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ORRHES Brief

Public Health Consultation, Y-12 Weapons Plant

Oak Ridge Reservation Health Effects Subcommittee

Chemical Releases into East Fork Poplar Creek,
Oak Ridge, Tennessee, April 5, 1993

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 alithium
separation process. DOE officias 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 remedid 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.

Study design and method

This was a health consultation conducted by the Agency
for Toxic Substances and Disease Registry (ATSDR).
An ATSDR hesdlth 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-
clidesin fish.

Elevated levels of mercury, up to 2,240 parts per
million (ppm), were found in afew soil and sediment
samples from all three creek areas sampled. The mer-
cury in the EFPC soil consisted primarily of some



relatively insoluble inorganic forms of mercury (mer-
cury salts and metallic mercury), with less than 1% of
the mercury in organic form.

Mercury Saltsin 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 asign of
decreased blood-filtering capacity.

Metallic Mercury in Soil

The metallic mercury vapor levelsin 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, especialy 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. Neurodevel opmental effects have
been seen in infants following prenatal exposure via
maternal ingestion of organic mercury in fish.

PCBsin Fish

Frequent and long-term ingestion of EFPC fish could
result in amoderate 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
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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 municipa water system, which
is used by most Oak Ridge residents, receives water
from Clinch River upstream of the DOE reservation.

Conclusions

In some locations aong the creek, mercury levelsin
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 ezt 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 aong the creek. However, contamination detected
in wells aong 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.



ORRHES Brief

Oak Ridge Reservation Health Effects Subcommittee

Health Consultation, U.S. DOE Oak Ridge Reservation,

Lower Watts Bar Operable Unit, February 1996

Site: Oak Ridge Reservation

Study authors: Agency for Toxic
Substances and Disease Registry
Time period: 1980s and 1990s
Target population: Lower Watts Bar
Reservoir Area

Purpose

This health consultation was conducted to eval-
uate the public health implications of chemical
and radiological contaminants in the Watts Bar
Reservoir and the effectiveness of the
Department of Energy’s proposed remedial
action plan for protecting public health.

Background

In March 1995, the Department of Energy
(DOE) released a proposed plan for addressing
contaminants in the Lower Watts Bar Reservoir.
The plan presented the potential risk posed by
contaminants and DOE'’s preferred remedial
action alternative. DOE’s risk assessment indi-
cated that consumption of certain species of
fish from the Lower Watts Bar Reservoir and
the transfer of sediment from deeper areas of
the reservoir to areas on land where crops were
grown could result in unacceptable risk to
human health.

The September 1995 Record of Decision for the
Lower Watts Bar Reservoir presented DOE’s
remedial action plan for the reservoir. This
remedial action included maintaining the fish
consumption advisories of the Tennessee
Department of Environment and Conservation
(TDEC), continuing environmental monitoring,
and implementing institutional controls to
prevent disturbance, resuspension, removal, or

disposal of contaminated sediment. The U.S.
Environmental Protection Agency (EPA) and
TDEC concurred with the remedial action plan.

Concerned about the sufficiency of DOE'’s plan,
local residents asked the Agency for Toxic
Substances and Disease Registry (ATSDR) to
evaluate the health risk related to contaminants
in the Lower Watts Bar Reservoir. These resi-
dents asked ATSDR to provide an independent
opinion on whether DOE’s selected remedial
actions would adequately protect public health.

Methods

ATSDR agreed to provide a health consultation.
A health consultation is conducted in response
to a specific request for information about
health risks related to a specific site, a specific
chemical release, or the presence of other haz-
ardous material. The response from ATSDR
may be verbal or written.

To assess the current and recent past health haz-
ards from the Lower Watts Bar Reservoir con-
tamination, ATSDR evaluated environmental
sampling data. ATSDR evaluated reservoir stud-
ies conducted by DOE and the Tennessee
Valley Authority during the 1980s and 1990s.
ATSDR also evaluated TVA's 1993 and 1994
Annual Radiological Environmental Reports for
the Watts Bar nuclear plant. ATSDR first
screened the voluminous environmental data to
determine whether any contaminants were pres-
ent at levels above health—based comparison
values. ATSDR next estimated exposure doses
for any contaminants exceeding comparison
values. It isimportant to note that the fact that a
contaminant exceeds comparison values does



not necessarily mean that the contaminant
will cause adverse health effects. Comparison
values simply help ATSDR determine which
contaminants to evaluate more closely.

