APPENDIX 1. MATERIALS CITED IN REPORT
APPENDIX 1-1. SIGN LOCATIONS PROVIDED BY TDEC

Note: Sign locations are indicated on the maps by stars.
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APPENDIX 1-2A. SIGN-IN SHEET FOR PUBLIC MEETING ON
EAST FORK POPLAR CREEK REMEDIATION PROJECT
(UNDATED, BUT LIKELY 8/14/96)
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APPENDIX 1-2B. DEBRIEF OF EAST FORK POPLAR CREEK
WORKSHOP (8/14/96)
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APPENDIX 1-3. RECORD OF DECISION (ROD)
FOR LOWER EFPC
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APPENDIX 1-4. CASE STUDY OF THE EPA/ATSDR
CONTROVERSY RELATED TO THE OAK RIDGE HEALTH
EFFECTS SUBCOMMITTEE (WRITTEN BY SUSAN ARNOLD
KAPLAN, 9/04)
I. What is the EPA controversy? It essentially started when Lowell Ralston of EPA
Headquarters was quoted on June 6, 2003, in the Knoxville News Sentinel (KNS) as
saying: “At this time we do not concur with ATSDR’s final conclusions and
recommendations,” and he asked that the evaluations be revised before the health
assessment was completed. Ralston’s statement pertains to ATSDR’s Public Health
Assessment on the Y-12 environmental releases, which was released to the public after
the February 2004 ORRHES meeting, where ATSDR was asked (again) by some
ORRHES members to delay its release.
II. Purpose of Case Study: To Illustrate Systemic Problems with ORRHES and ATSDR:
This case study is an overview of the events leading up to the KNS article and it
describes what happened after it was published. This study was written because the
controversy illustrates what some members of ORRHES consider to be systemic
problems with the way Subcommittee business is conducted—in particular how
guidelines, procedures, and Subcommittee member and Agency staff actions can be used
to control and suppress the education of Subcommittee members and the public on what
they consider to be sensitive technical and political issues and votes concerning these
issues—and the advisory process in general.
III. Minority Opinions and Minority Control of Votes: The controversy described here is
a case study that illustrates the importance of listening to “minority opinions” and the fact
that simply because it is a “minority” requesting an action does not mean their requests
should be manipulated and ignored by the Agency. Note that “minority” means two
things in relation to ORRHES. It can reflect a true minority, where the number of voting
members supporting an issue is less than the number of people voting against it.
However, it can also reflect the fact that a simple majority of the voting body
supports something, but the vote fails to meet the two-thirds majority requirement
and, hence, fails. This can leave the Subcommittee vulnerable to the control of key
votes by an organized, unified minority that supports the status quo.
IV. Minority Group Working Outside ORRHES System to Bring EPA to the Table. As a
result of feeling that ATSDR ignored their (and EPA’s) important concerns and
attempted to control and suppress the discussions, a small group of members had to work
on their own—outside of the ORRHES process—to get this important public issue
resolved satisfactorily. Their efforts included: (1) direct communications with EPA to
convince them to participate in a public meeting, (2) documentation of the timeline of
events, (3) “commandeering” an ORRHES meeting to get the issue on the agenda and a
resolution passed to make the public meeting an official ORRHES meeting and to get a
verbatim transcript of the public meeting agreed to, (4) development of a list of questions
for EPA to address, and (5) the generation of this case study.
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V. A group of Subcommittee and work group members—which varied in number over
the course of the year this controversy took place and generally has been viewed as a
“minority” group within the Subcommittee—strongly supported delaying the release of
the PHA until the EPA’s and the group’s concerns were addressed. This group believed
the concerns could not be addressed sufficiently until EPA had come to Oak Ridge to
have a public dialogue with ATSDR and the Subcommittee.
VI. The group began working in June 2003 to get EPA invited to come to Oak Ridge.
However, in the fall of 2003, ATSDR claimed repeatedly that requests to get EPA to
come were unsuccessful, and ATSDR finally emphatically stated (on numerous
occasions) that EPA would never come—that EPA refused to come—and that the two
government agencies would never agree on the issues. However, the small group did not
believe that ATSDR had done everything in its power to work through the appropriate
channels to bring EPA to the table. They believed that ATSDR’s failure to address the
concerns that were raised in the newspaper article and the agency’s attempt to suppress
and ignore minority questions, positions, and issues had set the stage for widespread
public rejection of the report’s findings.
VII. Examples of Subcommittee Rules and Actions in Question: The following are some
of the rules and actions that have been questioned and challenged by some members of
ORRHES: (1) the two-thirds vote requirement for “major” votes, (2) the decision against
consistently having verbatim transcripts/detailed minutes of all Subcommittee and work
group meetings, (3) the avoidance of discussion of controversial issues by ORRHES by
sending them back to the work group (and vice versa), (4) not allowing selected
individuals to speak, be heard, and/or their voices captured on tape and in minutes (i.e.,
consistently talking over selected people), and (5) efforts to marginalize and alienate
individuals who disagree with the status quo.
VIII. Two-thirds Vote and Minutes/Transcripts: The two-thirds vote rule and the
decision against verbatim transcripts were adopted by the Subcommittee at its first
meeting and/or before most members understood the ramifications of the vote to approve
a charter, bylaws, and procedures—all of which were put forth by the ATSDR staff, who
the Subcommittee members put their trust in. It is important to understand that many of
the Subcommittee members erroneously assumed that, because ORRHES was not the
first FACA-chartered health panel, the guidelines and procedures proposed had been
common to all the previous Subcommittees. However, this was not the case, particularly
with the two-thirds vote requirement. For example, the Hanford Health Effects
Subcommittee operated using a simple majority. Although there have been attempts to
revisit these issues, they have not yet been successful. Note that several key ORRHES
votes were supported by a majority of the voting members, but were narrowly defeated as
a result of the two-thirds vote rule (e.g., using dose versus risk, generating verbatim
transcript/detailed minutes, asking DOE and ATSDR to request that EPA accelerate its
plans for sampling in Oak Ridge, and perhaps others).
IX. Importance of Minority Opinions and the Two-thirds Vote: The significance of the
two-thirds vote rule is that it enables an organized, unified minority to block something
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the majority supports by banding together to control key ORRHES1 votes—something
that gives great power to the more educated, knowledgeable, and/or influential members
of the group and leaves the less articulate, less influential, and/or less organized (often the
lay members of the Subcommittee) at much greater risk of having their positions ignored
and their voices silenced. It also puts more power with those whose views support the
status quo—and those who established the status quo via the charter, bylaws, guidelines,
and procedures—because a motion must be raised before the power of an organized
minority can be invoked. Motions are generally made by those trying to effect change,
not by those who are trying to maintain the status quo. When the use of the two-thirds
vote rule is not tempered either by a strong chair or facilitator, it can widen the gap
between the factions on the Subcommittee, thereby crippling the spirit of consensus.
Therefore, the Agency should be exceedingly carefully in dealing with minority efforts to
control ORRHES votes and should properly consider minority opinions that have merit
and, which may, in fact, deserve to be acted on.
X. Significant Failures by ATSDR: Some ORRHES members believe that ATSDR’s
failure to document and act on these kinds of systemic issues and problems as early in the
Subcommittee process as possible is a serious failure by the Agency. Unfortunately, it is
only when a public crisis occurs does the management staff aggressively attempt to
resolve issues that often have been raised in repeatedly in work group and Subcommittee
meetings. It appears the Agency’s major concern is not getting the issues resolved, but in
damage control and the avoidance of negative publicity regarding their actions or lack of
actions.
Some believe one of ATSDR’s most significant failures is the lack of minutes for all
work group meetings. While PHAWG meetings are generally documented, some of the
work groups have no minutes at all. Some of the Subcommittee members believe if it is
worth holding a meeting then it is worth documenting what took place and making that
discussion publicly available, particularly on the web site. ATSDR and a faction within
ORRHES disagree with this and the conflict continues.
XI. Timeline: The following information is based on a detailed timeline of the EPA
controversy, a draft of which was provided to ORRHES by Susan Kaplan at the April
meeting.
1. EPA submitted comments electronically to Jack Hanley on the Red Cover version of
the Y-12 PHA on April 24, 2003. (The deadline for comments on the report that was
released on 12/31/02 was 2/4/03—a date both EPA and PHAWG missed.) EPA also
submitted comments on the Public Comment version of the report on June 19.
2. After the Public Comment version of the PHA was released (May 5), Susan Kaplan2
learned of the EPA comments on the Red Cover version and officially requested them
1

Note the ORRHES votes are all that matters. An organized minority can appear to support an issue at work group meetings despite
their true position, knowing they can vote it down at an ORRHES meeting because of the two-thirds vote rule. This serves to cut short
the discussion and to keep it out of the public record, particularly at PHAWG meetings, which have detailed minutes prepared.
2

