
. . 
'If\\ BWX Technologies, Inc. 

a McDermott company BWXT of Ohio, Inc. 

~ 

00-TC/04-26 

Mr. Richard B. Provencher, Director 
Miamisburg Environmental Management Project 
U.S. Department of Energy 
P.O. Box66 
Miamisburg, OH 45343-0066 

ATTENTION: Dewain Eckman 

SUBJECT: Contract No. DE-AC24-970H20044 
RESIDUAL RISK EVALUATION FOR MIAMI-ERIE CANAL 

1 Mound Road 
P.O. Box 3030 
Miamisburg, Ohio 45343-3030 
(937) 865-4020 

ESC-055/00 
April 26, 2000 

REFERENCE: Statement of Work Requirement C 7.1 e -- Regulator Data Requests 

Dear Mr. Provencher: 
~ 

BWXT of Ohio is pleased to submit a preview copy of the Public Review Draft of the Residual Risk Evaluation 
Report in support of the completion of_ the Miami-Erie Canal Removal Action. Release of this document to ~
US EPA, OEPA, and ODH was authonzed by Paul Lucas of DOEIMEMP. y..;:_, 

\> 
/""" The draft version of this document was submitted to the regulators on February 29, 2000. Comments were 

received from USEPA in two teleconferences. Written commenll;.{dated March 29, 2000) were received from 
OEPA and discussed in a teleconference on April 6, 2000. A resj)onsiven~s summary for the OEPA 
comments is also included in this transmittal. The Public Review Draft of the document incorporates changes · 
in response to comments received from USEPA and OEPA. The primary change is the inclusion of a .. 
construction worker scenario. -~ 

If you or members of your staff have any questiom~ regarding the docy.ment, or if additional support is 
needed, please contact Dave Rakel at extensio"~03. ·.· 

''"'t"f....:_ :;. __ . 

Sincerely, ;,;;·. 

~S'Sf\~ 
JeffreyS. Stapleton _. 
Manager, Environmental Safeguards & Compliance 

JSS/DAR:jdg 

Enclc;>sures as stated 

cc: Tim Fischer, USEPA, (1) w/attachments 
Dave Meredith, TechLaw, Inc., (1) w/attachments 
Brian Nickel, OEPA, (2) w/attachments ·~""" · 
Ruth Vandegrift, ODH, (1) w/attachments 
Art Kleinrath, MEMP, (1) w/attachments 
Paul Lucas, MEMP, (1) w/attachments 
John Price, BWXT of Ohio, {2) w/attachments 
DCC 



General Comments 

Residual Risk Evaluation 
OU-4 Miami-Erie Canal Area 

US DOE Mound Plant 
Draft, February 22, 2000 

Ohio EPA 
March 29, 2000 

1. The Executive Summary makes very broad statements that are not particularly accurate 
and which may change before finalizing the document, e.g., specific comment #22 below. 
It is strongly suggested this summary be written after comments are accepted and the 
document is edited. As currently written, there are specific problems. See comments 1 
through 3 under Specific Comments. 

Response: 

The Executive Summary will be revised once comments are resolved with all the Core 
Team members. 

2. Ohio EPA is also evaluating ARARS for the canal and there is a potential that more 
stringent risk criteria may be Relevant and Appropriate. 

Response: 

The Mound 2000 RREM (DOE 1997) does not address screening COPCs against 
ARARs, only against background and Mound Screening Guidance Values. This method 
is consistent with the CERCLA process in which screening against ARARs is done during 
remedy selection, not during the risk assessment. 

Specific Comments 

3. Executive Summary 
First Paragraph, Last Sentence 
Please explain briefly, and add to text, the rationale for calculating the total, background 
and incremental risk for only recreational and residential. This should only require one or 
two sentences. 

Response: 

Additional text will be added to the executive summary to explain the selection of 
receptors for the RRE. The most likely and most conservative scenarios for the canal 
property are believed to be current/future recreational use and potential future residential 
use. Residual risks to these receptors were evaluated separately for adult and child 
exposures. These scenarios included potential exposure to surface and subsurface soil, 
via incidental ingestion, dermal contact, inhalation of dust and VOCs and external 
radiation exposure. 



4. Executive Summary 
Second Paragraph, Fourth Sentence 
This sentence is incorrect. 

Response: 

Total non-radiological cancer risk for the residential adult was 1.6x10-4. Of this risk, 
1.2x10-4 or 75% was due to dermal exposure to benzo(a)pyrene. Dermal exposure to 
dibenzo(a,h) anthracene contributed 1.9x10-5 or an additional 12% of the total cancer risk. 
Incremental non-radiological cancer risk was 1.5x1 0-4. Of this risk, 1.2x1 0-4 or 80% was 
due to dermal exposure to benzo(a)pyrene. Dermal exposure to dibenzo(a,h) anthracene 
contributed 1.9x1 o-5

, or an additional 13% of the total cancer risk. 

Total and incremental residual cancer risks for a hypothetical adult resident exposed to 
radionuclides in the canal area were 1.5x1 0-4 and 5.6x1 o-5

, respectively. For total residual 
cancer risk due to radiological contaminants, nearly 100% of the risk is due to external 
exposure to radium-226. For incremental residual cancer risk due to radiological 
contaminants, 90% of the risk is due to external exposure to radium-226. The 41

h 

sentence of the executive summary will be revised to exclude plutonium-238. 

5. Executive Summary 
Third Paragraph 
The three sentences in this paragraph is too broad. What other sources and are they 
truly comparable with Mound? PAHs are ubiquitous in some geographic locations, but 
such a statement cannot apply in all situations and there is nothing presented in this 
document to support this claim for the canal. Radium-226 is a naturally occurring . 
radioisotope, but even DOE's own databank indicates more occurrences of Ra-226 on-

. site and adjacent to the site in comparison to the occurrence of same further from the 
facility. The text of this document does not contain information or references to support 
these assertions. Please delete the paragraph. 

Response: 

PAHs are ubiquitous in many environments, particularly along railroad right-of-ways, such 
as the one running through the canal area. The third sentence regarding shielding from 
external radiation does not suggest that Ra-226 is not site related, but that the shielding 
factor used to calculate residual risk was very conservative. Support for this assertion is 
provided in Section 6.2 of the RRE. The paragraph will be revised in consideration of 
Ohio EPA's comment. 



6. Section 1.2, Page 2 of 29 
First paragraph, Third Sentence 
Please add a comma between the words recreation and residual. 