ATSDR estimated exposure doses, using both
worst case and realistic exposure scenarios, to
determine if current chemical and radiological
contaminant levels could pose a health risk to
area residents. The worst case scenarios
assumed that the most sensitive population
(young children) would be exposed to the high-
est concentration of each contaminant in each
media by the most probable exposure routes.

Target population
Individuals living along the Watts Bar
Reservoir and individuals visiting the area.

Exposures

The exposures investigated were those to met-
als, radionuclides, volatile organic compounds,
polychlorinated biphenyls (PCBs), and pesti-
cides in surface water, sediment, and fish.

Outcome measure
ATSDR did not review heath outcome data.

Results

Reservoir Fish and Other Wildlife: Using a
realistic exposure scenario for fish consumption
that assumed an adult weighing 70 kilogram
(kg) consumed one 8-ounce sport fish meal
per week, or per month, for 30 years, ATSDR
determined that PCB levelsin reservoir fish
were at levels of health concern. ATSDR
estimated ranges of PCB exposure doses
from 0.099 to 0.24 micrograms of PCBs per
kilogram of human body weight every day
(ng/kg/day) for the one fish meal a week
scenario and 0.023 to 0.055 pg/kg/day for
the one fish per month scenario.

At these exposure doses, ATSDR estimates that
approximately one additional cancer case might
develop in 1,000 people eating one fish meal a
week for 30 years and three additional cancer

Lower Watts Bar Operable Unit

cases might develop in 10,000 people eating
one fish meal a month for 30 years.

At these exposure doses, ATSDR also deter-
mined that ingestion of reservoir fish by preg-
nant women and nursing mothers might cause
adverse neurobehavioral effects in infants.
Although the evidence that PCBs cause devel-
opmental defectsin infantsis difficult to evalu-
ate and inconclusive, ATSDR’s determination
was made on the basis of the special vulnerabil-
ity of developing fetuses and infants.

Using aworst case scenario that assumed adults
and children consumed two 8-ounce fish meals
aweek, containing the maximum concentration
of each radioactive contaminant, ATSDR deter-
mined that the potential level of radiological
exposure, which was less than 6 millirem per
year (mrem/yr), was not a public health hazard.

Reservoir Surface Water: Using aworst case
exposure scenario that assumed a child would
daily ingest aliter of unfiltered reservoir water
containing the maximum level of contaminants,
ATSDR determined that the levels of chemicals
in the reservoir surface water were not a public
health hazard.

Levels of radionuclides in surface water were
well below the levels of the current and pro-
posed EPA drinking water standards. In addition,
the total radiation dose to children from water-
borne radioactive contaminants would be less
that 1 mrem/yr, which is well below background
levels. The radiation dose was estimated using
the conservative assumption that a 10-year-old
child would drink and shower with unfiltered
reservoir water and swim in the reservoir daily.

Reservoir Sediment: ATSDR determined that
the maximum chemical and radioactive con-
taminant concentrations reported in the recent
surface sediments data (mercury, Co-60,
Sr—89/90, and Cs-137) would not present a
public health hazard. The estimated dose from
radioactive contaminants was less than 15
mrem/yr, which is below background levels.



ATSDR also evauated the 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.
Using aworst case exposure scenario that
included ingestion, inhalation, external, and der-

mal contact exposure routes, ATSDR determined

that the potential radiation dose to individuals
living on these properties (less than 20 mrem/yr)
would not pose a public health hazard.

Conclusions

ATSDR found that only PCBs in the reservoir
fish were of potentia public health concern.
Other contaminants in the surface water, sedi-

ment, and fish were not found to be a public
health hazard.

On the basis of current levels of contaminants
in the water, sediment, and wildlife, ATSDR
concluded the following.

* The levels of PCBsin the Lower Watts Bar
Reservair fish posed a public health concern.

Frequent and long-term ingestion of fish from

the reservoir posed a moderately increased
risk of cancer in adults and increased the pos-
shility of developmenta effectsin infants
whose mothers consumed fish regularly dur-

ing gestation and while nursing. Turtlesin the
reservoir might also contain PCBs at levels of

public health concern.