Note that Kaplan underwent an amputation on January 16, 2003; rehabilitation through much of 2003; two lung
surgeries (January 7, 2004, and January 27, 2004); and chemotherapy from March through May of 2004.
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from EPA. She assumed that ATSDR would soon bring up this important issue with
PHAWG. Kaplan believed the EPA comments should be factored into ORRHES’
comments on the Public Comment version, which were due on June 20.
3. PHAWG meetings were held on May 5 and 19, and ATSDR discussed the PHA with
the ORSSAB on May 14. However, the EPA comments on the PHA were not
mentioned at any of these meetings.
4. Kaplan did not receive the EPA comments until the end of May. At this time,
because of the pending deadline for the Public Comment version of the PHA, she
shared EPA’s comments with some selected members of the public so they could
contribute to the discussion and help her weigh in on the issue.
5. An ORRHES meeting was held on June 3, but the issue was still not raised by
ATSDR.
6. Frank Munger of the Knoxville News Sentinel published an article on the EPA
comments on June 6. A controversy resulted, which stemed mainly from the
following quote from the article, which was made by Lowell Ralston of EPA
Headquarters: ““At this time we do not concur with ATSDR’s final conclusions and
recommendations,” he said, asking that the evaluations be revised before the health
assessment is completed.” This quote started the effort by other ORRHES and
PHAWG members to get EPA to address this issue with ORRHES.
7. At its June 16 meeting, PHAWG discussed this issue and a motion was passed to
invite EPA Headquarters and Region IV to an ORRHES meeting (This was the first
request for EPA to speak).
8. The EPA issue was raised again at the July 8 PHAWG meeting, but PHAWG’s
Chair, Bob Craig, indicated he was unaware the work group was looking for
additional EPA involvement. James Lewis informed him of the motion from the June
16 PHAWG meeting for EPA to speak, and James and Kowetha Davidson (ORRHES
Chair) volunteered to draft a letter inviting EPA. Jack Hanley reminded PHAWG
that the Agenda Work Group had the authority to send an invitation directly3, but a
formal letter from PHAWG must go through ORRHES.
9. At the August 18th PHAWG meeting, Bill Taylor informed the group that the request
for EPA to come would go to ORRHES at its meeting on August 26th. He indicated a
draft letter had been prepared for ORRHES to approve and for the Chair to sign.
10. At the August 26th ORRHES meeting, the EPA issue was raised by the ORRHES
Chair, Kowetha Davidson. She indicated the issue was to discuss concerns about the
ORR site, as well as the procedures EPA uses to interact with ATSDR and ORRHES.
The fallout from the Munger article on the EPA comments was discussed at this
meeting. EPA Region IV’s liaison to ORRHES (Jon Richards) indicated that,
although comments by EPA Headquarters were more detailed than those by Region
IV, both sets were consistent. However, ATSDR disagreed with Richard’s position
regarding the consistency between the sets of comments.
11. At the October 20 PHAWG meeting, Jack Hanley made a detailed presentation to
PHAWG reviewing the process that ATSDR and ORRHES went through with the Y12 PHA.

3

Assuming ATSDR approved the agenda
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12. At the October 21 ORRHES meeting, several members expressed concern about
ATSDR’s plan to present the final draft of the PHA during the next ORRHES
meeting because the timeline would not allow the full ORRHES to weigh in before
ATSDR finalized the document. Barbara Sonnenburg requested that at a future
meeting, EPA should inform ORRHES of its position on whether ATSDR did or did
not adequately respond to their comments on the PHA. Susan Kaplan introduced a
recommendation to invite both EPA HQ and Region IV to an ORRHES meeting.
After arguments from Tony Malinaskas, the ORRHES Chair sent the
recommendation back to PHAWG without allowing the issue to be dealt with
officially by ORRHES.
13. At the November 6 PHAWG meeting, Susan Kaplan raised the issue of the
recommendation for EPA to be invited to ORRHES and it was discussed at length.
Jack Hanley said that ATSDR had contacted EPA Region IV and HQ and he assured
PHAWG that all of the entities at Region IV and HQ that had been involved in this
issue were going to get together to come up with a resolution. James Lewis pointed
out there had been an Agenda Work Group meeting relating to the same subject and
that Barbara Sonnenburg wanted a slot on the agenda for an EPA representative to
come and address the uranium issues. He mentioned that Sonnenburg also had asked
Lewis to contact the Region IV representative, Jon Richards (which he had already
done). Lewis mentioned that Richards implied the area of concern was with the past
exposure calculations. Lewis also mentioned the letter that ORRHES Chair Davidson
is planning to draft to request the appropriate presence to come to ORRHES to
address the issues. Kaplan raised the issue of trust of ATSDR and asked if the group
can trust that ATSDR is trying to get into contact with EPA or if there needed to be a
resolution voted on. Hanley assured the group that ATSDR had contacted EPA and
ATSDR was trying to work with them. Al Brooks and Tony Malinaskas were
particularly against inviting EPA to an ORRHES meeting. After much discussion,
PHAWG made a motion to request prior to 12/1/03 a definitive set of comments from
EPA that reconciled the original set of EPA comments from HQ and the ATSDR
responses to comments regarding the Y-12 uranium PHA. Al Brooks pointed out that
ATSDR is already trying to do what is noted in the recommendation/resolution and it
is possible that ATSDR may have the issue resolved before ORRHES has to act on
the recommendation. Gordon Blaylock then asked if someone from EPA should
come to an ORRHES meeting to present EPA’s comments. Susan Kaplan asked what
will happen if EPA cannot come to an agreement. Malinausakas said that if EPA
cannot come to an agreement then EPA should send someone down to say that EPA
Region IV and HQ do not agree. Responding to Jack Hanley saying that Jon
Richards is the EPA Region IV representative, James Lewis said that Richards told
him he is not in the technical position to make the call. The area of expertise that has
been challenged came out of HQ and is not from his own area of expertise. Jack
Hanley reminded the group that EPA Region IV concurred with the findings of the
uranium PHA and had the expertise to make that call.
14. The letter to EPA HQ from the ORRHES Chair, which was dated November 21, was
sent out (without an official ORRHES vote like Jack Hanley had said was required at
the July 8 PHAWG meeting).
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15. At the December 2 ORRHES meeting, the letter received from EPA Region IV in
response to the Chair’s letter dated November 21 was discussed at great length. The
EPA Region IV liaison to ORRHES was present at this meeting and indicated that, in
the future, EPA HQ will not be commenting unless he asks them to. Concern also
was expressed by ORRHES members that ATSDR planned to issue the PHA without
resolving this issue.
16. The PHA was officially released on January 30, 2004, but CD’s were not mailed to
ORRHES members after the February meeting. Only two hard copies were delivered
to the Oak Ridge Field Office.
17. Unaware that the PHA had been officially released, delaying its release in order to
hear from EPA was a major issue discussed at the February 3 ORRHES meeting.
James Lewis moved that ATSDR should hold releasing the PHA, but his
recommendation was not seconded. Herman Cember moved that the PHA be
publicly released in the ORR area in the presence of both the public and media, along
with an official explanation regarding the difference between ATSDR and the EPA
methodologies in determining dose versus risk, both of which reached the same
conclusions. The motion passed.
18. On numerous occasions (Dec. 2003, Feb. 2004, April 2004), the ATSDR project
manager, Jerry Peierra, ATSDR staff, and the ORRHES Chair told ORRHES and
PHAWG members that ATSDR and EPA would never agree and that EPA had been
invited to Oak Ridge, but refused to come. As a result of ATSDR’s apparent
unwillingness to aggressively pursue getting EPA to come to Oak Ridge, James
Lewis finally decided to take on this effort himself. After several telephone calls and
providing EPA with copies of the meeting minutes, he convinced EPA to come to
speak with ORRHES and the public. However, despite his successful efforts,
ATSDR’s actions resulted in the cancellation of the meeting, which was planned for
the evening of April 12 along with a talk at the ORRHES meeting on April 13.
Because of ATSDR’s unwillingness to participate in these meetings, the desired
goal—which was to have all parties at the table—would not have been achieved. So
Lewis decided to agree with ATSDR to cancel the meeting on the premise that the
discussions would be held in an open and timely manner.
19. At the April 13 ORRHES meeting, James Lewis and Susan Kaplan led an
“impromptu” discussion of the EPA issue. However, this “commandeering” of the
meeting upset some ORRHES members. At this meeting, Kaplan presented a
timeline of the EPA controversy. She pointed out that what was accomplished by
Lewis and her was made possible by the ready availability of detailed meeting
minutes—another controversial issue that some members of ORRHES have fought
hard for and which ATSDR has been reluctant to provide. She pointed out the motion
made by Karen Galloway at the February ORRHES meeting recommending verbatim
transcripts, which was defeated. She pointed out that this was one of several such
proposals over the course of ORRHES’ existence. She indicated it is critical to
recognize that having the tools that enable a member of the public or a Subcommittee
member to do such an analysis is the only means of holding ATSDR and
Subcommittee members accountable. She proposed wording for a motion to hold a
meeting with EPA present on Monday evening of June 7 dedicated entirely to
discussing the EPA issue, in addition to the regular ORRHES meeting on Tuesday
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June 8. She indicated her belief that such a meeting was necessary to provide the
Subcommittee and the Oak Ridge community the opportunity to hear from EPA
without the time restrictions of a normal Subcommittee meeting. In addition, because
the EPA controversy over the Y-12 uranium PHA illustrates systemic problems that
exist within ATSDR and how it interacts with the Subcommittee, attempts to control
it, and how it responds to Subcommittee recommendations, she proposed that a work
group be formed to look into the matter. However, instead it was referred to the
Guidelines and Procedures Work Group under Karen Galloway. Kaplan indicated
that it appeared the ATSDR public-participation process had broken down and
threatened to undermine the public’s trust in all of ATSDR’s efforts in Oak Ridge—
and not for just the Y-12 uranium PHA.
20. On May 10, 2004, the Communications and Outreach Work Group (COWG) met
jointly with the Guidelines and Procedures Work Group (GPWG) to discuss the
public outreach effort that ATSDR should undertake for the June meeting with EPA,
as well as to discuss the systemic problems illustrated by the EPA controversy. Susan
Kaplan introduced a Case Study that she developed, which uses the EPA controversy
to illustrate the systemic problems brought up at the April ORRHES meeting. Karen
Galloway presented a list of proposed recommendations, which was approved by the
work group. [Note that these recommendations were revised and approved?? at the
May ?? work group meeting.] During the May 10 meeting, there was another
occurrence of the systemic problem mentioned in Section VII above (i.e., Examples
of Subcommittee Rules and Actions in Question): “Avoidance of discussion of
controversial issues by ORRHES by sending them back to the work group.”
However, this example was in reverse, i.e., the ORRHES chair attempted to send a
controversial issue (i.e., the generation of questions for the EPA meeting) back to
ORRHES. Kaplan asked if a work group could meet soon to develop questions to
submit to EPA before the meeting on June 7. However, The ORRHES chair
suggested that they direct questions to ORRHES and have ORRHES generate the
questions. She also indicated that if ORRHES submits questions, then the public
should also submit questions. Kaplan challenged Dr. Davidson saying that she was
“doing what she does in ORRHES meeting” by “avoiding issues” and diverting things
to someone else to avoid the discussion. [Note: The next ORRHES meeting is June
8, the day after the EPA meeting, and setting up impromptu ORRHES meetings is
extremely difficult.] A recommendation on meeting minutes was also proposed at
this meeting. The ORRHES chair expressed an opinion that minutes are only used to
“slam people” and she did not think this should happen when people are meeting to
freely exchange ideas.” This statement was made in regards to the Chairs Meeting,
which is an undocumented meeting of work group chairs.
21. EPA did not make it to the June 7 EPA/ATSDR public meeting because their
airplane had mechanical difficulties and had to make an emergency landing shortly
after takeoff. However, they made it to the June 8 ORRHES meeting. At this
meeting Lowell Ralston fielded many questions from the Subcommittee about
ATSDR’s controversial use of 5,000 mrem as a screening limit, the use of dose versus
risk, and their failure to do an uncertainty analysis. However, after this lengthy
discussion, ATSDR maintained its position on these issues.
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APPENDIX 1-5. TENNESSEE VALLEY AUTHORITY RESERVOIR
MONITORING RESULTS
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APPENDIX 1-6. COMMENTS BY CHARLES B MEINHOLD
(NCRP PRESIDENT EMERITUS, EMERITUS MEMBER ICRP)
ON ATSDR “A SUMMARY OF ATSDR’S EVALUATION OF Y-12
URANIUM RELEASES – OAK RIDGE RESERVATION”
The statement “Doses below 5,000 mrem over 70 years are not expected to result in
adverse health effects” simply incorrect.
For example we find in Table C-6 from ICRP 60 that a lifetime exposure at 1mSv per
year is estimated to result in an attributable increase in the probability of fatal cancer of
2x10-2.
The statement in essence dismisses the linear quadric response function endorsed by
NCRP, ICRP, UNSCEAR, and BEIR.
A ‘true’ or at least acceptable statement would be “ Epidemiology studies are unable to
detect fatal cancer increases below 100mSv so that a model based on radiobiology and
biophysics information is required to asses health effects below this level.
The prevailing judgment among the above-mentioned organizations is that, although the
exact shape of the extrapolation to zero is unknown, effects at the single cell level suggest
that a linear response is a reasonable assumption.
It seems particularly unseemly for ATSDR to suggest otherwise.
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APPENDIX 1-7. HEALTH EFFECTS OF TAKE HOME
CONTAMINANTS BY INDUSTRY
Appendix Table 1-7-1 lists potential contaminants by industry or product
produced. Table 2 provides illness or symptoms for various contaminants.
APPENDIX TABLE 1-7-1
CONTAMINANTS BY INDUSTRY OR PRODUCT PRODUCED
A INDUSTRY/PRODUCT PRODUCED
Aviation industry
Bridge repair
Chemical industry
Construction
Cottage industries
Dentistry
Dept. of Energy
Farming
Firefighting
Fluorescent lights
Gold extractors
Gyroscopes
Hospital industry
House painting
Jewelers
Laboratory workers
Miners
Nuclear industry
Thermometer makers
Source: KapLine Enterprises, Inc.
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POTENTIAL CONTAMINANT
Beryllium
Lead
Numerous
Asbestos
Numerous
Mercury
Numerous
Caustics
Contaminants on clothing
Beryllium
Mercury
Beryllium
Infectious agents
Lead
Mercury
Numerous hazardous materials, including mercury
Mercury
Beryllium, radiation
Mercury
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APPENDIX TABLE 1-7-2
POTENTIAL ILLNESS AND SYMPTOMS FOR SPECIFIC CONTAMINANTS
POTENTIAL
CONTAMINANT
Arsenic