Response: 

A comma will be added at the appropriate location. 

7. Section 1.2, Page 2 of 29 
First Paragraph, Fourth Sentence 
What existing land use restrictions are referred to in this sentence? It is the impression of 
Ohio EPA that there are no current restrictions on the property (other than needed due to 
the remedial action effort). 

Response: 

The land use restrictions referred to in the sentence are highway right-of-way, highway 
set backs, utility easements. These restrictions limit the amount of the land in the vicinity 
of the canal that could be developed as residential property. Although the amount of 
developable land is small, the possibility of residential future use was assessed in the 
RRE. 

8. Section 2.0, Page 3 of 29 
Data Compilation and Evaluation - include a table that summarizes the results of 
confirmatory sampling that was performed after the remedial action was completed. In 
addition, include a table that summarizes the data points used to develop the exposure 
point concentrations for each pathway. These additions would enhance the end 
user/reader understanding of the data and any residual risk, as well as allowing the 
reader to draw their conclusions based on the review of the data. 

Response: 

A hard copy of the data will be provided as an appendix to the RRE. A key will be 
provided with the data to allow the reader to distinguish the various sampling events. 

9. Section 2.2, Page 3 of 29 
Second Paragraph 
Exposure to groundwater can occur via routes other than drinking water. Under a future 
use scenario, it is reasonable to assume that construction activity could occur on this 
property. During Excavation activities, utilities installation or repair, and construction of 
new homes with basements, .there is potential for exposure to groundwater via dermal 
contact, incidental ingestion and inhalation of volatiles. Including this pathway or provide 
justification for excluding it. 

Response: 

The exposure scenarios, receptors, exposure pathways, exposure parameters, and 
media included in the Canal RRE were discussed and agreed to in a meeting held 
December 141

h, 1999 with Ohio EPA, USEPA, DOE, BWXT and SAIC. Groundwater as a 
media was discussed, and a determination was made not to include groundwater since 
water at the canal area would be provided by the City of Miamisburg. Since the city will 



provide potable water it is unlikely that a construction worker in the canal area would drink 
or shower in water drawn from the Mound production wells. Incidental ingestion and ~ 
dermal exposure to groundwater may occur while excavating, however, standing 
groundwater in an excavation is likely to be a rare occurrence and would probably be 
pumped out or allowed to dry out before work is resumed in a given area. 

10. Section 2.2, Page 5 of 29 
Third Paragraph 
The word "current" needs to be added to the sentence ... it was assumed that residential 
and recreational receptors would currently drink municipally supplied water and not obtain 
BVA ground water directly. 

Section 2.2, Page 5 of 29 
Third Paragraph 
Add the sentence "Risk from ground water will also assess at later date prior to 
completing the final Record of Decision." 

Response:. 

The Miami-Erie Canal RRE assumes that exposure to groundwater is currently an . 
incomplete exposure pathway. As discussed in the December 141

h, 1999 meeting, it was 
assumed that municipally supplied water would be made available in the canal area for all 
future development, therefore, future exposure to BVA groundwater was also assumed to 
be an incomplete exposure pathway. A sentence regarding future assessment of site-. 
wide groundwater will be added to this paragraph. 

11. Section 2.3, Page 6 of 29 
Full Paragraph. Fifth Sentence 
Either explain why or provide the reference that supports the use of the maximum 
detection being used as the exposure point concentration when n<20. 

Response: 

The decision to use maximum. detection as the EPC when n<20 was based on direction 
received at the December 141

h 1999 meeting. The decision was founded on precedence 
established in the Release Block D and H RRE reports. UCLs can be calculated for data 
sets with as few as three samples, however, for statistical reliability many states require 
that n be equal to or greater than 10. In Ohio EPA's "How Clean is Clean Policy" (Ohio 
EPA 1991), a policy which was since been rescinded, Ohio EPA proposed that seven (7) 
samples be collected for the determination of background concentrations using the 95% 
UCL. The statistical package used to calculate exposure point concentrations (EPCs) for 
the Canal RRE can be modified to calculate the 95%UCL for n<20. This modification will 
result in the calculation of EPCs which are more representative of the site data. It is 
therefore, recommended that this issue be revisited by the Core Team members. · 



12. Section 2.4, Page 7 of 29 
Second Sentence 
Insert the word of between list and the. 

Response: 

Change will be made. 

13. Section 2.4.1, Page 7 of 29 _ 
Screening constituents Based on Background 
Include a table identifying site-specific background concentrations for each constituent in 
soil. · 

Response: 

Table 2.1, 2.2, and 2.3 which identify COPCs for recreational, residential and off site 
construction worker receptors include site-specific background values. These values 
were drawn from the Mound 2000 RREM. 

14. Section 2.4.3, Page 8 of 29, 2"d Paragraph 
The last sentence states that "compounds unrelated to historical operations conducted 
within a release block were eliminated from further consideration by the RRE." Were any 
compounds screened out because they were unrelated to Mound activity? If so, we need 
to make sure that there is sufficient evidence to make this conclusion. If any compounds 
were eliminated based on this criteria please identify them and provide the evidence. 

Response: 

No compounds were eliminated from the RRE on the basis that they were not related to 
Mound activity. If compounds had been eliminated on this basis, evidence supporting 
their exclusion would have been provided. 

15. Section 3.1, Page 10 of 29 
Second Paragraph, Fourth Sentence 
Change Overflow Hollow to Overflow Creek or Overflow Hollow to Runoff Hollow. The 
rainstorm washed contaminations to both so it is appropriate to list both the Overflow 
Creek and Runoff Hollow. 

Response: 

Overflow Hollow will be changed to Overflow Creek. 

16. Section 3.2, Page 11 of 29 
Identifying Exposure Pathways 
The first sentence states that "Although many exposure pathways are possible, this RRE 
focuses only on the likely pathways within expected recreational land use." The use of 
this property for recreational purposes may involve the construction of bike paths, 
maintenance of hiking trails, installation of swimming pools, in addition to overall upkeep 
of the park grounds. Therefore, it is reasonable to assume that construction activities 
may occur on this site, as well as maintenance activities, including but not limited to 
landscaping and groundskeeper duties. In order to assess the need for land use 
restriction, include the park maintenance worker and the construction worker as receptors 



in the RRE. These receptors could potentially be exposed to surface and subsurface soil 
through activities likely to occur at this site. This is especially important since a canal 
area does not meet 1x10-4 residential risk. Therefore it cannot be assumed to meet risk 
criteria for the construction scenario. Including these receptors would present the risk 
managers with a range of risks based on various receptor scenarios. This would help 
identify a range of activities that fall within the acceptable risk limits and help the risk 
manager focus management efforts only on those activities that present unacceptable 
risk. 

