to these risk
estimates. In addition, these estimated exposure
doses and cancer risks do not consider consump-
tion of reservoir turtles because of the uncertain-
ties regarding turtle consumption.

ATSDR conducted this investigation primarily
because of the uncertainties involved in estimat-
ing exposure doses and excess cancer risk from
ingestion of reservoir fish and turtles. Also, pre-
vious investigations did not confirm that people
are actually being exposed or that they have
elevated levels of PCBs or mercury. In addition,
a contractor for the Tennessee Department of
Health (TDOH) recommended that an extensive
region-wide evaluation be conducted of relevant
exposures and health effects in counties sur-
rounding the Watts Bar Reservoir. Prior to the
initiation of such evaluations, ATSDR believed
that it was important to determine whether
mercury and PCBs were actually elevated in
individuals who consumed large amounts of
fish and turtles from the reservoir. Mercury was
included in this exposure investigation because it
was a historical contaminant of concern released
from the Oak Ridge Reservation.
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Study Design and Methods

This exposure investigation was cross-sectional
in design as it evaluated exposures of the fish
and turtle consumers at the same point in time.
However, because serum PCB and mercury
blood levels are indicators of chronic exposure,
the results of this investigation provide infor-
mation on both past and current exposure for
each study participant.

Exposure investigations are one of the approach-
es that ATSDR uses to develop better characteri-
zation of past, present, or possible future human
exposure to hazardous substances in the environ-
ment. These investigations only evaluate expo-
sures and do not assess whether exposure levels
resulted in adverse health effects. Furthermore,
this investigation was not designed as a research
study (for example, participants were not ran-
domly selected for inclusion in the study and
there was no comparison group), and the results
of this investigation are only applicable to the
participants in the study and cannot be extended
to the general population.

Specific objectives of this investigation includ-
ed measuring levels of serum PCBs and blood
mercury in people consuming moderate to large
amounts of fish or turtles, identifying appropri-
ate health education activities and follow-up
health actions, and providing new information
to help evaluate the need for future region-wide
assessments.

Study Group

The target population was persons who con-
sumed moderate to high amounts of fish and
turtles from the Watts Bar Reservoir. ATSDR
recruited participants through a variety of
means, including newspaper, radio, and televi-
sion announcements, as well as posters and fly-
ers placed in bait shops and marinas. ATSDR
representatives also made an extensive, proac-
tive attempt to reach potential participants by
telephoning several hundred individuals who
had purchased fishing licenses in the area.

ATSDR interviewed more than 550 volunteers.
Of these, 116 had eaten enough fish to be
included in the investigation. To be included in
the investigation, volunteers had to report eating
one or more of the following during the past
year: 1 or more turtle meals; 6 or more meals of
catfish and striped bass; 9 or more meals of
white, hybrid, or smallmouth bass; or 18 or
more meals of largemouth bass, sauger, or carp.

Exposures

Human exposures to PCBs and mercury from
fish and turtle ingestion were evaluated.

Outcome Measure

Outcome measures included serum PCB

and total blood mercury levels. ATSDR also
collected demographic and exposure informa-
tion from each participant (for example, length
of residency near the reservoir; species eaten,
where caught, and how prepared).

Results

The 116 participants resided in eight Tennessee
counties and several other states. The mean age
was 52.5 years and 58.6% of the participants
were male and 41.4% were female. A high
school education was completed by 65%.
Eighty percent consumed Watts Bar Reservoir
fish for 6 or more years, while 65.5% ate
reservoir fish for more than 11 years. Twenty
percent ate reservoir turtles in the last year.
The average daily consumption rate for fish or
turtles was 66.5 grams per day.

Serum PCB levels above 20 parts per billion
(ppb) were considered elevated, and only five
individuals had elevated serum PCB levels. Of
the five participants with elevated PCB levels,
four had levels between 20 and 30 ppb. One
participant had a serum PCB level of 103.8
ppb, which is higher than levels found in the
general population. None of the participants
with elevated PCB levels had any known
occupational or environmental exposures that
might have contributed to the higher levels.
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Only one participant had an elevated blood
mercury level—higher than 10 ppb. The
remaining participants had mercury levels
up to 10 ppb, which is comparable to levels
found in the general population.

Conclusions

Serum PCB levels and blood mercury levels in
participants were similar to levels found in the
general population.

Based on the screening questionnaire, most

of the people who volunteered for the study
(over 550) ate little or no fish or turtles from
the Watts Bar Reservoir. Those who did eat fish
or turtles from the reservoir indicated that they
would continue to do so even though they were
aware of the fish advisory.
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Dose Reconstruction Feasibility Study
Oak Ridge Health Study Phase | Report

Site: Oak Ridge Reservation
Study area: Oak Ridge Area

Time period: 1942-1992
Conducted by: Tennessee Department
of Health and the Oak Ridge Health
Agreement Steering Panel

and oversight for the Oak Ridge Health
Studies. These health studies focused on the
potential effects from off-site exposures to
chemicals and radionuclides released at the
reservation since 1942. The state conducted
the Oak Ridge Health Studies in two phases.
Phase 1 is the Dose Reconstruction Feasibility
Study described in this summary.

Methods

The Dose Reconstruction Feasibility Study
consisted of seven tasks. During Task 1, state
investigators identified historical operations at
the ORR that used and released chemicals and
radionuclides. This involved interviewing both
active and retired DOE staff members about
past operations, as well as reviewing historical
documents (such as purchase orders, laborato-

Purpose

The Dose Reconstruction Feasibility Study
had two purposes: first, to identify past
chemical and radionuclide releases from the
Oak Ridge Reservation (ORR) that have the
highest potential to impact the health of the
people living near the ORR; and second, to
determine whether sufficient information
existed about these releases to estimate the
exposure doses received by people living

near the ORR. ry records, and published operational reports).
Task 1 documented past activities at each
Background major facility, including routine

operations, waste management practices,
special projects, and accidents and incidents.
Investigators then prioritized these activities
for further study based on the likelihood that
releases from these activities could have
resulted in off-site exposures.

In July 1991, the Tennessee Department of
Health initiated a Health Studies Agreement
with the U.S. Department of Energy (DOE).
This agreement provides funding for an
independent state evaluation of adverse health
effects that may have occurred in populations
around the ORR. The Oak Ridge Health
Agreement Steering Panel (ORHASP) was
established to direct and oversee this state
evaluation (hereafter called the Oak Ridge
Health Studies) and to facilitate interaction
and cooperation with the community.
ORHASP was an independent panel of local

During Task 2, state investigators inventoried
the available environmental sampling and
research data that could be used to estimate
the doses that local populations may have
received from chemical and radionuclide
releases from the ORR. These data, obtained

citizens and nationally recognized scientists
who provided direction, recommendations,

from DOE and other federal and state
agencies (such as the U.S. Environmental
Protection Agency, Tennessee Valley
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Authority, and the Tennessee Division of
Radiological Health), were summarized by
environmental media (such as surface water,
sediment, air, drinking water, groundwater,
and food items). As part of this task,
investigators developed abstracts which
summarize approximately 100 environmental
monitoring and research projects that
characterize the historical presence of
contaminants in areas outside the ORR.

Based on the results of Tasks 1 and 2, investi-
gators identified a number of historical facility
processes and activities at ORR as having a
high potential for releasing substantial quanti-
ties of contaminants to the off-site environ-
ment. These activities were recommended for
further evaluation in Tasks 3 and 4.

Tasks 3 and 4 were designed to provide an
initial, very rough evaluation of the large
quantity of information and data identified in
Tasks 1 and 2, and to determine the potential
for the contaminant releases to impact the
public's health. During Task 3, investigators
sought to answer the question: How could
contaminants released from the Oak Ridge
Reservation have reached local populations?
This involved identifying the exposure path-
ways that could have transported contaminants
from the ORR site to residents.

Task 3 began with compiling a list of contami-
nants investigated during Task 1 and Task 2.
These contaminants are listed in Table 1.

The contaminants in the list were separated
into four general groups: radionuclides,
nonradioactive metals, acids/bases, and
organic compounds. One of the first steps in
Task 3 was to eliminate any chemicals on
these lists that were judged unlikely to reach
local populations in quantities that would pose
a health concern. For example, acids and bases
were not selected for further evaluation
because these compounds rapidly dissociate in
the environment and primarily cause acute

health effects, such as irritation. Likewise,
although chlorofluorocarbons (Freon) were
used in significant quantities at each of the
ORR facilities, they were judged unlikely to
result in significant exposure because they also
rapidly disassociate. Also, some other
contaminants (see Table 2) were not selected
for further evaluation because they were used
in relatively small quantities or in processes
that are not believed to be associated with
significant releases. Investigators determined
that only a portion of contaminants identified
in Tasks 1 and 2 could have reached people in
the Oak Ridge area and potentially impacted
their health. These contaminants, listed in
Table 3, were evaluated further in Tasks 3

and 4.

The next step in Task 3 was to determine, for
each contaminant listed in Table 3, whether a
complete exposure pathway existed. A com-
plete exposure pathway means a plausible
route by which the contaminant could have
traveled from ORR to off-site populations.
Only those contaminants with complete
exposure pathways would have the potential to
cause adverse health effects. In this feasibility
study, an exposure pathway is considered
complete if it has the following three elements:

* A source that released the contaminant
into the environment;

* A transport medium (such as air, surface
water, soil, or biota) or some combination
of these media (e.g., air - pasture -»
livestock milk) that carried the contami-
nant off the site to a location where
exposure could occur; and

* An exposure route (such as inhalation,
ingestion, or—in the case of certain
radionuclides that emit gamma or beta
radiation—immersion) through which a
person could come into contact with the
contaminant.
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In examining whether complete exposure
pathways existed, investigators considered
the characteristics of each contaminant and
the environmental setting at the ORR.
Contaminants that lacked a source, transport
medium, or exposure route were eliminated
from further consideration because they lacked
a complete exposure pathway. Through this
analysis, investigators identified a number of
contaminants with complete exposure
pathways.

During Task 4, investigators sought to deter-
mine qualitatively which of the contaminants
with complete exposure pathways appeared to
pose the greatest potential to impact off-site
populations. They began by comparing the
pathways for each contaminant individually.
For each contaminant, they determined which
pathway appeared to have the greatest poten-
tial for exposing off-site populations, and they
compared the exposure potential of the conta-
minant's other pathways to its most significant
pathway. They then divided contaminants into
three categories—radionuclides, carcinogens,
and noncarcinogens—and compared the
contaminants within each category based on
their exposure potential and on their potential
to cause health effects. This analysis identified
facilities, processes, contaminants, media, and
exposure routes believed to have the greatest
potential to impact off-site populations. The
results are provided in Table 4.

The Task 4 analysis was intended to provide
a preliminary framework to help focus and
prioritize future quantitative studies of the
potential health impacts of off-site contamina-
tion. These analyses are intended to provide
an initial approach to studying an extremely
complex site. However, care must be taken in
attempting to make broad generalizations or
draw conclusions about the potential health
hazard posed by the releases from the ORR.

In Task 5, investigators described the historical
locations and activities of populations most
likely to have been affected by the releases
identified in Task 4. During Task 6,
investigators compiled a summary of the
current toxicologic knowledge and hazardous
properties of the key contaminants.

Task 7 involved collecting, categorizing,
summarizing, and indexing selected
documents relevant to the feasibility study.

Study Group

A study group was not selected.

Exposures

Seven completed exposure pathways
associated with air, six completed exposure
pathways associated with surface water, and
ten completed exposure pathways associated
with soil/sediment were evaluated for
radionuclides and chemical substances
(metals, organic compounds, and polycyclic
aromatic hydrocarbons) released at the ORR
from 1942 to 1992.

Outcome Measures

No outcome measures were studied.

Conclusions

The feasibility study indicated that past
releases of the following contaminants have
the greatest potential to impact off-site
populations.

* Radioactive iodine
The largest identified releases of radioac-
tive iodine were associated with radioac-
tive lanthanum processing from 1944
through 1956 at the X-10 facility.

* Radioactive cesium
The largest identified releases of radioac-
tive cesium were associated with various
chemical separation activities that took
place from 1943 through the 1960s.
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* Mercury
The largest identified releases of mercury
were associated with lithium separation
and enrichment operations that were
conducted at the Y-12 facility from
1955 through 1963.

* Polychlorinated biphenyls
Concentrations of polychlorinated
biphenyls (PCBs) found in fish taken from
the East Fork Poplar Creek and the Clinch
River have been high enough to warrant
further study. These releases likely
came from electrical transformers and
machining operations at the K-25 and
Y-12 plants.

State investigators determined that sufficient
information was available to reconstruct past
releases and potential off-site doses for these
contaminants. The steering panel (ORHASP)
recommended that dose reconstruction
activities proceed for the releases of radioac-
tive iodine, radioactive cesium, mercury, and
PCBs. Specifically they recommended that the
state should continue the tasks begun during

the feasibility study, and should characterize
the actual release history of these contaminants
from the reservation; identify appropriate fate
and transport models to predict historical
off-site concentrations; and identify an
exposure model to use in calculating doses

to the exposed population.

The panel also recommended that a
broader-based investigation of operations and
contaminants be conducted to study the large
number of ORR contaminants released that
have lower potentials for off-site health effects,
including the five contaminants (chromium VI;
plutonium-239, -240, and -241; tritium; arsenic;
and neptunium-237) that could not be
qualitatively evaluated during Phase 1 due to a
lack of available data. Such an investigation
would help in modifying or reinforcing the
recommendations for future health studies.

Additionally, the panel recommended that
researchers explore opportunities to conduct
epidemiologic studies investigating potential
associations between exposure doses and
adverse health effects in exposed populations.
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TABLE 1

OF CONTAMINANTS INVESTIGATED DURING TASK 1 AND TASK 2

X-10

Radionuclides

Americium-241

A rgon -4]

—Barium-140——
—Berkeliumm——

Californium-252

Carbon-14
__Cerium-144
—Cestum=134,-137
—Cobalt=57,-60

Curium-242,-243,-244

|_Einsteinium
—Eurepinm-152;-154,-155
—Fermiumr———

Todine-129, -131, -133

_Lanthanum-140
Niobi 95

Plutonium-238, -239, -240, -241

__Protactinium-233

—Ruthenium-103, -106

—Setemum=75—
Strontium-89, -90

Tritium

__Uranium-233,-234, -235, -238
—Xenon=133——
—Zirconum-95
Nonradioactive Metals

—None-initialty-tdentified

Acids/Bases

—Hydreehloric acid
—Hydrogenperoxide
| Nifric acid

Sodium hydroxide
- Sulfuric-acid

Organic Compounds
—None-inittally identified

K-25

Neptunium-237
Plutonium-239
Technetium-99
Uranium-234, -235, -238

Beryllium
Chromium (trivalent and hexavalent)
Nickel

Acetic acid

Chlorine trifluoride

Fluorine and fluoride compounds
Hydrofluoric acid

Nitric acid

Potassium hydroxide

Sulfuric acid

Benzene

Carbon tetrachloride
Chloroform
Chlorofluorocarbons (Freons)
Methylene chloride
Polychlorinated biphenyls
1,1,1-Trichloroethane
Trichloroethylene

Y-12

Neptunium-237

Plutonium-239, -239, -240, -241
Technetium-99

Thorium-232

Tritium

Uranium-234, -235, -238

Arsenic

Beryllium

Chromium (trivalent and hexavalent)
Lead

Lithium

Mercury

Ammonium hydroxide
Fluorine and various fluorides
Hydrofluoric acid

Nitric acid

Phosgene

Carbon tetrachloride
Chlorofluorocarbons (Freons)
Methylene chloride
Polychlorinated biphenyls
Tetrachloroethylene
1,1,1-Trichloroethane
Trichloroethylene
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TABLE 2

CONTAMINANTS NOT WARRANTING
FURTHER EVALUATION IN TASK 3 AND TASK 4

Radionuclides

Americium-241
Californium-252
Carbon-14

Cobalt-57

Cesium-134
Curium-242, -243, -244
Europium-152, -154, -155
Phosphorus-32
Selenium-75
Uranium-233
Berkelium

Einsteinium

Fermium

Nonradioactive Metals

Lithium

Organic Compounds

Benzene
Chlorofluorocarbons (Freons)
Chloroform

Acids/Bases

Acetic acid
Ammonium hydroxide
Chlorine trifluoride
Fluorine and various fluoride compounds
Hydrochloric acid
Hydrogen peroxide
Hydrofluoric acid
Nitric acid

Phosgene

Potassium hydroxide
Sulfuric acid

Sodium hydroxide
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TABLE 3

CONTAMINANTS FURTHER EVALUATED IN TASK 3 AND TASK 4

Radionuclides

Argon-41

Barium-140

Cerium-144
Cesium-137

Cobalt-60

Todine-129, -131, -133
Krypton-85
Lanthanum-140
Neptunium-237
Niobium-95
Plutonium-238, -239, -240, -241
Protactinium-233
Ruthenium-103, -106
Strontium-89, 90
Technetium-99
Thorium-232

Tritium

Uranium-234 -235, -238
Xenon-133
Zirconium-95

Nonradioactive Metals

Arsenic

Beryllium

Chromium (trivalent and hexavalent)
Lead

Mercury

Nickel

Organic Compounds

Carbon tetrachloride
Methylene chloride
Polychlorinated biphenyls
Tetrachloroethylene
1,1,1-Trichloroethane
Trichloroethylene
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TABLE 4

HIGHEST PRIORITY CONTAMINANTS, SOURCES,
TRANSPORT MEDIA, AND EXPOSURE ROUTES

Contaminant Source Transport Medium Exposure Route
Iodine-131, -133 | X-10 Air to vegetable to dairy Ingestion
Radioactive lanthanon (RaLa) cattle milk
processing
(1944-1956)
Cesium-137 X-10 Surface water to fish Ingestion
Various chemical
separation processes Soil/sediment Ingestion
(1944-1960s)
Soil/sediment to vegetables; | Ingestion
livestock/game (beef); dairy
cattle milk
Mercury Y-12 Air Inhalation
Lithium separation
and enrichment operations Air to vegetables; Ingestion
(1955-1963) Livestock/game (beef);
dairy cattle milk
Surface water to fish Ingestion
Soil/sediment to Ingestion
livestock/game (beef);
vegetables
Polychlorinated K-25 and Y-12 Surface water to fish Ingestion

biphenyls

Transformers and machining
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Site: Oak Ridge Reservation

Conducted by: ChemRisk/ORHASP for the
Tennessee Department of Health

Time period: 1950 to 1990

Purpose

The purpose of the Task 2 study was to conduct

a detailed investigation of potential off-site

doses and health risks from historical releases of
mercury from the Y-12 plant on the Oak Ridge
Reservation (ORR) in Oak Ridge, Tennessee.
Specifically, the study quantified past mercury
releases from the Y-12 plant, characterized
environmental concentrations from these releases,
defined potential pathways of human exposure in
neighboring communities, and estimated human
exposure doses and human health hazards between
1950 and 1990.

Background

In July 1991, the Tennessee Department of Health
in cooperation with the U.S. Department of Energy
initiated a Health Studies Agreement to evaluate the
potential for exposures to chemical and radiological
releases from past operations at the ORR. The

Oak Ridge Does Reconstruction Feasibility

Study, conducted in 1992-1993, recommended

that dose reconstructions be conducted for several
contaminants with potential negative health effects,
including mercury releases from the Y-12 plant.

The ORR is located in eastern Tennessee,
approximately 25 miles west-northwest of
Knoxville. The Y-12 plant was built in 1945 as part
of the Manhattan Project. Located at the eastern

Mercury Releases from Lithium Enrichment at the Oak Ridge
Y-12 Plant—a Reconstruction of Historical Releases and Off-
Site Doses and Health Risks, Reports of the Oak Ridge Dose
Reconstruction, Vol. 2, July 1999 (Task 2 Report)

end of Bear Creek Valley, the Y-12 plant is within
the corporate limits of the city of Oak Ridge and is
separated from the main residential areas of the city
by Pine Ridge. The East Fork Poplar Creek (EFPC)
originates from a spring beneath the Y-12 plant and
flows northeasterly through the plant and through
residential and commercial sections of the city of
Oak Ridge.

From the early 1950s to the early 1960s, the Y-12
plant released large quantities of mercury into the
environment. These releases resulted from lithium
enrichment operations using a process known as
Colex (column-based exchange process), during
which lithium isotopes are separated by transferring
them between water-based solutions of lithium
hydroxide and lithium in mercury. Between the
early 1950s, when two large-scale production
facilities were built, and 1962, when production of
enriched lithium ceased, approximately 24 million
pounds of mercury were used. During this time, the
Y-12 plant released mercury to the air and surface
water; more than 200 individual Y-12 waste water
outfalls drained into EFPC.

In response to public concern over the potential
for adverse health effects from mercury exposure,
Y-12 mercury emissions and contamination of off-
site environments have been investigated. EFPC
has been routinely sampled and analyzed for
mercury since 1953, producing what might be the
longest record of mercury release from any site in
the world. Additional investigations of the off-site
environment beginning around 1970, showed high
concentrations of mercury in soils, sediments, and
fish downstream from the Y-12 plant. For example,
in 1983, members of the Mercury Task Force
conducted an analysis of Y-12 quantified mercury
releases; which acted as the foundation for the Task
2 investigation.



Mercury Releases from Lithium Enrichment at the Oak Ridge Y-12 Plant

Methods

The project team’s review of mercury releases
and environmental concentrations began with an
examination of records assembled by members
of the 1983 Mercury Task Force. However, the
Task 2 investigation differed from the 1983
Mercury Task Force in that it 1) conducted a
more thorough records review; 2) verified data
used to calculate historical mercury releases and
adjusted the variables used to estimate mercury
releases, including ventilation rates, air and water
concentrations, and water flow rates; and 3) revised
mercury release estimates.