Asbestos1

INDUSTRIES/PRODUCTS
PRODUCED
Bronzing, lasers, mining, pesticides,
pyrotechnics, smelting (copper, lead,
and zinc), shot, solid-state devices such
as transistors, wood treatment,
asbestos products (cement, cords,
plates, and seals); asbestos removal
operations; automobile brake shoes and
other friction products; automobile
thermal insulation; construction,
renovation, and demolition; gas masks;
mining; manufacturing (tex-iles, floor
tiles, boilers, and ovens); muf-lers;
prospecting; shingles; shipbuilding and
associated trades; insulation (e.g., pipe
laggers, railway workers); main-enance
of vehicles and boilers; welding

Asthmatogens/allergens
(see Dusts)
Beryllium4

Cadmium14

Caustics (sodium
hydroxide) and acids
(sulfuric and phosphoric)
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Aviation, nuclear, fluorescent lights,
gyroscopes. Added to copper, glass,
plastics, and ceramics to be used in
connectors in electronic equipment,
semiconductor packages, satellites,
rockets, springs, gyroscopes, aircraft
brakes and engines, submarine cable
housings, dental prostheses, nuclear
reactors, missile guidance systems,
military vehicle armor. Has also been
used in rocket fuels, fluorescent lamps
and neon signs, radio tubes,
incandescent lamps and fluorescent
powders, and cathode ray tubes.
Lead smelting; zinc, copper, and lead
ores; electroplating; many types of
solder; Ni-Cd batteries; plastics
stabilizers; paint pigments; black/white
and color television phosphors
Farms (e.g., dehorning products, drain
cleaners, disinfectants, milk pail
cleaners, and dairy pipe line cleaner)

POTENTIAL ILLNESS/ SYMPTOMS
Poisoning resulting in liver angiosarcoma,
pica (craving unnatural food such as dirt)
Asbestosis (fibrotic disease of lungs caused
by asbestos fibers resulting in reduced lung
volumes and difficulty in breathing);
mesothelioma2 (tumor arising from the
pleural, pericardial, or peritoneal
membranes); lung cancer3; cancer of the
gastrointestinal tract (including the mouth,
pharynx, esophagus, stomach, small
intestine, pancreas, colon, rectum, and
anus); and non-malignant pleural and
parenchymal abnormalities
Wheezing, chest tightness, cough and
shortness of breath, or recurrent episodic
attacks of cough, sputum production,, and
rhinitis
Chronic beryllium disease, a potentially
fatal granulomatous lung disorder
characterized by a beryllium-specific cellmediated immunity. Note that chest x-rays
do not make the distinction between
sarcoidosis and beryllium disease and they
may be confused in non-occupational cases.

Renal dysfunction, impaired lung function,
interference with calcium metabolism,
cancer in lab animals, lung and prostate
cancer in humans
Chemical burns and damage to the mouth,
esophagus, eyes, and skin (can be fatal and
caused if hazardous liquid are transferred
from original container to a beverage
container (i.e., cups, soda bottles and cans)
Continued….
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APPENDIX TABLE 1-7-2 (CONT.)
POTENTIAL ILLNESS AND SYMPTOMS FOR SPECIFIC CONTAMINANTS
POTENTIAL
CONTAMINANT
Chlorinated hydrocarbons13

Polychlorinated
biphenyls (PCBs);
chlorinated naphthalenes;
chlorinated tars including
hexachlorobenzene; and
the 2,3,7,8- and 2,3,6,7tetrachlorodibenzodioxin
s (TCDD)
4,4’-methylene-bis(2chloroaniline) (MOCA),
3,3’-dichlorobenzidine,
2,4,5-trichlorophenol,
and tetrachloroethylene
Dusts (e.g., animal
allergins, mushrooms,
grain dust, platinum salts,
and Otto fuel)
Estrogenic substances
(steroid female sex
hormones estradiol,
estrone, and estriol;
synthetic estrogen
diethylstilbestrol; some
naturally occuring
compounds such as
coumestrol and genestin
found in plants such as
clover, soybeans, and
tulips; and zearalenone, a
mycotoxin produced by
numerous species of
Fusarium; and zeranol, a
hydrated form of
zearalenone
Explosives
(cyclotrimethylenetrinitramine (RDX)
Fiberous glass

INDUSTRIES/PRODUCTS
PRODUCED
Application of herbicides,
manufacturing (insulated wire, ion
exchange resins, plastic products,
textiles), marine electrical work,
municipal sewage treatment, rail
transportation, transformer
maintenance, wood treatment

POTENTIAL ILLNESS/ SYMPTOMS
Chloracne and other effects

Chloracne, numerous other health effects,
including cancer

Potential carcinogens

Farms

Asthma and other allergic effects

Pharmaceutical industry, agricultural
workers, embalmers

Hyperestrogenic syndromes (enlarged
breasts in boys and men, premature onset of
breast development and menstruation in
girls, menstrual irregularities in women),
possible cause of breast cancer

Manufacture

Epileptic seizures following ingestion

Household and aircraft insulation, filter
media, face masks, fiberglass boats

Dermatitis
Continued….
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APPENDIX TABLE 1-7-2 (CONT.)
POTENTIAL ILLNESS AND SYMPTOMS FOR SPECIFIC CONTAMINANTS
POTENTIAL
CONTAMINANT
Infectious agents
Air-borne transmitted via
fomites (dust, fungi)

INDUSTRIES/PRODUCTS
PRODUCED
Agriculture, hospitals, laboratories

Parasites (mice and lice)
Vector-borne (ticks,
fleas, mosquitos)
Infected animals or tissue
Fecally contaminated
water or food
Lead5 (cont.)

