
5894 U-004-306 .29 

RESPONSE TO USEPA AND OHIO EPA COMMENTS OU2 DRAFT 
REMEDIAL INVESTIGATION REPORT - SEPTEMBER 1994 

09/02/94 

DOE-FN EPA 
390 
RESPONSES 



RESPONSE TO USEPA AND 
OHIO EPA COMMENTS 

RElkCEDIAL INVESTIGATION REPORT 
- OU2 DRAFT 

- i’ 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

FERNALD, OHIO 

REMEDIAL INVESTIGATION AND FEASIBILITY STUDY 

, 

SEPTEMBER 1994 

U S .  DEPARTMENT OF ENERGY 
- -~ FERNALD--F-IE-L-D- o-FF-IcE-- 



FEMp-ou02-6FINAL' . 
September 6, 1994 

FOREWORD 

This document provides responses to U.S. Environmental Protection Agency (EPA) and Ohio EPA 

(OEPA) comments on the June 1994 Draft Feasibility Study (FS). Report for Operable Unit 2 at the 

U.S. Department of Energy (DOE) Fernald Environmental Management Project (FEW).  In total, 67 

comments-were-received~Of~th~~60 were madebythe EPA, and 7 were made by the OEPA. The 

following is a "user's guide" of the rationale used to develop this comment response document and an 

overview of how the responses to the comments from both agencies are presented in the September 

1994 Draft Final RI. The comment response document is submitted along with the corresponding 

change pages for the Operable Unit 2 RI. 

Comment Response Document Organization. Responses are provided to OEPA comments (1-7), 

followed by responses to EPA comments (8-67). All comments have been re-numbered, sequentially, 

in the order of receipt. 

A comment number cross-reference list is provided at the end of this introduction. OEPA comments 

1-7 retain their original numbering. For EPA comments 8-67, this cross-reference also identifies each 

original EPA comment number and its corresponding page number of the EPA comment package. 

The list also identifies the commentor, section and page number where the subject of the comment 

appeared in the June 1994 Draft RI. The original page numbering has been maintained to facilitate 

easier review. 

Each comment and response has four components: 

The comment "header" (commenting organization, commentor, section number, page number, 

line number, code, and original comment number in parentheses). The reference location in 

the comment header refers to the appropriate text, table, and/or figure, and the corresponding 

section/page/line of the June 1994 Draft Operable Unit 2 RI. 

. -  - - . The agency comment, - unedited. .- - _. - - ~ 

.- - 

The narrative response, beginning with the DOE disposition on the comment. 
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0 The action statement that identifies the substantive revisions made as a result of the comment. 

The specific change(s) made to the corresponding text in the Draft Final RI are identified, to 

the,extent practical. Each action statement identifies the new location of the changes in the 

text, table, or figure in the 1994 Draft Final RI, where possible. It is important to note that 

revisions and insertion of figures and tables into the text have caused the page numbers to 

shift.-Where-new-pages-result-from-the-implementatiof a response, orignal numbering is 

maintained by adding a letter to the original page number (Le., 6-197, 6-197a, etc.). 
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Agency 
Comment # Comment # Agency 

1 xx OEPA 

3 3-18 OEPA 
2 3- 12 OEPA 

4 3-26 OEPA 

September 6 ,  1994 5894 ‘41 

Commentor Section Page # 
OFF0 NA NA 

DDAGW NA NA 
DDAGW 3 3-69 

DDAGW 3 3-105 

OU2 COMMENTDtESPONSE LOG 
SUBMITTAL DATE: SEPTEMBER 6 

5 6--- 

7 

4-95 OEPA DDAGW .-----NAP ----NA- 
72 OEPA OFF0 Fig. 4- 13 4- 176 

5-15 OEPA DDAGW NA NA 
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Original 
Comment # Comment # Orp. 

43 1 EPA 
44 3 EPA 
45 4 EPA 

OU2 COMMENT/RESPONSE LOG 
SUBMITTAL DATE: SEPTEMBER 6 

Commentor Section Page # 

Saric B.3.0, B.4.0 NA 
Saric 6.3 6-23 
Saric 6.3.6 6-61 

46 
47---- 
48 

50 
49 

51 
52 

5 EPA Safic- -_6.4-- - 6-81-t0.6-89- 
6 - EPA Saric B.2.4A.2.1 B-2-67 to -69 
20 EPA Saric B-I1 NA 

2 EPA Saric 6.2.1.2 B-2-17a 
1 EPA Saric 6.2.1 6-5 

3 EPA Saric 6.3 6-24 
4 EPA Saric 6.3.1 6-27 

53 
54 6-42 

5 EPA Saric 6.3.2 
6 EPA Saric 6.3.3 

6-33 
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64 
65 

16 EPA Saric B.3.2.6 B-3-51 
17 EPA Saric B.3.5.3.1 B-3-165 

66 
67 

18 j EPA Saric B.3.5.3.1 B-3-166 
19 EPA Saric bec. 6, App. B B-4-1 
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OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
OEPA COMMENT~ESPONSE DOCUMENT .5 8 9 4 1 1 

SEPTEMBER 8, 1994 E .  

Comment #: 1 
Commenting Organization: Ohio EPA Commentor: OFF0 
Section #: General Comment Page #: Line #: Code: C 
Original Comment #: 

---Gomment:----When-revising-documents~DOE5h~ld3~iFe the page numbers on which these 
changes appear. In the OU2 document, the many changes that have been made have 
altered the page numbers, therefore a section of the document that originally appeared 
on Page 2-15, for example, may now be located on Page 2-30. When reviewing the 
corrected document, finding the modified text becomes laborious and difficult. 

Response: Comment numbers were placed in the margins of the change pages to alleviate the 
difficulty of finding the changed text. A review for future document changes will be 
made to help reduce this difficulty. 

Action: No action. 

Comment #: 2 
Commenting Organization: Ohio EPA Commentor: DDAGW 
Section #: 3 Page#: 3-69 Line #: Code: 
Original Comment #: 3-12 
Comment: It is unacceptable to Ohio EPA to indicate that the till was found to be unsaturated simply 

because DOE did not leave the borings open long enough to achieve ground water 
recovery. The DOE CRUS has repeatedly reported to Ohio EPA that the glacial till is 
saturated, but that the recovery rate is very slow. CRU2 has not demonstrated that 
CRUSs conclusions are in error. As a result, CRU2 should treat the till as though it is 
saturated, and should plainly indicate this approach throughout the OU2 RI report. 

Response: CRU2 agrees to the precept that there is a degree of saturation throughout the till (from 
partial to total saturation); however, it must be kept in mind that wells have been installed 
in the till and screened at particular intervals and these wells have water levels. These 
water levels indicate a water table, which is "the upper surface of a zone of saturation" 
above which exists the vadose zone. However, in Section 5 ,  CRU2 did consider the 
vadose zone saturated, which is a conservative approach and consistent with CRUS. 
Add the following text to 3-69, line 13. Action: 

"Operable Unit 2 agrees to the precept that there is a degree of saturation throughout the 
till (from partial to total saturation); however, it must be kept in mind that wells have 
been installed in the till and screened at particular intervals and these wells have water 
levels. These water levels indicate a water table, which is "the upper surface of a zone 
of saturation" above which exists the vadose zone." 
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. Comment #: 3 
Commenting Organization: Ohio EPA Commentor: DDAGW 
Section #: Page #: Line #: Code: 
Original Comment #: 3-18 
Comment: The hydraulic conductivity should be stated in the document text. Details on how it was 

calculated can be referenced to in Appendix H. 

Response: Hydraulic conductivity is discussed in detail in Section 5. 

Action: Details-on-calculation-of-Hydraulicconductivity are providFd-KSection 5 and Appendix 
A. 

Comment #: 4 
Commenting Organization: Ohio EPA Commentor: DDAGW 
Section #: Page #: Line #: Code: 
Original Comment #: 3-26 
Comment: The line should be revised to state that no ground water was encountered, however, the 

borings were not left open for a sufficient period of time so as to achieve ground water 
recovery. 

Response: 
Action: 

The sentence will be edited to reflect the requested change. 
Page 3-105, Line 13, the following text was added to the end of the last sentence: 
"...Active Fly Ash Pile; however, the boreholes in the area were not left open long - 

enough to observe groundwater recovery. " 

Comment #: 5 
Commenting Organization: Ohio EPA Commentor: DDAGW 
Section #: Page #: Line #: Code: 
Original Comment #: 4-95 

. Comment: Specifically, which zones of the GMA are monitored by 2016,3016, and 4016? Do they 
correspond with other 2000, 3000, 4000 series monitoring wells respectively? 

Response: Wells 2016,3016, and 4016 correspond to other 2000, 3000, and 4000 series monitoring 
wells; i.e, 2000 series is in the Upper GMA, the 3000 series is in the GMA above the 
blue-gray clay, and the 4000 series is in the Lower GMA. 

Action: No action. 

Comment #: 6 
Commenting Organization: Ohio EPA Commentor: OFF0 
Section #: 4 Page #: 4-176 Line #: Fig. 4-13 Code: 
Original Comment #: 72 
Comment: In Response to Comment #4-91, said change was not made. The comment was agreed 

to and the title of Figure 4-13 @g. 4-176) was supposed to be changed. Please make this 
correction in the text. 

Response: The Title will be changed to "Radionuclides and Metals of Concern Detected Above . - . - 

Action: 

. -  

. -  - - -  - - Background in Surface-Soils in the Inactive Flyash Pile." 
The title on Figure 4-13 has been changed to "Radionuclides and Metals of Concern 
Detected Above Background in Surface Soils in the Inactive Flyash Pile." 
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Comment #: 7 a Commenting Organization: Ohio EPA Commentor: DDAGW - -  
Section #: Page #: Line #: Code: 
Original Comment #: 5-15 
Comment: The distinction between ground water and perched water is not made by the Ohio EPA. 

The DOE has used the two t e r n  for apparent administrative distinction between the 
GMA and the glacial till aquifer, however, the Ohio EPA has always taken the view that 
the "perched water" is in fact ground water. 

Response:-As-discussed-with-OEPAya-distinction-of p-cha water, a q u i f e z d  groundwater has 
been made for risk assessment purposes to avoid confusion when addressing possible 
pathways to receptors. It is agreed that water exists in the clay; however, for clarity, the 
term perched water is used when referring to a saturated interbedded granular zone where 
lateral transport or water withdrawal for consumption is possible. 

Action: No action. 

a 
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OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
U.S. EPA COMMENT/RESPONSE DOCUMENT 

SEPTEMBER 6, 1994 

Comment #: 8 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.0 Page #: NA Line #: NA Code: 
Original General Comment #: 5 

---Comment :-This-comment-discusses-expanding-the~s~ie~f6r~ch~f l h X p F a b l G E i F ( O - U ~ 2 ~ -  
subunits. The following comments pertain to each subunit as specified. 

Solid Waste Landfill: The revised text collectively presents the results for the sediment 
and surface water. The only surface soil contaminant of concern (COC) that sediment 
and surface water samples collected downstream of the Solid Waste Landfill have in 
common is uranium. Grouping the results implies that certain trends are present. The 
text should be revised to individually present the results for sediment and surface water. 

Lime Sludge Ponds: Conclusions regarding surface water are not presented in the revised 
text summary for the Lime Sludge Ponds. The text should be revised to include 
conclusion regarding surface water. 

Inactive Flyash Pile: The text states that the flyash generally had lower concentrations 
of constituents than the fill material did. The text should be expanded to indicate which 
specific constituents such as metals, organics, or radionuclides where lower in the flyash 
than in the fill material. 

South Field: The text should be revised to state that isotopes of eight not nine elements 
were detected in soil samples. Also, the text should be revised to state that ruthenium 
was not detected above background, as Table 4-48A indicates. 
For the Great Miami Aquifer (GMA) 2000-series wells, the text should be revised to state 
that neptunium was detected above background, which is indicated in Tables 4-57 and 4- 
58. 

Active Flyash Pile: For subsurface soil, the revised text states that lead-210 was detected 
above background. The text should be revised to state that lead-210 was not detected 
above background, which is indicated in Tables 4-62 and 4-63. 
The conclusion regarding the detection of metals and organic contamination in shallow 
groundwater was deleted from the revised text. The revised text should include this 
conclusion. 

The text should be revised to state that thorium, a radionuclide, was detected above 
background in perched groundwater. Also, the conclusion regarding the conceptual 
model should be moved from Section 4.0 to Section 6.0. 
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Response: The summary for the Solid Waste Landfill will be changed to reflect the deletion of the 
existing text for the surface water and sediment, and the addition of the new text. 

Text regarding surface water will be added to the summary for the Lime Sludge Ponds. 

After further review of the data and the boring logs the statement made is not reflected 
often enough in the data; therefore, the statement shall be deleted. 

The text in the summary for the South Field will be revised with the changes indicated. 

The text in the summary for the Active Flyash Pile will be revised with the requested 
change. 
The text on Page 4-95, Section 4.2.6, Lines 35 through 38 has been replaced with the 
following text: 

Action: 

A comparison of upstream and downstream surface water samples from the Solid Waste 
Landfill drainage ditch indicated total uranium concentrations of approximate equal value. 
A standing surface water sample from No. 1947, which is east and upstream of the 
landfill, had total uranium results within the same order of magnitude as the surface 
water samples collected from the drainage. This indicates that the Solid Waste Landfill 
may not be the only source for the uranium detected in the drainage ditch. 

Sediment samples were collected downstream of the Solid Waste Landfill and were 
compared to the Solid Waste Landfill surface soil samples. The surface soil COCs 
beryllium, neptunium, plutonium, uranium, benzo(a)pyrene, benzo(b)fluoranthene, 
carbazole, and indeno( 1,2,3- cd)pyrene were also detected in the downstream sediment 
sample. This would indicate that the migration of contaminants from the Solid Waste 
Landfill to the drainage ditch north of the landfill may have occurred. 

The following text has been added to the summary for the Lime Sludge Ponds Section 4.3.6, 
Page 4-170: 

There are no perennial sources of running surface water within the battery limits of the 
Lime Sludge Ponds. Precipitation remains in the ponds since they are contained. The 
only source of surface water runoff is the steep outside berms of the south pond, and 
since the surface area of the berms is small and has a vegetative cover, the runoff is 
minimal and runs off in sheet flow. 

The text on Page 4-195, Lines 31 through 33 have been deleted. 

Page 4-321, line 13, change nine to eight. 

Page 4-321, line 18, ruthenium has been deleted. 

_ .  - - - 
Page 4-322, line 44, neptunium has been added. 

Page 4-397, line 26, add lead-210. 

. - .. 
~ - .  .- - - ~ .  - - - - ._ 
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Comment #: 9 
Commenting Organization: U.S. EPA Commentor: Saric - - 

Section #: A.2 Page#: NA Line #: NA Code: 
Original General Comment #: 12 
Comment: The original comment requested that fate and transport model groundwater flow 

directions and calibration targets for the GMA be presented. The flow direction and 
water level calibration are presented in Figure A.2-19A and the projected increase of U- 
238 groundwater concentrations is presented in Figure A.2-19B; however, the model 
groundwater concentrations as compared to actual concentrations measured h samples 

---- from-monitoring-wells-at-the-site-fle36t presentedTUTST-DOEould present a 
comparison of the model groundwater concentrations to actual measured groundwater 
concentrations in the GMA. 

Response: Agree. 
Action: The text in Section A.2.8.3.3 has been modified to include the measured groundwater 

concentration for the calibration point at Well 2945. Figures A.2-19A and A.2-19B will 
also be updated. The corresponding text change has been made to section 5.4.4.3 of 
Section 5.0. 

Comment #: 10 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: A.2 Page#: NA Line #: NA Code: 
Original General Comment #: 13 
Comment: The original comment stated that all groundwater contaminants of potential concern 

(CPC) were not modeled. The action referred to by U.S. DOE to clarify this comment 
(US. DOE comments A-53 and 5-27) actually refer to a laboratory contaminant issue. 
U.S. DOE should state or refer to the correct action that will resolve the CPC issue. 

Response: The previous action for this comment erroneously referenced comments A-53 and 5-27. 
The original comment concerns the CPC screening process. Clarification of the CPC 
screening process is provided in the action for DOE comment number 48, in sections 
A.2.6, A.2.6.1, andA.2.6.2. 
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See the Action for Comment No. 48. Also, a new section will be added to the text to 
clarify the last CPC screening step, review of the Gh4A groundwater data as is compares 
with the vadose zone modeling results. 

Action: 

The new section reads: 

A.2.6.5 Groundwater Data Review 

The vadose zone modeling results were compared against the Great Miami Aquifer data. 
If the model-predictions'were-not% agreement w i h - t h i G ~ i h ~ i ~ d a > a ,  model 
parameters, assumptions, and conceptual models were reviewed and modified 
accordingly. If the vadose zone model was refined, the vadose zone model calculations 
were repeated and the vadose zone model toxicity screening and the Great Miami Aquifer 
dilutions toxicity screening steps were repeated. This process was continued until the 
model predictions were in agreement with the field measured data. Detailed modeling 
in the Great Miami Aquifer was performed for the CPCs remaining from the Great 
Miami Aquifer dilution toxicity screening. 

Figures A.2-13 and 5-16 will be updated to show where the vadose zone modeling occurs 
in the screening process, and to show a feedback path from the groundwater data review 
step. 

A corresponding paragraph will be added to Section 5.4.2.4 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4 Page #: 4-1 Line #: 5 Code: 
New General Comment #: 1 
Comment: In both summary tables and text, U.S. DOE presents non-surface soil COC contamination 

in terms of surface soil or "cross-media" COCs. This approach is confusing. U.S. DOE 
should revise the text to indicate why COCs are not defined and discussed in terms of 
battery- and media-specific COCs . 

Response: Clarification will be added. 
Action: The following text was added to Page 4-1, line 5, after Table 4-0:- 

"Based on the 1991 Amended Consent Agreement, the definition of Operable Unit 2 is 
waste materials, berms, and soils within the operable unit boundary. All other media 
(e.g., surface water, groundwater) is defined under another operable unit. Accordingly, 
the COCs in Operable Unit 2 RUFS documents have been categorized as surface soil for 
the direct exposure to contaminated material/surface soil and cross-media for other media 
that would be impacted by contaminated material/soil in Operable Unit 2." 

FEWCRU2RINDWEPACOWScptember2, 1994 11:18am EPA-4 
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Comment #: 12 
Commenting Orgauation: 1: - -  
Section #: 4.0 Page#: 

S. EPA Commentor: Saric 
NA Line#: NA Code: 

Table 4-0 presents the COCs by subunit and media of concern. Throughout the remedial 
investigation (FU) report, U.S. DOE discusses the data in terms of COCs present in the 
media. A comparison of the COCs that are noted in these discussions versus those in 
Table 4-0 reveals some discrepancies. U.S. DOE should review the text for accuracy 
when discussing data results in terms of COCs. 

New General Comment #: 2 
Comment: 

Response: 
Action: 

Agree. The text will be reviewed for accuracy. 
The text has been reviewed for accuracy. See Comment No. 27. 

Comment #: 13 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.0 Page#: NA Line #: NA Code: 
New General Comment #: 3 
Comment: U.S. DOE has presented evidence in Section 4.3.2 that the wastes held in the Lime 

Sludge Ponds are a source of radionuclide contamination in perched groundwater yet this 
likelihood has not been acknowledged in the discussion of groundwater sampling results 
(Section 4.3.4) or in the summary of Lime Sludge Pond sampling results (Section 4.3.6). 
U.S. DOE should revise the text to clearly indicate whether the Lime Sludge Ponds are 
or were sources of radionuclide groundwater contamination. 

Since there isn’t clear evidence that the Lime Sludge Ponds had no impact on the perched 
groundwater the assumption can be made that the Lime Sludge Ponds had potential to 
impact the groundwater. The text in the perched groundwater section will be revised to 
indicate this potential exists. 
Page 4-146, add the following text to Line 30: 

Response: a 
Action: 

One of the most notable detections was 17.4 ug/l total thorium in downgradient well 
1937. This may indicate that the Lime Sludge Ponds impacted the perched groundwater. 

a 
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Comment #: 14 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.4 Page #: 4-71 Line #: 22 and23 Code: 
Original Specific Comment #: 4 
Comment: The revised text states that for the Solid Waste Landfill well 2027 is an upgradient 2000- 

series well in the Upper GMA. However, reviewing Figure 3-33 reveals that well 2027 
is a downgradient 2000-series well located on the western edge of the Solid Waste 
Landfill. Reviewing Figure 4-6 reveals that the only upgradient 2000-series well for the 
Solid Waste Landfill is well 2949 with a total uranium concentration of 0.5 micrograms 

--per--liter-(pg/Z-)~The-downgradient-2OOO=series- wells-had-concentrations-raniiiiSg-from 
0.5 to 4.7 pglL. The revised text also states that the Upper GMA has not been impacted 
by total uranium from the Solid Waste Landfill. However, the discussion does not 
support this statement. The discussion supports the conclusion that the Upper GMA has 
been impacted by total uranium from the Solid Waste Landfill within the operable unit 
limits. The text should be revised accordingly. 

Response: It is our belief that the reviewer of Figure 3-33 is mistaken. Well 2027 has an elevation 
of 522.5, which is the highest elevation on the figure. Also, the 522.4 contour line, 
which is the highest, is the closest to Well 2027. Taking both of the aforementioned into 
consideration, the conclusion has been drawn that Well 2027 is an upgradient well. Also, 
this well is downgradient of the Waste Pits which would indicate that the Waste Pits may 
be a contributor to the Upper GMA contamination. Well 2052 had a total uranium 
concentration of 10.1 ug/l; however this well is crossgradient and would not be impacted 
by the Solid Waste Landfill. The discussion in the revised text does not support the 
conclusion that the Upper GMA has been impacted by total uranium from the Solid 
Waste Landfill. 

Action: No action. 

Comment #: 15 
Commenting Organization: U. S. EPA Commentor: Saric 
Section #: 4.3.2 Page #: 4-131 Line#: 1 and2 Code: 
Original Specific Comment #: 16 
Comment: The response action presented for the Lime Sludge Ponds in the comment response 

document differs from the actual revised text in the RI report. Also, the response action 
states that the K-65 slurry trench is believed to be a possible source for uranium and 
thorium detected in downgradient perched wells. However, both the K-65 slurry trench 
and the Lime Sludge Ponds are possible sources of the contamination. The perched 
groundwater flow is to the southwest as noted in the revised document in Figure 3-37. 
Well 1042, a downgradient perched groundwater well, is located west of downgradient 
perched groundwater well 1934. Well 1042 intercepts perched groundwater flow from 
the majority of the Lime Sludge Ponds and the K-65 slurry trench, while well 1934 
intercepts perched groundwater from a small portion of the Lime Sludge Ponds and the 
K-65 slurry trench. The results of sampling for uranium and thorium in soil and perched 
groundwater for well 1042 are higher than are those for well 1934. The higher results 
for well 1042 could be attributed to the impact of the Lime Sludge Ponds as well as the 
K-65 slurry trench on well 1042. The text should be revised accordingly. 

.. -._ .._ - ._ - - - - 
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Response: 

Action: 

The summary will be change to reflect that both the Lime Sludge Ponds and the K-65 
slurry line trench are possible contributors to the perched ground water contamination. 
The text on Page 4-171, Lines 3 through 9, has been changed to: 

"Elevated concentrations of uranium and thorium were detected in downgradient perched 
groundwater well. This may be due to both the Lime Sludge Ponds and the K-65 slurry 
line trench impacting the perched groundwater. " 

Comment #: 16 
Commenting-Organization:-U2k-EPA-~ommentor:---Saric 
Section #: 4.4.3 Page#: 4-218 Line #: 13 to 15 Code: 
Original Specific Comment #: 26 
Comment: For the Inactive Flyash Pile, the revised text states that "elevated concentrations of 

uranium exist in the surface water from the drainage west of the Inactive Flyash Pile, and 
is contributing to the contamination of the aquifer." The text should be revised to state 
specifically which aquifer is impacted to avoid ambiguity. 

Response: 
Action: 

The text will be changed to indicate the Great Miami Aquifer. 
Page 4-249, line 7, replace aquifer with Great Miami Aquifer. 

Comment #: 17 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.4.6 Page#: 4-255 Line #: NA Code: 
Original Specific Comment #: 28 
Comment: The summary for the Inactive Flyash Pile was to be expanded to discuss the COCs found 

in surface water, sediment, perched water and the Great Miami Aquifer. Reviewing the 
summary reveals that a discussion of the following is omitted from the summary for the 
Inactive Flyash Pile; metals and organics for surface water, metals for sediment, metals 
and organics for perched water, and metals and organics for the Great Miami Aquifer. 
The text should be revised accordingly to include these items in the summary. 

Response: The text was expanded to include COCs in each of the identified media. However, there 
were no COCs determined for surface water and sediment, nor metal or organic COCs 
for groundwater. Please refer to Table 4-0 for a summary of COCs. 

Action: No action. 
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Section #: 4.5.6 Page#: 4-329 Line #: 11 to 17 Code: 
Original Specific Comment #: 36 
Comment: The revised text discusses the results of organic testing on Phase I and 11 groundwater 

sampling for the South Field. The text should be revised to state that these results are 
for the 2000-series groundwater wells. Also, the revised text states that the Phase 11 
detections included diethyl phthalate tributyl phosphate. According to Tables 4-57 and 
4-58, this compound was not detected during Phase I1 sampling and the text should be 
revised-accordingly-Finally,the-revised-text~~t~th~t-th~~~detected during the 
Phase I and II sampling events are common laboratory contaminants. A number of the 
organics such as the phthalate compounds and acetone may possibly be laboratory 
contaminants. However, it is unlikely that others such as l,l,l-trichloroethane and 1,l- 
dichloroethane are laboratory contaminants. It is more likely that other compounds that 
are detected such as 1,1,1-trichloroethane and 1,l-dichloroethane are a result of 
operations at OU2. The text should be revised accordingly: 

Response: 
Action: 

The text will be changed to reflect the requested changes. 
Page 4-321, line 23, the following has been inserted before "groundwater": "2000-series 
wells. 'I 

Page 4-321, line 28, diethyl phthalate and tributyl phosphate has been deleted. 

Page 4-322, line 1, "Some of these contaminants" has been added to the beginning of the 
sentence. 

Page 4-322, line 3, the following sentence has been added "However, l , l , l -  
trichloroethane and 1,l-dichloroethane may be present due to placement of wastes from 
maintenance activities, or other activities where solvents were used. 'I 

Comment #: 19 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: A. 1.7.1 Page #: A- 1-34 Line #: NA Code: 
Original Specific Comment #: 67 
Comment: The original comment discussed extending to the north the stream area where the till 

beneath Paddys Run is absent and therefore is a source of contamination to the GMA. 
Figures A.l-6A and A.l-6B were included in the revised OU2 RI to address this 
comment. However, on Figure A. 1-6B, the area of Paddys Run acting as a source still 
does not appear to be correct. The area of Paddys Run acting as a source should 
apparently extend to the point where Paddys Run is adjacent to the Inactive Flyash Pile. 
This additional source area of Paddys Run may not affect the overall contaminant 
concentrations in the GMA; however, it should still be defined so it is addressed in 
remediation scenarios for OU2. U.S. DOE should revise Figure A.l-6B to include the 
additional area of Paddys Run as a source for contamination. 
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Response: Agree. 
Action: Figure A.l-6B will be modified to indicate the area of infiltration through Paddys Run 

from the Inactive Flyash Pile/South Field extends to the point adjacent t o  the kactive 
Flyash Pile. 

Comment #: 20 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: A.2.8.2.1 Page #: A-2- 135 Line #: NA Code: 
Original Specific Comment #: 82 
Comment-The-original-comment -stated-that -lead;radium=226~radiE-228xduraniEisotopes 

(shown in Table A.l-14) should be considered as groundwater CPCs for the Active 
Flyash Pile. The response to this comment stated that modeling results for all uranium 
isotopes can be determined using U-238 scaling ratios. However, modeling results for 
lead, radium-226, and radium-228 were not included in the discussion. U.S. DOE 
should state why these additional CPCs were not included in the groundwater fate and 
transport modeling. 

Response: Many of the CPCs listed on Table A.l-14 were excluded from groundwater fate and 
transport modeling for the reasons given in footnotes c, d, and e. Only the CPCs having 
no footnotes are included in Tables A.2-47 and A.2-48. Uranium-234, uranium-235/236, 
and uranium-total are not included in Tables A.2-47 and A.2-48 because concentrations 
of these constituents are determined from U-238 scaling ratios rather than being modeled 
directly. For example, Table A. 1-14 indicates that the Active Flyash Pile CPCs arsenic, 
beryllium, neptunium-237, uranium-234, and uranium-238 are CPCs requiring 
groundwater modeling. These CPCs are listed on Table A.2-48, with the exception of 
U-234. U-234 is determined from the modeling for U-238. 

Action: No action. 

Comment #: 21 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 3.4.2 Page #: 3-93 Line #: 22 to' 24 Code: 

Comment: 
New Specific Comment #: 1 

The text gives a range of hydraulic conductivity (K) values for the glacial overburden. 
U.S. DOE should indicate whether these values represent K values for the sand lenses, 
the glacial till or if the values are some sort of average for both. 

Response: 
Action: 

These K values are for the sand lenses. The text will be changed to reflect this. 
Page 3-93, line 23 has been changed to " . ..average hydraulic conductivity for the sands 
in the glacial overburden.. . " 
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Comment #: 22 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.1.1 Page#: 4-5 Line #: 12 to 15 Code: 

Comment: 
New Specific Comment #: 2 

The text states that radionuclide and organic contamination is not anticipated at the Lime 
Sludge Ponds as a result of the processes that generated the lime sludge. However, 
Section 4.3,  which presents the Lime Sludge Pond investigation results, indicates that 
Lime Sludge Pond sludges are likely sources of radionuclide and organic contamination. 
This discrepancy should be resolved and the RI report should clearly state whether these 
sludges-are-contaminant-sources-for-thiimedifif concern. 

Response: The intent of the discussion of Page 4-5 is to state that from previous operation activities 
mentioned one would not normally expect to find organic or radionuclide contamination. 
The actual contamination was found during the investigation and is discussed later in 
Section 4.3.  
We will delete text on expectation of contaminant in the Lime Sludge Ponds on Page 4-5. Action: 

Comment #: 23 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.1.2 Page #: 4-6 Line #: 19 to 21 Code: 

Comment: 
New Specific Comment #: 3 

The text states that individual samples whose constituent concentrations exceed the 
respective 95th percentile background concentration are identified as being inconsistent 
with background data. U.S. DOE should revise the text to address how these "outliers" 
were treated in the statistical calculations of background values. 

The "individual samples" referred to in the text are those collected during the OU2 RI 
investigation and are separate from those collected for background. These OU2 
"individual samples" were compared to background and not used in the statistical 
calculations of background values. 

Response: 

Action: No action. 

Comment #: 24 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.1.2 Page #: 4-9 Line #: NA Code: 

Comment: 
New Specific Comment #: 4 

Footnote "d" to Table 4-1A states that fission products detected at the site are the result 
of atmospheric fallout from weapons testing. Several Fernald Environmental 
Management Project (FEMP) documents, including Line 32 on Page 4-30 of the OU2 FU 
report, have indicated that FEMP accepted and processed materials containing small 
amounts of fission products. U.S. DOE should provide further evidence supporting its 
claim that fission products, many that are found in subsurface environmental media, are 
related to weapons testing and not to production activities. 
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The text and footnote on Table 4-1A will be changed to reflect that these fission products 
could be from either fallout and/or reprocessing activities. 
Page 4-9, Footnote d, was changed to 'I.. .in the environment may be due to atmospheric 
releases of radiation (e.g. weapons testing) and/or reprocessing activities. This 
radionuclide. . . " 

Response: 

Action: 
a 

Comment #: 25 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.2 Page #: 4 4  Line#: 24 to 25 Code: 
New-Specific-Comment-#:- 5 
Comment: The text states that no single hot spot source area exists for surface or subsurface soils 

at the Solid Waste Landfill. However, Lines 29 to 33 on Page 4-95 discuss individual 
hot spot areas within Solid Waste Landfill subsurface soils. Additionally, U.S. DOE has 
presented data (Table 4-2A) identifying several trenches and borings where highly 
radioactive "yellow colored material" is present. The text should be revised to address 
this discrepancy. 

Response: 

Action: 

The intent of this sentence was to state the there isn't just one single spot contributing to 
the contamination but several. The text will be rewritten to clarify the statement. 
Page 4 4 ,  Line 24 - 25, the last sentence was replaced with the following text: 
"Therefore, as previously stated, there isn't just a single hot spot source area but several 
contributing to the whole. 

Comment #: 26 
Commenting Organization: U.S. EPA Commentor: Saric a Section #: 4.2.4 Page #: 4-94 Line #: 10 to 22 Code: 
New Specific Comment #: 6 
Comment: Blaming poor well construction in the adjacent perched aquifer well 1037, U.S. DOE 

rejects detection of uranium isotopes, strontium-90, and carbon disulfide in well 2037 in 
an attempt to support the argument that the landfill is not affecting the GMA in terms of 
these constituents. The data presented seems to suggest that well 1037 is screened in the 
GMA and not in the perched aquifer. If this is true, then the argument that contaminated 
perched groundwater has reached the GMA (in the area of well 2037) via well 1037 is 
not relevant. U.S. DOE should provide further evidence that the contamination observed 
in well 2037 is not resulting from the Solid Waste Landfill. 

Response: A localized impact on the Great Miami Aquifer may be due to a poorly constructed well 
lending a pathway to contaminant migration. This impact must be a localized 
phenomenon since the downgradient wells didn't have the contamination. The text will 
be changed to reflect this. Additionally, fate and transport modeling was used for 
determining groundwater exposure concentrations and subsequent risk issues to determine 
the need for remdiation due to impact on groundwater. 
Page 4-94, lines 19 through 22 have been replaced with the following text: 
"These data may indicate that leakage from Well 1037 may be influencing water quality 
in Well 2037. The downgradient wells didn't exhibit this contamination. This would 

construction. Well 1037 has been plugged and-ab&doned:" 

Action: 

indicate a localized impact on the upper GMA from the landfill due to poor. well . 
- .  

a -  
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Comment #: 27 
Commenting Organization: U . S . EPA Commentor: Saric 
Section #: 4.2.5 Page #: 4-95 Line #: 17 to 18 Code: 

Comment: 
New Specific Comment #: 7 

The summary lists surface soil COCs by elemental names, instead of by isotopes, as is 
done in the supporting text. For consistency, COCs should be summarized in terms of 
their specific isotopes. 

Response: The text will be changed stating the isotopes. 
Action: The-text on-Page-4=95;-lines-18-throUgh-2 1;hX beench-toTheurfacesoilCOCs 

detected above background in subsurface samples include antimony, arsenic, beryllium, 
neptunium-237, plutonium-238, radium-226, radium-228, thorium-228, thorium-232, 
uranium-234, uranium-235/236, uranium-238, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, dibenzo(a,h)anthracene, and indeno( 1,2,3-cd)pyrene. I' 

Page 4-95, lines 26 through 29, the sentence has been replaced with the following text: 
"The surface soil COCs detected above background in the subsurface samples include 
antimony, arsenic, beryllium, neptunium-237, plutonium-238, plutonium-239/240, 
radium-224, radium-226, radium-228, thorium-228, thorium-230, thorium-232, uranium- 
234, uranium-235/236, uranium-23 8, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, dibenzo(a,h)anthracene, and indeno( 1,2,3-cd)pyrene. " 

Page 4-95a, line 10, neptunium, plutonium, uranium have been replaced with 
"neptunium-237, plutonium-238, strontium-90, uranium-234, uranium-235/236, uranium- 
238." 

Page 4-97, line 1, radium, thorium, and uranium were replaced with "radium-226, 
thorium-228, thoriq-230, thorium-232, uranium-234, uranim-235/236, and uranium- 
238." 

Page 4-97, line 8, uranium and thorium have been.replaced with "uranium-234, uranium- 
235/236, uranium-238, thorium-232. " 

Page 4-170, line 37 through 38, has been changed to "The surface soil COCs cesium- 
137, radium-226, radium-228, thorium-228, thorium-230, thorium-232, uranium-238, and 
total uranium were detected above background in the subsurface samples." 

Page 4-170a, lines 45 &rough 46, have been changed to "In perched groundwater, the 
surface soil COCs radium-226, thorium-228, thorium-230, thorium-232, uranium-238, 
and uranium total were detected above background." 

Page 4-171, lines 25 through 26, have been changed to "The surface soil COCs thorium- 
228, thorium-232, uranium-238, and total uranium were detected above background in 
2000 series wells in the regional aquifer." 

Page 4-248, lines 28 through 30, were changed to 'I.. .surface soil COCs arsenic, radium- 
228, thorium-228, thorium-232,- and dibenzo(a,h)afkhracene. " 

I .  * 

000020,' ' 
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Page 4-249, lines 24 through 27, were changed to " . . .surface soil COCs arsenic, radium- 
228, thorium-228, thorium-232, and dibenzo(a,h)anthracene. " 

Page 4-250, lines 15 through 18, were changed to "In the Upper Great Miami Aquifer 
(2000-series wells) no surface soil COCs were detected. However, uranium-234, 
uranium-235/236, uranium-238, total uranium, neptunium-237, and plutonium-238 were 
detected above background suggesting a potential impact on the Great Miami Aquifer. " 

Page 4-322, lines 26 through 28, were changed to "...arsenic, beryllium, neptunium-237, 
radium-2-26 ,radium-2~8~thorium=~~8~thorium~23O~th~i~232uranium-23~,  
uranium-235/236, uranium-238, total uranium, benzo(a)anthracene.. . " 

Page 4-322, lines 36 through 37, were changed to "...were beryllium, neptunium-237, 
radium-226, thorium-228, thorium-230, thorium-232, uranium-234, uranium-235/236, 
uranium-238, and total uranium. Other.. . I' 

Page 4-322, lines 44 through 45, were changed to "...were radium-226, thorium-230, 
thorium-232, uranium-234, uranium-235/236, uranium-238, and total uranium. Well 
2945. . . " 

Page 4-397, lines 26 through 27, were changed to " . . .nonsource, are arsenic, beryllium, 
neptunium-237, radium-226, radium-228, thorium-228, and thorium-232. Other.. . " 

Page 4-397, line 42, was changed to 'I.. .beryllium .and neptunium-237." 

Page 4-398, line 6, was changed to "neptunium-237. Other.. . 'I 

Page 4-398, line 7, was changed to "...background were plutonium-238, strontium-90, 
uranium-234, uranium-235/236, and uranium-238. I' 

Page 4-398, lines 15 through 16, were changed to "...Aquifer are thorium-232 and 
thorium-228. Additional radionuclides radium-226, uranium-234, uranium-2351236, and 
uranium-238 were detected above background. Due.. ." 

\ 
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Comment #: 28 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.6 Page#: 4-97 Line #: 7 to 13 Code: . 
New Specific Comment #: 8 
Comment: The text states that uranium, thorium, or strontium-90 were not detected in downgradient 

Solid Waste Landfill GMA wells. However, strontium-90 was detected above 
background in both downgradient wells, and uranium 2351236 was detected in 
downgradient well 2947. This discrepancy and its implications should be addressed in 
the text. 
--- 

Response: 

Action: 

The text will be changed to address the discrepancy. The implications in the text remain 
the same: that impact to the GMA may have occured. 
Page 4-97, lines 12 and 13, the sentence has been replaced with the following text: 
"Downgradient wells in the regional aquifer had concentrations of radium-226, 
plutonium-238, strontium-90, and uranium 2351236 above background. " 

Comment #: 29 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.3.2 Page#: 4-100 Line #: 26 to 27 Code: 

Comment: 
New Specific Comment #: 9 

The text states that surface soil contamination has resulted from the K-65 slurry trench 
and spillage from the haul roads. Without direct evidence of these contamination 
pathways, surface soil contamination via aeolian transport of contaminated sludges cannot 
be ruled out as sources. Also, it is difficult to conclude that contaminants contained in 
steel pipes inside the trench can affect surface soils. This issue should be discussed 
further. 

Response: Aeolian transport of contaminated sludges is difficult to defend since the sludges and 
surface sludges in their present configuration have high moisture contents and would 
require a much greater reduction in moisture to become potentially transportable via 
wind. The text is not suggesting that the surface soils were impacted by contaminants 
in steel pipes, but is suggesting that the contaminants within the pipes could have leaked 
from the pipes and that additional contamination could have resulted through maintenance 
activities; i.e., the removal of the damaged pipe, the placement of the removed pipe on 
the surface adjacent to the trench with subsequent leakage of the residual contaminated 
material onto the surface. There has been verbal confirmation of such maintenance 
activities for the K-65 slurry trench. The text will be modified for more clarification. 
Page 4-108, line 1, the following text has been added after "...in the former Production 
Area.": "There has been verbal confirmation of the type of maintenance activities 
occurring for the K-65 slurry trench; Le., the removal of damaged pipe from the trench 
and the placement of this pipe on the surface adjacent to the trench with possible 
subsequent leakage of residual contaminated material onto the surface. " 

Action: 
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Comment #: 30 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.3.2 Page#: 4-127 Line #: 1 to 2 Code: 

Comment: 
New Specific Comment #: 10 

U.S. DOE suggests that a possible scenario for the elevated subsoil radionuclide 
concentrations underlying the lime sludge wastes is that soils were already contaminated 
prior to installation of the Lime Sludge Ponds. Existing data do not support this 
scenario. U.S. DOE should acknowledge the more likely scenario that this contamination 
is the result of leaching of the lime sludge wastes. 

Response: The existing data does support the stated scenario as one possibility. However, it could 
also be possible that a more appropriate scenario would be the one already stated in the 
text in conjunction with the leaching of contaminated lime sludge. The text will be edited 
to include the later scenario. 
Page 4-127, line 2, the following text has been added: "However, contamination or 
additional contamination to the soil below the lime sludge may have occurred from the 
leaching of the lime sludge." 

Action: 

Comment #: 31 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.3.2 Page #: 4-127 Line #: 23 to 24 Code: 

Comment: 
New Specific Comment #: 11 

The text states that the west berm and areas north of the north Lime Sludge Pond are 
possible sources of organic compounds detected in the sludge samples. While these areas 
may be contributing to the observed organic contaminations, because the organic 
contamination increases with depth as noted in samples 1947, 1961, 1962, and 1963 this 
suggests that the sludge is the primary source of this contamination. This issue should 
be discussed further in the text. 

Response- The berms were in place prior to the disposal of lime sludge. A possible scenario for the 
increased contamination with depth is that the berms were already contaminated prior to 
lime sludge disposal. Over time, surface water running off into the ponds and leaching 
from the contaminated berms caused the contamination at depth. Also, as time went on 
the levels of berm surface contamination decreased due to this run-off. The text will be 
edited to reflect this discussion. In addition, the trasnport modeling in Section used 
the 95 percent UCL of the mean calculated from both the lime sludge and thbe r rn  
together. 
Page 4-127, line 26, the following text has been added: "Contamination increased with 
depth in locations 1947, 1961, 1962, and 1963. The berms were constructed prior to 
lime sludge disposal. If the berms were constructed of contaminated material, then it is 
likely that surface water ran-off into the ponds from the contaminated berms casing the 
contamination at depth due to leaching. Also, as time went on the levels of berm surface 
contamination decreased due to this run-off.'' 

Action: 

,' . . 
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Comment #: 32 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.3.2 Page#: 4-128 Line #: 33 to 34 Code: 

Comment: 
New Specific Comment #: 12 

The text states that the absence of trichloroethane (l,l,l-TCA) in toxicity characteristic 
leaching procedure (TCLP) results confirms that the facility's wastewater exemption was 
applicable for on-site use of small amounts of solvent. The purpose of this statement is 
not clear. U.S. DOE should clarify the discussion regarding l,l,I-TCA. 

R e s p o n s e : - - ~ h e - p u r o s e - o f - t h i s - s t a t e m e n t - w ~ - t o ~ p ~ ~ i ~ R C ~  determination t h a z e  
Lime Sludge Ponds are not a Hazardous Waste Management Unit due to receiving 
wastewater with TCA above specified levels. It is not necessary for this discussion. 
Therefore, it will be deleted from the text. 
Page 4-128, lines 32 through 34, the last sentence "In addition, no trichloroethane.. . " has 
been deleted. 

Action: 

Comment #: 33 
Commenting Organization: U.S. EPA Commentor: saric 
Section #: 4.3.4 Page#: 4-146 Line #: 20 to 22 Code: 
New Specific Comment #: 13 
Comment: The text suggests that the K-65 Slurry trench may be the source of uranium 

contamination in the perched groundwater. However, the data support an equally strong 
argument that the Lime Sludge Ponds are the source of this contamination. Therefore, 
the issue of perched groundwater contamination sources should be addressed further in 
the text. 

I 

Response: 
Action: 

Please refer to Comment No. 13. 
Refer to action on Comment No. 13. 

Comment #: 34 
Commenting Organization: U .S. EPA Commentor: Saric 
Section #: 4.4.4 Page#: 4-225 Line #: 30 to 35 Code: 
New Specific Comment #: 14 
Comment: U.S. DOE suggests that the source of uranium contamination in perched groundwater is 

upgradient of the hydropunch locations. However, the hydropunch data and the chemical 
data for the flyash clearly suggest that the Inactive Flyash Pile is the source of perched 
groundwater contamination. The text should be revised to discuss this issue further. 

Response: 
Action: 

The text will be edited to clarify where the possible source may be. 
Page 4-225, line 35, the following text was added to the last sentence: 
northern portion of the Inactive Flyash Pile." 

"...in the 
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Section #: 4.4.4 Page #: 4-225 Line #: 31 to 35 Code: 
New Specific Comment #: 15 
Comment: The text states that the cited hydropunch locations were not associated with waste 

materials. However, the cited hydropunch samples were collected at locations where 
waste is between 5 and 20 feet thick. The text should be revised to resolve this 
discrepancy. 

- Response : __ The-reference-to-waste-mat~ial~iiitEGdEdtod~ib~&~e~otherthan fill and 
flyash; Le., material that may be associated with the production area processes. The text 
will be edited to make the distinction. 
Page 4-225, line 32, the text has been edited to read "These Hydropunchm samples were 
collected from intervals where no waste material other than fly ash or fill were identified. 
This suggests.. . " 

Action: 

Comment #: 36 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.4.4 Page #: 4-234 Line #: 6 to 11 Code: 
New Specific Comment #: 16 
Comment: The text initially states that perched groundwater in the Inactive Flyash Pile flows 

through waste materials containing uranium at locations upgradient of the hydropunch 
locations. However, the text concludes by saying that the northern portion of the Inactive 
Flyash Pile may be the source of uranium contamination. The text should be revised to 
clarify whether uranium waste is located within the Inactive Flyash Pile or upgradient of 
the pile. 

Response: 
Action: 

The text will be clarified. 
Page 4-234, line 7, the following text has been added after "...through waste 
materials.. . ": 'I.. .in the Inactive Fly Ash Pile.. . ". 

Comment #: 37 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.4.6 Page #: 4-249 Line#: 4 to 15 Code: 
New Specific Comment #: 17 
Comment: This text summarizes surface water and sediment contamination at the Inactive Flyash 

Pile. Because metals contamination is not discussed, the text should be revised to address 
this contamination. 

Response: 

Action: No action. 

Arsenic was the only identified surface soil COC and was not detected in the surface 
water or sediment. Please refer to Table 4-0 for list of COCs. 

~ ... . -  - . .- . .. . - . - . -  - -~ - 

FEWCRU2RINDWEPACOMISeptember2. 1994 11:18am EPA- 17 



FEMP-ou02-6 FINAL 
September 6, 1994 

Comment #: 38 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.5.2 Page #: 4-263 Line #: NA . Code: 
New Specific Comment #: 18 
Comment: Table 4-48B sumfnarizes perched groundwater contamination in terms of uranium. 

However, the issue of metals and organic contamination has not been addressed. U.S. 
DOE should provide this information or should identify the issue as an outstanding data 
gap. 

Response:~~able-4-48B-is-titled-"I;ead-~oncentrations~~-Vertical-B~ngs at t h Z i F X m  and 
summarizes lead contamination in soils in the Firing Range as opposed to uranium in 
perched groundwater. Also, the Firing Range is in an area beyond the perched water 
zone. Please note that the perched groundwater contamination for the South Field is 
discussed in Section 4.5.4. 

Action: No action. 

Comment #: 39 
Commenting Organization: U.S. EPA Comentor: Saric 
Section #: 4.5.2 Page #: 4-263 Line #: NA Code: 

Comment: 
New Specific Comment #: 19 

Table 448B does not provide data from boring SP-7. The table should be revised to 
provide this information. 

Response: 
Action: 

Comment #: 40 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.5.2 Page#: 4-277 Line #: 1 to 2 Code: 

Comment: 

Table 448B has been revised to include the data from SP-7. 
The SP-7 data has been added to Table 4-48B. 