Additionally, the Task 2 team estimated mercury
concentrations—including elemental mercury
(the dominant form in air), inorganic mercury
(the dominant form in water, soil, and food), and
organic mercury or methylmercury (the dominant
form in fish)—in different environmental media:

® The Task 2 team estimated mercury
concentrations in the waters of EFPC at locations
downstream from the Y-12 plant between 1950
and 1990, based on independently verified
measurements of concentrations and flow rates.
These estimates accounted for downstream
reductions in concentrations due to dilution by
additional water and mercury loss to other media
(e.g., adherence to sediment and volatilization to
air).

® The Task 2 team calculated mercury
concentrations in air based on estimates of
annual releases from Y-12 between 1953 and
1962. Estimates of mercury concentrations in
air focused on the Wolf Valley and Scarboro
communities and were based on wind direction
and proximity to the Y-12 plant, respectively.
Mercury concentrations in air were further
examined through measurements of mercury in
tree rings of red cedars growing in the EFPC
floodplain, and by modeling the volatilization
of mercury from EFPC and the dispersion of
mercury in air to neighboring communities.

® The Task 2 team estimated concentrations of
mercury in soil and EFPC sediment for multiple
populations based on sampling conducted as part
of the EFPC Floodplain Remedial Investigation
in 1991-1992. Mercury concentration estimates
included adjustment factors to account for

higher concentrations in the past than during
more recent data collection. Additional soil
concentration data were based on limited soil
sampling conducted in Scarboro by Oak Ridge
Associated Universities in 1984.

® The Task 2 team also estimated concentrations
of mercury in edible plants using measurements
of airborne mercury deposition to vegetation
(samples collected near the city of Oak Ridge in
the late 1980s) and transfer of mercury from soil
to below-ground vegetables and pasture grass
(measurements collected in the Oak Ridge area
in the mid-1980s and in 1993). The project also
estimated the transfer of mercury to milk and
meat after intake by cattle based on studies from
the literature.

® Finally, the Task 2 team estimated historical
annual consumption of fish collected from
EFPC and from locations downstream, including
the Clinch River, Poplar Creek, and Watts Bar
Reservoir, from 1950 to 1990. Estimates were
based on measured mercury concentrations in
fish collected after 1970, mercury concentrations
measured in fish at other sites with comparable
mercury levels in water and sediments, studies
of possible mercury content in live fish, and data
from sediment cores collected during the mid-
1980s.

Based on historical and current environmental
measurements, Task 2 estimated mercury doses
through all applicable exposure pathways to off-site
populations who lived near the Y-12 plant between
1950 and 1990. Dose estimates were also based on
historical release information, demographic data,
and published information on rates of intake—
either deliberate or incidental—of air, water, soil,
and food. Exposure doses to mercury in fish were
evaluated based on the number of fish meals
consumed per year: >1 to 2.5 meals/week (category
1), >0.33 to 1 meal/week (category 2), and 0.04

to 0.33 meal/week (category 3). The Task 2 team
used established toxicity benchmark values for
comparison with estimated doses, including U.S.
Environmental Protection Agency (EPA) reference
doses (RfDs), Agency for Toxic Substances and
Disease Registry (ATSDR) minimal risk levels
(MRLs), and lowest or no observed adverse effects
levels (LOAELs or NOAELSs).
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Exposures

The Task 2 team considered multiple exposure
routes that were most likely to contribute to human
exposure to mercury, including:

® Inhalation of contaminated air due to direct
releases from the Y-12 plant and volatilization
from EFPC.

® Dermal contact with contaminated surface water
from EFPC.

® Incidental ingestion of contaminated surface
water from EFPC.

® Consumption of contaminated fish found in
EFPC, the Clinch River, Poplar Creek, and the
Watts Bar Reservoir.

® Dermal contact with contaminated sediment and
floodplain soil from EFPC.

® Incidental ingestion of contaminated soil.

e Consumption of homegrown fruits and vegetables
contaminated by mercury in the air and/or soil.

® Consumption of beef tissue and/or milk due
to local cattle consumption of pasture grass
contaminated by mercury in the air, soil, and/or
surface water.

Study Subjects

Multiple populations live in proximity to the Y-12
plant, as well as along EFPC, which flows through
residential and commercial sections of the city of
Oak Ridge. The Task 2 team identified six off-site
populations who could potentially be exposed to
mercury via one or more of the exposure pathways
identified above:

® Oak Ridge community residents who lived near
the EFPC floodplain may have been exposed to
mercury from the air or garden-grown produce.

® Scarboro community residents, located
approximately one-third mile north of the ORR
border, may have been exposed to mercury from
various sources due to air, water, sediment, and/
or fish contamination. Scarboro has historically
been the closest residential area to the Y-12 plant.

® Students at the Robertsville Junior High School,
located along the banks of EFPC, may have been

exposed to mercury from air, water, sediment,
and/or soil contamination.

® Residents of the Wolf Valley area, approximately
5 miles downwind from the Y-12 plant, may
have been exposed to mercury in direct airborne
releases from the plant.

® Residents who lived and farmed along the EFPC
floodplain may have been exposed to mercury
from contaminated air, garden-grown produce,
dairy cattle, water, sediment, and/or fish.

® The angler population who caught and consumed
fish from waterways downstream from the Y-12
plant, including EFPC, Poplar Creek, the Clinch
River, and the Watts Bar Reservoir may have
been exposed to mercury in the fish.

The size of potentially affected populations varied
greatly. During the Task 2 period of study, the early
1950s to early 1990s, the angler fishing population
was estimated to be less than 100 individuals.
However, the population size of the Oak Ridge
community was estimated between 15,000 and
30,000 individuals.

Results

Mercury releases from the Y-12 plant to the air and
the EFPC were found to be greater than previously
estimated by the 1983 Mercury Task Force. The
Task 2 team estimated that the Y-12 plant released
approximately 73,000 pounds of mercury to the air
during the period of enriched lithium production
(1953-1962) and 280,000 pounds of mercury to the
EFPC from 1950 to 1993—an increase of 43 and 18
percent, respectively, more than the estimates of the
1983 Mercury Task Force.

The Task 2 team assessed doses based on the type
and route of mercury exposure:

® Air (elemental mercury): The 95% upper
confidence limit (UCL) for the estimated
elemental mercury doses from inhalation
exceeded the RfD for Scarboro community
children during the mid- to late-1950s and for
EFPC floodplain families (adults and children)
during the mid-1950s to early 1960s. The farm
families along the EFPC floodplain had the
highest estimated inhalation doses. During all
years, estimated doses for Scarboro residents
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were between 10 and 40 percent of the inhalation
doses estimated for farm families along the
EFPC floodplain. This difference is due to the
closer proximity of EFPC floodplain residents to
the creek. Average elemental mercury doses for
all populations during all years did not exceed
the NOAEL.

® Ingestion and contact (inorganic mercury):
Estimated 95% UCL total inorganic mercury
doses, from all pathways except inhalation and
fish consumption, exceeded the RfD during the
mid- to late- 1950s at all communities of concern
for at least one year. Average inorganic mercury
doses for all populations during all years did not
exceed the NOAEL. At five of the six locations,
excluding the Robertsville School, estimated
doses were largely contributed to by ingestion of
contaminated homegrown produce.

For residents living in the EFPC floodplain,
estimated doses also exceeded the RfD through
the mid-1960s and early-1970s, particularly

for children. Doses to these individuals were
estimated to be high because they were
assumed to live close to EFPC on the edge

of the floodplain and to be exposed through
multiple pathways, including consumption of
contaminated produce, contact with surface
water and soil, etc. Although the EFPC
floodplain farm family population was relatively
small, between 10 and 50 individuals per year, it
is likely that mercury doses to some individuals
posed a potential health risk.

® Ingestion of fish (methylmercury):
Estimated 95% UCL methylmercury doses
from consumption of fish exceeded the
methylmercury RfD (based on in utero
exposure) at all locations. Depending on the
number of fish meals per week, estimated doses
exceeded the RfD for several years in the 1950s
and 1960s (category 3: 0.04-0.33 meal/week) to
all years of examination, 1950-1990 (category
1: >1-2.5 meals/week). At Watts Bar Reservoir,
Clinch River, and Poplar Creek, estimated
doses for category 1 fish consumers exceeded
the RfD even at the lower bound of the annual
average dose (2.5th percentile) during multiple
years. Estimated doses for fish consumption also
exceeded the NOAEL for methylmercury (based
on in utero exposure) for category 1 consumers

from the Watts Bar Reservoir (1956—1960) and
for all categories of consumers from the Clinch
River and Poplar Creek (category 1: 1950—1975,
category 2: 1950-1964, category 3: 1957).

For all exposure pathways of interest, the highest
annual average mercury doses are estimated to
have occurred during the mid- to late-1950s. These
were the years of highest releases of mercury
from the Y-12 plant to the air and EFPC. Overall,
estimated total mercury doses to farm families
who lived near the EFPC floodplain, particularly
children, are the highest of all evaluated exposure
populations due to their proximity to the creek.
The estimated doses are due predominantly

to a combination of inhalation of volatilized
mercury from EFPC and consumption of locally
grown fruits and vegetables contaminated from
airborne mercury. Estimated total doses for other
populations are lower. For example, highest
estimated doses for Wolf Valley and Scarboro
community residents are 30- to 40-times and
9-times lower, respectively, than the highest doses
estimated for farm families living near the EFPC
floodplain. Estimated methylmercury doses to
fish consumers are also relatively high. Estimated
doses for residents consuming fish from the Clinch
River and Poplar Creek were about 4-fold higher
than doses for consumers eating fish from the
Watts Bar Reservoir.

Conclusions

Estimates of mercury releases previously reported
by the 1983 Mercury Task Force were incomplete
and have been revised by the Task 2 team to
reflect larger historic releases of mercury to the air
and surface water than previously thought.

Based on dose reconstructions, multiple exposure
pathways may have resulted in exposures to
mercury at potentially harmful annual average
doses. Specifically, the Task 2 report highlights
several high exposure-risk activities:

® Consumption of any fish from EFPC, the Clinch
River, or Poplar creek, and consumption of more
than 3—4 meals of fish per year from the Watts
Bar Reservoir, during the mid- to late-1950s.
These limits on fish consumption are based on
childhood methylmercury exposure.
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e Consumption of fruits or vegetables that grow
above-ground from backyard gardens in the
Scarboro community or within several hundred
yards of the EFPC floodplain.

® Recreational use of EFPC (e.g., fishing and
wading) for more than 10—15 hours per year.

® Living or attending school within several
hundred yards of the EFPC floodplain or in the
Scarboro community (from inhalation of airborne
mercury). The highest estimated elemental
(airborne) mercury doses were for children living
in these communities.

While multiple exposure pathways may have
resulted in mercury intake above the RfDs, the
likelihood of this was greatest during the period of
highest mercury releases from the Y-12 plant in the
mid-1950s to early 1960s.

Furthermore, results show that the annual average
doses through some exposure pathways were

likely insignificant, given the distance from
contamination sources, small populations sizes,
and/or low ingestion rates, even during the years
of highest mercury releases from the Y-12 plant.
Based on this information, the Task 2 team
concluded that the following behaviors were not
likely to have resulted in exposure to mercury at
annual average doses above RfDs:

® Consumption of beef from cattle that grazed in
downwind/downstream from the Y-12 plant,

® Consumption of produce from backyard gardens
located more than one mile from the EFPC
floodplain (excluding the Scarboro community in
the 1950s and early 1960s), and

¢ Living or attending school more than one
mile from the EFPC floodplain (excluding the
Scarboro community in the 1950s and early
1960s).
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Scarboro Environmental Study

Site: Oak Ridge Reservation

Conducted by: Environmental Sciences
Institute at Florida Agricultural and Mechanical
University, Environmental Radioactivity
Measurement Facility at Florida State University,
Bureau of Laboratories of the Florida Department
of Environmental Protection, Jacobs Engineering,
DOE subcontractors in the Neutron Activation
Analysis Group at Oak Ridge National Laboratory

Time Period: 1998
Location: Scarboro, Tennessee

Purpose

The purpose of the study was to address com-
munity concerns about environmental monitor-
ing in the Scarboro neighborhood.

Background

This study was conducted in response to
Scarboro community residents’ concern about the
validity of measurements taken at air monitoring
station 46 located in the Scarboro community and
external radiation results from past aerial surveys.

The study was designed to incorporate commu-
nity input and meet the requirements of an EPA
investigation of this type. The analytical compo-
nent of the study was conducted by the
Environmental Sciences Institute at Florida
Agriculture and Mechanical University (FAMU)
and its contractual partners at the Environmental
Radioactivity Measurement Facility at Florida
State University and the Bureau of Laboratories
of the Florida Department of Environmental
Protection, and by DOE subcontractors in the
Neutron Activation Analysis Group at the Oak
Ridge National Laboratory.

Method

Soil, sediment and surface water samples were
collected in the Scarboro neighborhood and
analyzed for mercury, radionuclides, and organ-
ic and inorganic compounds. Initial radiological
walkover surveys were conducted to identify
hot spots prior to sample collection, and some
samples were collected from these areas with
the highest radiological counts.

A total of 48 samples were collected; 40 were
surface soil samples (within top 2 inches) and 8
were sediment/surface water samples. All sam-
ples were analyzed for mercury, gross alpha/beta
content, uranium, and gamma emitting radionu-
clides. Gross alpha-beta content was conducted to
screen samples for further analysis. Gamma-ray
spectroscopy measurements were made to check
for the presence of naturally occurring and man
made radionuclides. Neutron activation analysis
was used to analyze all soil and sediment samples
for uranium isotopes (U-238 and U-235).

Approximately 10% of the samples collected
(4 soil, 1 sediment and 1 surface water sample)
were tested for the presence of analytes on the
target compound list (TCL), the target analyte
list (TAL), and Strontium-90. Alpha spec-
troscopy was also used to test these samples for
isotopes of uranium, plutonium, and thorium.

To determine whether a sample measurement
was within normal background levels, the value
was compared to the 95th percentile of the dis-
tribution of results obtained in the Background
Soils Characterization Project (BSCP) study.
Scarboro data were specifically compared to
results from the Chickamauga Bethel Valley
group in the BSCP study because this geologic
formation best approximates the geologic for-
mation underlying the Scarboro community.

1 The 95th percentile value is the value at or below which 95% of the samples fall in a distribution. For example, if 100
soil samples were collected and tested for mercury, and the 95th percentile value was found to be 0.5 parts per billion
(ppb), 95 of the samples would have a value of 0.5 ppb or less.
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Study Subjects
No groups were studied.

Exposures

Exposures studied included mercury, gamma-
ray emitting radionuclides, TCL organics, TAL
inorganics, Strontium-90, and uranium, thori-
um, and plutonium isotopes.

Outcome Measures
Health outcomes were not studied.

Results

Mercury: Mercury values in the Scarboro soil
samples ranged from 0.021 milligrams per kilo-
gram (mg/kg) to 0.30 mg/kg, with a median
value of 0.11 mg/kg. Two samples (192 S.
Benedict Ave and Parcel 570, Wilberforce)
exceeded the 95th percentile value for mercury
for the Bethel Valley Chickamauga Group, but
were less than the 95th percentile for the K-25
Chickamauga Group.

Mercury was not detected in surface water
samples. Mercury values in Scarboro sediment
ranged from 0.018 mg/kg to 0.12 mg/kg.
Comparison of sediment values to BSCP data
was not possible.

Gamma-ray spectroscopy measurements: Most
gamma-ray emitting radionuclides fell within the
range of expected values. In a few cases the
radioisotopes U-238 (Th-234) and U-235
exceeded the 95th percentile values for the
BSCP formations; however, the mean values for
U-235 and U-238 were within one standard
deviation of the BSCP medians. This means that,
on average, it is unlikely that uranium was pres-
ent in Scarboro soil at elevated concentrations.

Uranium Isotopic Analysis by Neutron
Activation Analysis: The average Uranium-238
value (1.39 PicoCurie per microgram (pCi/pg) for
the Scarboro samples fell within the range of val-
ues determined by both alpha spectroscopy and
gamma-ray spectroscopy in the BSCP study. The
mean ratio of uranium-235 to uranium-238 was

0.0093 + 0.0021. Five soil samples (4 in Parcel
570, and 117/119 Spellman Ave) contained U-
235/U-238 weight ratios greater than might be
expected, suggesting enrichment in uranium-235.

10% samples: Antimony, selenium, silver, sodi-
um and thallium were rarely detected in any of
the samples. Lead and zinc concentrations in
one soil sample (117/119 Spellman Avenue)
exceeded the 95th percentile for all BSCP geo-
logic formations.

The pesticides alpha-chlordane (1700 ppb),
gamma-chlordane (2800 ppb), heptachlor (190
ppb), and heptachlor epoxide (970 ppb) were
detected in one soil sample (117/119 Spellman
Avenue). No other organic contaminants were
detected in Scarboro samples.

The maximum Strontium-90 value fell within
the 95th percentile from the BSCP study.

Using alpha-spectroscopy analysis, most of the
concentrations and ratio values for uranium,
thorium, and plutonium isotopes were within
expected ranges when compared to results from
the BSCP study. However, one soil sample
(117/119 Spellman Avenue) showed enrichment
of both U-234 and U-235 relative to U-238.

Conclusions

Mercury concentrations measured in this study
ranged from 0.021 mg/kg to 0.30 mg/kg. These
values are generally within the range of values
given in the BSCP report.

Radionuclide results including total uranium
concentrations were within expected ranges.
However, approximately 10% of soil samples
showed evidence of enrichment in uranium-235.

One of 6 samples contained organic compounds
on the TCL (alpha- and gamma-chlordane, hep-
tachlor and heptachlor epoxide) above detection
limits. In this same sample, lead and zinc con-
centrations exceeded typical values obtained in
the BSCP study by a factor of two.
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Site: Oak Ridge Reservation
Conducted by: U.S. EPA
Time Period: 2001
Location: Scarboro, Tennessee

Purpose

The purpose of the U.S. Environmental
Protection Agency (EPA) sampling event was to
re-sample 20% of the sampling locations investi-
gated by the Environmental Sciences Institute at
Florida Agricultural and Mechanical University
(FAMU) for the U.S. Department of Energy
(DOE) in 1998. The results of these samples
were to be compared to those collected by
FAMU. By comparing the results, EPA would:

* Verify the 1998 chemical, metal, and radio-
logical data collected and analyzed by DOE,

* Identify any substance(s) not analyzed by
DOE and evaluate those analytical data gaps,

* Determine the source(s) of uranium and
other radionuclides, and

» Evaluate whether unreasonable risk to
human health may be present.

Background

Beginning in 1997, the Scarboro Chapter of
the National Association for the Advancement
of Colored People (NAACP) contacted EPA
with concerns that the Scarboro community
was possibly being exposed to emissions from
the Y-12 plant located at DOE’s Oak Ridge
Reservation (ORR). They were concerned that
the community could be experiencing negative
health impacts.

September 2001 Sampling Report for the Scarboro
Community, Oak Ridge, Tennessee, April 2003

In May 1998, DOE responded to the concerns
of the citizens by contracting with FAMU to
conduct the Scarboro Community Environmental
Study. FAMU and its contractual partners at the
Environmental Radioactivity Measurement
Facility at Florida State University, the Bureau
of Laboratories of the Florida Department of
Environmental Protection, and the Neutron
Activation Analysis Group at the Oak Ridge
National Laboratory collected and analyzed sam-
ples from 48 locations in the Scarboro communi-
ty. Forty soil and eight sediment and/or surface
water samples were collected. The results of the
Scarboro Community Environmental Study were
released in September 1998. However, EPA
states they did not receive the DOE sampling
and analysis plan for review prior to its imple-
mentation nor was EPA able to participate in or
observe the FAMU and DOE field sampling.
Therefore, to verify the FAMU and DOE’s sam-
pling, EPA developed a draft sampling plan, £PA4
Proposed Sampling and Analysis Plan for the
Scarboro Community, in July 1999, and present-
ed it to the Oak Ridge Site Specific Advisory
Board at its September 1, 1999, meeting. The
EPA solicited and received comments from the
Oak Ridge community-at-large.

Methods

On September 25, 2001, representatives of

the EPA (specifically, Region 4, Science and
Ecosystem Division (SESD), Enforcement
Investigation Branch (EIB) personnel) collected
a total of 10 environmental samples from eight
separate properties within the Scarboro commu-
nity. Six surface soil samples (6 inch interval),
two sediment samples, and two surface water
samples were collected from nine separate
locations (two samples were collected at one
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of the eight properties). Additionally, at the
request of local residents, core soil samples (12
inch interval) were taken from two locations to
determine the depth at which uranium is pres-
ent. Sample sites were selected based on:

« The May 1998 DOE study,

* Reconnaissance performed in February 23,
1999, by SESD-EIB personnel,

* Information gathered during the February
1999 and September 2001 public meetings
held in Oak Ridge, and

* Professional judgment regarding where an
unreasonable risk to human health might be
found, if such were to exist.

All samples were collected and handled in
accordance with the EPA, Region 4, SESD’s
Environmental Investigations Standard
Operating Procedures and Quality Assurance
Manual, May 1, 1996. Surface soil was collected
using a pre-cleaned 3-inch diameter stainless
steel hand auger from the interval of 0-6 inches.
Core samples were taken at a depth of 0-12 inch-
es to determine the presence of uranium. Samples
for volatile organic compounds (VOCs) were not
homogenized prior to being placed in the sample
container. Because wading was possible in each
surface water body, surface water samples were
collected directly into the sample container, prior
to taking sediment samples. Surface water sam-
ples were not filtered in the field. Sediment sam-
ples were collected with a stainless steel scoop or
spoon and were homogenized.

