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Preliminary Screening Analysis of the Off-Site Environment Downstream
of the U. S. Department of Energy Oak Ridge Reservation

B. G. Blaylock, F. O. Hoffman, and M. L. Frank
Environmental Sciences Division
Oak Ridge National Laboratory

Oak Ridge, TN

Introduction

Operations and waste disposal activities at the Y-12 Plant, the Oak Ridge National
Laboratory (ORNL), and the Oak Ridge Gaseous Diffusion Plant (ORGDP), located
on the U. S. Department of Energy (DOE) Oak Ridge Reservation (ORR) in eastern
Tennessee, have introduced airborne, liquid, and solid wastes into the
surrounding environment (Rogers et al. 1988, 1989). Some of these wastes may
affect off-site areas by entering local streams that ultimately drain into the Clinch
River. Previously reported concentrations of radionuclides, metals, and organic
compounds in water, sediment, and biota of the Clinch River and Watts Bar
Reservoir suggest the presence of contaminants of possible concern to the
protection of human health and the environment.

A preliminary screening was conducted of contaminants in the off-site surface
water environments downstream of the DOE ORR (Hoffman et al. 1990). This
screening analysis represents part of a scoping phase of the Clinch River
Resource Conservation and Recovery Facilities Investigation (CRRFI). The
purpose of this preliminary screening analysis is to use existing data on off-site
contaminant concentrations to identify and prioritize potential contaminants of
concern for further evaluation and investigation. The primary objective of this
screening analysis is to ensure that CRRFI sampling and analysis efforts focus
on those contaminants that may possibly contribute to human health or
environmental risk.

Approach

A conservative and nonconservative approach was taken in the off-site screening
analysis. The conservative approach is highly unlikely to underestimate potential



maximum exposures to individuals but may substantially overestimate the
majority of the actual exposures of individuals residing in the contaminated area.
In this approach, conservatively biased calculations are used to identify
contaminants and exposure pathways that should have a low priority for further
analyses and data acquisition.

The nonconservative approach provides a more realistic estimate of exposure to
individuals and should not substantially overestimate the maximum exposure
estimate to individuals living in the area. Nonconservative calculations and
assumptions are used to identify contaminants that should have highest priority
for further evaluation and/or possible remediation. A comparison of the
conservative and nonconservative screening approaches is given in Table 1. Both
of these approaches can be used to identify contaminants of concern to help guide
the development of a field sampling plan for the acquisition of additional data.

Exposure Pathways
For conservative screening two exposure scenarios are considered. The first is a
multiple pathway exposure scenario involving the ingestion of fish and water,
and the consumption of vegetables, surface soil, milk, and meat that have been
contaminated by river water used for irrigation purposes. Inhalation of
contaminants through wind resuspension of dust particles is also included as
well as external exposure from gamma radiation arising from the deposition of
radionuclides in irrigation water on to surface soil (Fig. 1). The second scenario
assumes that sediments are excavated through dredging and used as surface soil
and that exposure occurs though the previously described terrestrial pathways.

For nonconservative screening, the exposure pathways are limited to those for
which concentrations above the limits of detection have been reported. The
pathways were limited to the ingestion of fish, water, sediment and external
exposure to sediments. Models were not used to estimate concentrations in media
that were not sampled, and models were not used to estimate concentrations of
contaminants analyzed for and not detected.

Screening Criteria
Contaminants can be assigned a definitely low priority for further study by the
conservative screening approach if an estimate health and environmental risk is
sufficiently small. Contaminants can be assigned the highest priority for further



evaluation and/or remedial action by the nonconservative screening approach.
The criteria used for conservative and nonconservative screening of carcinogens
and noncarcino^ens are given in Table 2.