New Specific Comment #: 20 
The text cites wipe sample data to support the conclusion that contaminated materials 
originated from process spillage and leaking prior to being deposited in the South Field. 
However, this data is not provided in the report. The wipe sample data should be 
provided in the revised FU report. 

Response: The wipe samples that are referred to in the text are samples routinely conducted as part 
of the on-site radiological safety process. The analysis is generally conducted using 
portable field instruments or conducting on-site laboratory analysis. This data is not 
defensible for the purpose of this report. The sentence containing the reference to the 
wipe samples will be deleted since it does not effect the statement presented. 
Page 4-277, line 1 and 2, the sentence "Wipe samples indicate that ....'I has been 
deleted. 

Action: 
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Comment #: 41 
Commenting Organization: U.S. EPA Commentor: Saric - -  

Section #: 4.5.3 Page #: 4-294 Line #: 1 to 5 Code: 

Comment: 
New Specific Comment #: 21 

U.S. DOE concludes, based on the presence of chloride and fluoride, that contaminated 
drainage water results from perched water and not from rainwater (leachate). However, 
the presence of high chloride levels is widely used to indicate landfill leachate 
contamination. The data appears to implicate percolation of rainwater filtering through 
waste materials (thereby forming leachate) as the dominant source of this contamination. 
The-text-should-be-revised-to-address-this-issue. 

Response: 

Action: 

The text will be revised to include a language clarifying that rainwater is percolating 
through contaminated material. 
Page 4-294, line 1 through 5, the text after "...not in the sediment." has been changed 
to "This suggests that the drainage water (water seeping in the South Field) is rainwater 
that has percolated downward through contaminated material and leached the 
Contaminants; Le., chloride, fluoride, and uranium. Also, these data support the belief 
that drainage water samples containing elevated uranium are representative of perched 
groundwater. 

Comment #: 42 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 6.0 Page #: NA Line #: . NA Code: 
Original General Comment #: 1 
Comment: Several general and specific comments are made regarding Appendix B, which contains 

the "details" of the'baseline risk assessment. Therefore, if Appendix B is revised in 
response to those comments, this section should also reflect the changes because it 
summarizes the results of the baseline risk assessment. 

Response: Agreed. 
Action: Section 6.0 was updated to reflect the changes made in Appendix B. 

Comment #: 43 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.3.0 Page #: NA Line #: NA Code: 
New General Comment #: 1 
Comment: Several inconsistencies were found among tables in Attachment B.III that list chemicals 

of potential concern (CPC), tables in Section B.3.0 that present risk calculation, and 
tables in Section B.4.0 that present chemicals of concern (COC). (Specific examples are 
cited as specific comments.) Therefore, these tables should be reviewed to eliminate any 
inconsistencies among them and to enable a constituent to be traced from its selection as 
a CPC to its establishment as a COC. 

Response: Agreed. 
Action: The tables will be compared and any inconsistencies corrected. 

. ~ . . ~  . -  .~ . __ - - - ~  - ..... ~ . . . .~ .. ~ .. .. ~ - -~ . .  - -  - 
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Comment #: 44 a Commenting Organization: U . S - EPA Commentor: Saric 
Section #: 6.3 Page #: 6-23 Line #: 7 Code: 
Original Specific Comment #: 3 
Comment: This line has been revised to differentiate between CPCs and COCs by stating that COCs 

are CPCs that remain a concern after the risks are calculated. To clearly make this 
distinction, U.S. Department of Energy (U.S. DOE) should present the risk levels that 
determine whether the CPC is significant enough to become a COC. 

- Response :---Agreed. 
Action: The sentence "COCs are constituents (Le. CPCs) which remain a concern after baseline 

risks have been calculated." has been changed to read; "COCs are constituents (i.e. 
CPCs) which remain a concern (greater than 1x10" ILCR or 0.2 HI) after baseline risks 
have been calculated. I' 

' 

Comment #: 45 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 6.3.6 Page #: 6-61 Line #: NA Code: 
Original Specific Comment #: 4 
Comment: The original comment recommended that U.S. DOE specify the route(s) contributing to 

significant risk. However, this revision was not made. U.S. DOE should specify which 
routes result in significant risk and should revise the text accordingly. 

Response: 
Action: 

Comment #: 46 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 6.4 Page #: 6-81 to 6-89 Line #: 11 Code: 
Original Specific Comment #: 5 
Comment: 

The routes will be added. 
The text on Page 6-61 and 6-61a has been modified to include routes. 

A variety of uncertainties are discussed in this section. However, several uncertainties, 
such as potential incomplete characterization of contamination and vadose zone modeling, 
are cited without discussing how they may affect the final risk estimate. U.S. DOE 
should attempt, whenever possible, to estimate how any identified uncertainties may 
affect the final risk estimate. If such an estimate cannot be made for a particular 
parameter, then this should be clearly stated in the text. 
Also, a reference should be cited for the Rn-222 inhalation slope factor presented on 
Page 6-87, Line 24. The value presented, 7.7E-12 picoCuries @Ci)-' , is inconsistent 
with the value of 7.7E-13 pCi" presented in the Health Effects Assessment Summary 
Tables (HEAST) that the U.S. Environmental Protection Agency (U.S. EPA) published 
in March 1993. 

Response: 1) The text will be modified to discuss the magnitude of uncertainties. 
2) The HEAST value for radon with daughters is 7 .7~10- l~  pCi-I, the value for radon 
without daughters is 7 . 3 ~ 1 8 ' ~  pCi-'. The RI report considered radon with its daughters, 

1) See text changes on Pages 82 through 84. 
2) None. 

- -  therefore using the 7 .7~10"  pCi-' value. . - -  

Action: - 
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Comment #: 47 a Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.2.4A.2.1 Page #: B-2-67-B-2-69 Line #: NA Code: 
Original Specific Comment #: 6 
Comment: Several of the constituents presented in Table B.2.2.F, such as di-n-butylphthalate, are 

not footnoted to specify the criteria for their removal during the toxicological screening. 
The table should be revised so that all constituents listed in the table are footnoted to 
specify the criteria for their removal. 

Response~~he-parameters-Di-n~butyl .phthalate~Diethyl-p~th~at~d~Bi~(  ZEh$hel$hthalate 
should not be listed in Table B.2.2.F because they were not screened out in this step. 
The parameters should be listed in Table B.2-21 instead. 
The parameters were removed from Table B.2.2.F and listed in Table B.2-21. Action: 

Comment #: 48 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B-I1 Page #: NA Line#: NA Code: 
Original Specific Comment #: 20 
Comment: Many of the references in this section are incomplete, inconsistent, or missing from the 

final reference list. For example, references to Leonard (1988), Bensted (1967), Wrenn 
et.al. (1987), and Yuile (1973) are cited in the text but are not included in the reference 
list. This section should be fully reviewed and thorough and comprehensive referencing 
should be provided. 

All references have been reviewed and corrected as appropriate. 
The references in the document have been corrected and reference lists have been 
updated. 

Response: 
Action: 

Comment #: 49 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 6.2.1 Page #: 6-5 Line #: NA Code: 

Comment: 
New Specific Comment #: 1 

Several inconsistencies were identified between Figure 2, the General Conceptual Site 
Model and Table 6-1, the Generic Description of Exposure Scenario and Exposure Point 

. Concentrations. For example, Figure 2 shows an off-property farmer receptor under 
private land ownership, while Table 6-1 does not show such a receptor. Also, Figure 
2 shows a "household" Great Miami River (GMR) user, while Table 6-1 presents a 
"residential" GMR user. Figure 2 and Table 6-1 should be revised to eliminate all 
inconsistencies. 

Response: Agreed. Table 6-1 should contain an off-property farmer under the future private 
ownership scenario, and the term household should be changed to be residential. These 
changes affect Figure B.2-2 and Table B.2-1 as well. 
These changes have been made in Table 6-1. Action: 

00002q : 
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Comment #: 50 
Commenting Organization: u.s.' EPA 
Section #: 6.2.1.2 Page #: 
New Specific Comment #: 2 
Comment: The page following, Page 6- 

Commentor: 
B-2- 17a 

FEm-ouo2-6 mAL 
September 6 ,  1994 

Saric 
Line #: NA Code: 

1 is numbereL as "B-2-17a." This page is apparently 
misn&bered and should be renumbered to be consistent with this section. 

Response: 
Action: 

Comment #: 51 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 6.3 Page #: 6-24 Line #: NA Code: 

Comment: 

The page was misnumbered and should be 6-lla. 
The page number was changed to 6-lla. 

- _-___ 

New Specific Comment #: 3 
Table 6-7 lists uranium-total as a COC for beef/milk and homegrown produce affected 
by groundwater. However, Table B.3.1-30 does not show uranium-total with a hazard 
index (HI) greater than 1 for this pathway. Either the text or table should be revised to 
eliminate this inconsistency. 

Response: Table B.3.1-30 is a carcinogenic risk table. Table B.3.1-31 is a noncarcinogenic table 
and shows uranium-total as a working potential hazard for homegrown produce for the 
on-property resident child. 

Action: None. 

Comment #: 52 
Commenting Organization: U.S. EPA Commentor: Saric - -  
Section #: 6.3.1 Page #: 6-27 Line #: 6 Code: 

Comment: 
New Specific Comment #: 4 

This line presents a carcinogenic risk from soil of 6.9E-05 to the groundskeeper. 
However, Table B.3.1-2B presents 6.9E-05 as the total radiologic risk and the total 
carcinogenic risk to the groundskeeper from soil as 7.95E-05. The text or table should 
be revised to eliminate this inconsistency. 

Response: Agreed. The number in the text is incorrect. 
Action: The text has been modified to reflect the correct value. 
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Comment #: 53 
Commenting Organization: U. S. EPA Commentor: Saric 
Section #: 6.3.2 Page#: 6-33 Line #: NA Code: 

Comment: 
New Specific Comment #: 5 

Table 6-11 does not list tributyl-phosphate as a COC for beef and milk and homegrown 
produce affected by groundwater. However, Table B.3.2-35 presents an HI of 1.0 for 
the off-property resident child's ingestion of "H,O" affected homegrown produce. The 
text or table should be revised to eliminate this inconsistency. 
Also, line 38 currently states that no hazard was associated with the groundskeeper. --- This 

receptor. 
--line-should-be-revised-to-state-thit a n o n c a r c i n i i c i s k  was not identified for the 

Response: 
Action: 

Table B.3.2-35 is missing NAs for tributyl phosphate. The 1.0 HI is for uranium total. 
NAs will be added to the table for clarity. Noncarcinogenic risks have been defined for 
the groundskeeper in Table B. 3.2-32. 

Comment #: 54 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 6.3.3 Page#: 6-42 Line #: NA Code: 
New Specific Comment #: 6 
Comment: Table 6-15 does not list U-235/236 as a COC for ingestion of homegrown produce 

affected by groundwater. However, Table B.3.3-31 presents a risk of 5.9E-06 to the on- 
property resident farmer (reasonable maximum exposure ( M E )  via this pathway. Either 
the text or the table should be revised to eliminate this inconsistency. 

Response: Agreed. Table 6-15 is missing U-235/236. 
Action: The table will be corrected to include U-235/236. 

Comment #: 55 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B2.4A.2.3 Page #: B-2-84 to B-2-93 Line #: NA Code: 

Comment: 
New Specific Comment #: 7 

Table B.2-2H presents inhalation carcinogenic slope factors (CSF) and inhalation 
reference doses (RfD). However, EPA's Integration Risk Information System (IRIS) 
currently presents only inhalation unit risks and reference concentrations. Therefore, the 
table should be footnoted to identify the source of the CSFs and RfDs presented in the 
table. 

Response: 

Action: 

The inhalation CSFs and RfDs were calculated from unit risk values and reference 
concentrations taken from IRIS. 
A footnote will be provided in Table B.2-2H to identify the calculated values. 

. -  . _ -  - -  . - -  
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Comment #: 56 
Commenting Organization: U.S. EPA Commentor: Saric e 

- -  
Section #: B.2.4A.2.3 Page #: B-2-94-B-2-99 Line #: NA Code: 
New Specific Comment #: 8 
Comment: Table B.2.21 lists constituents eliminated from further evaluation based on a comparison 

to preliminary remediation goals (PRG). However, the table does not list or reference 
the concentration that was compared with the PRG. The table should be revised to 
clearly present or reference the concentration that was compared to each PRG. 

/ 

Response-Agreed. 
Action: Table will be corrected to contain a reference to the CPC table in Appendix B.III. 

Comment #: 57 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.2.4.2 Page #: B-2-116 Line #: NA Code: 

Comment: 
New Specific Comment #: 9 

The ingestion rate values presented in Table B.2-3A for ingestion of home produced 
meats and ingestion of milk do not correspond with values presented in the cited 
reference. These values should be reviewed and any discrepancies eliminated. Also, 
footnotes "1" and "m" to this table are missing. Either footnotes "1" and "m" should be 
added or the footnotes should be relettered appropriately. 

Response: Page 2-27 of the Exposure Factor Handbook describes a 75 g/day intake for beef and 300 
g/day intake for dairy products. When the 0.101 kg/day intake (IR) for beef is multiplied 
by the 0.75 fractional intake (FI), the result is 0.075 kg/day or 75 g/day. When the 0.4 
kg/day intake (IR) for milk is multiplied by the 0.75 fractional intake (FI), the result is 
0.3 kg/day or 300 g/day. The footnotes 1 and m are not referenced in the table, and the 
footnotes should be changed. 
Footnotes will be corrected to accurately reflect the references made in the table. Action: 

Comment #: 58 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.2.4.2 Page #: B-2- 134 Line#: , NA Code: 

Comment: 
New Specific Comment #: 10 

Footnote "r" is omitted from Table B.2-4B. Footnote "r" should be added to the table 
or the footnotes should be revised to eliminate this discrepancy. 

Response: Agreed. 
Action: Table B.24B has been modified. 

e 000032 
FEWCRU2RINDWEPACOMISepmbcr2. 1994 11:18am EPA-24 



5 8 9 4  
r 

FEW-ouo2-6 FINAL 
September 6 ,  1994 

Comment #: 59 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.2.4.2 Page #: B-2-154 Line #: NA Code: 

Comment: 
New Specific Comment #: 11 

Several of the parameters presented in Table B.2-6A either could not be identified in the 
cited reference or conflicted with values presented in the cited reference. For example, 
the parameters presented in Table B.2-6A for 1, 172-trichlorotrifluoroethane could not be 
found in the cited reference. Also the t* and B values for 1,4dioxane in Table B.2-6A 
(6.04E-01 and 3.80E-01, respectively) do not agree with the values presented in Table 
5-8-of-the-cited-reference-(-7;2E.01-and-5:4E~05, respectiZ1y)TThe tables should be 
revised to eliminate these inconsistencies. 

Response: A number of the constituents listed in Table B.2-6A were not in Table 5-8 of the Dermal 
Exposure Assessment document. The parameters for these constituents were calculated 
using equations provided in the Dermal Exposure Assessment document. Parameters for 
1 ,4-Dioxane and Dieldrin were incorrect and should be corrected. 
Table B.2-6A has been corrected. An assessment of the changes to the parameters for 
1 +Dioxane and Dieldrin indicates that the changes will not significantly affect the 
calculated dermal intakes for these parameters. 

Action: 

Comment #: 60 
.Commenting Organization: U .S. EPA Commentor: Saric 
Section #: B.3.1.3.1 Page #: B-3-9 Line #: 6 Code: 

Comment: 
New Specific Comment #: 12 

The word "soil" has apparently been omitted from the beginning of this line. The line 
should be revised to begin with the word "soil. " 

Response: Agreed. 
Action: The text has been corrected. 

Comment #: 61 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.3.2.3.1 Page #: B-3-39 Line #: 31 Code: 
New Specific Comment #: 13 
Comment: This line states that the risk to the trespassing youth from dermal contact with 

benzo(a)pyrene is 1.2E-06. However, this risk is presented as 1.5E-06 in Table B.3.2-4. 
The text or the table should be revised to eliminate this discrepancy. 

Response: Agreed. 
Action: The value in the text is incorrect and will be changed. 

.. . 
. .. - -  - -  
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Comment #: 62 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.3.2.4.3 Page #: B-3-134 Line #: NA Code: 
New Specific Comment #: 14 
Comment: This section discusses risks to the central tendency (CT) on-property resident farmer and 

cites several specific COCs. However, the text fails to cite Ra-226 and Th-232, which 
are shown in Table B.3.2-34 to present carcinogenic risks of 6.5E-04 and 1.2E-04, 
respectively, via the soil exposure pathway. Ra-226 and Th-232, which contribute 31.68 
and 5.84 percent of the receptor risk, respectively, should be added to the discussion. 

Response: Agreed. 
Action: Text will be added to discuss Ra-226 and Th-232 impacts. 

Comment #: 63 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.3.2.4.4 Page #: B-3-47 Line #: 26 Code: 
New Specific Comment #: 15 
Comment: This section presents the major contributors to risk to the homebuilder. However, 

arsenic, which is presented with a risk of l.lE-06 in Table B.3.2-34, is not mentioned. 
The risk from arsenic should be added to the discussion. 

Response: Agreed. 
Action: Text will be added to discuss Arsenic impacts. 

Comment #: 64. 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.3.2.6 Page #: B-3-5 1 Line #: NA Code: 
New Specific Comment #:, 16 
Comment: This section discusses the risk to on-property receptors and cites the primary contributors 

to risk to this receptor. Table B.3.2-34 shows that Ra-226 contributes 23.18 percent of 
the total receptor risk. However, Ra-226 is not included in the discussion. The text 
should be revised to include a discussion of Ra-226. 

Response: Agreed. 
Action: Text will be added to discuss Ra-226 impacts. 
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Comment #: 65 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.3.5.3.1 Page #: B-3-165 Line #: NA Code: 
New Specific Comment #: 17 
Comment: Table B.3.5-3 lists the CPCs for the lime sludge ponds. The CPCs in the table match 

those presented in Table 3.5-2(a), but not those in Tables B.3.5-25 through B.3.5-28. 
For example, lead; thorium-total; benzo(g,h,i)perylene; and phenanthrene are listed in 
Table B.3.5-3 as CPCs, but are not included in Tables B.3.5-25 through B.3.5-28. 
These tables should be reviewed and revised to eliminate any inconsistencies among 
them- 

____ 

Response: Concentrations and intake values for these parameters are presented in Table B.3.5-4 
through B.3.5-22. However, risks for these parameters are not calculated because 
reference doses and slope factors are not available. Therefore, risk values for these 
parameters are not listed in Tables B.3.5-25 through B.3.5-28. 

Action: No action. 

Comment #: 66 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: B.3.5.3.1 Page #: B-3-166 Line #: 4 to 5 Code: 
New Specific Comment #: 18 
Comment: This line presents the carcinogenic risk from thorium-232 as 2.5E-06. However, Table 

B.3.5-25 presents this risk as 2.4E-06. The text or the table should be revised to 
eliminate this inconsistency. 

Response: Agreed. 
Action: The text will be corrected to read 2.4E-06. 

Comment #: 67 
Commenting Organization: U . S . EPA Commentor: Saric 
Section #: B.4.0 Page #: B 4 1  Line #: 4 Code: 

Comment: 
.New Specific Comment #: 19 

This line states that CPCs are considered COCs if they present a noncarcinogenic risk 
greater than 0.2. However, at other points in the document, COCs are defined as CPCs 
with an HI greater than 1.0. The text should be revised to eliminate this inconsistency, 

Response: Comment acknowledged. For the purposes of this risk assessment, we have defined a 
COC as a constituent causing a lifetime cancer risk greater than 10" or a HI of 0.2 or 
greater. The discussion of the results for total hazard to individual receptors compares 
to the level considered hazardous (HI greater than l.O), not to the COC selection (HI of 
0.2). 
The RI Report has been reviewed and the use of HI matches the definition identified in 
the response. 

Action: 
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No. 2 13 

there is a degree of saturation throughout the till vrom partial to total saturation); however, it must 

be kept in mind that wells have been installed in the till and screened at particular intervals and 

these wells have water levels. These water levels indicate a water table, which is "the upper s u ~ a c e  

of a zone of saturation" above which exists the vadose zone. 

Groundwater .elevation data from 2000-series monitoring wells completed within the upper Great 

~@&tg@ . . . . . . . Miami Aquifer indicate that the regional aquifer is essentially flat beneath the Solid Waste Landfill, 
displaying an southeasterly potential flow direction with a gradient of 0.001 on June 21, 1993 

(Figure 3-33). Groundwater elevations for monitoring wells screened within the aquifer are 

approximately 520 to 525 feet above MSL as shown on the hydrograph in Figure 3-34, which is 

.... .........._. ..... . ....................... . . . . . . . . . . . . . . . . . . . . . . 

14 

15 

16 

17 

18 

19 

to 

21 

. 2 2  

23 

24 

about 60 feet below ground surface. 25 

26 

r] 

28 

29 

u) 

Groundwater elevation hydrographs from the Great Miami Aquifer in Well No. 

2037 (Figure 3-34) above and Well No. 3037 at the blue clay aquitard are approximately the same 

This suggests that there is very little vertical gradient in this 

area, a condition that does not favor deep recharge to the Great Miami Aquifer. 

. 

a 
F E R \ C R U Z l U \ T D O \ S E C T I O N 3 \ ~ e p m b e r 2 ,  1994 1052am 3-69 000036 



3 

FEMP-OUO2-6 FINAL 
September 6 ,  1994 

5 8 9 4  

3.3 LIME SLUDGE PONDS CHARACTERISTICS 1 

The Lime Sludge Ponds are located immediately west of the former Production Area. 

railway is located along the western boundary of this waste area (Figure 3-35). Access roads lie to 

the north and east of the waste area. A portion of the K-65 Slurry pipeline (part of Operable Unit 3) 

A north-south 2 

3 

4 

lies in a covered, concrete trench and forms the southern boundary. 
5. 

6 
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Saturated groundwater conditions in the South Field were encountered in the glacial overburden 

within sand and silt lenses. One sand/silt lens was correlated across the site at approximately 8 to 12 

feet below ground surface. The extent of groundwater appears to be directly related to the geometry 

and existence of this sand layer. Slug tests (Table 3-2) were conducted in several 1000-series wells in 

No. 27 the South Field and indicate an average hydraulic conductivity for the sands in the glacial overburden 

of 3.8 x lo4 c d s  (falling head tests) to 3.41 x lo4 c d s  (rising head test). The elevation of perched 

groundwater was contoured and is shown on Figure 346.  Data indicate that flow in the perched 

system follow topography and is toward the southwest in the South Field area. The gradient was 

0.021 on August 16, 1993. Flow direction east of the Solid Waste Landfill is to the east/southeast 

and parallels the local topographic trend. The potentiometric surface indicates a groundwater divide 

in the perched water, extending northlnorthwest from the northeast comer of the South Field. This 
divide is reflective of the local topography of the area. 

- 

Groundwater elevations from January 1988 to November 1992 in two perched zone monitor wells are 

plotted as hydrographs in Figures 3-47 and 3 4 8 .  Groundwater elevations within the glacial 
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Groundwater elevations in the perched groundwater aquifer were presented in Figure 346. 

Groundwater flows toward the southwest and southeast ,due to an apparent groundwater divide that 

exists north of the flyash pile (see Section 3.4.2 for detailed discussion). The calculated gradient, 

0.019, was based on inferred equipotentials on August 16, 1993, in till underlying the pile that does 

not contain sand layers. 
. . . . . . . . . . . . . . . . . . . . . . . 

Saturated-groundwater-conditions-were-detected- within-sand-md%ilt-iii W e l l - l ~ O B X G d ~ n  a sandy 

clay unit in Well 1045. Water levels in these wells fluctuated 7.7 feet in Well 1048 (upgradient) and 

4.8 feet in Well 404.8 @4$ .... ....... . _...... .... (downgradient) from January 1988 to March 1992. The groundwater 

, 
levels in Well 1045 typically rose to within two feet of the surface during the January to March wet 

period, suggesting that the upgradient well at the north edge of the Active Flyash Pile is monitoring a 

. . . . . . . . . . . . . . No. 4 

the area were not left open long enough to observe groundwater recovery. 
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4.0 NATURE AND EXTENT OF CONTAMINATION i 

w@ 
4% 

11 

+: . . . . . . . . . . . . . . . . . . ......... ........ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. 2: 

2 

Section 4.0 provides a detailed discussion of nature and extent of ere determined to 3 

be contaminants of concern (COCs), which are defined in Section 6.0 of this RI report 4 

. Based on the 1991 Amended Consent Agreement, the definition of 5 

Operable Unit 2 is waste muterials, berms, and soils within the operable unit boundary. All other 6 

-media-(e.-g;?-su~ace-water,-~oundwater)-is-define~underthererableunit. According& the 7 

COCs in Operable Unit 2 RUFS documents have been categorized as surfQce soil for the direct 

exposure to contaminated muterial/surface soil and cross-media for other media that would be 

impacted by contaminated materialhoil in Operable Unit 2. This section also addresses 

radionuclides detected above background in ground water, surface water, sediment, and soils in 

Operable Unit 2. This allows for a more focused approach for discussing the nature and extent of 

constituents that comprise the greatest risk to human health. The summary tables in Section 4.0 (Le., 

Table 4-3) list all of the constituents analyzed, summarize the number of occurrences where 

constituents were detected above background, and provide the ranges of concentrations for each 

Detailed tables used to formulate the Section 4.0 summary tables and tables 

listing all sampling results are provided in the appendices C through G. The discussion of nature and 

extent in this section concentrates on areas within the battery limits of the Operable Unit 2 subunits. 

Also included are data used to define background concentrations for comparison purposes. 

N& 
4- .:.. 
. . . . . . . . . . . . . . . . . . ..... .._.. ... _.... 

. .:.:.:.:.: . ..::m .,.,., _, 

The nature and extent of radiological and chemical constituents within Operable Unit 2 are based 

upon data collected during the Phase I and I1 field investigations and, to a limited extent, on field 

investigations conducted prior to Phase I (e.g., CIS and ES). - -  

The range of chemical and radionuclide constituents that are present in Operable Unit 2 reflect the 

various uranium production and thorium operations conducted in the past at the FEMP. The . 
0000Qo 
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radiological constituents include uranium and thorium isotopes and their progenies. 
I 

2 

3 

processed recycled uranium from the Hanford facility during the 1970s, Operable Unit 2 could also 

be contaminated with uranium fission products. Other chemical constituents likely to be encountered 
4 

5 
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and magnesium fluoride) that were disposed on site in the Waste Pit Area (Operable Unit 1). 

Therefore, radionuclide contamination in Operable Unit 2 is apparently due to contamination resulting 

from past waste management practices. 

1 

2 

3 

No. 22 

0 

4 

The understanding of processes that generated the waste contained in Operable Unit 2 varies with 5 

6 each subunit. Operations that generated wastes contained in the Lime Sludge Ponds and the Active 

-~lyash-P-ile-are-well-~o~~whereas-operations-which-co~t~ib~t~ waste to thGZS%m Waste Landfill 

and the South Field are poorly documented. 

The Lime Sludge Ponds received waste consisting of water treatment sludge, coal pile runoff, and 

boiler blowdown. The largest component, sludge, was generated by the addition of lime and 

aluminum sulfate to treat the site water supply for hardness. Elevated levels of certain inorganic 

constituents including aluminum, calcium, and magnesium would be expected. - 
Ash from the coal-fired boiler plant was transported by truck and placed on the Inactive Flyash Pile 

from 1952 until the mid-1960s; after the mid-l960s, most flyash was sent to the Active Flyash Pile. 

Ash material placed at the Inactive Flyash Pile consists of bottom ash and flyash and includes ash 

collected from precipitators installed to control emissions from the boiler plant operation. Some 

unburned coal and rock are found in both piles, while soils and construction debris such as transite, 

reinforced concrete, and asphalt have also been disposed of at the Inactive Flyash Pile. To support 

evaluation of analytical results for the flyash pile samples, a literature search produced comparison 

data for normal constituents of ash. The findings are presented in Section 4.1.4. 

No documentation of the types of wastes dumped at the Solid Waste Landfill has been discovered, 

although documents from the NLO engineering files indicate that the facility was intended as a 

sanitary landfill for nonburnable trash. A construction drawing, dated May 23, 1974, depicts five 

waste cells planned for the facility, but historical photographs and field investigations defined only 

one disposal cell and an evaporation pond. According to visual observation made during Phase I field 

investigation trenching at the landfill, the contents are mostly nonburnable. Trenching revealed that 

variety of nonprocess solid wastes were placed in the landfill in addition to bagged trash, including 

bagged and loose asbestos materials, ceramic tiles, glass acid bottles, rubber hoses and tubing, 

- - .  
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detected for Phase I, except for Octochlorodibenzo-p-dioxin, which was detected in eighteen samples 

at concentrations ranging form 0.05 to 13.7 ug/kg, the remaining €Gw @$ . . . . . . . . . dioxins$@@ . . . . . . . . . . . . 

i 

. .  .- 
were 2 

a 
detected once or twice at trace concentrations. Arochlor-1254 and 3 

. . . . . . . . 
Arochlor-1260 were detected 4 

5 

Other radionuclides and organic compounds detected in the subsurface soils lead 6 

to-the-assumption-that-waste-materials-are-a-~ture-of-wastes-f~o~d~tion, m e t a l l a  medical 7 

laboratory, construction, and maintenance activities. Comparison of the detected organic compounds 

for Phase I and Phase I1 shows that there were a variety of compounds detected in each sampling 

8 

9 

&€&&r@$j . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . For both the surface soil and subsurface soil in the Solid Waste Landfill the 

concentrations for the constituents detected were variable and distributed throughout the subunit. The 

highest .concentration for the surface soil radionuclides is 143 ug/g for uranium-total at location 

SWL-SS-05, and the highest concentration for an organic constituent is 2100 ug/kg for Pyrene at 

location SWL-SS-01 (Figure 4-2). The highest concentration for' the subsurface soil radionuclides is 

1770 ug/g for uranium-total at location 11036 (Figure 4-3, south-central portion), and the highest 

concentration for an organic constituent is 900000 ug/kg for Phenanthrene at location 11039 

(Figure 4-4, east-central portion). A review illustrates that concentrations for these same 

constituents, or even other constituents, are within the same order of magnitude, or one order of 

magnitude lower, and are distributed throughout the Solid Waste Landfill south of the north drainage 

No. 26 ditch. Therefore, as previously stated, there w is notjust a single hot spot source areas €e+& 

! but several contributing to the whole. . . .  

Radionuclides and organic compounds have been detected to an approximate depth of 2 to 4 feet 

(approximately 566 to 568 feet above the MSL) into the glacial overburden. The approximate extent 

of impact is 21 to 23 feet above the Great Miami Aquifer (551 to 553 feet above the MSL) and 

approximately 44 to 46 feet above the average ground water elevation (522 feet above the MSL) 

under the Solid Waste Landfill. A review of surface soil concentrations and subsurface soil 

concentrations indicates that analyte concentration are variable throughout the fill material. 

Concentrations in the borings decrease rapidly with depth, particularly in the glacial overburden 

' 
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Upgradient 2000-series wells (Well 2949 and Well 2951), shown in Figure 4-6, did not detect total 

uranium above background. Downgradient 2000-series wells (Well 2947 and Well 2953) did not 

detect concentrations of total uraniuin above background 

1 

2 

3 

. . . . . . . 

26 

Radium was detected in downgradient Wells 2947 and 2953 

(Figure 4-6), and upgradient Well . Radium was not 

detected in Well 2037, which is in the landfill boundaries and upgradient from Well 2947 and 2953. 

This suggests that radium from the landfill did not impact the groundwater, and the source for the 

radium is from outside the landfill. A groundwater sample collected from Well 2037, located inside 

the limits of the Solid Waste Landfill detected elevated uranium isotopes, strontium-90, and carbon 

disulfide. These constituents were detected in samples collected from Well 1037, located adjacent to 

Well 2037. Construction information indicates that Well 1037 was completed to within three feet of 

the top of the regional aquifer. - A  water level hydrograph prepared for Well 1037 showed that water 

levels vary from 549.76 to 555.8 feet aboveMSL approximately 20-25 feet below the perched water 

in the landfill. These data may indicate that leakage from Well 1037 Is m a y  be influencing water . 

quality in Well 2037 

The downgradient wells didn’t exhibit this contamination. This would 

indicate a localized impact on the upper GMA from the landfill due to poor well construction. 
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A comparison of selected data from paired wells is shown in the following table: a 
$$&$q$& 