Current levels of contaminants in the reser-
voir surface water and sediment were not a
public health hazard. The reservoir was safe
for swimming, skiing, boating, and other
recreational purposes. It is safe to drink water
from the municipal water systems, which
draw surface water from tributary embay-
ments in the Lower Watts Bar Reservoir and
the Tennessee River upstream from the
Clinch River and Lower Weatts Bar Reservoir.

* DOE's selected remedial action was protec-
tive of public health.

Lower Watts Bar Operable Unit

ATSDR made the following recommendations.

» The Lower Watts Bar Reservoir fish adviso-
ry should remain in effect to minimize
exposure to PCBs.

* ATSDR should work with the state of
Tennessee to implement a community
health education program on the Lower
Watts Bar fish advisory and the health
effects of PCB exposure.

* The health risk from consumption of turtles
in the Lower Watts Bar Reservoir should be
evaluated. The evaluation should investigate
turtle consumption patterns and PCB levels
in edible portions of turtles.

» Surface and subsurface sediments should
not be disturbed, removed, or disposed of
without careful review by the interagency
working group.

» Sampling of municipal drinking water at
regular intervals should be continued. In
addition, at any time a significant release
of contaminants from the Oak Ridge
Reservation is discharged into the Clinch
River, DOE should notify municipal water
systems and monitor surface water intakes.
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Oak Ridge Reservation Health Effects Subcommittee

September 2001 Sampling Report for the Scarboro

Community, Oak Ridge, Tennessee, April 2003

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
FloridaAgricultural 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,

* |dentify 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.

In May 1998, DOE responded to the concerns
of the citizens by contracting with FAMU to
conduct the Scarboro Community Environmental
Sudy. 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 Sudy were
released in September 1998. However, EPA
states they did not receive the DOE sampling
and analysis plan for review prior to itsimple-
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, EPA
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
atotal 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



of the eight properties). Additionally, at the
regquest 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 Nationa
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
thereislittle, if any, lithium present in the sam-
ples collected by EPA.
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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 (MCLSs) 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 anumber that represents the lowest
risk level of the Comprehensive
Environmental Response, Compensation, and
Liability Act (CERCLA) protective risk range
(1x106 to 1x104) 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)
isaratio of the exposure level for asingle
toxic substance to the reference dose of that
substance over the same exposure period.



The HI isthe sum of al HQ vaues 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 alife-
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 individua 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 isit-
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:

o Aluminum. The NSDWS of 50-200 pg/L for
aluminum was exceeded in both surface
water samples (1,030 pg/L and 1,640 pg/L).
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* 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 ug/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
po/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).



Conclusions

EPA stated that the results of the analysis did not
reveal any chemicals or radionuclides at levels
that warrant a health or environmenta concern.

» The level of radiation was below back-
ground levels and the radionuclide analyti-
cal values did not indicate alevel 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. Thereis
not an elevation of chemical, metal, or radionu-
clides above aregulatory health level of con-
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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 atimely
response and follow-up action. Additionaly,
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), asregulatory oversight agenciesto
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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Oak Ridge Reservation Health Effects Subcommittee

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
externa radiation results from past aeria surveys.

The study was designed to incorporate commu-
nity input and meet the requirements of an EPA
investigation of thistype. 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.

Scarboro Environmental Study

Method

Sail, sediment and surface water samples were
collected in the Scarboro neighborhood and
analyzed for mercury, radionuclides, and organ-
ic and inorganic compounds. Initia 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 totd 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 apha/beta
content, uranium, and gamma emitting radionu-
clides. Gross apha-beta content was conducted to
screen samples for further analysis. Gammarray
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.



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.

Qutcome 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 afew 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 isunlikely 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/ug) for
the Scarboro samples fell within the range of val-
ues determined by both a pha spectroscopy and
gammarray spectroscopy in the BSCP study. The
mean ratio of uranium-235 to uranium-238 was
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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 concentrationsin
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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An Analysis of Respiratory llinesses Among

Children in the Scarboro Community

Site: Oak Ridge Reservation

Conducted by: Center for Disease Control
and Prevention, National Center for
Environmental Health, the Tennessee
Department of Health, and the Scarboro
Community Environmental Justice Council

Time Period: 1997-1998
Location: Scarboro

Purpose

The purpose of this study was to determine
whether rates of pediatric respiratory illnesses
were higher in Scarboro than elsewhere in the
United States and whether exposure to various
factors increased residents’ risk for health
problems.