The screening index for carcinogens is a conservative estimate of exposure to the
contaminant via ingestion or inhalation multiplied by an EPA-approved or
-suggested "slope factor" for nonradiological contaminants. The slope factor
provides an estimate of the lifetime risk of additional cancer incidence per unit
exposure. For radioactive material, exposure is translated into units of effective
dose equivalent using factors of dose per unit intake or area deposition
recommended for screening (NCRP in press) and multiplied by a weighted cancer
incidence risk conversion factor of 5.7 x 10"2 per Sievert (UNSCEAR 1988, Stather
et al. 1988, Clarke 1988).

The screening index for noncarcinogens is a ratio that is composed of a
conservatively biased estimate of ingestion or inhalation of the contaminant
divided by a reference dose (RfD) factor." The reference dose is an EPA-approved
noncarcinogenic contaminant exposure level below which adverse effects should
not occur.

To be consistent with EPA's recommendation for risk assessment (USEPA 1989),
screening indices for each contaminant are summed over all contaminants in a
given pathway. For estimation of potential exposure to multiple pathways
screening indices are summed across pathways for each contaminant.
Summation are conducted separately for carcinogens and noncarcinogens.

River Reaches
For screening purposes, the Clinch River off-site area to be investigated in the
CRRFI was divided into reaches based upon proximity to known sources of
contaminant releases from DOE facilities. These reaches are described in Table
3. In addition to the reaches that receive effluents from the DOE facilities shown
in Fig. 2, three reaches that do not receive effluents from these facilities but
receive effluent from other industrial sources were included in the screening
analysis as references reaches (Fig. 2 and Fig. 3.)



Sources of Information
A considerable amount of extant data is available on contaminants from
monitoring programs, surveys, and scientific studies for the Clinch River in the
vicinity of the DOE facilities. Information from these studies, which are listed in
Table 4, are the sources used in developing the data base for screening analyses.
Data for three environmental media (water, fish, and sediment) were
summarized to obtain source terms for the environmental pathway models to
predict the exposure of humans and biota to contaminants. The data base
included approximately 9,000 values for contaminants in sediment, 9000 for fish
and 25,000 for water. The source term data consisted of maximum and mean
concentrations of organic and inorganic (metals) compounds and radionuclides
in the three media for each stream reach.

Results

Nonconservative screening identified a total of 10 contaminants (i e., 4 inorganic
chemicals, 3 organic chemicals, and 3 radionuclides as either definitely or
potentially high priority contaminants in one or more reaches of the Clinch River
environment (Table 5). Because of the use of maximum reported concentrations
and cancer screening limits of 10"^ for carcinogens and 0.1 for noncarcinogens,
few substances were identified by conservative screening as definitely low priority
substances (Table 6). This classification of contaminants assumed that dredging
of sediments would not occur.

Nonconservative Screening
Nonconservative screening identified definitely high priority contaminants in
Reaches 1 and 2 and potentially high priority contaminants in Reaches 1 through
5 (Table 5). Arsenic in water samples from Reach 1 and 137Cs in sediment at
Reach 2 were classified as definitely high priority contaminants. Both of these
contaminants are designated as Group A carcinogens by EPA meaning that
sufficient human data is available to support classification as a carcinogen.
Thallium in fish of Reach 1 was also classified as a definitely high priority
contaminant, but this classification may be an artifact given that only 4 of 26
samples were reported at or above the limit of detection. The exposure to arsenic
from water in Reach 1 is probably an overestimate of actual exposures. Arsenic



Because health risks for carcinogens and noncarcinogens are summed among
contaminants in a given reach within and across exposure pathways,
respectively, no reach could be given a definitely low or potentially low priority,
including those reaches assumed to be reference locations (Reach 10, above Norris
Dam: Reach 13 Poplar creek above the confluence with East Fork Poplar Creek,
and Reach 18, the Tennessee River from Ft. Loudoun Dam to the confluence with
the Clinch River). It is likely that the presence of contaminants in these reference
reaches are due to industrial and agricultural wastes not related to operations at
the DOE Oak Ridge Facilities.