-...... .. i... ..._\../.::..:...- ............. . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I I 
~~~~ ~ (I Upgradient Well 1950 ND 7.67 :el:& 5.96 ell; 

. :.:.:.:.>:.:.:.::.: . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 

*ND = Not detected 

4 

5 

9 

10 

. .  

000096 
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The data indicate that strontium-90, total uranium, and total thorium, which are detected in elevated 

concentrations in the perched zone, are detected below background concentrations in regional aquifer 

wells upgradient and downgradient of the Solid Waste Landfill. A comparison of nested wells, for 

example, Wells Nos. 1952 and 2953 data indicates that vertical leakage from the perched zone to the 

regional aquifer is not evident. 

4.2.5-------- 7 

i 

2 

3 

4 

5 

6 
, 

$&;: 
4-4' 
N;; . . . . . . . . 2, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . 

3 D T  
I L U  

4.2.6 Summary 

The following conclusions concerning the Solid Waste Landfill are made: 

thorium-228. thonum-232. uranium-234. uranium-235/236. uranium-238. 

. . .. ..... 

The concentrations for subsurface soils constituents are found in varying degrees throughout 

concentrations for the radionuclides are detected in the vicinity of location 11036 (south- 
central portion). The highest concentrations for the organic constituents are in the vicinity 
of locations 11039 (east-central) and 1719 (central). 
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A comparison of upstream and downstream 1 

2 surface water samples from the Solid Waste Landfilr drainage ditch indicated total 
e o .  8 

uranium concentrations of approximate e@ value. A standing surjizce water sample 
from well 1947, which is east and upstream of the lund’l, had total uranium results 
within the same order of magnitude as the surface water samples collected from the 
drainage. This indicates that the Solid Waste Landfll m y  not be the only source for the 
uranium detected in the drainage ditch. 

Sediment samples were collected downstream of the Solid Waste hndfll and were 
c o m p a r e d - t o - t h e - S o l i d - W a s t e - ~ n ~ ~ l - s u - ~ a ~ o i l s a m p l e s . ~ ~ s ~ ~ a ~ o ~  COCs 
beryllium, neptunium-237, plutonium-238, strontium-90, uranium-234, uranium-235/236, 
uranium-238, benzo(a)pyrene, benzo(b)jluoranthene, carbazole, and indeno(l,2,3- 
cd)pyrene were also detected in the downstream sediment sample. This would indicate 
that the migrah-on of contaminants from the Solid Waste Landfll to the drainage ditch 
north of the hndfll m y  have occurred. 

No. 27 
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0 0 . 2 7  -22 228, thorium-230. thorium- i 

2 

3 

4 

5 

6 

t wells in the regional aquifer 
-238, strontium-90, and uranium-235/236 

above background. A comparison of eme&a&4 ata from paired wells indicates that 
vertical 
evident 

into the regional aquifer is not 
. ... . . . . . . . . . . 

M$ 
4-4 
:::::g 

. . . . . . . . . . . . . . . . . . . . . . . . . . 

...:.:.:.x.:.~ . . . . . . . . . . . . . . . . . . 
.......... .. . . . . . . . ...... a 

p&x& 

w :  
&$& 

. . . . . . . . . . . . . . . . . . . . . . . . . . 

.... ........... 1' 
... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . 

N@ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. .  ... . .. _..... .L_ . . . . . . . . . . . . . . . . . . . . . . 

A sample of perched groundwater downgradient from the waste unit detected elevated 
concentrations of uranium-234, uranium-235/236, urunium-238, and thorium-232. M 

Waste material analyzed in investigation trenches and borings appears to be of relatively 
low-level radioactivity, and may have originated in nonprocess areas of the operating plant 
(Le., laboratory and manufacturing areas). 

One waste disposal cell (Cell 1) was identified in photographs and in trench and boring 
samples. Elsewhere, waste .. . material was found mixed with soil at depths from the surface 

26 

n 
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29 

Concentrations of ides and organic compounds were detected above back 30 

levels in surface s bsurface s o i l d .  31 
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0. 29 from spillage on the haul roads in the former Production Area. There h s  been verbal confirmdon 

of the type of maintenance activities occurring for th K-65 slurry trench; i.e., the removal of 

damaged pipe from the trench and the placement of this pipe on the surface adjacent to the trench 

with possible subsequent leakage of residual contaminated material onto the surface. 

I 

2 

3 

0 
4 

Organic analytical data is shown on Figure 4-8A. Maximum concentrations for organic compounds a 

detected in surface samples of the sludge included bis(2ethy(hexyl)phthalate (390 pg/kg) and 

di-n-butyl phthalate (120 pg/kg). Maximum concentrations for the following compounds were 

detected in samples from the road along the north boundary: chysene ...... (1100 pg/kg), and 

@@$: ........................ benzo(a)pyrene (1 100 pg/kg), aroclor 1254 (590 pg/kg), benzo(k)fluoranthene (800 pglkg). 

9 

IO 

11 
ps 
......... ......... ......... ... tx 

A 12 

comparison of the number of organic compounds detected in surface samples and their location 

suggests that the haul road north of the Lime Sludge Ponds has contributed to the organic compounds 

13 

14 

IS 

16 

detected in surface soil samples from the unit. Aroclor-1254 is an indicator that the source for 

(the haul road). Concentrations of PCBs were higher in samples collected from the road (590 pg/kg 

Arochlor-1254 at LSP-SS-12). 19 

organic compounds in LSP-SS-12 (north pond berm) is the same as for LSP-SS-13 and LSP-SS-14 

17 

and 90 pg/kg, aroclor-1254) when compared to pond surface samples (one detection of 43 pg/kg la 

2a 

21 

22 

A comparison of Phase I and Phase I1 surface soil samples with the CIS data (Appendix D-16A) 

indicates that the parameters detected in the CIS were detected in Phase I and Phase I1 and within the 

same order of magnitude. 23 

Concentrations of constituents detected above background in subsurface samples collected from the 

Lime Sludge Ponds are presented in Appendix D in Table D-2B and Table D-2C. A summary of the 

analytes for Phase I and I1 is provided in Table 4-17 and Table 4-18. Twelve metals, isotopes of 

three elements, and ne organic compound&x 

Phase I from two s e locations. From thirty s 

four metals (Aluminum, Arsenic, Barium, €k&i+im , Cobalt, Iron, Lead, Manganese, Mercury, 

Nickel, Potassium, Selenium, and Vanadium were detected above background for Phase but-not for 

Phase I; and Thallium was detected above background for Phase I but not Phase 11), isotopes of eight 

elements (cesium- 137, neptunium-237, plutonium-238, plutonium-239/240, radium-226, radium-228, 

. . . .  . .  
were detected above background for 

during Phase 11 there were twenty 

. . -  

’ 
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H&$ . . . . . . . . . . . . . . . . . . . . . . . . . . . technetim-99, thorim-totd, 

. __ . . ... ... ... . . Phase II but not Phase I), and thirteen organic compounds were detected above background for Phase 
11. 

, and uraniUm-235/236 were detected above background for 

. .  . 

FER\CRUZRI\NMG\SECnON4\SEC4.~eptanber 1 ,  1994 2:35pm 4-108a 



FEMP-OU02-6 FINAL 
September 6, 1994 

contaminated prior to and after the excavation of the lime sludge ponds and then the lime sludge was 

No. 30 disposed of on top of the contaminated soil. However, contamination or additional contamination to 

the soil below the lime sludge may have occurred from the leaching of the lime sludge. 

1 

2 

3 

4 

A comparison of the Phase I and Phase II subsurface soil results with the CIS profile sample results 

Phase-I-and-Phase-11-and-were- within-the-s&iexdmf magnitude. 7 

5 

6 (Appendix D-16B) indicates the radionuclide parameters detected during the CIS were also detected in 

8 

9 

10 

Two volatile organic compounds, acetone and toluene, were detected in surface and subsurface soil 

samples. These are believed to be laboratory induced contaminants since they are detected at random 

depths and locations. Trace levels of 2-butanone were detected in two borings. 

common lab contaminant and also believed to be a lab contaminant in this case since it was detected 

This volatile is a 14 

12 

in soil underlying the pond in Boring No. 1963 but not in overlying material. Trace concentrations of 13 

1,l-dichloroethane (5 pgkg) and methylene chloride (31 pglkg) were detected in Boring Nos. 1959 

and 1958, respectively. I5 

14 

16 

Eight semivolatile organics were detected in subsurface samples. 

compounds are summarized in Table 4-20. Concentrations and sample depth do not appear to be 

All were detected two times or less 17 

18 

19 

except for di-n-butyl phthalate and bis(2-Ethylhexy1)phthalate. Detected concentrations of these 

correlated and this indicates that the compound is integrated into the sludge, underlying soil, and 

berm materials. 
2o 

In contrast to the 18 organic compounds detected in surface samples, eight 21 

22 compounds were detected in subsurface samples. Five compounds (anthracene, phenanthrene, 

fluoranthene, pyrene, and n-nitrosodimetlylamine) were detected once in samples from the north edge 

of the north pond, the west berm, and the exploratory trench dug parallel to the K-65 trench. 

indicates that these areas are a possible source for the organic compounds detected in sludge samples. 

23 

24 

25 

26 

This 

No. 31 Contamination increased with depth in locations 1947, 1961, 1962, and 1963. The berms were 

constructed prior to lime sludge disposal. If the berms were constructed of contaminated material, n 

then it is likely that surface water ran off into the ponds from the contaminated berms, causing 28 

29 contamination at depth due to leaching. Also, as time went on, the levels of berm surface 

contamindon decreased due to this run-off. M 

31 
- 

-An investigation trench approximately 275 feet long was excavated parallel to and south of the 32 

33 concrete K-65 slurry line (Figure 4-9) in an effort to locate areas of possible leakage from the slurry 
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line. Field soil I 

. ..... . . . . . : . ::: . . . ......_.. . . . . . . . . . . . radioactivity measurements ranged from 90 cpm to 460 cpm, which were above the background 

measured each day (60 to 80 cpm). Field measurements did not define soil containing elevated 

radioactivity where historical leakage from the slurry line containment had occurred. 

samplesfrom the trench were collected from two locations: one location was selected adjacent to 

Well 1042 and one location was selected adjacent to Well 1934. Data from these samples are 
provided-in- 7 

2 .  

3 

Soil 4 

5 

6 
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samples is provided on Table 4-21. A comparison between the data from samples collected within the 

Appendix D in Table D-2C. A summary of selected laboratory analytical results for these soil 

concrete K-65 slurry line and data from soil outside the slurry line indicates the following: 

Comparison of chromium, nickel, vanadium, and zinc concentrations indicates that these 
are elevated for slurry line samples. Elevated concentrations for the same metals were 
detected in soil samples collected adjacent to the slurry line in the investigation trench. 

. . . . . . . 

..... 

a 

The highest concentration for total uranium (5 1.6 pg/g) detected in the concrete K-65 slurry 
line trench was similar to elevated concentrations in the soil outside of the trench (24.8 

. .  . . . . . . . . . . . . . 
badqywd soil concentration for total uranium is 

..... 

The highest activity measured for radium-226 (3.48 pCi/g), thorium-230 (16.23 pCi/g), and 
uranium-238 (20.4 pCi/g) in samples from the concrete trench were similar to elevated 
concentrations in the soil outside of the trench. Samples of the soil detected elevated 
concentrations of radium-226 (5.93 pCi/g), thorium-230 (20.3 pCi/g), and uranium-238 

concentrations for the radioisot 
i/g for thorium-230, and &&I4 . . . . . . . . . . .  

ur&ium-238. 

This comparison of sample data indicates that leakage from the trench may be a source of the elevated 

concentrations of these isotopes in the soil adjacent and south of to the trench. 

Composite samples of the lime sludge were collected from eight borings, and TCLP tests were 

conducted. A summary of the analytical data is provided in Appendix D, Table D-12 and the results 

are summarized in Table 4-22. Eight samples were collected and tested to determine hazardous waste 

characteristics by the TCLP method. Five samples indicated the presence of barium and chromium in 

trace concentrations, but none of the detections exceeded the RCR4 standard that defines hazardous 

waste. The Lime Sludge Ponds are currently classified as Solid Waste Management Units (SWMUs). 

No. 32 Results from the TCLP analyses confirm that the materials are not characteristically hazardous. Itt 

4.3.3 Surface Water and Sediment 

There are no perennial sources of running surface water within the battery limits of the Lime Sludge 

Ponds. A channelized drainage at the north edge of the battery limits is the only drainage identifid 

in the subunit. Flow to this drainage originates from the road and enters a sewer at the northwest 
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Concentrations of selected analytes detected in samples from 1000-series wells are presented in 

Table 4-27. Radionuclides detected above background in 1000-series wells are plotted in Figure 4-10. 

A comparison of concentrations in upgradient Well 1039 and the downgradient wells indicated the 

following : 

Chloride and sulfate concentrations decrease in the downgradient direction from 360.23 
mg/L and 123.4 mg/L (Well 1039) to 47.1 mg/L and 77.0 mg/L (Well 1934), respectively. 
The chloride and~ulfate~concentrations~in~the-north-pond-su~a~e-water-were-7-2-mg/~and 8 

&$$ 
. . . . . . . . . gy# :.......:. :.:.:.: 

. + .  .. . .  . . iii. . ......_ 
................_I._ 

ps@ 
(&gsf$$ 
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39.3 mg/L, respectively (Appendix D-9). The source of elevated chloride concentrations in 
the upgradient well may be due to the leaching of sal$ wrtk used in salting the road adjacent 
to the north boundary during the winter. This indcates that precipitative recharge occurs 
in this area. 

Metals detected in elevated concentrations, both in the sludge and samples of groundwater 
beneath the ponds (Well 1041) and downgradient (Well 1934), include chromium, copper, 
beryllium, and vanadium. These data suggest that metals, have leached from the pond 
sludge and have impacted perched groundwater. 

Total uranium concentration is elevated in downgradient Well 1042 (30.4 pg/L) and 
Well 1934 (17.5 pg/L) relative to the upgradient Well 1039 (less than 1 pg/L). The 
increase may be due to impacts from the K-65 slurry line trench (discussed in Section A31 
%-%;2), which is in the flow path between the ponds and the wells. 
. . . . . . . . . . . . 

..A L................. 

Thorium-230 and radium-226 activities are higher in downgradient Well 1934 (6.67 and 
1.40 pCi/L, respectively) relative to upgradient Well 1039 (0.251 and < 0.183 pCi/L, 
respectively) and upgradient Well 1041 (1.37 pCi/L and 0.310 pCi/L, respectively). The 

nt 
well 1937. This may indicate that the Lime Sludge Ponds impacted the perched 
groundwater. 

Groundwater analytical data from the 2000-series wells were compared to background data from the 

regional aquifer and a summary of the analytes is provided in Tables 4-28A, 4 2W- , and 4-29. Phase 

I sampling on one 2000-series well detected 

two organic compounds (acetone at 7 pg/L and phenol at 50 pg/L) that exceeded background 

concentrations. Phase I1 sampling of four wells detected three metals (Aluminum, Manganese, and 

Potassium a 

elements (neptunium-237 and plutonium-238 were not detected for Phase I, thorium- 

detected during Phase I but not Phase 11), and one organic compound (Butyl benzyl phthalate). 

metals, isotopes of thorium and uranium, and 

whkh were not detected during Phase I), isotopes of three 
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Concentrations of selected radionuclides detected in samples collected from the 2000-series wells 

during Phase II are shown on Figure 4-1 1 and presented in Table 4-27. A comparison of 

concentrations in samples from upgradient and downgradient wells indicates the following: 

1 

2 

3 

4 
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Chloride concentrations are similar in upgradient Well 2939 (26.86 mg/L) and 
downgradient Well 2935 (23 mg/L) and Well 2042 (18.82 mg/L). This indicates that no 
impacts are present from the Lime Sludge Ponds. 

Isotopes of neptunium and plutonium were detected above background (which was 0.00 
pCi/L) in water samples from all of the wells. Isotopes of uranium were detected above 
background (2.71 pg/L) in all three downgradient wells (2042, 2935, and 2936). The 
background value for total uranium (2.92 pg/L) was exceeded slightly in Well 2042 (3.39 
pg/L) and Well 2935 (2.86 pg/L). These data do not indicate an impact from the waste 

4 .j) . . *' 
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unit-upon-the-regiona-groundwater . 

4.3.5 Biota 

4.3.6 Summarv 

The following conclusions concerning the Lime Sludge Ponds are possible: 

. . . . . . . . 

N p a  
27 

<.:.:.. .:.:.>:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: 

mere are no perennial sources of running surface water within the battery limits of the 
Lime Sludge Ponds. Precipitation remuins in the ponds since they are contained. the 
only source of surface water runoff is the steep outside berms of the south pond, and 
since the surface area of the berms is small and has a vegetative cover, the runoff is 
minimal and runs off in sheetpow. 

The surface soil COCs detected above surface soil background were cesium-137, 
. ... 

Chemical and radiological samples indicate that the sludge, the roadway, and the berm . .  ave different ehwmw-~ 
distinct waste materials. 

and concentrations ind are cktts 
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indicate that the underlying soil has 1 

ost constituents. 2 
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4 

No. 27 28, 5 
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2 
...... 

Elevated concentrations of uranium and thorium were detected in downgradient perched 
groundwater w e l l s m  4 

3 
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Concentrations of metals were elevated in sludge and in downgradient perched groundwater 
#d&. :.:.:.:.:< ....._.,..._. . This suggests that there has been a p&$#$.e. .......... I ii... L. ............... impact by metals leaching from the 
sludge into the perched groundwater. 

Samples of regional aquifer groundwater detected 1 
uranium above background concentrations in two of three downgradient wells. However, 
the concentrations are very close to background suggesting that the impact of radioisotopes 
from the Lime Sludge Ponds is minimal. 

Samples of regional aquifer groundwater detected six metals commonly associated with the 
soil matrix. ,- 
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4.4 INACTIVE FLYASH PILE 

Analytical results for samples collected from the Inactive Flyash Pile are presented in Appendix E. 

Sample analyses that detected analytes at concentrations above background (defined in Table 4-1A) 

will be discussed in this section. Analyte concentrations at or below background will be considered 

as expected for soil or flyash and will not be discussed further. Geology and hydrogeology of the 

Inactive Flyash Pile referred to in this section were discussed in more detail in Section 3.4. 

4.4.1 Volume and Physical Characteristics of the Waste 

The volume of flyash and waste materials was estimated for the Inactive Flyash Pile 
.., .. 

. .  
. .  

contours of waste thickness are shown on Figure 4-12. 
. . .  
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Flyash was originally coal that was burned at the boiler plant and would be expected to contain 

elevated concentrations of metals and radionuclides when compared to background soil concentrations 
I 
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-58.94 '1, 
: I  

Waste materials were identified from samples collected from four borings in the Inactive Flyash Pile. 

A summary of selected constituents detected above soil background is presented in Table 4-34 along 

with background concentrations for soil and flyash. The determination of flyash backgBmd 

concentrations was discussed in Section 4.1.4s. .:+: The concentration of metals appears elevated in 

2 

3 

4 

5 

.................. 

@@$ . . . . . . . . . . comparison to background soil concentrations. The elevated concentrations of these materials may be . 6 

- 
_ _ _  ~_due-to-its-association/conta~t-with-process-material/waste. 7 

No. 8 

Phase I and Phase 11 subsurface soil data were compared to CIS and ES data (Appendices E-7 and 

E-8). Analytes detected in these preliminary studies were also detected in. Phase I and Phase I1 and 

within the same order of magnitude. 

A comparison of metals, radionuclides, and organic compounds detected in surface and subsurface 

soil indicates the following: 

Subsurface concentrations of metals are consistent 
with background f l y a s h y .  . .  

Concentrations of organic compounds and radionuclides are significantly higher in 
subsurface samples. This indicates that ~ 

. .  . .  

There does not appear to be a single distribution pattern for analytes that defines a 
boundary of disposal activity on the surface or subsurface. 

4.4.3 Surface Water and Sediment 

There are no perennial sources of surface water within the battery limits of the Inactive Flyash Pile, 

so surface water was not present at several of the proposed drainage sampling locations. Surface 

water samples were collected on an "as-possible" basis after rainstorms. Drainage within a channel at 
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downstream of the drainage channel did not detect an impact on April 21, 1993 from the Inactive 

Flyash Pile. 2 

1 

3 

4.4.4 Groundwater 4 

Monitoring Well 1711 is the only monitoring well completed in the upper perched groundwater zone 

within the Inactive Flyash Pile. Other wells included in the dataset are completed in the perched zone 

5 

6 

-at _the_edge-of-the-IMctive-Flyash-Pile~~is-is-be~use-the-perch~-zon~i~l~~d-i~Hor~ontal 7 

a 

Ng 
&,$+-j 
.................. . . . . . . . . . . . . . . . . . . 

. . ....... . . . . . . . .......................... . . . .. . . . . . . . . 

extent to the north half of the Inactive Flyash Pile. Wells 1047 and 1711 were sampled during 

Phase I; however, there was insufficient water in Well 1711 for radionuclide analyses. Ten metals 

were detected above background in a sample from Well 1711 including cobalt, nickel, and thallium. 

These metals were also detected at elevated concentrations in flyash. There was insufficient water to 

collect a sample during Phase I1 field activities, so upgradient Well 1047 data are discussed below. 

Groundwater analytical data from Well 1047 was compared to background concentrations for perched 

water. The analytical data are provided in Appendix E, Table E-2G and Table E-2H. A summary of 

the number of detected analytes is 1000-series wells is provided in Table 4-40 and Table 441.  

Twelve metals and the isotopes of two elements and no organic compounds were detected in four 

samples collected during both Phase I and Phase II; no organic compounds were detected. 

In order to characterize the perched groundwater system beneath the Inactive Flyash Pile, twelve 

groundwater samples were collected from 17 HydropunchTM sample locations. On-site analyses were 

used to define the distribution of uranium in perched groundwater at the subunit. These data are 

presented in Table 4-42 and the locations are shown on Figure 4-23 (see Volume 2, Oversized 

Figures). Perched water was encountered beneath the north end of the Inactive Flyash Pile but not 

during attempted sampling in April to May 1993 at the south end of the Inactive Flyash Pile. The 

?E* 

A comparison of total uranium concentrations in soil and water samples collected during the 

HydropunchTM activities is presented on Table 4 4 2  and indicates the following: 

Water samples collected from HydropunchTM 1999, 11000, 11001, 11002, 11004, 11007, 
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11048 and 11050 had total uranium ranging from 9.5 pg/L to 6700 pg/L. . .  These - . . -  - .  HydropunchTM 
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. . .  a samples were 
collected from intervals where no waste material other than jlyash or jill were identified. 
this suggests that the source for the water contamination was upgradient of the 
Hydropunchm locations in the northern portion of the Inactive Flyash Pile. 

eo. 34 
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Water samples from Hydropunch? 11003 and 1105 1 had total uranium in water of 720 
pg/L and 74 pg/L, & had 378 mgkg and 1010 
mg/kg, respectively. These Hydropunchm water samples are believed to be associated 
with waste materials in the perched zone. 

.... . 

Hydropunchm data suggest that, in the northern portion of Inactive Flyash Pile, perched groundwater 

No. 36 is flowing through waste materials in the Inactive FZyush pile containing uranium upgradient from the 

! 
i 

2 

3 

4 

5 

6 

7 

HydropunchF-locations7A-comparison-of- the-surface-water-uiiEii55niiioT6orn the west 8 

drainage, downgradient from the identified seepage, and the perched water uranium concentrations 

indicates that the northern portion of the Inactive Flyash Pile may be the source for the uranium 

concentrations associated with the seepage. 

. .  Four 2000-series wells were sampled during Phase I. 4 

2016, 2042, and 2402, which are located on the northeast and southern battery 

. Aluminum, calcium, and chromium were detected above 

background in Wells 

The nested Wells 301 

The highest concentrations of total uranium in the 

pglg, 22 pglg, and 7 pg/g, respectively. These data indicate a possible impact from the subunit upon 

groundwater. Well 2955 was installed in the Inactive Flyash Pile during Phase II. Analytical data 

from the 2000-series wells were compared to background data from the regional aquifer. Analytes 

detected above background are provided in Appendix E in Table E-21 while a summary of the 

analytes is provided in Table 4-43 and Table 4-44. Phase II sampling detected alumin 

016 were also sampled and detected trace lead, manganese, and uranium. 

10163-2016-3016 well group in 1989 was 9 

, isotopes of four elements (neptunium-237, plutonium-238, plutonium-259/240, 

thorium-232, and uranium-235/236 were not detected during Phase I), and three organic compounds 

(Carbon disulfide and Butyl benzyl phthalate were not detected for Phase I; bis(2-Ethylhexy1)phthalate 

was detected above back ground for Phase I but not Phase 11) that exceeded background values in four 

samples. 

Concentrations of selected analytes detected above background are presented in Table 4-45. A 

comparison of the concentration of total uranium in upgradient Well 2402 (5.62 pg/L) and 

downgradient Well -2945 (2070 pg/L) or downgradient Well 2954 (1 167 pg/L) indicates that there has 

been a release of uranium from the subunit to the regional aquifer. Concentrations of uranium in the * 
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downgradient wells (see Figure 3-50 for groundwater elevation contours) are similar to those detected 

in perched groundwater samples collected from the seep (820 pg/L at IFP-SW-lo), from the drainage 

as it infiltrates into the regional aquifer (910 pg/L at IFP-SW-05), and from perched groundwater 

(6700 pg/L from Hydropunchm 11002). 

1 

a 2 

3 

4 

5 

Total uranium analysis in Well 2955 (in the north end of the subunit) and Well 2401 (downgradient of 6 

_- 2955~in-the-South-Field)-detected-8~l9-pg/L-and-5rl3-pg/L~resp~ti~el~Th~da~i~dicate that 7 

there has not been a release of uranium from @e subunit in this area to the regional aquifer and 

suggest that the origin of regional aquifer uranium contamination is southeast of these wells, possibly 

near to 11051 where 2280 pg/g total uranium was detected in a soil sample at 24 feet deep. 

A comparison of the concentration of constituents other than uranium detected in the upgradient and 

downgradient wells does not identify any constituent that appears to increase in concentration from 

wells located downgradient of the subunit. This suggests that uranium is the primary constituent in 

water recharging the regional aquifer beneath the Inactive Flyash Pile. 

4.4.5 Biota 
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4.4.6 Summary 

Soil, waste material, and water sample data indicate the following about the Inactive Flyash Pile: 
. . . . . . . 
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0 Waste materials identified in samples collected from soil borings in the subunit included 
localized sludge-like material, clay tile drain pipe, wood, nails, wire, construction debris, 
and flyash. The recovered materials from the borings, except the flyash, produced elevated 
field measured radioactivity by an alpha-beta meter. These elevatedlreadings may be due 
to the materials having been associated with or in contact and/or cross contaminated with 
process materials or waste. 

The flyash generally had lower concentrations of constituents than the fill material. 

Identifiable waste materials appear to be resting on or near the interface of flyash and 
glacial overburden near the center of the Inactive Flyash Pile. 

Flyash and fill are in contact with the Great Miami Aquifer in the western and southern 
portions under the Inactive Flyash Pile. 

The highest concentrations of Aroclor-1254 and total uranium were found associated with 
the trace of a buried drainage that existed before the Inactive Flyash Pile was developed. 

The occurrence of uranium m+yw&we in the perched groundwater system appears to 
be related to waste materials bwied within the pile or close to it since upgradient 
Hydropunchm -E 11047 ixxN-NW and upgradient Well 1047 data 

Seepage in the drainage to the west may be associated with the perched groundwater. The 
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0 

located in saturated silty sand lenses within the till ?na€e~& beneath the flyash, and in a 

..;. ......,... ...- ....... -.-. . . . . . . . . . . . . . . . . . . . .-. . . . . . . . . . . . . . . . . . . . ~ t o - t h - e - G r ~ t - ~ i ~ - - A ~ i f ~ r ~ - ~  

were detected. However, 

Great Miami Aquifer. 

p.$@ 
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4.5 SOUTH FIELD 

Analytical results for samples collected from the South Field are presented in Appendix F. Sample 

analyses that detected analytes at concentrations above background (defined in Table 4-1A) will be 

discussed in this section. Geology and hydrogeology of the South Field referred to in this section 
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were discussed in more detail Section 3.4. 32 

33 

4.5.1 Volume and Phvsical Characteristics of Waste 34 

Materials in soil samples and trenches in the South Field are comprised of clean fill, construction 

debris, and radioactive materials mixed with the above materials and the native till. A map showing 

the estimated thickness of the fill material was presented as Figure 4-12. 

the fill and waste materials in the South Field is uB;489 cubic 38 

35 

36 

37 An estimated volume for 

 yards 
.:.;.:.:.:.:( ....................... . . . . . . . ........._......._.. 

. -  ~. . - 

39 

WR\CRU2RI\NMG\SECnON4\SW34.~eptanberI, 1994 23Spm 4-250 



Ern-ouo2-6 FINAL 
September 6 ,  1994 

E 
E 

0 .- 
8 
b 0 

c1 

5 
5 
M m 

2 

C 

B 

s 
Q) > 0 .- 
v) 

s 
0 z 
5 
5 
.- 

-3894 4 . .  

x 

u, 

FER\CRU2RI\VDR\TAB8B\Seprember 1, 1994 4:Wpm 4-263 



FEMP-ouo2-6 FINAL 
September 6, 1994 

1 

2 

3 these trenches are potential sources of radionuclide contamination to percolating water. 

Boring 
No. 
1 1  188 

4 

Organic compounds detected in subsurface soil samples from the South Field are presented on 5 

Figure 4-20 (see Volume 11, Oversized Figures). Highest concentrations of organic compounds were ' 6 

_. detected-in-samples-collected-from-the-northborde~f'th~S~th-Fiel~,d~~spond to samples 

Depth (ft) Number of Organic Total Organic 
Compounds Concentrations* (,ug/kg) 

0-0.5 15 2416 
5-6 2 45 

detecting the highest radionuclide concentrations. Semivolatile compounds detected in South Field 

samples are similar to chemicals detected in samples collected from the Solid Waste Landfill; 

however, concentrations detected in samples from the Solid Waste Landfill are 100 fold greater than 

those detected in South Field samples. This suggests that mixtures of waste chemical stocks were sent 

to the landfill but that much less chemically contaminated materials were sent to the South Field. The 

distribution of organic compounds indicates that they are pervasive in the surface (Figure 4-20) but 

that the number of compounds is greatly reduced within the upper four feet of the soil The following 

table presents some data from Figure 4-18 and Figure 4-20: 

1977 
10-1 1 3 59 
0-0.5 16 7852 
8.5-10 2 10 

1972 
16.5-1 8.5 3 47 

0-0.5 14 69039 
0.5-1 16 12083 

1795 

I I I 

1968 1 0- 1 I 10 I 397 II 

2.5-4 2 17 
7.5-9 1 3 
1-1.5 12 2777 
3-4 2 8.6 

4.5-6.5 
15.5-16.5 
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0. 41 water samples but not in the sediment. This suggests that the drainage water (water seeping in the i 

South Field) 2 

3 

4 

1 is rainwater that has 

chlo*e,-jluoride,-and-uraniumAls~th~data support thTbZli$?m drainuge water samples 

5 

6 

. .  

percolated downward through the contaminated m a t e a  and leached the contaminants; i. e., 
7 

containing elevated uranium are representative of perched groundwater. 

Organic compounds are detected in sediment but not in drainage water, and it may be due to the 

erosion of surface soil into the drainage. This is because concentrations of organic compoun$ and 

metals found in sediment are similar to concentrations found in samples of surface soil at the South 

Field. Historical aerial photographs of early road construction show material similar in color to 

surface soil being used to construct roads and drainages. 

4.5.4 Groundwater 

Groundwater analytical data from the 1000-series wells in the South Field were compared to perched 

groundwater background concentrations developed for the site. A summary of the analytes detected 

above background is provided in Appendix F, Table F-2F and Table F-2G. A summary of the 

number of detected analytes is presented in Table 4-55 and Table 4-56. One upgradient well in the 

perched .aquifer (1046) was sampled during Phase I. Other perched zone wells were sampled during 

Phase I but these were not within the perched system in the South Field. Three of the wells 

monitor the regional aquifer. Phase I sampling det 

r two elements that exceeded the background concentrations; no organic 

compounds were detected that exceeded background concentrations. Five additional monitoring wells 

were installed during Phase II and twelve HydropunchTM samples were collected in order to define 

groundwater conditions in the perched aquifer in the South Field. During Phase 11, 24-2 metals 

(Aluminum, Antimony, Barium, Beryllium, Chromium, Cobalt, Cyanide, Iron, Lead, 

Molybdenum, Nickel, Silver, Vanadium, and Zinc were not detected above background during Phase 

I), isotopes of six elements (neptunium-237, plutonium-238, plutonium-239/240, Strontium-90, 

thorium-230, thorium-232, and thorium-total were not detected above background during Phase I), 

and four organic compounds exceeded background concentrations. HydropunchTM results are 

provided in Figure 4-23. 

so0071 
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The following conclusions are possible concerning the South Field: .a 1 

2 
.............. Twenty organic compounds, mostly semivolatile, were detected in 3 

samples. These compounds are similar to those detected at the Solid Wast 
are distributed over the surface of the subunit. Samples taken at depth indicate the 

4 

5 

7 

- 

12 

Isotopes of i i ae  eight elements were detected in soil samples. Elevated concentrations of 13 

14 

15 

radionuclides are associated with waste material disposed of in the South Field. 
concentrations of radionuclides decrease with depth thiough the fill and glacial till. 

The 
........... .............. ........... 
8 

............... .: ............... ($+ 

.:.:.:.:.:::::: ..... 

N&m$ 
....... .<.:.: ............. ....... :.:;.::::::::: ............................ 

0 0 . 1 8  

No. 18 

16 

17 

18 

19 

21) 

21 

22 

23 

24 

25 

26 

n 
28 

29 

FER\CRUZRI\NMG\SECI10N4\SU34.~~~~~rl. 1994 2:35pm 4-32 1 



5894  

a o .  18 

. . . . . . . . . 

4iI'I ..;: 
44 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.... .......... . .... . . ....... . . 

FEW-OUO2-6 FINAL 
September 6 ,  1994 

to placement of wastes from maintenance activities, or other activities where solvents were 4 

used. 5 

6 

7 

8 

9 

10 

11 

12 

sheet steel, wood, and clay tile. 13 

maximum reading of 150,000 disintegrations per minute (dpm) suggesting that the 14 

contamination is removable, so the materials are potential leaching sources of radionuclides 15 

to groundwater. 16 

17 

Trenching activities uncovered a variety of waste materials including concrete, steel pipe, 
Surface wipe samples from some of these materials had a 

detected elevated 18 Water samples from . . .  .... . ... 
uranium concentrations, 19 

m 
21 
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25 
wdz&g 
. . . . . . . . .. .. . , . . , , . i ...._........ . . . . . . . . . . .._.......,._ :::::: 

w@ 
4-4 
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'34, uranium-235/236, uranium-238, to1 
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4.6.5 Biota i 

2 

3 

4 

5 

6 

7 

4.6.6 Active Flvash Summary 8 

9 Data from environmental samples collected from soil and water media in the Active Flyash Pile 

indicate the following: 10 

e HB ...._. ........... . 
. . . . . . . . . 
&g@ 
.......A. ........... ........ ............ 

&J$ 

4-4 
,& 
_.... . .::;$@ . . . . . . . . 

....:..... ?: 

.:.: .... ..:.:.: 

. . . . . . . . . . 

This €a& suggests that VOCs may have been disposed of as an additional waste material in 
the subunit. 

*@ 
8, 27 

.,. :...: ..... ::: 

_....._. _.... * 
: ..........._. i.. 

__ ..... ...... 

ounds decrease wt&dep& below the flyash/soil interface, 
. This €a& suggests that the 
r the pile was approximately half- 

way constructed. 

Chemical and radiological constituents detected in sediment samples are similar to those 
detected in surface and subsurface flyash samples. This suggests that the origin 

No. 27 
additional radionuclide, plutonium, was also detected above background. 

000075 

11 

12 

13 

14 

15 

flyash contains approximately 70 percent bottom ash; therefore, analytical results may be 16 

skewed higher. 17 

18 

19 

Flyash contains elevated concentrations of metals, radionuclides, and organic compounds 
when compared to background concentrations for soil. When compared to background for 
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The levels of radionuclides in surface flyash, subsurface flyash and sediment appears to 
vary within a narrow range. This suggests that the source for the radionuclides is the 
flyash. 3 

1 

2 

4 

2351236, and uranium-238, 8 

9 

13 

e 14 

15 
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that may potentially create significant risks. Figure 5-16 shows the different screening steps. These 

steps include , background screening (performed and presented in 

Section 6.0 and Appendix B), vadose zone outpu 

dilution screening (presented in detail in Appendix A). 

screening analyses. These screening steps were applied only to the vadose zone modeling where each 

block was modeled individually. 

a 
, and Great Miami Aquifer 

Each subunit was treated separately in these 

~- 

If the modeling of a possible CPC through the vadose zone to the Great Miami Aquifer revealed that 

the peak concentrations of the constituent before or after dilution was below the screening 

concentration at the point of reaching the Great Miami Aquifer within 1,000 years, further modeling 

of the constituent was not considered necessary for the human health risk assessment. TlieGG 

p30 . .. 
. . ' .i. . . . . . . . . ................. . . . . . . . . . . If the predicted 

. . . . . . . . . . . 

345 ..... . . . . . . . . . . . . . . . . . . concentration of a given constituent equals or exceeds the respective screening level concentration .... 

after mixing the Great Miami Aquifer, the constituent was included in the aquifer modeling. '0 
No. 10 The vadose zone modeling results were compared against the Great Miami Aquifer data. If the 

model predictions were not in agreement with the Great Miami Aquifer data, model parameters, 

assumptions, and conceptual models were reviewed and modified accordingly. If the vadose zone 

model was refined, the vadose zone model calculations were repeated and the vadose zone model 

toxicity screening and the Great Miami Aquifer dilutions toxicity screening steps were repeated. 

This process was continued until the model predictions were in agreement with the field measured 

data. Detailed modeling in the Great Miam. Aquifer was performed for  the CPCs remaining from 

the Great Miami Aquifer dilution toxicity screening. 

5.4.2.5 Great Miami Aauifer Modeling 

The calibrated groundwater flow model for the FEMP was developed previously for use in Operable 

Unit 5. A detailed description of the development, calibration, and verification of the site-wide model 

is available in the Groundwater Modeling Report, Summary of Model Development, April 1993 

(DOE 1993d). The model is based on the SWIFT I11 model. The modeling approach taken for 

Operable Unit 2 is described in detail in Appendix A-2. The Operable Unit 2 fate and transport 

modeling involved incorporating the vadose zone modeling results (for vadose zone, perched water.' * a 
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infiltration, perched water subsurface seep, and seep pathways) to determine loading rates (both 

concentration and volume) to the Great Miami Aquifer from the subunits. In addition, surface water 
infiltration from the Storm Sewer Outfall Ditch or Paddys Run to the Great Miami Aquifer was used 

as an additional source term to the model. The model then simulated the transport of constituents 

away from these source areas. Figure 5-7 presents a conceptual model of fate and transport through 

_process.-SMFT- 111-sirnulatiow of C-PC-transport-in-the-Great-Miaiii-Apif6FiGiZe run up to 1,000 

I 

2 

a 
3 

4 

5 

groundwater. Dispersion, retardation, and decay were factored into the contaminan t transport 
6 

7 

years. 8 

9 

a -  000079 
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5.4.4.3 Inactive Flvash Pile/South Field i 

The Operable Unit 2 SWIFT 111 model was calibrated for uranium-238. 

for calibration because of the high detection frequency, very sensitive analytic procedure, projection 

as a main parameter of concern for risk assessment, and for the determination and modeling of hot 

spots. Use of uranium at the F E W  site began in the 1950s. 

Uranium-238 was selected 2 

3 

4 

Current uranium-238 concentrations in 5 

the Great Miami Aquifer in the vicinity of the South Field area were detected as high as 384 707 6 
___ 

pCi/L-at- Well-2945-in-the-validated-unfiltered-s~iipl~d-~- validatedj analysis indicated 

uranium-238). 9 

7 

that the total uranium concentration was as high as W 2070 pg/L (equivalent to 583 570 pCi/L of 8 

SWIFT 111 was first run using a K,, of 8.4 for uranium (Uranium Partition Coefficient Evaluation 

Study for Operable Unit 2, 1993) in the Great Miami Aquifer. SWIFT I11 model results indicated 

that it will take more than 200 years to reach current concentrations levels in the Great Miami 

Aquifer. Since uranium breakthrough for the vadose zone pathway for K,, of 8.4 ml/g does not occur 

until after 160 years, calibration cannot be done by increasing waste concentration alone. Through 

the calibration process, the K,, value in the Great Miami Aquifer (and ODAST) was reduced to 

1.48 d / g .  At 40 years from placement of waste in the Inactive Flyash Pile and South Field subunits 

(approximately current conditions), model predicted uranium-238 concentrations in the Great Miami 

Aquifer to be 134 pCi/L in the grid cell containing the Well 2945 (Figure 5-19), as compared to 707 

pCi/L measured at Well 2945. This is considered a good calibration of the model given the 

limitations that source areas smaller than 125 x 125 feet cannot be assigned. The uranium 

breakthrough close to the Well 2945 is due to subsurface seeps. Although subsurface seeps do not 

travel laterally 125 feet on the unsaturated Great Miami Aquifer, model limitations require that 

subsurface seep mass be loaded uniformly over the full 125 x 125 foot cell. If subsurface seeps 

infiltrate through a 20- to 50-foot wide area, this can easily result in underestimation of concentration 

by the model near subsurface seep at 40 years by a factor of 3 to 6. Since overall maximum loading 

is due to the vadose zone pathway (Figure 5-20), which is uniformly distributed over the full grid 

cell, the maximum predicted uranium-238 concentrations for the baseline risk assessment are not very 

sensitive to the above mentioned limitation of the model. The predicted uranium-238 plume shape at 

40 years due to loading from the Inactive Flyash Pile and South Field is in general agreement with 

the field observations. 
- 
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e .  Figure 5-20 shows the loading of uranium-238 to the Great Miami Aquifer from the Inactive Flyash 

Pile and South Field. Figure 5-20 shows that uranium-238 reaches the Great Miami Aquifer very 

early, and loading increases very slowly up to 100 years (main contribution is from perched water 

00G081 
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R ~ p E l i i E d - i i i  ai Risk-Assessment W z P i a n  Addendum not evaluated under current land use 
assumptions for this risk assessment include: 

Visitor - This scenario is intended to evaluate exposures incurred by the activities of a 
regular visitor to the FEMP site who is not covered by a health and safety or radiation 
protection program. An example of this receptor would be a delivery person making 
regular deliveries to a given building on site. This receptor was not considered applicable, 
since no visitor would consistently visit the Operable Unit 2 Study Area. 

On-Property Building User - This scenario considers risks from occupancy of an existing 
on-site building by a hypothetical receptor. This receptor was not considered since no 
existing habitable structures exist in Operable Unit 2.  

Hunter - this scenario examines risks due to consumption of animal products from wild 
animals found on the FEMP property. This receptor, as stated in the Risk Assessment 
Work Plan Addendum, will be evaluated in Operable Unit 5. 

To evaluate risk to potential future receptors, it is assumed that the FEMP site will either be retained 

by the federal government (federal ownership) or will be released for private development (without 

federal ownership). If it is assumed that the most likely option of the FEMP site under federal 

ownership is continued restrictive access, therefore, the most likely future receptor might be an 

expanded trespasser. Potential exposures to an off-property farm family are also evaluated, assuming 

that the most likely off-site future land use would be agricultural. Specific exposure pathways by 

which these receptors may be exposed to contaminants on or migrating from Operable Unit 2 source 

areas are listed in Table 6-1. 
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. . . . . . . . . . . . . . . . . . . . . . &&yj&33 ...... 
:.:.:.:...> .... >;:.:.:.:.: .,........... . . . . . . . . . . . . . . . . . . . . . 

As summarized in Table 6-1, future land use receptors, assuming federal ownership, include: 

Expanded Trespasser - This scenario assumes that the same visitor will routinely visit what 
is now the Operable Unit 2 Study A$$$$$?lle ... i........ :..... . ....... i.... expanded trespasser is assumed to wander 
unrestricted over the entire site. Exposure routes include: 

- Inhalation of fugitive dust, VOCs, and gases. 
- Incidental ingestion of, dermal contact with, and external radiation from contaminated 

soil. 
- Incidental ingestion of and dermal contact with surface water. 
- Incidental ingestion of, dermal contact with, and external radiation 

sediment. 

Off-Property Resident Farmer (Adult and Child) - This scenario assumes that a farm 
family lives immediately adjacent to the FEMP property boundary. Exposure routes for 
this receptor include those listed for the same receptor assuming current land use, in 
addition to ingestion, dermal contact, and inhalation from groundwater. 
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...... 

If the FEMP property does not remain under the federal ownership, it is assumed that it will be held 

in private ownership and developed for agricultural use. As summarized in Table 6-1, future land use 

receptors, assuming private ownership, include: 
_p___.---- 

-ReSoniblS M5%iiEiiiE~uF(RME)-OFProperty ReKident Farmer Receptor (Adult and 
Child) - This exposure assumes that a farmer resides on the property and conducts 
agricultural activities. Typical activities may include food and feed production, livestock 
production, and general farm work. This scenario includes only household use of perched 

agricultural uses. Exposure routes include: 

. . . . . . . . . . . . . . . . 
would not be sufficient to support 

- Inhalation of fugitive dust, VOCs, and gases. 
- Ingestion of groundwater (separate evaluations for groundwater from the Great Miami 

Aquifer and for perched groundwater). 
- Dermal contact and inhalation while using groundwater in the home. 
- Consumption of foodstuff grown on the property including vegetables, meat, and milk. 
- Incidental ingestion of, external radiation from, and dermal contact with soil. 
- Inhalation of indoor radon. 

. . . . . . . . . . . . . . . . . .,. . .. H$:;&$a: 
,.:.:.; ... . .  . . . . . . . . . . . . . . . .........,.. . . . . . . . . . . . , . . ... . . ..... . . , . . . . . . . . . . . . . . . . . . . . . . . . 

Central Tendency (CT) On-Property Resident Farmer Receptor (Adult and Child) - This 
exposure assumes that a farmer resides on the property and conducts agricultural activities. 
This exposure is similar to the RME on-property resident farmer with modifications of 
exposure parameter values to more closely reflect values typical of the CT of exposure. 
Exposure routes for this receptor include those listed for the RME on-property resident 
farmer receptor, excluding ingestion of perched groundwater. 

Future Home Builder - This exposure scenario involves exposures to workers building 
residences or other structures within Operable Unit 2. This scenario includes only 
household use of perched groundwater because the perched groundwater zone would not be 
sufficient to support aggricultural uses. Exposure routes include: 

- Incidental ingestion of, and dermal contact with, and external radiation from soil. 
- Inhalation of fugitive dust, VOCs, and gases. 

A Perched Groundwater User - This exposure scenario involves exposures to users of 
perched groundwater within Operable Unit 2 .  Exposure routes include: 

- Inhalation and dermal contact while using perched groundwater 
- Ingestion of perched groundwater 
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Tables 6-2 through 6-6 summarize the Operable Unit 2 CPCs identified by media for each subunit. 

The detailed results of application of the CPC selection process to each medium within each operable 

unit subunit are described in Section B.3.0 of Appendix B. 

6.2.3 ExDosure Assessment 

The exposure assessment is the determination of the magnitude of contact that a potential receptor 

may have with site-related CPCs. The general procedure for conducting an exposure assessment 

involves the following three steps: (1) characterization of the physical setting, (2) identification of 

exposure pathways, and (3) quantification of exposure. 

In the first step, the general physical characteristics of the site and characteristics of potential receptor 

populations are described. Physical characteristics of the Operable Unit 2 subunits are summarized in 

detail in Section 3.0 of this RI report. 
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ExDosure Point Concentrations for Groundwater a 
Current exposures to groundwater at the FEMP will be addressed as part of the Operable Unit 5 RI. 
Exposure to potential future concentrations of constituents in groundwater from each operable unit are 

addressed during each operable unit RI baseline risk assessment. Future exposure point 

concentrations for groundwater are determined from the results of groundwater transport modeling, as 

2 

3 

4 

5 

1 

described in detail in Section 5.0 and Appendix A. 6 
_ _  - ~ _ _ _ ~ ~ -  .- .___ ___ -___- 

For assessment of exposures to constituents migrating in groundwater from the South Field and 

Inactive Flyash Pile, source terms from these two subunits were combined. For assessment of 

exposures to contaminants migrating from the Active Flyash Pile, Solid Waste Landfill, and Lime 

Sludge Ponds, independent source terms were derived. 

$q@&Z$ 
.. . ... ...* ::.:.. ..... . ___.,... . . . . . . . . . . . . . . . . . . . . ..... ..... . ......... . ... . . _. 

Soil CPCs for each subunit (Inactive Flyash Pile and South Field combined) were subjected to 

leachate estimations as described in Section 5.4.2.1. CPCs determined to be present in leachate 

above screening criteria (derived from EPA m& . . . . . . . . . . . . . . . . ;- . . . . . . . . . . . . f) . . . , risk of 1 .O x lo=] and a HI of . . . . . . . . . . ..... ..... _.__. . . . . . . . . ..... . . . . . . . . . . . . . . . . 

0.1) were then modeled in the vadose zone using the methodology outlined in Section 5.4.2.2. 

Leachate concentrations are modeled through the vadose zone to the regional aquifer to yield the 

No. 48 

calculated future concentrations in the aquifer directly underlying the waste area. Concentrations of 

CPCs determined to be present at this interface at levels above EPA Region I11 tap water criteria (risk 

of 1 x lo7 and a HI of 0.1) were then selected as groundwater CPCs; their concentrations were 

estimated at specific locations (on-subunit , on-property , and off-property). 

Off-property concentrations of constituents in groundwater were calculated using the regional aquifer 

model, SWIFT I11 (Geotrans 1987b). The maximum calculated concentrations in the aquifer 

underlying the Active Flyash Pile; South Field and Inactive Flyash Pile Area (combined); Solid Waste 

Landfill; and Lime Sludge Ponds were used to estimate on-subunit exposures. The maximum 

calculation concentrations on-property and at the fenceline were used for exposure point 

concentrations for on-property and off-property future groundwater exposures. Details of the model 

and parameters used to calculate future CPC concentrations in the Great Miami Aquifer are presented 

in Section 5.0. The locations of calculated maximum off-property concentrations of contamhqits 

transported from the waste areas of Operable Unit 2 by groundwater are also shown in Section 5.0. 

000094 
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relationship between the magnitude and type of exposure and severity or probability of human health 

effects for each CPC. The toxicity assessment, Section B.2.5 of Appendix B, contains a compilation 

of toxicity values for CPCs. Summaries of the toxic effects associated with major CPCs are included 

as toxicity profiles collected in Attachment 11, Appendix B. 

6.2.5 Risk Characterization 

Risk-Ch%ZGteriZXtioX is-tke-final StFinihei ik-GE6ient  process, combining the information 

developed in the exposure assessment (Section B.2.4) and the toxicity assessment (Section B.2.5) . 

Risk characterization is discussed in detail in Section B.2.6 of Appendix B. The potential of a CPC 

to cause carcinogenic effects is presented as the incremental lifetime cancer risk (ILCR). Potential 

noncarcinogenic effects are presented as hazard quotients (HQs) or HIS, as defined in Section B.2.6 of 

_ _ _ _ - ~  

Appendix B. 

All site-related risks in the risk assessment are calculated without subtracting the contribution from 

natural background. In some areas in Operable Unit 2, the concentrations of CPCs are only slightly 

above background levels. Therefore, it is informative to calculate the risks from background 

contributions to provide a point of comparison for the site-related risk estimates. 

Risks and HIS are calculated for background concentrations of CPCs in soil and groundwater using 

the same exposure pathways quantitatively evaluated for the RME on-property resident farmer for 

soil. Exposure point concentrations, which are dependent on the results of air and groundwater 

modeling, were derived assuming background soil concentrations for the source terms in both 

groundwater and soil modeling. The parameter values used for calculating background intakes are 

also the same as those used for evaluating subunit-specific risks to the RME on-property resident 

farmer. Soil concentrations used for background risk and hazard calculations are calculated UCL 

values for the site-specific background soil sample analytical results. 

6.3 RESULTS 

This section presents the COCs and results of risks and hazards from each subunit as well as 

cumulative risk from Operable Unit 2 as a whole. 

(greater than 1 x la6 ILCR or 0.2 HI) No. 44 

of tables in this section present the total risks and hazards posed to each receptor via the various 
~ O O U 9 5 ~  
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pathways (e.g., soil, sediment, homegrown produce, etc.). Additionally, summaries of major 

contributors to risks and hazards by 
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from radium-226 (4445 .... . .. percent), radium-228 (3384 percent), aRB thorium-228 (842 I 

in soil via external radiation and from arsenic (34% 2 

3 in soil via dermal contact. 
. . . . . . . 

. -  
4 

Exposure of the groundskeeper to contaminated soil was 5 

to this receptor was mostly from 6 

__ _. ___ .. --- 
which accounted for 7 

. .  
8 

9 

10 

No exposures resulted in HIS exceeding 1.0. 

Tables 6-9A and 6-9B summarize total risks and hazards by media, respectively, associated with the 

Active Flyash Pile for receptors assuming future land use. Tables 6-10A and 6-10B present the major 

I 1  

12 

contributors by media to total risks and hazards, respectively, posed to the selected receptors. The 13 

14 

soil (surface flyash material) 15 

level due mostly to the estimated 16 

presence of kmylkm 17 

18 

19 

Total estimated risk to the off-property farmer exceeded the In,- level due mostly to 20 

direct exposure to the estimated future concentrations of uranium-234 and uranium-238 and in 

groundwater which together accounted for about 65 

estimated presence of am!& in flyash material accounted for another 4 2  percent 23 

of total risk to this receptor 

Total estimated risks to future on-property residents were greatest for the RME farmer. 

21 

22 percent of total risk to this receptor. The 

ed deposition on produce. 24 

25 

26 Total risks to 

this receptor was 1.9 x due mostly to the presence of nepai&m Z?, r- n 

28 

29 

30 

31 

32 

33 
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1 
TABLE 6-15 

INACTIVE FLYASH PILE 
CONTAMINANTS OF CONCERN (COCs) 3 

. i  i 

2 5 8  9.4 J 

SOIL SURFACE WATER 4 

radium-226 thorium-232 
radium-228 arsenic 
thorium-228 dibenzo( a, h)anthracene 

No COCS 

SEDIMENT GROUNDWATER 
~~ ~rani~m-234 uranium,23 8 

uranium-2351236 uranium-total .9 

PERCHED GROUNDWATER AIR 
no COCs 

DUST ON BEEFMILK AND HOMEGROWN 
PRODUCE 

radon 
GROUNDWATER ON BEEF/MILK AND 

HOMEGROWN PRODUCE 

dibenzo(a, h)anthracene uranium-234 uranium-238 
uranium-235/236 uranium-total 14 

GREAT MlAMI RIVER SURFACE WATER 
no COCs 

15 

16 

Comment No. 54 17 

Tables 6-17A and 6-17B summarize risks and hazards by media, respectively, associated with the 

Inactive Flyash Pile for receptors assuming future land use. Major contributors by media to total 

risks and hazards, respectively, posed to the selected receptors are presented in Tables 6-18A and 

6-18B. The greatest carcinogenic risk was the risk associated with groundwater use by the RME on- 

property farmer which slightly exceeded 1 .O x 

due mostly to the future estimated concentrations of uranium-234 (4443 25 percent) and uranium-238 

(M 43 percent) in groundwater and consequently in irrigated produce and beef and milk from 

livestock watered with contaminated groundwater. 4 (24.47 

Total risk for this receptor was 3 2  1.5 x 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

Exposures resulting in HIS greater than 1.0 were associated with 1 
ingestion of groundwater and homegrown produce contaminated with uranium-total (W 

31 

32 

percent, respectively). 33 

34 

35 

36 
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Tables 6-25A and 6-25B summarize risks and hazards by media, respectively, associated with Lime 

Sludge Pond receptors assuming future land use. Tables 6-26A and 6-26B present the major 

contributors by media to total risks and hazards for the three selected 

the on-property M E  farmer 44kd-0-3 

direct contact with surface soil containing 4 2% (36.45 IRB 
uranium-238 (646 ,--A 44% percent- 

-T -Total- r isk to- the -expmided -tr%SpXSsTT- __- 

exceeded 1.0 x lo-' due to 3 

1 

5 

6 

' 7  

a 

9 

10 

W. Total risk to the off-property farmer 11 

not exceed the 1.0 x 10" threshold risk and hazard was well below 1.0. 12 

13 

6.3.6 ODerable Unit 2 Cumulative Risk 14 

Tables 6-27A and 6-27B summarize the risks and hazards by media to future receptors due to the IS 

cumulative impact of contaminants present within Operable Unit 2. 16 

17 

18 

19 

. . . . . . . . . . . . . 
&e$%. .:.:.:.: .......... :.:.:. It is emphasized that the risks and hazards presented are those resulting primarily from the 

three subunits contributing most to groundwater contamination: the Active Flyash Pile, South Field 

and Inactive Flyash Pile. 

The greatest carcinogenic risk posed was to the RME on-property farmer which had a total risk of W 
3d-02 . Major contributors to risks and hazards for the off-property farmer, expanded 

trespasser, and on-property farmer (RME) are presented in Tables 6-28A and 6-28B. The major 

contributor to risk for the on-property receptor is from the presence of 

No. 45 in soil by direct 

20 

21 

22 

23 

24 

25 

26 

n 

28 

radiation, and the estimated presence of w m k S 3 8  29 

in 30 

31 
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Total risk to the off-property farmer slightly exceeded 1.8 x lo4 due primarily to uranium-234 (42 

percent) in drinking water through groundwater, w&bk.m- 

1 

ercent) and uranium-238 (ZK& 2 

(843 8 3 
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percent) through inhalation and+h+w&% p e r c e n t 7  
1 3  7 
A I . _  through ingestion of 

0 
Total HIS exceed 1.0 for both the on- and off-property farmers due primarily to the estimated 

. . . . . . . . . . . . . . 

presence of total uranium in ingestion of groundwater (- 

867l-Q percent, respectively). 
- ____ 

~. 

Total risk to the expanded trespasser w primarily to direct radiation from 

in soil which contributed 645 

this receptor was below 1.0. 

6.3.7 Background Risks 

All subunit-specific risks in the risk assessment are calculated without accounting for the potential 

contribution from natural background concentrations of CPCs. In many cases, the concentrations of 

CPCs in soil at Operable Unit 2 waste areas are only slightly above natural background 

concentrations; however, the risks and HIS for these site-related concentrations are often greater than 

1 x and 1.0, respectively. Background contributions provide a useful point of comparison for 

subunit-specific risk estimates. 

N$,&-@; '" ...................... ~.~. :...:...: . 

Therefore, risks and HIS are calculated for the M E  on-property future farmer using background 

concentrations of CPCs in soil and groundwater as direct contact exposure point concentrations where 

appropriate. Naturally occurring background soil concentrations were also used as the source term 

for subunit-specific air and groundwater modeling. Exposure assumptions and models used for these 

background calculations are the same as those used for evaluating subunit-specific risks to the RME 

on-property resident farmer. 

Tables 6-29A through 6-29E present a summary of comparison of subunit-specific risks to the future 

on-property RME farmer with the risk that would exist to that receptor if naturally occurring CPCs 
were present at naturally occurring background concentrations. Details of the major contributions to 

risks are presented in Section B.4.0 of Appendix B. These background comparison tables presented 

in this section indicate that: 

1 

2 

3 
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TABLE 6-29A 

COMPARISON SUMMARY OF BACKGROUND RISKS TO ON-SITE RISKS 
ACTIVE FLYASH PILE: CARCINOGENS 

On-Property 
Resident 
Farmer 

Media (RME) Background 
__~__-___-_____-----  

~ _ _ _ - _ _  --Soil ----____----- 
Total Radiological Risk 
Total Chemical Risk 

Total Risk 

Groundwater 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

Homegrown Produce (Dust Affected) 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

Homegrown Produce (Groundwater Affected) 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

Beemilk  (Dust Affected) 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

BeeyMilk (Groundwater Affected) 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

1. IE-06 

6.7E-07 

1.7E-06 

4.7E-05 

9.3E-15 

4.7E-05 

7.3E-08 

1.3E-06 

1.4E-06 

2.4E-05 

3.5E- 15 

2.4E-05 

1.2E-08 

4.6E-07 

4.7E-07 

7.2E-06 

6.3E-16 

7.2E-06 

3.OE-07 

4.5E-08 

3.48-07 

8.2E-06 

8.2E-06 

1.6E-08 

9.4E-08 

l.lE-07 

2.5E-06 

9.4E-08 

2.5E-06 

3.OE-09 

2.9E-08 

3.2E-08 

2.8E-07 

2.8E-07 

All Media 

. .  
42 
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TABLE 6-29B 

COMPARISON SUMMARY OF BACKGROUND RISKS TO ON-SITE RISKS 
SOUTH FIELD: CARCINOGENS 

_ - -  
~ 

On-Property 
Resident Farmer 

Media (RME) Background 
~ ~~ ~~ 

__- Soil 
~ E~02- __ - - - - __- -- 

- -Total- Radiological -Risk -- l.lE-03 

Total Chemical Risk 5.4E-04 4.1 E-05 

Total Risk 1.1 E-02 1.2E-03 

Groundwater 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

Homegrown Produce (Dust Affected) 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

Homegrown Produce (Groundwater Affected) 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

Beemilk (Dust Affected) 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

BeeVMilk (Groundwater Affected) 

Total Radiological Risk 

Total Chemical Risk 

Total Risk 

1.1 E-03 

1.1 E-03 

4.3E-04 

1.OE-03 

1 SE-03 

3.3E-04 

3.3E-04 

8.OE-03 

l.lE-02 

1.9E-02 

3.2E-05 

3.2E-05 

4.OE-07 

4.OE-07 

2.8E-06 

4.7E-05 

4.98-05 

1.2E-07 

1.2E-07 

1 .OE-05 

6.1 E-05 

7.1E-05 

1.3E-08 

O.OE+OO 

1.3E-08 

All Media 3.4E-02 1.3E-03 

I 
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positives than false negatives, causing an overestimution of risk by up to one order of 
magnitude. 

:@ 
.<.: >:.:.:.:. . ........... 

overesti&*on. 

The impact on risk could overestimate or underestimute risks up to one order of 
magnitude. 

variation could impact risk, potentially causing their overestimation or underestimdon by 
up to one order of magnitude. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . . . . 
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overestimation or underestimation of risks . .  by up to one order of magnitude. 

__ overestimate-or underestimate-risks-by arie-to-hiiders of magnitude because the UCL is 10 

often much greater than the mean concentration. 
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CPCs passing the vadose zone model toxicity screening were further screened by predicting dilution 5 
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where 

A = Area of cell (125 x 125 ft2) 
CGMA = Predicted maximum Great Miami Aquifer concentration 
C" = Maximum output concentration from the vadose zone model 
QGMA = Groundwater flow rate through the upper layer of the SWIFT 111 model in 

the cell with maximum vadose zone concentration 
4 = Infiltration rate in the cell with maximum vadose zone concentration 

Predicted maximum concentration, CGMA, is typically an order of magnitude lower than from the 

detailed calculations using the SWIFT 111 model. The above dilution calculation is conservative 

because waste storage in the cell is not considered. The C,, for a particular constituent is compared 

with the 402: e. I 
. .... . If CGMA was below the screening concentration, the 

screened out and was not modeled further. 

A.2.6.5 Groundwater Data Renew 

The vadose zone modeling results were compared against the Great Miam' Aquifer data. If the 

model predictions were not in agreement with the Great Miam' Aquifer data, model parameters, 

assumptions, and conceptual models were reviewed and modified accordingly. If the vadose zone 

model was refined, the vadose zone model calculations were repeated and the vadose zone model 

toxicity screening and the Great Miami Aquifer dilutions toxicity screening steps were repeated. 

This process was continued until the model predictions were in agreement with the field measured 
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data. Detailed modeling in the Great Miam. Aquifer was petfonned for the CPCs remaining from 

the Great Miami Aquifer dilution toxicity screening. 

.. A.2.7 VADOSE ZONE MODELING . _ .  

Vadose zone modeling was performed to estimate CPC loading rates to the Great Miami Aquifer from 

a given source as a function of time. The overburden may have great capacity for immobilization and 

4 

I 

2 

3 

4 ... 

5 

6 

-retardation-of-CFCs due to adsorption,-precipitation,-biodegradation,-and radioactive decay .-This --- -~ - 7 -  -- 

capacity to prevent or slow the movement of CPCs to the aquifer is evaluated with respect to future a 

risk. 9 
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Figure A.2-18 shows that plume migration from the Lime Sludge Ponds is in an east-southeasterly 1 

direction. At 1,000 years, concentrations of technetium-99 were predicted to be significantly below 2 

the screening level. H# 
.- ~. .. - -  - . _- 

.. ~ ~ - 
. . . . . . . . . . . . . . . . . . . . . Azg ~~ 

........ x.:.:: 
A.2.8.3.3 Inactive Flyash Pile/South Field 

The Operable Unit 2 SWIFT 111 model and parameters were calibrated for uranium-238. Uranium- 6 

- - --238-was selected-for-calibration-because-of-its h i g ~ d e t e ~ t i ~ - f r ~ u ~ ~ c y ~ e ~ - s e ~ i ~ ~ ~ ~ ~ ~ c -  ----------- 7 

procedure, because it was expected to be the main parameter of concern for risk assessment, and 8 

9 because hot spots for it were identified and modeled. Use of uranium at the site began in the 1950’s. 

Current uranium-238 concentrations in the Great Miami Aquifer in the vicinity of the South Field area 

was detected as high as 384 707 pCi/L at well 2945 in the validated unfiltered samples. tmkm4e 

3 Z’he total uranium concentration from these samples is as high 

10 

No. 9 1 1  

. .  . 
12 

. .  ... 

as  W 2070 pg/L (equivalent to 587 pCi/L of uranium-238). 13 

14 

SWIFT III was first run using a K,, of 8.4 ml/g for uranium (Uranium Partition Coefficient Evaluation 

Study for Operable Unit 2, 1993) in the Great Miami Aquifer. SWIFT 111 model results indicated 

that it will take more than 200 years to reach current concentrations levels in the Great Miami 

Aquifer. Since uranium break through for K,, of 8.4 ml/g does not occur until after 160 years, 

calibration cannot be done by increasing waste concentration alone. Through calibration process, the 

K$ value in the Great Miami Aquifer (and ODAST) was reduced to 1.48 ml/g. At 40 years from 

placement of waste in the South Field area subunits (approximately current conditions), model 

predicted uranium-238 concentrations in the Great Miami Aquifer to be 134 pCi/L (Figure A.2-193) 

in the grid cell containing the Well 2945, as compared to 707pCi/L measured at Well 2945. This is 

considered a good calibration of the model given the limitations that source areas smaller than 125-by- 

125 feet cannot be assigned. The uranium break through close to the Well 2945 is due to subsurface 

seeps. Although subsurface seeps do not travel laterally, 125 feet on the unsaturated Great Miami 

Aquifer, model limitations required that subsurface seep mass be loaded uniformally over the full 

125-by-125 foot cell. If subsurface seeps infiltrate through a 20 to 50-foot wide area, this can easily 

result in underestimation of concentrations near subsurface seeps at 40 years by a factor of 3 to 6. 

Since the overall maximum loading is due to vadose zone pathway (Figure A.2-20), which is 
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uniformly distributed over the full grid cell, the maximum predicted uranium-238 concentrations for 

the baseline risk assessment are not very sensitive 

.. . . .. . . 

F E R \ C R U ~ R I \ V D R \ A P P - A \ . S E C A ~ . ~ A U ~ ~ ~ ~  29, 1994 12:36pm A-2- 136a 



FEMP-ou02-6 FINAL 
September 6, 1994 

within each subunit; and they are consistent with draft FEMP risk assessment guidelines for exposure 

scenarios (most recent version is dated October 19, 1993). These land use assumptions and receptors, 

which provide the framework for the quantitative estimates of risk, are described in detail in 

1 

2 

a 
3 

Section 2.0 of this RI report. 4 

5 

Environmental sampling data collected from Operable Unit 2 during both phases of the RI field 6 

- ____- - 
- - - - - investigation were used-in-this risk assessment .--Once-the-data set W% complete, st&istica-m%th-odF 7 

were used to evaluate the analytical results from each waste area in order to: (1) identify CPCs 

specific to the waste areas, (2) develop waste area specific source term concentrations for fate and 

8 

9 

transport modeling, and (3) establish waste area specific exposure point concentrations of potential 

receptor locations. The detailed CPC selection process is described in Section 2.0 of this RI report. 

10 

11 

12 

B. 1.3 RISK ASSESSMENT GUIDANCE 13 

This baseline risk assessment follows the guidance available from EPA as of September 1993. 14 

In accordance with the 1991 Amended Consent Agreement between EPA and DOE , the methodology 

presented in the Risk Assessment Work Plan Addendum (DOE 1992a) was prepared to establish 

The Risk Assessment Work Plan Addendum is based primarily on the following EPA guidance and 

IS 

16 

specific risk assessment methodology to be followed in all RI/FS risk assessments for the FEMP. 17 

18 

a 

No. 48 

databases: 19 

20 

Risk Assessment Guidance for Superfund (EPA 1989a) 21 

22 

Exposure Factors Handbook (EPA 19898 c) 23 

24 

2s 

26 

21 

Health Effects Assessment Summary Tables (HEAST) (EPA 1993b). 28 

Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Volume I, 
Supplemental Guidance, Standard Default Exposure Factors, Interim Final (EPA 1991a b) 

B. 1.4 ORGANIZATION OF BASELINE RISK ASSESSMENT 

29 

30 

Section B. 1 .O contains an overview of the purpose for this baseline risk assessment, the scope of the 

assessment, the guidance used in preparing the risk assessment, and describes Operable Unit 2 history 

31 

32 

and site conditions. 33 

t .  

34 

35 
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Operable Unit 2 was defined as a functional unit to efficiently address the remediation of waste 

subunits with relatively large volumes of waste but presumed to contain small quantities of hazardous 

materials and radionuclides. Operable Unit 2 includes the following individual areas: 

- Solid Waste Landfill 
North and South Lime Sludge Ponds 
South Field 
Inactive Flyash Pile 

- 

_ _  -- 0 - -Active Flyah Pile- - - - ----___-_ __ - ___ 

The locations of the Operable Unit 2 areas within the Fernald site are presented in Figure B. 1-1. 

The Solid Waste Landfill is located on a small tract at the northeast comer of the Waste Storage Area 

(Figure B. 1-1). The landfill occupies approximately one acre of land and is covered by a layer of 

soil. The total estimated volume of fill in the landfill is about 14,400 cubic yards. Materials reported 

to have been disposed at the landfill include bagged trash and wood; respirator cartridges, asphalt 

roofing materials, medical wastes, firehoses, and rubber hosesheits; and medicine vials, bagged 

asbestos, ceramic tiles, magnesium fluoride, glass acid bottles, steel cables/cans, paint cans, and 

copper tubing. 

The North Lime Sludge Pond is an active unlined pond located southeast of the Waste Storage Area 

(Figure B.1-1). The approximate dimensions of sludge in the pond are 125 feet by 225 feet by 

5.3 feet deep, with a total volume of approximately 5000 cubic yards, not including berms. This 

pond is approximately 90 percent full and is partially covered with water. This pond contains an 

estimated 150,000 gallons of water with a depth that varies to 7 feet and an average depth of 2 to 

3 feet. Spent lime sludges (primarily lime-alum and boiler blowdown) from the FEMP water 

treatment plant operations are conveyed to this pond -. 

The South Lime Sludge Pond is an inactive unlined pond located southeast of the Waste Storage Area 

(Figure B. 1-1). The South Lime Sludge Pond is 125 feet by 225 feet by 11.2 feet deep, with a total 

volume of approximately 10,000 cubic yards, not including berms -. This pond was 

retired in the mid-1960s and is now overgrown with grass. The use of this pond was similar to that 

of the North Lime Sludge Pond. 

The Inactive Flyash Pile is located approximately 2,000 feet south/southeast of the Waste Storage 

Area (Figure B. 1-1). The pile occupies approximately two acres. It is west of and contiguous to the 
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Justification: With a small data set, the distribution of concentration data often cannot be 
adequately assessed. Without knowing the proper distributional 
assumptions, it is not valid to calculate the 95 percent UCL. 

The selection of CPC, which is the subset of constituents determined to be present above 
background, is performed using traditional Statistical methods includirigg the Students t-test 
and the Wilcoxon Rank Sum test, except when these tests cannot be validly applied. A 
comparison of each site related measurement to the 95th percentile of background data is 

for the purpos@ ... of identifying CPCs which 

2. 
.... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 

Justification: The comparison of detected concentrations to the 95th percentile of the 
background ensures that constituents potentially present above naturally 
occurring levels will not be ruled out as CPCs. 

. 3. The selection of CPCs, which is the subset of detected constituents that is carried through 
the risk assessment, followed a systematic approach recently approved by EPA for use at 
this site. This approach is described in detail in Section B.2.3. 

Justification: This approach facilitates a consistent, statistically and toxicologically 
defensible approach to selecting constituents for which risk will be 
quantified. 

4. Background soil data from literature sources are replaced with data from the March 1993 
CERCLARCRA Background Soil Study (DOE 1993f). 
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28 

Site-specific background soil data provides a more accurate measure of 29 

background concentrations. 30 

Justification: 

5. Airborne particulate concentrations of constituents are calculated using the Industrial 
Source Complex Long Term (ISCLT2) dispersion model (EPA 498% 1992b). 

Justification: The ISCLT2 dispersion model is one of the EPA’s guideline models. It is a 
sector-averaged, Gaussian plume model capable of calculating seasonal or 
annual ground level constituent concentrations in suspended particulates. 
The ISCLT2 model predicts concentrations at grid points set by the user and 
has the capability to model multiple release sources. The model contains a 
number of options, allowing the user to make the model more site-specific. 

6 .  The Andelman Model for modeling volatile releases to air from water 
used in the home is used in the risk assessment. 

31 

32 

33 
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47 

48 

Justification: Use of the Andelman Model reflects the most recent EPA guidance for 
evaluation of the pathway involving inhalation of volatiles released to air 
from water used in the home. 

oooliss 
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"The Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Volume 

"Statistical Methods for Evaluating the Attainment of Cleanup Standards, Volume I and 

i 

2 

3 

4 

5 -  

I, Part A, Interim Final" (EPA 1989a). 

Volume 3 (Draft)" (EPA 1989e d and 1990a). 
No. 48 

- -  

"Statistical Methods for Environmental Pollution Monitoring" (Gilbert 1987). 

"Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities, Interim Final- .. ___ - __. - - ____ - _- . -- --- -- ~ - 

GuidiiiCe"-(EPA-19898 e): - - . . __ - 

6 

7 

. 8  

9 

10 

I I  

12 

13 

"EPA comments (December 1991 and March 1992) on the statistical methods used in the 
October 1991 Draft Risk Assessment Work Plan Addendum (Saric 1991 and 1992). 

14 

B.2.3.1 Data Sources 

Below is a discussion of data sources used in this baseline risk assessment. These data sources 

included subunit data generated during on-site field sampling programs and background data generated 

from samples collected 3 to 5 miles away from the FEMP site. 

B.2.3.1.1 Subunit Data 

In accordance with the Risk Assessment Work Plan Addendum, data generated in RI/FS field 

sampling programs are given first consideration in risk assessments. These data are the most current 

and most reliable based on RI/FS quality assurance/quality control (QA/QC) practices. 

Operable Unit 2, two RI/FS field sampling programs were completed. The first (Phase I) was 

completed in the Summer 1992 and the second (Phase 11) was completed in Summer 1993. Analytical 

data from both of these efforts are utilized in this risk assessment. 

Characterization Investigation Study (CIS) a 

For 

edata from the 
. .  

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

were not used for this risk assessment, but were used to 28 

guide sampling activities for the RI/FS 29 

B.2.3.1.2 Background Data 

The site-specific background data set for soil consisted of a series of soil samples collected 

30 

31 

32 

approximately three to five miles from the FEMP site. Background concentrations in surface and 

subsurface soil were determined based on direct analysis of regional soils at three depths (i.e., 0 to 6 

inches, 36 to 42 inches, and 48 to 54 inches), the assumption of secular equilibrium in the radioactive 

decay process, and the recognition that certain organic compounds and radionuclides (i.e., 

33 

34 

35 

36 

31 technetium-99 and the isotopes of plutonium) do not occur naturally. 

000363 
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chemical analytical results, the (CRQL) was used as the value of 

the SQL. The uncertainty introduced by this assumption was evaluated, since the CRQL may have 

overestimated or underestimated the actual SQL (EPA 1989a). 

B.2.3.4 Evaluation of Background 

B.2.3.4.1 Determination of Background Distribution 

Each background data set was evaluated to determine the probability distribution (normal, lognormal, 

or undefined) that best describes the data set. Two methods were used to determine the distribution 

m e -  

specified set of typical measurement parameters. These parameters include the sample size, counting I 

time, counting efficiency, self-absorption and decay corrections, chemical yield, and other factors 

involved in determining activity concentrations (EPA 1980). For the purposes of evaluating data in 
the RI/FS, the term "SQL" will be used for both-chemicals and radionuclides. 

2 

3 
- - 

4 

5 

6 Nondetected results (if present in the data set) must be considered with positively detected 
_ _  _ _ _  _ _  - _---  

background results for-dete-iiGg thedescriptive statistics for background data sets. Although 

best professional judgement in determining the most appropriate assignment of values for nondetected 

7 

EPA's Risk Assessment Guidance for Superfund Part A, Human Health Evaluation Manual allows for a 

9 

results (EPA 1989a), EPA Region V has requested that a value of one-half the SQL be assigned for 

conform with the methodology requested by EPA Region V. 

10 

each nondetected result. Therefore, statistical treatment of background data for risk assessments will 1 1  

12 

13 

A value of the SQL was sought for each nondetected result. If SQLs were not obtainable for 14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

2A 

25 

26 

n 

28 

29 

30 

31 

32 

No. 48 

The first method employed to determine the appropriate distribution was A the Kolmogorov-Smirnov 

test with Lilliefors adjustment (Lilliefors 1967). This method is recommended in EPA's Statistical 

Analvsis of Ground Water Monitoring Data at RCRA Facilities. The test was performed on the 

untransformed data to test the normality assumption and on the log-transformed data to test the 

assumption of lognormality. If the test provided sufficient evidence to reject both normality or 

lognormality assumptions then a second method was employed. 
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I 

2 

3 

If specific data points stood out as suspected outliers in the background datasets, a quantitative test 

-- -normal distribution, attempts-were-made-to- transform-datasets-that-are not-normidly distributed to 

5 

was performed. Since this test, as with most quantitative tests for outliers, assumes an approximate 6 

_ _  ----- 
7 

approximate a normal distribution before the test is performed. 8 

9 

10 The method used for identifying outliers consisted of the following steps: 

1. 

2. 

3. 

4. 

Calculate the mean, x, and the standard deviation, s, of the data including all 
measurements. 

Compute the statistic, T,, given by 
- 

X, -x 
T, = - 

S 

11 

12 

13 

14 

I5 

(B.2-1) 

for each value suspected of being on outlier. 16 

17 

18 

19 

20 
21 

22 
23 

24 

Compare the statistic T, to the critical value for the given sample size, n, from Table 4-2 
in the Risk Assessment Work Plan Addendum (DOE 1992a). 

If the statistic T, for the suspected value exceeds the critical value from Table 4-2 in the 
Risk Assessment Work Plan Addendum (DOE 1992a), this is evidence that the suspected 
value, x,,, is a statistical outlier. 

Since the presence of outliers can severely affect the determination of descriptive statistics and 

The investigation included, if possible, a review of the raw data associated with the determination of 

the background concentration value. 28 

25 

26 

27 

statistical comparisons, any potential or suspect outliers in the background data sets $85 investigated. 

29 

During the determination of background concentration values, nine values failed the outliers test and 

were removed from the groundwater data before determination of the concentration terms because 

they were highly suspect and assumed to be true outliers. 

30 

31 

The values were: 32 

33 

34 
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Calcium: 1.03 J and 1.3 J, UCL = 100.7 I 

2 

Chromium: 0.56 J, UCL = 0.01 3 

4 

_ _ _ _  5 

6 

. ~~ . .. ~. ...... -~ . . -. . Magnesium: - 0.5 J and 0.581, .~ UCL ~- = 28.3 ._ - . . . . . .  - 

Nickel: 0.78 J, UCL = 0.012 7 

Potassium: 13.4 and 13.5, UCL = 2.004 9 

Selenium: 0.06 UJ, UCL = 0.002 11 

8 

__.  ~_.__  . ~- IO 

12 

("J" indicates an estimated value below the method detection limit, "UJ" indicates that the value was 

below an estimated detection limit of the value shown.) 

13 

14 

15 

16 

W Determination of Concentration Term 

The subunit concentration tern is assumed to be the 95 percent UCL of the mean. If the distribution 

for an analyte was determined t 

calculate the 95 percent UCL. 

. . . .  . . . . . . . . . .  
The UCL equations for both a normal distribution and lognormal distribution are 

presented below. 

where 

(B .2-5) - S 
UCL,.,) = + $.95,n-1) - I 

17 

18 

19 

m 

21 

22 

2.3 

24 

25 

26 

n 

28 

i n -  1 
29 

30 

number of samples 
sample mean concentration 
percentage point from the t distribution 
sample standard deviation 

n 

31 

000166 
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B.2.4A Identification of Constituents of Potential Concern (CPCs) i 

2 
... . 

.*.4.4. 3 2 < &  ComDarison to Background 3 

... ~ - -  - 
~ - The first step -in selecting CPCs is to compare the-concentration term to background concentrations. 

To conduct the comparison between the site-related measurements and the background data for a 

Sumtest) and ~(2)-folloWed by the ~ " 9 5 t h ~ P e ~ ~ t i l e - T ~ t "  (see below for details). 

results rejects the null hypothesis that the site data is equal to background (i.e., the distribution of 

measurements at the site appears to be shifted to the right (to higher measurements) of the background 

distribution), the constituent is considered to be a possible CPC and is submitted to toxicological 

4 

5 

constituent, two tests were used in sequence: (1) a "location" test (Student's t-test or Wilcoxon Rank 6 
. .. -~ ~ -- 

If either of the test 7 

8 

9 

-~~ 

10 

screening. The constituent is not included as a possible CPC only if both test results indicate that 

there was not a "significant difference" between the two distributions. 

tests could not be performed due to small sample sizes or large portion of nondetects and the 95th 

11 

For cases where the location 12 

13 

Percentile Test suggests that the site-related data are not different from the background data, 

professional judgement by risk assessors was used to make the final determination. 

The "location" test can be either the t-test, a parametric statistical method, or the Wilcoxon Rank Sum 
(WRS) test (or the Mann-Whitney U-test, a direct corollary to the WRS) which is the counterpart of 

the t-test in a nonparametric approach. The t-test was used to compare the mean of the site-related 

data with the mean of the background data. The WRS test compares two distributions of rank 

ordered data (equivalent proportions of ranks would indicate similar distributions). The criteria for 

conducting the t-test are presented in Figure B.24. For cases in which the t-test cannot be applied to 

the data, the WRS test was conducted. - 

The 95th Percentile Test determines if any sample measurements for a given constituent exceed the 

upper 95th percentile for the background distribution. If so, the test indicates that the data contains at 

least one relatively high concentration and the constituent should be considered as a CPC. The 95th 

percentile for the background distribution can be computed as follows: 

14 

15 

16 

17 

18 

19 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

(B .2-2) 33 

34 

No. 48 P95 = f + q.95 * s 
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. . . . . . . . . . . . . . . 

CONSTITUENTS ELIMINATED BASED INITIAL TOXICOLOGICAL SCREENING" 

Surface Soil Subsurface Soil Surface Water - Sediment - - 

ACTIVE FLYASH PILE 
~~ 

Calcium' Aluminum' 
~~ 

Calcium' 
~~ 

Calcium' 
Iron' Iron' Iron' Magnesium' 

Potassium' 2-Chlorophenolb Manganese' Ammoniae 
Sodium' 4-Chloro-3-methy lphenolb Potassium' Chloridee 

4-Nitrophenolb Selenium' Fluoridee 
Di-n-octy lphthalateb Silicond Nitratee 
1,l  -Dichloroethaneb Sodium' Phosphorouse 
1,l  -Dichloroetheneb Alkalinitye Sulfatee 
1,2-Di~hlrorethane~ Ammoniae Total Organic 
2-Hexanoneb Chloridee Nitrogene 
Benzeneb Fluoridee 
Bromomethaneb Nitratee 
Chloroethaneb Phenolse 
Chloro formb Phosphorouse 
Vinyl chlorideb Sulfatee 
Xylenes, totalb Sulfidee 

-Mag*esiumc so.diumc- - - - - _ _ _  - -- ------- 
Sodium' - - - - - Magnesium' 

Total Kjeldahl Nitrogene 
Total Organic 
Carbone 
Total Organic 
Halidese 
Total Organic 
Nitrogene 
Total Phosphorouse 

SOUTFI FIELD 
Aluminum' Sodium' 
Calcium' Total Organic Carbone 
Iron' 
Magnesium' 
Potassium' 
Sodium' 

a See footnotes at end of table 
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AlUminUDl' 
Calcium' 
Magnesium' 
Potassium' 
Silicon' 
Sodium' 
Alkalinitye 
Chloridee 

B-67 

Aluminum' 
Calcium' 
Iron' 
Magnesium' 
Potassium' 
Sodium' ' 
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TABLE B.2.2.F 
(Continued) 

Surface Soil Subsurface Soil Surface Water Sediment 

SOUTH FIELD (Continued) ~- 

Fluoridee 
Phosphorouse 
Sulfatee 
Total-Kjeldahl-Nitrogene~ - _ _  - - -- -- - - - __ . __  - _ _ -  ---- - --- - -- ----- 

Total Organic Carbone 
Total Organic Nitrogene 
Total PhosDhorouse 

INACTIVE FLYASH PILE 
Calcium' Sodium' Aluminum' 
Potassium' Total Organic Carbone 
Sodium' 
Fluorene' 

Calcium' 
Iron' 
Magnesium' 
Potassium' 
Sodium' 
Alkalinitye 
Ammoniae 
Chloridee 
Fluoridee 
Nitratee 
Phosphorouse 
Sulfatee 
Total Kjeldahl Nitrogene 
Total Organic Carbone 

Total Organic Halidese 

Total Organic Nitrogene 

Total Phosphorouse 

Aluminum' 
Calciumc 
Iron' 
Magnesium' 
Potassium' 
Silicond 
Sodium' 
Alkalinitye 
Ammoniae 
Chloridee 
Fluoridee 
Nitratee 
Phosphorouse 
Sulfatee 
Total Kjeldahl 
Nitrogene 
Total Organic 
Carbone 
Total Organic 
Halidese 
Total Organic 
Nitrogene 
Total Phosphorouse 

SOLID WASTE LANDFiLL 
Aluminum' Aluminum' Silicon" Calcium' 
Calcium' Potassiumc Magnesium' 
Iron' Sodium' SodiumC 
Magnesium' Acenaphthyleneb 

See footnotes at end of table 
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TABLE B.2.2.F 
(Continued) 

Surface Soil Subsurface Soil Surface Water Sediment 

SOLID WASTE LANDFILL - (Continued) - - - - - 

Potas s iumc Carbon Disulfideb Alkg1initZe 
Silicond Dichlorodifluoromethaneb Chloridee 
SodiumC Pyridineb Fluoridee 

- _ _  _ _ _  _ _  _ _  - - -styreneb - - _. _- - __ - - -Nitratec- 

Trichloro fluorornethaneb Phosphorouse 
Vinyl chlorideb Sulfatee 
Sulfidee Total Kjeldahl Nitrogene 
1 ,2,3,4,6,7,8-heptachlorodibemfuranb 
1,2,3,5,6,7,8-heptachlorodibenzo-p- 
dioxinb 
Endosulfan sulfate 
Endrin aldehydeb 
Total Organic Carbone Total Organic Carbone 
Endosulfan IIb Total Organic Halidese 

Total Organic Nitrogene 
Total Phosphorouse 

LIME SLUDGE PONDS' 
Aluminumc AlUminUIllC 
Calciumc IronC 
IronC PotassiumC 
MagnesiumC Silicond 
PotassiumC 1,l -Dichloroethaneb 
Silicon" 2-Butanoneb 
SodiumC Idornethaneb 

a 

aConstituents were eliminated based on the first four toxicological screening criteria (i.e., detected once in one 
medium; macronutrient/micronutrient that is nontoxic; ubiquitous in nature; and nonspecific class of compounds). 
bConstituent was removed because it was detected only once in one medium (not detected in any other media). 
CConstituent was removed because it is an essential macronutrient and macronutrient that is nontoxic at the levels 
identified (e.g., Al, Na, K, Mg, Ca, Fe). 
dConstituent was removed because it is ubiquitous in nature and considered to become nontoxic (e.g., AI, Si, CI). 
eConstituent was removed because it is from a nonspecific class of chemical compounds (e.g., TOC, TPH, PAH, 
CH, and general aqueous chemicals). 
fConstituents in the subsurface soil column are from waste material in the Lime Sludge Ponds. 

, No. 47 

a 
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i 
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3 

. . . . . . . . . . . . . . . . . . . . . 

12 

13 

14 

15 

16 

17 

18 

19 

m 

... 

26 

27 

28 

29 

No. 48 30 

31 

32 a 33 
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CONSTITUENTS ELIMINATED BASED ON SECONDARY @PA RAGS, PART B) 
TOXICOLOGICAL SCRJ3ENING' 

__ - -. - - .  _ _  

Surface Soil Subsurface Soil 
ACTIVE FLYASH PILE 

Cadmium 
chromium 
Cobalt 
Cooper 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Vanadium 
zinc 
Uranium-total 

Cadmium 
chromium 

1 Cobalt 
Copper 
Cyanide 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 
zinc 
Uranium-total 
Benzoic acid 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Naphthalene 
Pentachlorophenol 
Phenol 
Bis(2-Ethylhexy1)phthalate 
1,1,1 -trichloroethane 
2-butanone 
2-methyl-2-pentanone 
Acetone 
Carbon disulfide 
Chloromethane 
Methylene chloride 
Toluene 

S O W  FIELD 
Antimony BariUIXl 
Barium 
chromium 
Copper 
Cyanide 

Cadmium 
chromium 
Copper 
Cyanide 
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TABLE B.2-21 
(Continued) 

Surface Soil Subsurface Soil 

_ _  - - SOUTH FIELD (Continued) _. 

- 

Manganese 
Molybdenum 
Nickel 

_ _  _ _  - - -Selenium- . -. __  - _. - - _. - __ _- - - 

Silver 
Vanadium 
zinc 
Uranium-total 
Endrin ketone 
Acenapthene 
Acenaphthylene 
Anthracene 
Benzoic acid 
Carbazole 
Chrysene 
Dibenzofuran 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Pyrene 
Bis(2-Ethylhexy1)phthalate 
Acetone 
Methylene chloride 

. . . .  

FER\CRU2FS\VDR\TABB2-2lEeptember2, 1994 951m 

Mercury 
Molybdenum 
Silver 

______Vanadium - ---- -- - - - - - -  - 

4-methylphenol 
Acenaphthalene 
Anthracene 
Benzo(g , h, i)pery lene 
Bern@) fluoranthene 
Benzoic acid 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(a, h)anthracene 
Diethyl phthalate 
Fluoranthene 
Indene( 1,2,3Cd)pyrene ~ 

Isophorone 
Naphthalene 
Phenol 
Pyrene 
Bis(2-Ethylhexy1)phthalate 
1 , 1 , 1 -trichloroethane 
2-butanone 
2-hexanone 
2-methyl-2-pentanone 
Acetone 
Carbon disulfide 
Chlorobenzene 
Chloroform 
Chloromethane 
Methylene chloride 
Styrene 
Tetrachloroethane 
Toluene 
Trichloroethaue 
Vinyl acetate 

B-2-95 
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TABLE B.2-21 
(Continued) 

INACTIVE FIYASH PILE 

Barium 
Cadmium 
Copper 
Cyanide 
Magnesium 
Molybdenum 
Selenium 
Silver 
Vanadium 
Uranium-total 
Acenaphthalene 
Acenaphthy lene 
Anthracene 
Carbazole 
Dibenzofuran 
Naphthalene 
2-butanone 
Acetone 
Toluene 

FER\CRU~FS\VDR\TABB~-~I~CP~~I~~IX~. 1994 9 5  lam 

Barium 
Cadmium 
Chromium 
Copper 
Cyanide 
Mercury 
Molybdenum 
Silver 
Vanadium 
4-methylphenol 
Acenaphthalene 
Anthracene 
Benzo(g ,h,i)perylene 
Be=@) fluoranthene 
Benzoic acid 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo( a, h)anthracene 
Diethyl phthalate 
Fluoranthene 
Indene( 1,2,3-cd)pyrene 
Isophorone 
Naphthalene 
Phenol 
Pyrene 
Bis(2-Ethylhexy1)phthalate 
1,1,1 -trichloroethane 
2-butanone 
2-hexanone 
2-methyl-2-pentanone 

B-2-96 
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TABLE B.2-21 
(Continued) 

Surface Soil Subsurface Soil 

~ __ .. INACTIVE J?LYASH PILE (Continued) - .  
~ ~ 

~ .. 
Acetone 
Carbon disulfide 
Chlorobenzene 

-~ ~. - - .- ._ - - -Chloroform ---- -. - 

Chloromethane 
Methylene chloride 
Styrene 
Tetrachloroethane 
Toluene 
Trichloroethane 
Vinyl acetate 
Xylenes total 
Endrin ketone 
Alpha-chlordane 
Gamma-chlordane 

SOLID WASTE LANDFILL 
Barium Barium 
Chromium Cadmium 
Copper 
Molybdenum 
Nickel 
Selenium 
Silver 
Vanadium 
zinc 
Uranium-total 
Acenaphthene 
Anthracene 
Benzo(f)fluoranthene 
Bis(2-Ethylhexy1)phtalate 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Dibenzofuran 
Fluoranthene 
Fluorene 
Pyrene 

Chromium 
Copper 
Cyanide 
Mercury 
Molybdenum 
Nickel 
Selenium 
Thallium 
Vanadium 
Uranium-total 
2-chlorophenol 
Acenaphthalene ' 
Anthracene 
Benzo(f)fluoranthene 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzofuran 
Diethyl phthalate 
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TABLE B.2-21 
(Continued) 

Surface Soil Subsurface Soil 

- SOLID WAS'I'E LANDFILL (Continued) - 
. -  

2-butanone 
Acetone 
Bromomethane 

__ Chloromethane-. - _ _  __ - . ~- __ 

Di-n-butyl phthalate 
Bis(2-Ethylhexy1)phthalate 

Fluoranthene 
Fluorene 
Naphthalene 

Pyrene 
Bis(2-Ethylhexy1)phthalate 
Di-n-butyl phthalate 
Diethyl phthalate 
1,l -dichloroethane 
1,2dichloroethane 
1 ,Zdichloroethene 
2-butanone 
2-hexanone 
4-methyl-2-pentanone 
Acetone 
Benzene 
Chlorobenzene 
Chloromethane 
Ethylbenzene 
Methylene chloride 
Tetrachloroethane 
Toluene 
Xylenes, total 

-Phenol - - _ _ _ _  - - - -- - - - - --- -- 

4,4'-DDD 
Endrin ketone 

LIME SLUDGE PONDS 
Barium Antimony 
Cadmium Barium 
Chromium Boron 
Copper Cadmium 

Mercury Cobalt 

Nickel Cyanide 
zinc Manganese 

Cyanide chromium 

Molybdenum .4 Copper 

Anthracene 
BenzoQfluormthene 
Carbazole 

f 

Mercury 
Molybdenum 
Nickel 
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TABLE B.2-21 
(Continued) 

Surface Soil Subsurface Soil 

Chrysene 
Di-n-butyl phthalate 
di-n-octyl phthalate 

fluoranthene 
pyrene 
acetone 
toluene 

- -dibemf!lran- - ~ - _- 

LIME SLUDGE PONDS (Continued) - -  

Selenium 
Silver 
Thallium 

- __ ~- - ----Vanadium _ _ _  _. . - - - - - -- -- 

zinc 
Uranium-total 
Anthracene 
Benzo(a)anthracene 
Benzo( k) fluoranthene 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Fluoranthene 
Pyrene 
Bis( 2-Ethylhexy1)phalate 
2-hexanone 
Acetone 
Acetonitrile 
Hexane 
Methylene chloride 
Toluene 

aConcentrations and RAGS PRGs are located in Attachment B.III [Tables B.3-1-2(a), B.3.2-2(a), B.3.3-2(a), 
B.3.4-2(a), and B.3.5-2(a)]. 

Nos. 56, 47 
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In addition to being exposed to contaminated irrigation water and dust, vegetables, fruit, and livestock 

feed may be contaminated by root uptake from contaminated soil or waste. A contribution via this 

pathway is accounted for in the irrigation model; however, this pathway is also considered for areas 

0 
- - __ - __ _. - that - - are - - not - irrigated-with contaminated -water but-that exhibit-su-face-soil contamination.from- - - - - 

historical deposition on the soil by various means. The following equation can be used to calculate 

the constituent concentration in the plant from root uptake of constituents already in the soil (DOE 

where: 

C, = (C,i)Biv(2)e 

, 

(B .2- 1 2 ~ )  

Csvi = concentration of i" contaminant in food crops (pCi/g, rad)$$ . ...... . . . . . . (mg/kg, 
chem) 

= concentration of i" contaminant in soil (pCi/g, rad) @@(mg/kg, chem) 

= dry soil to dry plant partitioning coefficient of i" contaminant in food 
crops (CJCS) 

. Csi :.:.:.:.:.'.'. 

B,,) 

th = duration of period between harvest and consumption mQ 

: The total concentration of contaminants in vegetables and fruit (C,) is calculated with the following 

equation: 

iv = CWi + c,i + c,i (B.2-13) 

. .  

a 
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DERMAL ABSORPTION DOSE CHEMICAL SPECIFIC VALUES 
FOR DA EQUATIONS 

~ ~~ 

INORGANICS 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium (food) 

Cyanide 

Lead 

Manganese 

Nickel 

Selenium 

Thallium 

1.0 x 10-3 NA ' NA 

1.0 x 10-3 NA NA 

1.0 x 10-3 NA NA 

1.0 x 10-3 NA NA 

1.0 x 103 NA NA 

1.0 x 103 NA NA . 

~ 

NA NA 

NA NA 

NA NA 

NA . NA 

NA NA 

NA NA 
~ ...................... 
.>:;.>: ... ::@gg@::.:.>: ..................... :.:.: NA NA NA NA 

1.0 x 103 NA NA NA NA 

1.0 x 103 NA NA NA NA 

1.0 x 10-3 NA NA - NA NA 

1.0 x 10-3 NA NA NA NA 

VOLATILE ORGANICS 

1,1,2-Trichlorotriflu~roethane~ 4.76 x 1.22 x lo+' 2.43 x lo+' 1.48 x 1.48 x 

1 ,2-Diethylbenzenec 5.76 x lo-' 0.00 x lo+' 

Acrylonitrile 1.84 x lo-' ... 

1 ,4-Dioxane 3.60 x lo4 3.02 x 10' 7.20 x I@' 5.40 x lQ5 3.80 x 10' 
1.70 x 10" j$ 

SEMWOLATILE ORGANICS ' 
2-Methylnaphthalenec 1.42 x 10' 
4-Methylphenolc 9.33 x 103 

Benzo(a)pyrene 1.20 x lo+' 
Benu>(b)fluoranthene 1.20 x lo+' 
Benzo(g,h, i)pyrenec 5.37 x lo+' 
Benzo(k)fluoranthene' 3.97 x lo+' 

Benzo(a)anthracene 8.10 x lo-' 

See footnotes at end of table 
0 

FER\CRU~RI\VDR\APP-B\TAB~-~C.NEW\AU~US~~~. 1994 8:40m 

6.45 x lo4 
3.99 x 10' 

Srn @@@ 

2.15 x 10'' 
...e ........................... : ....... :.:..:.:::: ........ 

3.01 x lo+' 
4.22 x 10" 
3.01 x 10" 

.................................... 

B-2- 154 

4.87 x lo+' 7.24 x lo-' 7.24 x 10'' 
7.97 10-1 7.94 x 103 7.94 x io+' 
1.02 io+' 4.57 x io+' 4.57 x 10+5 
1.42 x lo+' 1.26 x 1.26 x 
1.42 x 10" 1.32 x .1.32 x 
1.99 x lo+' 1.70 x 1.70 x lo+' 
1.42 x lo+' 6.92 x 10'' 6.92 x 

000212 



TABLE B.2-6A 
(Continued) 

FEW-ouo2-6 FINAL 
September 6, 1994 

Bis(2-ethylhexy l)phthalateC 6.23 x lo" 2.11 x lo+' 4.22 x lo+' 5.30 x lo4 5 . 3 0 ' ~  10+O 

CarbazoleC 3.94 x l o2  9.16 x lo-' 3.79 x lo+' 1.95 x 10' 1.95 x 
__ __ _ - __  

- __ . __ . - - -Dibenzo(a,h)anthracene-- - -- - 2.70 x lO+O- -4134 x-lO+O- L2;05-x-10+' --- 6;92-X10+2 6.92 x-10f6 

Indeno( 1,2,3-~d)pyrene 1.90 x 10+O 4.22 x lo+' 1.99 x lo+' 3.80 x lo+* 3.80 x 
.... . ... 

Phenanthrene 2.30 x lo-' 1.07 x loco 3.72 x 10+4 

Tributyl phosphate' 3.14 x 3.67 x lofo 3.08 x lo+' 1-00 x 10" 1-00 x 

PESTICIDElPCBS 

Aroclor-1254' 6.19 x lo-' 5.14 x 10" 2.43 x 10" 1.07 x 1.07 x 

Aroclor-1260' 3.84 x 10+O 5.14 x lo+' 2.42 x 10" 1.40 x 1.40 x 

Dieldrin 1.60 x l o 2  1.84 x lo+' 3.68 x lo+' 4.56 x lo4 4.56 x 10+O 

Heptachlorodibenzo-p-dioxinc 8.69 x 10+O 8.05 x 10+O 3.80 x lo+' 8.32 x 8.32 x 

Heptchlorodibenzofuranc 1.37 x 10+O 8.05 x lo+' 3.80 x 10" 1.58 x 1.58 x 

Octachlorodibenzo-p-dioxin' 2.64 x lo+' 8.05 x lofo 3.80 x lo+' 3.98 x 3.98 x 
Tetrachlorodibenzofanc . 4.60 x lo+' 3.80 x lo+' 3.40 x 10'' 3.40 x 3.40 x 

aEPA 1992f, the default value for inorganics is 1 .O x lo3, the experimental value for cadmium. Organic &s were 
estimated using the regression equation: Log K, = 02.72 + 0.71 Log K, - 0.0061 MW. 

bEPA 1992f, "Dermal Exposure Assessment: Principles and Applications." calculated from this guidance. 

cParameters (Kp TAU, t*, and B) calculated using appropriate equations in the de& exposure assessment, EPA 
1992f. 

No. 48, 59 

O O O i 1 3  
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DERMAL ABSORPTION DOSE CHEMICAL SPECIFIC VALUES 
USED IN EXPOSURE MODEL 

.. 
~ _ _  Soil Absorhtion 

Coefficient TOA t* 

Parameter Kp ( c m w  (unitless) (hr) (hr) 

_ _ _  ~ ~ADIOLOGIC AL - -  
Thorium-total 1.0 x 103 1.00 x 102b 

Uranium-total 1.0 x 10-3 1.00 x lo= 

INORGANICS 

Antimony 1.0 x 103 1.00 x lo= 

Arsenic 1.0 x 10-3 1.00 x io-3b 

Barium 1.0 x 103 1.00 x 10-3b 

Beryllium 1.0 x 10-3 1.00 x 10Zb 

Cadmium (food) 1.0 x 10-3 1.00 x lo-= 

Manganese 1.0 x 10-3 1.00 x 10-2b 

Nickel 

Lead 

Thallium 

1.0 x 103 

1.0 x 103 

1.0 x 103 

1.0 x 10-3 

1.0 x 10-3 

1.00 x lo4 

1.00 x 10-2b 

1;oo x lo-= 

1.00 x lo= 

1.00 x lo-= 

VOLATILE ORGANICS 

1.1,2-Trichlorotrifluoroethane 4.76 x 10" 3.00 x 10-'b 1.22 x 10+0 2.43 x lo+' 

1 ,2-Diethylbenzene 3 . 0 0 , ~  10Ib 5.76 x lo-' 

1,4-Dioxane 3.60 x lo4 3.00 x 10-'b 3.02 x 10' 6.04 x lo-' 

Acrylonitrile 1.40 x 10-3 3.00 x 10-'b 1.84 x 10" 3.69 x lo-' 

SEMTVOLATILE ORGANICS 

2-Methylnaphthalene 1.42 x lo-' 3.00 x 6.45 x 10" 4 . 8 7 ' ~  lo+' 

4-Methylphenol 9.33 x 10-3 3.00 x 3.99 x 10" 7.97 x 10-1 

Benzo(a)anthracene 8.10 x lo-' 3.00 x 10-'b 2.15 x lo+' 1.02 x lo+' 

Benzo(a)pyrene 1.20 x lo+' 3.00 x 10-'b 3.01 x lo+' 1.42 x lo+' 

Bern@) fluoranthene 1.20 x lo+' 3.00 x 3.01 x lo+' 1.42 x lo+' 

Bem(g ,h,i)perylene 

Benzo(k)fluoranthene 3.97 x lo+' 3.00 x 3.01 x lo+' 1.42 x lo+' 

5.37 x lo+' 3.00 x 4.22 x lo+' 1.99 x lo+' 

See footnotes at end of table 
000214 
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TABLE B.2-6C 
(Continued) 

Soil Absorption 
Coefficient TOA t* 

~~ Parameter .. . X, (cIp/br) ~ .- (unitless)-- ~~. --(lu- ~. ~ . _ ~  (hr). ~ ~ _. . ~ 

SEMIVOLATILE ORGANICS (Continued) 

Bis(2ethylhexyl)phthalate 6.23 x 10-3 4.00 x 103b 2.11 x lo+' 4.22 x lo+' 

Carbazole 3.94 x10-2 3.00 x _ _  -9.16 x 102 _ _  - -3.79.~ 1 0 + L  - -- - - -- 

Dibenzo(a, h)anthracene 2.70 x lo+' 3.00 x 10Ib 4.34 x 10+0 2.05 x lo+' 
. - - - -  -- 

Indeno(l,2,3-cd)pyrene 1.90 x 10+O 3.00 x 10-1b 4.22 x 10+O 1.99 x lo+' 

Phenanthrene 2.30 x lo-' 3.00 x 10-Ib 1.07 x 10+O 5.41 x-lO+O 

Tributyl phosphate 3.14 x 1Q2 3.00 x 3.67 x 10+O 3.08 x lo+' 

PESTICIDEE'CBS 

Aroclor-1254 

Aroclor-1260 

Dieldrin 

Heptachlorodibenzo-p-dioxin 

Heptchlorodibenzofuran 

Tetrachlorodibenzo-p-dioxin 

Tetrachlorodibenzofuran 