Response: 

The first sentence states, "Although many exposure pathways are possible, the RRE 
focuses only on those pathways that are likely to occur and are likely to contribute 
significantly to the overall risk." At the December 141

h meeting it was agreed that the 
recreational user and the hypothetical future resident would meet these criteria. Since 
the Canal RRE assumed that future residents could be exposed to soil at all depths, with 

. an exposure duration that is likely to be longer than that of either a construction worker or 
a park maintenance worker, we believe this scenario to be protective. However, 
additional RRE calculations for a construction worker scenario were performed and are 
incorporated in the revised text. The exposure assumptions for the "Off-Site Construction 
Worker'' (see Risk Based Guideline Values for Mound, (DOE 1997)) were used for these 
calculations. 

17. Section 3.3, Page 11 of 29 
Last Sentence 
For accuracy, the last sentence should read "Residential use of the canal area is unlikely; 
however it was included to determine if land use restrictions were needed. · 

Response: 

Text will be modified. 

18. Section 3.4, Page 13 of 29 
Exposure Point Concentration 
Include a summary table identifying the samples and concentrations used to develop the 
exposure point concentration for each pathway. · 

Response: 

This information will be provided in an appendix. Due to the size of the data set and to 
avoid redundancy the data set will be presented in such as way as to provide the 
information requested in comment 8 as well as the information requested here. 



19. Section 3.4, Page 13 of 29 
Second Paragraph 
For children, it is not appropriate to assume that they will spend most of their time bike 
riding or hiking. They are very likely to have more contact with the soil while sitting or 
playing on the ground. Also, Park renovation will very likely bring subsurface soils to the 
land surface. These assumptions used in the RRE were discussed earlier but with the 
park modification currently going on, they are not valid. 

Response: 

The recreational child scenario evaluated exposure to soil 0-2 feet below land surface via 
incidental ingestion of soil, dermal contact, inhalation of dust and VOCs and external 
exposure to ionizing radiation. These exposures are likely to occur while sitting or playing 
on the ground. If the exposure assumptions presented in the RRE are no longer valid, 
new exposure assumptions will have to be discussed. The reference to bike riding and 
hiking will be deleted. 

Regarding the relocation of subsurface soils to the land surface, most of the data 
available for the canal area was collected 0-2 feet below land surface. However, since fill 
material was brought in to the area, these surface soils may now be located an additional 
1 to 2 feet below land surface. As stated latter in the paragraph "Given the low number of 
subsurface samples collected the inclusion of subsurface soil had little to no effect on the 
EPC for the residential scenario." The inclusion of subsurface samples into the EPC for 
the recreational user is expected to have similar result and not have a significant impact 
on the assessment of residual risk for the recreational receptor. 

20. Section 4.1, Page 19 of 29 
Last Sentence 
Change "dived" to divided 

Response: 

Text will be changed. 

21. Section 5.1, Page 20 to 29 
Second Paragraph 
Risk Characterization Methods - As stated in the text "Background risk is risk resulting 
from sources other than the Mound-related residual contamination." Define which . 
constituents are included in the background risk assessment. Background should be 
limited to natur~lly occurring, inorganic constituents and naturally occurring radionuclides. 

Response: 

Site-specific background values are provided in the. Mound 2000 RREM. The Mound 
2000 background values that correspond to the canal COPCs were used as the EPCs to 
determine background risk. This method is consistent to that used for the Release 
Blocks D and H RREs. 

For the recreational receptor RRE background values were available for copper, lead, 
thallium, and radium-226. For the residential scenarios background values were available 
for arsenic, copper, lead, thallium, radium-226, and plutonium-238. The constituents 
assessed in the background risk assessment are apparent on the background risk tables 



(Tables 5.2, 5.5, 5.8, and 5.11). A reference to the site-specific background values 
provided in the Mound 2000 RREM will be added to the text. 

22. Section 5.2, Page 22 of 29 
Risk Characterization Results - Report risk from total chemical, risk from total 
radionuclides and total risk (the sum of total chemical risk and total radionuclides) for 
each receptor. Do not report risk from total radionuclides only. 

Response: 

All risk, or the total for chemicals and radionuclides will be reported. 

23. Section 5.2, Page 2 of 29 
Recreational Adult, Second Sentence 
Please clarify this sentence; is the " ... incremental non-cancer risk 1 ... " referring to a 
hazard index? 

Response: 

Non-cancer risk is evaluated by the HI value. This sentence will be rewritten for clarity 
and will state " ... incremental non-cancer risk, or HI, is less than 1 indicating that non
cancer risk is at an acceptable level." 

24. Section 5.2, Page 23 of 29 
Residential Adult, Third Sentence 
As stated in text, "total cancer risk" of 1.5 E-04 for the residential adult exceeds the risk 
range of 1 E-04 to 1 E-06. Revise this sentence to clarify that this risk level exceeds the 
risk range and is not within the target risk range. 

Response: 

Text will state .. "total cancer risk of 3.1x10-4 for the residential adult exceeds the target 
cancer risk range of 1x10-4 to 1x10-s." 

25. Section 5.2, Page 23 of 29 
Residential Child, Third Sentence 
The risks have not appropriately represented based on Tables 5.1- 5.12. See comment 
#22 above. 

The risk discussions will be modified to reflect comment # 22 regarding total risk to both 
chemicals and radionuclides. 

26. Section 6.2, Page 25 of 29 
1st Paragraph 
Remove this paragraph (A major source of uncertainty ...... ) and the associated appendix. 
It was agreed within the focus group that we would not take credit for the fill being placed 
in the area of excavation. Also, due to park renovations the assumption that the fill will 
remain in place may not be hold true. 

Response: 

The text and appendix was included to support the assertion that the estimate of residual 



27. 

risk due to exposure to external radiation is uncertain and is likely to have been estimated 
on the high side rather than being underestimated. The shielding factor used in the RRE 
is the same as that used to calculate the Mound guidance values. The RRE does not 
take credit for the fill but does assert that with the fill in place, residual risk is likely to be 
lower than what was presented in the RRE. 