Discussion

To the best of our knowledge this is the first analysis that employs both the
nonconservative and conservative approach to screening. Nonconservative
screening has proved most useful for identifying high-priority pollutants. These
are the contaminants that should receive the most scrutiny for further
investigation and remediation considerations. The conservative screening
approach which was to identify definitely low priority pollutants for exclusion for
further consideration was not as useful. The intentional bias in this approach
which uses maximum concentrations, parameter values, and model
assumptions that are designed to reduce the chance of underestimating potential
exposure, and the adoption of a lower screening criterion of 10"6 for carcinogens
and 0.1 for noncarcinogens resulted in very few substances being classified as
definitely low priority

The number of contaminants designated as low priority will be influenced by the
screening criteria selected. Any justification for screening criteria less restrictive
than those used in this study should decrease the number of contaminants of
concern. Modification of the screening criteria used in this study should be based
on guidance from regulatory authorities as to the levels of risk below which
remedial action should not be required.

Some of the potentially high priority contaminants identified in this report may be
artifacts because of errors in sample analysis in combination with the
conservatism in the use of models. Some substances designated as potentially
high priority had only one measured value in the entire data base. Possible



concentrations on which the exposure estimates were based were derived from
samples obtained from the National Pollution Discharge Elimination System
NPDES) station located on the ORR below Roger s Quarry on McCoy Branch, a

small stream that enters the Clinch River at mile 37.6. Water at that location is
not currently used for drinking, and dilution in the river is considerable. Arsenic
concentrations near water intakes for treatment facilities downstream from this
reach are much lower, by approximately one order of magnitude, and treatment
processes should effectively remove such chemicals from the water prior to
human consumption.

The external exposure to sediments containing 137Cs in Reach 2 is also a likely
overestimate because the high sediment concentration are located in the
embayment of White Oak Creek downstream from White Oak Lake. This is a
posted area and public access is restricted. Potentially high priority screening
indices (about 104) could also occur in Reach 2 from external gamma radiation
from 137Cs in the 0800 Area of the Oak Ridge Reservation at Clinch River mile 20.5
(Fritzsche 1987, Rogers et al. 1989). This stretch of river is not restricted to public
access although the source of radioactivity is on land within a secure area
adjacent to the river.

Chemicals of potentially high priority identified by nonconservative screening
were antimony, arsenic, thallium, uranium, PCB-1254, PCB 1260, chlordane,
m c s , 60Co and 234Pa (Table 5). Concentrations of PCBs in fish were identified as
potentially high priority contaminants in Reaches 1, 3, 4, 5, and 18. Reach 18 does
not receive discharges from the DOE/Oak Ridge Operations. Chlordane, more
than likely, is an and agriculture related pollutant because the DOE/Oak Ridge
Facilities are not a known source for this contaminant.

Conservative Screening
A primary objective of this screening analysis was to reduce the number of
contaminants included in the CRRFI sampling and analysis effort and in the
base-line risk assessment by identifying definitely low priority contaminants. The
assumptions used for conservative screening, however, resulted in only 5
inorganic chemicals and 16 radionuclides classified as definitely low priority at
one or more reaches over all pathways (Table 6).



artifacts have been such as thallium in fish in Reach 1 have been identified;
however, additional data will be necessary to confirm the true presence or absence
of these substances.

The screening indices in this report are based on health risk end points.
However, these results should not be equated with those of a base-line human
health risk assessment. The indices produced through conservative screening
are intended not to underestimate potential maximum exposures, and thus they
may be a gross overestimation of actual exposures. The indices produced through
nonconservative screening are intended not to overestimate potential maximum
exposures, and thus are lower than would be produced using recommended EPA
risk Assessment procedures (USEPA 1989) for estimating maximum exposures.

The conservative practice of summing screening indices for carcinogen and non-
carcinogen contaminants did not result in a substantial difference between the
total screening index summed over all contaminants and the maximum index for
a specific contaminant. For the majority of cases this difference was within a
factor of 2. The largest difference was a factor of 5. Summing of risk estimates
among different contaminants is a procedure recommended by EPA (1989)
because of the possibility of undoucmented synergisms occurring from
simultaneous exposure to multiple contaminants in the environment.