~~~ 

6.19 x lo-' 6.00 x 

3.84 x lo+' 

1.60 x 10" 6.00 x 

8.69 x 10" 3.00 x 

1.37 x lo+' 3.00 x 

2.64 x 10+O 3.00 x 

6.00 x IOZb 

3:00 x 10-2b 

3.00 x 10-2b 

3.00 x 10-2b 4.60 x 10" 

5.14 x 10+O 

5.14 x 10+O 

1.84 x lo+' 

8.05 x 10+O 

8.05 x 10+O 

8.05 x loco 

3.67 x 10+O 

2.43 x lo+' 

2.42 x lo+' 

3.68 x lo+' 

3.80 x lo+' 

3.80 x lo+' 

3.80 x lo+' 

3.67 x 10+O 

3.80 x lo+' 3.40 x 10+3 

~ ~~ 

aWester et al. (1991). 

bEPA 19938 a, Memorandum from ECAO to EPA Region V, 7/21/93, including Attachments 1-6. 

, No. 48 

00021s 
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induces an observable adverse effect. The toxic effect characterized by the LOAEL is referred to as 

the "critical effect". To derive an RfD, the NOAEL (or LOAEL) is divided by uncertainty factors to 

ensure that the RfD will be protective of human health. Uncertainty factors are applied to account for 

1 

2 

3 

_ _  -(1) extrapolation of data-from laboratory animals to humans (interspecies extrapolation), (2) variation - -4- - - 

in human sensitivity to the toxic effects of a compound (intraspecies differences), (3) derivation of a 

the-LOAEL rather than the NOAEL. -In addition to these uncertainty factors; modifying factors 

between 0 and 10 may be applied to reflect additional qualitative considerations in evaluating the data. 

For most compounds, the modifying factor is 1. 

5 

chronic RfD based on a subchronic rather than a chronic study, and/or (4) derivation of an RfD from 6 

7 
- - -- - --- - - __ - __ -. 

8 

9 

10 

Separate RfDs are needed for ingestion and inhalation pathways. EPA (1992b) presents reference 

concentrations 

1 1  

for the inhalation route. Inhalation noncancer toxicity values are usually 12 

expressed as inhalation concentrations (RfC) in units of mg/m3. 

characterization requires an estimate of dose in units of mg/kgday, the inhalation RfC must be 

'converted to an inhalation RfD. 

Because noncancer risk 13 

14 

This is done by assuming humans weigh 70 kg and inhale 20 m3 of 15 

air per day (Le., the inhalation RfC (mg/m3) multiplied by 20 m3/day and divided by 70 kg yields an 16 

inhalation RfD (mg/kg-day)). 17 a 
18 

19 The primary source of values for RfDs are the Integrated Risk Information System (IRIS) and the 

No. 48 HEAST compiled and maintained by the EPA (EPA 49% 1992a, 1993b). 

values were also consulted, when available. Surrogate chemicals were not used for derivation of an 

RfD unless the chemical similarity was close and the derivation was highly defensible. 

RfDs are derived from oral RfDs, the oral target organ is adopted as the dermal target organ. 

for noncarcinogenic CPCs in Operable Unit 2 are presented in Table B.2-7. 

B.2.5.1.2 Chemical Carcinogens 26 

Other EPA sources of RfD 20 

21 

Since dermal 

RfDs 

22 

23 

24 

25 

The toxicity information considered in the assessment of potential carcinogenic risks includes (1) a 

weight-of-evidence classification and (2) a slope factor. The weight-of-evidence classification 

evaluation of available data from human and animal studies. A chemical may be placed in one of 

n 

28 

29 

30 

qualitatively describes the likelihood that a chemical is a human carcinogen and is based on an 

three groups in EPA's classification system to indicate its potential for carcinogenic effects: 

Group A, a human carcinogen; Group B1, or B2, a probable human carcinogen; and Group C, a 

31 

32 

33 possible human carcinogen. Chemicals that cannot be classified as human carcinogens because of a 
OOOL16 
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lack of data are placed in Group D, and those for which there is evidence of noncarcinogenicity in 

humans are placed in Group E. 

i 

2 

3 

4 

5 

6 

_ _ _  - The cancer slope factor is the toxicity-value used to-quantitatively express the carcinogenic risk of 

cancer-causing constituents. It is defined as the upper-bound estimate of the probability of cancer 

- carcinogenicity in humans and/or laboratory animals-and-are- typically calculatd for compounds-in 

Groups A, B1, and B2. Slope factors are specific to a chemical and route of exposure and expressed 

in units of (mg/kgday)-' for both oral and inhalation routes. The induction of cancer by dermal 

absorption is evaluated using oral slope factors. Inhalation cancer toxicity values are usually 

expressed as inhalation unit risks in units of reciprocal pg/m3 (l/pg/m3). 

characterization requires an estimate of reciprocal dose in units of l/mg/kg-day, the inhalation unit 

incidence per unit dose averaged over a lifetime. Slope factors are derived from studies of 
__  - - - - - - - __ 

1 
- - 

8 

9 

IO 

1 1  Because cancer risk 

12 

risk must be converted to the mathematical equivalent of an inhalation cancer slope factor, or risk per 

unit dose (mglkgday). This is done by assuming humans weigh 70 kg and inhale 20 m3 of aidday 

(Le., the inhalation unit risk (l/pg/m3) divided by 20 m3/day, multiplied by 70 kg and multiplied by 

1000 pg/mg yields the mathematical equivalent of an inhalation slope factor (l/mg/kg-day)). Slope 

factors for CPCs are presented in Table B.2-8. The primary sources of these toxicity values are 

EPA's IRIS (EPA 4993 1992a) and the quarterly updated HEAST (EPA 1993b). Other EPA sources 

of cancer slope factors were also consulted when available. Surrogate chemicals were not used for 

cancer slope factor derivation unless the chemical similarity was close and the derivation was highly 

defensible. 

No. 48 

The following exceptions, where information from one chemical was used to model a compound 

class, are noted: 

0 The carcinogenicity of all polychlorinated biphenyl (PCB) isomers is assumed to be 
equal to the carcinogenicity of Aroclor-1260 because dose-response data for other 
isomers are inconclusive. 

0 The carcinogenicity of dioxins and furans are determined using EPA's revised 1989 
"Toxicity Equivalency Factors" (TEF) (EPA 1990e). These TEFs were determined 
with the basic assumption that all dioxins and furans are carcinogenic. 