Table 3.1 
Exposure Assumptions for Recreational and Residential Use of the Miami-Erie Canal 
Area: 
In general, the child receptor is assumed to ingest a greater amount of soil than the adult 
receptor. Please change the ingestion rate to 200 mg/day for the recreational child or 
provide justification supporting the ingestion rate for the recreational child. Currently the 
ingestion rate is the same as the rate ingested by the recreational adult and residential 
adult. Also, provide justification for decreasing the inhalation rate from 20 cubic 
meters/day to 13 cubic meters/day for the residential adult when exposed to soil (surface 
and subsurface) from 0 - 10 feet. 

Response: 

The Exposure Assumption Table was incorrect and will be corrected. Risk to a child 
receptor for both recreational and residential scenarios was calculated with an ingestion 
rate of 200 mg/day of soil. The soil inhalation rate for an adult used to calculate risk was 
not decreased, a rate of 20 m3/day was used for both recreational and residential 
scenarios. 
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Miami-Erie Canal Human Health Residual Risk Evaluation 

'--

Executive Summary 

This report was prepared using the Mound 2000 Residual Risk Evaluation Methodology (DOE 

1997a)(RREM) to quantifY the potential for cancer and other non-cancer health effects from long-term, low-level 

exposures to site-related contaminants in the Miami-Erie Canal area. A Residual Risk Evaluation (RRE) 

evaluates human health risks associated with residual levels of contamination remaining within an area to ensure 

that future users of the land will not be exposed to unacceptable contaminant levels. Residual risks were 

calculated for total risk, background risk and incremental risk for the most likely and most conservative scenarios 

for the canal property. These scenarios included current and future recreational user (adult and child), a 

hypothetical future resident (adult and child) and a hypothetical adult off site construction worker. These 

scenarios included potential exposure to surface and subsurface soil via incidental ingestion, dermal contact, 

inhalation of dust and volatile organic compounds and external radiation exposure. 

Total, background and incremental non-cancer risks for all receptors in all scenarios were below the 

target hazard level. This suggests that non-carcinogenic risks are within acceptable levels. Total, background 

and incremental carcinogenic risks for the recreational scenario (adult and child), the residential child and the 

adult off site construction worker fell within the acceptable risk range of I 0-4 to 10-6 for both current and future 

scenarios. Background carcinogenic risks for the hypothetical adult residential scenario were within the 

acceptable carcinogenic risk range. Total and incremental carcinogenic risk for the hypothetical adult resident 

slightly exceeded the acceptable risk range of 10-4 to 10-6. 

Total cancer risk for the residential adult was 3 .1 x 1 0-4. Of this risk, 1. 2x 10-4 or 3 9% was due to dermal 

exposure to benzo(a)pyrene. An additional 1.5x10-4 or 48% of this risk is due to external exposure to radium-

226. Incremental cancer risk was 2.1x10-4. Of this risk, 1.2x10-4 or 60% was due to dermal exposure to 

benzo(a)pyrene. An additional5.0xi0-5 or 24% of this risk is due to external exposure to radium-226. 

P AHs are ubiquitous in many environments, particularly along railroad right-of-ways, such as the one 

running through the canal area. Radium-226 is a naturally occurring radioisotope that is present in background 

soils. 



• 1.0 INTRODUCTION · 

The U.S. Department of Energy's (DOE) Mound Plant is located on a 306-acre parcel of land within the 

City of Miamisburg, Ohio, about 10 miles southwest of Dayton, Ohio. Figure 1.1 shows the vicinity of the 

Mound Plant The plant is located approximately 2,000 feet east of the Great Miami River and partially overlies 

the Great Miami Buried Valley Aquifer (BV A). Since 1948, Mound has operated as a research, development 

and production facility in support of DOE's weapons and energy programs. Mound's past weapons program 

mission included process development, production engineering, manufacturing, and surveillance of detonators, 

explosives, and nuclear components. Mound's current mission is to support DOE's efforts in environmental 

management and to transition the site, in cooperation with the City of Miamisburg, from a cold-war production 

facility to commercial or industrial use. The Miami-Erie Canal area, the subject of this report, will be returned 

to recreational use as a city park. A map of the Miami-Erie Canal area is included as Figure 1.2. 

This report was developed using the Mound 2000 Residual Risk Evaluation Methodology (RREM) 

(DOE 1997a) to quantify the potential for cancer and other non-cancer health effects from long-term, low-level 

exposures to site-related contaminants in the canal area also known as Operable Unit 4 (OU-4). A Residual Risk 

Evaluation (RRE) evaluates human health risks associated with residualleveis of contamination remaining within 

an area to ensure that future users of the land will not be exposed to contaminant levels that would pose 

unacceptable risks. The RRE results will be used, together with Applicable or Relevant and Appropriate 

Requirements (ARARs), to determine the need for additional site remediation or to demonstrate that land is ready 

for public use. · 

1.1 Purpose Of Residual Risk Evaluation 

The objective of the Miami-Erie Canal area RRE is to assess risks associated with residual levels of 

contamination that exist after completion of the removal action. Although the RRE method was developed 

specifically for use at Mound, the method is consistent with the CERCLA baseline risk assessment method to 

ensure that future users of the land will not be exposed to contaminant levels that would pose unacceptable risks. 
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1.2 Scope ofthe Miami-Erie Canal RRE 

The RRE for the Miami-Erie Canal area includes an evaluation of human health risk for potential residual 

contamination in the area following the completion of the removal action documented in the On-Scene 

Coordinator (OSC) Report (DOE 1999). The canal area RRE was completed using the Mound 2000 RREM 

(DOE 1997a). Since the canal area is currently used for recreation purposes, residual risks were evaluated for 

the recreational scenario. Although residential use of the canal area is i.mlikely, given existing physical 

constraints, a residential risk calculation was performed to evaluate the need for additional restrictions. Since 

the RREM does not provide exposure assumptions or intake equations for the residential or recreational use 

scenarios the needed values were drawn from the "Risk Based Guideline Value_s, Mound Plant, Miamisburg, 

Ohio, March, 1997, Final Rev 4" (DOE 1997b ). 

Residual risks were calculated for total risk, background risk and incremental risk. Total risk was 

calculated using the total concentration of the constituents of potential concern (COPCs) detected in the canal 

area. Background risk was calculated based on background levels of the COPCs and incremental risk was 

calculated using the difference between total and background levels. Incremental risk can be used to assess the 

increase in risk above background levels due to Mound Plant operations. 
. . 