Background

In November 1997, a Nashville newspaper (The
Tennessean) article suggested that an unusual
number of respiratory illnesses were present
among children living in the Scarboro communi-
ty, a predominantly African American communi-
ty in Oak Ridge, Tennessee, located near the Y-
12 plant at the Oak Ridge Reservation. The arti-
cle stated that 16 children had repeated episodes
of “severe ear, nose, throat, ssomach and respira-
tory illnesses,” and implied that contaminants
from the Y-12 plant caused the ilInesses. Among
those respiratory illnesses were asthma, bronchi-
tis, snusitis, allergic rhinitis, and otitis media.
The newspaper article generated considerable
community concern, and as aresult the

Tennessee Commissioner of Health requested
Centers for Disease Control and Prevention’s
(CDC) assistance in investigating the matter.

Study design and methods

The study was a cross-sectional prevalence sur-
vey and afollow-up medical evaluation of chil-
dren under 18 years of age. The authors con-
ducted a community-based door-to-door health
survey to assess the prevaence of pediatric res-
piratory illnesses and other diseases in Scarboro,
and compared these rates to national rates
obtained from severa population-based surveys
and published reports.* They identified case
subjects as children reported to have ever had a
physician’s diagnosis of the illnesses of interest,
as well as symptoms of the illnesses within the
previous year.

The authors also performed medical examina-
tions on a subset of children who had poorly
controlled or undiagnosed respiratory illnesses.
Medical examinations were conducted to con-
firm the results of the community survey, to
determine whether children with respiratory ill-
nesses were getting the medical care they need-
ed, and to determine whether the children
reported in the newspaper to have respiratory
medical problems really had these problems.

The questionnaire was developed through a
combined effort involving the National Center
for Environmental Health, the Scarboro
Community Environmental Justice Council, and
the Tennessee Department of Health. It was

* The Behavioral Risk Factor Surveillance System (a telephone survey of the U.S. population less than 18 years of age
designed to assess the prevalence of behaviors and practices associated with the leading causes of death in the United
States), the National Health Interview Survey (NHIS), and the International Study of Asthma and Allergiesin

Childhood (ISAAC).



based on well-established questionnaires used
in national and international health surveys.
Although the focus of the survey was child res-
piratory health, the study also assessed adult
health concerns and occupational exposures.
Community residents provided substantial input
into the development of the questionnaire and
the data collection processes.

The Nationa Center for Environmental Health
attempted to conduct face-to-face interviews with
individuals from every Scarboro home. They
identified 264 Scarboro households from an
address list obtained from the local utility compa-
ny and a DOE dtreet directory and map. Trained
interviewers administered the questionnaires at
the homes of the individuals and at a hedth fair.

Study subjects

Study subjects included 119 children and 358
adults living in 220 homes. No comparison
group was selected.

Exposures

This study evaluated the relationship between
self-reported asthma and wheezing illness and
indoor (household) and occupational exposures
associated with triggering asthma symptoms.
This study did not evauate the relationship
between measured environmental contaminants
and health outcomes because it was not designed
to study the causes of identified illnesses.

Qutcome measures

The outcome measures included self-reported
information related to general health status and
health concerns; hedlth care utilizations, symp-
toms specific to respiratory illnesses and frequen-
cy of episodes, physician diagnoses of hay fever,
sinusitis, ear infections, asthma, and bronchitisin
children. A subset of children also received med-
ica exams, lung function tests, and blood work.

Data analysis

The authors generated frequency distributions
to characterize health concerns and health care
utilization; calculated prevalence rates for
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reported symptoms and illnesses among pedi-
atric participants; and calculated prevalence
rate ratios to assess the relationship between
asthma and wheezing and identified environ-
mental triggers or occupational exposures.

Results

Of the 264 households identified in Scarboro,
questionnaires were completed for 220 house-
holds (response rate of 83%); 119 questionnaires
were completed for children and 358 for adults.

Half of the residents reported living in Scarboro
for at least 40 years. Half of the residents
reported living in their current residence for at
least 25 years. Fifty-eight percent reported hav-
ing an annual household income of $20,000 or
less. Forty-three percent reported a smoker in
the home, and 10% reported pets in the home.
Seven percent of respondents (16 households)
reported using a gas stove for cooking; 56% of
these stoves had an exhaust fan near the stove.