Results in this report were produced after several iteration of calculations. These
iterations have occurred because of inconsistencies in results produced by the first
series of calculations. Investigation of these inconsistencies led to the
identification of errors in the data base. As a consequence of this screening
exercise, the quality of the present data base for contaminants measured in the
off-site environment has been improved substantially.

Conclusions

This screening analysis demonstrates the utility of using both conservatively
biased and nonconservative approaches for screening of large data sets.
Screening of such data sets is necessary to determine sampling priorities and to
focus the efforts in developing a base-line risk analysis.



The data base used for screening included approximately 9,000 values for
contaminants in sediments, 9,000 for fish, and 25,000 for water. Many of these
were organic contaminants that were below the limits of detection. Of the
contaminants that were detected, conservative screening was not successful in
identifying many as having a definitely low priority for further analysis.

Three contaminants were tentatively identified by nonconservative screening as
definitely high priority pollutants requiring further analysis and possible
consideration for remediation: Arsenic in the water of McCoy Branch, Reach 1;
thallium in fish at Reach 1; and 137Cs in the sediment of the embayment of White
Oak Creek downstream from White Oak Lake. The locations where these
samples were taken are within the boundaries of the DOE/ORR. Nonconservative
screening also identified arsenic, thallium, uranium, PCB 1254, and 1260,
chlordane, 60Co and 234Pa as potentially high priority contaminants in at least one
or more locations (primarily Reaches 1 through 5). The presence of arsenic,
thallium, and chlordane may be the consequence of industrial and agricultural
operations other than DOE/ Oak Ridge Operations.

In this screening analysis, criteria for carcinogens and and radionuclides were
risk based. Screening indices for carcinogens were calculated using EPA-
approved or proposed slope factors for inorganic and organic chemicals and a
revised dose-to-risk conversion factor for radionuclides. Noncarcinogen
screening indices were based on the use of EPA-approved or -proposed RfDs.
Despite the application of these screening indices, this report should not be
construed as a human health risk assessment.

Additional data and more refined analysis of current data using more realistic,
site-specific assumptions should result in a different classification of many of the
contaminants of concern identified in this report. However, it is unlikely that
maximum exposures estimated from nonconservative screening have been
grossly overstated unless humans are restricted from utilizing the media in
which the contaminants have been sampled.
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Table 1. A comparison of conservative and nonconservative screening
approaches

APPROACHES TO SCREENING

Conservative Screening

Maximum concentration reported
for a given reach used

Models used to estimate
concentrations in media that are
not sampled or detected

Reasonable estimate of maximum
diet and occupancy times assumed

Human receptor exposed for 70 years

Multiple pathway exposure
considered

Exposure to dredged sediment
considered separately from the
consumption of water, fish, and
irrigated agricultural produce

Calculated exposure should not
underestimate actual maximum
exposures

Screening approach most useful for
identifying definitely low priority
contaminants.

Nonconservative Screening

Average of detected values reported
for a given reach used

Only measured concentrations in
sediment, water, or fish are
considered

Estimates of diet and occupancy
times are generally a factor of 10
less than assumed for
reasonable maximum

Probability of exposure period being
less than 70 years considered in
estimates of diet and occupancy
times

Multiple pathway exposure not
considered

Dredging of sediment not
considered

Use of water for irrigation not
considered

Calculated exposure should not
overestimate potential
maximum exposures

Screening approach most useful
for identifying definitely and
potentially high priority
contaminants.