The samples were analyzed by the EPA National
Air and Radiation Environmental Laboratory
(NAREL) located in Montgomery, Alabama, for
the following contaminants: radionuclides, met-
als (including mercury), VOCs, semi-volatile
organic compounds (SVOCs), pesticides, and
polychlorinated biphenyls (PCBs). In order to
evaluate the presence of lithium in the samples,
the laboratory Lithium Internal Standard for
trace metal analysis was used as evidence that
there is little, if any, lithium present in the sam-
ples collected by EPA.

In addition, personnel from the EPA, Region 4,
Office of Technical Services conducted a radia-
tion walkover (a qualitative screening) of the
areas selected for sampling to determine
whether radiation existed above background
levels. The survey was performed using a sodi-
um iodide detector and GM Pancake probe to
identify the presence of uranium isotopes and
other gamma-emitting isotopes.

Study Subjects: No groups were studied.
Exposures: No exposures were studied.

Outcome Measures: Health outcomes were not
studied.

Results: To evaluate the results of the analyti-
cal sampling EPA used the following guidance
and standards:

» Under the Safe Drinking Water Act (SDWA)
standards were created to control the level
of contaminants that are in drinking water.
EPA used this guidance for the surface
water samples that were collected.
Maximum contaminant limits (MCLs) are
legally enforceable health protective stan-
dards (National Primary Drinking Water
Standards). National Secondary Drinking
Water Standards (NSDWS) are non-
enforceable standards that provide guidance
on cosmetic effects a contaminant might
have on the quality of the water.

* Preliminary Remediation Goals (PRGs) are
risk-based values used for screening soil and
sediment samples at contaminated sites. The
PRG is a number that represents the lowest
risk level of the Comprehensive
Environmental Response, Compensation, and
Liability Act (CERCLA) protective risk range
(1x10-6 to 1x10-4) for cancer effects. For non-
cancer effects the PRG represents the Hazard
Index (HI) value of 1.0 (see next bullet).

» The Hazard Quotient/Hazard Index (HQ/HI)
is a ratio of the exposure level for a single
toxic substance to the reference dose of that
substance over the same exposure period.
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The HI is the sum of all HQ values from all
toxic substances that a person is exposed to
from a common source. A HQ or HI less
than 1.0 indicates that the exposure is not
sufficient to yield a health concern for a life-
time (70 years) of daily exposure.

» Gamma Spectroscopy was used as a screen
to analyze gamma-emitting isotopes which
indicate radioactive decay.

* Gross Alpha/Gross Beta levels were used as
a screen to determine if individual radionu-
clides should be sampled.

Radionuclides

The qualitative walkover screening did not
detect radiation above background levels. None
of the radionuclide analytical values exceeded
normal background levels, MCLs, or PRGs.
The two core samples collected from 0 to 12
inches below the ground surface indicate that
uranium levels are below the PRG or back-
ground levels within the U.S.

The uranium results indicated that there was
uncertainty associated with uranium enrichment
due to the uranium isotope levels being at
either background levels and/or detection lim-
its. However, even if there is potentially some
uranium enrichment in the uranium isotopes in
the Scarboro soil and sediment, the actual lev-
els of uranium isotopes are still within the U.S.
and Oak Ridge background ranges.

Lithium. The laboratory results could not support
a positive presence of lithium in the samples col-

lected by EPA. The evidence indicates there is lit-
tle, if any, lithium present in the samples.

Metals

All metals, including mercury, in the surface
water, sediment, and soil samples were unde-
tected or below MCLs, NSDWS, or PRGs with
the following exceptions:

» Aluminum. The NSDWS of 50-200 ng/L for
aluminum was exceeded in both surface
water samples (1,030 pg/L and 1,640 pg/L).

* Arsenic. The PRG of 0.39 mg/kg for
arsenic was exceeded in both sediment
samples (1.62 mg/kg and 5.17 mg/kg) and
four soil samples (5.64 mg/kg, 3.66 mg/kg,
4.68 mg/kg, and 6.39 mg/kg).

* [ron. The NSDWS of 300 pg/L for iron was
exceeded in both surface water samples
(769 pg/L and 1,160 pg/L). The PRG of
23,000 mg/kg for iron was exceeded in
three soil samples (23,100 mg/kg, 25,400
mg/kg, and 25,400 mg/kg).

» Manganese. The NSDWS of 50 pg/L for
manganese was exceeded in one of the sur-
face water samples (65.5 pg/L). The PRG
of 1,800 mg/kg for manganese was exceed-
ed in one soil sample (1,930 mg/kg).

VOCs and SVOCs

No VOCs were detected in the surface water
samples. The following VOCs were detected in
the soil and/or sediment samples: cyclote-
trasiloxane, benzoic acid, acetic acid, 1R-alpha-
pinene, and dodecane. The following SVOCs
were detected in the surface water, soil, or sedi-
ment samples: butyl benzyl phthalate, di-n-
butyl phthalate, and dibutyl phthalate. These
VOCs and SVOCs are generally attributed to
sampling and/or laboratory activities and are
not considered to be related to the ORR or the
Scarboro area.

Pesticides and PCBs

All pesticides and PCBs in the surface water,
sediment, and soil samples were undetected or
below MCLs, NSDWS, or PRGs with the fol-
lowing exceptions:

Alpha-chlordane and gamma-chlordane were
detected in one sediment sample (0.50 J pg/kg
and 0.75 J pg/kg, respectively). Alpha-chlor-
dane was detected in two soil samples (11
ng/kg and 14 pg/kg). Gamma-chlordane was
also detected in two soil samples (12 pg/kg and
30 pg/kg). Heptachlor was detected in one soil
sample (13 pg/kg). Heptachlor epoxide was
detected in one soil sample (11 pg/kg).
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Conclusions

EPA stated that the results of the analysis did not
reveal any chemicals or radionuclides at levels
that warrant a health or environmental concern.

 The level of radiation was below back-
ground levels and the radionuclide analyti-
cal values did not indicate a level of health
concern. Uranium levels in the core soil
samples were also below background lev-
els. There is no indication that lithium was
present in the analyzed samples at levels
that would warrant health concern.

* Aluminum, iron, and manganese are natu-
rally occurring in the geologic formations
of the Oak Ridge area, indicating that these
are not related to releases from DOE opera-
tions. Regardless, they are not present at
levels of health hazard.

* Arsenic has both carcinogenic and noncar-
cinogenic health effects. The HI value for
arsenic indicates that an assumed exposure
level could be above the protective level for
noncarcinogenic effects. However, the value
did not exceed the CERCLA protective risk
range (1x10-4) for its carcinogenic effects.

The detected VOCs and SVOCs are plasti-
cizers, solvents, softening agents, and/or
column artifacts and their presence is gener-
ally attributed to sampling and/or laboratory
activities. Therefore, they are not consid-
ered to be site related and no further evalua-
tion was conducted.

The presence of pesticides indicates possi-
ble past use by the homeowner/resident.
They are not considered to be site related
and no further evaluation was conducted.

The results of both the EPA and DOE sampling
effort are consistent in their findings. These
results confirm that existing soil, sediment, and
surface water quality pose no risk to human
health within the Scarboro community. There is
not an elevation of chemical, metal, or radionu-
clides above a regulatory health level of con-

cern. The Scarboro community is not currently
being exposed to substances from the Y-12
facility in quantities that pose an unreasonable
risk to health or the environment. The EPA does
not propose to conduct any further environmen-
tal sampling in the Scarboro community.

If additional environmental information
becomes available, EPA proposes that the fol-
lowing recommendations be implemented:

1. DOE should develop a written procedure to
receive citizen and community complaints
regarding discharges, emissions, or other
releases originating from the ORR. The proce-
dure should identify and provide for a timely
response and follow-up action. Additionally,
DOE should develop a communication strate-
gy to inform the residents and other communi-
ty members or stakeholders of its findings.

2. If additional environmental information
becomes available regarding Scarboro that
warrants an investigation by DOE, the sam-
pling plan, if developed, should be reviewed
and approved by the EPA and the Tennessee
Department of Environment and Conservation
(TDEC), as regulatory oversight agencies to
the Federal Facility Agreement (FFA).

3. Any future health investigations conducted by
DOE of the impacts of its operations on the
Scarboro or the greater Oak Ridge communi-
ty should be coordinated with the Oak Ridge
Reservation Health Effects Subcommittee
(ORRHES) of the Agency for Toxic
Substances and Disease Registry (ATSDR).

4. Upon the release of recommendations by the
ORRHES to the ATSDR, DOE, EPA, and
TDEC with stakeholder involvement will
scope the off-site (off DOE reservation)
operable unit. The results of this activity will
be the preparation of a Preliminary
Assessment/Site Inspection, which is cur-
rently planned for September 30, 2005. This
commitment is a DOE FFA milestone.
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Appendix D. Toxicologic Implications of Mercury Exposure

ATSDR’s toxicological profiles (ToxProfiles) identify and review the key peer-reviewed
literature that describes the toxicologic properties of particular hazardous substances ToxProfiles
also present other pertinent literature, but describe it in less detail than do the key studies.
ToxProfiles are not intended as exhaustive documents, but they do reference more
comprehensive sources of specialty information.

In 1999, ATSDR published an updated ToxProfile for mercury (ATSDR 1999). This document,
like all such profiles, characterizes the toxicologic and adverse health effects information for the
hazardous substance it describes. The discussion below is drawn from the updated profile for
mercury, except where otherwise noted.

What is mercury?

Mercury occurs naturally in the environment. It is found in three forms: metallic mercury (also
known as elemental mercury), inorganic mercury, and organic mercury. Metallic mercury is a
shiny, silver-white metal that is a liquid at room temperature. Metallic mercury is the elemental
or pure form of mercury—it is not combined with other elements. Metallic mercury metal is the
familiar liquid metal used in thermometers and some electrical switches. At room temperature,
some of the metallic mercury will evaporate and form mercury vapors. Mercury vapors are
colorless and odorless.

Inorganic mercury compounds occur when mercury combines with elements such as chlorine,
sulfur, or oxygen. These mercury compounds are also called mercury salts. Most inorganic
mercury compounds are white powders or crystals, except for mercuric sulfide (also known as
cinnabar), which is red and turns black after exposure to light.

When mercury combines with carbon, the compounds formed are called “organic” mercury
compounds or organomercurials. The environment contains a potentially large number of organic
mercury compounds; however, by far the most common organic mercury compound in the
environment is methylmercury. Like the inorganic mercury compounds, methylmercury is a
“salt” (for example, methylmercuric chloride). When pure, most forms of methylmercury are
white crystalline solids.

Several forms of mercury occur naturally in the environment. The most common natural forms
are metallic mercury, mercuric sulfide (cinnabar ore), mercuric chloride, and methylmercury.
Some microorganisms (bacteria and fungi) and natural processes can change the mercury in the
environment from one form to another. The most common organic mercury compound that
microorganisms and natural processes generate from other forms is methylmercury.

How can mercury enter and leave my body?

A person can be exposed to mercury from breathing in contaminated air, from swallowing or
eating contaminated water or food, or from having skin contact with mercury. Not all forms of
mercury easily enter your body, even if they come in contact with it. To know which form of
mercury you have been exposed to is important, as is by which route (air, food, or skin).

When you swallow small amounts of metallic mercury, for example from a broken oral
thermometer, virtually none (less than 0.01 percent) of the mercury will enter your body through
the stomach or intestines, unless they are diseased. When you breathe in mercury vapors,
however, most (about 80 percent) of the mercury enters your bloodstream directly from your
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lungs, and then rapidly goes to other parts of your body, including the brain and kidneys. Once in
your body, metallic mercury can stay for weeks or months. When metallic mercury enters the
brain, it is readily converted to an inorganic form and is “trapped” for a long time. Metallic
mercury in the blood of a pregnant woman can enter her developing child. Most of the metallic
mercury will accumulate in your kidneys, but some metallic mercury can also accumulate in the
brain. Most of the metallic mercury absorbed into the body eventually leaves in the urine and
feces, while smaller amounts leave the body in the exhaled breath.

Inorganic mercury compounds do not generally vaporize at room temperatures as will elemental
mercury. And if inorganic mercury compounds are inhaled, they are not expected to enter your
body as easily as inhaled metallic mercury vapor. When inorganic mercury compounds are
swallowed, generally less than 10 percent is absorbed through the intestinal tract; however, up to
40 percent may enter the body through the stomach and intestines in some instances. Some
inorganic mercury can enter your body through the skin, but only a small amount will pass
through your skin compared with the amount that gets into your body from swallowing inorganic
mercury. Once inorganic mercury enters the body and gets into the bloodstream, it moves to
many different tissues. Inorganic mercury leaves your body in the urine or feces over a period of
several weeks or months. A small amount of the inorganic mercury can be changed in your body
to metallic mercury and leave in the breath as a mercury vapor. Inorganic mercury accumulates
mostly in the kidneys and does not enter the brain as easily as metallic mercury. Inorganic
mercury compounds also do not move as easily from the blood of a pregnant woman to her
developing child. In a nursing woman, some of the inorganic mercury in her body will pass into
her breast milk.

Methylmercury is the form of mercury most easily absorbed through the gastrointestinal tract
(about 95 percent absorbed). After you eat fish or other foods contaminated with methylmercury,
it enters your bloodstream easily and goes rapidly to other parts of your body. Only small
amounts of methylmercury enter the bloodstream directly through the skin. Organic mercury
compounds may evaporate slowly at room temperature and may enter your body easily if you
breathe in the vapors. Once organic mercury is in the bloodstream, it moves easily to most
tissues and readily enters the brain. Methylmercury in the blood of a pregnant woman will easily
move into the blood of the developing child and then into the child’s brain and other tissues. Like
metallic mercury, methylmercury can be changed by your body to inorganic mercury. When this
happens in the brain, the mercury can remain there for a long time. When methylmercury does
leave your body after you have been exposed, it leaves slowly over a period of several months,
mostly as inorganic mercury in the feces. As with inorganic mercury, some of the methylmercury
in a nursing woman’s body will pass into her breast milk.

How can mercury affect my health?

The nervous system is very sensitive to mercury. In poisoning incidents that occurred in other
countries, some people who ate fish contaminated with large amounts of methylmercury or seed
grains treated with methylmercury or other organic mercury compounds developed permanent
damage to the brain and kidneys. Permanent damage to the brain has also been shown to occur
from exposure to sufficiently high levels of metallic mercury. Whether exposure to inorganic
mercury results in brain or nerve damage is not as certain, given that it does not easily pass from
the blood into the brain.
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Metallic mercury vapors or organic mercury may affect many different areas of the brain and
their associated functions, resulting in a variety of symptoms. These include personality changes
(irritability, shyness, nervousness), tremors, changes in vision (constriction (or narrowing) of the
visual field), deafness, loss of muscle coordination, loss of sensation, and difficulties with
memory.

Because different forms of mercury do not all move through the body in the same way, they have
different effects on the nervous system. When metallic mercury vapors are inhaled, they readily
enter the bloodstream and are carried throughout the body and can move into the brain.
Breathing in or swallowing large amounts of methylmercury also results in some of the mercury
moving into the brain and affecting the nervous system. Inorganic mercury salts, such as
mercuric chloride, do not enter the brain as readily as does methylmercury or metallic mercury
vapor.

The kidneys are also sensitive to the effects of mercury. It accumulates in the kidneys and causes
higher exposures to these tissues, and thus more damage. If large enough amounts enter the
body, all mercury forms can cause kidney damage. If the damage caused by the mercury is not
too great, the kidneys are likely to recover once the body clears itself of the contamination.

Short-term exposure (hours) to high levels of metallic mercury vapor in the air can damage the
lining of the mouth and irritate the lungs and airways. This can cause tightness of the chest, a
burning sensation in the lungs, and coughing. Other effects from exposure to mercury vapor
include nausea, vomiting, diarrhea, increases in blood pressure or heart rate, skin rashes, and eye
irritation. Damage to the lining of the mouth and lungs can also occur from exposure to lower
levels of mercury vapor over longer periods (for example, in some occupations where workers
were exposed to mercury for many years). Most studies of humans who breathed metallic
mercury for a long time indicate that mercury from this type of exposure does not affect the
ability to have children. Studies in workers exposed to metallic mercury vapors have also not
shown any mercury-related increase in cancer. Skin contact with metallic mercury has been
shown to cause an allergic reaction (skin rashes) in some people.

In addition to kidney effects, inorganic mercury can damage the stomach and intestines. If
swallowed in large amounts, inorganic mercury can produce symptoms of nausea, diarrhea, or
severe ulcers. Effects on the heart have also been observed in children after accidentally
swallowing mercuric chloride. Symptoms included rapid heart rate and increased blood pressure.
Little information is available on the effects in humans from long-term, low-level exposure to
inorganic mercury.

Animal studies provide limited information about whether mercury causes cancer in humans
(ATSDR 1999). U.S.EPA has determined that mercuric chloride and methylmercury are possible
human carcinogens (EPA 2012a, 2012b). International Agency for Research on Cancer (IARC)
has determined that methylmercury compounds are possibly carcinogenic to humans (Group 2B),
and metallic mercury and inorganic mercury compounds are not classifiable as to their
carcinogenicity to humans (Group 3) (IARC 1997).

How can mercury affect children?

Methylmercury eaten or swallowed by a pregnant woman or metallic mercury that enters her
body from breathing contaminated air can also pass into the developing child. Inorganic mercury
and methylmercury can also pass from a mother’s body into breast milk and into a nursing
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infant. Methylmercury can also accumulate in an unborn baby’s blood to a concentration higher
than the concentration in the mother.

For similar exposure routes and forms of mercury, the harmful health effects seen in children are
similar to the effects seen in adults. High exposure to mercury vapor causes lung, stomach, and
intestinal damage, and, in severe cases, death due to respiratory failure. These effects are similar
to those seen in adult groups who inhale metallic mercury vapors at work.

Children who breathe metallic/elemental mercury vapors, eat foods or other substances
containing phenylmercury or inorganic mercury salts, or use mercury-containing skin ointments
for an extended period may develop a disorder known as acrodynia, or pink disease. Acrodynia
can result in severe leg cramps; irritability; and abnormal redness of the skin, followed by
peeling of the hands, nose, and soles of the feet. Itching, swelling, fever, fast heart rate, elevated
blood pressure, excessive salivation or sweating, rashes, fretfulness, sleeplessness, weakness, or
a combination of these symptoms, may also be present. This syndrome was once thought to
occur only in children, but recent reported cases in teenagers and adults have shown that they too
can develop acrodynia.

In critical periods of development before children and fetuses are born, and in the early months
after birth, they are particularly sensitive to the harmful effects of metallic mercury and
methylmercury on the nervous system. Harmful developmental effects may occur when a
pregnant woman is exposed to metallic mercury and some of the mercury is transferred into her
developing child.

As with mercury vapors, exposure to methylmercury is more dangerous for young children than
for adults, because more methylmercury easily passes into the developing brain of young
children and may interfere with the development process. The effects on the infant may be subtle
or more pronounced, depending on the amount to which the fetus or young child was exposed.

Is there a medical test to determine whether I have been exposed to mercury?

Reliable and accurate ways to measure mercury levels in the body are available. These tests
involve taking blood, urine, or hair samples, and must be performed in a doctor’s office or in a
health clinic. Nursing women may have their breast milk tested for mercury levels, if any of the
other samples tested are found to contain significant amounts of mercury. Most of these tests,
however, do not determine the form of mercury to which you were exposed. Mercury levels
found in blood, urine, breast milk, or hair may be used to determine whether adverse health
effects are likely to occur. Mercury in urine is used to test for exposure to metallic mercury vapor
and to inorganic mercury forms. Measurement of mercury in whole blood or scalp hair is used to
monitor exposure to methylmercury. Urine is not useful for determining methylmercury
exposure. Levels found in blood, urine, and hair may be used together to predict health effects
possibly caused by the different forms of mercury.

What recommendations has the federal government made to protect human health?

The U.S. Environmental Protection Agency (U.S.EPA) and the U.S. Food and Drug
Administration (FDA) have set a limit of 2 parts inorganic mercury per billion (ppb) parts of
water in drinking water. U.S.EPA has determined that a daily exposure (for an adult of average
weight) to inorganic mercury in drinking water at a level up to 2 ppb is not likely to cause any
significant adverse health effects. FDA has set a maximum permissible level of 1 part of
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methylmercury in a million parts (ppm) of seafood products sold through interstate commerce (1
ppm is a thousand times more than 1 ppb) (FDA 2011).

Occupational Safety and Health Administration (OSHA) regulates levels of mercury in the
workplace. It has set limits of 0.1 milligrams of mercury per cubic meter of air (mg/m?) for
organic mercury and 0.05 mg/m’ for metallic mercury vapor in workplace air to protect workers
during an 8-hour shift and a 40-hour work week. National Institute for Occupational Safety and
Health (NIOSH) recommends limiting that the amount of metallic mercury vapor in workplace
air be to an average level of 0.05 mg/m’ during a 8-hour work shift (DHHS and DOL 1978).
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Appendix E. Task 2 Pathway Discussions
The Task 2 Air Mercury Concentration Models

The earliest off-site ambient air mercury concentrations were measured in 1986, but the highest
Y-12 mercury releases to air occurred during the period from 1953 through 1962.%° Therefore,
the Task 2 team used models to estimate historic off-site air mercury concentrations. Different
models were used to estimate air mercury concentrations for receptor populations in Wolf
Valley, Scarboro, and people living near the East Fork Poplar Creek (EFPC) floodplain.