1.3 Organization of Report 

The RREM provides a framework for evaluating potential human health risks associated with residual 

levels of contamination. Although the RREM is similar to a traditional CERCLA baseline risk assessment, it 

serves a different purpose and, therefore, is not identical. The RREM consists of five elements, including: 

1. identification of the contaminants to be evaluated, 

2. exposure assessment, 

3. toxicity assessment, 

4. risk characterization, 

5. and evaluation of potential cumulative risks. 

The following sections describe each of these elements in more detail starting with Section 2.0, Data 

Compilation and Evaluation, which describes the methods used to compile Miami-Erie Canal area data and 

identify contaminants to be evaluated in the RRE. Section 3.0, Exposure Assessment, summarizes the pathways 

through which hazardous substances may reach potential receptors and intake assumptions used to quantify 
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exposure. In Section 4.0, Toxicity Assessment, exposure point concentrations, intake equations and toxicological 

reference values are presented. Information from the exposure assessment is combined with information from 

the toxicity assessment to characterize human health risks in Section 5.0, Risk Characterization. Section 6.0, 

Uncertainties, presents some of the sources of uncertainty inherent in risk assessments and in the RRE. Section 

7.0, ~eferences, contains a list of all documents cited in this report. 

2.0 DATA COMPILATION AND EVALUATION 

Identification of contaminants to be carried through the RRE calculations is a multi-step process 

beginning with the identification of all contaminants detected in the area and then eliminating contaminants based 

upon a set of established screening criteria described in the RREM. 

All available sampling data were compiled for use in the Miami-Erie Canal RRE. Newer data was used 

to supplement, rather than supersede older data except when older data described materials that had subsequently 

been removed from the area. In this case, the older data no longer represent site conditions and were, therefore, 

not used in the RRE. Sampling data obtained from the Mound Soil Screening Facility was used except in the case 

where a sample was split and analyzed by both the Mound Soil Screening Facility and a commercial analytical 

• laboratory. In such cases, the value from the commercial analytical laboratory was used to take advantage of the 

greater precision available from the commercial analytical laboratory. Data used to characterize the Miami-Erie 

Canal area were drawn from the following data sets: · 

DATA SET DESCRIPTION 
Canal Removal Action Verification Data 
Includes samples from South Pond, Runoff 
Hollow, Overflow Creek, and portions of the 
Plant Drainage Ditch between the plant 
boundary and the canal 

Water Park/Tennis Court Sampling Results 
Samples obtained in park area as part of 
previous investigations 

Twin 60s Sediment Sampling 

REFERENCE 
On-Scene Coordinator Report, OU-4 Miami
Erie Canal Removal Action, Final, June, 1999 

OU-9 Regional Soils Investigation Report, 
AuguSt 1995, Final, Revision 2 

Mound Laboratory Environmental Plutonium 
Study 1974 (MLM-02249), September 1975 

PRS 416 Data Package, Unpublished 

The following data sets were excluded because they represent areas remediated by removal actions. 
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DATA SET DESCRIPTION 
Original Rogers Study 

Special Canal Sampling, SAIC 1992 
Agency for Toxic Substances Disease Registry 
(ATSDR) 

REFERENCE 
"Mound Laboratory Environmental Plutonium 
Study (1974). Samples from the park vicinity 
were included in the RRE. 

"Health Consultation, DOE Mound Plant" 
(1994) 

The A TSDR report included samples obtained from the park area, however, insufficient information 

about the analytical techniques (e.g. minimum detectable activities, sample quantitation limits) was provided 

to allow for data verification, so the data were not included in the RRE. 

2.1 Data Q11ality Assessment 

Samples were collected and analyzed according to the methods outlined in the OU9 Quality Assurance 

Project Plan (QAPjP) (DOE 1993a) and the OU5 QAPjP (DOE 1993b ). All data used in the risk assessment 

have undergone Quality Assurance/Quality Control (QA/QC) evaluation and data validation in accordance with 

the requirements described in the OU9 QAPjP (DOE 1993a) and the OU5 QAPjP (DOE 1993b). 

2.2 Environmental Media Considered and Data Availability 

Field investigations conducted for the canal area are listed above. Samples were analyzed for volatile 

organic compounds (VOCs), semi-volatile organic compounds (SVOCs), pesticides and polychlorinated 

biphenyls (PCBs), dioxins/dibenzofurans, metals, common anions, total petroleum hydrocarbons (TPH), and 

radionuclides. Environmental media that were evaluated include surface soil (0-2 feet below land surface), 

subsurface soil (> 2 feet below land surface), and sediment. During the canal area removal action, approximately 

38,000 yds3 of soil were removed. Only 16 out 15,214 analyses were run on soil collected more than two feet 

below land surface. Following soil removal, clean soil was brought in to backfill excavated areas so samples 

collected at 0-2 feet below land surface may now have an additional 1-2 feet of clean fill over them. 

Although it is possible that contamination in the canal area may leach through soil to reach the BV A, 

for the canal area RRE it was assumed that residential, recreational and off site construction worker receptors 

would drink municipally supplied water, not water obtained from the BVA. Potential risks due to exposure to 

BV A groundwater will be assessed prior to completion of the fmal Mound Record of Decision. 
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Canal area drainage ways contain water only during heavy rain events and therefore, Me dry most of the 

time. Due to intermittent flow in the canal area ditches, receptors in the canal area were assumed to come into 

contact with sediments with the same frequency, as they would surface soils. Therefore, the exposure 

assumptions for soils and sediments are the same and these media have been merged into one data set for the 

RRE. Merging the soil and sediment data sets increased the statistical power of the data set by increasing the 

number of observations. Since the same exposure assumptions were used to estimate exposures to sediment and 

soil, combining the data sets does not reduce the overall estimate of risk but does simplify the presentation of 

RRE results. 

2.3 Data Analysis 

For each constituent detected in Miami-Erie Canal area soils, the 95% upper confidence limit of the mean 

(UCL) was calculated to estimate the concentration that receptors in the area may be exposed to. This is known 

as the Exposure Point Concentration or EPC. The 95% UCL was calculated in accordance with Mound 2000, 

Gilbert's Statistical Methods for Environmental Pollution Monitoring (Gilbert 1987), and the Supplemental 

Guidance to RAGS: Calculating the Concentration Term (EPA, 1992a). Before calculating the 95% UCL, the 

distribution of the data set was determined. If the data were found to be normally distributed, the EPC was 

calculated as the 95% UCL of the arithmetic mean of the data, using the Student's t-statistic (EPA 1992a). If the 

data were found to be log normally distributed, the EPC was calculated as the 95% UCL using the H-statistic 

(EPA 1992a): 

The 95% UCL on the arithmetic mean for normal data sets was calculated as follows: 

95% UCL= Mean + t(s/n v.) 

