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ABSTRACT 

The effective use of scientific research data and the willingness to hear and involve the public in a manner 
that is in keeping with regulatory requirements are two important challenges affecting the cleanup of the 
Lower East Fork Poplar Creek floodplains-a mercury-contaminated site in Oak Ridge, Tennessee. As a 
result of recalculating risk levels using new information, the remediation goals and the cleanup strategy 
for the Lower East Fork Poplar Creek floodplains have been significantly changed. These changes reflect 
an important reduction in cleanup costs while ensuring protection of human health and the environment. 

Use of the risk assessment process should yield an effective evaluation of information on the adverse 
health effects to human receptors exposed to hazardous and radioactive materials. The keys to the risk 
assessment's effectiveness are having an accurate understanding of the contaminant and correctly 
applying the remediation goal methodology. Determining effectiveness is also related future land use of 
the contaminated site, and future land uses will depend heavily upon the local community. Involving the 
public in the evaluations of the contamination and risk methodology has resulted in successfully 
achieving an acceptable remediation goal for all stakeholders. This project and its stakeholders have made 
the risk assessment process more effective by better defrning the contaminant and adjusting assessment 
parameters in a way that affords adequate protection for human health and the environment while 
building stakeholder acceptance. 

As a result of this synergism, the remediation goal initially set at 50 parts per million (ppm) of mercury 
has been changed to 400 ppm, resulting in significant reductions in both the destruction of the floodplain 
landscape and project costs. The volume of soils to be excavated has been decreased from 1 million cubic 
yards to 25 thousand cubic yards, and the cost has been reduced from approximately $1 billion to less 
than $20 million. The Record of Decision for Lower East Fork Poplar Creek was approved in 
August 1995. 

BACKGROUND 

The contamination of Lower East Fork Poplar Creek (LEFPC) occurred during the 1950s and 1960s when 
mercury was used in the manufacturing process of nuclear weapons components at the Oak Ridge 



Y-12 Plant in Oak Ridge, Tennessee. The mercury-contaminated waste water was initially discharged into 
the upper portion of East Fork Poplar Creek. Figure 1 shows historic mercury releases in the upper 
portion of East Fork Poplar Creek from 1955 to 1994. The contamination extends along the floodplain of 
this 14-mile-long creek that flows through U.S. Department of Energy (DOE), residential, and 
commercial property areas. The remediation of LEFPC has posed many challenges to the technical 
participants, regulators, and public. 
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Fig. 1. Historic mercury releases in the upper portion of East Fork Poplar Creek. 

The LEFPC site includes two distinct but overlapping areas: LEFPC and the Sewer Line Beltway (Fig. 2). 
LEFPC flows 14 miles from Lake Reality at the Y-12 Plant to its confluence with Poplar Creek near the 
Oak Ridge K-25 Site. LEFPC flows through an area that hosts a range of human activities and land uses. 
The site includes creek sediment and soils, which make up the creek's 100-year floodplain. The Sewer 
Line Beltway consists of 10 miles of sewer lines, with one portion within the floodplain of LEFPC and 
two branches in the city of Oak Ridge. The Oak Ridge Sewer Line Beltway was studied because soils 
from the creek bank were used as excavation fill for the sewer line during the early 1980s. Because the 
soils around the Sewer Line Beltway present no significant risk, the beltway is not discussed further. 

The project began with characterization studies that charted the effects of mercury contamination on the 
environment. Contamination of the LEFPC floodplain can be understood by using a conceptual model for 
contaminant transport. The initial premise is that soil contamination in the floodplain is closely linked to 
hydrologic events. Contaminants from the Y-12 Plant were washed down LEFPC during high-flow 
conditions following rainstorms. At least some contaminants were adsorbed onto sediment particles and 
were transported downstream in a suspended phase. Other contaminants were transported in a dissolved 
phase. During flooding, the creek overflows its banks and spreads out across its floodplain, depositing 



contaminated sediments on vegetation and the land. Based on this conceptual model, the remedial 
investigation focused on the evaluation of surface water, creek sediments, floodplain soils, and 
groundwater as potentially affected media. Because of the continued releases from the Y-12 Plant, the 
mercury in the surface water was not addressed in this remediation effort. However, the mercury 
contamination eventually settled into the creek sediment. During past years when the contamination 
originally occurred, naturally occurring events, such as flooding and erosion, created a change in the 
locations of the contamination. Based on the results of the investigations, the floodplain soils pose the 
greatest risk to human health and the environment and are the basis for the remedial action. 
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Fig. 2. Location of Lower East Fork Poplar Creek and the Sewer Line Beltway. 