Wolf Valley residents were chosen as an affected population. Historically, they were the closest
population to the Y-12 plant in the predominant downwind direction in the chain of valleys—
Bear Creek Valley, Union Valley, and Wolf Valley—that includes the Y-12 plant. Scarboro is
the closest residential population to the Y-12 plant, but it is separated from the Y-12 buildings by
Pine Ridge. Still, air emissions from the Y-12 plant windows, vents, and roof stacks could have
migrated over Pine Ridge.

Studies of mercury in trees growing in or near the EFPC floodplain conducted during the 1990s
suggested that EFPC was a source of significant mercury releases to the air. The Task 2 team
modeled air mercury concentrations resulting from the volatilization of mercury from the EFPC
floodplain to the following receptor locations and “near-floodplain™ resident populations:

Scarboro community

Robertsville School

Oak Ridge community population #1
Oak Ridge community population #2
EFPC floodplain farm family

The Task 2 team considered the Scarboro community as the only receptor population whose air
was affected by both direct mercury releases to the atmosphere from the Y-12 plant and
volatilization of mercury to the air from EFPC. The Task 2 team used three models (or
combinations of models)—the U.S. Environmental Protection Agency (U.S.EPA) ISCST3
dispersion model, the %/Q model, and the EFPC volatilization model—to estimate mercury
concentrations in air at each potentially exposed community.

Wolf Valley Residents

The Task 2 team modeled air concentrations of mercury for the years from 1953 through 1962
for Wolf Valley residents using the U.S.EPA ISCST3 (EPA 1995b). This model uses a Gaussian
dispersion equation to calculate air concentrations at a remote location from the releases. It is an
appropriate model to use in relatively flat terrain.

A separate source term (mass per unit time) was estimated for each of 114 Y-12 building
emission points (windows, stacks, and vents) for each year that the buildings were known to
have been in operation. The U.S.EPA model predicted mercury concentrations in Wolf Valley
for each year from each source term. The sum of contributions from each point source resulted in
the total annual mercury air concentrations (in units of milligrams of mercury per cubic meter of
air, mg/m’) in Wolf Valley. The estimated air mercury concentrations in Wolf Valley for 1953

3 Lithium separation at the Y-12 plant using the Colex process ended in June 1963. The Task 2 team estimated air
source terms from 1953 through 1962.
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through 1962 ranged from 0.0000008 to 0.000014 mg/m® (ChemRisk 1999a). The peak value

(0.000014 mg/m’) was in 1955.

Task 2 estimated that the total uncertainty in the estimated annual average mercury
concentrations in Wolf Valley was = 44 percent (ChemRisk 1999a). This figure included
uncertainties in the source buildings’ air mercury concentrations, emission rates from the

building sources, and in the air dispersion model.

The selection of the U.S.EPA model for this application appears to be appropriate. ATSDR
considers that Task 2 team’s reported estimates of air mercury concentrations in Wolf Valley

resulting from this model are reasonable.

Scarboro Community: Emissions from Y-12 Buildings

The Task 2 team recognized that the U.S.EPA ISCST3 dispersion model was not appropriate for
the Scarboro community—the terrain is not flat between the Y-12 plant and Scarboro. The Task
2 team considered other dispersion models but did not find any suitable models that could
adequately predict air concentrations over Pine Ridge. Consequently, Task 2 used a different
kind of model based on uranium data to estimate air mercury concentrations in Scarboro.

The model is based on the assumption that the relationship between air mercury concentrations
in Scarboro and mercury release quantities from the Y-12 plant is the same as the relationship
between air uranium concentrations in Scarboro and uranium release quantities from Y-12. If the
assumption is correct, then annual average air mercury concentrations in Scarboro can be
calculated by multiplying annual mercury release quantities times the ratio of uranium

concentrations in Scarboro divided by uranium
releases from the Y-12 plant.

Task 2 designed a “custom” distribution from 20
discrete y/Q values using uranium data from 1986
through 1995 (ten y/Q values for uranium-238 and
ten values for uranium-234/235).>” The
consistency of the ratios is good for uranium-
234/235 (linear regression analysis, r* = 0.97) and
not as good for uranium-238 (r* = 0.64). The data
are only from years with relatively low uranium
releases because we do not have data from years
with high releases. Among the data, the highest
estimated annual uranium release (210 kg in

Model Equation
C = Raa x Empirical (x/Q) (s/m3)
C = Concentration of mercury at Scarboro (mg/m3)

Raa = Annual average release rate of mercury from Y-
12 (mgls)

Empirical x/Q (s/m3) = Annual average concentration
of uranium in Scarboro (pCi/m3)

Annual average release rate of uranium (pCi/s)

The mathematical quantity, “empirical chi over Q" (or
x/Q) is based on two physical quantities: Greek letter
chi (x) represents the measured air uranium
concentrations in Scarboro and Q represents annual
uranium release rates from Y-12 to the air.

1986) was nearly 30 times smaller than the estimated amount of uranium released in 1959—the
year with the highest estimated annual air uranium release (6,200 kg). The linearity and
predictive value of the model is unknown for the years with high uranium releases (1953 through
the middle 1960s). The validity of the model is also unknown for the years when mercury

releases to air were highest (10,260 kg in 1955).

%% The y/Q model was developed for the Task 6 (Y-12 uranium) report. Additional information is provided in the

Task 6 report (ChemRisk 1999b).

37 The Task 2 report does not describe how it designed the “custom” distribution from the uranium data or what is

“custom” about the distribution.
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The primary assumption of this model is that mercury releases to the air from the Y-12 plant
behave the same as uranium air releases from Y-12. The Task 2 report provides the following
discussion points:

e Both uranium and mercury were released to the air from a variety of locations spread over
the Y-12 site, in many cases from the same buildings. Uranium was released from short
stacks on top of buildings more often than mercury, which in turn was released more often
from windows and other ventilation sources. Therefore, uranium was generally released from
greater heights than mercury. This might have resulted in more uranium crossing over Pine
Ridge than mercury. However, uranium was released as solid particles and would likely have
experienced a higher wet and dry deposition rate than mercury. All the mercury releases were
assumed to be elemental vapor and would be expected to travel higher and further than
uranium. Therefore, more mercury could have traveled over Pine Ridge than uranium. The
Task 2 report suggests that the differences between the physical behavior of uranium and
mercury were not likely large enough to have had a significant impact on relative
atmospheric mercury concentrations in Scarboro, but there are no data that support or refute
this assumption.

e Mercury released into the air from the Y-12 plant might behave like uranium from Y-12 if
the particle sizes of mercury and uranium released were similar. Data do not support this
presumption. As a vapor, the average mercury droplet size (i.e., the geometric mean
aerodynamic diameter) would be in the vicinity of 1 micrometer (um) or smaller. In a 1975
study of uranium operations at the Y-12 plant, the measured median airborne uranium
particle diameters, for different types of uranium operations, were between 1.1 um and 3.3
pm (mean = 2.3 pm) (Sanders 1975). If mercury quickly became attached to other particulate
matter in the air, the similarity between the behavior of mercury and uranium in air might be
stronger. However, ATSDR found no studies that described the immediate fate and transport
of mercury releases coming from the Y-12 facilities.

Task 2 applied the custom y/Q distribution to the annual estimated airborne mercury release rates
from the Y-12 plant for the years 1953 through 1962. Annual uranium and mercury release
estimates from Y-12 were assumed to be evenly distributed over the years in question. This
calculation produced the estimated annual average mercury concentrations in air from 1953
through 1962 for the Scarboro community (see Table E-1).

The Task 2 team included the estimated air mercury concentrations for Scarboro, however the
data were not presented numerically (ChemRisk 1999a).® Therefore, ATSDR calculated annual
average air mercury concentrations using the minimum, mean, and maximum y/Q values from
the Task 2 report. Uncertainties in the estimated mean air mercury concentrations are bounded
by the estimated minimum and maximum concentrations (see Table E-1).

3 Data were presented in a difficult-to-read bar chart (ChemRisk 1999a; Figure 7-2).
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Table E-1. Estimated Annual Average Air Mercury Concentrations in Scarboro

Y-12 Mercury Mercury Concentrations
Year Release Rates Minimum y/Q Mean /0 Maximum y/Q
(3.50E-08 sec/m’) (2.20E-07 sec/m’) (6.80E-07 sec/m’)
Ibs y-1 mg/sec mg/m3 mg/m3 mg/m3
1953 1496 2.15E+01 7.53E-07 4.73E-06 1.46E-05
1954 3438 4,94E+01 1.73E-06 1.09E-05 3.36E-05
1955 22606 3.25E+02 1.14E-05 7.15E-05 2.21E-04
1956 13831 1.99E+02 6.96E-06 4.37E-05 1.35E-04
1957 5902 8.48E+01 2.97E-06 1.87E-05 5.7TE-05
1958 9243 1.33E+02 4,65E-06 2.92E-05 9.03E-05
1959 7803 1.12E+02 3.93E-06 2.4TE-05 7.63E-05
1960 3714 5.34E+01 1.87E-06 1.17E-05 3.63E-05
1961 2475 3.56E+01 1.25E-06 7.83E-06 2.42E-05
1962 2456 3.53E+01 1.24E-06 7.77E-06 2.40E-05

Source: ChemRisk 1999a
Values in mg/m’ are calculated from Ibs/y.
Bold indicates the year with the highest annual average mercury concentrations in Scarboro.

The highest Y-12 air mercury releases, and therefore the highest annual average mercury
concentrations in Scarboro, were in 1955. But the annual average air mercury concentrations in
Scarboro include mercury from both the Y-12 releases and from EFPC.

We do not know whether air releases of mercury behaved like those of uranium. We do not know

whether the y/Q “custom distribution” is an accurate depiction of the relationship between the

mercury quantities released and the air mercury concentrations in Scarboro. ATSDR has no basis

for reliably evaluating the air mercury concentrations generated from this model.

Mercury Concentrations in Air Due to Volatilization from EFPC

The Task 2 team recognized that Pine Ridge partially limits the air exchange between the Y-12
plant and Oak Ridge communities, including Scarboro. Still, analyses of mercury in red cedar
core samples collected near East Tulsa Road in the EFPC floodplain in 1993 showed that air

mercury concentrations had been elevated in neighborhoods beyond Scarboro during the years of

peak mercury releases from Y-12 (see Table E-2).

Table E-2. Mercury Concentrations Detected in Tree Rings from the EFPC Floodplain

Year Y-I12E1 | Y-12E2 | Y-12W | EFPC-2 | EFPC-3 | EFPC-4 | EFPC-5 | EFPC-6
1950 0.47 0.20001 0.48 5.3 1.8 ND ND 1.2
1951 0.40 0.34 0.45 5.3 1.8 ND ND 0.61
1952 0.36 0.34 0.66 5.3 1.8 ND ND 0.37
1953 0.36 0.52 0.75 7.2 1.8 ND ND 0.31
1954 0.36 0.47 1.1 7.2 2.7 ND 4.6 0.29
1955 0.25 0.46 0.67 7.2 2.7 ND 4.6 0.33
1956 0.16 0.46 0.98 7.2 2.7 ND 4.6 0.25
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Year Y-I2E1 | Y-12E2 | Y-12W | EFPC-2 | EFPC-3 | EFPC-4 | EFPC-5 | EFPC-6
1957 0.16 0.32 1.1 7.2 2.7 ND 5.1 0.29
1958 0.11 0.14 1.2 1.5 2.7 ND 5.1 0.26
1959 0.11 0.10 1.2 1.5 3.0 0.22 0.63 0.17
1960 0.077 0.10 0.76 1.5 3.0 0.22 0.63 0.17
1961 0.077 0.068 0.76 1.5 3.0 0.22 0.63 0.17
1962 0.077 0.068 0.95 1.5 3.0 0.22 0.63 0.17
1963 0.042 0.043 0.95 1.5 3.0 0.22 0.63 0.17
1964 0.042 0.043 1.5 1.5 0.49 0.050 0.29 0.098
1965 0.042 0.043 1.5 0.14 0.49 0.050 0.29 0.098
1966 0.035 0.043 1.6 0.14 0.49 0.050 0.29 0.098
1967 0.033 0.043 1.6 0.14 0.49 0.050 0.29 0.098
1968 0.029 0.043 1.0 0.14 0.49 0.050 0.29 0.098
1969 0.030 0.032 1.0 0.14 1.7 0.016 0.32 0.036
1970 0.021 0.032 0.47 0.14 1.7 0.016 0.32 0.036
1971 0.019 0.032 0.47 0.14 1.7 0.016 0.32 0.036
1972 0.016 0.018 0.23 0.050 1.7 0.016 0.32 0.036
1973 0.016 0.018 0.23 0.050 1.7 0.016 0.32 0.036
1974 0.016 0.018 0.13 0.050 0.632 0.058 0.16 0.014
1975 0.016 0.018 0.13 0.050 0.63 0.058 0.16 0.014
1976 0.016 0.018 0.085 0.050 0.63 0.058 0.16 0.014
1977 0.016 0.0097 0.085 0.050 0.63 0.058 0.16 0.014
1978 0.014 0.0097 0.058 0.050 0.63 0.058 0.16 0.014
1979 0.014 0.0097 0.058 0.343 0.093 0.0040 0.092 0.011
1980 0.014 0.0097 0.048 0.343 0.093 0.0040 0.092 0.011
1981 0.014 0.0097 0.048 0.343 0.093 0.0040 0.092 0.011
1982 0.014 0.0012 0.058 0.343 0.093 0.0040 0.092 0.011
1983 0.015 0.0012 0.058 0.343 0.093 0.0040 0.092 0.011
1984 0.016 0.0012 0.060 0.343 0.059 0.0057 0.13 0.0055
1985 0.016 0.0012 0.031 0.343 0.059 0.0057 0.13 0.0055
1986 0.0078 0.0012 0.019 0.070 0.059 0.0057 0.13 0.0055
1987 0.0067 0.0012 0.023 0.070 0.059 0.0057 0.13 0.0055
1988 0.0039 0.0082 0.030 0.070 0.059 0.0057 0.13 0.0055
1989 0.0035 0.0049 0.050 0.070 0.12 0.0074 0.074 0.0014
1990 0.0044 0.0043 0.018 0.070 0.12 0.0074 0.074 0.0014
1991 0.0022 0.0043 0.016 0.070 0.12 0.0074 0.074 0.0014
1992 0.0020 0.0027 0.010 0.070 0.12 0.0074 0.074 0.0014
1993 0.0020 0.0027 0.012 0.070 0.12 0.0074 0.074 0.0014

Source: ChemRisk 1999a

Units are in parts per million (ppm)
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Plants take up and release mercury through their leaves and stems—uptake of mercury through
plant roots is minimal. The Task 2 team studied mercury in tree rings in hopes of using the
quantity of mercury found in tree rings to estimate annual average air mercury concentrations for
the years represented by each ring. The Task 2 team, however, determined that the tree ring data
could not reliably predict air mercury concentrations for several reasons:

e Mercury concentrations in rings did not correlate well with mercury release quantities in
different years.

e Mercury concentrations in specific rings, corresponding to particular years, were not similar
in trees that were close together.

e Analyses of the ratios of tree ring concentrations were not consistent between different trees.

e Mercury concentrations in rings in some trees corresponding to years before the lithium
separation process was in full production were higher in some cases than in subsequent
39
years.

The Task 2 report suggested that the mercury did not remain in individual rings; it may have
migrated across rings inside the tree. Therefore, the Task 2 team could not reliably assign the
measured mercury concentrations to specific years. As a result, the Task 2 team abandoned its
effort to estimate historic air mercury concentrations from tree core samples. Therefore, the Task
2 report modeled air mercury concentrations from the volatilization of mercury from the
floodplain.

The Task 2 team looked at EFPC floodplain soil emissions. Data collected in 1993 during a
study of the EFPC floodplain indicated that mercury concentrations in the air directly over
mercury-contaminated soil were 340 times lower than air mercury concentrations directly over
EFPC water (Lindberg et al. 1995).% Task 2 also reviewed studies in the scientific literature and
concluded that mercury emissions from EFPC soils were insignificant compared with mercury
emissions from EFPC water. Therefore, the Task 2 team modeled mercury in air originating from
EFPC surface water only.

The Task 2 team modeled air mercury concentrations from the volatilization of mercury from
EFPC to the following five potentially exposed communities:

Scarboro community

Robertsville School

Oak Ridge community population #1
Oak Ridge community population #2
EFPC floodplain farm family

The Task 2 team estimated the amount of mercury that volatilized from EFPC by dividing the
entire length of EFPC into 403 theoretical rectangular segments, each with a width of 15 meters
and a length between 15 and 140 meters (see Figure E-1) (ChemRisk 1999a). The Task 2 team
assumed the volatilization rate was constant throughout EFPC. But the starting mass of mercury

3% The Task 2 team indicated that mercury concentrations in the tree ring corresponding to 1938—before the
Manhattan Project began—was higher than in subsequent years in a tree on the west end of Y-12 property
(ChemRisk 1999a).

0 Concentrations of mercury in air over water were modeled; concentrations in air over soil were measured. These
data were from separate studies.
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at each segment was the amount released from the Y-12 plant less the amount of mercury lost
from the water from each of the preceding upstream segments. Therefore, the amount of mercury
that volatilized from each segment was a function of its distance from Y-12. No adjustments in
the volatilization fraction were made for the variations in the creek flow.

The estimated mass of mercury lost from each water segment (in grams of mercury discharged to
air per year [g/y]) was used as a line source term in version 96113 of the U.S.EPA’s ISCST3
dispersion model (EPA 1995b). The dispersion model calculated air mercury concentrations at
the various potentially exposed communities. In the dispersion model the Task 2 team used 1987
meteorological data from the Y-12 East Meteorological station. The Task 2 team included an
uncertainty factor to account for uncertainty in the air dispersion model, but did not include a
factor for the uncertainty or variability in the meteorological data. The amount of mercury that
was released into EFPC at the Y-12 plant is provided by the annual source terms for Y-12
mercury releases to water.

The fraction of mercury that will volatilize from EFPC depends on the amount of dissolved
gaseous mercury (DGM) in the water, as well as the physical conditions of the water and the
adjacent air. DGM is dissolved elemental mercury; it is the only mercury species in water that
will significantly volatilize from water. Elemental mercury is only slightly soluble in water (56
ug/L at 25° C), but supersaturation (the build-up of DGM beyond its equilibrium concentration)
has often been documented in environmental water systems. Conditions in the water, such as the
water temperature, pH, stream flow, and mixing of the water column may favor either the loss of,
or the formation of, DGM. Higher temperatures and higher wind currents at the water surface,
for example, will increase the volatilization of DGM from the water to air. Water agitation and
air flow at the water’s surface may significantly affect the propensity of DGM to overcome
surface energy barriers to volatilization (Saouter et al. 1995). Higher pH will favor the reduction
(chemical conversion) of mercuric forms of mercury to elemental mercury, while lower pH will
favor the oxidation (chemical conversion) of elemental mercury to mercurous and mercuric
species. The presence of minerals and organic matter in the water favor the oxidation of
elemental mercury and the removal of DGM from the water. Finally, DGM may be formed either
biotically (mediated by microscopic organisms) or abiotically (occurring chemically without
microscopic organisms) in the water.

Measurements of DGM in EFPC during the 1950s are not available. The only data that
characterize stream conditions, available from the 1950s, are some pH and flow measurements.
The pH values and the flow volumes during the 1950s, as well as the many curves in the EFPC
bed, would generally favor the formation and volatilization of mercury. But these data are
insufficient to estimate with any precision or known accuracy the amount of mercury that
volatilized. The magnitude of their effects or those of competing processes occurring in the creek
are not known.

For the volatilization fraction, the Task 2 team assumed a distribution of values: a minimum, a
best estimate, and a maximum value equal to 1, 5, and 30 percent, respectively, of the total
mercury mass released annually to the creek. The Task 2 team derived these percentages from a
1995 published study of Reality Lake—a settling pond within EFPC on the Y-12 property. But
the Task 2 report did not present the derivation of these numbers, and the study does not clearly
support the range of values the Task 2 team selected (Saouter et al. 1995).
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Although the Task 2 team also assumed the minimum, best estimate, and maximum fractions
from a logtriangle distribution, it provided no justification for that choice. A logtriangle
distribution provides greater weight to the lower concentration estimates and less weight to the
higher ones. ATSDR has seen no evidence to favor one portion of the distribution of the
volatilization fractions over any other portion. For example, we do not know the time-average
distribution of wind patterns at the water surface, or the pattern of variability of DGM
concentrations in EFPC during a typical year during the 1950s. Mercury may have volatilized
less frequently in the high-lying volatilization fractions than in the low-lying fractions, but no
evidence supports such an assumption.

George R. Southworth, affiliated with the Oak Ridge National Laboratory, estimated that the
EFPC mercury evasion rate may be about 3 percent of the total mercury flux over the length of
EFPC (Southworth GR, personal communication, February 14, 2005). Southworth based his
calculation on the amount of DGM
measured in EFPC in 1997 as well as
estimates of the total mercury in the
water and the surface area of EFPC.
Southworth’s calculations appear in

EFPC Mercury Evasion Rate Calculations

Mean dissolved gaseous mercury in EFPC (summer, 1997) = 1.1 ng/L =
0.0011 ng/cm3.

Mass transfer coefficient = 10 cm/h.

the text box to the right: Evasion flux = 0.0011 ng/cm3 x 10 cm/h' = 0.011 ng/cm?2/h = 110
’ ng/m?/h.
Southworth emphasized that the EFPC surface area = length x width = 25,000 m x 10 m = 250,000 m2.

volatilization fraction he calculated
(3 percent) is imprecise. It depends
on many variables that can vary

widely and are not well determined.