Where: 

UCL= upper confidence limit, 
t = t statistic (Table A2, Gilbert,.l987), 
s = standard deviation, and 
n = number of observation in the data set 
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• 
The 95% UCL equation of the arithmetic mean for log-normal data sets was calculated as follows: 

95% UCL = e Mean+H(sl(n-I) '/,) 

Where: 

UCL = upper confidence limit, 
H = H statistic (Table Al2, Gilbert, 1987), 
s = standard deviation, and 
n = number of observations in the data set 
e =constant 

If the 95% UCL exceeded the maximum value observed in the sampling results , the maximum value was 

used as the EPC for that constituent (whether the data were normally or log normally distributed). For both 

chemical and radiological constituents "not detected" (ND) results were treated as one-half the limit of detection 

and included in the calculations of the mean and UCL values. Blind field duplicates were collected to assess 

variability in the sampling process. Duplicate samples were used in the data quality assessment but were not 

included in the calculation of the exposure point concentrations. If a data set had less than twenty observations 

(n<20) the maximum detected concentration was used as the EPC. For radionuclides, zero or negative results 

with no detection limits were excluded from the data set. Data qualified as "J", or estimated values at 

concentrations less than the detection limit, were evaluated as half the detection limit. For "J" data, which was 

greater than i:he detection limit or reported without the sample detection limit, the value was used as reported. 

Samples reported as ND or zero with no detection limit were not utilized in calculating a 95% UCL. Data flagged 

with an "R", meaning rejected, were also not used in calculating the EPC. 

2.4 Data Screening Process· 

All constituents that were detected one or more times were listed in constituent summary tables and 

sorted by media and depth where they were detected. The constituent screening methods described below were 

then used to generate a final list of constituents of potential concern (COPCs). The constituent summary tables 

also provide maximum detected concentrations, the range of contaminant detection limits, the frequency of 

detection and the decision and rationale to include or exclude a constituent from further consideration in the RRE. 

The following section describes how COPCs were selected. Tables 2.1, 2.2 and 2.3 identify the COPCs for the 

recreational, residential, and off site construction worker scenarios, respectively. 
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Table l.l ldeatltlcatlon or ConslltUmts or Pahatlal CGIICUII for the Recreation .. RRE of the MIU'III-Erie Cut .. ~· 

" 
CAS a-ie.al MiUDu:al Maximum Uaita l.ocat.ioD Dctal:tioll 9SPac:cN Coal:calnli011 B~Ckpouad Scn:ains Ref. CO PC? 

Number Cooc:cabati011 ConccnltatiOII or Maximum Fnqucnc:y UCL UI!Cd for Valuo Guideline V aluc ov 
Conc:cnlrllion Scrccming 

n 
l!l. 

[ 
~ 
~. 
trl 

~ 
; 
a. 
g 

~ 
g; 
~. 
th 
::l. 

'"0 n 

~i 
;:~ 

.00 

~ c;· 

~ :s. 
~ 

~ 
" ! 

semi-VolatDe ()lillllk: Comi!OUIIU 
191-57-6 2-~~ 23 J uo I UGIKG 91VS1N2l 25-128 229.00 ISO.OO YES 

106·44-S 4-Methytpllcnol 64 J 64 J UGIKO 97VN6N21 1·128 262.00 64:00 ssooooo.o • NO:t 

83-32-9 Accnaphthcmc 20 1 750 J UGIKG 91VNSN20 30-128 195.00 195.00 YES 

108-96-8 Accnaphtbylcnc 19 J 650 ] UGIKO 91VN4L22 41-121 213.00 213.00 YES 

120-12-7 Anthracene 23 J 2300 J UGIKG 91VNSN20 59-128 254.00 254.00 330000000.0 • N0:3 

S6-5S-3 Benzo(a)anthrac;cnc 21 J 7300 UGIKG 91VNSN20 117-1211 654.00 654.00 3SOOO.O 4 N0:3 

S0-32-8 Benzo(a)pyraw 21 J 7900 UGIKG 97VN5N20 111-128 688.00 618.00 3500.0 d NO:l 

205-99-2 Benzo(b)fluorantheuc 23 J 7100 UGIKG 97VNSN20 117-128 681.00 6111.00 35000.0 d N0:3 

191-24-2 Benzo(g,h,i)per'Jicnll 22 J 4700 IJGIKG 97VNSN20 110.128 477.00 417.00 YES 

207-011-9 Bclllo(k)fluorltlthcmc 22 J 7000 UGIKG 97VNSN20 113-128 66900 669.00 350000.0 d N0:3 

65-IIS.O Benzoic Al:id 20 m 220 J UGIKG 97VSS1l.6 n.m 1070.00 220.00 4400000000.0 • NO:l 

117-81-7 Bil(2-cthylhexyl)phthala 20 m 44000 0 UGtKG 97VN3SLI3 68-128 1070.00 1070.00 1800000.0 d N0:3 

SS-68-7 Butyl Bcm:yl Phthalate 20 J 380 J UGIKG 97VS25Nl3 11-128 257.00 257.00 220000000.0 • N0:3 

86-74-8 Cuba zoic n I 930 J UGIKG 97VNSN20 48-128 19100 191.00 YES 

PIB-01·9 Cllryscnc 25 l 8100 IJGIKG 97VNSN20 120-128 747.00 747.00 3500000.0 d N0:3 

84·74-2 Di.,..butyl Phthalate 22 J 4300 UGIKG 97VS20N23 31-128 368.00 368.00 110000000.0 • N0:3 

Sl-70-3 Dibcnz(a.h~ 20 J ISOO J UGIKG 97VN21Ll7 S9-128 240.00 240.00 3500.0 d NO:l 

132-64-9 Oibcnlotiaan 20 J no J UGIKG 97VNSN20 26-128 19S.OO 19tOO YES 

84-66·2 Dicthyl Pfldu late 44 J 59 J UGIKG 97VS20N2l 2·128 262.00 59.00 NO: I 

206-44.0 Fluorat~thcnc 20 ) 17000 UGIKO 91VNSN20 122·128 1440.00 1440.00 44000000.0 • N0:3 