Table 2. Criteria for conservative and nonconservative screening of carcinogens and noncarcinogens

Screening Criteria

Noncarcinogens Carcinogens

Screening index (SI) = exposure Screening index (SI) = exposure multiplied
divided by an RfD by a lifetime cancer slope factor

Conservative Estimate of Exposure

SI < 0.1 definitely Icnv priority SI < 10^ definitely low priority

SI > 1.0 potentially high priority SI > 103 potentially high priority

Nonconservative Estimate of Exposure

SI > 1.0 definitely high priority SI> 10 3 definitely high priority

SI > 0.1 potentially high priority SI > 104 potentially high priority

SI < 0.01 potentially low priority SI < 10"7 potentially low priority



Table 3. River and stream reaches and associated facilities
to be evaluated in the Clinch River RCRA

Facility Investigation

Reach Reach name (description) and
number associated facilities

River or
stream mile

1 Melton Hill Reservoir (Y-12) CRMa

23.1-42.0

2 Clinch River from Poplar Creek CRM
confluence to Melton Hill Dam 12.5-23.1
(includes White Oak
Creek emfaayment) (ORNL and Y-12)

3 Poplar Creek from mouth to PCM
confluence with East Fork 0.0-5.4
Poplar Creek (ORGDP and Y-12)

4 Clinch River from mouth to confluence CRM
with Poplar Creek (ORNL, Y-12, and ORGDP) 0.0-12.0

5 Watts Bar Reservoir from Watts Bar Dam TRM
to confluence with Clinch River 529.9-567 8
(ORNL, Y-12, and ORGDP)

10 Norris Reservoir (reference reach) CRM
79.8-88.8

13 Poplar Creek above confluence with PCM
East Fork Poplar Creek (reference reach) 5.4-13.0

18 Tennessee River from confluence with TRM
Clinch River to Fort Loudoun Dam 567.8-602.3
(reference reach)

aCRM = Clinch River mile,
PCM = Poplar Creek mile,
TRM = Tennessee River mile.



Table 4. Sources of data on contaminant concentrations in fish, water,
and sediment in off-site surface water used to

develop a data base for screening analyses

Data source

Environmental mediaa

Fish Water Sediment

Ecological Studies
(Loar et al. 1981)

Clinch River Sediment Study
i Oakes et al. 1982)

STORET. TVA (STORET, 1985)*

Instream Contaminant Study
(TVA 1985 a,b)

Sediment Contamination in Streams
(Ashwood et al. 1986)

Environmental Surveillance Report
(Includes NPDESC and water
quality monitoring data)
(Rogers et al. 1987,1988)

ORNL Biological Monitoring
and Abatement Program
(Loar et al. 1987, Loar 1988)

Watts Bar Reservoir Scoping Study
(Olsen et al. 1990)

M,R

M,O,R

M.O.R

M.O.R

M,O,R

M.O,R

M,O,R

R

M,R

M,O,R

M,O,R

M

M,R

°M = metals,
0 = organic,
R = radionuclides.

&STORET 1985 (TVA data from 1982-1989).

cNPDES = National Pollution Discharge Elimination System.



Table 5. Contaminants assigned either a definitely or potentially high priority
through nonoonservative screening

Contaminant Reach Pathway Toxicitytype

Definite High Prioritv Substances^

Inorganic chemicals
Arsenic 1 Water Carcinogen(A)6 c

Thallium

Organic chemicals
(none)

Radionuclides

Inorganic chemicals
Antimony

Arsenic

Thallium

Uranium1'1

Organic chemicals
PCB-1254

1 Noncarcinogen
(UF=3000)e

2/ Sediment/external exposure Carcinogen(A)

Potential

1
2
3

2

1
3

3

1
3
4
5

18

High Prioritv

Fish
Water
Water, fish

Water

Fish
Fish

Water

Fish
Fish, water
Fish
Fish
Fish

Substances S.

Noncarcinogen
(UF=1000)

Carcinogen (A)

Noncarcinogen
(UF=3000)

Noncarcinogen
(UF=1000)

Carcinogen (B2)c



Table 5. (continued)

PCB-1260

Chlordane

Radionuclides
137Cs

1
3
4
5

1
2
4

2l S

Fish
Fish
Fish
Fish

Fish
Fish
Fish

iediment

Contaminant Reach Pathway Toxicity type

Organic chemicals (continued)
h Carcinogen (B2)

Noncarcinogen
(UF=1000)

2l Sediment/external exposure Carcinogen (A)
4 Sediment/external exposure

60Co 2 Sediment/external exposure Carcinogen (A)

234Pa 3 Sediment/external exposure Carcinogen (A)

aCarcinogen screening index >10"3; noncarcinogen screening index

6Under EPA review.