Total surface flux = creek area x evasion flux = 27.5 mg/h = 660 mg/d.
Hg flux through the creek = 22 g/d.
Therefore, 660 mg/d + 22 g/d = 0.03 or 3 percent.

The Task 2 team’s best estimate value of 5 percent is similar to Southworth’s estimate of 3
percent. Still, they are both based on 1990s data. Between the 1950s and 1990s, many changes
occurred at the Y-12 facilities that affected what was released into EFPC. To determine whether
either value accurately predicts mercury volatilization from EFPC during the 1950s is
impossible. Similarly, no evidence supports the assumption that the fraction of total mercury in
the creek that volatilized was similar in both decades.

The minimum best estimate and maximum volatilization fractions generated three source terms
for each segment of EFPC for each year and produced three air mercury concentrations at each
potentially exposed community for each year.

The highest estimated mercury releases from the Y-12 plant to EFPC, and consequently the
highest air mercury emissions from EFPC, occurred in 1957.*' The Task 2 team estimated air
mercury concentrations for each of the five potentially exposed communities using the 5 percent
mercury volatilization fraction (see Table E-3; ChemRisk 1999a). The mercury concentrations in
Table E-3 for the Scarboro community do not include the contribution from the y/Q model. Table
E-4 presents the combined air mercury concentrations for the Scarboro community.

*I The highest air mercury concentration in the Scarboro community occurred in 1955, due to a significant
component from the %/Q model for that year.
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Table E-3. Estimated Air Mercury Concentrations (mg/m’)"

EFPC . Scarboro Robertsville Oak Ridge Oak Ridge
Year Floodplain . , .
. Community School Location 1 Location 2
Farm Family
1953 6.4E-05 6.5E-06 4.3E-06 2.2E-06 1.1E-06
1954 3.8E-05 3.9E-06 2.6E-06 1.3E-06 6.3E-07
1955 1.9E-04 2.0E-05 1.3E-05 6.6E-06 3.2E-06
1956 1.6E-04 1.6E-05 1.1E-05 5.4E-06 2.6E-06
1957 3.9E-04 4.0E-05 2.6E-05 1.3E-05 6.5E-06
1958 3.5E-04 3.5E-05 2.3E-05 1.2E-05 5.8E-06
1959 1.0E-04 1.0E-05 6.9E-06 3.5E-06 1.7E-06
1960 3.8E-05 3.8E-06 2.5E-06 1.3E-06 6.3E-07
1961 3.6E-05 3.6E-06 2.4E-06 1.2E-06 5.9E-07
1962 2.5E-05 2.5E-06 1.7E-06 8.4E-07 4.1E-07
1963 1.7E-05 1.7E-06 1.1E-06 5.6E-07 2.8E-07

! Estimates are based on the volatilization of mercury at five receptor locations from EFPC.

Table E-4. Combined Estimated Air Mercury Concentrations for Scarboro (mg/m’)"

Year EFPC (5% vf) /0 (mean) Sum % due to y/Q
1953 6.5E-06 4.7E-06 1.1E-05 42%
1954 3.9E-06 1.1E-05 1.5E-05 74%
1955 2.0E-05 7.2E-05 9.1E-05 78%
1956 1.6E-05 4 4E-05 6.0E-05 73%
1957 4.0E-05 1.9E-05 5.8E-05 32%
1958 3.5E-05 2.9E-05 6.4E-05 45%
1959 1.0E-05 2.5E-05 3.5E-05 70%
1960 3.8E-06 1.2E-05 1.6E-05 75%
1961 3.6E-06 7.8E-06 1.1E-05 68%
1962 2.5E-06 7.8E-06 1.0E-05 76%
1963 1.7E-06 1.7E-06

" Estimated concentrations are from both the 3/Q model and the volatilization of mercury from EFPC.

the Task 2 air mercury concentration from the volatilization of EFPC using a volatilization fraction

= the Task 2 air mercury concentration from Y- 12 air mercury releases using the Task 2 y/Q model

EFPC =

of 5 percent
xQ

and the mean x/Q value
Sum = EFPC + y/Q columns

%

= the percentage which the y/Q-derived concentration is of the whole (sum)
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The Task 2 Water Model for Mercury Concentrations in EFPC

The Task 2 team developed a model to estimate water mercury concentrations at different
locations along EFPC from 1950 through 1990. The Task 2 team did not estimate exposures to
mercury in surface water downstream from EFPC—the water mercury concentrations below
EFPC were considered insignificant.

Task 2 selected the following potentially exposed communities for exposures to surface water:

e Scarboro community
e Robertsville School students
e EFPC floodplain farm family™®

The Task 2 team estimated mercury concentrations in water for each of the three populations by
selecting areas along EFPC corresponding to the closest populations. The Task 2 EFPC mile
marker locations corresponding to the Scarboro community, Robertsville School students, and
the EFPC floodplain farm family are EFPC Mile 14, Mile 12, and Mile 10, respectively™® (see
Figure 15).

The basis of the Task 2 model was the average annual water mercury release estimates and
additional specific water mercury concentration data generated or compiled by the Task 2 team.
The annual release estimates were calculated from data available in ORR weekly, monthly, and
quarterly environmental reports. The reported data include mercury concentrations in weekly
composite water samples
collected in EFPC on the Task 2 Equations for Calculating EFPC Mercury Concentrations at each
Y-12 property and weekly Reference Location
average flow volumes of Cref(mg/L) = Cy-12 (mg/L) x Water Concentration Ratio
EFPC on Y-12 property. Where:
The reported monthly and Cret = Mercury concentration in water at a population reference location
quarterly data are Cv-12 = Mercury concentration in water at Y-12
?}Yeragelilca(licilat;d tfrciin Water Concentration Ratio = Dilution Ratio x (1 - fraction lost to other compartments)

¢ weekly da a: ota The Dilution Ratio, estimated from the size of the drainage basin at Cre, is:
the data are available for o . . o

Dilution Ratio = Y-12 discharge volume (in cubic feet per second, cfs)

all the time periods. In
addition to measurements Y-12 discharge volume (cfs) + EFPC inflow volume (cfs)

at Y-12, Oak Ridge Larger volumes of runoff to EFPC result in a smaller dilution ratio. The smaller the
dilution ratio, the smaller the water concentration ratio and the more the water mercury
concentration is reduced downstream at reference locations (Crer) compared with the
concentration at Y-12 (Cy-12).

personnel collected water
samples on or close to a
weekly basis between
1955 and 1961, just upstream of the confluence of EFPC with Poplar Creek. The samples from
EFPC near the Poplar Creek confluence contained between 1 and 60 percent (average = 11
percent) of the estimated mercury concentrations in EFPC directly below the discharge point at
the Y-12 plant during the same time period.

* Despite that EFPC does not run through the Scarboro community, the Task 2 team thought children from Scarboro
might have played in or near EFPC.

* Mile marker numbers increase from the juncture of EFPC with Poplar Creek (EFPC Mile 0) up to the source of
EFPC at the Y-12 plant (EFPC Mile 14.4).
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The Task 2 team assumed some of the difference in the mercury concentrations in water at each
end of EFPC was due to dilution, and some was due to the loss of mercury to soil, sediment, and
air. Task 2 first estimated the portion of the difference that was due to dilution and attributed the
remainder of the difference to the loss of mercury to soil, sediment, and air.

The Task 2 team obtained information about the area of the drainage basin from a 1985 study by
the Tennessee Valley Authority (TVA 1985a) and about the percent of precipitation runoff to
EFPC from a 1967 U.S. Geological Survey (USGS) report. TVA (1985a) divided the drainage
basin into sections along EFPC according to the location of tributaries that feed surface water
runoff into the creek. The Task 2 team calculated drainage basin areas for each potentially
exposed community by interpolating between the nearest drainage areas in the TVA study for
each potentially exposed community along EFPC. With annual precipitation data obtained from
USGS (1967), Task 2 calculated inflow volumes at each of the three potentially exposed
communities for each year from 1950 to 1990. Task 2 used these data to estimate the effect of
dilution on mercury concentrations at the potentially exposed communities along EFPC and for
the creek as a whole.

The Task 2 team used average Y-12 release volumes** for the 24 calendar quarters from 1956
through 1961, the drainage basin data, and the precipitation data. The Task 2 team estimated that
the volume flow at the EFPC-Poplar Creek junction increased approximately 3.6 times over the
volume flow at the Y-12 plant. This is an average dilution ratio of 0.26 (range: 0.15-0.42) over
the expanse of EFPC.

The Task 2 team estimated that on average, EFPC lost about 58 percent (range: -160 to 97) of
mercury from water to sediment and air for each of the 24 calendar quarters. The -160 percent and
two other negative values occurred during 1956 and the first quarter of 1957. Negative values
indicate no losses of mercury to sediment and air, and surface water runoff had less effect than
proposed. Or that less surface water runoff occurred than estimated. But this is counterintuitive—
it indicates that the validity and, therefore, the results of the model are in question for those
quarters. The average mercury loss estimates for the remainder of 1957 through 1961 (ignoring
the earlier, inconsistent data), over the expanse of the creek, was 79 percent.

In 1984, TVA collected 141 soil core samples from 30 transects across EFPC (TVA 1985b).
From the core data, TVA estimated that the total mass of mercury in the EFPC sediment and
EFPC floodplain was 157,000 pounds. This mass is approximately 57 percent of the estimated
275,000 pounds of mercury that the Task 2 team estimated the Y-12 plant had released to EFPC
from 1953 through mid-1984. This result is roughly the same as the 79 percent mercury mass the
Task 2 team estimated using the water model above. Both estimates suggest a large fraction of
the mass of mercury released from the Y-12 plant was lost to sediments, with only a small
fraction of mercury lost to air. The Task 2 team also referenced a study that showed more than
99 percent of mercury transported in surface water was associated with the solid phase
(particulate matter or sediment) (Lindberg et al. 1991).

From these analyses, Task 2 assumed that EFPC water lost 70 + 30 percent of its mercury mass
to other environmental compartments (soil, sediment, and air) over the full length of the creek.
This number is not an exact numerical derivation—it includes a relatively large degree of
uncertainty.

* Water released to EFPC in cubic feet per second (cfs).

E-12


http:0.15�0.42




(¢ ATSDR

Y-12 Plant Scarboro Robertsville School | EFPC Floodplain
Year EFPC Mile 14.7 EFPC Mile 14 EFPC Mile 12 EFPC Mile 10
(mg/L) (mg/L) (mg/L) (mg/L)
1958 2.330 2.037 1.505 1.092
1959 0.680 0.601 0.418 0.304
1960 0.240 0.213 0.139 0.101
1961 0.200 0.175 0.122 0.086
1962 0.120 0.107 0.075 0.055
1963 0.086 0.078 0.057 0.044
1964 0.044 0.039 0.026 0.019
1965 0.095 0.083 0.057 0.041
1966 0.043 0.039 0.028 0.020
1967 0.031 0.026 0.017 0.012
1968 0.005 0.005 0.003 0.002
1969 0.006 0.005 0.004 0.003
1970 0.026 0.022 0.016 0.011
1971 0.006 0.005 0.004 0.003
1972 0.001 0.001 0.001 0.000
1973 0.065 0.054 0.033 0.023
1974 0.015 0.013 0.075 0.005
1975 0.001 0.001 0.001 0.000
1976 0.001 0.001 0.001 0.000
1977 0.002 0.002 0.001 0.001
1978 0.001 0.001 0.001 0.000
1979 0.002 0.002 0.001 0.001
1980 0.002 0.002 0.001 0.001
1981 0.002 0.002 0.001 0.001
1982 0.002 0.003 0.002 0.001
1983 0.002 0.002 0.001 0.001
1984 0.002 0.001 0.001 0.001
1985 0.003 0.002 0.001 0.001
1986 0.000 0.002 0.001 0.001
1987 0.008 0.003 0.002 0.001
1988 0.002 0.002 0.001 0.001
1989 0.002 0.001 0.001 0.001
1990 0.002 0.001 0.001 0.001

" Concentrations for 1950, 1951, and 1952 were calculated using the percentages in Table E-5. Task 2 did not
calculate “dilution only” concentrations for those years.
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Discussion of the Task 2 Water Model

The Task 2 team developed the water model as a method of estimating average annual water
mercury concentrations. The estimated water mercury concentrations were then used to calculate
average annual mercury exposure doses. These dose estimates, however, should be used with
caution: predicted concentrations of mercury in water are not always reliable and the model is
not sufficiently precise to evaluate the more important short-term exposures.

The Task 2 model includes three assumptions: 1) Over the length of EFPC, mercury
concentrations decrease due to dilution and due to mercury loss from water to soil, sediment, and
air; 2) Between 40 and 90 percent of the mercury mass released from the Y-12 plant to EFPC
was lost from the water to soil, sediment, and air over the full length of EFPC, and 3) the loss of
mercury to other environmental compartments is linear with the distance from the Y-12 plant.
But the data suggest more is going on than just dilution and linear loss of mercury mass.

Task 2 derived the mercury mass partition value (70 + 30 percent of the mass of mercury lost to
sediment and air over the length of EFPC) using mercury concentration data from both ends of
EFPC. This partition range is very broad and has limited interpretive value. The two water
mercury concentration data sets are minimally correlated, even when they are adjusted for
changes in water volume (correlation coefficient [r] = 0.37). The mercury concentrations at the
Poplar Creek end of EFPC are inconsistent relative to the concentrations at the Y-12 plant,
probably because of many significant chemical and physical processes affecting the dissolved
mercury mass during its transport through the creek. The exchange of mercury between water
and other compartments (sediment and air, for example) is complex and may depend on many
variables such as water temperature, flow rates, turbulence, amount of precipitation, surface
runoff, amount and types of mercury in “storage depots” in the floodplain soils and sediments,
and the quantity and physical properties of organic and particulate matter present. These
processes are not quantitatively characterized in the scientific literature. The low correlation of
the data means the model is not predictive. The lack of accuracy of the model was demonstrated
by its failure to predict sizeable mercury losses for three calendar quarters in 1956 and 1957.

The Task 2 model-estimated mercury concentrations are also limited—they are annual averages.
ATSDR notes that the longer the duration over which periodic data are averaged, the lower the
peak values. Thus, the average annual water mercury concentrations are lower than some of the
quarterly concentrations for the same period. The average quarterly concentrations are lower
than some of the monthly concentrations, and the average monthly concentrations are lower than
some of the weekly concentrations.

ATSDR believes that some of the assumptions used by the Task 2 team may not be
representative of actual exposure conditions. Many of the exposures to EFPC water occurred
over periods of time shorter than 1 year. Children did not typically play in EFPC over the winter
months, and if they did, they were not likely to have ingested much water. And notwithstanding
Task 2’s assumption, a child 3 years of age and younger playing in the creek is unlikely. Older
children may have played in the creek over several (or many) years, but each year they likely
took time off from playing in the creek. In any event, the Task 2 average annual mercury doses
provide only an estimate of exposures averaged over a full year—an exposure that is least likely
to be a public health concern.

To estimate the short-term reduction of mercury mass in EFPC, ATSDR considered comparing
on a weekly basis (rather than quarterly) the concentration data from the water samples collected
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from each end of EFPC in the 1950s. But no evidence supports the assumption that the
predictability or linearity of the Task 2 model increases with shorter periods. Any quantitative
evaluation based on such an exercise would thus suffer from a lack of confidence.

The Task 2 Model for Mercury Concentrations in Soil and Sediment

The Task 2 team estimated doses and risks associated with direct exposures to contaminated soil
and sediment for the following populations:

e EFPC floodplain farm family
e Robertsville School students
e Scarboro community

The direct exposure pathways are 1) ingestion of mercury-contaminated soil or sediment, and 2)
dermal absorption of mercury from skin contact with mercury-contaminated soil or sediment.
For each selected group, the Task 2 team identified samples collected from areas of the
floodplain or creek likely to have been contacted by people.

The Task 2 team used soil samples from two studies to estimate past mercury concentrations in
both soil and sediment in the EFPC floodplain and Scarboro (see Table E-8). The two studies are
the Science Applications International Corporation (SAIC) EFPC Floodplain Remedial
Investigation (RI) from 1990-1992 (SAIC 1994a) and the Oak Ridge Associated University
(ORAU) study in 1984 (Hibbitts 1984, 1986; TDHE 1983). The EFPC RI study included more
than 2,800 core (16-inch long) soil samples, with many of the samples from the EFPC
floodplain, but it did not include any soil samples from Scarboro. The ORAU study included
more than 3,000 soil samples from the EFPC floodplain and properties throughout Oak Ridge
(including Scarboro), but they were only surface samples (0 to 3 inches below the surface)
(ChemRisk 1999a).

Table E-8. Data Sources for Past Soil and Sediment Mercury Concentrations

Environmental EFPC Farm Robertsville Scarboro
Pathway Family School Community
Soil EFPCRI EFPCRI ORAU
Sediment EFPCRI EFPCRI EFPCRI

The EFPC RI included soil samples from throughout the EFPC floodplain. The samples were
plotted on transects, imaginary lines that cross the EFPC floodplain at right angles to the creek.
The RI included 159 transects that crossed the full length (23.2 kilometers or 14.4 miles) of the
creek. Each was separated by approximately 100-meter (330-foot) intervals. Samples were taken
at the edge of the water and every 20 meters (65 feet) away from the creek, up to the elevation of
the 100-year floodplain (see Figure 18).

The RI core samples had already been collected, mixed together (i.e., composited), and analyzed
before the dose reconstruction project began. Thus the mercury concentrations at various depths
in those samples could not be determined. But other studies could provide data that allowed the
Task 2 team to estimate the possible vertical mercury distribution. A 1993 study indicated that
most of the mercury in the EFPC floodplain was contained within the first 16 inches of soil
(Henke et al. 1993). This was attributed to the tendency for elemental and mercuric mercury to
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stay bound to soil and to the fact that elemental mercury is not very soluble in water. With time,
cleaner soil and sediment accumulates on top of the more highly contaminated soil and sediment.

In 1992, SAIC conducted a study called the Vertical Integration Study (VIS). SAIC took five 16-
inch EFPC soil cores and analyzed each 1-inch depth separately. The cores were taken at four
locations:

EFPC confluence with Poplar Creek

Grand Cove Subdivision

Bruner’s Center site (two core samples)

National Oceanic and Atmospheric Administration (NOAA) property

Key findings included the observation that the highest mercury concentrations were deep in the
core, and the lowest concentrations were found near the top of the core sample. And when
composited, the mercury concentration of the top 16 inches of soil was approximately equal to
the average mercury concentration from the individual 16 inches analyzed separately. Task 2
used this observation and the average stratification of mercury in the VIS core samples to
construct a table of soil concentration adjustment factors (see Table E-9).

Table E-9. Task 2 Soil Concentration Adjustment Factors

Year Adjustment Factor (%)
1950-1954 100400
1955-1958 200-500
1959-1962 50-300
1963-1966 50-300
1967-1970 40-200
1971-1974 10-100
1975-1978 5-100
1979-1982 3-50
1983-1986 1-50
1987-1990 2-50
1991-1994 1-30

Source: ChemRisk 1999a

The Task 2 team assumed that the highest mercury concentrations in the VIS core samples were
attributable to the period of the highest mercury releases (from 1955-1959), and that the rate of
soil deposition in all samples was a constant %4 inch per year. The Task 2 team assigned specific
years to the vertical distribution of mercury concentrations in the VIS samples. The
concentrations for different years were then converted to percentages of the average composited
concentration. These percentages are the concentration adjustment factors. They are presented as
ranges to account for the uncertainty in the actual value of the soil or sediment mercury
concentration. The adjustment factors were multiplied by the average soil mercury
concentrations in the composited core samples (the top 16 inches of soil) from the EFPC RI to
estimate annual average soil and sediment mercury concentrations for the years 1950—-1990.

Historic soil and sediment mercury concentrations for the EFPC floodplain farm family and the
Robertsville School students were calculated from the RI samples collected near Mile 10 (+ 0.5
mile) and near Mile 12 (+ 0.5 mile) in the EFPC floodplain, respectively. The historic sediment
samples for Scarboro residents were calculated from EFPC RI samples collected near the
floodplain’s Mile 14 (= 1 mile).
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During the RI, samples were defined as either soil or sediment on the basis of where they were
collected in proximity to EFPC. Samples collected at the edge of EFPC were considered
sediment. But samples used for evaluating soil exposure pathways (the EFPC floodplain farm
family and Robertsville School children, for example) included the full set of samples collected
from just beyond the edge of the creek, to the elevation of the 100-year floodplain.

For the Scarboro community, mercury concentrations in sediment were calculated from the RI
core samples, and mercury concentrations in soil were calculated from the 1984 ORAU study
data. The ORAU study included a total of 57 samples from Scarboro—16 samples from
Hampton Road and 41 samples near the intersection of Tulsa and Tuskegee Roads. All of the
samples were surface samples (0 to 3 inches deep). The Task 2 report does not indicate how
historic soil mercury concentrations in the Scarboro community were estimated.

Task 2 used the VIS samples to calculate annual mercury concentrations from the many
composited RI core samples. The range of mercury concentrations as a percentage of the average
concentration within some of the VIS core samples is wide, varying from less than 1 to 380
percent of the average mercury concentration in the composite sample. The location where the
minimum and maximum mercury concentrations are found in the VIS samples often varies
between the samples (the overall pattern of mercury concentrations measured at different depths
in the two samples collected from the same location [Bruner’s Center] for example, are not
similar). To compensate, the Task 2 team extended the ranges of the adjustment factors beyond
the measured range for the years with the highest mercury releases to EFPC. Thus in the
composite samples, Task 2 increased the upper range of the adjustment factors for the years of
the highest mercury releases from 380 percent to 500 percent of the mercury concentration.