86-73-7 fluorene 20 I 1200 J UGIKG 97VNSN20 34-128 210.00 210.00 YES 

193·39-5 lndcno( 1.2.3-cd)pyrcno 20 J 4600 UGIKG 91VN21l.l1 109-128 462.00 462.00 35000.0 d NO:l 

~l-20-3 Naphtlulcnc 19 J 140 I UGIKG 97VSlN23 24-tli 229.00 140.00 YES 

87416-5 Pcn~l 30 J 70 J UGIKG 97VS2N22 2·128 658.00 70.00 210000.0 d NO: I 

85.()1-8 Phcnanthn:no 21 J 13000 lJGIKO 97VN5N20 113-128 773.00 173.00 YES 

108·95·2 Phenol 21 J 270 ) UGIKG 97VN3l.lS 16-128 248.00 248.00 660000000.0 • N0:3 

129.()0.() IPvrenc 28 I 11000 uo!Ko 97VNSN20 121-128 1310.00 1110.00 33000000.0 .. N0:3 

Volatile Onulc: Com-.ds 
107.06-2 1,2-Dic:bloraelt:utac I 

I! 
I 

f! 
UGIKG CT 1-3 3.92 1.00 63000.0 c: N0:3 

7S.09-2 Mcthylcmc Chloride 2 2 UGIKO CT 1·3 3.34 2.00 100000.0 b NO:l 

108-88-3 !Toluene l I UGIKO CT 1-3 3.92 1.00 220000000.0 b N0:3 

Footnotea on p~gc 3. 
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Table l.l lcleotirJCafion of COIUtltueata or Potnlial COIICiml for tile RccNallooal RRE ott he MlamJ·Eritt C..,al Ana 

CAS Cllcalieal MiiWaum Maxilmlm Ullita l..l:laliall ~ 

Number Coac:cmntlion Conc:cn~Plion ofMuimum FR>IJIICIICY 
Co!ICCIIInUan 

MttUII 
429-90-5 Aluminum 3010.00 15300.00 MGIKG 97VN47LI4 1211-128 

7440-36..0 Antimcmy 0.45 8 81.10 MGIKG 97VNSL2 31·121 

j1440-38-2 Ancruc 3.10 27.00 J MGIKG 97VN35Lll 128-128 

7440-39-3 Barium 24.00 B 234.00 MGIKG 97VRHNI 128-128 

11440-41-7 Beryllium 0.17 8 uo B MGIKG 97VN47Ll4 127-l28 

7440-69-9 Bismuth 1.20 63.9 MGIKG CT 17-128 

7440-43-9 Cadmium 0.08 n 4.20 MGIKG 97VSl1Nl1 65-l28 

7440-70-2 Calcium 4080.00 144000.00 MGIKG 97Vs:l6N25 128·128 

1440-47-3 Chromium 4.50 126.00 MGIKG 97VS28NS 121-121 

7440-48-4 Cobalt 3.40 u IS.50 MGIKG 97VN18LI2 128-128 

7440-S0-8 Copper 9.90 141.00 MGIKG. 97VS31NI1 128-128 

S7-12·S Cyanide 0.36 B 6.110 MGIKG 97VSSI1.6 6·128 

17439-89-6 Iron 7040.00 46800.00 MGIKG 97VN35Ll3 1211-128 

7439-92-1 Lc.ad 5.50 8190.00 MGIKG 91VS43N24 128-128 

7439-95-4 M.sncaium 2080.00 8)200.00 MGIKG 97VS26N25 128-128 

7439-96-5 t.bnglftCIO 213.00 mo.oo MGIKG 97VS41N2 128-128 

7439-97-6 Mercury O.OS 8 1.30 MGIKG 97VS31N17 97·128 

7440..02..0 Nickel 1.50 B 31.80 MGIKG 97VN3SLU 128-128 

7440..09-7 Potauiwn U9.00 8 2690.00 MGIKG i91VN27LIS 128-128 

1112-49·2 Selenium 0.51 B 1.20 MGIKG 97VNUL8 62-128 

7440-22-4 Silver 0.20 8 11.20 MGIKG 97VSI9NS 21·128 

7440-23-5 Sodium 72.50 B 600.00 B MGIKG 97VS48N4 125·128 
1440-28..0 'fh.tlliwn 0.94 B 3.20 MGIKG 97VS55U 33·128 

7440-62·2 Vanadium 8.40 34.40 MGIKG 91VS1AN13 128-128 

7440-66-6 Zinc 28.30 481.00 MGIKG 97VS43N24 128-128 

Footnotes on page 3. 

9S%UCL ~ Badlpm4 ~ Rc£ COPC? 
Utcdfor Valuo Guideline Va~ GV 

Scrccnina 

9890.00 9890.00 1!1000 N0:2 

2.15 2.15 44.0 I NO:l 

9.~0 9.50 8.6 33.0 I N0:3 

88.40 88.40 lBO 77000.0 " N0:2,3 

0.62 0.62 1.3 6.0 c N0:2.3 

3.10 3.10 YES 

OJ4 0.34 2.1 1100.0 I N0:2,3 

43200.00 43200.00 310000 N0:2.4 

22.40 22.40 20 ssoo.o • N0:3 

9.21 9.21 19 N0:2 

34.10 34.70 26 YES 

0.30 0.30 22000.0 I NO: I 

20500.00 20500.00 35000 N0:2.,4 

226.00 226.00 48 YES 

16700.00 16100.00 40000 N0:2,4 

5SI.OO 551.00 1400 130000.0 " N0:2,3 

0.'21 0.11 330.0 " N0:3 

19.30 19.30 32 22000.0 • N0:2,3 

1600.00 1600.00 1000 NO:l,4 

0.91 0.91 YES 

0.44 0.44 1.7 S500.0 • N0:2,3 

180.00 180.00 240 N0:2 

0.88 o.ss 0.46 YES 

22.00 22.00 25 1700.0 • N0:2,3 

91.00 91.00 140 330000.0 • N0:2,3 
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Table 2.1 ldeaURcatlon or Coastllueata or PoteaU .. Coacem ror the Recreation .. RRE or the Mi.ml-Erie Can .. Area 