Mercury

Pesticides (kepone,
diazinon, chloropyrifos,
propoxur, parathion,
toxaphene, chloropicrin??)
Insecticides
Organochlorine
compounds
Organophosphates
(demeton) and
carbamates
Pyrethroids
(synthetic)
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Workers at farms, hide processors,
slaughterhouses, veterinarians, and
meat plant workers
Cable cutting and salvage,
construction6, firing ranges, lead
smelting7, manufacturing (bullets,
ceramics and ceramic tiles, cutlery
tempering, electrical components, lead
batteries8, lead pottery/ceramics9,
plaques, polyvinyl chloride, propane
tanks, stained glass), mining, painting,
radiator repair9, repair and reclamation
of lead batteries, recovery of gold and
silver, smelting, splicing of cables,
trucking, welding

Cottage-industry gold extraction,
mining, thermometer manufacture,
chlor-alkali plants, manufacture of
electrical apparatus

POTENTIAL ILLNESS/ SYMPTOMS
Infectious diseases
Respiratory diseases (Q fever, pneumonia,
coccidiomycosis, aspergillosis, allergic
reactions such as asthma)
Scabies, roundworm, pinworm
Lyme disease, Rocky Mountain spotted
fever, Colorado tick fever, encephalitis
viruses, plague, tularemia
Anthrax and brucellosis
Giardiasis infection (diarrhea, cramps, and
bloating)
Lead poisoning (infant mortality, paralysis,
blindness, and severe mental retardation)
and neurological effects (e.g., “double wrist
drop” or peripheral neuropathy). Elevated
blood lead levels have been correlated with
hematologic abnormalities and
abnormalities of neurologic and
neurobehavioral testing, especially in
children. The CDC intervention level is 10
µg/dL. Reports of cases requiring chelation
therapy, and cases of encephalopathy and
elevated erythrocyte protoporphyrin (EP
were associated with BLLs >50 µg/dL.
Health effects reported at BLLs >30 µg/dL
included elevated erythrocyte
protoporphyrin, metaphyseal lead lines in
the long bones, and possible learning and
behavioral problems.
Neurological effects. Acute exposure may
produce gastrointestinal disturbances,
pharyngitis, dysphagia, and shock. Chronic
exposure results in central and peripheral
nervous system and renal effects.

Neurotoxicity12, liver damage, and cancer
Inhibition of the enzyme
acetylcholinesterase resulting in
neurotoxicity
Digestive system symptoms, neurotoxicity,
and death
Continued….
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APPENDIX TABLE 1-7-2 (CONT.)
POTENTIAL ILLNESS AND SYMPTOMS FOR SPECIFIC CONTAMINANTS
Pyrethrum (naturally
occurring)
Herbicides
Fungicides10
Fumigants and
nematocides11
Rodentcides

Allergic reactions
Most have low acute toxicity, but some are
animal carcinogens
Generally have low acute toxicity, but have
a wide spectrum of effects such as enzyme
inhibition and carcinogenicity
Can effect the respiratory system and also
act as systemic poisons
Destroy the blood-clotting mechanism

1

Many uses of asbestos have been abandoned and occupational exposures are regulated. However, exposures of workers’ family members may
still exist in the U.S., especially in the construction industry. Male children of asbestos workers appear to be at increased risk when compared with
female children.
2
Mesothelioma has occurred following short term asbestos exposures of only a few weeks and can result from very low levels of exposure. There
may be a latency period of 40 years or longer between exposure and clinical disease. Symptoms include chest pain, shortness of breath, and
weight loss. Treatment is ineffective, with rapid disease progression and death.
3
Lung cancer may be associated with a range of symptoms including cough, shortness of breath, bloody sputum, and weight loss. Metastasis is
common, and may present as bone pain or fracture, seizure, or various other syndromes. Progression is generally rapid and treatments (including
surgery, chemotherapy, and radiation) are unlikely to result in long-term survival.
4
Prior to World War II, there was little use of beryllium and few workers were exposed. During world War II, production of beryllium
compounds from the ore increased and took place in two plants in Ohio and one in Pennsylvania. In the same period, beryllium was used in the
production of fluorescent lights in a number of manufacturing plants in New England. A registry of beryllium disease cases, Beryllium Case
Registry, was initiated in 1951.
5
Exposure of lead workers’ families was identified in nearly 30 different industries/occupations. More than 90% of total body lead content is
accumulated in the bones, where it is stored for decades. It may be released into the body from the bones long after the initial exposure. There are
several biological indices of exposure to lead. Measurement of protoporphyrin (free or zinc protoporphyrin [ZPP]) concentration in red blood cells
(erythrocytes) can be a good indicator of inhibition of heme synthesis by lead; however, there are other causes (i.e., anemia) of elevated
protoporphyrin levels. Lead concentrations in urine, skeletal bones, teeth and hair can be used as biological indicators of exposure to lead. Recent
advances in the measurement of bone lead levels will eventually provide a more accurate method for determining cumulative lead exposure and
the total body burden of lead. However, the best available method currently available is measurement of the blood lead levels (BLL). In children,
BLLs greater than 80 µg/dL may result in coma, convulsions, profound irreversible mental retardation, seizures, and death. At BLLs greater than
40 µg/dL, the effects include reduced hemoglobin synthesis and peripheral nerve dysfunction. At BLLs greater than 25 µg/dL, lower IQs and
slower reaction times occur; and BLLs as low as 10 µg/dL may result in deficits in neurobehavioral development and enzyme inhibition. Evidence
also indicates that children exposed in utero are at increased risk for adverse neurobehavioral and growth effects if their mothers’ BLL is as low as
8 µg/dL and the umbilical cord BLL at birth is greater than about 6 µg/dL. The CDC defines pediatric lead poisoning as a BLL of 10 µg/dL or
higher. The CDC intervention level is 10 µg/dL. Cohort studies have found that lead workers’ children have significantly higher BLLs than
control children ranging from 10.2 to 81µg/dL, while the BLLs for control children ranged from 6.2 to 27 µg/dL.
6
Family members exposure to lead has rarely been reported in construction. However, this may be due in part to the fact that prior to June 1993,
the construction industry was exempt from the OSHA lead standard and, therefore, was relatively unregulated and understudied. A NIOSH study
of lead exposure among families of construction workers in New Jersey is currently underway. Preliminary findings suggest that children of
construction workers are at increased risk of BLLs greater than 10 µg/dL.
7
Cohort studies have shown that over 40% of smelter workers’ children had BLLs in excess of 30 µg/dL (work clothing was implicated as the
vehicle of contamination).
8
In a study of lead storage battery workers, statistically significant differences in BLLs between children of workers with good hygiene practices
(e.g., showering and changing clothes before leaving work) and those with poor hygiene practices. The most striking case report was from North
Carolina where battery factory workers were taking home discarded battery casings and burning them as fuel in their homes. The highest BLLs
among 22 family members were observed in a 3-year-old male and female (256 and 220 µg/dL).
9
Cohort studies also raise the issue of home-operated shops and cottage industries where work is conducted in or adjacent to the home and are
unlikely to have the services of an industrial hygienist and, therefore, may be unaware of measures that could be used to prevent take-home
contamination (e.g., protective clothing, showers). These include back-yard radiator shops (studied in Jamaica), home-operated pottery factories
(studied in Barbados), and ceramic-tile shops (studied in Italy).
10
Encompass a wide variety of chemical classes
11
Chemically diverse group of substances with high vapor pressure
12
Symptoms of neurotoxicity include tremors
13
Because of their toxicity and environmental persistence, the uses of all these compounds except tetrachloroethylene and 2,4,5-trichlorophenol
have been greatly curtailed or banned. However, workers may still be exposed to PCBs remaining in electrical transformers and at hazardous
waste sites, to the dioxins which may be contaminants in certain pesticides, and to MOCA in production of certain plastics.
14
Cadmium has a very long half-life in the body (up to 30 years in muscle); consequently, toxic levels may eventually be attained from very low
levels of exposures.