DEVELOPMENT OF REMEDIATION GOALS 

The critical human health exposure pathway at the site was determined to be soil ingestion by children, 
and the initial cleanup goal was calculated at 50 ppm of mercury (soils with greater than 50 ppm mercury 
would be removed; soils with less than 50 ppm would remain). However, the initial risk assessment 
assumed all the mercury in the soils was mercuric chloride (the mercury species on which the toxicity 
reference dose was based), a soluble mercury compound not expected to be present in a floodplain 
frequently saturated with water. Previous investigations had suggested that mercury in the LEFPC 
floodplain was less soluble and therefore less bioavailable than mercuric chloride, possibly making the 
results of the risk assessment unduly conservative. Using a sequential extraction procedure for 
determining the species of mercury in soil, Revis et a]. (1 989) estimated that approximately 85% of the 
mercury in the soils had been converted to mercuric sulfide as consequence of microbial activity in the 
reducing conditions of the soil. Subsequently, Revis et ai. (1 990) also showed mercuric sulfide absorbed 
gastrointestinally to a lesser extent than mercuric chloride in mice feeding studies. An examination of 
20 soils using optical and scanning electron microscopy also revealed a consistent elemental association 
between mercury and sulfbr, further bolstering the idea that the mercury in the soils had been converted to 



mercuric sulfide. However, using a different sequential extraction procedure (Miller 1 993), elemental 
mercury was detected to a larger extent than mercuric sulfide (Dobb et al. 1994). Barnett et al. (1 995) 
showed the use of the two previously used sequential extraction procedures (as well as a third) on the 
same set of soils produced inconsistent results, prompting questions about the utility of current sequential 
extraction procedures to unequivocally provide information about the mercury species in soil. For this 
reason, a subsequent effort was initiated to determine whether or not crystalline mercuric sulfide was 
present in soil. Using x-ray and electron beam methods, Barnett et al. (1 995) confirmed the presence of 
submicron crystals of mercuric sulfide in the form of metacinnabar. 

Because of the difficulty in extrapolating particle- and soil-specific speciation information and the lack of 
a reference dose for mercuric sulfide, a bioavailability study designed to measure the amount of mercury 
available for absorption in a child’s digestive tract was conducted to provide direct (independent of 
speciation) information for input to the risk assessment (Barnett and Turner 1995). The bioavailability 
m d y  used soil leaching tests to simulate the human digestive system and determine the fraction of 
mercury in LEFPC soils potentially available for absorption in the human digestive tract. The study was 
conducted on a suite of soils from the floodplain as well as some pure mercury compounds for 
comparison purposes. Soil samples were collected at 2 depths from I O  sites (for a total of 20 samples) to 
represent a range of environmental conditions in the floodplain. Surface samples were collected within 
3 inches of the surface. Deeper samples were collected in layers historically associated with the highest 
concentration of mercury in the floodplain. A 740-mg-portion of each air-dried soil was added to 1 liter of 
distilled water adjusted to pH 2.5 and allowed to leach for 4 hours, after which a filtered subsample was 
taken for mercury analysis. This treatment simulated the stomach. The subsample volume was replaced 
with distilled water, and the remaining leachate was pH adjusted to 6.5 and allowed to leach for 4 hours, 
after which a second subsample was filtered and collected for mercury analysis. This treatment simulated 
the remainder of the gastrointestinal tract. 