Task 2 Results

Task 2 used the soil and sediment mercury concentrations—estimated from its model—to
calculate average annual mercury doses for the three potentially
exposed communities. None of the Task 2 estimated doses from soil or RD or MRL do ot
sediment ingestion for 1950 through 1990 exceeded U.S.EPA’s RfD or necessarily presuppose
ATSDR’s minimal risk level (MRL) for inorganic mercury. For 1950 adverse health effects.
through 1966 (except 1962), however, Task 2 estimated upper-end
doses to EFPC floodplain farm children could have exceeded the inorganic mercury RfD (though
not the MRL) from dermal contact with soil.*® Also, for 1958 only, Task 2 estimated upper-end
doses Robertsville School children could have exceeded the inorganic mercury RfD (though not
the MRL) from dermal contact with soil. Still, none of the dermal mercury doses calculated at
the 50 percentile exceeded either agency’s health guideline value, and none of the calculated
doses from sediment exposures exceeded either agency’s health guideline value.

Doses exceeding the

* The “upper-end” doses are the 97.5 percentile doses, which, according to the Task 2 report, are the 97.5 percentile
confidence levels of the probability density functions (PDFs). The PDFs, which characterize the distribution of
doses for each specific pathway, were calculated by Task 2 using Monte Carlo simulations. The 97.5 percentile
doses are less likely to occur than doses at lower probability levels; they are calculated with the most extreme
exposure assumptions. Task 2, however, considers the highest doses are possible because the full range of
assumptions used in its calculations was considered possible.
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Discussion

ATSDR reviewed ORAU soil data. ATSDR identified 43 surface (0—3 inches below surface) soil
samples collected in the Scarboro area in 1984.%” The highest soil mercury concentration among
the 43 samples was 3.8 ppm, below ATSDR’s comparison value of 20 ppm. ATSDR does not,
however, consider the mercury concentrations in ORAU samples collected in the top 3 inches of
soil in 1984 as representative of past mercury concentrations in Scarboro soils. Core data from a
1992 study indicate that the floodplain soil layers with the highest mercury concentrations are
buried beneath as much as 10 inches of soil and sediment (ChemRisk 1999a). The near-surface
soil data collected in Scarboro would not likely reflect historical mercury concentrations in soil
and sediment.

The overall weighted-average adjustment factor for the years 1950 through 1990 is nearly 130
percent. This ensures that overall, none of the mercury measured in the top 16-inch cores is
“lost” through modeling. The Task 2 team assumed, however, that mercury deposition occurred
at a constant rate over the floodplain and that mercury does not migrate significantly in the soil.
No studies demonstrate how well these assumptions hold. The model might increase the mercury
levels for some years and decrease them in other years, relative to the true concentration values.
This averaging effect could underestimate exposures in years with high mercury releases or in
areas with high mercury deposits, even considering the wide range of adjustment factors that the
Task 2 team adopted for those years. The very small number of samples in the VIS and the poor
consistency between mercury concentrations at similar depths suggest that the model is not
reliable. Given the small number of samples on which the adjustment factors are based and given
the nonuniformity of concentrations within each of the vertical layers, considerable uncertainty
surrounds whether the extended adjustment factors adequately reflect the true pattern of mercury
distribution in the core samples since 1950.

Additionally, the Task 2 model may not sufficiently account for the mass of mercury in EFPC.
The Task 2 team only applied the adjustment factors to the uppermost core data. In some areas of
the floodplain, multiple core samples were collected from a single location (maximum of five
core samples deep). Historical soil or sediment mercury concentrations could be underestimated
if significant mercury were present below 16 inches. SAIC estimated that 18 percent of the soil
volume contaminated with mercury at levels greater than or equal to 50 ppm lay in the second
core “horizon” (1632 inches below ground surface), and 29 percent of the soil volume
contaminated with mercury at levels greater than or equal to 200 ppm lay in the second core
horizon. These analyses indicate that for the highest contaminated regions of the floodplain, the
Task 2 efforts to assign soil mercury concentrations to individual years are not reliable.

Given the uncertainties described above, in this public health assessment ATSDR decided to
evaluate the soil data without considering the Task 2 team’s method of assigning an estimated
timeframe of mercury deposition.

The Task 2 Model for Mercury Concentrations in Fish

Before 1970, fish downstream from the Y-12 plant were not collected and analyzed for mercury.
But the largest releases of mercury from the Y-12 plant to EFPC occurred during the 1950s and
early 1960s. For the years 1950-1990, the Task 2 team estimated average annual mercury
concentrations in fish from three bodies of water:

47 Some additional samples may have been collected in Scarboro, but ATSDR only identified 43 samples.
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e EFPC
e Poplar Creek (downstream of EFPC) and the Clinch River (downstream of Poplar Creek)
e Tennessee River/Watts Bar Reservoir (downstream of the Clinch River)

The Task 2 team estimated mercury doses from eating fish from EFPC for residents of the
Scarboro community and the EFPC floodplain farm family. The Task 2 team also estimated
mercury doses for people who ate fish from Poplar Creek/Clinch River and the Tennessee
River/Watts Bar Reservoir. Where the latter fish-eating populations lived was not identified;
people who fish in these waters come from all around the area.

The Task 2 team considered that if mercury concentrations in fish were proportional to mercury
concentrations reported in sediments, historic sediment data could be used to estimate past
mercury concentrations in fish. Task 2 therefore studied the relationship between mercury
concentrations in fish and mercury concentrations in surface sediment samples collected during
the 1970s and 1980s in EFPC, Poplar Creek, the Clinch River, and the Tennessee River (to Watts
Bar Dam). Fish data were compared with sediment data from samples collected near one another
in the water. Linear, semi-log, and log-log regression analyses were conducted of mercury
concentrations in bluegill sunfish and largemouth bass and compared to mercury concentrations
in sediment. The database for other fish species was too small to analyze and both bluegill
sunfish, and largemouth bass are resident sport species anglers commonly catch for eating.
Mercury concentrations in bluegill sunfish and largemouth bass correlated well with surface
sediment mercury concentrations using linear regression analysis.*® The mercury concentrations
in sediments that were co-located with fish samples ranged from 0.18 to 99 ppm (bluegill
sunfish) and 0.18 to 46 ppm (largemouth bass).

The general approach was to apply the regression equations for bluegill sunfish and largemouth
bass (developed from 1970s and 1980s fish and sediment data) to mercury concentrations in
sediment for the years 1950-1990, to estimate fish mercury concentrations for those years. Some
characteristics of the model the Task 2 team used to estimate mercury in fish are described
below.

e The sediment mercury concentrations used for these calculations were estimated from six
sediment core samples taken in the 1980s from EFPC, Poplar Creek, the Clinch River, and
the Tennessee River. The team assigned different years to different core depths based on an
analysis of mercury and cesium-137 in the sediment samples and estimates of the annual
quantities of mercury and cesium-137 released from the Y-12 plant. Concentrations of both
mercury and cesium-137 in sediment layers were assumed to be proportional to the annual
quantities of mercury and cesium-137 released from the Y-12 plant.

e To estimate the fish mercury concentrations, the Task 2 team used one core sample and one
surface sediment sample for fish from EFPC, three core samples from Poplar Creek and the
Clinch River, and two core samples from the Watts Bar Reservoir. The six sediment cores
analyzed to estimate past mercury concentrations in fish were collected from the following
six locations:

e New Hope Pond, in EFPC immediately downstream from the Y-12 plant,

* The squared correlation coefficients (%) for bluegill sunfish and largemouth bass were 0.69 and 0.66, respectively,
indicating a good correlation.
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e Poplar Creek near the confluence with EFPC,

e The Clinch River approximately midway between the confluence of Poplar Creek and the
confluence of the Clinch River with the Tennessee River,

e One mile up from the confluence of the Clinch River,

e Just past the confluence of the Clinch River in the Tennessee River, and

e FEight miles upstream of Watts Bar Dam in the Tennessee River (Watts Bar Reservoir).

Having generated the regression model, Task 2
dispensed with it when the sediment mercury
concentrations in core samples exceeded the regression
limits. Task 2 did not assume that the correlation
between fish and sediment mercury concentrations was
linear beyond the range of the data used in the
regression analysis. The Task 2 team, then, did not
apply the regression equations to sediment mercury
concentrations above 99 ppm. For years corresponding
to sediment layers whose mercury concentrations
exceeded those in the linear regression model (99
ppm), Task 2 used default fish mercury concentrations
from a fish study in 1971 from the St. Clair River and
Lake St. Clair in the Great Lakes region. This was the

During 1969, a chloralkali plant on the St. Clair
River discharged approximately 30 pounds of
elemental mercury per day to the river.

In 1970, sediment mercury concentrations of
up to 1,700 ppm were measured in the river. In
1971, mercury was analyzed in fish collected
in the river and further downstream in Lake St.
Clair.

From this study, the Task 2 team selected
mercury concentrations for past years (during
years of peak releases from the Y-12 plant)
from fish that were comparable species and
sizes to those in Poplar Creek and the Clinch
River (Wren 1996).

case for some layers of sediment in EFPC and Poplar Creek.

Task 2 Evaluation of EFPC Fish Concentrations

For EFPC, the Task 2 team examined a 1982 sediment core sample collected from the upper end
of EFPC in New Hope Pond, downstream of Y-12 buildings. For the lower end of EFPC, before
EFPC feeds into Poplar Creek, no core samples were taken, but a surface sediment sample was
collected in 1982. The Task 2 report noted that the surface sediment mercury concentration at the
lower end of EFPC was approximately 20 percent of the surface sediment mercury concentration
at New Hope Pond. The Task 2 team assumed that the historic sediment mercury concentrations
at the lower end of EFPC were 20 percent of those for the same years at New Hope Pond.

But the New Hope pond was dredged in 1973. The sediment core only included sediment as old
as 1973; any preexisting sediment was removed at that time. All the New Hope Pond mercury
concentrations in sediment between 1973 and 1982 exceeded the upper end of the sediment
concentrations used to generate the regression equations. And all of the fish concentrations at
New Hope Pond, including those before 1973, were default values from the St. Clair River/Lake
St. Clair study. The lower limit, mean, and upper limit fish concentrations that the Task 2 team
selected for fish in EFPC from the St. Clair River/Lake St. Clair study were 1, 1.7, and 4 ppm for
bluegill sunfish, and 2, 3.2, and 4.5 ppm for largemouth bass.

At the lower end of EFPC, the same default fish mercury concentrations from the St. Clair
River/Lake St. Clair study were used for the years between 1950 and 1964. The Task 2 team

assumed that sediment mercury concentrations exceeded the sediment regression limit values for
those years. Beginning in 1965, the Task 2 team reported that it applied the regression equations
to the estimated sediment concentrations to calculate fish mercury concentrations for the lower

end of EFPC. The Task 2 report, however, does not present the sediment mercury concentrations
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it used with the regression equations for those calculations. Information gaps mean data gaps in
certain periods.*’ After 1982 (after the date of the New Hope Pond core sample, for example),
the Task 2 team presumably used analytical data from fish collected in EFPC. But the report
does not describe what data it used or how it calculated fish mercury concentrations for those
later years.

The highest Task 2 estimated annual fish mercury concentrations in EFPC were for the years
from 1950 to 1964. The minimum, mean, and maximum average annual fish mercury
concentrations for those years were 1.5, 2.5, and 4.3 ppm, respectively. These values are the
averages of the default fish mercury concentrations from the St. Clair River/Lake St. Clair study
for bluegill sunfish and largemouth bass; they were not calculated using the regression equations.

Task 2 Evaluation of Poplar Creek/Clinch River and Tennessee River/Watts Bar Reservoir
Fish Concentrations

For the sediment core sample collected at the Poplar Creek location below the confluence of
EFPC, mercury concentrations in core sample layers corresponding to the years from 1956 to
1961 exceeded the maximum surface sediment mercury concentrations used to generate the
correlation equations.’® Again, Task 2 took default mean and maximum fish mercury
concentrations (3.3 and 7 ppm, respectively) from the St. Clair study. The same values were used
for both bluegill sunfish and largemouth bass.”' In other years and at sediment core sample
locations farther downstream, Task 2 used the regression equations to calculate fish mercury
concentrations.

The Task 2 team averaged together the estimated fish mercury concentrations at the locations of
the sediment core samples in each water segment. It also averaged together the estimated
mercury concentrations of the bluegill sunfish and largemouth bass.

The Task 2 team calculated 95 percent confidence intervals around the predicted mean fish
concentrations associated with sediment core mercury concentrations, using the regression
model’s estimated standard error. The averaging of mercury concentrations in fish from different
locations in a water segment, from two fish species, and the use of confidence intervals based on
the regression model resulted in three mercury concentrations (a minimum, a mean, and a
maximum) for each year (1950-1990) for each water segment.

Generally, the sediment mercury concentrations (and correlated fish mercury concentrations) the
Task 2 team used were higher closer to the Y-12 plant and decreased with distance downstream.
Table E-10 contains the mean fish mercury concentrations for each surface water segment for the
years 1950-1970.

* For example, if the sediment mercury concentrations at the lower end of EFPC were assumed to be 20 percent of
those in New Hope Pond, but the oldest sediment in New Hope Pond was from 1973, what sediment data were
used between 1965 and 19727

%% The upper Poplar Creek sediment mercury concentrations from 1956-1961 ranged between 156 and 460 ppm.

*! The Task 2 team used different values than those used for fish from EFPC.
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Table E-10. Estimated Annual Average Mercury Concentrations in Fish (1950-1970)

Year EFPC Poplar: Creek/Clinch Watts Bar Reservoir
(ppm) River (ppm) (ppm)
1950 25 1.1 0.13
1951 25 1.1 0.13
1952 25 1.1 0.16
1953 25 1.4 0.17
1954 25 1.2 0.19
1955 25 0.9 0.34
1956 25 22 0.52
1957 25 26 0.66
1958 25 25 0.74
1959 25 24 0.74
1960 25 22 0.52
1961 25 20 0.29
1962 2.5 1.9 0.29
1963 2.5 1.2 0.27
1964 25 0.97 0.25
1965 2.5 0.82 0.25
1966 2.5 0.73 0.23
1967 25 0.63 0.22
1968 24 0.52 0.22
1969 24 0.55 0.20
1970 24 0.58 0.19

Concentrations are based on fresh weight samples.
ppm:  parts per million

Task 2 Mercury Doses to Humans

The Task 2 team used the estimated fish mercury concentrations to calculate mercury doses for
past fish consumption.*” Table E-11 contains the mean fish ingestion rates that the Task 2 team
used in its dose calculations. The Task 2 team generated unspecified “custom” distributions of

childhood ingestion rates from the adult rates.

The Task 2 team calculated doses using a Monte Carlo simulation. This produces a central dose
value and lower and upper bound values corresponding to the 95 percent confidence interval
around the central value. The Task 2 team compared its estimated mercury doses to U.S.EPA

RfDs for ingestion of methylmercury.

32 Most of the mercury found in fish is methylmercury.
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Table E-11. Task 2 Average Fish Mercury Dose Ingestion Rates

. . . Ingestion Rate | Ingestion Rate
Population Location Body Size (@/d) )
Scarboro EFPC adult 1.2 2.6
Scarboro EFPC child 0.27 0.58
EFPC Floodplain Farm Family | EFPC adult 1.2 2.6
EFPC Floodplain Farm Family | EFPC child 0.27 0.58
Commercial Angler Poplar Creek/Clinch River | adult 2.2 4.7
Commercial Angler Poplar Creek/Clinch River | child 0.49 1.1
Recreational Angler Poplar Creek/Clinch River | adult 18 39
Recreational Angler Poplar Creek/Clinch River | child 4.0 8.6
Commercial Angler Watts Bar Reservoir adult 24 52
Commercial Angler Watts Bar Reservoir child 54 12
Recreational Angler Watts Bar Reservoir adult 30 64
Recreational Angler Watts Bar Reservoir child 6.7 14

Source: ChemRisk 1999a

g/d: grams per day

m/y:  meals per year

The adult ingestion rates are arithmetic means of lognormal distributions.
A fish meal is assumed to be approximately 6 ounces or 170 grams.

Using the ingestion rates presented in Table E-11, the Task 2 team determined that none of the
estimated methylmercury central dose values for Scarboro residents and the EFPC floodplain
farm family (adults or children) who ate fish from EFPC exceeded the RfD for methylmercury.
But at the upper bound end of the estimated dose range, all of the estimated doses for the same
two populations exceeded the RfD for all the years from 1950 through 1990.

For people who fished in Poplar Creek or the Clinch River, the central doses of recreational
fishers exceeded the RfD for methylmercury for the years from 1950 through 1964. For Watts
Bar Reservoir (Tennessee River) fishers, the central dose value for methylmercury exceeded the
RfD for 1957, 1958, and 1959 only.

At the high end of the dose range (the 97.5 percentile doses), all the Task 2 report estimated
doses to recreational anglers who fished in Poplar Creek/Clinch River and both recreational and
commercial anglers who fished in Watts Bar Reservoir exceeded the RfD. The upper bound

estimated doses to commercial anglers who fished in Poplar Creek/Clinch River exceeded the
RfD from 1950 through 1967.

Discussion

The sediment core samples were used to estimate mercury concentrations in fish. These values
were generally spread out across the upper and lower ends of each water segment between EFPC
and Watts Bar Dam. The small sample size, however, may not adequately represent the past
sediment mercury concentrations (and correlated fish tissue concentrations) in the surface water
segments downstream from the Y-12 plant: only three core samples were used in the Task 2
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model to represent nearly 12 miles of Poplar Creek and the Clinch River. Only two core samples
were used to represent approximately 30 miles of the Tennessee River.

Mercury in the EFPC floodplain soil is not distributed evenly. Nor is it simply deposited in
quantities inversely proportional to distance from the Y-12 plant. Sediment is often mobile in
these surface stream beds. Numerous regions of the stream beds have no apparent sediment
accumulation at all. Even in places where sediment accumulates, it may be subject to significant
agitation and dispersion. No core sediment samples were found to be co-located with surface
sediment samples; thus, evaluating the consistency in mercury measurements between the two
types of samples was not possible. In addition, no independent means were available to judge
how representative the core sample layers are of surface sediment mercury concentrations across
the miles of creeks and rivers in past years.

The Task 2 team used default mercury concentrations for fish in EFPC and Poplar Creek in some
years; published studies suggested limits to the amounts of mercury that fish can bioaccumulate.
The Task 2 team listed three laboratory studies that indicate mercury body burdens ranging
between 10 and 20 ppm are lethal to rainbow trout. Yet the relevance of those studies to fish in
EFPC in the 1950s is questionable.™

The St. Clair River and Lake St. Clair studies of mercury in fish suggest limits to the amounts of
mercury that bluegill sunfish and largemouth bass accumulate. The water environments in those
studies, however, may have been dissimilar to EFPC in ways that affected available fish diets,
methylmercury production, and the fish accumulation of mercury. Many hazardous substances
(such as industrial cleaning chemicals) were released in large quantities to EFPC during the
earlier decades of the Y-12 plant operations. These releases likely contributed to poor aquatic
health and to smaller numbers of fish and smaller sized fish in EFPC than in later years. The St.
Clair studies included similar sizes and species of fish (bluegill sunfish and largemouth bass) as
those analyzed in EFPC. But different conditions may have obtained (more aquatic tropic layers,
for example) in the St. Clair studies that affected the bioaccumulation of mercury differently than
in EFPC. Moreover, the maximum mercury concentrations in sediments reported from the St.
Clair studies (up to 1,700 ppm) were about one-half the maximum mercury concentrations
measured in the EFPC floodplain soils (3,420 ppm). ATSDR does not have sufficient
information to determine whether the St. Clair mercury concentrations in fish are good
surrogates for those in EFPC and Poplar Creek during the 1950s and 1960s. Consequently,
ATSDR thinks the fish mercury concentrations, which the Task 2 team adopted for the mercury
dose reconstruction, do not reflect adequately the level of uncertainty associated with these data.

In summary, ATSDR believes the Task 2 team relied on fewer sediment core samples than
needed to estimate adequately past mercury concentrations in sediment, And consequently, to
provide reliable estimates of fish tissue concentrations from these water bodies. The applicability
of the St. Clair data is unknown and need to be explored further before data from this study can
be used with confidence.

33 For example, in the trout studies, mercuric chloride was put into the water, whereas elemental mercury and
mercuric nitrate were released from the Y-12 plant into EFPC.
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Task 2 Vegetation Model for Mercury Concentrations

The Task 2 team calculated deposition of mercury from the air to above-ground vegetation. Total
deposition was calculated by adding the amount deposited during dry conditions to the amount
deposited during wet conditions.

e The dry deposition component of the equation takes the total dry deposition velocity and
accounts for the amount retained by the vegetation in relation to the mass of the vegetation.

e The wet deposition component of the equation takes into account climatological conditions.
This component requires additional parameters to calculate wet deposition velocity,
specifically the washout ratio and the average annual precipitation rate.

The dry and wet deposition components are then added together to calculate the total deposition
from the air onto vegetation.