Source: Compiled by KapLine Enterprises, Inc. based on information obtained from Report to Congress on Workers’
Home Contamination Study, U.S. Dept. of Health and Human Services, Public Health Service, Centers for Disease
Control and Prevention, National Institute for Occupational Safety and Health, September 1995.
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APPENDIX 1-8. COMMENTS/RECOMMENDATIONS FROM THE
ORREM-SSAB ON DOE’S PROPOSED PLAN FOR CLINCH
RIVER/POPLAR CREEK OPERABLE UNIT
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APPENDIX 1-9. OVERVIEW OF RELEASES FROM THE ORR
Much of this section is based on information compiled by the author of this report
in an unpublished report that assembles information from the Annual Site Environmental
Reports (ASER) from 1988 to 2000.
1-9.1 RELEASES TO SURFACE WATERS
1-9.1.1 Y-12
Wastewater directly leaves the Y-12 Plant by one of two main surface water
routes: (1) the headwaters of East Fork Poplar Creek (EFPC) or (2) the headwaters of
Bear Creek. Surface water contaminants from the Y-12 Plant come from several sources,
including waste disposal areas, piping, building foundations, and other porous spaces
along foundations and storm sewer outfalls that trap contaminants, such as mercury,
which continue to dissolve slowly into the water that flows through these conduits. This
water flow eventually leads to outfalls and the Upper East Fork Poplar Creek (UEFPC).
After the war, as Y-12 gradually developed into the largest uranium weapon
component manufacturing facility in the country, relatively large amounts of low-level
uranium radioactive waste were released from the operations. Economically driven
process controls effectively limited releases of uranium-235. However, much more
casual waste disposal practices were allowed for wastewater contaminated primarily with
uranium-238, especially following the incorporation of a depleted uranium cylinder in the
U.S. arsenal’s standard thermonuclear secondary device. The addition of this part
dramatically increased the demand for uranium-238 high-tolerance machining and metal
forming services from Y-12. Dilute wastewater solutions were most often simply
directed to storm water drains leading to EFPC.
Many of the known locations, called “point sources,” have been located and
remediated. However, materials that migrate from broad, undefined areas, or “non-point
sources,” are more difficult to remediate. Corrective actions taken since 1985 by DOE
include storm sewer cleaning and relining, storm sewer replacement, piping reroutes,
mercury source removals, and treatment of contaminated sump water.
Releases to the creeks are quantified in Appendix Table 1-9-1 (total releases to
both) and Appendix Table 1-9-2 (reported by creek). In Report OR-890, DOE reported
117 curies of uranium (i.e., 182,374 kilograms) and 0.7 curies of thorium released in
water from 1944 through 1987. For that same period, DOE reported 7,097 curies (i.e.,
17.3 million kilograms) of uranium, 19 curies of thorium, and 57 curies (i.e., 600 grams
received from K-25) of technitium-99 buried on-site. From 1991 to 1997, 1.44 curies
(2,461 kilograms) of uranium were released.
These releases occurred via the EFPC (which flows through the city of Oak
Ridge) and Bear Creek (which forms just west of the Y-12 Plant and flows southwesterly
down Bear Creek Valley for about 8.5 miles to where Pine Ridge ends). Bear Creek then
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turns northwest and enters EFPC about 1.5 miles above its confluence with Poplar Creek.
Unlike EFPC, Bear Creek does not receive many direct wastewater discharges from Y12.
Nevertheless, the quality of Bear Creek waters in the upper reaches has
traditionally been seriously impacted by pollutant seepage and contaminated runoff from
substandard waste disposal facilities, most notably the S-3 Ponds, the old Y-12 Sanitary
Landfill, and the Bear Creek Burial Grounds, all located at the extreme west end of the
Y-12 plant area. The Bear Creek Valley Watershed remediation project will clean up the
waste sources and contaminated media in the watershed to eliminate unacceptable risks to
human health and the environment from these sources and pathways. Because of the
variable distribution of contamination and waste disposal areas within the valley, it has
been divided into three zones with tailored cleanup objectives proposed for each of these
zones.
In 1997, sediment sampling at the Y-12 Plant in the EFPC and Bear Creek were
discontinued by ORNL. However, historical data have shown that mercury, PCBs, and
isotopes of uranium are present at detectable levels in the sediments. Therefore, as a best
management practice, the Y-12 Plant maintains an annual sampling program to determine
if these constituents are accumulating in the sediments of EFPC and Bear Creek as a
result of Y-12 Plant discharges. Results of the 1997 and 1998 monitoring activity are
given in Appendix Table 1-9-3.
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APPENDIX TABLE 1-9-1
ESTIMATED LIQUID RELEASES OF RADIOACTIVITY FROM Y-12 TO EFPC
AND BEAR CREEK FROM 1944 TO 1999
YEAR

URANIUM (CURIE)

1944 (CY)
1945
1946
1947
1948
1949
1950
1951
1952 (FY)
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

22.3
4.7
ND
0
0.1
0.3
0.1
0.06
0.002
0.651
0.71
0.62
2.26
5.65
5.85
5.15
4.55
2.00
0.86
0.82
4.42
5.91
5.34
10.2
11.75
2.80
5.88
2.37
2.03
0.74
1.04
1.09
0.91
0.50
0.27
0.24
0.10
0.45
0.56
0.14
1.20
0.72
0.67
0.57
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URANIUMa
(KILOGRAM)
33,000
7,000
ND
0
155
454
144
98
3
953
1,118
1,058
4,987
8,448
10,019
10,410
10,067
3,064
1,333
1,248
6,605
8,852
7,985
15,217
17,525
4,189
8,775
3,546
3,042
1,119
1,561
1,638
1,368
755
410
366
158
687
846
222
1,799
783
652
715

THORIUM (CURIE)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.001
0.003
0.005
0.005
0.008
0.367
0.031
0.101
0
0.002
0.001
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.007
0.021
0.020
0.019
0.013
0.010
0.009
0.009
0.006
0.005
0.010
0.017
0.007
0.003

THORIUM
(KILOGRAM)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
11
26
44
49
70
3,363
283
927
0
20
7
ND
ND
ND
ND
ND
ND
ND
ND
ND
65
195
203
176
120
93
80
85
52
49
90
153
64
27
Continued…
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APPENDIX TABLE 1-9-1 (CONT.)
ESTIMATED LIQUID RELEASES OF RADIOACTIVITY FROM Y-12 FROM
1944 TO 1999
YEAR

URANIUM (CURIE)

1988-1990
ND
1991
0.244
1992
0.147
1993
0.175
1994
0.240
1995
0.135
1996
0.284
1997
0.214
1998
0.167
1999
0.166
TOTAL
118.186
1944-87
116.58
ND Data not located for this time period.

URANIUMa
(KILOGRAM)
ND
394
240
301
421
248
474
383
275
306
185,110
182,374

THORIUM (CURIE)
ND

THORIUM
(KILOGRAM)
ND

0.680

6,253

a

Ratio of Ci/Kg varies due to different isotopic enrichment.

b

All digits carried through to avoid rounding error. Only first two are significant.

Data Sources:
1944 to 1987: Historical Radionuclide Releases from Current DOE ORO Office Facilities (DOE report, OR-890, May
1988)
1991 to 1997: Oak Ridge Reservation Annual Site Environmental Report for 1997, Lockheed Martin, ES/ESH-78,
October 1998.
1998:
Oak Ridge Reservation Annual Site Environmental Report for 1998, DOE/ORO/2091, December 1999.
1999:
Oak Ridge Reservation Annual Site Environmental Report for 1999, DOE/ORO/2100, September 2000.
Source: Compiled by KapLine Enterprises, Inc.
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APPENDIX TABLE 1-9-2
RELEASE OF URANIUM FROM THE Y-12 PLANT TO THE OFF-SITE
ENVIRONMENT AS A LIQUID EFFLUENT, 1991-99
YEAR

QUANTITY RELEASED
CURIES
KILOGRAMS
Station 17 (East Fork Poplar Creek)
1991
0.162
235
1992
0.087
130
1993
0.081
134
1994
0.11
185
1995
0.069
143
1996
0.135
215
1997
0.098
184
1998
0.076
127
1999
0.070
123
Outfall 304 (Bear Creek)
1991
0.082
159
1992
0.060
110
1993
0.094
167
1994
0.13
236
1995
0.066
105
1996
0.149
259
1997
0.116
199
1998
0.091
148
1999
0.096
183
Source: Oak Ridge Reservation Annual Site Environmental Report for 1997 (Lockheed Martin, ES/ESH78, October 1998), 1998 (DOE/ORO/2091, December 1999), and 1999 (DOE/ORO/2100,
September 2000)