The results of the leaching study for the 20 soil samples are shown in Table I. The total percent soluble 
mercury is simply the sum of the percent soluble at both pH values and represents a worst-case scenario, 
since some of the mercury in the soil is undoubtedly soluble at both pH values and is double counted in 
the simple summation. In 19 of the 20 samples, the mercury was not significantly (as a percentage) 
extracted at either pH. Less than 5% of the mercury was solubilized in 15 of the samples. Total soluble 
mercury in the 19 samples ranged from 0.3 to 14.2%, with an average of 3.2%. For one sample, however, 
there was a total of 45.9% soluble mercury. The high leachate concentrations for this sample are thought 
to reflect differences in the speciation of mercury in the sample, as this was the only sample among 20 
which exhibited detectable mercury vapor in the sample headspace, which is not characteristic of 
mercuric sulfide (Willet, Turner, and Beauchap 1992). This sample was also the only deep, 
mercury-concentrated sample where total mercury and total sulfur were not well correlated. Including this 
sample, the average percent of mercury leached from the 20 samples was 5.3%. Attempts at more 
realistically simulating the human digestive system (e.g., by raising the leaching temperature to body 
temperature and using deoxycholic acid, a common constituent of the human digestive system) did not 
significantly affect the results. 

Mercuric chloride and mercuric sulfide (cinnabar and metacinnabar) were also subjected to the leaching 
procedure. Less than 1 % of the mercuric sulfide samples, both cinnabar and metacinnabar, leached in the 
procedure. In contrast, all of the mercuric chloride sample dissolved, producing leachate concentrations 
almost 1,000 times higher than the highest soil leachate. Although the procedure is a simple 
representation of a complex system such as the human digestive system, the solubility and hence 
bioavailability of mercury in LEFPC soils is obviously substantially less than pure mercuric chloride. As 
a result, use of a reference dose for mercuric chloride in the LEFPC risk assessment without incorporating 
a corresponding bioavailability factor would be unduly conservative. 



Table I. Results of mercury bioavailability leaching study . 

Leachate Leachate 
Soil Hg (Pd1) Hg (PdO 

Sample Hg (mg/kg) pH 2.5 pH 6.5 

ZN3210115 260.0 0.70 I .oo 
I ZN3210127 I 2630.0 I . 570.00 1 300.00 

ZN3340211 I 270.0 0.80 0.80 

I ZN3340223 I 1900.0 I 77.00 I 20.00 

I ZN3340312 I 230.0 I 0.20 I 1.80 

I ZN3340324 I 2100.0 I 30.00 I 11.00 

ZE54704 12 85.0 0.20 0.40 

285470424 1300.0 73.00 14.00 

ZE5380512 67.0 I .60 1.10 

285380524 2 100.0 26.00 8.20 

ZE53406 I9 140.0 0.10 0.20 

ZE534062 1 1200.0 10.50 4.90 

ZE51507 17 230.0 1.80 2.60 

ZE5 150729 900.0 13.00 3.20 

ZE37708 I O  480.0 2.40 1.50 

283770822 15.3 ' 1.10 0.50 

2837409 I8 55.0 0.20 0.20 

283740920 780.0 14.00 5.80 

ZE3 18 101 3 28.0 0.03 0.20 

ZE3181025 390.0 6.30 1.90 

1 I I I Mean 740.0 41.4 19.0 
'(?A soluable pH 2.5) + (% soluable pH.6.5) 

I I 
% Soluable I Totala 

% Soluable YO Soluable 
pH 2.5 I pH6.5 . 

0.4 I 0.5 I 0.9 

29.3 1- 16.6 r 45.9 

0.4 I 0.4 0.8 

5.5 I 1.4 I - - 6 . 9 -  

0.1 I 1.1 I ~ 1.2- 
1.9 I 0.7 

0.3 0.6 1 .O 

7.6 1 1.5 I 9.1 

3.2 2.2 5.5 

1.7 0.5 2.2 

0.1 0.2 0.3 

1.2 0.6 1.7 

1.1 I .5 2.6 

2.0 0.5 2.4 

0.7 0.4 1.1 

9.7 4.5 14.2 

0.5 , 0.5 1.0 

2.4 1 .o 3.4 

0.1 1 .o 1.1 

2.2 0.7 2.8 

3.5 1.8 5.3 



The solubility information from this study was then modeled using Monte Carlo techniques, which 
produced a probability distribution of mercury bioavailability (DOE 1994). After reviewing this 
information with regulators and the general public, a bioavailability of 10% was selected. Using a 
bioavailability of 1 O%, the cleanup goal was increased from 50 ppm (based on the default value of 
100% bioavailability) to 400 ppm of mercury. . 
The data on bioaccumulation of mercury from LEFPC mercury-contaminated soils and other soilhody 
burden relationships were integrated and developed into an ecological evaluation. The most sensitive 
group for protection is the mid-level predator. A risk management decision was made to provide the 
necessary level of protection, which took into account the habitat disturbance and mortality which would 
result from cleanup activities, balanced against the contaminant exposure risk. Mercury contamination of 
greater than 400ppm provides the necessary level of protection to the environment. 