0 The carcinogenicity of PAHs is determined initially using the benzo(a)pyrene cancer 
slope factors, and refined using a relative potency approach (Clement 1988, 1990). 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
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TABLE B.2-12 
(Continued) 

. Dioxins/furans 0.51 ND 3.00 x 10s 

the Toxicit; Profile for this chemical in Attachment a. .... 

bND - Not derived. 

%PA 1989a, "Risk Assessment Guidance for Superfund, Volume, Human Health Evaluation Manual (Part A)", 
EPA/540/1-89/002, ,pp. A-2 to A-3. 

dThe carcinogenicity of uranium is due to its radioactivity rather than chemical toxicity; its cancer potency due to 
penetrating external.radiation is presented in Table B.2-11. 

eSection B.2.5.2. 

fJones, T.D. and B.A. Owen, 1989, "Health Risks from Mixtures of Radionuclides and Chemicals in Drinking 
Water", Oak Ridge National Laboratory, Oak Ridge, Tennessee, ORNL-6533. 

gEPA 1993a, Memorandum from ECAO to EPA Region V, 7/21/93, including Attachments 1-6. 

hATSDR 1990a, "Toxicological Profile for 2,3,7,8-Tetrachlorodibenzo-p-dioxin, " Draft for Public Comment, U.S. 
Public Health Service, Atlanta, Georgia. 

t kNA - Not appropriate 

Comment No. 48 
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In compliance with EPA guidance (EPA 1989a), the noncarcinogenic HIS summed across pathways 

were compared to "unity." An HI of unity (or 1.0) indicates that the exposure intake is equal to the 

RfD. If the HI is greater than 1.0 or "above unity," there is concern for potential health effects. 

Major categories of noncarcinogenic health effects include neurotoxicity, developmental toxicity, 

reproductive toxicity, immunotoxicity, and adverse effects on target organs, such as hepatic, renal, 

respiratory, cardiovascular, and dermal/ocular problems (EPA 19898 f,. 
- - . -  - ~ _ _ _  . - 

B.2.6.4 Risk Characterization for Backmound 

All site-related risks in the risk assessment are calculated without subtracting the contribution from 

natural background. In some areas in Operable Unit 2,  the concentrations of CPCs are only slightly 

above background levels. Therefore, it is important to calculate the risks fiom background 

contributions to provide a point of comparison for the site-related risk estimates. 

Many of the constituents selected as CPCs for Operable Unit 2 are naturally occurring. Therefore, it 

is informative to estimate what the risk due to these CPCs might be if they were present within each 

subunit at naturally occurring, or background, concentrations. 

Calculation of background risks of CPCs used one of two methods. Figure B.2-7 illustrates how the 

exposure point concentrations for each subunit were chosen. Background risks associated with direct 

contact to CPCs present in soil or groundwater were estimated using a proportion based on the 

assumption that the relationship between riskhazard and CPC concentration in groundwater or soil is 

linear, such that: 

where: 

cs = on-site constituent concentration 

CB = background constituent concentration 

Rs = on-site carcinogenic risk or non-carcinogenic hazard 

RB = background carcinogenic risk or non-carcinogenic hazard 
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- 4  - - 
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i 

2 

. . _ _  ~ ~ - ~ . -. - . . . . ~ _ ~ .  - - . -  .~ . ~~. . .  - - -  

Many of the quantities used to calculate exposures and risks in this report are selected from a 

distribution of possible values. For the .RME scenarios, the value representing the 95th percentile is 

- - _ ~ -  ~ - .  - .generally~selected-for-each parameter- -to-assure-that-the-assessment-bounds the-actual risks from a- 

postulated exposure. This risk number is used in risk management decisions, but does not indicate 

what a more average exposure might be, or what risk range might be expected' for individuals in the 

exposed population. To address these issues, a risk estimate closer to the CT is presented for the 

maximally exposed individual using the CT scenario. The range of risk for this receptor from the CT 

scenario to the RME scenario seeks to incorporate the range of uncertainty regarding intake 

3 

-4- -. . 

5 

6 

_ _  - 
7 

13 

14 

15 

16 

17 

18 

19 

m 

21 

B.2.7.6 Uncertainty in Toxicity Assessment 

Uncertainty associated with the toxicity assessment is associated with hazard assessment and dose- 

response evaluations for CPCs. The hazard assessment deals with characterizing the nature and 

strength of the evidence of causation, or the likelihood that a chemical that induces adverse effects in 

animals will induce adverse effects in humans. Hazard assessment of carcinogenicity is evaluated as a 

weight-of-evidence determination, using either the IARC (1987) or EPA (1986b) methods. Positive 

animal cancer test data suggest that humans contain tissue(s) that may also manifest a carcinogenic 

response; however, the animal data cannot necessarily be used to predict the target tissue in humans. 

In the hazard assessment of noncancer effects, however, positive animal data suggest the nature of the 

48 effects (Le., the target tissues and type of effects) anticipated in humans (EPA 1989efl. e 
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modeling results as described in the methodology section and in Appendix A and Section 5.0 of this 

RI report. 2 

I 

3 

- .  The risks and~hazards .calculated for the trespassing youth exposed to contaminants in- 

are presented in Table B.3.1-4 . Total risk due to exposure to all CPCs in 5 

. This is primarily due to external radiation from 6 

7 
.for.wh.ich ri~sks.of-w- - ---- - - - -- -No.- 60.- - radium-226; radium-228, -thorium-228, 

' 8  

calculated, respectively. 9 

Total chemical hazards calculated for a IO ............................................................................. 

trespassing youth exposed to CPCs from active flyash material did not exceed a HI of 1.0. 

Risks and hazards due to exposure to surface water for this receptor are presented in Table B.3.1-5 

. Total risk due to exposure to all CPCs in surface water did not exceed the 4435 

:. Total HI for surface water 
was well Mew 1.0. 

B .3.1.3.2 Current Off-ProDertv Farmers 
.............................. 
is NO ........................... €4-229 ..... :.::.:.:.: ...... Risk was characterized for the current off-property farmer and resident child contacting CPCs via 

inhalation of airborne particulates, ingestion of contaminants in airborne particulates via €hi?i-~ 

deposition on homegrown produce, and thek uptake in milk or beef from livestock grazing on 

particulates deposited on off-site grasses. For all of these routes of exposure, the exposure point 

I I  

12 

13 

14 

15 

16 

17 

IS ' 

19 

20 

21 

22 

23 

concentration was based on air modeling results as described in Section B.2.0 of this appendix and 24 

Appendix A and Section 5.0 of this RI report. 25 

26 

Risks and hazards due to surface soil e calculated for the current off-property farmer and resident 27 

................ . . . .  
child are presented in Tables B.3.1-6 and B.3.1-7, respectively . The risk and HI 28 ' 

associated with inhalation of all CPCs in airborne soil-particulates was 
much less than 1.0 for the farmer, respectively. 

and 29 

The risk and HI calculated for the off-property 30 
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,5894 B.3.2.2 Constituents of Potential Concern 

The CPCs quantified for South Field surface soil, subsurface soil, 

are summarized in .Tables B.3.2.2(a), respectively (Attachment In). 
CPCs quantifi.&for-So.uth_Field--.. 

0 in Attachment 

..are-summarized .in-Table-B .3 .k2(c)-aAB - -- - 

111. Table B.3.2-3 summarizes CPCs for the South Field by medium. 

~ B.3 -2.3 -Risk. characterization for-(?ument-Land-use- - -~ - .- - -~ -~ - - - - - - -. 

The scenarios characterized for the South Field assuming continued DOE ownership 

are a trespassing youth; the off-property farmer and resident child using food 

products from livestock grazing off-property and from produce grown off-property ; 

5 

6 

--7 

8 

9 

10 

groundskeeper exposed to on-site contaminant concentrations; 11 

I2 

13 

14 

IS 

B.3.2.3.1 TresDassinn Youth 16 

Risk was characterized for a trespassing youth on the South Field exposed to CPCs via ingestion and 17 

dermal contact with surface soil, sediment, and surface water located on the subunit; external 

radiation from exposure to on-subunit surface soil; and inhalation of on-subunit airborne soil 

particulates. Exposure point concentrations for exposure to soil, 20 

were based on analytical data from South Field soil samples 

inhaled particulate concentration 22 

18 

19 

21 

on ak modeling results as described in Section B.2.0 of this appendix 23 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
24 

25 

Risks and hazards calculated for the trespassing youth exposed to CPCs in surface soil on the South 26 

Field are presented in Table B.3.2-4 ( . The total risk due 27 

receptor was &I external radiation e 28 

29 - 4 4  - / . I  7 R " L 14 - J , -6 

30 

No. 61 3 1  

32 
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TABLE B.3.2-30 
CARCINOGENIC RISK ASSOCIATED WITH 

INDOOR RADON: SOUTH FIELDa 

____ _ _ _ _  ~ ______  ___________  - _ _  - 

RME Risk-based on EPA 
Type Structure RME CT Child Action Levelb 

House with 
Basement 2.3 x lod 2.3 x 10-7 1.9 x 10-7 1 .1  x lo-* 

aResults obtained from Indoor Radon Modeling Studies (Attachment I) using radon-226 concentrations 
in South Field subsurface soil 

bEPA Action level of 4 pCi/L (ASTDR 199Of) 

Comment No. 48 
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4W=k by livestock 
a 

Total 

was-below 1.0, b&+h child. w- 

(3 estimates -of risk -for the future -on-property   resident -farmer associated-with- exposures- t6 surface- - -  

soil, groundwater, homegrown produce, and beef and milk are given in Tables B.3.2-23, B.3.2-24, 

B.3.2-25, and B.3.2-26, respectively ( 

due predominantly to external radiution from radium-226 and thorium-228 

radiation from thorium-228. Total risk 

). Total risk from soil was 

No. 62 

x lo”, homegrown produce is 

lo-’, and beef and milk is 

ater was due to the presence of 

uranium-234, and uranium-238 in drinking water and uptake 

into irrigated plants and by watered livestock. Total,HI for giwwlw& 

total uranium and total HI for pw&ee-w-- 1.3 

’ .. 

B.3.2.4.4 Future On-Property (South Field) Homebuilder 

Risks were calculated for a future homebuilder ingesting, inhaling, or coming into dermal contact 

with i@@$$iin&. . . . . . . . . . . . . . . . . . . . . . . . . . . . . subsurface soil within the South Field. The risk of external radiation resulting from 

exposure to subsurface soil was also determined. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

The risks &d hazards for an on-property homebuilder exposed to contaminated subsurface soils while 

building a home on the South Field are given in Table B.3.2-27 ( 

due to all CPCs by all routes of exposure was 33v1n-6 
226’. . .. 

. Arsenic contributed 1.0 x 

1 .O for any individual CPC. 
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. Total HI for this receptor was less 

than 1.0. 

-Tables .B.3.2-34.and B.3.2:35 summarize-risks and-hazards,respectively, associated--with the-South-- 

Field for receptors assuming future land use. The greatest risks were associated with the on-property 

was attributable to 

the future estimated concentrations of uranium-234 and uranium-238 

. .  
due to the estimated future presence of uranium-total in groundwater. 

000251 
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3.7- 19.44% 
1 . 9 M  9.96% 
1.9E49 0.98% 
4.1E-08 1 1 4 %  
i . a ~ - 0 i  95.11% 

5.2E-09 2.7Q% 

2.7E-09 1.42% 
1.8E-10 &Q9% 
2.x-11 0.01% 

5JE-IO 0.29% 
7.6E-12 0 . m  
LIE-IO 0.09% 

ME-IO e.om 

3 . ~ ~ 0  0.20% 

9.4E-09 4.89% 

Risk 
0.008 
8.008 

0.008 
0.008 

0.02% 
8.008 

0 . M  
8.0096 
0.01% 
0.01% 
0.05% 
0.02% 
0 . M  
0.05% 
0.23% 

- 

0.01% 
0.m 
0.m 
0 . m  
0.054 
0 . m  
0 . m  
0 . m  
0.009 

0.014 
1.9E-07 100.00& 0.244 

Dff+ww 

piv. own2 

~ 3.4E-10 

RcrQJd 

5.2E-13 

25E-10 
I .6E-10 

1.2E-os 
I 5ElO 

SAE-12 
6.4E-11 
1.9E-08 
2.2- 
2.4- 
1 . 2 m  
1.2E-09 
2 . 6 W  
I . 2 w  

1.6E-os 
4.8510 
8.2- 
5.4E-10 
6.4511 
l.lE-09 
1.7E-09 
2.3E-11 
5.2E-10 

2.8- 

% T a d  % T d  

Rbt - 
0.00% 
0.23 % 

0.17% 
0.11% 

8.09% 
0.10% 

0.00% 
0.04% 

12.95% 
15.03% 
1651 % 
8.44% 
0.83% 

18.17% 
80.69% 

10.68% 
0.33 % 
5.61 % 
037 % 
0.04% 
0.78% 
1.14% 
O.(n% 
0.36% 

1931% 

Risk 
0.00% 

- 0.00% 

0.00% 
0.0096 

0.08 % 
0.00% 

0.00% 
0.00% 
0.13% 
0.15% 
0.16% 
0.08 % 
0.01 % 
0.188 
0.78% 

- 

0.10% 
0.00% 
0.05 91 
0.00% 
0.00% 
0.01 91 
0.01 9 
0.0091 
0.009 

0.1991 
1 . 5 m  100.00% 0.9791 

cd. Own2 

9.6E-12 0.23% 
15E-14 0.00% 

7.E-12 0.17% 
4.4E-12 0.11% 

33E-10 8.08% 
4.1E-12 0.10% 

1%-13 0.00% 
1.8E-12 0.04% 
5.3E-10 12.93% 
6.2E-10 15.04% 
6.7E-10 16.49% 
3SE-10 8.45% 
3.4E-11 0.83% 
7.4E-10 18.18% 
33W 80.66% 

4AE-10 10.69% 
1.3E-11 033% 
2.3E-10 5.62% 
1.5511 0.37% 
1.8E-12 0.0496 
3.2E-11 0.78% 
4.6E-11 1.14% 
6.4E-13 0.02% 
1.5E-11 0.36% 

7.9E-10 19.34% 

Rkk 
0.00% 
0.00% 

0.00% 
0.00% 

0.0896 
0.00% 

0.00% 
0.00% 
0.13% 
0.15% 
0.16% 
0.08 % 
0.01 91 
0.18% 
0.78 91 

- 

0.1091 
0.0041 
0.05 41 
0.0041 
0.0041 
0.01 9 
0.01 9 
0.009 
0.0091 

0.199 
4 . 1 W  100.00% 0.979 

Homb 
builda 
5 -7E-a 

-2.9E.o% 
33E-m 
6.4- 
4 -0E-m 
1 -9E-08 
2.6- 
s.9E-m 
1 .OM9 

- 
% T a d  
Meditnn 

Risk 
050% 

- -0.25%- 
2.92% 
0.06% 
0.04% 
0.16% 
22.44 % 

5.20% 
0.01 96 

- 

- 
% T u d  
R=s- 

Risk 
050% 

- 0.25% 
2.92% 
0.06 % 
0.04 % 
0.16% 

22.44% 
5.20% 
0.01 % 

- 

1.6E-06 13.85% 13.85% 
5.1E-m 4.43% 4.43% 
2.1- 18.66% 18.66% 
3.2E-m 2.82% 2.82% 
2.oEo7 1.76% 1.76% 
8.2E-07 7.18% 7.18% 
9.- 80.28% 8028% 

3.oEul 2.67% 2.6791 
63E-08 055% 05591 
1.1E-M 9.46% 9.4691 
l.lE-08 0.10% 0.1091 
1 2 4 7  1.01% 1.0191 
1.2E-08 0.11% 0.119 

5.9Em 5.14% 5.1441 

1 . 2 w  0.11% 0.1191 

4AE-09 0.38% 0.3891 
2.2E-08 0.19% 0.199 
23E-M 19.72% 19.7241 
l.lEo5 100.00% 100.0041 

- 
B-3-67 

Comment No. 43 



FEMp-OU026 FINAL 
September 6, 1994 

0.00% 
0.00% 

634% 
038% 

0.00% 
0.00% 
0.84% 
0.00% 
1.15% 
0.00% 
0.01% 
0.0296 
8.77% 

0.01% 
0.01% 
0.15% 
0.10% 
1.63% 
0.11% 
0.01% 
0.10% 
0.33% 
0.00% 
0.10% 

2.55% 
I T& 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
N/A 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.0W 0.00% 0.00% 
2.0- 0.008 0.00% 

7.8Jx.3 68.39% 23.1896 
4 . m  4.12% 1.40% 

2.6E-07 
8.7E-m 
1 . o m  
1 . m 5  
1.4E-03 
9.9E-06 
9.8E-06 
3JE-05 
1.1E-02 

6.OE-06 
3.5E-06 
3 SE-05 
2.0E-05 
3.4- 
2.2E-05 
2.6E-06 
2.0E-05 
6.9E-05 
1.2E-06 
2.2E-05 

0.00% 
0.01 96 
9.14% 
0.15% 
1255% 
0.09% 
0.09% 
0.31 % 
95.25% 

0.05 96 
0.03 % 
0.31 % 
0.17% 
2.9896 
0.2096 
0.02% 
0.18% 
0.60% 
0.01 % 
0.19% 

0.00% 
0.00% 
3.104 
0.05 si 
4.254 
0.03 91 
0.03 91 
0.1091 
32.2841 

0.0241 
0.01 91 
0.1041 
0.069 
1.01 9 
0.0791 
0.01 9 
0.069 
0.209 
0.009 
0.069 

5.4- 4.75% 1.619 
l.lE-02 100.00% 33.899 

b-m %Total %Total 
Rcsidcat Medium Reccgra 

35s-06 0.37% 0.17% 
3JE-07 0.04% 0.02% 

- & &  - Risk 

_ _  

1.9E-a 0.001 0.004 
13E-08 0.00% 0.00% 

65E-04 69.79% 31.6891 
3.9E-05 4.22% 1.924 

I -2E-a 
43E-a 
8.7E-05 
13M6 
I .2E-(# 
7.2E-07 
8.1E-07 
2 .m 
9.om 

1 JE-07 
8JErOs 
1 -7e-06 
95E-07 
1 -6E-05 
1.IE-06 
1 3w 
9.7E-07 
3.3m 
3 . O W  
1 .oEcob 

0.00% 
0.00% 
9.36% 
0.14% 
12.85 46 
0.08 % 
0.09% 
0.29 % 
97.24% 

0.02% 
0.01 % 
0.18% 
0.10% 
1.75% 
0.12% 
0.01 % 
0.10% 
0.35 96 
0.00% 
0.11% 

0.004 
0.0091 
4.2541 
0.0641 
5.8491 
0.0441 
O.04fi 
0.139 

44.159 

0.01 9 
0.009 
0.08 9 
0.059 
0.809 
0.05 9 
0.01 9 
0.05 9 
0.169 
0.009 
0.05 9 

2.6W 2.76% 1.269 
93E4 100.00% 45.409 

3.1E-M 0.30% 0.03% 
3.1EU7 0.03% 0.00% _ _ _  - .-. _ _  
1.4E-08 0.008 
9 5 m  0.008 

5.9E-W 55.96% 
35E-05 336% 

2.4EU8 0.00% 
7.9E-oS 0.01% 
7.7E45 738% 
3.8W 0.04% 
1.lE-W 10.15% 
2 3 w  0.02% 
6.9E-07 0.07% 
1SE-M 0.14% 
8.1E44 77.46% 

1.4- 0.13% 
7.9E-07 0.08% 
1.4E-05 137% 
8.8E-06 0.84% 
1.5E-04 1437% 
9.9E-tM 0.95% 
1.2Ea6 0.11% 
8.9E-06 0.85% 
3.oEo5 2.90% 
2.8W 0.03% 
9.6E-M 0.92% 

2.4E-W 2254% 
I.OE-03 100.0046 11.32961 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

NJA 
NIA 
UJA 
NIA 
NIA 
NIA 
NIA 
NIA 

UJA 
UIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
N/A 
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i 

.. 

% T d  % T @  
ExptDdcd-MC4IiW-R- 
2ssIEEERist - Ri¶k 

6 . 6 W  0.04% 0.009 
1.oE-10 0.00% 0.009 
13EM 89.14% 9.519 
8 . 1 W  - 5.41% -0589 
2.2E-11 0.00% 0.009 
32ElO 0.0046 0.009 
53E-10 0.00% 0.009 
l . 4 W  0.10% 0.019 
2 3 W  0.16% 0.029 
1.4E-05 94.85% 10.129 
4.9E47 3.30% 0.354 
3 . m  0.22% 0.029 
8SEOs 0.57% 0.064 
2.9E-08 0.19% 0.024 
2.9E-08 0.19% 0.024 
5.5E-10 0.00% 0.005 
9.9E-08 0.67% 0.075 
7 . m  5.15% 0.551 
1.5E-05 100.0096 10.67! 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

0n-w %Tarrl % T a d  
R o r , F a n m - M e d i r m - ~  
p. ckm.1 - w -  Rht 

NIA 
NIA 
NIA 
NIA - - 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.0- 0.01% 0.009 
4.OE-09 0.01% 0.009 
6.2- 0.11% 0.069 
1.9E-05 33.45% 17.559 
1.0- 1.78% 0.949 
3.6E-05 64.64% 33.919 
5.6E-05 100.00% 52.469 

ff-~opcn % T a d  % T a d  
m. F . r m a - M c d i l m - ~  
a.0Wm.l g& 

NIA 
NIA 
NIA 
NIA - - _ _  
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.0E-09 0.01% 0.00! 
4.0- 0.01% 0.001 
6.2E-08 0.11% 0.061 
1.9E-05 33.45% 17.55! 
l.OE-M 1.78% O.W! 
3.6E-05 64.64% 33.91! 
5.6E-05 100.0046 52.46! 

NIA 
NIA ' 

NIA 
NIA 
NIA ' 
NIA 
NIA 

1.3510 0.01% 0.009 
1.7E10 0.01% 0.0041 
2 . M  0.11% 0.029 
8 . 1 W  33.45% 5.389 
4.3E-08 1.78% 0.299 
1.6E-06 64.64% 10.399 
2.4- 100.00% 16.089 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

13E-10 0.01% 0.009 
1.7E-10 0.01% 0.004 
2 . m  0.11% 0.065 
8.1E-07 33.45% 19.055 
43E-08 1.78% 1.025 
1.6E-06 64.64% 36.815 
2.4E46 100.00% 56.955 
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%T@ % T a d  
- H a n s - b f a i i m l - ~  - -  b u i l d c r R b l r & g  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

. NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

2 . 0 m  om% 0.00s 
4.8E-oS 0.00% 0.009 
1.2E-07 0.01% 0.009 
3 . M  3352% 1.099 
2.oEos 1.79% 0.069 
7 . 1 m  64.66% 2.119 
1.IE-03 100.0096 3.264 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

1 . 2 m  0.02% 0.009 
2.9E-09 0.00% 0.009 
7.0- 0.01% 0.009 
2.2E-05 3352% 1.089 
1 . 2 m  1.79% 0.069 
4.3E-05 64.66% 2.099 
6.6E-05 100.0096 3.234 

)ItPrqaty % T a d  % T d  
- Residcot Mcd”mRcccpta - - -  R i s k &  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

. - _  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

8.8E-09 0.02% 0.004 
2.1E-09 0.00% 0.0041 
5.ou)9 0.01% 0.009 
1.6- 3352% 0.179 
8 . 4 W  1.79% 0.019 
3.0E-05 64.66% 0339 
4.7E-m 100.00% 0.519 

Great % T d  I T -  
WRiv Mdimn Raxp&n _ _ _  
tce.uwr g& g& 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

.. . 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

M % T U  I T &  
ERniRiv hfedium Reccpra 
csid.u* e m-- ~- 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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WaCr 1 .os10 
9 3 m  
15J34B 
9.1E10 
4 .M 
4.9E-08 
43E-09 
9.- 
7.- 

2 . M  
4.1- 
3 .oE-o8 
5.OE-10 
1.2w 
6.1E-09 
33E-08 
1.lE-m 

0.01 % 
11.18% 
0.18% 
0.11% 
56.97% 
5.88% 
0.528 
11.09% 
86.40% 

3.30% 
0.50% 
356% 
0.06% 
1.46% 
0.73 96 
4.00% 
13.60% 

0.00% 
0.07% 
0.00% 
0.00% 
0.34% 
0.w % 
0.00% 
0.078 
0.52 % 

0.028 
0.00% 
0.02 % 
0.008 
0.01 % 
0.00% 
0.02 8 
0.08% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

8 . 3 W  100.00% 0.60461 
NIA I NIA 
W A  
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

WA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA . 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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I TUG 
GMR INP-237 

h-Rcpacy % T d  B T d  
RaidaLt McdiumRcccpaa 

Umerml-Q -E*- - - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

' NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

orcrt %Total %Total 
hmiRiv Medhm Rccepca 
eL!&.!F-W---- Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA ~ ~ - -  

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

2.6E-10 0.41% 0.4191 
7.1E-12 
63E-09 
1 .OE-10 
6-23-09 
3.2E-08 
33E-09 
2.9510 
6.2E-09 
5.5E-08 
1 . o m  
5.1E-10 
4.4E-10 
3.2E-09 
5.4511 
2.6E11 
6.6Ec10 
2.0E-09 
7.9- 
6.3E-08 . 

0.01% 0.0191 
10.10% 10.1091 
0.16% 0.1691 
9.94% 9.9491 

5133% 513391 
521% 5.2191 
0.46% 0.4691 
9.86% 9.869 

87.49% 87.499 
1.59% 1.599 
0.81% 0.819 
0.71% 0.719 
5.05% 5.059 
0.09% 0.099 
0.04% 0.049 
1.04% 1.049 
3.18% 3.189 

12.51% . 12519 
100.00% 100.009 

1 . O M 8  
72E10 
13E-06 
2.1Ms 
7.6E-07 
2.oMd 
2.6E-08 
2.3E-m 
5 . o w  
4.1E-06 
1.8510 
2.0511 
4.1E10 
6.4E-08 
l.lE-09 
1.5514 
4.8E-08 
1.9E-12 
l.lEu7 
4.2E-06 - 

025% 
0.02% 

30.40% 
0.49% 

17.95% 
4633% 
0.63 96 
0.05% 
1.19% 

97.31% 

- 
0.25 5 
0.02 9 

30.404 
0.494 

17.959 
4633 9 
0.639 
0.051 
1.191 

97.315 
0.00% 
0.00% 
0.01 46 
1.51% 
0.03 % 
0.00% 
1.14% 
0.0096 
2.69% 

100.00% 

0.001 
0.00! 
0.01! 
151! 
0.(13! 
0.001 
1.14! 
0.00! 
2-69! 

100.00! - 
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NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA. 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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product 
(Grormdanta 

Meacd) 

I 
kowgroam 1NP-237 

SR-90 
TC-99 
u-234 
U-235RM 
U-238 

- 
w - R a q g t o r  
mc#ua-_E&- -E - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Ra.fumrr 
Riu. 0wll.J 

7 .6E-1OP 
1 .8W 
9.8E-10 
6.Z-10 
95E-07 
13248 
2JW 
7 A W  
9.2E-09 
7 .oEco9 
2 . m  
53- 
55E-10 
1 .oEro8 
1 . o m  
5.6E-08 
1 Am 
3 AE-07 
9.2E-OS 
15- 
1 .oEo7 
1.2E-08 
9.3E-08 
3.E-m 
I -2E-08 
9 . 6 m  
2.6- 

Medium Raxpta 

0.02%-- 0.008 
Risk -- Risk -- 

0.05 % 
0.03 % 
0.02% 

25.79% 
0.40% 
0.078 
0.20% 
0.25 '16 
0.19% 
0.72% 
0.14 % 
0.01 % 

28.18% 
151% 
039 96 
9.13 % 
2.51% 

41.53% 
2.72% 
0.33 % 
253% 
8.24% 
032% 
2.60% 

71.82% 

0.27% 

0.00% 
0.008 
0.00% 
0.88% 
0.01 % 
0.00% 
0.01 % 
0.01 % 
0.01 % 
0.02% 
0.00% 
0.008 
0.01 48 
0.97 % 
0.05 % 
0.01 % 
0.31% 
0.09 % 
1 -42 96 
0.09% 
0.01 96 
0.09% 
0.28 1 
0.01 91 
0.091 
2.461 

3.73-06 100.00% 3.4391 
9.2510 0.01% 0.0091 
1.43-09 0.01% 0.0091 
2 . m  0.12% 0.0291 
5 . M  33.45% 5.2991 
3.0EO7 1.78% 0.2891 
1.1E-05 64.63% 10.229 
l . m  100.00% 15.8191 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

doup.)  gi& R;;t 
2.0Ea-- - 0 ; 0 2 % - - %  
5.1E-11 
2.8E-11 
1.9E-11 
9.1- 
4.2E-10 
6.8E-11 
2.1E-10 
2.6E10 
2.OE-10 
7.4510 
1.5E-10 
1%-11 
2.8E-10 
1 .2E48 
13E-09 
3.%10 
9.1E-09 
2.6309 
43- 
2.8E-W 
3.3E-10 
2.6E-09 
8.5309 
2.9E-10 
2 . m  
7.3- 

0.06% 
0.03% 
0.02% 

10.70% 
0.49% 
0.08 96 
0.25% 
0.31 % 
0.23% 
0.88% 
0.188 
0.02% 
013 % 

13.60% 
158% 
0.44 % 

10.73% 
3.02% 

50.37% 
3.30% 
039% 
3.05% 

10.01% 
0.34% 
3.16% 
86.40% 

0.00% 
0.00% 
0.00% 
0.88 % 
O20l% 
0.00% 
0.01 % 
0.01 % 
0.01 % 
0.02% 
0.00% 
0.00% 
0.01 % 
0.97 % 
0.05% 
0.01 % 
0.31 8 
0.09 96 
1.42 % 
0.09% 

-0.01 % 
0.09% 
0.28 5% 
0.01 % 
0.09 76 
2.46% 

8.5E-08 100.008 3.43% 
9.2510 0 .Ol% 0 -00% 
1.4E-09 0.01% 0.00% 
2 . 0 w  0.12% 0.02% 
5 . m  33.45% 5.29% 
3.0E-07 1.78% 0.28% 
l.lE-05 64.63% 10.22% 
1.7E-05 100.00% 15.8191 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

13E-10 
4.7E-11 6.9E-11 

6.7Ms 
1.oE-09 
1.7E-10 
53E-10 
6.9510 
5.oE-10 
1.9E-09 
3.7E-10 
3.8E-11 
7.1E-10 7.3E-08 

1.8E-08 
4.7u)9 
l.lE-07 
3.0E-08 
5 .OEa 
3.3E-oS 
3.9E-09 
3.1E-08 
1 .oEU7 
3.9E-09 
3.1E-08 
8.Z-m 

0.01 % 
0.01 46 
0.01 96 
7.11% 

. 0.11% 
0.02% 
0.06 % 
0.07 % 
0.a 96 
0.20% 
O.W% 
0.00% 
0.07% 

1.94% 
050% 

11.74% 
3.22% 

5332% 
3 -49 % 
0.42 96 
3.26% 

1058% 
0.42 % 
3.34% 
92.23% 

7.77% 

0.00% 
0.00% 
0.00% 
0.45 % 
0.01 % 
0.00% 
0.00% 
0.008 
0.00% 
0.01 % 
0.00% 
0.00% 
0.008 
0.49% 
0.12% 
0.03 % 
0.74 % 
0.20% 
3.35% 
0.22% 
0.03 96 
0.20% 
0.66 96 
0.03% 
0.21 % 
5.79% 

9.4EU7 100.0 
6.5511 0.d 

1.4E-W 0.1 
4.oE-m 33.4 

9.1~11 0.0 

I% 6.28 
% 0.d 
96 0.00 
!% 0.01 
i% 2.67 

2.1E-08 1.78% 0.1491 
7 . M  64.63% 5.1591 
1.2E-06 100.00% 7.9791 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

bd.0wll.J Ria 
13E-12- o;ol-%-.% 
3.63-12 0.01% 
1.9E-12 0.01% 
1.3512 l.lE.09 4.45% 0.01% 

4.7E-12 2.9E-11- 0.12% 0.02% 

15E-11 0.06% 
1.8E-11 0.07% 
1AE-11 0.06% 
5.2E-11 0.21% 
1.1E-11 0.04% 
l.lE-12 0.00% 
2.oEll. O.Os% 
13W 5.14% 
3.8E-10 153% 
l.lE-10 0.46% 
2.93-09 1159% 
83E-10 332% 
1.4E-08 55.60% 
9.2E-10 3.65% 
1.1E-10 0.43% 
8.4E-10 336% 
2.8309 11.09% 
83E-11 033% 
8.8E-10 350% 
2.4E-08 94.86% 

0.00% 
0.008 
0.008 
0.03 % 
0.008 
0.00% 
0.00% 
0.00% 
0.008 
0.00% 
0.00% 
0.00% 
0.0096 
0.49 96 
0.01 96 
0.00% 
0.07 9I 
0.02 91 
033 91 
0.02% 
0.00% 
0.0291 
0.0791 
0.001 
0.0291 
0.5691 

2.5E-oS 100.00% 1.0591 
6 5 E l l  0.01% 0.0091 
9.7E-11 0.01% 0.0091 
1 . 4 W  0.12% 0.0391 
4.0E-07 33.45% 9.4591 
2.1E-08 1.78% 0.5091 
7 . M  64.63% 18.2691 
1.2E-06 100.00% 28.2591 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA ~ __  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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0.00%/ 
0.00% 
0.14%~ 
0.00% 
0.06% 
1.06% 
0-00% 
0.008 
0.00% 
0.00% 
0.00% 
0.00% 
1.27% 
0.02% 
0.00% 
0.16% 
0.18% 
1.70% 
0.11% 
0.00% 
0.01 % 
0.13 96 
0.75 96 
0.06 % 
3.12% 

pmtr 

6.1E-07 0.04% 0.00% 

15E-03 100.00% 4.39% 
62- 0 .a!% 0.00% 

1 -6E-09 
l.lE.09 
4.7E-05 
75E-07 
1 . 9 m  
3.6- 
2 . m  
2.1- 
7.8- 
7.2E-07 
73- 
13- 
43E-04 
63- 
83Em 
5 5 m  
6.OE-05 
5 . m  
3 . M  
1 -7E-06 
4.4- 
4 3 m  
25- 
1 -9E-05 
1 . o m  

1.m 0.01% 0.00% 
3 . m  0.01% 0.00% 
1.1- 33.52% 033% 
5 . 9 m  1.79% 0.0296 
2.1E-04 64.66% 0.64% 
3.3- 100.00% 0.98% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

0.00% 
0.001 
3.16% 
0.05% 
1.26% 

24.21 % 
0.00% 
0.008 
0.01 % 
0.05 % 
0.00% 
0.09% 

28.91 96 
0.43 % 
0.06 % 
3.73% 
4.06% 

38.62% 
2.48% 
0.11% 
0.30% 
2.92% 

17.098 
130% 

71.09% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

D- 

R 2 z L e d h  R a q h x  
% T d  % T d  

lrmcr(cn 
3.oE.08 0.04% 0.00% 
33E-OB'03%%- - O B I %  
8.9El1 0.008 0.00% 
6.1E-11 0.00% 0.008 
2 . M  3.16% 0.13% 
4.1M3 0.05% 0.00% 
1.OE-M 1.26% 0.05% 
2.- 24.21% O.%% 
l.sE-09 0.00% 0.00% 
l.lE-09 0.00% 0.00% 
433.09 0.01% 0.008 
3.9E-08 0.05% 0.00% 
4.0E-09 0.00% 0.00% 
7 . 4 m  0.09% 0.00% 
23- 28.91% 1.15% 
3 . 4 3 4  0.43% 0.02% 
4.6- 0.06% 0.008 
3.ou# 3.73% 0.15% 
3.3E-M 4.06% 0.16% 
3.1E-05 38.62% 1.53% 
2.- 2.48% 0.10% 
9.1- 0.11% 0.00% 
2 .434  0.30% 0.01% 
2.4E-06 2.92% 0.12% 
1.4- 17.09% 0.68% 
1.lE-M 130% 0.0546 
5.8- 71.09% 2.82% 

- -_ 

8.1E-05 100.00% 3.97% 
3.4E-09 0.02% 0.00% 
9.1E10 0.01% 0.00% 
2.oE.09 0.01% 0.00% 
6.1E-06 33.52% 0.30% 
3.2EU7 1.79% 0.02% 
1 . 2 w  64.66% 0.57% 
1 . 8 M  100.00% 0.89% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.8E-08 0.01% 0.00% 
-49M8- 

1 .=lo 
8 2 L l l  
3.3E-a 
53E-a 
13E-a 
2 s M s -  
2.oul9 
1 SE-09 
5.7E-09 
5 .oEa 
5.2E-09 
9 S E 4  
3 .OEM 
2.1E-a 
2 . m  
1 
2.oE.05 
1.9E-04 
1 . 2 m  
5SEU7 
1 . a m  
1.4E.05 
8.3E.05 
6.3E-a 
3.4E-a 

-O;ol%- 
0.008 
0.008 
0.88% 
0.01 % 
035% 
6.?2% 
0.00% 
0.008 
0.00% 
0.01 % 
0.00% 
0.03 % 
8.02% 
055 % 
0.07 % 
4.8446 
525% 

49.94% 
3.20% 
0.15% 
039% 
3.78% 

22.13% 
1.68% 

91.98% 

-0;001 
O.W% 
0.00% 
0.04% 
0.00% 
0.01 A 

0.00% 
0.00% 
0.00% 
0.008 
0.008 
0.008 
0.33 % 
0.02% 
0.0096 
0.20% 
0.21 % 
2.02% 
0.13% 
0.01 % 
0.0296 
0.15% 
0.90% 
0.079 
3.73% 

0.27% 

3.7E-w 100.00% 4.m9 
4.4E-09 0.02% 0 .00% 
1.2E-09 0.01% 0.00% 
2.6- 0.01% 0.00% 
7.8E-06 33.52% 0.08% 
4.2E-07 1.79% 0.00% 
1.5E.05 64.66% 0.16% 
2.3EM 100.00% 0.25% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

- 
rc.uwr gisJ - Risk 
hmiRiv Medkm Reccpta 

NIA 
NIA- 
NIA 
NIA 
NIA 
NIA 
NIA 
*A- 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
UIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

% T d  %Ta 
WRiv rbkdium Racpt 
tsid.usc 

NIA 
-NIA 

NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
UIA 
NIA . 
NIA 

NlA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

GzuS %Total % T a d  
[irmiRiv Mcdirm Raqmr 
Q . U ¶ a  &g gi& 

-____ 
NIA 

-NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

7.9511 
2.2s12 
2 . o w  
3.1511 
2.2- 
1 .oEo8 
9.9E-10 
8.6Ell 
1.9- 
1.0- 

0.42 % 
0.01 % 

1054% 
0.16% 

1151% 
55.04% 
5.24% 
0.46 % 
9.93 % 

93.33% 
3.9E-10 
8 3 E l l  
2.8511 
2.OE-10 
33E12 
4.2E12 
3.9511 
5.1E10 
1.3- 
1 . 9 m  

2.06% 
0.44 % 
0.15% 
1.04% 
0.02 % 
0.02 % 
0.21 % 
2.73% 
6.67% 

100.00% 

m 
0.009 
0.04 9 
0.009 
0.05 9 
0.23 9 
0.029 
0.009 
0.04 9 
0.409 
0.01 9 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.01 9 
0.03 9 
0.43 9 - 

Comment No. 43 
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0.0096 
0.00% 
0.008 
0.16% 

a 
1 S 1 3  0.00% 0.00%1 
1m15 0.00% 0.00% 
9.OE16 0.00% 0.00% 
2 . 9 W  0.79% 0.16% - .  

% T d  + % T d  
4-kd M- F- 
ruOIs¶m-~-Ri$-  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

0.00% 
0.00% 
0.02% 
0.001 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.19% 

0.34% 
1.71 % 
0.11% 
0.13% 
5.73% 
0.39% 
0.27 96 
0.01 46 

6.32% 
0.00% 
1.08% 

16.08% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

1.7E-M 100.0096 16.27%1 3.7E-07 100.00% 16.27% 
2.8E-12 0.00% 0.00%I 2.8E-12 0.00% 0.00% NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

0.00% 6.9E-10 0.0496 
0.04%1 4.8- 2.81% %ii 

55E-07 32.54% 0.52% 5.5E-07 32.54% 0.52% 
2.9- 1.74% 0.03% 2.9E-08 1.74% 
l.lE-06 62.88% 1.00% l.lE-06 62.88% 
1.7E-06 100.00% 1.58% 1 . m  100.00% 1.58% 

p. oWn.1- 
3 . 6 W  
83E12 
5.6E-14 
4.1514 

-1.7E-07 
1.7E-09 
1.9E-09 
2.7E-08 
1.2Ell 
4%-11 
1.7E-10 
7.4E10 
7.6E-11 
1.4E-09 
t.OE-07 

3 .M 
1.8E-M 
1 -2E-07 
1.4E-07 
6.1- 
4 . 2 W  
2.9E-07 
l.lE-08 
6.8E-06 
6%-12 
1.2- 
1.7E-05 

R i s k  - Rist --- .-_-- 

0.02% 
0.001 
0.00% 
0.008 
O.%% 
0.01 % 
0.01 % 
0.15% 
0.008 
0.00% 
0.00% 
0.00% 
0.0056 
0.01 % 
1.17% 

2.09% 
10.52% 
0.67% 
0.78% 

35.18% 
238% 
1.67% 
0.06 96 

0.00% 
6.63% 

98.83% 

38.84% 

0.008 
0.00% 
0.0296 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.19% 

0.34% 
1.71% 
0.11% 
0.13% 
5.73% 
039% 
0.27 96 
0.01 % 
6.32% 
0.00% 
1.08% 

16.08% 

3 J E l l  0.01% 
1.7E-11 0.00% 
4.OE-10 0.11% 
2.6E-13 0.00% 
l.1E-12 0.00% 
43512 0.00% 
15E-11 0.00% 
1.6E-12 0.00% 
2.9E-11 0.01 % 
3.4E-09 0.94% 

7.1E-09 1.93% 
4.4E-08 11.89% 
13E-09 0.35% 
2.8E-09 0.75% 
13W 34.67% 
8.63-09 2.35% 
6 . 2 W  1.68% 

1.4E-07 38.79% 
92E-14 0.00% 
2.4E-08 6.59% 
3 . 6 W  99.06% 

1.9E-10 0.05% 

63E-13 

43E-15 
2.9WX 
3.OE-10 
3.6E-10 
4.43-09 
2.oE-12 
7.OE-12 
2.7E11 
I .4E10 
1.4E-11 
25E-10 
3.5E-08 

2.1E-07 
l.lE-06 
2 . M  
7 . 8 W  
3JE-06 
2.4E-07 
1.m 
1 .7E-09 
3.9E-06 
3.7E-12 
6.- 
9.9E-06 

5.8E-15 
0.00% 0.00% 
0.001 0.008 
0.008 0.00% 
0.30% 0.20% 
0.008 0.00% 
0.00% 0.00% 
0.04% 0.03% 
0.00% 0.00% 
0.008 0.008 
0.00% 0.00% 
0.008 0.00% 
0.00% 0.0096 
0.00% 0.00% 
036% 0.24% 

2.12% 1.40% 
10.64% 7.03% 
0.28% 0.18% 
0.79% 0.52% 

35.65% hS7% 
2.42% 1.60% 
1.69% 1.12% 
0.028 0.01% 

39.33% 26.00% 
0.00% 0.00% 
6.72% 4.44% 

99.64% 65.87% 
9.9E-06 100.00% 66.11% 
2.2E-13 0.00% 0.00% 
1.3E-10 0.04% 0.00% 
7.9E-09 2.57% 0.05% 
l.OE-07 32.62% 0.67% 
5.4E-09 1.74% 0.04% 
l.9E-07 63.03% 1.30% 
3.1E-07 100.00% 2.06% 

l a 1 4  0.00% 
13E-16 0.00% 
95E17 0.00% 
5.1E-10 0.24% 
6.lE-12 0.00% 
3.23-12 0.00% 
6.6E-11 0.03% 
4.1E14 0.00% 
1.8E-13 0.0096 
6.73-13 0.00% 

2.98-13 0.00% 
53E-12 0.00% 
6.oE-10 0.28% 

2.8132 0.00% 

4.1- 1.94% 
25E-08 11.99% 
3.-10 0.14% 
1.6- 0.76% 
73FL-a 35.00% 

3.6- 1.70% 
2.9E-11 0.01% 
8.- 39.14% 
532-14 0.00% 
1.4E-08 6.65% 
2 . 1 w  99.72% 

5 . o ~  238% 

0.00% 
0.00% 
0.008 
0.01 % 

- 0.00% 
0.008 
0.00% 
0.008 
0.0096 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 46 

0.10% 
0.59% 
0.01 % 
0.0496 
1.73% 
0.12% 
0.08% 
0.00% 
1.94% 
0.00% 
033% 
4.931 

2.1E-07 100.00% 4.9591 
2.2513 0.00% -0.00% 
13E10 0.04% 0.00% 
7.9E-09 2.57% 0.19% 
1 . W  32.62% 2.38% 
5.43-09 1.74% 0.1391 
1.9W 63.03% 4.59% 
3.1E-07 100.00% 7.2991 

SlTaCd % T d  
H- Mahm Rcccpta 

-NIA-- - 
7 boildam&& 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N!A 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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- Ria 
0.OlR 
0.00% 
0.00% 
0.001 
0.26% 
0.00% 
0.19% 

18.09% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.008 

18.55% 

0.12 % 
0.52% 
0.20% 
0.40% 

13.33% 
0.91 % 
0.38% 
0.01 96 
9.88% 
0.00% 
1.92% 

27.67% 

<)p.Pnqaty % T d  % T d  - McdiunRmqmr 
imrrmMQ R i s t R i s t  
--5JE.06- 0.03% om% 

3-6M8 0.00% 0.00% 
2.2Ell 0.00% 0.00% 
1SE-11 0.00% 0.00% 
1.1E-04 0.59% 034% 
1.8E.06 0.01% 0.01% 
83E-05 0.43% 0.25% 
7.8E-03 40.69% 23.28% 
6 . m  0.001 0.001 
4 . m  0.00% 0.00% 
1.8E48 0.00% 0.00% 
6.1E-07 0.00% 0.00% 
6.3E-08 0.00% 0.00% 
1.2Fi-06 0.01% 0.00% 
8.0- 41.76% 23.89% 

- 

4.9E-05 
2.1- 
73m 
1.6- 
5 . 4 m  
3 -7E-04 
1 sE-04 
4.2E-M 
4.0- 
I SE-07 
7.8- 
l.lE-02 

0.25 96 
1.10% 
038 % 
0.85% 

28.07% 
1.91% 
0.80% 
0.02% 

20.80% 
0.00% 
4.05 % 

58.24% 

0.14% 
0.63 % 
0.22% 
0.49% 

16.06% 
1.09% 
0.461 
0.01 96 

11.90% 
0.00% 
2.32% 

3331% 
1.9E-02 100.00% 57.20% 
1.9JZ-IO 0.00% 0.00% 
8.3- 0.03% 0.00% 
8.8E-08 0.27% 0.00% 
I.IE-05 33.43% 0.03% 
5.8E-07 1.78% 0.00% 
2.1E-05 64.49% 0.06% 
3.2E-05 100.00% 0.10% 

brmcr (q 
-2;8Eo7- 

1.9E-09 
1.1E-I2 
7.8E-13 
5.3306 
8.4E)8 
3.8E-06 
3 . m  
3.0510 
2.2510 
8.4510 
2.8E-08 
2.9E-09 
53E-08 
3 . 8 U  

2.5306 
l.lE-05 
4.1E-06 
8.2306 
2.7E-04 
1.9E-05 
7.8306 
2.4E-07 
2.0E-04 
7.5E-09 
3.9E-05 
5.7E-(# 

- Risk 
-0.03- 

0.001 
0.00% 
0.00% 
035% 
0.01 % 
0.408 

39.12% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 

40.13% 

0.26% 
1.13% 
0.43 % 
0.87% 

28.83% 
1 .%% 
0.82% 
0.03 % 

2137% 
0.00% 
4.16% 

59.87% 

CkJd 
7 r i  ~ 

2.- 
23EI2  
1.6E12 
2.0E-05 
3.2EUl 
1.6E-05 
13E43 
9.8E-10 
73510  
2.8- 
l.lE-07 
l.lE-08 
2.1E-m 
13W 

2 . 8 m  
1 . 2 m  
1 . m  
9.4E-05 
3 . 1 W  
2 . 1 m  
u . 9 m  
6.6E-m 
2 . 3 W  
8 J M 8  
4JE-04 
6.4E-03 

- RirL 
0.01 %- 
0.00% 
0.00% 
0.00% 
0.26% 
0.00% 
0.20% 

16.76% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

17.23% 

0.36% 
1.57% 
0.22 % 
1.21% 

40.07% 
2.73 % 
1.14% 
0.01 % 

29.68% 
0.00% 
5.78% 

- _. - 

8 2 . m  

Risk 
0.01 % 
0.00% 
0.008 
0.00% 
021 % 
0.00% 
0.17% 

14.04% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

14.44% 

0.30% 
131% 
0.19% 
1.02% 

3357% 
2.28% 
0.96% 
0.01 % 

24.87% 
0.00% 
4.84% 
6935% 

--- 

9.4E-04 100.00% 46.22%1 7.8E-03 100.00% 83.79% 
1.0511 0.00% 0.00WI 1.5E-11 0.0096 0.00% 

S.OE-07 33.43% 
2.6E-08 1.78% 
9 . 6 W  64.48% 0.058 
1.5E-06 100.00% 0.07% 

1.5E-09 0.03% 0.00% 
1JE-08 0.25% 0.00% 
2 . 0 m  33.44% 0.02% 
1.OE-07 1.78% 0.00% 
3.8E-M 64.50% 0.04% 
5.9E-06 100.00% 0.06% 

orrrt % T d  % T d  
[hmiRiv Medim Recepa 
*:_UFE _Rht- .. E&- 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

cirar % T d  % T d  
G8miRi.U bk&m Recegta 
Csidult-m- -m 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

W % T d  % T d  
[i.miRiv Medirnn Rccrpor 
Q. usu-m-. g i l -  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
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- z 

- 

% T d  % I d  
Expadea Raw- 
T- R i s k -  
-NIA ~~ 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

N P - 2 3 - -  
HI-238 
RA-m 
RA-228 
SR-90 
Tc-99 
U234 
U-235TzM 
Ium 

T o d  IbWogid Risk 

BaKOw- 

w-=Ymm-* 
Dieldrin 

T o d  Risk 
TU1 

Ambialt 
R.dO0 

O R - h p r t y  %Total % I d  
RcrFuaw Mcdhnn Reccpsa 
p. (ko.) Risk Itilk 

-NIA ~ - -- 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NfA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

1.9E-06 1399 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

4.4E.06 4.0991 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

4.4- 5.4891 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

7.9- 0.53 91 

NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

7.9E-08 1.889 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA . 