CA = sufficient human evidence for carcinogenicity,
B2 = sufficient evidence in animals but none or inadequate data for

humans .

^Potential artifact, only four positive samples reported from a total of 22.

eUF = uncertainty factor used by EPA to dorive a RfD for
noncarcinogens.

/Averaged for six samples taken in White Oak Lake embayment (public
access not permitted, posted area).

^Carcinogen screening index >10~4; noncarcinogen screening index

^ Assumed as uranium salt.

'Averaged for 32 surface sediment samples taken throughout Reach 2.



Table 6. Contaminants assigned a definitely low priority
through conservative screening**

Contaminant Reach Pathway Toxicity type

Inorganic chemicals
Cyanide 1

2
13

Cadmium

Nickel

Selenium

Mercury

18

1
5

5

10

All

All

All

All
All
All

All

except veg(D) and milk(D)
All except veg(I)

except dredging pathways

except dredging pathways

Noncarcinogen
(UF=1000)6

Noncarcinogen
(UF=10)c

Both

Non carcinogen
<UF=15)

Noncarcinogen
(UF=10)

Organic chemicals (None)

Radionuclides
60Co

89 S r

99TC

134Cs

137Cs

1

4

1
3

1
3
4

3

3

10

18

All except dredging pathways

All except dredging pathways

All except veg(I) and dredging
All except dredging pathways

All
All except veg(I)
All except veg(I)

All except dredging pathways

All except fish ingestion and
dredging pathways

All except fish ingestion and
dredging pathways
All except dredging

Carcinogen (A)d

Carcinogen(A)

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)



Table 6. (continued)

Contaminant

Radionuclides
233P a

234Pa

232Th

234Th

235U

236U

238U

238PU

2 3 9 ^

24lAm

244 C m

Reach

(continued)
3

1
2
3

1

2
3
4

1
9

2
4

1
2

1
9
O

4
5

1
3
5

3
10

3
10

Pathway

All

All except dredging pathways
All except dredging pathways
All except dredging pathways

All except veg(I) and dredging

All except dredging pathways
All except dredging pathways
All except dredging pathways

All except dredging pathways
All except dredging pathways

All
All

All except veg(I) and dredging
All except veg(I) and dredging

Dredging pathways only
AllXi.ll

All except dredging pathways
All except dredging pathways

All except dredging pathways
All except dredging pathways
All except dredging pathways

All except dredging pathways
All except dredging pathways

All except dredging pathways
All

Toxicity type

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)

Carcinogen (A)

aCarcinogen screening index <10"6, noncarcinogen screening index <0.1;
exposures in all media based on maximum concentrations reported in fish,
sediment, or water.

6UF = uncertainty factor used by EPA to derive a RfD for noncarcinogens.
cListed as both a carcinogen and noncarcinogen; however, at a cancer risk

level of 10"6, the noncarcinogen reference dose factor is more restrictive.
dA = Sufficient human evidence for carcinogenicity.



Figure Legends

Fig. 1. Exposure pathways considered for the Clinch River off-site screening
analysis.

Fig. 2. Reach 1 on Melton Hill Reservoir, Reach 2 on Clinch River, and Reach 3
on Poplar Creek receive effluents from the Oak Ridge Facilities. Reach 13 on
Poplar Creek is a reference reach.

Fig. 3. Reach 4 on the Clinch River and Reach 5, Watts Bar Reservoir, are
downstream from the Oak Ridge Reservation and receive effluents from all Oak
Ridge facilities. Reach 10. Norris Reservoir, and Reach 18 on the Tennessee River
are reference reaches.
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