ATSDR’s Technical Review

ATSDR’s technical reviewers commented that the Task 2 report’s assumptions in estimating air
to plant mercury transfer appeared reasonable. One reviewer, however, criticized the report for
combining the distinct issues of mercury deposition on plants and mercury absorption by plants.
Another reviewer commented that the report had probably slightly overestimated the deposition
of mercury on fruits and fruiting vegetables. He pointed out the following:

e The analysis treats mercury deposition as a function of mass, rather than surface area.
Because fruits and fruiting vegetables (peppers, tomatoes, squash, for example) have lower
surface area-to-mass ratios, the report’s analysis probably exaggerated the degree of mercury
accumulation.

e Estimating mercury in plant fruits and stems based on deposition is likely an overestimate;
mercury is unlikely to be translocated within the plant.

e The analysis assumes that airborne Hg® deposited on plant surfaces is completely oxidized to
Hg ™. Because this process is gradual, however, a portion of the Hg® deposited onto plant
surfaces is lost due to revolatilization.

e The analysis assumes that the mercury ingested in aboveground fruits and vegetables is Hg 2,
however a portion of this is Hg®, which has a low absorption rate in the gastrointestinal tract.

e The use of mass interception factors for small aerosols, mists, and gases may overestimate
the accumulation of mercury in vegetation depending on the aerosols/mists/gases used to
determine the factors. Hg® is relatively insoluble, and will likely stay near the air (that is, the
surface).

A third technical reviewer commented on the huge uncertainty in the calculations of mercury
transfer to vegetation. Still, he noted that the estimates are probably adequate to assess their
contribution to the overall exposure of persons. The fourth technical reviewer noted several
uncertain components in the calculation of air concentrations and deposition to vegetation. To
remove some of the uncertainty, he suggested the required data could be obtained by a field
study or a wind-tunnel (environmental chamber) study.
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Discussion

Task 2’s approach seems reasonable. It might even be the best estimate available. But how
accurately this model represents actual exposures from 50 years ago is unclear. The key
parameters with the greatest apparent influence on the estimated concentration (air concentration,
weathering rate of vegetables, fraction of mercury remaining after washing, and the
bioavailability factor, for example) are either 1) highly uncertain, 2) taken from literature relating
to radionuclides in plants, or 3) based on professional judgment. Given these observations, to
determine what the estimated numbers truly mean is difficult. Using past ATSDR modeling
experience, estimating historical air concentrations is a challenge. And estimating plant tissue
concentrations that result from air concentrations adds an entire level of complexity, as well as
uncertainty.
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Appendix F. Evaluation of Mercury Emissions from Selected Electricity
Generating Facilities

-MEMORANDUM -

DATE: June 15, 2005

T0: Jack Hanley and Bill Taylor, ATSDR

FROM: John Wilhelmi, ERG

RE: Oak Ridge Reservation: Evaluation of Mercury Emissions from Selected

Electricity Generating Facilities

This memo presents ERG’s evaluation of past air emissions of mercury from electricity
generating facilities near the Oak Ridge Reservation, such that ATSDR has context for
evaluating past inhalation exposures to mercury in the vicinity of Oak Ridge. ERG used two
different analyses to comment on this matter. First, for qualitative insights on air quality impacts
from electricity generating facilities, this memo presents a brief review of EPA’s 1997 “Mercury
Study Report to Congress” (EPA 1997). Second, the memo presents quantitative estimates of air
quality impacts from an electricity generating facility operated by the Tennessee Valley
Authority (TVA). The memo concludes with summary statements based on the two different
types of analyses. Citations for all references are presented at the end of the memo.

Review of EPA’s 1997 “Mercury Study Report to Congress.” For general insights into
potential mercury air quality impacts from power plants, ERG first reviewed EPA’s 1997
“Mercury Study Report to Congress” (EPA 1997)—an extensive overview of the environmental
and health impacts associated with environmental releases of mercury. The following paragraphs
summarize key statements from this report, specifically those that pertain to coal-fired power
plants. No references are provided in this section, as all information was taken from the EPA
report (EPA 1997).

e Emissions. The EPA report includes a detailed inventory of anthropogenic emissions sources
of mercury for a 1994-1995 baseline. The report acknowledges that significant amounts of
mercury are also released from non-anthropogenic sources, including natural sources (e.g.,
volcanoes) and sources that “re-emit” mercury to the environment after it deposits from the air
(e.g., volatilization from oceans, soils, and other media).

The inventory of anthropogenic sources considers more than 30 different source categories,
including electricity generating facilities, incinerators, chlor-alkali facilities, mobile sources,
and numerous others. Emissions from coal-fired boilers, which ranked highest of all these
source categories, were estimated to account for 33 percent of the total nationwide mercury air
emissions from anthropogenic sources. Emissions estimates for these power plants were
computed from multiple input parameters, including coal throughput, average concentration of
mercury in coal, and mercury reductions attributed to coal cleaning and air pollution controls.
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Mercury emitted from these sources can be found in different chemical forms (elemental and
compounds) and different physical forms (vapor phase and particle-bound), and the speciation
of mercury emissions significantly affects fate and transport properties, as described below.
Mercury species emitted from coal-fired power plants reportedly vary with coal type, boiler
design, and operating conditions. The EPA report presents limited data on speciation for these
sources, but suggests the following mercury speciation for air emissions from coal-fired power
plants: 50 percent as elemental mercury vapor, 30 percent as divalent mercury vapor, and 20
percent as particle-bound mercury.

Fate and transport. Though the EPA report includes an extensive multi-media fate and
transport analysis of local, regional, and global mercury cycling, this memo focuses on
conclusions that pertain to atmospheric transport on local scales (i.e., less than 50 km from the
emissions source). On these local scales, the report repeatedly emphasizes that fate and
transport behavior of mercury depends largely on its chemical and physical state.

On the one hand, elemental mercury vapor can remain airborne for roughly 1 year and
transport thousands of miles from emissions sources. The primary removal mechanisms for
the mercury vapor are deposition, chemical conversion to mercury compounds, and uptake
and retention by plants. However, such mechanisms appear to have fairly slow kinetics, as
EPA modeling results suggest that only a small percentage (<5 percent) of mercury vapor
emissions deposits to the surface within 50 km of a coal-fired plant. Because of this, elemental
mercury vapor typically accounts for the majority of total airborne mercury (see next section).

On the other hand, airborne mercury compounds (divalent mercury) and particle-bound
mercury have estimated residence times in the atmosphere of a few days or less. These forms
of mercury are more readily removed from the atmosphere by both dry and wet deposition
processes. Therefore, these forms of mercury account for smaller percentages of total airborne
mercury.

Ambient air concentrations. According to several environmental monitoring studies, elevated
mercury concentrations in multiple environmental media have been measured around large
mercury emissions sources. However, no comprehensive monitoring data are available to
quantify the exact extent to which various emissions sources contribute to measured air
concentrations. Qualitatively, ambient air concentrations of mercury at any given location will
depend on the locations of nearby sources, the amounts and species of mercury emitted, and
local meteorological conditions.

EPA’s report includes a brief review of several ambient air monitoring studies published in
the 1990s. In all studies and monitoring locations considered, average concentrations of total
airborne mercury were less than 50 ng/m*>—EPA’s Reference Concentration (RfC) for
mercury. Moreover, the monitoring results clearly showed that most airborne mercury is in the
form of mercury vapor: average air concentrations of mercury vapor were consistently at least
20 times greater than corresponding average concentrations of particulate-bound mercury.

EPA’s report also presents monitoring data from a single study designed to characterize
mercury air quality impacts from a coal-fired power plant. That study reported no significant
differences between particulate-bound mercury concentrations measured 5 km upwind and 5
km downwind from the source of concern; no information was provided on whether the study
considered vapor phase concentrations.
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In addition to summarizing measured concentrations, EPA’s report presents estimated
concentrations based on dispersion modeling analysis. Of particular interest, EPA evaluated
air quality impacts from a generic “large coal-fired power plant” (i.e., a plant with 975
Megawatt capacity that emits 230 kg of mercury to the air per year). Using typical stack
parameters and mercury speciation data, the modeling predicted that ground-level ambient air
concentrations of mercury at distances 2.5 km, 10 km, and 25 km from the generic power
plant would be less than 1.7 ng/m’—the background concentration attributed to natural
sources and re-emitted mercury. Thus, the incremental air quality impacts from large coal-
fired power plants were estimated to be essentially negligible in comparison to EPA’s RfC.

o FExposure and risk. The EPA report repeatedly emphasizes that, nationwide, exposure to
mercury is dominated by the fish ingestion pathway. This conclusion was based on estimated
exposures for numerous scenarios, including evaluations of exposures in the vicinity of coal-
fired power plants. Chlor-alkali plants were the only industrial source category predicted to
cause notable exposures via the inhalation pathway. Although EPA’s report does not provide
quantitative risk or hazard estimates, the modeling results clearly show that the estimated air
quality impacts from the generic coal-fired power plant were below appropriate health
benchmarks.

Screening Modeling Analysis. To supplement the general information available from EPA’s
“Mercury Study Report to Congress,” ERG conducted a screening dispersion modeling analysis
to examine potential air quality impacts from the Tennessee Valley Authority (TVA) Kingston
Fossil Plant.”* Construction of this facility was completed in 1955 and operations continue today.
The facility currently consumes approximately 14,000 tons of coal per day and has a winter net
generating capacity of 1,456 Megawatts (TVA 2005). Thus, current operations appear to be
slightly larger than those considered in EPA’s modeling efforts of a “large coal-fired power
plant.” Information on coal usage data for earlier years is not available.

The purpose of the screening analysis was to estimate coal usage rates at the Kingston Fossil
Plant that might be expected to cause elevated air quality impacts in the immediate vicinity of the
Y-12 Plant, located more than 25 km away. ERG used a screening model (SCREEN3) to
estimate air quality impacts based on the following release parameters:

Stack height = 100 feet (30.5 meters)

Stack diameter = 15 feet (4.6 meters)

Stack exit velocity = 70 feet/second (21.3 meters/second)

Stack exit temperature = 270 degrees Fahrenheit (405 degrees Kelvin)

With one exception, these release parameters were estimated from recent data that the
Department of Energy compiled on electricity generating facilities across the country.” As the
exception, the stack height was set artificially low to reflect the approximate stack heights at the

** ERG did not evaluate air quality impacts from the Bull Run Plant, because construction of that facility was not
completed until 1967, which is several years after the time frame of interest for ATSDR’s evaluation of mercury
issues.

> ERG ran sensitivity analyses on the model to assess the impacts of uncertainty in the input parameters. Lower
stack heights, lower exit velocities, and lower exit temperatures would all lead to higher estimates of air quality
impacts, but the modeling analysis was not unusually sensitive to any of these parameters. For instance, a 10%
decrease in stack height resulted in only a 5% increase in estimated air concentrations at the receptors of interest.
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Kingston Fossil Plant during the time when the Y-12 facility released considerable quantities of
mercury. Several additional assumptions were programmed into the model:

e ERG assumed that all mercury in the coal burned at the Kingston Fossil Plant became
airborne, with none collected by pollution controls, removed in coal cleaning processes, or
sequestered in ash. This assumption should serve to overstate actual air quality impacts.

e ERG assumed that all mercury is released as elemental vapor and remains airborne throughout
the modeling domain. By not considering deposition, this assumption causes the model to
overstate the amounts of mercury in air and available for human exposure.

e ERG assumed that annual average concentrations of mercury near Y-12 are 8 percent of the
maximum hourly average concentrations. This factor is documented in EPA guidance for
screening analyses (EPA 1992) and is used to extrapolate the 1-hour maximum levels in the
SCREEN3 outputs to longer averaging times. According to EPA, “a degree of conservatism is
incorporated in the factor to provide reasonable assurance that maximum concentrations...will
not be underestimated” (EPA 1992). ERG further notes that the factor will tend to overstate
long-term air quality impacts with increased distance from the emissions source. Thus, ERG
has reason to believe that using this factor could considerably overstate air quality impacts.

e ERG assumed no complex terrain separates the Kingston Fossil Plant and the Y-12 Plant. In
reality, several small ridges separate these two areas, and these ridges would likely inhibit
atmospheric transport of the Kingston Fossil Plant’s emissions toward the Y-12 area. By not
considering these terrain features, the screening analysis likely overstates the potential air
quality impacts in the vicinity of Y-12.

e ERG used data from a recent EPA guidance document on estimating air emissions from
electricity generating facilities (EPA 2000) for a default concentration of mercury in coal.
That document lists typical mercury concentrations for coal mined in different states across
the country. ERG used the highest mercury composition in the entire document (0.42 ppm by
weight) in the calculations of air quality impacts. While using the highest mercury
composition figure is likely another conservative assumption, ERG acknowledges that the
mercury content of coal in specific mining areas might exceed the highest statewide average
used in this analysis. The screening analysis can be further refined if TVA were to provide
composition data for the coal that was previously used at the Kingston Fossil Plant.

Based on the aforementioned input parameters and assumptions, the SCREEN3 model outputs
predict that ambient air concentrations of mercury near Y-12 likely would not have exceeded the
RfC (0.05 pg/m’) unless the Kingston Fossil Plant was burning nearly 275,000 tons of coal per
day. For reference, this coal throughput is approximately 20 times greater than the current coal
usage rates and almost undoubtedly exceeds the processing capacity of the facility. In other
words, even when considering the combination of multiple assumptions that likely overstate air
quality impacts, it seems exceedingly unlikely that air emissions from the Kingston Fossil Plant
could have caused ambient air concentrations near the Y-12 Plant to approach health
benchmarks.

ERG acknowledges that this screening analysis has inherent limitations and uncertainties. Most
notably, the analysis only estimates air quality impacts, which may not adequately represent
actual conditions. However, the approach of including multiple conservative assumptions (i.e.,
assigning highly uncertain inputs values that are known to overstate air quality impacts) provides
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some confidence that this analysis does not underestimate actual air concentrations. Additionally,
the sensitivity analysis provides further confidence that the modeling outputs are not strongly
dependent on the stack parameters that were chosen as model inputs. There are several
opportunities for reducing model uncertainty. These include, but are not limited to, obtaining
site-specific data on actual coal usage for the time frame of interest, obtaining data on the typical
mercury content of the coal that was burned, or using a refined dispersion model. However, the
results of this screening analysis suggest that additional modeling for this issue might not be
necessary.

Conclusions and Recommendations. The following summary statements are supported by the
analyses presented earlier in this memo:

e EPA’s “Mercury Study Report to Congress” suggests that emissions from coal-fired power
plants have extremely limited incremental effects on ground-level air quality. The modeling
analyses EPA conducted on a hypothetical coal-fired power plant found essentially no
ground-level impacts at locations 2.5 km, 10 km, and 25 km downwind.

¢ Consistent with these general findings, ERG’s screening modeling analysis showed that past
mercury emissions from the TVA Kingston Fossil Plant almost certainly did not have
substantial air quality impacts (i.e., concentrations approaching the RfC) near the Y-12 Plant,
even when considering a series of health-protective assumptions.
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Appendix G. Past Exposure Pathway Parameters
Surface Water Ingestion

As far as ATSDR has been able to determine, East Fork Poplar Creek (EFPC) water has not been
used as a primary source of drinking water since the time the Y-12 plant was built in the early
1940s. ATSDR’s exposure pathway evaluation of mercury in EFPC water thus includes only
incidental ingestion and dermal contact with the water.

ATSDR has sufficient anecdotal information that children played and swam in EFPC. For
example, several people told ATSDR that they did so as children, or they knew children who did.
ATSDR also knows of adults who waded through the creek for various reasons and on occasion
possibly fell into the creek. Some people washed their horses in EFPC. ATSDR knows, with less
certainty, how many children and adults played or swam in the creek, how often they did, how
much the children weighed, who played in the creek, and how much water they swallowed when
they played in the creek. These exposure parameters are based on a series of assumptions, as
described below.

e Body Weight (BW): The mean weight of an 8-year-old child is 28.1 kg (EPA 1997). The body
weight could have been lower, but ATSDR thought the chances were less likely that such a
small child would be playing in EFPC.

e [ntake Rate (IR): ATSDR knows that children get water in their mouths when they swim.
ATSDR assumed that children who swam inadvertently swallowed 0.15 liters of water each
day they were in the creek (EPA 1997). ATSDR surmises that children old enough to play in
the creek knew not to swallow the water intentionally, but that children inadvertently do
swallow water is well known.

o Exposure Frequency (EF): ATSDR assumed a child could have played in the water for up to
2 weeks (for acute exposures) or intermittently for 75 days over )
the course of a year (for intermediate-duration exposures). SR e
. . exposures, the dose is
ATSDR selected 75 days for intermittent exposures as follows: calculated from an average
first, Oak Ridge receives an average of 60 inches of rain or snow of mercury concentrations
(combined) per year. Therefore, ATSDR estimated that children over a calendar quarter. For
did not play outside for approximately 3 months during the year acute exposures, the dose is
because of wet weather. ATSDR also assumed that another 3 calculated from (higher)
Sy - average weekly water
months were too cold to play outside in the creek. In the mercury concentrations.
remaining 6 months, during 3 of those months children might
have played outside 15 days per month, and for the remaining 3 months they might have
played outside 10 days per month. In this estimate, the total number of days a child played
outside, and in EFPC, was 75 days. This means that a child played in EFPC 20 percent of the
days of the year (75 days + 365 days = 0.2), which ATSDR considers a conservative
estimate.
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Summary of Assumptions Implemented for Analysis of the Water Exposure Pathway

To determine how much of the mercury released to PTEEERe B s B el
EFPC was elemental mercury was not possible. No Exposure Assumptions for the Surface
reliable information provides the dates or quantities Water Ingestion Pathway

of elemental mercury disposed of in EFPC. One = A child weighing 28.1 kg swam or played in
suggestion is that the amount of elemental mercury EFPC for as many as 75 days a year, and
increased after mercury spills occurred. Elemental accidentally swallowed 0.15 liters of water

from the creek each day he or she played in
the creek.

= The child played in the creek daily, for up to

mercury is measurable in water, but it has a very
low solubility (0.056 mg/L at 25° C). Elemental

mercury is also very bio-unavailable. Thus two weeks, on some occasions (for acute
ATSDR’s calculations assumed that 100 percent of exposures); and intermittently for 75 days
the inorganic mercury in water behaved like the during a year at other times (for longer-
ionic forms of inorganic mercury, such as mercuric duration exposures).

nitrate. This was a conservative assumption— = The mercury in the water was 100 percent

inorganic mercury when inorganic mercury
doses were calculated.

= 100 percent of the methylmercury in the

mercuric nitrate is one of the most bioavailable
forms of mercury.

The portion of methylmercury in EFPC during the water is bioavailable and 60 percent of the
1950s and 1960s was less than 1 percent of the total g}g;%zri'l:brlgemury in the water is

mercury. For the purposes of calculating doses to
methylmercury, ATSDR assumed that the portion
of methylmercury was equal to 0.3 percent of the Q ,

. . = Quarterly water mercury concentrations
total mercury concentration. This percent was the were used to evaluate longer-duration
highest measured concentration of methylmercury exposures.
found in the scientific literature. For the purposes
of calculating exposure doses to inorganic mercury in water, ATSDR assumed that 100
percent of the mercury in the water samples was inorganic mercury. These were conservative
assumptions; the methylmercury portion was likely less than 0.3 percent.

= Weekly water mercury concentrations were
used to evaluate acute exposures.

ATSDR hypothesized that there was a loss of mercury to sediment and air between its source
at the Y-12 plant and the nearest property off site where children could have played. How
much mercury was lost to sediment and air is not known, but because that distance is
relatively short, we assumed the amount of mercury lost was insignificant. The values of the
reported mercury concentrations due to loss of mercury from the water thus were not
reduced. This was a conservative assumption—some mercury was in fact lost to sediment
and air.

ATSDR surmised that some mercury in the water remained dissolved. And that some
mercury precipitated and was bound to other inorganic or organic species. Mercuric sulfide
for example was present in the soils. To assume that mercuric sulfide formed in the water
was reasonable. But how much inorganic mercury was fully dissolved and how much was
not dissolved was not known. Thus we made no specific assumption concerning the
proportion of dissolved and undissolved inorganic mercury in water; it doesn’t help to
identify the amount of mercury that was bioavailable. We did not suggest that the distribution
of bioavailable and biounavailable inorganic mercury necessarily was in the same proportion
as the distribution of dissolved and undissolved mercury in water. We knew that fully
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dissolved mercuric chloride was not 100 percent bioavailable. At the same time, precipitated
or bound mercury could become dissolved and bioavailable in the stomach.

ATSDR assumed that the relative bioavailability of inorganic mercury in EFPC in the 1950s
was 60 percent. This value was calculated from the reported bioavailability of mercuric
nitrate (15 percent) divided by the reported upper range of the
bioavailability of mercuric chloride in adult mice (25 percent). This

No sufficient data are
available to estimate

assumption is equivalent to assuming that the mercury in the water in the bioavailability of
EFPC is absorbed into the bloodstream to the same extent as mercuric inorganic mercury in
nitrate. This is likely a conservative assumption—it does not consider EFPC during the

that some of the mercury was lost from the water and some might have | 1990s.

been less bioavailable than was mercuric nitrate.

Although the relative bioavailability factor is highly uncertain and variable, ATSDR’s
conclusion is not strongly dependent on the choice of bioavailability factors. A higher relative

bioavailability factor means more data (more weeks) are available

Mercury Water Exposure
Pathway Data Assessment
Limitations

= Missing data prior to 1956
= Analytical methods for

when the mercury concentrations exceeded the acute oral inorganic
mercury MRL; a lower relative bioavailability factor means fewer
weeks when the data exceeded the MRL. Using a relative
bioavailability factor of 60 percent (ATSDR’s choice), weekly

measuring mercury were no | concentrations that exceed the MRL are available during the years

better than + 40 percent 1956, 1957, and 1958. If the relative bioavailability factor is lowered
Not known how much to 40 percent, only weekly data during 1957 and 1958 exceed the
mercury was lost to MRL. Only at a relative bioavailability below 11 percent would all

sediment and air

No real good sense of the
relative bioavailability of
mercury in EFPC water

of the weekly mercury concentrations fall below the acute oral
MRL. But no compelling evidence suggests reducing the relative
bioavailability below 11 percent, which is an absolute bioavailability
for inorganic mercury of less than 3 percent.