NIA 

M W t . 4  1.4E-04 l.lEo4 8.0E-05 1 -zMs 4 a X K  l.lEQ5 

. .  894 * 
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<kpropy % T d  % T d  
W MedirmR- 

Risk R a  
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

-WA- 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

6.0E-05 0.184 

(cr) R h k R i s k  
NIA ~- -WA- 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

4.5E-06 0.22 % 

child Risk Risk 
NIA 

- --NIA- 
NIA 
NIA . 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

l.lE-06 0.01 si 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

Orea % T d d  % T d  
with Mdiwl Raxga 
crid.uw RbL. Rhk 

NIA 
-NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

Qrut % T d  % T d  
U R i v  Mcdirm R a q t t ~ r  

1.8E-10 0.00% 0.00% 
-4.OE-14~0.00%-_0.00% 

2AE-OS 055% 055% 
2.9E-10 0.01% 0.01% 
5.2E-08 1.19% 1.18% 
4.3- 97.73% 9731% 
7.3E-09 0.17% 0.17% 
6.4E-10 0.01%. 0.01% 
1 . 4 W  0.32% 0.31% 
4.4- 99.97% 9954% 

Ag.usa gi& gi& 

7.1E-11 
4%-12 
2.7E11 
5.E-10 
6.1E-11 8.9E-12 

5.7J310 
1.5E-13 
1.zE-09 
4 . 4 m  
NIA 

0.008 
0.00% 
0.00% 
0.01 % 
0.00% 
0.00% 
0.01 96 
0.00% 
0.00 % 

100.008 

0.001 
0.00% 
0.00% 
0.01 % 
0.00% 
0.00% 
0.01 % 
0.00% 
0.00 41 

99.57% - 

MEDIA 3.4JC-02 2.0E-m 92E-m 42Eo6 63W 4 . 4 M  

NIA s i g d i i  Qtcxpolurt oftbc lbocporm Ibs iruSakd emhm b wtappliubb. 
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Medium 
srrllkaw 
Air 

scdimtm 

Grouukvmcr 

surf- 
WaCr 

GMR 
surfaoc 
WaCr 

1 September 6, 1994 

Fafmnaa 
Ancnic 
k y l l i u m  

- D i c l d r i o  
Triburyl P b o r p b  
U-Tad 

Taol  4.2E43 100.00% 5.27% 
M C  9.4- 19.07% 1.17% NIA 
Beryllium 3 . m  65.08% 4.00% NIA 
U-TOTAL 5.8E44 11.82% 0.73% NIA 
Dieldrin 2.0- 4.03% 0.25% NIA 

Tributylpborpb NIA NIA 
U-Tad NIA 8.6E-01 100.00% 76.809 

Taal 8.6E-01 100.00% 76.809 
h ~ C  3.1504 0.43% 0.38% NIA 
Beryllium 2.6E45 O.W% 0.03% NIA 
Dieldrin 2.4- 0.34% 0.30% NIA 
U - T d  7.1E42 99.19% 87.87% NIA 

AncDiC NIA NIA 
Buyllium NIA 
Dieldrin NIA 
U-TOTAL NIA 

Taol 4.9E-03 100.00% 6.14% 

Taol 7.1E-02 100.00% 88.59% 

%-dTaa-% d ' f d  
w -am Recepca 
Trrroar+r - H a a d  

1.3E43 30.62% 1.61% 
2.8E43 65.07% 3.43% 
1.8- 4.31% 0.23% 
NIA 
NIA 

NIA 
' NIA 
~ NIA 

-Off---% d - T d - 8  d-?apI- 
Ra.Fsnna Medium Recrpa 
ptiv.ow) 

N/D 
N/D 
N/D 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
8.6E-01 100.00% 76.86% 
8.6E-01 100.00% 76.86% 

NIA 

NIA 
NIA 
NIA 

NIA . 
2.1E+00 100.00% 67.659 
2.1E+00 100.00% 67.659 
NIA 

NIA 1 NIA 
NIA 

NIA 
2.E- 100.00% 67.72% 
2.1EM 100.00% 67.72% 
NIA 

NIA 
NIA 

NIA 

I Total I I 2.2- 100.00% 0.02' 
Befm E n i t  ~ h o s o k  I NIA NIA 

Hcmcgmwn 
Roduae 

(Dust 
AfF.easb) 

Homegmarn 
Rudua 

Homcgmwn 
RpQac 

am AKW 

(GMRsurfaee 
WaCr 

BeflMillr 
(Dust 

Affeaed) 

Taol NIA 
M c  NIA 6.4- 97.08% 0.065 
-Ilium NIA 4.3E-06 0.66% 0.00s 
Dieldrin NIA 1.5- 2.26% 0.001 

Taal 6.6E44 100.00% O.M! 
Tnbuty1p-k NIA N/A 
U-Tad t NIA 26E-01 100.00% 23.11! 

T d  2.6E.01 100.00% 23.11! 
h n i c  NIA NIA 
Beryllium NIA NIA 
Dkldrin NIA NIA 
U-TOTAL NIA NIA 

Arrnic NIA 2.2E44 99.77% 0.02' 
Bclyllium NIA 5.0E-07 0.22% 0.00' 
Dkldria NIA 8 . 1 W  0.00% 0.00' 

T d  

NIA I NIA 
NIA 

1.7E-05 98.00% 0.0096 
8.0E-08 0.45% 0.00% 
2.7Em 1.55% 0.00% 
1.8E-05 100.00% 0.0096 

2.6E-01 100.00% 23.13% 
2.6E-01 100.00% 23.13% 

NIA 

N/A 

2.5E-03 97.08% 0.084 
l.7E-05 0.66% 0.009 
5.7E-05 2.26% 0.001 
2.5E-03 100.00% 0.081 

N/A 
1.OE+00 100.00% 32-21! 
l.OE+OO 100.00% 32.21! 
NIA 

NIA 
NIA 
NIA 

l.OE+Oo 100.00% 32.25% 
l.OE+OO 100.00% 32.25% 
NIA 

NIA 
NIA 
NIA 

NIA 

NIA 

NIA 
NIA 
NIA 

2.4E-06 99.64% .0.00% 
8.7E-09 0.36% 0.00% 
l.lE-10 0.00% 0.00% 
2.4E-06 100.00% 0.00% 

1.4EW 100.00% 0.01% 
1.4E44 100.00% 0.01% 

NIA 

NIA 

NIA 
NIA 
NIA 

6.1EoQ 99.84% 0.02! 
9.1E-07 0.15% 0.00! 
S.SE-08 0.01% 0.00! 
6.1E-04 100.00% 0.02' 

9.3E-04 100.00% 0.03' 
9.3E-04 100.00% 0.03' 

NIA 

NIA 

(GrouDdaffcr 
AffeUed) 

B d m  

(GMRsu* 
WaCr 

U-T&- NIA 1.4- 100.00% 0.01' 
Taal  1.4504 100.00% 0.01' 

&Ilk NIA NIA 
w l l i u m  NIA 
Dieldiin NIA 
U-TOTAL NIA 

NIA 
NIA I NIA 

NIA 
NIA 

~ NIA 
I 

NIA 
N/A I NIA 

~~ 

f 'Fcd.0~1~) H d  bpilder Hplnrd 
13EA1 24.92% 24.92% 
13un 2.28% 2.28% 

NIA 3.9M1 7234% 72.34% 
NIA 

N/D 

N/D 1 . m  034% 0.34% 
N/D 6.m 0.12% 0.12% 

I SAEO1 100.00% 100.00% 
NIA I NIA 
NIA 
NIA 
NIA 

NIA 1::: 
NIA 

I K  
NIA 
NIA 
NIA 

6.5SOS 98.75% 0.0096 
1.8EO7 0.28% 0.00% 
6.4-7 0.97% 0.0096 
6 . S W  100.00% 0.008 

N/A 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

7.7E-10 0.01% 
6 . W  100.00% 0.00% 

NIA NIA 
9 3 W  100.00% 0.03% 
9.3E-04 100.00% 0.03%1 

NIA I NIA 
NIA 

I K  
MeUed) I Taol I I 
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-&kdium- - pprmwSr--T- - - ~ _ _ _ _  

slubxsoiy Am& 
Ail Bayllim 

Dkldrin 

U - T d  
Tn-1 Pborpw 

T d  
sodimcat A r r n i C  

Baylliam 
U-TUl-AL 
Dicidrin 

Toral 
Groundwater Tributylpbolphrte 

U - T d  

su* M C  

WaeCr BUyllipm 
Dieldrin 
U-T& 

GMR ArreniC 

surface Beryllium 
W- Dieldrin 

T& 

Toral 

U-TOTAL 
Taccrl 

Womegrorvn Ammic 
produae Bayllim 

(hm Dicldrin 
Affected) T-1 

Homqrrw Tributylpbosphee 
Produe U - T d  

H~nnegrown Axenic 
praluae BayUium 

(GMRsurfea Dieldrin 

mm Affi=W Totol 

wacr u-mAL 
Affcucd) T d  

B c c f r n  Arrnic 

Affected) Dieldrin 
(Dust Bayllium 

T d  
B e c f r n  Tributyl phospbste 

(GTOU- U - T d  

BaeflMilL Arrnic 

(GMRsurfea Dieldrin 

AffcuCd) T d  

Bayllium 

Wr+cr U-TmAL 
Affected) T d  

?UL MEDU 

SOUTH- 
8uMMARYOFNONCARCMOCENK:HAZARD 

% d T d  % d T d  ofi-m % d T d  % d T d  0 f f - m  % d f d  % dTasl 
hkyiium ~rcrpa h . l k m c r  Mcdiom bxpa R e r . b M s d m m  aeoCpar Rerchild hkdium Reupux b c h i l d  Mcdrmn Llsoepcor H ~ r n a  Medmm Rsoaar 

-1.3M1-24.928-24.92I l.3W 30.62% 1.61% NID NID - 
28- 65.07% 3.43% N/D NID NID NID l.2E-m 2.28% 2.28’1 
1.8E-04 4.31% 0.23% N/D NID NID NID 1.8W 0.34% 034% 
NIA NIA NIA NIA NIA 6.- 0.12% 0.12‘1 
NIA NIA NIA NIA NIA 3 . 9 ~ 1  72.34% t23491 
4.2E-03 100.00% 5.2’7% 5.4E-01 100.00% 100.00’1 
9 . 4 W  19.07% 1.17% KIA NIA NIA NIA NIA 
3 . m  65.08% 4.00% NIA NIA NIA NIA NIA 
5.8E-04 ll.a% 0.73% NIA NIA NIA NIA NIA 
2.0E-04 4.03% 0.25% NIA NIA NIA NIA NIA 
4.9E-03 100.00% 6.14% 
NIA NIA XIA NIA NIA NIA 
NIA 8.6M1 100.00% 76.80% 8.6E-01 100.00% 76.86% t.lE+OO 100.00% 67.65% 2.1E+00 100.00% 67.72% NIA 

3.1504 0.43% 0.38% NIA NIA NIA NIA NIA 
2.6E-05 0.04% 0.03% NIA NIA NIA N/A NIA 
2.4504 0.34% 0.30% NIA NIA NIA NIA NIA 
7 . 1 ~ 2  99.19% w.m NIA NIA NIA NIA NIA 
7.1M2 100.00% 88.59% 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA 
NIA 6.4E-04 97.08% 0.06% 1.7E-oS 98.00% 0.00% 2.5E-03 97.08% 0.08% 6 J M 5  98.75% 0.00% NIA 
NIA 4.3- 0.66% 0.00% 8.0508 0.45% 0.00% 1 . m  0.66% 0.00% 1.- 0.28% 0.00% NIA 
NIA 1 5 M s  2.26%. 0.00% 2 . m  1.55% 0.00% 5.7E-05 2.26% 0.00% 6AMn 0.97% 0.00% NIA 

NIA N/A N/A N/A N/A N/A 
NIA 2.6M1 100.00% 23.11% 2.6E-01 100.00% 23.13% l.OE+OO 100.00% 32.21% 1.OE+00 100.00% 32.25% NIA 

NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 

NIA 2.2E-04 99.77% 0.02% 2AE-06 99.64% 0.00% 6.1E-04 99.84% 0.02% 6.7506 99.75% 0.00% NIA 
NIA 5.0M7 0.22% 0.00% 8.7E-09 0.36% 0.00% 9.1M7 0.15% 0.0046 1.6E48 0.24% 0.00% NIA 
NIA 8 . 1 W  0.00% 0.0046 l.lE-10 0.00% 0.00% S J M 8  0.01% 0.00% 7.7E-10 0.01% 0.00% NIA 

NIA NIA NIA NIA NIA NIA 
NIA 1.4- 100.00% 0.01% 1.4E-04 100.00% 0.01% 9 . 3 W  100.00% 0.03% 9 .3W 100.00% 0.03% NIA 

NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 

% d T d  % d T d  0 f f - m  % d T d  % d T d  08-m %dTaal%dTocsl 

- ~ - _ ~ - - @ . o s m )  H d  H a r s r d - ~ ( k m . )  && m.()yIL) A.nrd && 
--NID-- --NID-- - 

8.6E-01 100.00% 76.80% 8.6E-01 100.00% 76.86% 2.1E+OO 100.00% 67.65% 2.1E+00 100.0096 67.72% 

6.Q-04 100.00% 0.06% 1.8EG 100.00% 0.00% 2.5E43 100.00% 0.08% 6.5E-05 100.00% 0.00% 

2.6M1 100.00% 23.11% 2.6E-01 100.00% 23.13% 1.OE+00 100.00% 32.21% l.OE+OO 100.00% 32.25% 

2.2E4)4 100.00% O.oZ% 2.4E-06 100.00% 0.00% 6.1E-04 100.00% 0.02% 6.7506 100.00% 0.00% 

1.4E-04 100.00% 0.01% 1.4E-04 100.00% 0.01% 9.3E-04 100.00% 0.03% 93W 100.00% 0.03% 

~~ 

8.OE-02 l.lE+M l.lE+OO 3.1E+00 3.1E+08 5.4E-01 

8002Sr6 
B-3-79 



FEMp-ouo2-6 .ma 
September 6, 19.34 

1.5E-o 19.50% 0.07% 
1 . 4 ~ .  1.m 0.01% 

NIA 1 NIA 

0n-m % d T a s l  % d T d  
R e r i d m b 4 c d i l m m  

F p r w r C Q  RnardB.ard  
- 23Eo2--91;10%-- -0.21 % 

1 . 9 W  7.71% O.U2% 
2.9- 1.19% 0.00% 

2 . m  100.00% 0.23% 
NIA 
NIA 
NIA 
NIA 

4.0E-03 0.05% O.M% 
8 2 -  99.95% 77.19% 
8 3 E W  100.00% 77.23% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
4 J M 2  24.968 0.42% 
8 . W  0.05% 0.00% 
1.3E-01 74.99% 1.26% 
1.8E-01 100.00% 1.681 
1 . 1 m  0.05% 0.01% 

2 . 2 E W  100.00% 20.25% 
NIA 
NIA 
NIA 

2.2~+00 99.95% 20.24% 

6 . 1 m  99.74% 0.51% 
~ 8.- 0.14% 0.00% 
1 7 . 3 w  0.12% 0.00% 
1 6.1EM . 100.00% '0.57% 
1 3.4E43 76.28% 0.03% 

1.0-3 23.72% 0.01% 
~ g E 4 3  100.00% 0.04% 

Ch-Rqaty % d T d  %of?& 
Resi&u Memum aseptor 
child - 

__ 3:1M1--91;10%--0.S% 
2.6502 7.71% O.W% 
4 . 1 W  1.19% 0.01% 

3.4E41 100.00% 0.55% 
NIA 
NIA 

. NIA 
NIA 

2.0E42 0.05% 0.03% 
4.lEM1 99.95% 65.14% 
4.1EHl 100.00% 65.17% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
4.OE-01 24.97% 0.64% 
7 . 9 m  0.05% 0.00% 

13E+oo 74.98% 1.93% 
1.6E+00 100.00% 2.58% 
9.6Mn . 0.05% 0.02% 

~ 1.9E+01 99.95% 31.02% 
' 1.9E+01 100.00% 31.03% 
1 NIA 

NIA 
~ NIA 

3.8E-01 99.58% 0.61% 
3.- 0.09% 0.00% 
1.2M3 0.32% 0.00% 

1 3.8E-01 100.00% 0.61% 
1 1 . m  48.52% 0.03% , 1.- 51.48% , 

3 . 5 m  100.00% 

Grr* % T a d  %Tad % T a d  %rod 
Mi.miRirt. Mcmmn R c q t a M i . m i R R .  Medium ILsoepa 
k U =  Hnmd HpardRUid .U~  Hazard 
-N/A- - _ _ ~  -NIA- __ 

NIA NIA 
NIA NIA 

NIA NIA 
NIA NIA 
NIA NIA 
NIA NIA 

NIA I NIA 
NIA I NIA 

NIA I NIA 
NIA 
NIA 
NIA 

NIA I :::: 

NIA 
NIA 

NIA I NIA 

NIA NIA 
NIA NIA 

NIA NIA 
NIA NIA 
NIA NIA 

NIA NIA 
NIA NIA 
NIA NIA 

NIA I NIA 

NIA 
NIA NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

J 
NIA 
NIA 

7.4E-07 1.86% 1.86% 
3.9- 0.01% 0.01% 
6.4E-07 1.62% 1.61% 
3.8E-05 96.51% 96.13% 
4.0E-05 100.00% 99.61% 
NIA 
NIA 
NIA 

NIA 
NIA 

2.0E-08 12.94% 
1.6E47 100.00% 0.39% 

h 

ooo;rs!7 
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Medium - Rrmmeta 

__ - ~ _ _ _  slutkces -&nak b l l m m  -- - Air 

Torrrl 
sediment 

Beryllium 
U-TOTAL 
D k M n  

T d  
Gmwhmwr Tnitylpborpbac 

U-Tad 

surfaoe Ancnic 
Wstcr Bayllium 

Diel& 
U - T a  

GMR Ancnic 
surface h y l l i u m  
Wettr Dieldrin 

7" 

Total 

U-TOTAL 
T W  

Hamcgnw~ Arrnic 
PrOQa Bayllium 

(Dust D*ldrin 
T d  

Homegmwn T-lPborpk 
Rodua U-Tad 
mm MTCCW T d  

Homegmam Ancnic 
M a  BerylliOm 
( G M R s u b  Dieldrin 
W e  U-TOTAL, 

T . 1  
Bdm Amdor-1254 

(nust AFOda-12m -- 
T d  

B c C f r n  Tributyl Phosphste 
(Grmodarser U-Tael 

B&fm Arrnic 

(GMRsurfaoe Dkldria 

- T d  

e y b  

W* U-TOTAL 
Torol 

MEDU 

TABLE- - 
*oPRopary % d T a d % d T d  ObAoPary % d T d  %dTasl ob- B d T d  % d T d  Gnep %Tad % T a d  cira %Tad % T d  Grrr %Tad Sfad 

Raidcm ~sdmm ~odipm k e p m  Residaz Medium plpearr m~iv. M u m  R a q n a w ~ i . .  Medipm Rcocpar We. Msdipln jtecqua 
H d  Hp2ard c h i l d -  H d  Hpaad h u l a  R RCridUse &.Urcr - -  Hamd H s z d  FamaCm - FamermQ 

NIA NIA 
NIA- - ~- -NIA- ---- 

6.- 78.67% 0.26% ZZMn 91.10% 0.21% 3.1E-01 91.10% 0.50% NIA 

1 A W  1.83% 0.01% 29- 1.19% 0.00% 4 . 1 W  1.19% 0.01% NIA NIA NIA 

- --i.smiF 1930% OM]% --- 1.9-3 -7.71%-- OTU28 - 2 . m -  7.71%- -- O.W% NIA- - 

7.8E42 100.00% 0.33% 2 J E M  100.00% 0.23% 3.4E41 100.00% 0.55% 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 

8.6- 0.05% 0.0496 4.0EU3 0.05% 0.04% 2.0E42 0.05% 0.03% NIA NIA NIA 
1.8E+01 99.95% 75.66% 8.2Ei-00 99.95% 77.19% 4.1E+01 99.9596 65.14% NIA NIA NIA 
1.8E+Ol 100.00% 75.70% 8.3Ei-00 100.00% 77.23% 4.1E+01 100.00% 65.17% 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 
NIA NIA NIA 7.9507 31.81% 31.81% 1.9- 1.39% 1.39% NIA 
NIA NIA NIA - 2.8E49 0.11% 0.11% 1.5E48 0.01% 0.01% NIA 
NIA NIA NIA 5 . m  0.23% 0.23% 5.4E-07 0.40% 0.40% NIA 
N/A NIA NIA 1.7E-06 67.85% 67.85% 1.3E-04 98.20% 98.20% NIA 
NIA NIA NIA 2.5E-W 100.00% 300.00% I.4€44 100.00% 100.00% NIA 

1.OEUl 24.96% 0.45% 4.5E-02 24.96% 0.42% 4.OE-01 24.97% 0.64% NIA NIA NIA 
2.0E44 0.05% 0.00% 8.7E-05 0.05% 0.00% 7 . 9 W  0.05% 0.0096 NIA NIA NIA 
3.2EU1 74.99% 1.34% 1.3E-01 74.99% 1.26% l.ZE+OO 74.98% 1.93% NIA NIA NIA 
4.2EU1 100.00% 1.79% 1.8M1 100.00% 1.68% 1.6E+OO 100.00% 2.58% 
2 . 5 m  0.05% 0.01% 1.1-3 0.05% 0.01% 9.6E-03 0.05% 0.02% NIA NIA NIA 

5.1E+00 99.95% 21.53% 2.2€+00 99.95% 20.24% 1.9E+Ol 99.95% 31.02% NIA NIA NIA 
S.lE+OO 100.00% 21.54% 2.2Ei-00 100.00% 20.25% 1.9E+01 100.00% 31.03% 
NIA NIA NIA NIA NIA 7.4-7 1.86% 1.869 
NIA NIA NIA NIA NIA 3.9- 0.01% 0.019 

NIA NIA NIA NIA 6 . 4 W  1.62% 1.619 NIA 
3.m 96.51% 96.139 
4.0Eo5 100.00% 99.619 

1.4E-01 99.73% 0.59% 6.1E-02 99.74% 0.57% 3.8E-01 99.58% 0.61% NIA NIA NIA 
1.9E4M 0.14% 0.00% 8.7-5 0.14% 0.00% NIA NIA 3.- 0.09% 0.00% NIA 

NIA NIA 1.9E-04 0.13% 0.00% 7.3E35 0.12% 0.00% 1.2E-03 0.32% 0.00% NIA 
1.4E-01 100.00% 0.60% 

NIA NIA 7.6E43 74.08% 0.03% 3.4M3 76.28% 0.03% 1.7332 48.52% 0.03% KIA 
NIA NIA 2.7E43 25.92% 0.01% 1 . 0 m  23.72% 0.01% 1.- 51.48% 0.03% NIA 

1 . o m  100.00% 0.04% 4.4E-03 100.00% 0.04% 

6.1Mz 100.00% 0.57% 3.8E41 100.00% 0.61% 

3.5E42 100.00% 0.0696 
1.4-7 86.81% 0349 
2.1E-10 0.13% 0.009 
1.9E-10 0.12% 0.009 
2 . 0 m  12.W% 0.059 
1.- 100.00% 0.399 

NIA NIA NIA NIA 
NIA NIA NIA NIA 
NIA NIA NIA NIA 

23E+01 l.lE+Ol ~ E + B I  2JEo6 1.4E-M 4.OE-05 

58'94 . 
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s o d i  NP-237 
PU-238 
PU239/240 
RA-226 
RA-228 
SR-90 
U-234 
u-235m6 
u-238 
TaPlRdidOgiUlRi 
Ancnk 
&r)-uknn 
wknto<..h)anthnca 

T d M R  
I Ta 

%Tcrrl % T m  
rrrpsua- R-P- - u w r - - - - e  -Ria 
2 . m  0.10% 0.09% 
63E-10 0.001 OBO% 
1.7E-10 0.00% 0.00% 
5.4- 19.57% 17.88% 
2.9- 10.63% 9.71% 
1.oE-09 0.001 0.00% 
6.8E-M 24.80% 22.65% 
2.4- 0.01% 0.01% 
8.9E-M 32.38% 29.58% 
7.9- 0.03% 0.03% 
6.5- 0.24% 0.22% 
1.6E-07 0.57% 0.53% 
2.4EQS 8834% 80.70% 
2.0- 7.14% 652% 
4 . W  1.71% 156% 
7 . M  2.81% 2.57% 
3.2- 11.66% 10.65% 
2 . m  100.00% 91.35% 
4.2Eo9 0.19% 0.01% 
7.0511 0.00% 0.00% 
1.9E-11 0.00% 0.00% 
8.5E-07 39.46% 2.84% 
4.6- 21.47% 1.54% 
L2E-10 0.01% 0.00% 
5.-10 0.02% 0.0041 
9.3- 0.43% 0.0391 
2.1- 0.98% 0.0791 
1.4E-06 62.57% 4.5091 
6.2E-07 28.88% 2.0891 
7.0E-08 3.23% 0.2391 
1.1- 5.32% 0.3891 
8.1E-07 37.43% 2.6991 
2.2E-06 100.00% 7.2091 

OfT-pmPS~ % T a d  
k8.W hfufkxn 
jRiv.Ov0.) Rist 

1.6E10 0.247% 
1.3E-10 0.20% 
3.3E-I1 0.05% 
5.8E-10 0.88% 

2.233-12 0.00% 
8.8E-09 13.48% 
3.4E-09 5.12% 
l.lE-08 16.34% 
9.4E-09 1431% 
6.1510 0.94% 
1.9E-08 29.37% 
5 . 3 m  81.04% 
1.2E-08 17.82% 
4.5E-IO 0.68% 
3.1E-10 0.47% 
1x48 18.96% 

6.5E-11 0.10% 

% T a d  

Risk 
Raw- 

0.008 
0.00% 
0.001 
0.008 
0.00% 
0.001 
0.01 % 
0.0056 
0.01 % 
0.01 % 
0.001 
0.0391 
0.0791 
0.02% 
0.0091 
0.0091 
0.02% 

- 

6.5E-08 100.00% 0.0991 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

K-Rupon % T d  %Total 
w . k m a  Mcdirm Reccpca 

1.6E-10 0 2 %  0.008 
1.3E-10 020% 0.00% 
33E-11 0.05% 0.008 
5.8E10 0.88% 0.00% 
6-5E-11 0.10% 0.00% 

8.8E-09 13.48% 0.01% 
3.4E-09 5.12% 0.00% 
1.1- 16.34% 0.01% 
9.4E-09 14.31% 0.01% 

1.9E-08 29.37% 0.03% 
5.3E48 81.W% 0.07% 
1.2E-oB 17.82% 0.02% 
4.5E-10 0.688 0.00% 
3.1E-10 0.47% 0.00% 
1.2E-a la.%% 0.02% 
6JE-08 100.00% 0.09% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 

dd.ovD.1 -m - -&sJ 

2.2E-12 0.00% 0.00% 

6.1E-10 0.94% 0.00% 

NIA 
NIA 
NIA 

2AE-12 0.12% 
6.OE-13 0.03% 
1.OE-11 0.52% 
122-12 0.06% 
4.1E-14 0.00% 
1.6510 7.95% 
6.1E-11 3.02% 
1.9E-10 9.64% 
1.m-10 8.44% 
1.1E-11 0.55% 
332-10 17.32% 
9.6E-10 47.80% 
9.9EIO 49.04% 
3.8E.11 1.87% 
2.6E-11 1.298 
1.OE-03 52.20% 
2.0E-09 100.00% 
NIA 
W A  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

0.00% 
0.001 
0.00% 
0.008 
0.0096 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.02% 
O.U2% 
0.00% 
0.00% 
0.03 I 
0.05% 

a. own;1---~Ris~- 
2.9E-12 0.15% 0.008 
2.4E-12 
6.OE-13 
1 .oE-ll 
l.fE-12 
4.1E-14 
1.6E-10 
6.1511 
1.9E-10 
1.7E10 
1.1E-11 
3.5E-10 
9.6E-10 
9.9E-10 
3.8E-11 
2.6E-11 
1 .ou19 

0.12% 
0.03 % 
052% 
0.06% 
0.001 
7.95 96 
3.028 
9.64% 
8.44% 
0.55 % 

17.32% 
47.80% 
49.04% 
1.87% 
1.29% 

52.20% 

0.00% 
0.008 
0.00% 
0.008 
0.008 
0.008 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.02 % 
0.02% 
0.008 
0.008 
0.03 5% 

2.0E-09 100.00% 0.05% 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
N/A 
NIA 

NIA 
NIA 
NIA 

OppropCY % T a d  % T a d  
Rcridcot Medium- 

Rbt -- 
2 . 5 w  0.24% 0.00% 
2.1- 0.20% 0.00% 
5.ZE-10 O.@% 0.00% 
9.0- 0.888 0.00% 
1.0- 0.10% 0.008 
35E-11 0.00% 0.00% 
1 . 4 W  13.47% 0.01% 
5 . 2 W  5.11% 0.00% 
1 . M  16.3’7% 0.01% 
lSE-07 14.32% 0.01% 
9 . 8 W  0.96% 0.008 
3.oE-07 29.42% 0.02% 
8.3E-07 81.12% 0.06% 
1 . 8 W  17.72% 0.01% 
6.9- 0.68% 0.00% 
4.9E-09 0.48% 0.00% 
1.9E-07 18.88% 0.01% 

‘Umcrmhaq --w- 7 - 

1 . o m  100.00% 0.07% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 

NIA 
NIA 
NIA 
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h R q a t y  I T d  % T d  
Raident Muihm Rcccpta 
:- C C Q  _-g& ---gg- 

0.0096 1.8E-10 0.24% 
0.00% l5E-10 0.20% 

3.8E-11 0.05% 0.00% 
6.Z-10 0.88% 0.00% 

0.00% 7AE-11 0.10% 
2.6E-12 0.00% 0.0096 
l.OE-08 13.47% 0.01% 
3.9E-09 5.11% 0.00% 
13Ms 1637% 0.01% 
1.1E-08 14.32% 0.01% 
73E-10 0.9696 0.00% 
2.2E-08 29.42% 0.03% 
6.1E-08 81.12% 0.07% 
1.3W 17.72% 0.02% 
5.lE-10 0.68% 0.00% 
3.6510 0.48% 0.00% 
1.4E-08 18.88% 0.02% 
7.5E8 100.0096 0.09% 
NIA 
NIA 

FEMP-ouo2-6 FINAL 
September 6, 1994 

<)PRopny %Tac.l S’htal 
Retideat MediumRcccptar 

4.4E-11 0.14% 0.00% 
3.7Ell 0.12% 0.00% 
9AE12 0.03% 0.00% 
1.6E-10 052% 0.00% 
1.8Ell 0.06% 0.00% 
6AE-13 0.00% - 0.00% 
2 J W .  7.96% 0.00% 
9.4E-10 3.02% 0.00% 
3.oE-09 9.67% 0.00% 
2.6- 8.47% 0.00% 
1.8E-10 057% 0.00% 
5.4- 1739% 0.01% 
1.5- 47.94% 0.02% 
15Eo8 48.87% 0.02% 
5.8E-10 1.87% 0.00% 
4.1E-10 1.31% 0.00% 
1.6Eo8 52.06% 0.02% 
3.1E-oS 100.0046 O.W% 
NIA 

--___- sild wR3k ~ - -  

I Toto 
INP-237 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

orat % T d  % T d  
hniRiva M e d i i  Raxp?or 
R s . U u r  Risk Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

. NIA 
NIA 

NIA 
NIA 
NIA 

(irrr I T d  % T d  
IirmiRiverMedipm Racpta 
esid.usa_ Rhk Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
-NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Gest %foul  % T d  
W R i v a  Medim Raxpta 
An.Usa  Risk Risk 

NIA 
NIA 
WA 
WA 
NIA 
W A  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Comment No. 43 



. 

__ 3.ogos 0.01% 0.00% 
4.oE-09 0.01% 0.01961 
6 3 M 8  0.11% 0.08% 
1.9- 33.45% 24.98% 
1.OE-06 1.78% 133% 
3 . 6 H  64.64% 48.26% 
5 . 6 W  100.00% 74.66% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

FEMp-ou02-6 FINAL 
September 6,  1924 4 c  

WrCr 

’ i  589’4 

PU-238 
PU-239R40 
RA-226 
RA-228 
SR-90 
U-234 
u-235m 
U-238 
Tofcll Radidogicul Rid 

A d  
Bay- 
-8.h- 

T d  c3Kmial mi 

TmIE B3331 
(coatippcd) 

rr.FmBSMedium Rcocpta 
a a . 1  g& gi& 
-~~ 3.OEa 0.01% 0.00% 
4.0809 0.01% 0.01% 
6.2E-08 0.11% 0.08% 
1 . 9 W  33.45% 24.98% 
1 . M  1.78% 133% 
3.6E-05 64.64% 48.26% 
5.6EM 100.00% 74.66% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

% T d  9 6 T d  

I T d  Radidogid Rid 
surlkx JNP-237 

I TOU 
INP-237 

%Tacd % T d  
narua,-RcceFa - UICr g= g& 
NIAp 

NIA 
NIA 
NIA 
NIA 
NIA 

3.23-09 O.%% 0.01% 
3.93-09 1.16% 0.01% 
2.9E-10 0.09% 0.00% 
6.1E-09 1.83% 0.02% 
7.9E-10 0.24% 0.00% 
l.lE-10 0.03% 0.00% 
5.- 16.97% 0.19% 
3.5E-09 1.05% 0.01% 
9 . 8 W  29.16% 033% 
1.7E-07 51.48% 0.58% 
1.3E-07 38.65% 0.43% 
2 . m  7.95% 0.09% 
6.43-09 1.92% 0.02% 
1.6E-07 48.52% 0.54% 
3 . 4 m  100.00% 1.12% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA . 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

0lf-m % T d  % T d  
i k m . U  Medium RcccpM 

Risk p v .  <kp.l - Risk - 
1.3E-10 0.01% 0.00% 
1.7E10 0.01% 0.008 
2.7Ea 0.11% O.W% 
8.1E-07 33.45% 20.19% 
4 3 m  1.78% 1.08% 
1.6E-06 64.64% 39.01% 
2.4E-06 100.008 60.34% 

____  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

ff- % T d  % T d  
k c b a d  b k d b  Reccpta 
+d.ovlzl E g& 

13E-10 0.01% 0.00% 
1.7E-10 0.01% 0.001 
2.73.09 0.11% 0.071 
8 . 1 W  33.45% 20.191 
4 3 W  1.78% 1.081 
1.6Eo6 64.64% 39.01% 
2.4E-M 100.0096 60.349 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

hm % T d  % T d  
prr;Ama hfaiiumRcocpta 

Risk - :.rmamrdQ - Risk 
2.0Em O.W% 0.01% 
4.8E-08 0.00% 0.00% 
1 . m  0.01% 0.01% 
3 . m  3352% 25.061 
2.oEM 1.79% 134% 
7.1EoI 64.66% 4833% 
1.1E-m 100.00% 74.75% 

_-___ 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

UIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
N/A 
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PU-238 
PU-239/240 
RA-226 
RA-228 
SR-90 
U-234 
u - 2 3 5 m  
U-238 

Arsenic 
By- 
-8.h)- 

TGtUlRdbiOgiCUlEzirr 

Total Gbmicol Ris 

TABIEB3331 
(eootiaosd) 

hRopcy % T d  %fa 
Raidala MchiumRcccpta - add R i s t & g  

8 . 8 m  =% 0.0191 
-2;1E-o9-- 0.00% -- 0.0091 

5.oE.09 0.01% 0.0191 
1.6- 3352% 203491 
8 . 4 W  1.79% 1.0841 
3.0Ea 64.66% 39.2341 
4 . m  100.00% 60.6741 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Tom 
NP-237 
PU-238 
PU-239R40 
RA-226 
RA-228 
SR-90 
U-234 
u - 2 3 5 m  
U-238 

~ TdRodiologiaplRi~ 
Arsenic 
By- 

T i  atmic4dRic 

pyancttr 
Np-237 

TG99 
U-234 
u - 2 3 5 m  
U-238 

SR-90 - - ~~ 

-Rapcy 
Raifk8 

Fuma Cm 
1.2E-a 

-2.9Eo9- 
7.oM)9 
2.2E-05 
1.2E-06 
4.3E-05 

% Tad 
h4ahm 

Rht 
7 

0.02% 
-0.00%- - 

0.01 % 
3352% 
1.79% 

64.66% 

% T a d  
Raw- 

Risk - 
0.01 % 

--0.00% 
0.01 % 

25.67 % 
1.37% 

4953 % 
6.6E-05 100.00% 76.59% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
WA 
NIA 
WA 
NIA 
NIA 
NIA 

~ NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
- NIA 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

1.5512 0.028 0.0291 
4.4812 0.05% 0.0591 
33E-13 0.00% 0.0091 
1.4811 0.16% 0.169 
1.8E-12 0.02% 0.0291 
15E-13 0.00% 0.009 
5AE-12 0.06% 0.069 
3.4813 0.00% 0.009 
9.4E-12 0.11% 0.119 
3.7Ell 0.44% 0.449 
1.4510 1.63% 1.63% 
7.0E-12 0.08% 0.089 
8.2E-W 97.85% 97.859 
8fE-W 9956% 99.5641 
8.4E-09 100.00% 100.0091 

orclr % T a d  % T a d  
d i r m i R i v r r ~  Rccepg 
LeSid.U+r gisJ 

NIA 

NIA 
NIA 
NIA 
NIA 

-NIA - 

NfA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

3.6E-11 1.20% 1.209 
43811 1.45% 1.459 
3.2E-12 0.11% 0.119 
6.8E-11 2.27% 2.279 
8.E-12 0.29% 0.299 
1.2E-12 0.04% 0.049 
63E-10 21.03% 21.039 
3.9E-11 1.31% 1.319 
l.lE-09 36.79% 36.799 
1.9E-W 64.49% 64.499 
7.6E-10 25.70% 25.709 
.1.8ElO 6.05% 6.059 
1.1810 3.76% 3.769 
l.lE-09 35.51% 35.519 
3 . 0 W  100.00% 100.009 

... c. 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
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<)ppropaY %Tcrcrl I T -  
i&¶ihs h k d h l l R a q t c a  

% n n a ~  - Riik - Rbt 
2.4E-10 0.05% 0.00% 

-1.SslO-O.a3% --0.00% 
4.0E-11 0.01% 0.00% 
13E-08 2.75% 0.008 
1.9E-m 0.39% 0.00% 
7.9E-10 0.16% 0.001 
1.m 0.25% 0.00% 
3.OE-10 0.06% 0.00% 
3.4E-09 0.70% 0.00% 
l.lE.09 0 3 %  0.00% 
8.OE-11 0.02% 0.00% 
2.1E-09 0.43% 0.00% 
2.4E-08 5.09% 0.00% 

3.3E-07 69.06% 0.02% 
4.8E-08 10.09% 0.008 
7.5E-08 15.76% 0.01% 
4 J W  W.911 0.03% 

.. 58.94 4 

-- -- 

H a n ~ g r a ~ l  
produce 

(Fruitsmd 
vegd.bks. 

Gmtdw- 
A f f w  

iqadal % T d  % T d  
R s p r p c r - R e c e p c o l  

Risk - "= - Risk - 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

-NIA----- -- - 

NP-237 
SR-90 
u-234 
u - 2 3 5 m  
U-238 
TC-99 
ToralRadid@dRiJ 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Xf-RopaY % T a d  I f ad  
Residcot Muthn Raxptm 

Rbt 
1.6E-11 0.05% 0.008 

- 95E12--- -0.03%--0.00% 
2.6E-12 0.01% 0.00% 
8.4510 12.74% 0.00% 
1.2E10 039% 0.00% 
5.1511 0.16% 0.008 
7.8E-11 0.255 0.00% 
2.0511 0.06% 0.008 
2.1510 0.70% 0.00% 
7.3E-11 0.2496 0.00% 
5.0512 0.02% 0.00% 
1.3510 0.43% 0.00% 
1.6E-09 5.08% 0.00% 

2.1E-08 69.36% 0.03% 
3.1E-09 10.11% 0.00% 
4.7E-09 15.44% 0.01% 
2.9E-08 W.9296 0.04% 

Rist - - FUma - 

3.1E-08 100.00% 0.0491 
9.2E-10 0.01% 0.00% 
4.3E-09 0.03% 0.0141 
5 . m  33.44% 75391 
3 . 0 W  1.78% 0.404 
1.1- 64.62% 14.549 
2.oE-08 0.12% 0.039 
1.7E-05 100.00% 22.5141 

n-empar % T a d  % T a d  
u . f u m a M d h  R- 

1.6E-11 o.@% 0.00% 
-95pi12-0.lU-0.00% 
2.63-12 0.01% 0.00% 
8.4510 2.74% 0.00% 
1.23-10 039% 0.00% 
5.1511 0.16% 0.0046 
7.8E-11 O . z %  0.00% 
2.0E-11 0.06% 0.00% 
2.1E-10 0.70% 0.001 
7.3E-11 0.24% 0.00% 
5.0512 0.02% 0.00% 
1.3E-10 0.43% 0.00% 
1.6- 5.08% 0.00% 

2.1E-08 69.36% 0.03% 
3.1- 10.11% 0.00% 
4.- 15.44% 0.01% 
2.9E-08 94.92% 0.04% 

U.0Wl.l B g& 

3.1E-08 100.00% 0.04% 
9.2ElO 0.01% 0.009 
4.3E-09 0.03% 0.019 
5.7306 33.44% 7.53% 
3 . 0 W  1.78% 0.4091 
l.lE-05 64.62% 14.54% 
2.0E-08 0.12% 0.0391 
1 . M  100.00% 22JlSi 

% T d  % T a d  
Rt=.Q& Mcdirm Reccpa 

1priv. 0m.l - Risk - Ri¶k 
1.1512 0.01% 0.00% 

- -6.7E13- - -0.01%- - 0.00% 
1.8513 0.001 0.008 
5.9E-11 0.61% 0.00% 
8.4E-I2 0.09% 0.00% 
3.6E-12 0.041 0.00% 
5.5512 0.06% 0.00% 
1.4E12 0.01% 0.00% 
1.5E-I1 0.16% 0.00% 
5.2E12 0.05% 0.001 
3JE-13 0.00% 0.00% 
9.3E-12 0.10% 0.00% 
1.1E-10 1.13% 0.0096 

7.0W 72.26% 0.18% 
l.OE-09 10.541 0.0346 
1 . 6 W  16.07% 0.04% 
9.6E-09 98.87% 0.24% 
9 . W  100.00% 0.24% 
6%-11 0.01% 0.00% 
3.OE-10 0.03% 0.01% 
4 . w  33.44% 10.01% 
2.1E-08 1.78% 0.53% 
7 . W  64.62% 19.34% 
1.4E-09 0.12% 0.049 
1.2E-06 100.00% 29.93% 

flw % T d  % T a d  
RCrchJd M a t h  Recqtea 
Fcd.owm.~ &g & 

1.1512 0.01% .0.00% 
- 6.7E13-0.01%--0.00% 

1.8E13 0.00% 0.00% 
5.9511 0.61% 0.00% 
8.4E12 0.0996 0.00% 
3.6E-12 0.048 0.008 
55512 0.06% 0.00% 
1.4E-12 0.01% 0.00% 
1.5E-11 0.16% 0.00% 
5.2E-12 0.05% 0.00% 
35513 0.00% 0.00% 
9.3E-12 0.10% 0.00% 

. 1.1510 1.13% 0.00% 

7.0- 72.26% 0.18% 
1.OE-09 10.54% 0.03% 
1 . 6 W  16.07% 0.04% 
9.613-09 98.87% 0.24% 
9.7E-09 100.00% 0.24% 
6.5E-11 0.01% 0.00% 
3.OE-10 0.03% 0.01% 
4 . 0 W  33.44% 10.01% 
2.1E48 1.78% 0.53% 
7 . M  64.62% 19.34% 
1.413-09 0.12% 0.04% 
1.2E-06 100.00% 29.93% 

4.8E-07 100.00% 0.0396 
6.2E-08 0.02% 0.00% 
5.1E-08 0.0296 0.0096 
1.1E-04 3351% 7.55% 
5.9E-06 1.79% 0.40% 
t.lE-04 U.6596 14.57% 
3 . M  0.01% 0.00% 
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? 

5894 

Resid&M&ma 
Risk Fanner Cm - 

13Ell 0.05% 
8.1512 0.03% 
2.2E-12 0.01% 
7.2E10 2.75% 
1.OElO 0.39% 
4.3f2-11 0.16% 
6.7E-11 0.25% 
1.7E-11 0.06% 
1.8E-10 0.70% 
63511 0.24% 
4.4E12 0.02% 
l.lf2-10 0.43% 
1.3J2-09 5.09% 

1.8E-08 69.06% 
2 . m  10.09% 
4.1J2-09 15.76% 
2 5 M 8  W.918 

Residarr b w i m n R c c q b x  

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.0096 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.02% 
0.00% 
0.00% 
0.03 96 

child - 
1.7Ell 
1 . 6 1 1  
2.8512 
9.3E-10 
1.3E-10 
5.6511 
8.551 1 
2.E-11 
2.4510 
8.1511 
5.6512 
15E-10 
1 -7E-09 

l.lW 
1.6E-08 
2.5EoB 
1 .sFm 

- itkt 
0.01%- . 