Children’s ages ranged from 6 months to 18
years (average: 8 years). Nearly all children were
black, and 55% were girls. Eighty-four percent of
the children were reported to be under routine
care by a physician or health care provider.

Fifty-three percent of the children were report-
ed to have had hay fever symptoms within the
previous year, with 9% receiving a physician’s
diagnosis of hay fever. Thirteen percent receiv-
ing adiagnosis of eczema. Thirty-nine percent
were reported to have had sinusitis symptoms
within the previous year, with 9% receiving a
physician’s diagnosis of sinus infection. Fifty-
eight percent of all the children were reported
to have been diagnosed at sometime in their
lives with an ear infection, and 29% were
reported to have had symptoms of ear infection
within the past 12 months.

Forty-eight percent of children were reported as
having had a dry cough at night; 35% were
reported to have experienced wheezing within
the previous year. Fifteen percent had been
diagnosed with asthma by a physician. Thirteen



percent had received a physician’s diagnosis of
asthma within their lifetime and had experi-
enced symptoms within the previous year.

The only environmental exposure associated
with wheezing in children was living in a
household with an unvented gas stove used

for cooking. This relationship was statistically
significant.

Also, children who wheezed were more likely
to have been exposed to environmental tobacco
smoke and pets in the home than children who
did not wheeze. However, these differences
were not statistically significant. This means
that, although children with wheezing were
more likely to have environmenta household
exposures, differences of thiskind, in a study
of this size, could have arisen by chance even if
the exposure had no impact on these children.

Of the 34 children invited to have medical
examinations, only 23 were physically exam-
ined. All of the children examined appeared
healthy with no problems requiring urgent med-
ical management; however, 22 had some form
of respiratory illness. None were wheezing.
Only one had an abnormal lung finding on
examination.

Lung function tests were completed on 19
children; 11 had normal results, 5 had results
consistent with asthma, and 3 had indetermi-
nate results. Four children had respiratory ill-
ness that appeared to be well controlled; all
had normal breathing tests.

A team of physicians representing the CDC,
TDOH, the Oak Ridge medical community, and
the Morehouse School of Medicine thoroughly
reviewed the findings of the physical examina-
tion and the community survey.

Public health nurses conducted follow-up tele-
phone calls to the parents and provided assis-
tance to afew patents in getting medicines for
nasal alergies.
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Conclusions

The reported prevaence rate of asthma among
children in Scarboro (13%) was higher than the
estimated national rate (7% in al children and
9% in black children). Few studies have been
conducted on communities smilar to Scarboro,
and without asthma prevalence information from
these communities; it was not possible to deter-
mine whether the prevalence of asthmawas high-
er than would be expected. The Scarboro rate
was, however, within the range of rates reported
in similar studies throughout the United States
and internationally. The reported rate of wheez-
ing among children in Scarboro (35%) was aso
higher than most national and international esti-
mated rates (which range from 1.6% to 36.8%).

The prevalence rates of hay fever and sinus
infections in children were comparable to
national estimated rates.

No unusual pattern of illness emerged among
the children receiving medical exams. Theill-
nesses that were detected were not more severe
than would be expected in any community. The
findings of the medical exams were consistent
with the findings of the community survey.

Because the investigation was not designed to
detect associations, and a relatively small group
of children was studied, it was not possible to
identify causes of the respiratory illnesses.
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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

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.

Background

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
citizens and nationally recognized scientists
who provided direction, recommendations,

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, |aborato-
ry records, and published operational reports).
Task 1 documented past activities at each
major facility, including routine

operations, waste management practices,
specia 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.

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. This data, obtained
from DOE and other federa and state
agencies (such as the U.S. Environmental
Protection Agency, Tennessee Valley



Authority, and the Tennessee Division of
Radiological Health), was summarized by
environmental media (such as surface water,
sediment, air, drinking water, groundwater,
and food items). As part of thistask,
investigators devel oped 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 alist 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 stepsin
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
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health effects, such asirritation. 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 peoplein
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 offsite 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 e ements:

» 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.



In examining whether complete exposure
pathways existed, investigators considered
the characteristics of each contaminant and
the environmental setting at the ORR.
Contaminants that |acked 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 analysisidentified
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
apreliminary 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.
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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.

Qutcome 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.

» Radioactiveiodine
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 th