Results

Using all of the above-mentioned assumptions, ATSDR calculated mercury doses and made the
following observations:

The calculated short-term inorganic mercury doses from ingestion of water from EFPC
between May and September were above the ATSDR acute oral inorganic mercury MRL in
1956, 1957, and 1958, but not in other years.

The calculated longer-duration inorganic mercury doses were below the ATSDR intermediate
oral inorganic mercury MRL for all years.

The calculated methylmercury doses were below the ATSDR chronic oral methylmercury
MRL for all years.

Soil-Sediment Ingestion

ATSDR considered two types of mercury in the soil—inorganic mercury and methylmercury.
The mercury in EFPC floodplain soil and sediment is primarily inorganic mercury, but a small
amount is methylmercury. Methylmercury is slowly formed in sediment and soils by bacteria or
fungi which attach methyl groups to inorganic mercury. Conditions which favor the conversion
of inorganic mercury to methylmercury are not well understood. Measurements of

G-3



(ATSDR

methylmercury in soil from the EFPC floodplain range from 0.0008 to 0.0044 percent of the total
mercury in the soil (SAIC 1994c). When considering the inorganic mercury exposures, ATSDR
assumed that the data (representing total mercury) is 100 percent inorganic mercury; and when

considering methylmercury exposures, ATSDR assumed that 0.0044 percent of the total mercury
is methylmercury.

The EFPC RI data are presented as composite samples using the average mercury concentrations
in 12-inch, 16-inch, or 24-inch cores. If the mercury in a 16-inch core sample (for example) is
entirely localized in a 3-inch layer and the remainder of the core soil is clean, then the average
mercury concentration in that 3-inch layer before being composited (i.e., mixed and blended
together) will theoretically be 5.3 times higher than the mercury concentration in the entire core
after being mixed and reported as a composite (i.e., 16 inches + 3 inches = 5.3). Multiplying the
average core concentration times the multiplier (5.3) results in the theoretical maximum mercury
concentration for a 3-inch layer. ATSDR calculated the theoretical maximum mercury
concentrations for 3-inch layers for all the EFPC RI soil core data in this way.® The results of
these calculations are referred to as the “adjusted” RI data.

Specific mercury concentrations that ATSDR used in the calculations are discussed below:

Intake Rate (IR): Experimental studies have
reported soil intake rates for children range
from approximately 40 to 270 milligrams per
day (mg/day) with 100 mg/day representing
the best estimate of the average intake rate.
There are very few data on soil ingestion by
adults, but limited experimental studies
suggest a soil intake rate in adults of up to 100
mg/day, with an average intake of 50 mg/day
(EPA 1997). ATSDR used soil intake rates of
100 mg/day for adults and 200 mg/day for
children.

Young children (6 years old and younger)
occasionally exhibit soil-pica behavior which
is typically characterized by soil intake rates
between 1,000 and 5,000 mg/day. These
children intentionally eat soil and ingestion in
these cases is not accidental. Occurrence of
soil-pica behavior is rare (less than 1 percent
of young children in the U.S. population) but

Soil Ingestion Exposure Dose Equation
D=(CxIRxAF x EF x CF)/BW
Where,

D = exposure dose (mg/kg/day)

C = mercury concentration (mg/kg/day)

IR = intake rate of contaminated soil (mg/day)
AF = bioavailability factor (unitless)

EF = exposure factor (unitless)

CF = conversion factor (106 kg/mg)

BW = body weight (kg)

Dermal Contact with Soil Exposure Dose Equation
D=(CxAxAFxEF x CF)/BW
Where,

D = exposure dose (mg/kg/day)

C = mercury concentration (mg/kg)
A = soil adhered (mg/day)

AF = bioavailability factor (unitless)
EF = exposure factor (unitless)

CF = conversion factor (106 kg/mg)
BW = body weight (kg)

rates vary widely. Soil-pica behavior is influenced by the child’s nutritional status and the
quality of child care and supervision. ATSDR does not know whether soil-pica behavior
occurred among children living near the EFPC floodplain. However, if it did occur, it
represents a worst-case intake rate. Pica behavior is considered under acute exposures.
ATSDR assumed an intake rate of 5,000 mg/day for children who exhibit soil-pica behavior.
This rate is 25 times higher than our default intake rate for children and may lead to adverse

5 Different core lengths have different multipliers: 3.3 for 10-inch cores, 4 for 1-foot cores, 8 for 2-foot cores, and

5.3 for 16-inch cores.
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health effects at soil mercury concentrations 25 times lower than those concentrations which
cause effects in children who ingest soil incidentally. ATSDR did not consider pica-soil
behavior further in this report.

o Soil Adhered (A): There are few studies available which provide consistent and reliable
information regarding the amount of soil that adheres to the skin. ATSDR used U.S.EPA
default values for the total amount of soil that adheres to the skin. These values are based on
estimates of the exposed body surface area for people in different age groups. For children
the value is 525 milligrams (mg) and for adults the value is 326 mg of soil (ATSDR 2005;
EPA 1997, 2001).

e Bioavailability (AF): When a person swallows mercury-contaminated soil or gets it on his or
her skin, not all of the mercury is absorbed into the body. Some mercury remains with the
soil and passes through the gastrointestinal tract and is eliminated in the feces. Similarly,
when mercury-contaminated soil adheres to the skin, not all the mercury in the soil is
absorbed through the skin. The fraction or percent of mercury in the soil absorbed into the
blood is called the mercury bioavailability.

Revis et al. (1989) reported that EFPC floodplain soils contain 84-98 percent mercuric
sulfide, an insoluble salt. Although mercuric sulfide is very insoluble in water,’” studies
comparing it with mercuric chloride show that its bioavailability is greater than is predicted
from water solubility alone. In one mouse study, the kidney deposition of mercury was
approximately 30—60 times lower in mice exposed to mercuric sulfide as compared with
mice exposed to mercuric chloride. This study does not provide a measure of bioavailability,
but it does show that mercuric sulfide is absorbed from the gastrointestinal tract at a
measurable extent (Schoof and Nielsen 1997). From this and other studies, the bioavailability
of mercuric sulfide is known to be considerably lower than mercuric chloride, although
studies to measure its specific bioavailability have not been identified in the scientific
literature (ATSDR 1999).

In the early 1990s, Sheppard et al. (1995) studied heavy metals in soils and reported that the
bioavailability of mercury in soil-amended diets in laboratory mice was 44 percent of that in
diets consisting of feed alone. This means that independent of other factors, the soil matrix
by itself will decrease the bioavailability of ingested inorganic mercury. ATSDR used this
figure (0.4) in the dose estimates to reflect the fact that we are considering ingestion of
mercury-contaminated soil and not mercury dissolved in water, as given to laboratory
animals in the studies used to derive the MRLs, for example.

The highest oral bioavailability reported in the scientific literature for any inorganic mercury
species is 38 percent for mercuric chloride administered in water to week-old suckling
laboratory mice; for adult mice the figure is 25 percent (Kostial et al. 1978). Due to the soil
matrix, ATSDR assumed the oral bioavailability of inorganic mercury in soil was 40 percent
of these figures, or 15 percent and 10 percent for children and adults, respectively. ATSDR
recognizes that these oral bioavailability factors are very likely conservative because they do
not necessarily account for the diversity of mercury species in EFPC floodplain soil, most of
which may be less bioavailable than mercuric chloride. But no sufficient evidence establishes
a lower bioavailability factor.

> The solubility product constant (K,p) for HgS at 25°C is 2E-53.
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In contrast to inorganic mercury, methylmercury seems to be nearly completely absorbed (95
percent) following ingestion (Miettinen 1973). There is no evidence that a soil matrix inhibits
the absorption of methylmercury from the gut; therefore, ATSDR assumed that
methylmercury is 95 percent bioavailable, if ingested.

In contrast to oral bioavailability of mercury in soil, no quantitative data describe the dermal
bioavailability of mercury in soil. ATSDR thus assumed the dermal bioavailabilities of
inorganic mercury and organic mercury in soil are the same as the oral bioavailabilities.

Exposure Factor (EF): ATSDR considered both acute exposure (1-14 days) and
intermediate duration exposure (15-364 days in a year). For acute exposure, only exposures
to soil or sediment with very high mercury concentrations were considered because humans
can eliminate mercury before harm occurs, if the exposures are not too high or too frequent.
Exposures of intermediate duration may involve soil from a variety of locations and with a
range of mercury concentrations. ATSDR calculations for intermediate exposures included
average soil mercury concentrations from multiple groupings of data.

The exposure factor expresses how often or how long a person is exposed to a contaminated
medium. For a short-term or acute exposure, the exposure factor is 1. This indicates that for
the duration of the exposure, a person is exposed continuously or daily. For intermediate- and
long-term exposures, however, ATSDR calculates an average exposure over the duration that
exposures occur. In the case of ingesting soil or sediment, exposures might have occurred
over several years, but not necessarily in consecutive days. ATSDR assumed that exposure to
soil or sediment does not occur every day of the year, but rather is largely dependent on
season and weather conditions. An exposure factor of 90 days a year (or one-quarter year)
was used as the maximum number of days in a year a person was exposed to mercury-
contaminated soil from the EFPC floodplain.

Body Weight (BW): ATSDR assumed a body weight of 70 kg (154 pounds) for adults and
28.1 kg (62 pounds) for children. Sometimes, ATSDR and U.S.EPA assume higher weights
than these values, but these are more conservative. Smaller body weights in the exposure
dose equations result in higher mercury doses when all other parameters are the same.

Results

Table G-1 contains the soil and sediment dose calculations for acute, intermediate, and chronic
exposure. The lowest concentration that results in doses above ATSDR’s oral mercury MRL is
2,400 ppm.
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(ATSDR

Consumption of Fish

The only significant human exposure pathway to methylmercury in fish is ingestion of fish.
Estimates of mercury exposure are based on a series of assumptions that account for how much

mercury is in the fish, how much fish people eat, and how
much mercury that is swallowed is absorbed into the
bloodstream.

Fish Ingestion Exposure Dose Equation
D =(Cx IR x AF x CF)/ BW
Where,

Mercury Concentrations (C): ATSDR calculated e e e

human me.thylmercury doses frorp the fish data C = mercury concentration (mg/kg)
presented in Table 12. For chronic exposures, IR = intake rate of contaminated fish (mg/d)
ATSDR considered the highest average (i.e., mean) AF = bioavailability factor (unitless)

mercury concentrations in fish samples collected from | CF = conversion factor (10-6 kg/mg)
each sampling location (EFPC, Poplar Creek, Clinch ESke )

River, and Watts Bar Reservoir). For acute exposures, | e exposure factor (EF) whichis used in
ATSDR considered the maximum reported mercury several other exposure dose equations is

.. ) figured into the intake rate and does not
concentration in fish collected from each sampling appear separately in the equation.

location.

Intake Rate (IR): Intake rates vary widely between individuals and are highly uncertain for
each population group. For chronic exposures, ATSDR used the mean and maximum adult
fish intake rates developed by Task 2 (except the maximum intake rate ATSDR used for
EFPC was the U.S.EPA rate for average daily fish consumption for recreational anglers in
small ponds or streams”®). Each of the child intake rates are one-half of the adult rates rather
than the 20 percent that Task 2 used because, in our model, ATSDR used an older child who
would eat more fish than Task 2 used in its model. For acute exposures, ATSDR assumed a
person would eat one or two whole fish meals consisting of 170 grams (6 ounces) or 340
grams (12 ounces) of fish, respectively. Refer to Table G-2 (ingestion—kg/day) and Table G-
3 (ingestion—meals/year) for location-specific chronic consumption rates.

The Task 2 fish consumption rates were discussed in meetings with the Oak Ridge Health
Agreement Steering Panel (ORHASP), which oversaw the Oak Ridge Dose Reconstruction
efforts. ORHASP members expressed limited confidence concerning the consumption rates.
However, the maximum Task 2 rates for the Watts Bar Reservoir are only slightly higher
than the highest fish consumption rates that ATSDR staff recorded during interviews with
anglers around the Watts Bar Reservoir during the 1997 exposure investigation (ATSDR
1998).

¥ Task 2 did not present a maximum fish ingestion rate for EFPC fishers.

G-8



Oak Ridge Reservation: Evaluation of Y-12 Mercury Releases

Public Health Assessment

Table G-2. Chronic Fish Intake Rates (kg/day)

Average Consumption Rates

Maximum Consumption Rates

(kg/day) (kg/day)
Recreational Recreational
child adult child adult
EFPC 0.0006 0.0012 0.002 0.004
Poplar Creek/Clinch River! 0.009 0.018 0.033 0.065
Watts Bar Reservoir 0.015 0.03 0.055 0.11

EFPC: East Fork Poplar Creek
kg/day: kilograms per day

"Poplar Creek and Clinch River are presented together because the Task 2 investigation does not separate these
two locations, and therefore, intake rates can only be calculated as one combined location.

Table G-3. Chronic Fish Intake Rates (meals/year)

Average Consumption Rates Maximum Consumption Rates
(meals/year) (meals/year)
Recreational Recreation
child adult child
EFPC 1.3 26 4.3 8.6
Poplar Creek/Clinch River! 19 39 70 140
Watts Bar Reservoir 32 64 120 240

EFPC: East Fork Poplar Creek
One fish meal = 6 ounces

"Poplar Creek and Clinch River are presented together because the Task 2 investigation does not separate these
two locations, and therefore, intake rates can only be calculated as one combined location.

Bioavailability (AF): ATSDR assumed that the mercury measured in fish is 100 percent
methylmercury and that the methylmercury is completely bioavailable (i.e., bioavailability =
1) for both children and adults.

Body Weight (BW): ATSDR assumed a body weight of 70 kg (154 pounds) for adults and
28.1 kg (62 pounds) for children.

Consumption of Fruits and Vegetables

The only significant exposure pathway to mercury in garden vegetation is ingestion of fruits and
vegetables. Estimates of mercury exposure are based on a series of assumptions that account for
how much mercury is in the produce, how much produce people eat, and how much ingested

mercury is absorbed into the bloodstream (ATSDR 2005):

Mercury Concentration (C): ATSDR assumed that the total mercury measured in fruits and
vegetables is inorganic mercury. Mercury speciation studies of plants grown in soil with
inorganic mercury contamination indicate that the mercury taken into plants is taken up as

inorganic mercury (i.e., mercuric ions) (ChemRisk 1999a).

Intake Rate (IR): ATSDR used an intake rate from the U.S.EPA Exposure Factors Handbook
(EPA 1997) for people living in the South. Adults and children were reported to eat 2.27
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grams of homegrown vegetables per kilogram of body weight per day (g/kg/day) (EPA
1997). Note that a body weight factor is already incorporated into the intake rate.

e Bioavailability (AF): In contrast to oral bioavailability of mercury in soil, there is limited
quantitative data describing the oral bioavailability of mercury in produce. Therefore,
ATSDR assumed that the oral bioavailability of inorganic mercury in produce is the same as
the oral bioavailability in soil. ATSDR assumed the oral bioavailabilities of inorganic
mercury in produce are 15 percent and 10 percent for children and adults, respectively.

e FExposure Factor (EF): ATSDR assumed the same
exposure factor as for soil exposures; that is, people will
eat home-grown fruits and vegetables during 25 percent
of the days in a year for intermediate exposures (EF =
0.25) and everyday for acute exposures (EF = 1).

Results

Using the average mercury concentration of 1.6 ppm from
leafy vegetables from the ORAU and SAIC data sets, the
intermediate exposure doses to both children and adults are
well below the ATSDR inorganic mercury intermediate oral
MRL (0.002 mg/kg/day). Using the highest mercury
concentration measured in edible fruits and vegetables
among the ORAU and SAIC data sets (3.2 ppm for kale
leaf), the resulting acute exposure doses (for children and adults) are below the ATSDR
inorganic mercury acute oral MRL (0.007 mg/kg/day). Table G-4 presents the exposure dose
calculations for acute and intermediate ingestion of fruits and vegetables.

Edible Vegetation Ingestion Exposure
Dose Equation

D=(Cx IR x AF x EF x CF)
Where,

D = exposure dose (mg/kg/d)

C = mercury concentration (mg/kg)

IR = intake rate of contaminated produce
(g/kg/day)
AF = bioavailability factor (unitless)

EF = exposure factor (unitless)
CF = conversion factor (10 g/kg)

Table G-4. Fruit and Vegetable Exposure Dose Calculations

Oral Exposure Route Inorganic Units
MRL 0.002 0.007 mg/kg/day
D=CxIRxAF x EF intermediate Acute
child Adult child adult
C = contaminant concentration 1.6 1.6 3.2 3.2 ma/kg
IR = intake rate 2.27 2.27 2.27 2.27 g/kg/day
AF = bioavailability factor 0.15 0.1 0.15 0.1 unitless
EF = exposure factor 0.25 0.25 1 1 unitless
CF = conversion factor 103 103 103 103 g/kg
D = exposure dose 0.0001 0.00009 0.001 0.0007 mg/kg/day
ratio dose to MRL 0.07 0.04 0.14 0.1 unitless
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Appendix H.
What You Need to Know About Mercury in Fish and Shellfish
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5 Séfety T\i\ps

1 = Do not eat:
o Shark
¢ Swordfish
¢ King Mackerel
e Tilefish
They contain high

levels of mercury.

their exposure to the harmful effects of mercury.

2 « Eat up to 12 ounces (2 average meals) a week of a

variety of fish and shellfish that are lower in mercury.

¢ Five of the most commonly eaten fish that are low
In mercury are shrimp, canned Iight tuna, salmon,

pollock, and catfish.

® Another commonly eaten fish, albacore (“white”) tuna
has more mercury than canned light tuna. So, when
Choosing yOuI‘ two meals Of ﬁsh and Shellﬁsh, you may

eat up to 6 ounces (one average meal) of albacore tuna

By following these 3 recommendations for selecting and eating fish or shellfish, women and young
children will receive the benefits of eating fish and shellfish and be confident that they have reduced

3 = Check local advisories about
the safety of fish caught by family
and friends in your local lakes,

rivers, and coastal areas.

If no advice is available, eat up to

6 ounces (one average meal) per week
of fish you catch from local waters,
but don’t consume any other fish

during that week.

per week.

Follow these same recommendations when feeding fish and shellfish to your young child, but serve smaller portions.

Visit the Food and Drug Administration’s Food Safety Website www.cfsan.fda.gov or
the Environmental Protection Agency’s Fish Advisory Website www.epa.gov/ost/fish
for a listing of mercury levels in fish.

Frequently ASI(Ed Questions about Mercury in Fish and Shellfish:

Note:
1f you have questions or
think you've been exposed

lo [al:z]e amounts of
methylmercury, see your
doctor or health care
provider immediately.

What is mercury?

Mercury occurs naturally in the environment
and can also be released into the air through
industrial pollution. Mercury falls from the air
and can accumulate in streams and oceans and
is turned into methylmercury in the water. It is
this type of mercury that can be harmful to your
unborn baby and young child. Fish absorb the
methylmercury as they feed in these waters and
so it builds up in them. It builds up more in
some types of fish and shellfish than others,
depending on what the fish eat, which is why
the levels vary.

I ‘m a woman who could have children
but I'm not pregnant - so why should I be
concerned about methylmereury?

If you regularly eat types of fish that are high in
methylmercury, it can accumulate in your blood
stream over time. Methylmercury is removed
from the body naturally, but 1t may take over a
year for the levels to drop significantly. Thus, it
may be present in a woman even before she
becomes pregnant. This is the reason why
women who are trying to become pregnant
should also avoid eating certain types of fish.

Id there methylmercury in all fish and
shellfish?

Nearly all fish and shellfish contain traces of
methylmercury. However, larger fish that have
lived longer have the highest levels of
methylmercury because they've had more time
to accumulate it. These large fish (swordfish,
shark, king mackerel and tilefish) pose the
greatest risk. Other types of fish and shellfish
may be eaten in the amounts recommended by
FDA and EPA.

I don’t see the fish I eat in the advisory.
What should I do?

If you want more information about the levels in the
various types of fish you eat, see the FDA food safety

website www.cfsan.fda.gov/~frf/sea-mehg.html or the
EPA website at www.epa.gov/ost/fish.

W bat about fish sticks and fast food

sandwiches?

Fish sticks and “fast-food” sandwiches are commonly
made from fish that are low in mercury.

T/Je advice about canned tuna is in the advisory,
but what's the advice about tuna steaks?

Because tuna steak generally contains higher levels of
mercury than canned light tuna, when choosing your
two meals of fish and shellﬁsh, you may eat up to

6 ounces (one average meal) of tuna steak per week.

W/;at if I eat more than the recommended
amount of fish and shellfish in a week?

One week’s consumption of fish does not change the
level of methylmercury in the body much at all. If you
eat a lot of fish one week, you can cut back for the
next week or two. Just make sure you average the
recommended amount per week.

Where do I get information about the safety of
Sfioh caught recreationally by family or friends?

Before you go fishing, check your Fishing Regulations
Booklet for information about recreationally caught
fish. You can also contact your local health department
for information about local advisories. You need to
check local advisories because some kinds of fish and
shellfish caught in your local waters may have higher or
much lower than average levels of mercury. This
depends on the levels of mercury in the water in which
the fish are Caught. Those fish with much lower levels
may be eaten more frequently and in larger amounts.


www.epa.gov/ost/fish
www.cfsan.fda.gov/~frf/sea-mehg.html
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