0.01 % 
0.008 
0.61 % 
0.09% 
0.06% 
0.06% 
0.01 % 
0.16% 
0.05% 
0.008 
0.10% 
1.14% 

71.95% 
1051 96 
16.40% 
98.86% 

- Risk 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.005 
0.005 
0.00% 
0.005 
0.00% 

0.14 91 
0.029 
0.m '1 
0.199 

2.6E-08 100.00% 0.03%1 l.SE-07 100.00% 0.2091 
3.4E-09 O.Cn% 0.0011 4 . 4 m  0.02% 0.019 
2I8E0s 1::; 
6.1E-06 33.51% 
3.2E-07 
1.2E-05 64.65% 13.63% 
2.0E-09 0.01% 0.00% 
1.8E-05 100.00% 21.0996 

3.6J2-09 0.02% 0.009 
7.8E-46 33.51% 10.0991 
4 . 2 W  1.79% 0.544 
1.SE-Qs 64.65% 19.469 
2.6Ero9 0.01% 0.009 
2.3E-05 la).00% 30.099 

hmiRiva Medknn Raxpw 
Rcc.Uscr 

NIA - .- - - _ - __ . . 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

MirmiRiva M a h n  
Raid.Un w 
.-WA - _ _  - 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA . 
NIA 
NIA 

.. . 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

I 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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WMi 

A f f W  

' 

Tin 
NP-237 
PU-238 
PU-239R40 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
U-234 
u-235m 
U-238 
T d i b & b g i d h  

A& 
Beryllium 
Dh=nXa.h)=thrrw 

T d C h m i d R l  

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA , 

Nh 
NIA 
NIA 

NIA 
NIA 
NIA 

7.2514 
5.4516 
1.6E-16 
1.5510 
1 -4511 
1.6510 
1.1513 
1.2E-13 
1.4E-12 
1 . O E l  1 
7.0513 
1.8511 
35510 

0.00% 
0.00% 
0.00% 
0.13% 
0.01 % 
0.14%. 
0.00% 
0.00% 
0.00% 
0.01 96 
0.00% 
0.02% 
0.31 96 

- 
0.0091 
0.0091 
0.0091 
0.0091 
0.0091 
0.0091 
0.0091 
0.0091 
0.0091 
0.009 
0.0091 
0.0091 
0.0091 

7AE-09 6.48% 0.019 
3.6510 0.31% 0.009 
l.lW 92.908 0.149 
1.lE-m 99.69% 0.159 
l.lE-07 100.00% 0.159 

NIA 
NIA 
NIA 

7.2514 
5.4516 
1.6516 
1.5510 

1.6E-10 
1.1513 
1.2513 
1.4E-12 
1.0511 
7.0513 
1.8511 
3.5510 

1.4E-11 

0.00% 
0.00% 
0.00% 
0.13% 
0.01 % 
0.14% 
0.00% 
0.0096 
0.00% 
0.01 5% 
0.00% 
0.02% 
031 % 

- 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 

7.4E-09 6.48% 0.019 
3.6510 0.31% 0.009 
l.lE47 92.90% 0.149 
l.lE.4' 99.69% 0.159 
l.lE-07 100.00% 0.159 

NIA 
NIA 
NIA 

5.5515 
5.6517 
1.6E-17 

2.4E-12 

1.Z-14 

2.2513 
1.9E-12 
1.3513 
3.4512 
6.4511 

2.6E-11 

3.OE-11 

2.OE-14 

0.008 
0.00% 
0.00% 
0.04 % 
0.00% 
0.05% 
0.00% 
0.00% 
0.001 
0.00% 
0.00% 
0.01 % 
0.10% 

- 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 

1.7Eo9 2.n% 0.049 
5.6E-11 0.09% 0.009 
6.1M8 97.04% 1539 
6.3M8 99.90% 1579 
6.3E-08 100.00% 1.579 

NIA 
NIA 
NIA 

5.5515 0.00% 0.009 
5.6517 0.00% 0.009 
1.6E-17 0.00% 0.009 
2.6511 0.048 0.009 
2.4512 0.00% 0.009 

l.Z-14 0.008 0.009 
2.0514 0.00% 0.009 

1.9512 0.00% 0.009 
13E-13 0.00% 0.009 
3AE-12 0.01% 0.009 
6.4511 0.10% 0.009 
1.7E-09 2 . n 8  0.049 
5.6Ell 0.091 0.009 
6.1ErOs 97.04% 1.539 
63ErOs 99.90% 1.579 
6.3E-08 100.00% 1.579 

3.OE-11 0.05% 0.009 

22813 0.00% 0.009 

NIA 
NIA 
NIA 

1.1E-12 0.00% 0.00% 
8.4E15 0.00% 0.00% 
2.4515 0.00% 0.00% 
23- 0.13% 0.00% 
2.2E-10 0.01% 0.00% 
25E-09 0.14% 0.00% 
1.Z-12 0.00% 0.00% 
1.9E12 0.00% 0.00% 
2.1E-11 0.00% 0.00% 
1.6510 0.01% 0.00% 
1.1E-11 0.00% 0.00% 
2.9510 0.0296 0.00% 
SJE-09 0.30% 0.00% 
l.lE-07 6.33% 0.01% 
5JE-09 0.30% . 0.00% 
1.7E-06 93.0696 0.12% 
1.8E-M 99.70% 0.12% 
1.8E-06 100.00% 0.12% 
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TABIS B3331 

FEW-ouo2-6 FINAL 
September 6, 1994 

NIA 
NIA 
NIA 

5.9E-14 0.00% 0.009 
4.3E-16 0.00% 
1.3E-16 0.00% 
1.1510 0.12% 
1.oE-11 0.01% 
l.lE-10 0.12% 
7.9514 0.001 
93E-14 0.00% 
1.0E-12 0.00% 
7.4512 0.01% 
5.1513 0.00% 

2.5E-10 0.28% 
6.4E-03 6 .9% 
3.2E-10 0.34% 
8.5- 92.41% 
9.2- 99.?2% 

1.3E-11 0.01% 

0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.004 
0.009 
0.004 
0.009 
0.004 
0.01 9 
0.004 
0.104 
0.115 

9.2E-08 100.00% 0.115 

NIA 
NIA 

- ~ 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

8.3E-14 
8.8816 
2.6E-16 
4.1Ec10 

4.6510 
3.8E-11 

2.6E-13 
3.OE-13 
3.4E-12 
2.9E-11 
2.OE-12 
5.2E-11 
9.9E-10 

0.00% 
0.00% 
0.00% 
0.04 % 
0.00% 
0.05 Sb 
0.0096 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.10% 

- 
0.009 
0.009 
0.009 
0.009 
0.009 
0.004 
0.009 
0.004 
0.004 
0.004 
0.004 
0.004 
0.004 

2.7E-08 2.71% 0.a: 
8.E-10 0.09% 0.009 
9.7E-07 97.11% 1.255 
1.0E-06 99.90% 1.295 
1.0E-06 100.00% 1.291 

_____ NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

orrri % T d  %TaW 
[irmiRivaMcdimn Rceepol 
d.UScr g& 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

5 8 9 4  . 
W % f a  % T d d  

GmliRirab4ajiEn Row- 
An.urr RirL && 

l.1E-11 5% 8.21% 
1%-11 1.42% -6.24% 
93'S13--0~11~%9c0181% 
2.lE-11 2.32% 0.43% 
2.6E12 0.29% O.e% 
4.2513 0.05% 0.01% 
1.9E10 20.69% 355% 
1.2511 1.29% 0.22% 

33E-10 36.21% 631% 
5.8E-10 U S %  4.69% 
3.OE-10 32.47% SJ1sb 
3.N-11 3.3% 036% 
6.E-12 0.74% 0.13% 
3.3E-10 36.45% 6.2% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

- __ 

9JE-IO 100.00% 10.949b 

NIA 
NIA 
NIA 

000288 
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FEMp-ou02-6 ma 
September 6,  1994 

(GMR 
surfwx 

W.tcr 
Affected) 

- Medkan PanuMcr 
- ~ _ _ _  

U-234 
u-235m 
u-238 
TC-99 

Pu-238 
PU-2391240 
RA-226 
RA-228 
SR-90 
U-234 
U-239236 
u-238 
TlRUlRddOgidRiri 

xpamkd % T d  % T d  
w==-Rcccpa - - RbL - RhL 
WIA-  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

1 .oEo7 0.13! 

7.1E-09 0.42% 0.01% 

5.5E-07 32.42% 0.73% 
2.9E-08 1.73% O.W% 
l.lE-06 62.64% 1.42% 
4.8E-08 2.80% 0.06% 
1.7E-06 100.00% 2.261 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

2.2E-m 0.28 9 

7.1E-09 0.42% 0.0191 

5 J W  32.42% 0.739 
2.9E-08 1.73% 0.019 
1.1FM6 62.64% 1.429 
4.8E-08 2.80% 0.069 
1.7E-06 100.00% 2.269 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

2 . w  0.284 

1.3E-09 0.43% 0.0391 

1.oEo7 32.49% 2529 
5.4E-09 1.73% 0.139 
1.9E-07 62.78% 4.879 
7.9E-09 2.56% 0.2091 
3 . 1 W  100.00% 7.755 

*A 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
WA 

4 . 0 W  0.01 4 

A.I)Fnfi 

1.3E49 0.43% 0.039 

1.oE-07 32.49% 2.529 
5.4- 1.73% 0.139 
1.9EU7 62.78% 4.879 
7.9E19 2.56% 0.2091 
3.1E-07 100.00% 7.7591 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

4.0E-09 0.01 9 

44FIui 

8.63-08 0.27% 0.01% 

1.1E-05 33.35% 0.74% 
5 . 8 W  1.78% O.W% 
2.1E-05 64.33% 1.42% 
8.83-08 0.27% 0.01% 
3.2E-05 100.00% 2.20% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

4.2E-06 5.48% 
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Rad00 I 

TABLE 83341 

I I 

FEm-ou02-6 FINAL 
September 6,  1994 

(GMR 
S u r f ~ e  
Water 
Affm 

' 

Rrmwbcr 
NP-237 - 
HI-238 --- 
m239m 
RA-226 
RA-228 
SR-90 
m-22s 
m-230 
TH-232 
U-234 
u - 2 3 5 m  
U-238 
TG99 

PU-238 
W-239/240 
RA-226 
RA-228 
SR-90 
U-234 
u-235/236 
U-238 

T d R d d O & i d R i r  

3.9Eo9 0.26% 0.0041 

5 . o w  33.35% 0.58% 
2 . 6 W  1.78% 0.03 % 
9 . 6 W  64.33% 1.11% 
4 . 2 W  0.28% 0.0046 
1.sE-06 100.001 1.73% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

1.6- 0.27% 0.02% 

2.0- 33.35% 2.548 
1 . 0 W  1.78% 0.14% 
3.8JZ-06 64.35% 4.90% 
15E-08 0.258 0.02% 
5.9E-06 100.0096 7.61% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

3.1E47 0.1041 

W % T d  % T d  
~ R i v c r  M d h n  Rrccpca 
Rec.uwr E gi& 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

-NIA __ - - 

NIA 
NIA 
NIA 

NIA 

Qclt I T d  % T d  
KimliRivahfcdhI R a q m  
LeSid.Uscr psJ g& 
N h  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

--NIA- ~- - - - 

NIA 
NIA 
NIA 

NIA 

Ckat Q T d  J I T d  
di.miRinr luedium lksqno 
A c U s a  Rid: 
- NIA 
--NIA--- 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

2.4E-11 0.55% 0.449 
2.4E-13 0.01% 0.009 
1.8E-14 0.00% 0.009 
2.6510 5.83% 4.839 
2.5E-11 0.568 0.449 
1.oE11 0.23% 0.195 
1AE-W 31.77% 26339 
8.7E-11 1.97% 1.619 
2.4E09 55.60% 44.075 
4.3- 9652% 79.985 
5JE-11 1.24% 1.035 
1.6E-12 0.04% 0.035 
9.7E-11 2.20% 1.m 
1JE-10 3.48% 2 . M  
4.4E4B 100.00% 82.865 
NIA 

J.3E-09 
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FEMP-OUO2-6 FINAL 
September 6, 1994 

u s e r H . r a r d H . n r d I R n r  -.Own.l ikFicdOwn.1 a m.0wa.l Huud & 
NID NID 5 . 9 m  47.14% 4.61% N/D 

6 - 6 m  52.86% 5.17% N/D NID NID 
1.3- 100.00% 9.77% 
4.3- 11.0046 3 3 %  NIA NIA NIA 
7 . 7 ~ ~  19.8096 4.01% NIA NIA NIA 
2.- 19.20% 21.02% N/A N/A N/A 
3.9E-02 100.00% 30.38% 
NIA 
NIA 9.1E-01 100.00% 76.82% 9.1E-01 100.00% 76.82% 2.1E+00 100.00% 84371 

9.1E-01 100.00% 76.82% 9.1E-01 100.00% 76.82% 2.1E+00 100.00% 84.371 
1 . 4 W  1.87% 1.128 NIA NIA NIA 
5 . m  0.07% 0.01% NIA NIA NIA 
7SEU2 98.05% 58.68% NIA NIA NIA 
7 . m  100.00% 59.85% 
NIA WA NIA NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

' 
NIA 
NIA 
NIA 

I 

0.01 4 1.6E-04 99.65% NIA 4.1E-05 99.65% 0.00% 4 . 1 W  99.65% 0.00% 
NIA lAEU7 0.35% 0.00% 1.4E-07 0.35% 0.00% 5.6E-U7 035% 0.004 

4.1E-05 100.00% 0.00% 4.1E-05 100.00% 0.00% 1.6E-04 100.00% 0.01 4 

NIA 2.6JMl 100.00% 21.89% 2.6-1 100.00% 21.89% 2.4E-01 100.00% 9.544 

2.6E-01 100.00% 21.89% 2.6E-01 100.00% 21.89% 2.4E-01 100.00% 9.54 4 

NIA 

NIA NIA NIA NIA 
NIA NIA NIA NIA 
NIA NIA NIA NIA 
NtA NIA NIA NIA 

I 

NIA I NIA 
NIA 
N/A 

NIA 
N/A I 

0.04% 
1.8E+01 99.95% 82.33% 
6.6EM 0.05% 

2.lE+00 100.00% 8437% 
2.1E+00 100.00% 84.3781 l.SE+Ol 100.00% 82.371 
NIA I M A  
NIA 
NIA 

NIA 1 ' N I A  

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

1.6E-04 99.65% 0.01% 63E-W 99.64% , 0.009 
5.6EU7 035% 0.00% 2.2E-06 036% 0.0091 

0.001 1.6E-W 100.00% 0.01% 
0.01 1 

2.4M1 100.00% 9.54% 33E+00 99.95% 15341 

2.4E-01 100.00% 9.54% 33E+00 100.00% 15.34% 
NIA NIA 

6.3E-(# 100.00% 
1.7E-03 0.0596 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
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TABU B3332 
(eoatippcd) 

FEW-ouo2-6 FINAL 
September 6, 1994 

,* U-TOTAL 

I TU 
GMR 

I I I I 

NIA I NIA 1 NIA I NIA I NIA 

I lWA NIA I NIA NIA 

I 
4 . 0 W  0.05% 0.01% 2.0J502 0.05% 0.03% NIA NIA NIA 

8.2E+00 99.95% 84.05% 4.1E+01 99.95% 62.59% NIA NIA NIA 
8.3E+00 100.00% 84.09% 4.1E+01 100.00% 62.62% 
NIA NIA NIA NIA NIA 
NIA 
NIA 

NIA I NIA 
NIA I NIA 

NIA I NIA 
NIA I NIA 

NIA NIA 6.0E-07 31.73% 31.73% 15E-06 34.70% 34.70% NIA 
NIA NIA 1.0- 0.05% 0.05% 5AE-09 0.13% 0.13% NIA 
NIA NIA 3.0E-07 15.54% 1 5 3 %  1.4E-06 32.58% 3258% NIA 
NIA NIA 1.OE-06 52.68% 52.68% 1.4E-U 3258% 32.58% NIA 

I I 1.9E-06 100.00% l00.00%I 42306 100.00% 100.00%1 
2 . m  99.64% 0.00SSI 2.4E-03 99.64%’ 0.00WI NIA I NIA I 
2 . M  100.00% 0.00WI 2.4E-03 100.00% 0.00%) I I 
7.2E-04 0.06% 0.0lWl 1.OE-02 0.05% O.OZ%l NIA I NIA I NIA I 

I NIA I NIA I 1AE+00 99.95% 14.10961 1.9E+O1 99.95% 

1AE+00 100.00% 14.1181 1.9E+01 100.00% 29.86%1 I I 
NIA I NIA I NIA 1 NIA I 5 . 6 W  2.34% 157% 
NIA NIA NIA NIA 1.4E-09 0.01% 0.008 

NIA NIA NIA NIA 4.4E-06 18.26% 12.19% 
2.4305 100.00% 66.80% 

NIA NIA NIA NIA 1 . 9 w  79.3996 53.01% 

B-3-117 
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FEMP-ouo2-6 FINAL 
September 6 ,  193d 

1.4E45 100.00% 0.00% 
NIA 
NIA 1.SEU2 100.00% 1.28% 
NIA 

1SEQ 100.00% 1.28% 
NIA NIA 
NIA NIA 
NIA NIA 
NIA NIA 

(coatiaesd) 
Oflm %Tacrl %d OTT-Ropcy % T d  Id off-pmpsy %Tarl %d 
Rcr.krmsrMadhnn Raxp&lr b 8 . a  * RorQDd Medium- 
jFed.<ko.)--k.Sfd m- (RN ..owl.)- H.zlid &d. owl.) Huard m- 

1.4- 99.88% 0.008 3 . 9 w  99.92% 0.001 3.9E-05 99.92% 0.00% 
1.- 0.12% 0.00% 3.oMB 0.08% 0.00% 3.a5-m 0.08% 0.001 
1.4E45 100.00% 0.00% 3.9E-05 100.00% 0.00% 3 . 9 m  100.00% 0.00% 

lJMxl 100.00% 1.28% l.SE-01 100.00% 6.06% lJEol 100.00% 6.08% 

1sE-02 100.00% 1.28% 15E-01 100.00% . 6.03% 1SE-01 100.00% 6.08% 
NIA NIA NIA 
NIA NIA NIA 
NiA NIA NIA 

~ NIA NIA NIA 
1 '  I I 

<)PRcpay % T d  % o f  
R a i d a l l M e d b r m R c a p Q  

J%nllIxmr@ -H.aud - 

2 2 w  99.88% 0.0041 
2.6347 0.12% 0.0091 
2 . 2 m  100.00% 0.0091 
1.oE-06 0.00% 0.0091 

, 4.9-1 100.00% 2.2891 

4.9E-01 100.00% 2.28 91 

NIA 
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.- 

__ _ _ _ _  _ _  _-- -~ - FuxIKle- - _ _  
EkdlMJz - -  

AffecPad) T d  
-/Milk T ~ l p b o a p h . t c  
(Gmdwa&x U-TOTAL. 

Affected) 
Taal 

BafIlbiiR 
(GMR surface EkIynirrm 
WIta 
AfFected) UTOTAL 

T d  

FEW-ouo2-6 FINAL 
September 6, 1994 

On-ptopary % I d  I d  <)p.propaY % T d  %af orclt % T d  % T W  orclt % T d  J I T d  Great % T d  % T d  

Fanner(-- Huud-Huud -E Huud Huud--pa.U~~--H.nrd -= R d . U S - - H . E l i d - - M -  AEUrtr - H.ipd 
Medhm Rcc+pra Raidcat Medmm Rccepza Mic;ariRiva M d h  Rcapta MirmiRiVaMdtan R m M i r m i R i v a  M c d h ~  - 

9 . 5 m  99.88% 0.00% 6.0M 99.92% 0.00% NIA NIA NIA 
1.1W 0.12% 0.00% 4 . M  0.08% 0.00% WA NIA NIA 
9 5 E a  100.00% 0.00% 6.0E4 100.00% 0.00% 
4.1E47 0.00% 0.00% 7 . 0 W  0.00% 0.00% NIA NIA NIA 
1.8-1 100.00% 1.80% 4.9E+00 100.00% 7.51% NIA NIA NIA 

NIA WA NIA 
1.8-1 100.0096 1.80% 4.9E+00 100.00% 7 5 1 %  

NIA NIA NIA WA 1.w 0.87% 0.29% 
NIA NIA NIA NIA 7.4E-11 0.00% 0.00% 
NIA NIA NIA NIA 1.1E-05 93.65% 31.09% 
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B.3.4.4.7 Results-of Modeled Indoor Air Radon Concentrations: Solid Waste Landfill - - - -  - 

Ambient radon emission potentially associated with the Solid Waste Landfill, estimated as described' 
in Section B.2.0, are summarized in Table &p$$s$@) . . . .?:. .;'f.: .... ... . . . . . . .,.,. .. for each receptor. Risks that would result at 

. ......... ...i ................................ ._ 

the Solid Waste Landfill, assuming radon emissions were'equivalent to what would naturally occur if 

radium-226 were present at background concentrations, are presented for comparison. With the 

exception of the future on-property RME farmer, all subunit-specific risks are within or close to 

background. 

Concentrations of indoor radon were estimated from Solid Waste Landfill subsurface soil radium-226 

concentrations as described in Attachment B.11. The results shown in Table demonstrate 

little difference exists between potential carcinogenic risk to future residents dwelling either in a house 

constructed on a slab-type foundation or a house built with a basement. The future risk to the child 

resident of a house with slab foundation.is 2.6 x lo", with 3.1 x 10" risk to the CT resident, and 

3.0 x 10" risk to an RME resident. The house with basement would present risks of 1.9 x 10" to the 

child, 2.3 x 10" to the CT resident, and 2.3 x risks to an RME resident. Unlike the South Field 

indoor radon scenario, essentially n e of foundation constructed on 

the Solid Waste Landfill (see Table . For comparisons, the risk to an 

RME resident exposed to the EPA action level for radon (4 pCi/L) (ASTDR 199Ojj is presented. The 

risk would be 1.1 x 

. . . . . . . 

1 

B.3.4.5 Summary for Solid Waste Landfill 

Tables €34442 and 434443 summarize risk and hazard, respectively, associated 

with the Solid Waste Landfill for receptors assuming current land use. 

- 5 f i  . .  

000301 
FER\CRUZFU\TLC\APP-B\SECB3\August 31, 1994 1 31pm B-3-133 

' 1  

2 

3 

. _ _ _  
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

\ 

L .- 
m 

cr W W 
D 
U 
E .  
4 

Y 
E 
.- 
& 0 
c 
0 
v) 
8 
M c 

.- - 

.- 

B-3- 160 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

~ .- 

a 
r;; 

2 a 
UY 
0 a 
r;; 

2 

L 
0 
u u a 

U c m 
Y 
E 
.d 

L 
0 
C 
0 
WJ u 
M c 

.- 
.d 

.- I 
, 

B-3-16 1 

000303 



FEW-QUO2-5 DRAFT 
June 15, 1994 58 94 .*, 

P 
L 

E 
0 

c 
.- 
v) o 
M 

L 

m .- 

- 
o 
5 - .- m 
> m 

0 
C 
m 
m 
U 

e 

.- 

- 
.- 

.- 2 
U 
P 
B 
!E 

a 

... 

* 
C m 
U 

0 c 
.- 

c) ._ 
E 

s 

C 

a 

2 
5 
3 

.d 

.d 

- .- 
0 v) 

0 u 
Q 
a L 
v) 

B-3-162 



FEW-OUO2-5 DRAFT 
June 15, 1994 

. .. . -. - . . . . . . .. - . -. 

L 
m 
.- 

‘*- e, e, 
D 
U 
9 
Y 
E 
.- 
rr 0 
E 0 
v) 
Q 
M 
S 

.- 
Y 

.- 

S 
0 
M 

N 

M 

e 
E 
z -  ’ 

S a  

Y 

0 2  
a g  - 3 k  r: 

m 

5894 
\ 

4 

. .  

. . 

B-3- 163 000305 



FEMP-OUOZ-5 D&T 
June 15, 1994 

e, 
E 

cr 
Q Q 
s 
a 
S 
4 

r 
E 
.- 
cr 
0 
C 
0 
rn Q 
M 
S 

.- 
.-a 

.- 

c 
0 

000306 
B-3-163a 



FEMP-ou02-6 FINAL 
September 6, 1994 

presented in Table B.3.5-4 . Total risk due to all CPCs in soil by all routes 1 

of exposure was -2 s was primarily due to 2 

- 1  
A *  , 3 . External radiation W ~ 

~ 

A -  -6- 
..... 

A d A , + = M  

. ~ .  
~ . -  - .  - 

- .  . _ _  
- N0:66- - radium-228- -thorium-228 4 

I .  m A - - 6 4  A 7 11) -9 -6 +wptwdy Total chemical HIS 5 
M% 2.4 1@6f: 1 A 

calculated for a trespassing youth exposed to CPCs in soil did not exceed HI of 1.0. 
.... . -  ..... . ......,.. Y... ... . .............. ... 

6 

' 1  

B .3.5.3.2 Current Off-ProDertv Farmers 8 

Risks were characterized for the off-property farmer and resident child contacting CPCs via inhalation 

of airborne particulates and ingestion of homegrown produce on which airborne particulates were 

deposited; and ingestion of milk and beef from livestock grazing on off-site grasses on which airborne 

particulates were deposited. For all of these routes of exposure, the exposure point concentration was 

based on air modeling results as described in Section B.2.0, Methodology. 

The risks and hazards calculated for the off-property farmer and resident child 

are presented in Tables B.3.5-5(a) and B.3.5-5(b), resp 

associated with CPCs in soil was 1.2 !.3 x !C) - 
child, respectively. Total HIS were below 1 .O. 

for the farmer and -7 

Risks and hazards associated with ingestion of CPCs in beef and milk for the off-property farmer and 

resident child are given in Tables B.3.5-6(a) and B.3.5-6(b), respectively ( 

risk for all CPCs consunied in beef and milk was 64-+44?- - 
the farmer and child, respectively. Total HIS for all CPCs consumed in beef and milk were well 

below 1.0 for both the farmer and child. 

-8 

i 

Risks and hazards associated with ingestion of CPCs in homegrown produce for the off-site farmer 

and resident-child are given in Tables B.3.5-7(a) and B.3.5-7@), respectively- 

Total risk for all CPCs consumed in homegrown produce was 

for the farmer and child, respectively. Total HIS for all CPCs consumed in homegrown 

produce were well below 1.0 for both the farmer and child. 
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63E-08 
1.2E-06 
8.0E-03 

, 0.00% 
0.00% 
0.00% 
059% 
0.01 % 
0.43 % 

40.71 96 
0.00% 
0.008 
0.00% 
0.00% 
0.00% 
0.01 % 

41.78% 

0.00% 
0.0041 
0.00% 
0349 
0.01 41 
0.25% 
23.44’11 
0.00% 
0.009 
0.00% 
0.00% 
0.0041 
0.00’1 
24.0641 

4.9E-Qs 0.2596 0.1591 
2.1E-04 1.10% 0.63’1 
7 . 3 M  0.38% 0.2241 
1.6E-04 0.85% 0.4941 
5.4E-03 28.07% 16.1641 
3 . m  1.91% 1.1041 
1 . 5 W  0.80% 0.469 
4.2E-06 0.0296 0.019 
4.0E-03 20.79% 11.97’1 
1.sE-07 0.00% 0.009 
7.8E-04 4.05% 2339 
I.1EM 58.22% 33539 
1.9E-02 100.00% 57589 
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3.4E-10 0.05% 0.0046 
2.1511 0.00% 0.00% 
3.6E-10 0.05% 0.0096 
6.8E-07 100.00% 0.60% 
4.4- 3.86% 

NIA 
NIA 

NIA 
NIA 

JJE-05 100.00% O.M% 
6.OE-05 0.18% 1.9E-06 2.249 

off--* 

pfk. OM.) 
Ra. F u m r  

2.oE10 
1.5E-08 
2AE-09 
23308 
5.8E-m 
5.4308 
6.8E.07 

% T d  % T d  
M a  Rcecptar 

om% 0.00% 
2.24% 0.01% 
036% 0.00% 
332% O.U2% 

86.00% 051% 
8.00% 0.05% 

99.95% 0.60% 

Rhk - - Ri!?k 

On-Rupaty %?ad % T d  
Rcdi&at b d e d h r m w  

F.rmct(RMQ WRhL: 
1.9E10 0- 0.00% 
8 . M  8.87% 0.008 
13m 0.01% 0.00% 
4.2E-08 835% 0.001 
1.1- 11.87% O.#% 
1.oE-u 830% 0.00% 
1.m 100.00% O.M% 

. .  
~ ~. 

- .. .. . - .  . .. . - - . - . . . . . . . . . . 
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5894 

0.00% 
0.00% 
0.00% 
0.07% 
0.01 % 
0.00% 
0.66 % 
0.33 % 
0.90% 
0.20% 
0.02% 
0.42% 
2.60% 

0.37% 
0.02% 
0.001 
0.00% 
0.00% 
0.39% 
2.99% 
0.00% 
2.30% 

24.16% 
2.18% 

42.39% 
71.03 % 

0.0096 
0.00% 
0.0096 

Medium 
sod 

. .  .. 

TABLE B.4-U(a) 

ACTIVE FLYASH PILE CARCINOGENS 
&Property 

Resident IofTotal SofTotal % ofTotal IofTotal 

1.18% 
18.91% 
1.00% 

36.44% 
57.54% 

0.00% 
0.00% 
0.00% 

Parameter 
(3-137 
NP-237 
PU-23 8 
PU-239R40 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-2351236 
U-238 
Total Rdobgical Risk 
AmniC 
Beryllium 
Beam(a)anthracene 
Be-(a)pYre= 
Beam@) fluoranthene 

Total Chnical Risk 

2.6E-07 
2.8E-06 
2.5E-07 
4.9E-06 
8.2E-06 

O.OE+OO 
O.OE+OO 
O.OE+OO 

Groundwater + NP-237 

Homegrown 
Roduce 

@ust 
Mew 

SR-90 
u-234 
U-235/236 
U-238 
Total Radiobgical Risk 

AmniC 
Beryllium 

Total chnnical Risk 
Tooral 

(3-137 
NP-237 
PU-238 
PU-239/240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-2351236 
U-23 8 
Total Radiological Risk 

Arsenic 
Beryllium 
Benzo(a)anthracene 
~nzoopYre= 
Bento@)fluoranthene 

Total Chmical Risk 
Total 

1 1 SE-11 0.004; 0.00%I 6.8512 0.00% - -  0.0056 
Fanner 0 Medium Risk Receutor Risk Backmund Medium Risk Receutor Risk 

1.4E-07 
2.4E-08 
1.1-8 
2.8E-08 
1.9- 
2.4E-10 
2.6E-07 
9.0-8 
2.6-7 
8.1-8 
3 . 5 m  
1.6-7 
1.1- 

6.6-7 
1.9E-08 

3.6510 
5.3511 
6.7E-07 

3.3E-11 

1 . 7 M  
3.4E-09 
9.6E-07 
1.6E-05 
8.2E-07 
3 .OM5 
4.7E-05 

8.8515 
4.3516 
9.3515 

8.01 % 
1.37% 
0.63 % 
1.62% 
0.11% 
0.01 % 

14.87% 
5.18% 

14.94% 
4.70% 
0.20% 
9.39% 

61.04% 

37.82% 
1.11% 
0.00% 
0.02% 
0.001 

38.96% 
100.00% 

0.01 % 
2.04% 

32.87% 
1.74% 

63.34% 
100.00% 

0.001 
0.001 
0.00% 

0.17.1 
0.03 % 
0.01 5% 
0.03 % 
0.0096 
0.00% 
0.31% 
0.11% 
0.32% 
0.10% 
0.0096 
0.20% 
1.29% 

0.80% 
0.02% 
0.0046 
0.00% 
0.0046 
0.82% 

O.OES00 
O.OE+OO 
O.OE+OO 

7.5E-09 
6.8E-10 

O.OE+OO 
7.6E-08 
3.8E-08 
1 . o m  
2.3E-08 
1 . 9 m  
4.9E-08 
3 .OE-07 

4.2E-08 
2.4- 

O.OE+W 
O.OE+OO 
O.OE+OO 
4.5E-08 

0.0096 
0.004% 
0.0096 
2.18% 
0.20% 
0.00% 

22.08% 
10.96% 
30.03 % 
6.82% 
0.56% 

14.18% 
87.00% 

12.28% 
0.71 % 
0.0046 
0.00% 
0.001% 

13.00% 
100.00% 
0.00% 
3.24% . 

34.01 % 
3.06% 

59.68% 
100.00% 

0.0096 
0.00% 
0.00% 

4.7E-05 100.00% 57.54961 8.2E-06 100.00% 71.03% 
4 .OE-10 0.03% 0.00%1 1.8E-10 0.16% 0.0046 
1.4E-08 
1 . m  
8.4510 
4.1-8 
3.5- 
2.0E-09 
2.3E-09 

5.2E-09 
6.4510 
2.8511 
1.1- 
7.3E-08 

5.2E-10 

0.96% 
0.12% 
0.06% 
2.89% 
0.25 % 
0.14% 
0.16% 
0.04% 
0.37% 
0.05 % 
0.0046 
0.08% 
5.15% 

0.02% 
0.00% 
0.00% 
0.05 % 
0.00% 
0.00% 
0.00% 
0.0096 
0.01 % 
0.0046 
0.00% 
0.00% 
0.09% 

1.2E-06 84.85 % 1.46% 
1.3E-07 9.51 % 0.16% 
5.3E-10 0.04% 0.001 
5.6E-09 0.40% 0.01 % 
8.4E-10 0.06 % 0.00% 
1 -3E-06 94.85% 1.63% 
1.4- 100.00% 1.72% 

O.OE+OO 
O.OE+OO 
O.OE+OO 

l.lE-08 
1.3- 

O.OE+OO 
6.7E-10 
2.2E-10 
2.1 E-09 
1.8510 

3.3510 
1.6E-08 

1.6E-11 

0.0096 
0.0056 
0.00% 
9.91% 
1.15% 
0.00% 
0.61 % 
0.20% 
1.88% 
0.17% 
0.01 % 
0.30% 

14.40% 

0.00% 
0.00% 
0.00% 
0.09% 
0.01 % 
0.0096 
0.01 % 
0.0096 
0.02% 
0.00% 
0.001 
0.0046 
0.14% 

7.7E-08 70.07% 0.67% 
1.7E-08 15.54% 0.15% 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.004; 

9.4E-08 85.60% 0.82% 
1.1-7 100.00% 0.96% 
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0.005 
0.00% 
0.00% 
0.01% 
0.00% 
0.001 
0.00% 
0.001 
0.00% 
0.00% 
0.00% 
0.00% 
0.01% 
0.51% 
0.02% 
0.00% 
0.03% 
0.00% 
0.56% 

TABLE B.QU(a) 
(continned) 

On-Propeny 
Resident %ofTotal %ofTotal 

Farmer 0 Medium Risk Receotor Risk 
1 .ow 0.00% 0.00% 

. 6.5E-06 27.16% 7.95 96 
1.2E-05 50.36% 14.74% 
2.5E-07 1.03% 0.30% 
5.2506 21.44% 6.28% 

O.OE+W 0.00% 0.00% 
2.4E-05 100.00% 29.27% 

3.4515 0.008 0.008 
7.OE-17 0.00% 0.008 
3SE-15 0.001 0.001 

O.OE+OO 
O.OE+OO 
O.OE+OO 

1.9- 
1.5E-10 

O.OE+OO 
9.1513 
1.4512 
1.3511 
2.6511 
2.2512 
4.7Ell 
3.0- 
2.7EA8 
2.OE-09 

O.OE+OO 
O.OE+OO 
O.OE+OO 
2.9E48 

Medium 
Homegrown 
Produce 
(Groundwater 

Affected) 

B e e m  
@ust 

Affected) 

Beemilk 
( G d w a t e r  

Affected) 

Parameter 
NP-237 
RA-226 
SR-90 
u-234 
U-2351236 
U-238 
Total Radiological Rid 

ArscniC 
Beryllium 

Total chemical Risk 
Total 

CS-137 
Np-237 
PU-238 
pu-239n40 
RA-226 
RA-228 
PR-90 
In-228 
In-230 
In-232 
u-234 
U-2351236 
U-238 
Total Radiological Risk 
Arsenic 
Beryllium 
Benm(a)anthracene 

Be@) fluoranthem 
Be-(a)pyre= 

Total C3umical Risk 
Total 

VP-237 
U-226 
SR-90 
u-234 
U-2351236 
U-238 
Total Raciiological Risk 

h n i C  
kryllium 

Total C3umical Risk 
Total 

96 of Total 
Backmound Medium Risk 

O.OE+OO 0.00% 
O.OE+OO 0.00% 

9.2-8 3.57% 
8.4-7 32.60% 
7.5-8 2.94% 
1 SEo6 57.22% 
2.5E-06 96.34% 

7.7-8 3.00% 
I .  7E-08 0.66% 
9.4E-08 3.66% 

% of Total 
Receotor Risk 

0.00% 
0.00% 
0.80% 
7.28% 
0.66% 

12.78% 
21.51% 

0.67% 
0.15% 
0.00% 

2.4E-05 100.00% 29.27461 2.6E-06 100.00% 21.51% 
1.9E-09 0.41% 0.00%1 8.7E-10 2.72% 0.01 % 
6.1Ell 
9.7E-14 

7 . 2 W  

1.6E-09 
3.1E-12 
3.3512 

8.9511 
4.OE-12 
1.6510 
1.2-8 
4.2-7 
1.5M8 
7.9510 
2.3-8 
3.5E49 
4.6E-07 

5.1 E-1 4 

4.1E-10 

3.3E-11 

0.01 96 
0.001 
0.001 
1.54% 
0.09% 
0.34% 
0.001 
0.00% 
0.01 5% 
0.02% 
0.00% 
0.03 96 
2.45% 

88.55% 
3.26 % 
0.17% 
4.83 96 
0.74% 

97.55% 

0.001 
0.00% 
0.008 
6.08% 
0.46% 
0.00% 
0.00% 
0.00% 
0.04% 
0.08 % 
0.01 % 
0.15% 
9.55 46 

84.30% 
6.15% 
0.00% 
0.00% 
0.001 

90.45 % 

0.00% 
0.001 
0.00% 
0.02% 
0.00% 
0.00% 
0.00% 
0.00% 
0.001 
0.00% 
0.00% 
0.00% 
0.02% 
0.23 % 
0.02% 
0.00% 
0.00% 
0.00% 
0.25% 

4.7E-07 100.00% 0.5711 3.2E-08 100.00% 0.27961 
3.1512 0.00% 0.00%1 O.OE+OO 0.001 0.00% 
6.5-7 
6.0E-06 
2.4308 
5.0-7 

O.OE+OO 
7.2506 
6.3516 
3.7518 
6.3E-16 

9.06% 
83.65 % 
0.33 % 
6.95% 
0.00% 

100.00% 
0.00% 
0.00% 
0.00% 

0.80% 
7.35% 
0.03 % 
0.61 % 
0.008 
8.79% 
0.0096 
0.001 
0.00% 

O.OE+OO 
4.6-8 
8.1-8 
7.3E-09 
1.4E.07 
2.8-7 

O.OE+OO 
O.OE+OO 
O.OE+OO 

0.001 
0.56% 
1.00% 
0.09% 
1.75 % 
3.40% 
0.00% 
0.001 
0.00% 

0.00% 
0.40% 
0.71 46 
0.06% 
1.24% 
2.41 % 

0.00% 
0.00% 
0.008 

7.2E-06 100.00% 8.7951 2.8-7 3.40% 0.00% 
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underestimalion by up to one order of magnitude. 

- -  

uncertainty could cause the overestimation or underestimaiion of risks by up to one 
order of magnitude. 

could overestimate or underestimute risks by one to two orders of magnitude because 
the UCL is often much greater than the mean concentration. 

an overestimdion or underestimation of risks by up to one order of magnitude. 
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orders of magnitude for the pathways impacted. 
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deliver a radiation dose. Lung cancer results when the bronchial epithelium of the lung passages is 

exposed to alpha particles emitted from decaying radon progeny (i.e., Po-214 and Po-218) lodged in 

the lung passages. 
. _  

Three isotopes of radon are of potential concern, one associated with each of the three natural decay 

series. Rn-222, Rn-220, and Rn-219 are members of the uranium, tho r id ,  and actinium decay 

series, respectively. Rn-222 is the isotope of primary concern because its half-life 3.82 days and 

mobility as an inert gas facilitate its outdoor and indoor migration, thus potentially exposing receptors 

to elevated concentrations of Rn-222 and its short-lived progeny. Rn-220 (half-life, 55.6 seconds) 

and Rn-219 (3.96 seconds) are generally of less concern because their very short half-lives often 

result in decay before these can migrate and accumulate in elevated quantities where receptors may be 

exposed. For example, all three isotopes of radon may be of concern in the air in buildings that 

contain the appropriate parent radionuclides (in the form of surface contamination or drummed 

material, for example). At the FEMP, however, Rn-220 and Rn-219 are not expected to be released 

from a source such as the K-65 silos because their short half-lives cause them to decay before 

migrating out of the waste matrix or out of the containment provided by the silos. 

Dose ResDonse Data - Human and Animal 

The following discussion regarding the health effects of exposure to radon and radon progeny is 

summarized from the report of the BEIR IV Committee on radon and other alpha emitters 

(NAS 1988). The radiological effect of concern from exposure is lung cancer. 

The lung cancer hazard associated with working in underground mines was first recognized by 

Harting and Hesse in 18;G as a result of autopsies of European miners (Harting and Hesse 1879). 

The most important human populations studied with regard to radon progeny exposure were the 

underground miners exposed to widely differing concentrations of airborne Rn-222 progeny in mines 

(NCRP 1984b). The lung cancer mortality risk estimates for radonprogeny exposure published by 

the BEIR IV Committee (NAS 1988) were based on an epidemiological study of these underground 

miner populations. The assessment of the risk from exposure to radon progeny by the BEIR IV 
Committee represents the most recent comprehensive examination of estimated health risks associated 

with exposure. 
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The model developed by the BEIR IV Committee may be used to estimate risks under other 

environmental conditions to which persons may be routinely exposed; however, it must be recognized 

i 

2 

that the committee's model was based on epidemiological evaluations of occupational exposure 3 

-. conditions in underground mines. Therefore, assumptions must be-made regarding the similarity of 4 

No. 48 

exposed populations, levels of exposure, and factors such as cigarett: smoking, when using the model 

for nonoccupational conditions such as the indoor home environment. 

Using the BEIR IV risk factor (NAS 1988) of 350 x 
inhalation of Rn-222 and progeny, and by assuming 51.5 working months per year (8760 hours per 

year divided by 170 hours worked per month), 100 pCi Rn/liter air, short-lived Rn-222 progeny 

present in 50 percent equilibrium, and an inhalation rate of 20 m3/day for 365 daydyear, one can 

derive a lung cancer mortality risk factor of 1.2 x 10" per pCi. The EPA cancer slope factor from 

HEAST for inhalation of Rn-222 plus progeny is 7.7 x 

noted that the BEIR IV risk estimate pertains to lung cancer mortality, while the EPA cancer slope 

factors all pertain to cancer induction rather than cancer fatality. 

WLM-' for lung cancer mortality from 

per pCi (EPA 19928 b): It must be 

B.II.l.7 Ruthenium-106 

Pharmacokinetics 

The biochemistry and metabolism of ruthenium and its salts have not been investigated in detail. 

Ruthenium chelates are readily absorbed and rapidly excreted. A transient retention of ruthenium 

occurs in the kidneys, muscle, liver, bone, and probably also in the lungs during experiments using 

radioruthenium chloride. 

Once absorbed into the bone, ruthenium is retained for a long time (Uonard 1988). 

The EPA (1993~) has derived a gastrointestinal absorption factor for ruthenium of 0.05, equivalent to 

5 percent. 

Noncarcinogenic Toxicity 

Most ruthenium salts are considered to be slightly toxic, but fumes of ruthenium tetroxide and of 

ruthenium heated in air are highly injurious to the eyes and the lung and can produce nasal 

ulcerations. 
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slow. Th-232 decays by alpha particle emission, as do most of the progeny in the thorium natural 

decay series. 

Thorium has historically been used as a medical imaging agent, because it is a heavy atom that 

provides contrast in radiographic imaging. In this role thorium has been used commercially as 
Thorotrast, a 25-percent colloidal solution of thorium dioxide. The following discussion of the health 

effects from thorium exposure is summarized from the report of the BEIR IV Committee on radon 

and other alpha emitters (NAS 1988). 

Thorotrast has been used extensively in the United States, Europe, and Japan as an intravascular 

contrast agent for cerebral and limb angiography. Thorotrast has also been injected into the spleen 

for hepatolienography and into nasal and paranasal sinuses. These, uses of Thorotrast result in 

deposition of the thorium (and subsequent decay products) in tissues and organs of the body, most 

frequently in the reticuloendothelial tissues in bone (NAS 1988). Once deposited in these tissues, 

alpha particle emissions from the decay of Th-232 and its progeny irradiate the tissues for long 

Deriods of time at low-dose rates. 

Dose-ResDonse Data - Human 

The data on human health effects of thorium exposure are based primarily on epidemiological studies 

of Thorotrast patients. The five long-term studies include German, Portuguese, Japanese, Danish, 

and American patients. In the German study (van Kaick et al. 19784 i(RB 1978b, 1983, 1984a, 

19841, 1986), 5159 Thorotrast patients and 5151 controls were followed since 1933 and 1935, 

respectively. The Thorotrast patients underwent intravascular injections of Thorotrast to enhance the 

imaging of cerebral and limb angiography. The results of the follow-up analysis indicated an excess 

No. 48 

of malignant cancers, most notably liver cancers and leukemias, among the patients relative to the 

controls. 

The Portuguese study (Abbatt 1973; da Motta et al. 1979; Horta et al. 1978) involved about 2500 

Thorotrast patients and 2000 controls with a follow-up period of about 30 years. The patients were 

exposed to Thorotrast from 1929 to 1955, with roughly 60 percent receiving Thorotrast doses for 

cerebral angiography. The results of the study show a significant excess of malignant cancer deaths 

among the patients compared to the control group. Particularly notable were the excess patient liver 

malignancies compared to the controls. 
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Dose ResDonse Data - Animal 

Experimental studies of animals administered modified Thorotrast solutions provide insight into the 

1 

2 

possible influence of Thorotrast on carcinogenicity in humans from a "foreign body effect" (i.e., from 

Studies of mice administered Thorotrast solutions fortified with Th-230 to increase the specific 

3 

the colloid solution), or a toxicological effect of the thorium in addition to a radiation dose effect. 4 

5 

activity of alpha emission delivering radiation dose to tissues, conventional Thorotrast, and zirconium 

dioxide solution (Zirconotrast) have provided evidence of increased carcinogenicity of Thorotrast 

relative to Zirconotrast (Bensted 1967). Rabbits injected with Th-230 enriched Thorotrast revealed a 

shortened latency period associated with the higher specific activity solution (Faber 1973). In mice, 

rabbits, rats, and dogs, the metabolic distribution of Thorotrast and other colloid solutions (including 

zirconium and hafnium dioxide colloids) has indicated that 1) the organ distribution of the Thorotrast. 

and associated progeny in these animals is comparable to that in humans (Riedel et al. 1979, 1983) 

and 2) the other colloids fail to reveal significantly different effects attributable to their distributions 

compared to the Thorotrast (Riedel et al. 1979, 1983). 
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A study of dose response and possible foreign body effect in rats (Wesch et al. 1973, 1983) was 

conducted by administering different Th-230 enrichments of Thorotrast (causing variations in dose 

rate) and by administering different volumes of Thorotrast (dilutions maintaining constant dose rate). 

The results demonstrated that the frequency of cancers follows a linear dependence with dose rate. 

16 

17 

18 

19 

20 However, varying the volume of Thorotrast administered did not correlate with frequency of 

rate, the latent period was shortened (Wesch et al. 1973; 1983). 

In additional studies of rats injected with Zirconotrast enriched with Th-228, the number of induced 

cancers increased, and the induced cancers were similar to those induced in humans by Thorotrast 

(Wesch el al. 1986). The frequency of cancer induction was found to be dose-rate dependent, and the 

Zirconotrast without Th-228 did not induce excess cancers (Wesch 1986). 

In summary, the animal experimental evidence indicates that Thorotrast induces cancers as a result of 

' the radiation dose delivered by the solution. The physical presence of particles in the colloid solution 

induction. Although cancer risk did not increase with the volume of Thorotrast at a constant dose 21 
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and the chemical .effect of the thorium are not likely to influence the induction of cancer (NAS 1988). 

The EPA derived slope factors are presented in Table B.II.l-1. 0 32 
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Dose-ResDonse Data - Animal Models 0 1 

- 
Animal models have demonstrated a of variation of responses in acute intravenous toxicity studies. 

Rabbits and guinea pigs appear to be the most sensitive. The acute intravenous toxicity of soluble 

uranium compounds such as uranyl nitrate has been shown to be very high; the approximate dose at- 

which 50 percent of the test organisms do not survive (LD,) for rabbits is 0.1 mg/kg, for guinea pigs 

2 

3 
- 

4 

5 

6 0.3 mg/kg, for rats 1 mg/kg, and for mice 10 to 20 mg/kg (Stokinger 1982). 

In chronic animal studies sublethal threshold doses of uranium have been demonstrated (Leggett 

1989). Although the exact mechanism of tolerance is not known, it is believed that regenerated 

kidney tissue is associated with tolerance. When uranium exposure ceases, the regenerated epithelium 

transforms into normal renal tubular tissue (Yuile 1973). 

An extensive chronic feeding study was performed on rabbits, rats, and dogs for periods of 30 days, 

1 year, and 2 years (Maynard and Hodge 1949). These animals received uranium doses of 2.8, 14, 

and 71 mg/kg/day in the diet. Rabbits were maintained for 30 days, dogs for 1 year, and rats for 1 

to 2 years. For all species, water soluble compounds were more toxic than insoluble compounds. 