APPENDIX TABLE 1-9-3
RESULTS OF Y-12 PLANT SEDIMENT MONITORING, 1997 AND 1998
PARAMETER
STATION 17
BCK 9.4
1997
1998*
1997
1998*
226
Ra (pCi/g)
2.8
2.8
2.4
2.4
228
Th (pCi/g)
0.97
0.97
0.7
0.7
230
Th (pCi/g)
1.2
1.2
0.41
0.41
232
Th (pCi/g)
0.73
0.73
0.68
0.68
234
U (pCi/g)
2.6
2.6
3.6
3.6
235
U (pCi/g)
0.13
0.13
0.20
0.20
238
U (pCi/g)
2.9
2.9
6.3
6.3
9.5
9.5
0.3
0.3
Mercury (µg/g)
370J
370J
350J
350J
Total PCBs (µg/kg)
J The J flag of the PCB data indicates an estimated value below the analytical method
reporting limit.
Source: Oak Ridge Reservation Annual Site Environmental Report for 1997 (Lockheed
Martin, ES/ESH-78, October 1998) and 1998 (DOE/ORO/2091, December
1999)
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1-9.1.2 ORNL
Appendix Table 1-9-4 provides radionuclide concentrations in surface waters
above ORNL (i.e., Melton Hill Dam) and at White Oak Creek Headwaters for 1997 and
1998. White Oak Creek is the primary source of releases from ORNL to the Clinch River.
Appendix Table 1-9-5 provides survey data for area wide radiological survey
points, including Solway Bridge Park (located well upstream of ORNL) and downstream
areas, i.e., Clark Park, Grassy Creek, Johnsons Creek, Jones Island, Gallaher Ramp,
Brashear Island, and Kingston.
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INSTITUTE FOR TECHNOLOGY, SOCIAL, AND POLICY AWARENESS, INC.
APPENDIX TABLE 1-9-4
RADIONUCLIDE CONCENTRATIONS IN SURFACE WATERS ABOVE ORNL, 1997 AND 1998
Radionuclide No. detect/
Concentration (pCi/L)
Standard
DCGd
Percentage of
a
a
b
c
No. total
Max
Min
Avg
Error
DCGe
1997 1998 1997 1998 1997 1998 1997 1998 1997 1998 1997 1998 1997 1998
Melton Hill Dam
60
Co
3/12
5/12
24*
26*
-9.2
-1.7
4.7
8.0*
3.1
2.5
5,000 5,000 f
0.16
137
Cs
3/12
2/12
30*
20*
-13
-6.4
6.8*
4.3*
3.7
2.0
3,000 3,000 0.23
0.14
f
f
f
f
Gross alpha
4/12
4/12
3.5*
3.0*
-0.98 -0.83 1.1*
1.2*
0.40
0.34
f
f
f
f
Gross beta
4/12
4/12
8.5*
6.9*
-1.8
-3.7
2.1*
2.7*
0.79
0.81
White Oak Creek Headwaters
60
Co
2/12
4/12
18*
22*
-17
-0.10 3.8
8.8*
2.8
2.2
5,000 5,000 f
0.18
137
f
Cs
3/12
1/12
18*
18
-19
-7.2
2.2
3.3
3.2
1.9
3,000 3,000 f
f
f
f
f
Gross alpha
4/12
6/12
2.8*
3.3*
-2.1
-0.49 0.72* 1.2*
0.35
0.33
f
f
f
f
Gross beta
6/12
3/12
6.3*
7.9*
-6.5
-0.87 2.1*
2.4*
1.0
0.73
a
Individual radionuclide concentrations significantly greater than zero are identified by an asterisk (*).
b
Average radionuclide concentrations significantly greater than zero are identified by an *.
c
Standard error of the mean.
d
Derived concentration guide for ingestion of water. From DOE Order 5400.5.
e
Average concentration as a percentage of the derived concentration guide (DCG), calculated only when a DCG exists and the
average concentration is significantly greater than zero.
f
Not applicable.
Source: Oak Ridge Reservation Annual Site Environmental Report for 1997 (Lockheed Martin, ES/ESH-78, October 1998) and 1998
(DOE/ORO/2091, December 1999)
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APPENDIX TABLE 1-9-5
AREA WIDE RADIOLOGICAL SURVEY POINTS
microRem/
microRem/
Millirem/year Map
Low-energy
High-energy
hour *meter hour *spec
*spec.
Point
Gamma (cpm)
Gamma (cpm)
*Sodium Iodide
*Sodium Iodide
Solway Bridge Park (44) 6,500-8,500
300
3 to 5
5.1
44.7
A
Clark Park Ramp (37.5) 8,500-9,500
400
5 to 6
5.7
49.9
B
Clark Park Beach (37.5) 6,500-7,500
250
3
N/D
N/D
B
Grassy Creek (14.5)
<50,000
2,000
16
27.1
237.4
C
Gallaher Ramp (14.1)
5,500-8,500
200
5
3.1
27.2
D
Kingston, 58 landing
4,500-8,000
200-300
3.5
5
43.8
E
(0.5)
Kingston Apts (0.8)
5,500-7,000
250
N/D
3.2
28
E
Kingston, I-40 bridge
6,000-7,000
250
3 to 4
3.8
33.3
F
(2.5)
Kingston City Park (1.5) 5,000-7,500
200
3
5
43.8
G
N of Brashear Island
10,000
300-400
5
5.1
44.7
H
(10.5)
Brashear Island (9.5)
7,500-9,500
300
5 to 6
5.6
49.1
I
Johnsons Creek (9.2)
6,000-8,000
200
3
3.5
30.7
J
Jones Island (20.5)
7,500
250
3
4
35
K
Jones Island (20.5)
6,500
250
3.5
3.9
34.2
L
Jones Island (19.6)
6,500
300
3
4.7
41.2
M
Source: “Radiological Survey of Clinch River Public parks and Recreational Areas from Melton Hill Dam to Kingston,” Tennessee
Dept. of Environment and Conservation/DOE-Oversight, Robert Storms and Dale Rector, March 20, 1997.
Location (River Mile
Mark)
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1-9.2 PRIVATE WELLS AND PUBLIC WATER SUPPLY
Both private wells and public drinking water supplies have been monitored by
DOE. This section discusses these monitoring programs.
1-9.2.1 Private Wells
According to the Environmental Report for 1992, ORNL implemented a longterm, off-site residential drinking water-quality-monitoring program in 1989. Twenty-one
wells were selected on the basis of their proximity to the Reservation and a representative
distribution of sources form the different geologic formations of the area. Two U.S.
Geological Survey wells located in Union Valley were dropped from this program in
1991, when they were included in the Y-12 Plant perimeter groundwater program. The
remaining wells were sampled semiannually. Monitored parameters included volatile
organics; selected atomic absorption metals (arsenic, mercury, lead, and selenium);
inductively coupled argon plasma metals; anions (fluoride, chloride, sulfate, nitrate, and
nitrate); and the radioactive parameters: gross alpha, gross beta, total radioactive
strontium, technitium-99, tritium, and radionuclides observed in a gamma scan.
One of the wells had fluoride concentrations that exceeded primary drinking
water standards in both sampling events. The high fluoride and accompanying high pH
most likely result from natural chemical reactions that can occur in deep wells that
penetrate the Conasauga geologic group. Radionuclide concentrations listed for the offsite groundwater sampling locations were well below drinking water standards.
Organic compounds were detected, but none were measured at levels near a
primary drinking water standard. No values from off-site wells exceeded EPA’s general
risk assessment guidelines of ten times the detection limit for common laboratory
contaminants or five times the detection limit for other organic compounds. In the 1992
sampling event, samples of tap water were collected to represent the quality of tap water
from two major local sources of public-utility-supplied drinking water. Results from
analysis of the tap water samples can be found in Volume 2 of the Environmental Report
for 1992 (Table 5.65 of that report).
1-9.2.2 Public Water Supply
The public water supply potentially most impacted by releases from the ORR is
located at Kingston, Tennessee, on the Tennessee River, approximately one-half mile
upstream from the confluence of the Clinch and Tennessee Rivers. Under normal
conditions of power generation, only Tennessee River water is used for the public water
supply. However, under backflow conditions, Clinch River water may move upstream
and contribute to the water source for the filtration plant. It is estimated that backflow
conditions would prevail a maximum of 20 percent of the time.
Measurements were made of untreated river water samples at Kingston to indicate
the maximum dose commitment resulting from ingesting 400 milliliters per day (20
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percent of the daily adult requirement) correcting for background concentrations. The
maximum dose commitment in 1980 was 6.6 millirem to the bone and 1.5 millirem to the
total body.4 These doses are 0.4 percent and 0.3 percent respectively of the allowable
annual standard of DOE Manual Chapter 0524.
In 1997, the ORNL program for assessing impacts to the Clinch and Tennessee
rivers used empirical data from samples taken at the Kingston and Gallaher potable water
treatment plants. Composite samples of treated water from Gallaher and untreated water
from Kingston were collected monthly and analyzed quarterly for specific radionuclides.
Federal and state drinking water standards (40 CFR Parts 141 and 143 and Tennessee
General Water Quality Criteria for domestic water supply) were used as reference values.
If a standard for a radionuclide had not been established, then four percent of the DOE
DCG was used. The average radionuclide concentration is expressed as a percentage of
the reference value when a reference exists and when the average is significantly greater
than zero. In 1997, 238Pu and total uranium were the only parameters at the Gallaher
Water Treatment Plant that met these criteria, with the largest being 238Pu at 2.8 percent
of the reference value. Only one parameter at the Kingston Water Treatment Plant met
these criteria; total uranium was 0.88 percent of the reference value.
1-9.3 SCARBORO SOIL
Soil sampling data in Scarboro from the environmental monitoring program in
recent years and from the 1998 Scarboro Community Environmental Study also show the
presence of small amounts of enriched uranium. Releases of depleted uranium from Y12 have reduced the observed enrichment of uranium in soil samples and add to the
problem of interpreting results. The dose reconstruction screening calculations for
uranium uptake from soil in the Scarboro community illustrate difficulties encountered in
making such determinations. No historic soil samples were available from the Scarboro
area for the time period of greatest interest (1950 to 1970). Sampling was performed
recently (DOE, 1998. Scarboro Community Environmental Study), but the results are not
representative of earlier years because only surface soil was sampled.
Table 1-9-8 shows the results from mercury testing of soil samples collected in
June 1983. The following information regarding uranium in Scarboro soils was provided
in a letter from Paul Voilleque of MJP Risk Assessment, Inc. in Idaho Falls, ID, to
Patrick Lipford of the Tennessee Dept. of Health. He indicates that peak soil
concentrations were estimated to have occurred in the late 1950s and early 1960s. The
highest median estimates for 234,235U were approximately 200,000 pCi/m2. The geometric
standard deviation (GSD) associated with the estimates of peak 234,235U concentrations
(1961-1963) is about 1.9. A flat layer of soil covering one square meter to a depth of 10
centimeters contains about 150,000 grams of soil. Thus the highest median concentration
of 234,235U in that layer can be estimated to be approximately 1.3 pCi/g for the
assumptions used in these calculations. The estimated median concentration of 234,235U in
4