IMPACTS 

As the country became more environmentally conscious, federal laws were enacted to direct cleanup of 
contaminated sites. Priority was given to the LEFPC site because the contamination exceeded federal 
facility boundaries and posed a risk of uncontrolled conditions and exposure to the public. In December 
1989, the Oak Ridge Reservation was placed on the U.S. Environmental Protection Agency’s (EPA’s) 
National Priorities List. This meant the cleanup of sites contaminated by DOE operations on and off the 
reservation would be conducted under the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), which requires public participation in the cleanup process. DOE recognized the 
high visibility of this project and decided to involve the public early. The Record of Decision describes 
the selected remedy to include excavation of the contaminated media, backfilling the evacuated areas, and 
disposing the contaminated media in a permitted landfill at the Y-12 Plant. 

Several public meetings were held to provide information to area citizens and hear their concerns about 
LEFPC. As the work continued, workshops were held to explain the process to the public and encourage 
participation by community members in selecting a preferred alternative. Also, several workshops were 
held with citizens who own property along the creek. The public’s involvement at Superfund (CERCLA) 
sites typically consists of public meetings and public comment periods; however, these come late in the 
remedial decision process. To gain more meaningfid participation early on, DOE decided to form a 
voluntary, informal group in May 1993 called the Citizen’s Working Group (CWG). Because of its 
visibility and timing, the LEFPC environmental restoration project was chosen to launch a CWG as a 
pilot program. Volunteers for the group were solicited through advertisements and announcements to 
form a project-specific, broadly representative group of concerned citizens. Their task was to give DOE 
feedback about the proposed remedial alternatives for the creek’s floodplain soi1s:The LEFPC CWG was 
not formed to be a decision-making or consensus-building group. 

The CWG reviewed proposed remedial alternatives, identified concerns, and suggested new options. The 
group’s activities were representative of the CERCLA process; therefore, they were able to maximize 
their ability to help DOE gain new perspectives about potential remedial alternatives under consideration. 
In addition, they were in a position to introduce new alternatives. Input from the group helped DOE better 
understand citizens, concerns related to remediation of the floodplain soils and the potential impacts to 
the community. 

The high cost of performing environmental restoration activities resurfaced throughout the 
characterization and decision phase for the LEFPC project. The public strongly emphasized the cost to 
remediate versus the protection of human health and the environment. Figure 3 shows a cost comparison 
from the feasibility study, baseline, and value engineering study. The costs reflect the estimates to 



perform remedial design and remedial action activities. As a result of public concern, a value engineering 
study was performed to give a criticai examination of the preferred alternative. Each activity in the 
preferred alternative was examined for innovative ideas and potential performance improvements. Cost 
estimates were generated from a proposed list of new and modified approaches. The majority of the new 
approaches proved to be cost effective. 
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Fig. 3. Cost comparison of Lower East Fork Poplar Creek feasibility study, baseline, 
and value engineering study. 

CONCLUSIONS 

The reason for understanding and assessing the risks for human health and environment is to derive a 
remediation goal. The remediation goal, 400 ppm, has been determined to be the desired in-point of 
concentration of mercury contaminant. Mercury can exist in many forms, some more toxic than others. 
Public input, required by law, ensures that communities and people affected by past environmental 
practices will have a role in selecting the remedies for the problem. All stakeholders have a significant 
role in balancing the goal of protecting human health and the environment with remediation costs. Tile 
difficulty comes into play when a data set does not exist on the effects to the human organs and therefore 
must be extrapolated from animaVlaboratory experimentation. At LEFPC, the effects of mercury in a soil 
matrix would be of greatest risk to children, based on the contaminant (mercury) and the exposure 
pathway (ingestion). To significantly reduce the risk of ingestion of mercury-contaminated soils, soils 
with greater than 400 ppm mercury will be removed and handled in an environmentally acceptable 
manner by excavating the contaminated soil, disposing it in a permitted landfill on the Oak Ridge 



Reservation, backfilling the excavated areas with clean soil, and restoring the disturbed site to its 
condition before remediation work. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or respnsi- 
biiity for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