The lowest observed adverse effect levels (LOAELS) were established for all compounds and each 

species (Maynard and Hodge 1949). In all cases, the LOAEL could be established within the first 30 
a 
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11 

12 

13 

14 
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16 

17 

18 

days (EPA 19910. Of the three species, rabbits appeared to be the most sensitive, with renal damage 

lower doses, but moderately severe at the highest dose. Based on this study, the EPA has established 

the lowest uranium dose of 2.8 mg/kg/day as the LOAEL (EPA 19910. 

19 

exhibited at all administered dose levels. The renal damage was judged to be only moderate at the m 

21 

22 

23 

Basis for Reference Dose 

The EPA (19910 has established an RfD for uranium of 3 pg/kg/day. In lieu of a no observed 

adverse effect level (NOAEL), the RfD was based on the LOAEL of 2.8 mg/kg/day (Maynard and 

Hodge 1949) and an uncertainty factor of 1000. The uncertainty factor accounts for intraspecies and 

interspecies variability in toxicological response and for the use of the LOAEL rather than an 

NOAEL. No factor was included for the short duration of the exposure (30 days), because it has 

been shown that chronic nephrotoxic effects can be adequately characterized with experiments of 

acute/subacute duration (EPA 1991€ b). No. 48 
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B.II.2 TOXICITY PROFILES: CHEMICALS i 

B.II.2.1 2-Methvlna~hthalene 2 

Noncarcinogenic Toxicity 3 

Data located regarding the noncancer toxicity of 2-methylnaphthalene are limited to an oral lowest 

dose associated with lethality (LD,) in rats of 5000 mgkg (Sax 1984). Neither oral nor inhalation 

- 

4 

5 

6 RfD or RfC values were located. 

Carcinogenicity 

Data regarding the carcinogenicity of 2-methylnaphthalene were not located. 

B -11.2.2 Acrvlonitrile 

Toxicity 

Short exposures at high concentrations show cyanide-type toxicity. In humans, symptoms include 

headaches, feelings of nausea, irritability, and apprehension. Prolonged exposure can result in death, 

Children may be more suspectable to acrylonitrile toxicity than adults. In animals, acrylonitrile has 

been shown to result in teratogenic effects when administered by either the inhalation or oral routes of 

exposure. Impaired reproductive capability has also been demonstrated in mice. Epidemiologic 

studies have associated acrylonitrile exposure in the workplace with increased incidence of lung 

cancer and possibly prostate cancer. In animals, acrylonitrile has been demonstrated to cause tumors 

at multiple sites, including the nervous system, gastrointestinal tract, Zymbal gland and mammary 

gland. Humans exposed to high levels of acrylonitrile in the workplace have complained of nasal 

irritation and an oppressive feeling in the upper respiratory passages (Wilson, 1944; Wilson et al., 

1948, Cited in ATSDR 1990b). Acute exposure of guinea pigs to acrylonitrile has resulted in severe 

pulmonary irritation and lung edema. In humans, severe cases of acrylonitrile poisoning have 

resulted in low-grade anemia (Wilson, 1944; Wilson et al., 1948, Cited in ATSDR 1990b). Some 

liver damage has been reported in humans after acute exposure to high doses. In workers exposed to 

high levels of acrylonitrile vapors, mild jaundice was diagnosed (Wilson, 1944, Cited in ATSDR 

1990b). Direct contact of acrylonitrile with the skin has resulted in erythema, desquamation, and 

slow healing (Dudley and Neal, 1942, Cited in ATSDR I990b). Acute effects have been described as 

being a cyanide-type poisoning (Dudley and Neal, 1942; Vogel and Kirkendall, 1984, Cited in 

ATSDR 1990b) associated with acrylonitrile poisoning in humans include limb weakness, labored and 

irregular breathing, dizziness and impaired judgement, cyanosis and nausea, collapse, and convulsions 

No. 48 
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(Baxter, 1979, Cited in ATSDR 1990b). Major metabolic pathways include cyanide and thiocyanate 

as products of acrylonitrile metabolism (Ahmed 

1 

2 
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a8 
et al., 1983; EPA, 198Oa b; 'Langvardt et al., 1980; Pilon et'al., 1988% Cited in ATSDR 1990b). 

The formation of cyanide following oral exposure is greater than inhalation or subcutaneous exposure 

(Gut et al., 1975, Cited in ATSDR 19906). Acute exposure of several species of animals have been 

reported to lead to convulsions and coma (Dudley and Neal,, 1942, Cited in ATSDR 1990b). The 

genotoxicity of acrylonitrile has been extensively studied. Positive results have been observed for all 

end points evaluated: gene mutations, chromosomal aberrations, DNA damage, and cell 

transformation. Tests in Drosophila melanogaster suggest that acrylonitrile may have the potential for 

genotoxicity in vivo. 

- .. 
4 

5 

6 

7 

8 

Carcinogenicity 9 

Studies in rats by inhalation and oral exposure have all demonstrated that acrylonitrile is carcinogenic. 

Multiple tumor sites have been identified (Bio/dynamics, 1980a, 1980b, 1980c; Quast et al., 1980a, 

1980b, Cited in ATSDR 19906). There is limited evidence that acrylonitrile is a human carcinogen. 

10 

11 

12 

13 Exposure to acrylonitrile results in an increased incidence of lung cancer (O'Berg, 1980; O'Berg et 

al., 1985, Cited in ATSDR 19906). Acrylonitrile exposure may result in an increased incidence of 14 

prostate cancer (Chen et al., 1987; O'Berg et al., 1985, Cited in ATSDR 1990b). EPA has classified 15 

acrylonitrile as a probable human carcinogen (€€US EPA, 1988a). 

animals to show that acrylonitrile is carcinogenic, but the human evidence is limited. 

There is sufficient evidence in 16 

17 

B JI.2.3 Antimony 18 

Noncarcinogenic Toxicity 19 

20 Chronic oral exposure studies in animal models include two briefly reported lifetime drinking water 

studies with potassium antimony tartrate in rats and mice that reported reduced longevity in both 

species and reduced mean heart weight and altered blood chemistry in the rats (EPA 1992d). 

verified chronic oral RfD of 0.0004 mg/kg/day was based on the rat study and an uncertainty factor 

21 

22 

23 

A 

of 1000. 24 

Chronic effects from occupational exposure include irritation of the respiratory tract, pneumoconiosis, 

pustular eruptions of the skin called "antimony spots," allergic contact dermatitis, and cardiac effects, 

including abnormalities of the ECG and myocardial changes (Elinder and Friberg 1986, Cited in 

ATSDR 19914. Cardiac effects were also observed in rats and rabbits exposed by inhalation for six 

25 

26 

27 

28 

weeks, and in animals (dogs and possibly other species) treated by intravenous injection. Inhalation . 29 
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RfC values are not available from the EPA. The heart, respiratory tract, and skin are the principal 

target organs for antimony. 2 

I 
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(1993~) proposed an inorganic arsenic ingestion unit risk of 5.0 x 10" per mg/l. The equivalent oral 

slope factor is 1.75 per mg/kg/day assuming a 70 kg adult ingests 2 liters per day. 

associated with ingested inorganic arsenic are such that estimates could be revised downward as much 

as an order of magnitude, relative to the risk estimates associated with most other carcinogens:" 

1 

"The uncertainties 2 

3 

4 

B.II.2.6 Bervllium 

Noncarcinogenic Toxicity 

Beryllium has a low order of toxicity when ingested because it is poorly absorbed from the 

gastrointestinal tract (Reeves 1986, Cited in ATSDR 19928). Occupational exposure has induced 

dermatitis, acute pneumonitis, and chronic pulmonary granulomatosis (berylliosis). Berylliosis was 

also observed in humans living in the vicinity of a beryllium plant. Pulmonary effects also occurred 

in laboratory animals subjected to inhalation exposure. A verified chronic oral RfD value of 0.005 

mg/kg/day was based on a NOAEL of 0.54 mg/kg/day in a lifetime drinking water study with 

beryllium sulfate in the rat, and on an uncertainty factor of 100 (EPA 1991~). The target organs for 

inhalation exposure appear to be the lungs; target organs for oral exposure are not identified. ~ 

5 
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14 

Carcinogenicity 

The EPA (1991~) has classified beryllium in cancer weight-of-evidence Group B2 (probable human 

carcinogen), based on inadequate human data but sufficient animal data. The human data consist of 

occupational studies that weakly associate exposure with increased risk of lung cancer, but 

confounding variables were not controlled and the studies lacked sensitivity. A significant increase in 

lung tumors occurred in three strains of rats and in rhesus monkeys subjected to inhalation exposure 

or intratracheal instillation of a variety of beryllium compounds. Osteogenic sarcomas were induced 

in rabbits and mice, but not in rats or guinea pigs injected intravenously with various beryllium 

compounds. Oral studies in animals models yielded inconclusive results. The EPA (1991~) derived 

an oral slope factor of 4.3 per mg/kg/day from a slight but statistically nonsignificant increase in total 

tumors in a lifetime drinking water study with beryllium sulfate in the rat. An inhalation unit risk of 

0.0024 per pg/m3, equivalent to 8.4 per mg/kg/day (assuming humans inhale 20 m3 of air per day and 

weigh 70 kilograms), was derived from a human occupational study. 
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B.II.2.7 Carbazole a - 
Noncarcinogenic Toxicity . 

Only the oral LD, in rats for carbazole has been located. The oral LD, in rats is reported to be 

greater than 5000 mg/kg (EPA 1993d). 

The EPA has not derived chronic oral and chronic inhalation reference doses for carbazole. 

Carcinogenicitv 

The EPA has classified carbazole as a cancer weight-of-evidence Group B2 substance (probable 

human carcinogen) based on liver tumors in mice administered carbazole in the diet. The EPA has 

derived an oral cancer slope factor of 2 x mg/kg/day (EPA 1993~). 

B.II.2.8 Dieldrin 

Toxicity 

Dieldrin is toxic to both humans and animals. Clinical observations in humans indicate that the 

primary symptoms resulting from acute exposure to dieldrin are manifested as neurological and 

respiratory effects. Dieldrin exposures result in neurological effects which may include central 

nervous system excitation, convulsions, tremor, ataxia, agitation, nervousness and amnesia. 

Disturbances of sleep, memory and behavior may persist for several days or weeks after the acute 

phase of poisoning (Gosselin, 1984, Cited in EPA 1994). In extreme overdoses central nervous 

system depression and may result in death which arises from respiratory depression. Repeated 

exposures to spraymen resulted in a syndrome indistinguishable from idiopathic epilepsy which ceased 

when exposure was terminated (Hayes, W.J. 1957, as cited in HS€S EPA, 1994). In addition 

exposure via ingestion may cause nausea, vomiting and diarrhea. Hematological changes include 

blood dyscrasia, anemia and leukemia. Dermal exposures result in irritation. 

acute dieldrin toxic exposures were not reported. 

a 
No. 48 

Deaths associated with 

Carcinogenicity 

Dieldrin has been classified as a probable human carcinogen (group B2) based on inadequate human 

carcinogenicity data and sufficient animal carcinogenicity data (IRIS EPA, 1994). 

carcinogenicity data demonstrates that dieldrin is carcinogenic in both sexes of different strains of 

Animal 

mice. Dose response data support these effects as ranging from benign liver tumors, to a 
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hepatocellular tumors were identified most frequently. Human carcinogenicity data is limited to one 

retrospective study which reported no statistically significant increases in cancer deaths among 1155 

organochlorine pesticide manufacturing workers (Ditraglia, 1981 as cited in JR4& EPA 1994). In 

addition, two studies of workers exposed to aldrin and dieldrin reported no increase in the incidence 

of cancer. 

lymphosarcoma) among 166 pesticide manufacturing workers exposed 4-19 years and followed from 

15-20 years. However, exposure was not quantified and workers were exposed to other pesticides 

(endrin and telodrin). In addition, the population of workers studied was small and the age of the 

cohort was young and the number of expected deaths was not calculated. Last, the duration of 

exposure and of latency was relatively short. 

Van Raalte (1977, as cited in WIS EPA, 1994) observed two cases of cancer (gastric and 

B.II.2.9 1 ,4-Dioxane 

Noncancer Toxicity 

The acute oral toxicity of 1,4-dioxane is low; LD,,, values in laboratory animals ranged from 2000 

to 6000 mg/kg (ACGIH 1991). Repeated oral exposure was associated with severe liver and kidney 

pathology. Inhalation studies in laboratory animals failed to identify adverse effects. Liver and 

kidney pathology were observed in workers exposed to high levels in the air. Neither oral nor 

inhalation RfD or RfC values were located for 1,4dioxane. The target organs for oral exposure to , 
1,4-dioxane are the liver and kidney. 

Carcinogenicity 

Cancer studies consistently associated drinking water exposure of rats to 1 ,Cdioxane with increased 

incidence of nasal cavity and liver tumors (EPA 1993a). Drinking water exposure of mice resulted in 

increased incidence of liver tumors. An inhalation study in rats was negative. Occupational studies 

are inadequate to implicate 1,Cdioxane as a human carcinogen. On the basis of sufficient evidence 

for carcinogenicity in animals and inadequate evidence in humans, 1,4-dioxane is classified a cancer 

weight-of-evidence Group B2 compound (probable human carcinogen). The EPA (1993a) derived an 

oral slope factor of 0.011 per mg/kg/day, based on carcinomas of the nasal turbinates in orally 

exposed rats. Risk associated with inhalation exposure was not estimated. 

B.II.2.10 Dioxin/Furan 

No data were located regarding the pharmacokinetics of the polychlorinated dibenzo-p-dioxins 

(PCDDs) or (PCDFs) of concern; however, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been 
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used as a surrogate for other structurally similar members of these chemical classes. Estimates of the 

gastrointestinal absorption of TCDD ranged from 50 to 86 percent of the administered dose in rats; 

comparable data were obtained for rates and hamsters (Fries and Morrow 1975; Nolan et al. 1979; 

Olson et al. 4986 1983, Cited in ATSDR 1990~).  In rats treated dermally with 26 ng TCDD in 

methanol dermal absorption after 24 hours approximated 40 percent of that absorbed by the 

gastrointestinal tract after an equivalent dose in ethanol (Poiger and Schlatter 1980, Cited in ATSDR 

1990~).  Dermal absorption from vaseline or polyethylene glycol vehicles was substantially less than 

from methanol, but quantitative estimates cannot be made from the available data. 

No. 48 

In rodents given single oral or intrapeitonel doses, or treated for two years with TCDD in the diet, ' 

the highest concentrations and greatest tissue depots occurred in the liver, followed closely by adipose 

tissue (Piper et al. 1973; Poiger and Schlatter 1979; Rose et al. 49% 1975; Kociba et al. 1976, Cited 

in ATSDR 1990~).  Concentrations in other tissues were considerably lower than those in fat. Mouse 

liver continued to sequester TCDD more efficiently with prolonged exposure (Teitelbaum and Poland 

1978, Cited in ATSDR 19904. In nonhuman primates and guinea pigs, however, greater TCDD 

concentrations and tissue depots occurred in the adipose tissue than in the liver (Nolan et al. 1979; 

Van Miller et al. 1976, Cited in ATSDR 1990~).  Data obtained at necropsy from one woman 

potentially exposed to TCDD showed concentrations in adipose tissue about an order of magnitude 

1 

2 

3 

4 

5 

6 

-. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

higher than levels in the liver (Facchetti et al. 1980, Cited in ATSDR 1990~).  

intravenous dosing with [I4C]2,3,7,8-TCDD has been shown to cross the placenta of rats and mice; 

Radioactivity from 18 

19 

concentrations of fetal tissues were lower than in maternal tissues (Moore et al. 1976; Nau and Bass m 

1981, Cited in ATSDR 1990~). 21 

In rodents and guinea pigs, TCDD was metabolized by microsomal mixed-function oxidase enzymes 

to hydroxylated derivatives that were conjugated with glucuronide or sulfate for excretion via the bile 

or urine, respectively (Neal et al. 1982; Olson and Bittner 1983, Cited in ATSDR 1990~).  

hydroxylation of several different PCDDs in the rat was postulated to involve formation of arene 

oxide intermediates (EPA 1985a). In rats, the metabolism of TCDD was inducible but relatively 

slow, about four orders of magnitude slower than the metabolism of benzo(a)pyrene. There was 

22 

23 

24 The 
' 

25 

26 

27 

considerable species variation in the rate of metabolism of TCDD. 28 
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Studies with ['4C]7-273,7,8-TCDD showed that fecal excretion accounted for 39 to 99 percent of the 

total (fecal and urinary) excretion of radioactivity (EPA 1985a). Elimination half-lives (assuming first 

order kinetics) ranged from 1 1  to 30 days, inversely correlated with species sensitivity to TCDD. 

I 

2 

3 
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There was considerable interspecies variation in the relative importance of fecal versus urinary 

excretion and in the elimination half-lives. 

Noncarcinogenic Toxicity 

The only effect in humans clearly attributable to TCDD was chloracne (ATSDR 1989b). The 

available data, however, also associated exposure to TCDD with hepatotoxicity and neurotoxicity in 

humans. In animals, TCDD toxicity is most commonly manifested as a wasting syndrome with 

thymic atrophy terminating in death, with a large number of organ systems showing nonspecific 

effects. Chronic treatment of animals with TCDD or a mixture of two isomers of hexachlorodibenzo- 

p-dioxin resulted in liver damage. Immunologic effects may be among the more sensitive endpoints 

of exposure to the PCDDs in animals. TCDD is a developmental and reproductive toxicant in animal 

models. Data were not located regarding the noncarcinogenic toxicity of unsubstituted dibenzofuran 

or the other PCDFs. No verified or provisional noncarcinogenic toxicity values were located for any 

of the chemicals of concern in these classes (EPA 1992b, 1992~). 

Carcinogenicity a 
Data regarding the humans carcinogenicity of TCDD obtained from epidemiologic studies of workers 

exposed to pesticides or to other chlorinated chemicals known to be contaminated with TCDD, are 

conflicting (ATSDR 1989b). The interpretation of these studies is clouded, because exposure to 

TCDD was not quantified, multiple routes of exposure (dermal, inhalation, oral) were involved, and 

the workers were exposed to other potentially carcinogenic compounds. TCDD, however, is clearly 

carcinogenic in animal models, inducing thyroid, lung, and liver tumors in orally treated rats and 

mice (EPA 1985a). Similarly, oral treatment with a mixture of two hexachlorodibenzo-pdioxin 

isomers induced liver tumors in rats and mice. On the basis of the animal data, TCDD and the 

hexachlorodibenzo-p-dioxins were assigned to EPA cancer weight-of-evidence Group B2 (probable 

human carcinogen). Although the PCDDs and PCDFs of concern were not classified, they are treated 

as probable human carcinogens, for which slope factors are derived. 

The EPA (1992b) has presented provisional oral and inhalation slope factors for TCDD of 150,000 

per mg/kg/day, based on the incidence of liver and lung tumors in an oral study in rats (Kociba et al. 

1978). In the absence of satisfactory congener-specific cancer data, the EPA (19898) derived toxicity a 
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equivalency factors (TEFs) for the other PCDDs and PCDFs, by assuming that all manifestations of 

toxicity for all members of these classes are mediated by a common mechanism (Le., binding to the 

intraculluar AH receptor of target cells). For polychlorinated dibenzo-pdioxin and polychlorinated 

dibenzofurans; 2,3,7,8-TCDD toxicity equivalents will be calculated using the appropriate 1-TEFs/89 

Toxicity Equivalent Factors (EPA 19898). Table B.II.2-10-1 presents the TEFs developed by EPA. 

Considerable uncertainty surrounds the carcinogenic potential of the PCDDs and PCDFs of concern. 

Although TCDD is classified as a weight-of-evidence Group B2 substance, the homologues of concern 

are not classified. The appropriateness of estimating cancer potency of (Le., regulating as 

carcinogens) compounds not assigned to a cancer weight-of-evidence group is questionable (EPA 

1986b). 

TABLE B.II.1-10-1 

DIOXIN AND mTRAN TOXICITY EQUIVALENCY FACTORS 

Compound TEF 

Dioxins 
2,3,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) 

other H~CDDS 

Octachlorodibenzo-p-dioxin (OCDD) 

Furans 

2,3,7,8-Tetrachlorodibenzo-p-furan (TCDF) 

2,3,7,8-Heptachiorodibenzo-p-furans (HpCDFs) 

Other TCDFs 

Other HpCDFs 

SOURCE: EPA 1989h 

0.01 
0 

0.001 

0.1 
0 

0.01 
0 

. . _  
4 

5 

There is uncertainty about the slope factor for TCDD. Additional uncertainty is introduced by the use 

of the TEFs themselves, most of which were derived not from cancer data, but from in vitro data 

such as enzyme induction, which is only hypothetically related to a carcinogenic role. For example, 

the TEF of 0.001 for octachlorodibenzo-p-dioxins (OCDDs) and octachlorodibenzofurans (OCDFs) is 

based on the appearance of "dioxin-like" effects and detectable levels of OCDD late in a 13-week 

1 

2 

3 

4 

5 

6 study of male rats treated with OCDD (Couture et al. 1988) and on in vitro evidence of enzyme 
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induction (EPA 19898). Before the Couture et al. (1988), paper was available, the TEF for these 

homologues, based on limited in vivo and in vitro data, was 0.0. 

I 

2 

No. 48 

_ _ -  - B.II.2.11 Endosulfadhdosulfan Sulfate 

Toxicity 

No acute inhalation MRL was derived for endosulfan based on animal data because the most sensitive 

effects observed after acute inhalation exposure were trembling and ataxia in rats exposed to 2.6 

mg/m3 for four hours (Hoechst, 1983% Cited in ATSDR 1991b). These effects are considered by 

ATSDR to be serious effects, and MRLs are not derived using NOAELs or LOAELs for serious end 

points. No acute-, intermediate-, or chronic-duration dermal MRLs were derived for endosulfan 

because of the lack of an appropriate methodology for the development of dermal MRLs. No acute- 

-. . 

3 

4 

5 

6 

7 

8 

9 

10 

duration oral MRL was derived for endosulfan because no suitable end point was available among the 

The lowest LOAEL was for a serious end point [1.8 mgkg-day, for 

convulsions in pregnant rabbits appearing 10 days after the start of daily gavage dosing in the FMC 
(1981, Cited in ATSDR 1991b) study]. The clinical signs common to both humans and animals after 

acute exposure to high doses of endosulfan (e.g., hyperactivity, tremors, decreased respiration, 

target of toxicity. Target organs of endosulfan identified in experimental animals but not humans 

include the gastrointestinal tract, blood, liver, kidney, reproductive organs, and immune system. 

Effects observed on the respiratory and cardiovascular systems are most likely secondary to effects of 

endosulfan on the central nervous system control of respiratory and cardiovascular function. Very 
few studies have examined the toxicity of endosulfan following inhalation or dermal exposure in 

humans or animals, but the effects reported .(e.g., central nervous system stimulation and hepatic and 

renal effects) are similar to those seen after oral exposure. A major metabolite of endosulfan, 

endosulfan sulfate. which is also found at some hazardous waste sites, is reported to have similar 

toxicity (WHO, 1984, Cited in ATSDR 1991b). Endosulfan has been fatal to humans following 

accidental and intentional ingestion of concentrated endosulfan solutions (Bernardelli and Gennari, 

1987; Demeter and Heyndrickx, 1978; Terziev et al., 1974, Cited in ATSDR 199Ib). 

been observed in animals following inhalation (Hoechst, 1983% Cited in ATSDR 1991b), oral (Boyd 

al., 1978, 1981; Hoechsr. 1966a, 1966b, 1970, 1975, 1988% Cited in ATSDR 1991b), and dennal 

11 

reliable acute-duration studies. 12 

13 

$4 

15 

dyspnea, salivation, tonic-clonic convulsions, and death) point to the nervous system as the major 16 

17 

I8 

19 

20 

21 

22 

23 

'2.4 

25 

26 

n 

28 

29 

30 

31 

Death has also 

and Dobos, 1969; Boyd et al., 1970; Chatterjee et al., 1986; FMC, 1958; 1980a, 1980b; Gupta et 

(Gupta and Chandra, 1975; Hoechst, 1989b; Nicholson and Cooper, 1977, Cited in ATSDR 1991b) 

exposure to endosulfan, but no such cases have been reported in humans following inhalation or 32 

000359 
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dermal exposures. Death in humans and animals is generally attributed to respiratory arrest following 

convulsive seizures. Endosulfan is not readily 
I 

2 

000360 
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water soluble. The oral LD,, values reported for technical-grade endosulfan vary depending on the 

species, sex, formulation tested, vehicle used, and nutritional status of the animal (Boyd and Dobos, 

1969; Boyd et al., 1970; Gupta, 1976; Gupta and Gupta, 1979; Hoechst, 1990, WHO, 1984, Cited in 

ATSDR 1991b). Outward signs of acute endosulfan toxicity are similar among species and are 

generally associated with endosulfan’s effects on the central nervous system. Symptoms include 

hyperexcitability, dyspnea, decreased respiration, and fine tremors followed by tonic-clonic 

convulsions. Mice generally appear to be more sensitive to the lethal effects of endosulfan than rats 

(Gupta, 1976; Gupta et al., 1981, Cited in ATSDR I991b). Female rats are more sensitive to the 

lethal effects of endosulfan than male rats (Gupta, 1976; Hoechst, 1990; Cited in ATSDR 1991b). 

Cardiovascular effects, such as tachycardia and hypertension, followed by cardiogenic shock, 

increased cardiac output, and an increase in total peripheral resistance, have been observed in humans 

and animals following acute, high-level exposure to endosulfan (Anand et al., 1980a, 1981; Shemesh 

et al., 1988, Cited in ATSDR 1991b). Systemic congestion consistent with acute heart failure has 

been observed in short-term, high-dose studies (Gupta and Chandra, 1977; Hoechst, 1970, Cited in 

ATSDR 1991b). These effects are only seen at doses that evoke convulsions, indicating that the 

cardiovascular effects are a result of increased central sympathetic nervous system activity. Gagging, 
vomiting, and/or diarrhea in humans and animals have been reported following acute, high-level oral 

exposure to endosulfan (FMC, 1958, 1959a; Hoechst, 1989b; Terziev et al., 1974, Cited in ATSDR 

a 
No. 48 

a 
1991b). There have been no reports of renal toxicity associated with acute inhalation exposure to 

endosulfan in laboratory animals. Acute oral and dermal exposure to endosulfan has been reported to 

cause damage to the kidneys of rats, rabbits, and dogs (FMC, 1958, 1980a; Gupta and Chandra, 

1975; Hoechst, 1970; Terziev et al., 1974, Cited in ATSDR 1991b). The most prominent signs of 

acute exposure to high concentration of endosulfan in humans are hyperactivity, tremors, decreased 

respiration, dyspnea, salivation, and tonic-clonic convulsions. These effects have been observed in 

cases of occupational overexposure as well as following intentional or accidental ingestion of large 

amount of endosulfan. Autopsies performed in three cases of lethal exposure to endosulfan in humans 

revealed brain edema (Terziev et al., 1974, Cited in ATSDR 1991b). Long-term brain damage has 

also been associated with occupational endosulfan intoxicant (Aleksandrowicz, 1979, Cited in ATSDR 

Z991b). The brain damage may have been a result of a direct action of endosulfan on the brain tissue 

or the hypoxia that accompanied seizures. Signs of acute endosulfan intoxication similar to those. 

. .  . 
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reported in humans have been observed in animals. Cerebral congestion and edema is often observed 

at necropsy in animals that die following acute ingestion of endosulfan (Boyd and Dobos, 1969; Boyd 

31 

32 

et al., 1970; Teziev et al., 1974, Cited in ATSDR 1991b). L ,0361 
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. Carcinogenicity I 

No reports of cancer in humans associated with exposure to endosulfan have been found: The later 2 
a 
No. 48 studies by Hoechst (1988b, 1989% Cited in ATSDR 1991b) show no evidence of increased neoplasms 

in rats or mice chronically exposed to-endosulfan. Consumption of 3.8 mgkgday (females) or 2.9 

mg/kgday (males) by Sprague-Dawley rats for 2 years did not result in an increased incidence of any 

3 

4 . 

5 

6 neoplastic lesion (Hoechst, 1989% Cited in ATSDR 1991b). 

B.II.2.12 Ethylbenzene 7 

Toxicity 8 

9 Toxicity data specific to 1,2-diethylbenzene could not be located, however, data for ethylbenzene are 

presented. Ethylbenzene is toxic to both humans and laboratory animals. Clinical observations in 10 

humans and observations in animals indicate that the primary symptoms resulting from acute exposure 

to ethylbenzene are manifested as neurological and respiratory depression and eye and throat 

11 

12 

irritation. Target organs of ethylbenzene toxicity, identified in animals but not in humans, may be the 13 

liver, kidney, and hematopoietic system. The exposure route of most concern to the general public 14 

would be low-level inhalation exposure over long periods of time. This is due to the direct release of . 15 

ethylbenzene into the air by burning of fossil fuels or industrial processes and partitioning into the air 

from other media (e.g., soil, surface water). 

ethylbenzene exposure, but death has occurred in laboratory animals following acute exposure to high 

16 

No deaths have been reported in humans following 17 

18 

19 levels of ethylbenzene administered via the inhalation, oral, and dermal routes. The concentrations of 

ethylbenzene necessary to cause death in animals have been shown to be relatively high (1,200 - ' 
13,367 ppm, inhalation exposure; 4,728 mg/kg-day, oral exposure; 15,415 mg ethylbenzene/kg body 

weight, dermal exposure). The principal effect in humans exposed via inhalation to high 

concentrations of ethylbenzene has been central nervous system toxicity (dizziness, vertigo) (Yant et 

al., 1930). There is considerable likelihood that human populations acutely exposed to high 

concentrations of ethylbenzene are at' risk for developing neurological effects. 

20 

21 

22 

2.3 

24 

25 

. 

Carcinogenicity 26 

No association between increased cancer incidence in humans and exposure to ethylbenzene has been 

reported in current literature. The only chronic bioassay located in the literature showed a significant 

2l 

28 

29 increase in tumors in rats orally exposed to ethylbenzene (Maltoni et al., 1985, Cited in ATSDR 

1993). These results; however, are inconclusive given the weakness of the study. In the 1989 30 a 000362 
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Integrated Risk Information System (IIRIS EPA, 1989) database, EPA has classified ethylbenzene as a 

Group D agent (Not Classifiable 

I 

2 

e8 

L 
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as to Carcinogenicity). No potency factor (q,*) or other quantitative estimate of carcinogenicity has 

been developed by EPA for ethylbenzene. 

1 

. 2  

- 

. - -  B.II.2.13 -Lead 3 

Noncarcinogenic Toxicitv 4 

The noncarcinogenic toxicity of lead has been well characterized through decades of medical 

levels expected to be encountered in the environment are neurological and hematological. 

the effects on the blood, particularly changes in levels of certain blood enzymes, and subtle 

5 

6 No. 48 observation and scientific research (EPA 1993a a). The primary effects of long-term exposure to 

Some of 7 

8 

neurobehavioral changes in children appear to occur at levels so low as to be considered nonthreshold 

In part for this reason the RfD/RfC Work Group considered inappropriate the derivation of 

an RfC or RfD for inhalation exposure, or an RfD for oral exposure (EPA 1993a a). The principal 

target organs of lead are the central nervous system and the hematopoietic system. 

9 

10 effects. 

I 1  

12 

The EPA has developed an uptakehiokinetic model to predict blood lead levels in populations 13 

exposed to lead in air, diet, drinking water, indoor dust, soil and paint. This makes it possible to 14 

evaluate the effects of regulatory decisions concerning each medium on blood lead levels and potential 15 

health effects. 

children, who are the most sensitivesubpopulation for exposure to lead. It accepts user input of 

The model is used to estimate lead uptake and subsequent blood lead levels in young 16 
a 

17 

18 

19 

variables pertaining to site-specific exposure to lead through air, diet, water, soil, dust, and paint 

(EPA 1990h). In the absence of data on site-specific residential exposure variables, this model is not 

applicable to Operable Unit 2. m 

OSWER Directive No. 9355.4-02 (EPA 19898) established a soil cleanup level for lead of 500 to 

1000 ppm, based on recommendations by the Centers for Disease Control designed to protect children 

from blood lead concentrations above background, which are associated with lead-induced 

21 

22 

23 

neurological effects. In the absence of current measures of residential exposure and other site-specific .u 

variables, the OSWER directive (EPA 19898) appears to be the soundest and most defensible basis for 

evaluating the toxicity of exposure to lead in soil. 

Carcinogenicity n 

25 

26 

Lead is assigned to cancer weight-of-evidence Group B2 (probable human carcinogen), based on 

inadequate human evidence but sufficient animal evidence (EPA 1993a a). Rat and mouse bioassays 
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have shown statistically significant increases in renal tumors following dietary and subcutaneous 

exposure to several soluble lead salts. The EPA has declined to quantitatively estimate risk for oral 

exposure to lead because many factors (i.e., age, general health, nutritional status, existing body 

burden, and duration of exposure) influence the bioavailability of ingested lead, introducing a great 

deal of uncertainty into any estimate of risk. 

a 

B.II.2.14 Polvcvclic Aromatic Hydrocarbons 

Toxicitv 

A single exposure to PAHs has been associated with a number of toxic effects, including initiation of 

carcinogenicity. The acute lethal toxicity of PAHs ranges from 250 mg/kg for the most potent to 700 

mg/kg for the least potent. However, most exposure situations will involve a mixture of PAHs; and, 

it is not possible to tell whether the acute lethal toxicity for a mixture will lie somewhere in between 

these values or whether toxicity will be additive. In addition, these data were obtained following 

parenteral administration. a step which by-passes metabolism in the liver; therefore, their relevance to 

human exposure is questionable. 

Carboxylesterase activity of the intestinal mucosa was decreased in rats following intragastric 

administration of 50 or 150 mg/kg/day benzo(a)anthracene or benzo(a)pyrene for 4 days; enzyme 

activity was increased following oral exposure to 100 mg/kg/day of anthracene or phenanthrene 

(Nousiainen et al., 1984 cited in ATSDR, 19906). 

a 
.No. 48 

Bone marrow depression (aplastic anemia and pancytopenia) leading to death was observed in mice 

whose AHH enzyme was not inducible following oral administration of 120 mg 

benzo(a)pyrene/kg/day for 180 days (Robinison et al., 1975 cited in ATSDR, 19906). 

A number of hepatic effects (enzyme and foci induction, liver regeneration and increased weights) 

have been observed in animals administered PAHs. These effects are not life-threatening but may 

precede the onset of more serious effects. A single intragastric administration of 200 mg/kg of 

benzo(a)pyrene, benzo(a)anthracene or dibenz(a,h)anthracene induced the formation of preneoplastic 

hepatocytes in a promotionhitiation bioassay in partially hepatectomized rats fed 2- 

acetylaminofluorene (Tsuda and Farber, 1980 cited in ATSDR, 19906). PAHs stimulate liver 

regeneration in partially hepatectomized rats following administration in the diet for 10 days. Non- 

carcinogenic PAHs required higher doses (Gershbein, 1975 cited in ATSDR, 19906). a 
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2 
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Dermal exposure to benzo(a)pyrene in humans was associated with epidermal changes indicative of 

neoplastic proliferation, chronic dermatitis and hyperkeratosis or exacerbation of preexisting skin 

lesions (Cottini and Mazzone, 1939; EPA, 1988 cited in ATSDR, 19904. Topical application of 

PAHs have been associated with adverse effects in animals including skin cancer, effects on sebaceous 

glands, increased number of skin melanocytes, dermal inflammation, allergic contact hypersensitivity 

and photosensitization (Bock and Mund, 1958; Iwata et al., 1981 Klemme et al., 1987; Old et al., 

1963 and Forbes et al., 1976 cited in ATSDR, 19906). 

- 
- 

Immunotoxic effects have been observed following dermal and parenteral administration in animals. 

PAHs that are carcinogenic are also immunosuppressive with the same rank order of potency 

(ATSDR, 19906). Effects observed have included inhibition of T-cell dependent and independent 

antibody production and inhibition of lymphocyte mediated immunity, (Blanton et al., 1986; Lyte 

and Bick, 1985; Whit and Holsapple, 1984; Wojdani et al., 1984 cited in ATSDR, 19904. 

There is no information on the developmental effects of exposure to PAHs in humans (ATSDR, 

19906). 

. 

1 

2 

3 

4 - -  

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

In animals, in utero exposure to benzo(a)pyrene (10, 40, or 160 mg/kg/day orally during gestation) 

with alterations in gonadai morphology and germ-cell development in male mice (Mackenzie and 

15 

was associated with reduced mean postnatal pup weight and increased incidence of sterility associated 16 

17 
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Angevine, 1981 cited in ATSDR, 19904. An observed increased incidence of stillborns, resorptions 

and malformations following dietary administration of 120 mg benzo(a)pyrene/kg/day to the dam was 

associated with the metabolic responsiveness of the offspring and the dams (Legraverend et al., 1984 

18 

19 

20 

cited in ATSDR, 1990). Parental administration of a number of PAHs has been associated with a 

number of developmental effects: stillbirths, increased fetal resorptions, malformations, adverse 

gonadal histology, decreased fetal survival. 

21 

22 

23 

There is no information on the effect of PAH on reproduction in humans (ATSDR, 19906). 24 

Benzo(a)pyrene decreased the percentage of pregnant females at parturition in pregnant CD-1 mice 

(Mackenzie and Angevine, 1981 cited in ATSDR, 19906) and reduced the incidence of pregnancy in 

25 

26 

rats (Rigdon and Rennels, 1964 cited in ATSDR 19904 but had no effect on fertility of Swiss mice ' n 
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(Rigdon and Neal, 1965 cited in ATSDR, 19906). Decreased number of corpora lutea, uterine 

weights and 

000367 
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fetal survival and increased resorptions were observed following parenteral administration I 

9 4 8  of benzo(a)pyrene (Swartz and Mattison, 1985; Bui et al., 1986 cited in ATSDR, 19904. The . 2 

implications of the results obtained following parenteral administration, which by-passes first-pass 

metabolism of the liver, to human exposure are that adverse effects on reproduction are possible. 

3 

4 

A number of PAHs have been tested in numerous in vitro and in vivo qenotoxicity studies (ATSDR, 5 

19906). In general, several PAHs demonstrated genotoxic potential that required metabolic 6 

activation. Benzo(a)pyrene produced several genotoxic effects:, DNA binding/damage, sister 

chromatic exchange, chromosomal aberration, cell transformation; effects were observed in bacterid 

and mammalian (both somatic and germ) cells. DNA damage was also observed in human cells. 

Acenaphthene, acenaphthylene or fluorene were negative for genotoxic effects and anthracene, 

phenanthrene and pyrene where negative in all but one in vitro test. , 

\ 

Epidemiologic studies of humans exposed to coke-oven and roofing-tar emissions and cigarette smoke 

have demonstrated an increase in mortality due to lung cancer (Lloyd, 1971; Mazumdar et al., 1975; 

Redmond et al., 1976; Hammond et al., 1976; cited in ATSDR, 19904. Skin tumors have been 

reported among individuals exposed to mixtures containing PAHs: scrotal cancer among chimney 

sweeps and skin cancer following exposure to shade oils (Pott, 1775; Purde and Etlin, 1980 cited in 

ATSDR, 19906). While these mixtures contain PAHs they also contain a number of other potentially 

carcinogenic chemicals, tumor promoters, initiators and cocarcinogens. This concomitant exposure 

prevents making a direct causal relationship to PAHs. 

a 
12 

13 

14 

I5 

16 

17 

18 

19 

Inhalation, oral and dermal exposure to PAHs have been associated with carcinogenic effects in 

animals (ATSDR, 19906). These studies suggest that the site of tumor induction is influenced by the 

route of administration. 

20 

21 

22 Following inhalation exposure an increased incidence of respiratory tract 

tumors was observed. Benign and malignant tumors, adenomas, papillomas, neoplasms, and 23 

carcinomas of the lung, alimentary tract (particularly the forestomach), and mammary glands were 

observed following ingestion of benzo(a)pyrene, benzo(a)anthracene and dibenz(a,h)anthracene by 

A dose-responsive increase in the incidence of forestomach papillomas and carcinomas was 

observed in mice following dietary administration of 33.3 mg benzo(a)pyrene/kg/day for 30 - 197 

days (Neal and Rigdon, 1967 cited in ATSDR, 19904. The overall evidence suggests exposure to a 

24 

25 

26 

n 

rodents. 

28 

PAHs are associated with an increased risk of cancer. a* 29 
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Benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, and 

indeno( 1,2,3-~d)pyrene have been demonstrated to induce skin tumors in mice following dermal 

exposure (ATSDR, 19904. Benzo(a)pyrene, in particular, is a potent experimental skin carcinogen. 

It is often used as a positive control in carcinogenesis bioassays. The dose-response relationship of 

benzo(a)pyrene and skin tumors has been investigated in a nuinber of studies (Cavalieri et al., 1988; 

Shubik and Porta, 1957; Bingham and Falk, 1969; Wynder and Hoffman, 1959; Warshawsky and 

Barkley, 1987 cited in ATSDR, 19904. Benzo(a)pyrene has been demonstrated to induce malignant 

skin tumor at exposures as low as 0.0054 mg/kg/day; however, the solvent and strain of mouse tested 

will influence the tumorigenic dose (Bingham and Falk, 1969; Warshawsky and Barkley, 1987 cited 

in ATSDR, 19904. 

a 
No. 48 

B.II.2.14.1 Pvrene 

Mice administered intraperitoneal injections of pyrene on days 1, 8, and 15 of age did not 

demonstrate a treatment-related increase in tumor incidence (Wislocki et al., 1986 cited in IRIS, 2/93 

EPA 19934. Pyrene was not positive or inconclusive in mouse skin-painting assays (Badger et al., 

1940; Horton and Christian, 1974; Van Duuren and Goldschmidt, 1976; Salaman and Roe, 1956; 

Scribner, 1973 cited in IRIS, 2/93 EPA 19934. Subcutaneous injection of pyrene did not produce 

tumors in Jackson A mice (Shear and Leiter, 1941 cited in IRIS, W EPA 19934. The EPA has 

classified pyrene as a class D carcinogen; not classifiable as to human carcinogenicity due to no 

human data and inadequate data from animal bioassays. 

Reference Dose 

The US FDA has established as RfD of 3E-2 based on administration of 0, 75, 125, or 250 

mg/kg/day pyrene by oral intubation for 13 weeks (EPA, 1989 ekd-kMS ). Minimal tomild 

nephropathy (renal tubular pathology and decreased kidney weights) was observed; the dose ' 

relationship was moderate. The uncertainty factor was 3000 due to species variability and lack of 

additional toxicity studies. The overall confidence in the RfD is low due to gaps in the database. 

1 

B.II.2.14.2 Benzo(k)fluoranthene 

In a lifetime study in female rats, lung implants of 0.65, 3.4, or 17 mg/kg benzo(k)fluoranthene 

exhibited a dose-related increase in the incidence of epidermoid carcinomas in the lung and thorax. 

Equivocal incidences of lung adenomas and hepatic adenomas and hepatomas were reported in mice 

administered intraperitoneal injections of 120 ug benzo(k)fluoranthene/mouse on days 1, 8, 15 of age 
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8 (LaVoie et al., 1987 cited in IRIS, EPA 19936). BenzoQfluoranthene was positive in mouse skin- 

painting assays (Van Duuren et al., 1966; LaVoie et al., 1982; &nh et al., 1985 cited in IRIS, EPA 

19936). Based on these data, EPA has classified benzo(k)fluoranthene as B2 "probable" human 

carcinogen. 

B.II.2.14.3 BenzobHluoranthene 

In a lifetime study in female rats, lung implants of 0.4, 1.2, or 4.1 mg/kg benzo(b)fluoranthene 

exhibited a dose-related increase in the incidence of epidermoid carcinomas and pleomorphic sarcoma 

in the lung and thorax. Equivocal incidences of lung adenomas and hepatic adenomas and hepatomas 

were reported in mice administered intraperitoneal injections of 126 pg benzo@)fluoranthene/mouse 

on days 1, 8, 15 of age (LaVoie et al., 1987 cited in IRIS, EPA 19936). Injection site sarcomas were 

observed in mice administered subcutaneous injections of benzo(b)fluoranthene (2.6 mg total dose) 

over 2 months (Lacassagne et al., 1963 cited inaATSDR, 1990). Benzo(b)fluoranthene was positive 

for complete carcinogenesis and initiation in mouse skin-painting assays (Wynder and Hoffmann, 

1959; LaVoie et al., 1982; Amin et al., 1985 cited in IRIS, EPA 19936). Based on these data, EPA 

has classified benzo(k)fluoranthene as B2 "probable" human carcinogen. 0 
B.II.2.14.4 Benzo(ahvrene 

There are multiple animal studies demonstrating increased incidence of carcinogenic effects following 

oral, intratracheal, inhalation and dermal administration of benzo(a)pyrene. Benzo(a)pyrene has been 

shown to be an initiator and a complete carcinogen following dermal application (IARC, 1973 cited in 

IRIS, EPA 19936). A dose-responsive increase in squamous cell papillomas and carcinomas of the 

forestomach was observed following oral administration of 1 - 250 ppm benzo(a)pyrene to rats and 

hamsters for 197 days (Rigdon and Neal, 1966, 1969 cited in IRIS, EPA 19936). The incidence of 

respiratory tract and upper digestive tract tumors were increased following intratracheal instillation or 

inhalation of benzo(a)pyrene by guinea pigs, hamsters and rats (EPA, 1991 cited in IRIS, EPA 

19936). Inhalation exposure of hamsters to benzo(a)pyrene at 9.5 mg/cubic m/day for 10 weeks was 

associated with development of tumors of the nasal cavity, larynx, trachea and pharynx. At the next 

highest dose, 45 mg/m3/day, neoplasms were also observed in the upper digestive tract. The lowest 

dosed, 2.2 mg/m3/day, animals did not develop tumors (Thyssen et al., 1981 cited in IRIS, EPA 

19936). Intraperitoneal and subcutaneous injection of benzo(a)pyrene is associated with injection site 

tumors (EPA, 1991 cited in IRIS, EPA 19936). Based on no human data and sufficient animal data 
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benzo(a)pyrene is classified, B2; probable human carcinogen. EPA has calculated an oral slope factor 

of 5.8 2 

' 

1 

000371 
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per(mg/kg)/day and an inhalation slope factor of 6.1 (mg/kg-day)". These slope factors are utilized 

in the quantification of risk of all carcinogenic PAHs (- EPA 19926). 

~ -~ - 
~ 

B . 11.2.14.5 Acenauhthvlene - .. 

Dermal application of acenaphthylene (0.25%) did not cause tumor development in a lifetime study in 

mice (Cook, 1932). While no control was used in this study other PAHs tested did result in skin 

tumor formation. EPA has classified acenaphthylene as a class D carcinogen; not classifiable as to 

human carcinogenicity (IRIS, EPA 19936). 

B.II.2.14.6 Phenanthrene 

Two skin painting assays were negative for complete carcinogenic activity; 1 out of 5 mouse skin 

painting assays was positive for initiation (IRIS, EPA 19936). Tumorigenic activity was not detected 

following intraperitoneal injection of phenanthrene (0.25 mg total dose) on days 1 ,  8, and 15 after 

birth (Buening et al., 1979 cited in IRIS, EPA 19934. A single subcutaneous injection of 40 ug 

phenanthrene in albino mice was not overtly tumorigenic (Grant and Roe, 1963 cited in IRIS, EPA 

19936). No tumors were reported in mice receiving a single subcutaneous injection of 5 mg 

phenanthrene (Steiner 1955 cited in IRIS, EPA 19936). EPA has classified ph'enanthrene as a class D 

carcinogen; not classifiable as to human carcinogenicity. 

B.II.2.14.7 Benzo(a)anthracene 

Increased incidence of pulmonary tumors and hepatomas was observed mice following oral gavage 

with 500 mg benzo(a)anthracene/kg/day 3 timedweek for 5 weeks (Klein, 1963 cited in IRIS, EPA 

19936). A single gavage dose of 0.5 mg benzo(a)anthracene was not tumorigenic while multiple 

gavage treatments (8 or 16 over 16 months) resulted in forestomach papillomas (Bock and King, 1959 

cited in IRIS, EPA 19934. Following intraperitoneal injection of benzo(a)anthracene on days 1, 8, 

and 15 of age (638 ug/mouse total dose) the incidence of liver adenomas or carcinomas was increased 

in treated male mice while the incidence of pulmonary adenomas or carcinomas was increased in 

treated females (Wislocki et al., 1986 IRIS, EPA 19936). Benzo(a)anthracene was positive as a 

complete carcinogen and as an initiator in mouse skin painting bioassays (IARC, 1973 cited in IRIS, 

EPA 19936). Injection site sarcomas were observed following subcutaneous or intramuscular 

injection of benzo(a)anthracene (Steiner and Falk, 1951; Steiner and Edgecomb, 1952; Klein, 1952 

cited in IRIS, EPA 19934. EPA has classified benzo(a)anthracene as a B2 "probable" human 
carcinogen. 
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