Auxier, J.A. November 1981. “Industrial Safety and Applied Health Physics Annual Report for 1980." ORNL. ORNL-5821.
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the soil declines from the peak value to approximately 40,000 pCi/m2 by 1995, at which
time the concentration would be approximately 0.26 pCi/g in the top 10 centimeters. The
GSD of this estimate is about 2.2.
The highest estimated median concentration of 234,235U in Scarboro soil,
approximately 1.3 pCi/g (or 1,300 pCi/kg) is about an order of magnitude lower than the
sediment concentration (14,000 pCi/kg) that was used for Level II screening in the Task 6
report. The 90 percent confidence interval for this estimate is 0.5-3.3 pCi/g (500-3,300
pCi/kg).
Estimates also were made of the total 234,235U deposition over the entire period
from 1944-1995. The 90 percent confidence interval was 260,000 to 1,100,000 pCi/m2,
with a median estimate of 560,000 pCi/m2. With no migration out of the top ten
centimeters of soil, the estimated 90 percent confidence interval for the 234,235U soil
concentration in that layer would be 1.7-7.3 pCi/g (1,700-7,300 pCi/kg).
Peak concentrations of total uranium were estimated to be approximately 130
mg/m2 for the period from 1959-1965. GSD for the total uranium estimates are
somewhat smaller, in the range of 1.6-1.8. Again, no attempt was made to estimate the
downward migration or lateral distribution of the uranium that leaves the top 10centimeter layer.
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APPENDIX TABLE 1-9-6
TEST RESULTS OF MERCURY TESTING OF SCARBORO SOILS, 1983*
LOCATION
SAMPLE
PPM
6’ from Creek (83-0067)
83-0069
0.40
20’ from Creek (83-0067)
83-0070
0.10
6’ from Creek (83-0071)
83-0073
0.15
30’ from Creek (83-0071)
83-0074
0.80
10’ from Creek (83-0075)
83-0077
<0.05
100’ from Creek (83-0075) 83-0078
<0.05
10’ from Creek (83-0079)
83-0081
0.05
83-0082
0.85
Floodplain 30’ north of
Tusculum Drive & 150’
west of creek
* Surface samples only, i.e., no deep core samples.
Source: Tennessee Dept. of Environment and Conservation
1-9.4 EARLY EFPC FLOODPLAIN AND OTHER SAMPLING
Early sampling was performed on the EFPC floodplain where a storm water drain
was to be installed. Sampling results are provided in Appendix Tables 1-9-9 and 1-9-10.
Of the 53 samples taken, seven had soil mercury concentrations above the state guideline
of 12 ppm. The mercury was generally located at the old floodplain about 75 centimeters
below the ground surface. Multi-element analysis of 19 of the samples gave results
similar to background except for the mercury and slightly elevated uranium levels.
As part of a remediation project during the city’s renovation of the Oak Ridge
Turnpike, EPA authorized the removal of all soil exceeding 100 ppm of mercury at a
location where the sewer beltway crosses South Tulane Avenue. The soil was sampled
before removal and each truck was sampled before delivery to the assigned disposal area.
Oak Ridge Associated Universities (ORAU) took 91 samples. As expected, about 90
percent of the samples exceeded the state interim guideline of 12 ppm for mercury.
ORAU had previously identified this area as being above the state guideline levels.
Multi-element analysis of 29 samples gave results similar to background except for
mercury and uranium.
ORAU collected and processed 16 samples near an apartment complex. Fourteen
of the samples exceeded the state interim guideline levels. Thirty-two samples were
collected from a warehouse area previously used by the AEC, but now privately owned.
Ten of the samples contained mercury above the state interim guideline. The soil also
had high levels of copper, zinc, lead, and nickel.
ORAU assisted the U.S. Geological Survey in selecting the location for shallow
wells designed to provide information about contamination of the groundwater under the
EFPC floodplain. ORAU also analyzed 12 of the initial water samples from the wells for
mercury.
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APPENDIX TABLE 1-9-7
RESULTS OF MERCURY TESTING OF OAK RIDGE SOILS, 1983
LOCATION
RESULTS (PPM)
Location 1
15.0
Location 2
13.0-39.0
Location 3
42.0-52.0
Location 4
16.5-37.0
Location 5
150
Location 6
47-334
Location 7
13.5
Location 8
22-65
Location 9
18-278
Location 10: East Fork Poplar Creek
31-440
Location 11: East Fork Poplar Creek—Floodplain
220
Location 12: Oak Ridge Turnpike—Floodplain
89-94
Location 13
17.2-150
Location 14
29-76
Location 15
23.6-116
Background data: Mercury 0.22 ppm, Uranium 4.0, Thorium 10, Barium 300, Chromium 51, Arsenic 5.6, Lead 45.
(Source: “Removal of Topsoil from the Oak Ridge Civic Center Greenbelt Sewer Line,” C.C. Hill, L.S. Jones, and
M.A. Manuel, Martin Marietta Energy Systems, Y/TS-61, 7/18/84).
The following are the levels of these elements that were present in contaminated Civic Center soils prior to
remediation: Mercury 259 ppm, Uranium 29, Thorium 20, Barium 400, Chromium 78, Arsenic 8.5, Lead 74.
Source: Compiled by KapLine Enterprises, Inc.

Table 1-9-10 summarizes some additional test results for various locations. At
the request of the City of Oak Ridge, DOE authorized ORAU to take samples from a
proposed mall area (current site of Roane State Campus and Home Depot). Of the 62
samples taken in this location, three taken at the sewer beltway exceeded the state interim
guideline of 12 ppm mercury. However, multi-element analysis of 21 samples gave
results similar to background levels.

© ITSPA Rev.1 - 3/23/05

A1-46

INSTITUTE FOR TECHNOLOGY, SOCIAL, AND POLICY AWARENESS, INC.
APPENDIX TABLE 1-9-8
1987 TEST RESULTS FOR CITY AND PRIVATELY OWNED PROPERTIES
ELEMENT

# OF SAMPLES
MAXIMUM (PPM)
AVERAGE (PPM)
Proposed Mall Area
Mercury
59
0.83
0.14
Mercury*
3
300
250
EFPC Floodplain Construction Site
Mercury
53
270
8.5
Uranium
19
22
3.8
Remediated Oak Ridge Turnpike Area
Mercury
91
730
315
Uranium
29
35
14
Apartment Complex Area
Mercury**
16
320
150
Warehouse Area
Mercury
32
77
5.3
Copper
17
14,000
3,020
Zinc
17
4,700
1,510
Lead
17
3,400
858
Nickel
17
8,000
1,630
EFPC Groundwater Wells***
Mercury
12
50
12
* Samples from sewer beltway.
** State interim guideline was 12 ppm.
*** Results from initial samples only.
Source: Environmental Surveillance of the U.S. DOE Oak Ridge Reservation and Surrounding Environs
During 1987, Martin Marietta Energy Systems, April 1988, ES/ESH-4/V1

1-9.5 AERIAL FLYOVER DATA
Appendix Table 1-9-9 provides aerial flyover data regions of interest and
Appendix Table 1-9-10 provides a comparison of Scarboro flyover data with regional
data.
APPENDIX TABLE 1-9-9
OAK RIDGE AERIAL FLYOVER REGIONS OF INTEREST
REGION OF CONTAMINATION
LOCATION
INTEREST
LEVEL
33
Slight
Bull Run Ash Pit (TVA)
-A
Quadrex Plant, Flint Road (Private)
40
B
Clinch River Bank
39
B
Clinch River Bank
20
B
Campbell Bend Bank, Clinch River
37
B
Grassy Creek, Clinch River Bank
32
B
Past commercial operation, Across Clinch River
24*
B
Chattanooga Shale, East Fork Ridge
-B,C
CSX Tracks, Warehouse Road
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38
C
Clinch River Bank
-A
Lower East Fork Poplar Creek & Scarboro (partial*)
-C
White Wing Scrap Area
-C
Oak Ridge City Sewage Sludge Area
-D
Bear Creek Waste Area
-E
Y-12
-F
X-10
-F
Grassy Creek Commercial Operations
-G
K-25
-H
Melton Valley
* ROI 24 is the western tip of the Chattanooga Shale strata, which runs east past the Country Club
Estates along East Fork Ridge. Note in middle Tennessee, Chattanooga shales contain millions of
tons of uranium.
Legend:
A = < 1,000
counts/second (cps)
B = 1,000 - 3,200
cps (below the required action level of 15 picocuries/gram)
C = 3,200 - 10,000
cps (above the required action level of 15 pCi/g)
D = 10,000 - 32,000
cps
“
E = 32,000 - 100,000
cps
“
F = 100,000 - 320,000
cps
“
G = 320,000 - 1,000,000 cps
“
H = 1,000,000 - 3,200,000 cps
“
Source: Adapted by KEI from data obtained from The OREJConnection, Vol. 2 No. 4, June/July 2000
TABLE 1-9-10
FLYOVER DATA (COUNTS PER SECOND)
COMPARISON OF REGION WITH SCARBORO (PARTIAL)
YEAR
SCARBORO
REGIONAL
1959
700-1000
400-1000
1973
2-6
2-8
1980
11.8-20
5.8-20
1989
8-14
5-14
1992
8-13
8-13
1997
8-10.1
8.9-9.9
Source: The OREJConnection, by Alfred Brook, Vol. 2 No. 4, June/July 2000.
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APPENDIX 1-10. INTERNET LINKS OF INTEREST
•

Agency for Toxic Substances and Disease Registry
⇒ ATSDR’s ToxFaq
http://www.atsdr.cdc.gov/toxpro2.html
Uranium: http://www.atsdr.cdc.gov/tfacts150.html
PCBs: http://www.atsdr.cdc.gov/tfacts17.html
Beryllium: http://www.atsdr.cdc.gov/ tfacts4.html.
⇒ Compendium of ATSDR activities: http://www.atsdr.cdc.gov/HAC/
oakridge/phact/c_4.html
⇒ Oak Ridge Health Effects Subcommittee: www.atsdr.cdc.gov/HAC/oakridge/
⇒ Oak Ridge Health Consultations
April 1993: “Y-12 Weapons Plant Chemical Releases into East Fork Poplar
Creek” http://www.atsdr.cdc.gov/HAC/PHA/efork1/y12_toc.html
Jan. 1995: “Proposed Mercury Clean-up Level for the East Fork Poplar Creek
Flood Plain Soil” (Evaluates 180 ppm cleanup level)
http://www.atsdr.cdc.gov/HAC/PHA/efork2/oak_toc.html
June 1995: “Health Consultation on the Lower Watts Bar Reservoir Operable
Unit“:http://www.atsdr.cdc.gov/HAC/PHA/efork3/hc_toc.html
⇒ PHAs for all sites nationally: http://www.atsdr.cdc.gov/HAC/PHA/

•

Centers for Disease Control and Prevention
⇒ Cancer Registries Amendment Act: www.cdc.gov/cancer/npcr/amendmentact.htm

•

Department of Energy
⇒ Federal Facilities Agreement (FFA) Appendices:
http://www.bechteljacobs.com/ettp_ffa_appendices.shtml
⇒ Hydrogeological tour of the EFPC Watershed:
http://www.esd.ornl.gov/BMAP/efpc_int.htm.
⇒ ORNL biological monitoring data on Poplar Creek:
http://www.esd.ornl.gov/BMAP/index.html

•

Miscellaneous
⇒ City of Oak Ridge: www.cortn.org
⇒ Tri-Valley Care: http://www.trivalleycares.org/
⇒ Fish advisories:
http://www.state.tn.us.environment/wpc/publications/advisories.pdf.
⇒ Article by United Nations Environment Programme: “Power Stations Threaten
People and Wildlife with Mercury Poisoning”: http://www.unep.org/
Documents.Multilingual/Default.asp?DocumentID=284&ArticleID=3204&l=en
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⇒ Full report from United Nations Environment Programme Governing Council:
http://www.unep.org/ GoverningBodies/GC22/
⇒ State of Tennessee: Title 66 Property law, Chapter 5 Conveyances of Property
(www.state.tn.us/commerce/boards/trec/rulesandlaws.html/t66/t_66_ch_5.htm)
•

Nashville Tennessean (articles published since 2/9/97)
Story Index
http://www.tennessean.com/sii/longterm/oakridge/storyindex.shtml
Series Overview
http://www.tennessean.com/sii/98/09/29/frankcol29.shtml
“Part 1: Health Problems Emerge at the Oak Ridge Nuclear Weapons Complex”
http://www.tennessean.com/special/oakridge/part1/
“Part 2: Mysterious Illnesses Surrounds the Nation’s Nuclear Weapons
Complexes”
http://www.tennessean.com/special/oakridge/part2/
“Part 3: Health Problems Revealed Among Neighbors of the Oak Ridge Reserv.”
http://www.tennessean.com/special/oakridge/part3/
“Sickness Surrounds Nation’s Nuclear Weapons Complexes”
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/nukmain.shtml
“Where Toxic Agents Strike”
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/toxins.shtml
DOE Site Profiles by the Nashville Tennessean
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/hanford.shtml
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/rocky.shtml
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/oak.shtml
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/alamos.shtml
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/idaho.shtml
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/savannah.shtml
Map of nuclear facilities
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/map.shtml
Names, ages, and Symptoms of The Nashville Tennessean Interviewees
http://www.tennessean.com/sii/longterm/oakridge/part3/stories/names.shtml

•

Oak Ridge National Laboratory
⇒ Biological Monitoring and Abatement Program (BMAP):
http://www.esd.ornl.gov/BMAP/index.html
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APPENDIX 1-11. LIST OF PUBLICATIONS ON EAST FORK
POPLAR CREEK
SELECTED PUBLICATIONS RELATED TO THE BIOLOGICAL
MONITORING IN THE EAST FORK POPLAR CREEK WATERSHED
Adams, S.M., C. C. Brandt, D. S. Cicerone, S. W. Christensen, M. S. Greeley, Jr., W. R.
Hill, M. A. Huston, L. A. Kszos, J. F. McCarthy, M. J. Peterson, M. G. Ryon, J. G.
Smith, G. R. Southworth, and A. J. Stewart. 1998. Oak Ridge Y-12 Plant Biological
Monitoring and Abatement Program (BMAP) Plan. Y/TS-1613/R1. Oak Ridge National
Laboratory, Oak Ridge, Tennessee.
Etnier, E. L., D. M. Opresko, and S. S. Talmage. 1996. Second report on the Oak Ridge
Y-12 Plant fish kill for upper East Fork Poplar Creek. ORNL/TM-12636. Oak Ridge
National Laboratory, Oak Ridge, Tennessee.
Hinzman, R. L. (Ed.). 1995. Second report on the Oak Ridge Y-12 Plant Biological
Monitoring and Abatement Program for East Fork Poplar Creek. Y/TS-888. Oak Ridge
National Laboratory, Oak Ridge, Tennessee.
Hinzman, R. L. (Ed.). 1998. Third report on the Oak Ridge Y-12 Plant Biological
Monitoring and Abatement Program for East Fork Poplar Creek. Y/TS-889. Oak Ridge
National Laboratory, Oak Ridge, Tennessee.
Loar, J. M., S. M. Adams, L. J. Allison, J. M. Giddings, J. F. McCarthy, G. R.
Southworth, J. G. Smith, and A. J. Stewart. 1989. The Oak Ridge Y-12 Plant Biological
Monitoring and Abatement Program for East Fork Poplar Creek. ORNL/TM-10265. Oak
Ridge National Laboratory, Oak Ridge, Tennessee.
Loar, J. M., S. M. Adams, L. J. Allison, M. C. Black, H. L. Boston, A. J. Gatz, Jr., R. L.
Hinzman, M. A. Huston, B. D. Jimenez, J. F. McCarthy, S. D. Reagan, J. G. Smith, G. R.
Southworth, and A. J. Stewart. 1992. First report on the Oak Ridge Y-12 Plant Biological
Monitoring and Abatement Program for East Fork Poplar Creek. Y/TS-886. Oak Ridge
National Laboratory, Oak Ridge, Tennessee.
Ryon, M. G., J. M. Loar, G. R. Southworth, A. J. Stewart, S. M. Adams, and L. A. Kszos.
1990. Evaluation of fish kills during November 1986 and July 1987 in upper East Fork
Poplar Creek near the Y-12 Plant. ORNL/TN-11578. Oak Ridge National Laboratory,
Oak Ridge, Tennessee.
Other publications on the East Fork Poplar Creek watershed include:
Adams, S.M., W.D. Crumby, M.S. Greeley, Jr., M.G. Ryon, and E.M. Schilling. 1992.
Relationships between physiological and fish population responses in a contaminated
stream. Environ. Toxicol. Chem. 11:1549-1557.
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Gatz, A. J. and S.M. Adams. 1994. Patterns of movement of centrarchids in two
warmwater streams in eastern Tennessee. J. Freshwater Fish Ecol. 3:35-48.
Ham, K. D. and M. J. Peterson. 1994. Effect of fluctuating low-level chlorine
concentrations on valve movement behavior of the Asiatic clam (Corbicula fluminea).
Environ. Toxicol. Chem. 13:493-498.
Hill, W. R. and G. E. Napolitano. 1997. PCB congener accumulation by periphyton,
herbivores, and omnivores. Arc. Environ. Contam. Toxicol. 32: 449-455.
Hill, W. R., A. J. Stewart, and G. E. Napolitano. 1996. Mercury speciation and
bioaccumulation in lotic primary producers and primary consumers. Can. J. Fish. Aquat.
Sci. 53:812-819.
Lotts, J. W., Jr. and A. J. Stewart. 1995. Minnows can acclimate to total residual chlorine.
Environ. Toxicol. Chem. 14:1365-1374.
Peterson, M. J., G. R. Southworth, and W. D. Crumby. 1996. Monitoring mercury in fish
in a stream system receiving multiple industrial inputs. Environ. Monitor. and Assess.
40:91-105.
Peterson, M. J., G. R. Southworth, and K. D. Ham. 1994. The effect of sublethal
chlorinated discharges on PCB accumulation in transplanted asiatic clams (Corbicula
fluminea). Water, Air, and Soil Pollution. 73:169-178.
Ryon, M. G., J. J. Beauchamp, W. K. Roy, E. Schilling, B. A. Carrico, and R. L.
Hinzman. 2000. Stream dispersal of dead fish and survey effectiveness in a simulated fish
kill. Trans. Amer. Fish Soc. 129:89-100.
Southworth, G. R., R. R. Turner, M. J. Peterson and M.A. Bogle. 1995. Form of mercury
in stream fish exposed to high concentrations of inorganic mercury. Chemosphere.
30:779-787.
Stewart, A. J., W. R. Hill, K. D. Ham, S. W. Christensen, and J. J. Beauchamp. 1996.
Chlorine dynamics and ambient toxicity in receiving streams. Ecol. Appl. 6:458-471.
Stewart, A. J., G. J. Haynes, and M. I. Martinez. 1992. Fate and biological effects of
contaminated vegetation in a Tennessee stream. Environ. Toxicol. Chem. 11:653-664.
(Information obtained from the ORNL web site: http://www.esd.ornl.gov/BMAP/)
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