CAS Oacmical MiiWaum 
Number COIICCidntion 

PestlddesiPCBS 
160-57-1 Dieldrin 1.100 
53494-70-5 Endrin Ketone 0.430 
5103-74-2 Ganun.~ Chlonlane 0.300 

}{adionuclida 
10045-97-3 Ceaium-137 0.19 
13981-16-3 Plulonium-23 8 0.01 
PU-2391240 Plulonium-2391240 0.00 
13966-00-2 Polauium-40 11.10 
13982-63-3 Radium-226 1.84 
10098-97-2 SlrOntium-90 0.61 
14274-82-9 Thorium-228 0.87 
14269-63-7 Tborium-230 0.87 
7440-29-1 Thorium-232 0.51 
10028-17-8 Tritium 0.05 
13966-29-5 Uranium-234 0.62 
15117-96-1 Uranium-235 0.01 
7440-61-1 Unnium-238 0.64 
•= JIIOih HI for ingeatioa 
b= Ill Olh HI for ingestion + inhablioa 

c= 10'6 cancer risk for ingcation +inhalation 

d= 10'6 cancer riak for ingal.ion 

e= 10'6 cancer riak for ingeation + inhalation + Oldcmal 
"J" = calimaled quantitiy 
"8" = analyte detected in auociated blank 

Maximum 
Conccn1rati011 

1.100 
J 2.000 
J 0.300 J 

0.19 
J 715 

4.17 
14.90 
3.04 
7.20 
7.67 
1.99 
2.17 
79.60 
1.28 
0.10 
1.62 

Unill Locatillll 
of Maximum 
Concentration 

UGIKG CT 
UGJKO CT 
UGIKG CT 

PCVG CT 
PCVG 97VS34N9 
PC JIG 97VS43N16 
PC JIG CT 
PC JIG CT 
PCI!G CT 
PCJIG 97VS19N5 
PCJIG 97VS8N21 
PCI!G 97VS47N29 
PCJ/0 97VSI9N5 
PCJIG 97VSI7N6 
PCJIG 97VN31NI7 
PCJ/0 97VN35Ll3 

Dclcclillll 9S Pcn:cnl 
Frequency UCL 

1-3 1.33 
3-3 2.47 
1-3 0.34 

1-3 0.25 
683-702 23.00 
412-680 0.10 
3-3 16.00 
2·3 4.09 
3-3 9.22 
126-126 1.27 
126·126 1.57 
126·126 1.00 
106-124 5.96 
126-126 0.95 
97-126 0.05 
126-126 1.00 

NO: 1 - <S% Delecll 
N0:2 • <Background 

Coaccntnlion 
UICdfor 

Screening 

1.10 
2.00 
0.30 

0.19 
23.00 
0.10 

14.90 
3.04 
7.20 
1.27 
1.57 
1.00 
5.96 
0.95 
0.50 
1.00 

N0:3 • < Screening Toxicity V aluc 

N0:4 • Essential Human Nutrient 

I.OOE-06 is equivalent to 1.00 x 104 

8ac:qnJuncl ScrecDias Ref. CO PC? 
Value Guideline V aluc GV 

1600.0 c N0:3 
YES 
YES 

0.42 0.8 e N0:2,3 
0.13 110.0 ~ N0:3 
0.18 100.0 e N0:2,3 

37 N0:2 
2 0.3 e YES 

0.72 570.0 0 N0:3 
1.5 1.7 0 N0:2,3 
1.9 820.0 e N0:2,3 
1.4 950.0 e N0:2,3 
1.6 45000.0 e N0:3 
1.1 710.0 e N0:2,3 

0.11 6.6 0 N0:3 
1.2 31.0 0 N0:2,3 
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Table :u ldeotiOeatioa of Cooatltueota of Potential Coneero for tbe Realdeotlal RRE of the Miami-Erie Canal Area 

---- ------------·-·· ------- -----·-··-···············-· -- . . -

CAS Chcmi~ Minimum Maximum Units . l.ol;alion Oc:tcc:tion 95%UCL ~nccntratioo 
Number Concentration Concentration of Maximum Frequency Used for 

Concentration Screening 

Metals 
17429-90-S Aluminum 3080.00 15300.00 MGIKG 97VN47LI4 128-128 9890.00 9890.00 
7440-36.0 Antimony 0.45 B 81.10 MGIKG 97VNSU 31·128 2.15 2.15 
7440-38-2 Arsenic 3.70 27.00 J MGIKG 97VN35Lll 128· 128 9.50 9.50 
7440-39-3 Barium 24.00 B 234.00 MGIKG 97VRHNI 128-128 88.40 88.40 
7440-41-7 Beryllium 0.17 B 1.10 B MGIKG 97VN471.14 127-128 0.62 0.62 
7440-69-9 Bismuth 1.20 63.9 MGIKG CT 17·128 3.10 3.10 
7440-43-9 Cadmium 0.08 B 4.20 MGIKG 97VS31NI7 65·128 0.34 0.34 
7440-70-2 Calcium 4080.00 144000.00 MGIKG 97VS26N25 128-128 43200.00 43200.00 
7440-47-3 Chromium 4.50 126.00 MGIKG 97VS28N5 128-128 22.40 22.40 
7440-48-4 Cobalt 3.40 B 15.50 MGIKG 97VNI8LI2 128·128 921 9.21 
7440.~10-8 Copper 9.90 141.00 MGIKG 97VS31NI7 128-128 34.70 34.70 
57-12-5 Cyanide 0.36 B 6.80 MGIKG 97VS51L6 6-128 0.30 0.30 
7439-89-6 Iron 7040.00 46800.00 MGIKG 97VN35LJ3 128-128 20500.00 20500.00 
7439-92-1 Lead 5.50 8190.00 MGIKG 97VS43N24 128-128 226.00 226.00 
7439-95-4 Magnesium 2080.00 83200.00 MGIKG 97VS26N25 128-128 16700.00 16700.00 
7439-96-5 Manganese 213.00 1130.00 MGIKO 97VS41N2 128-128 551.00 551.00 
7439-97-6 Mercury 0.05 B 1.30 MOIKG 97VS31Nl7 97-128 0.21 0.21 
7440.02-0 Nickel. 7.50 B 31.80 MGIKG 97VN35Ll3 128-128 19.30 19.30 
7440.09-7 Potassium 529.00 B 2690.00 MGIKG 97VN27LIS 128-128 1600.00 1600.00 

11782-49-2 Selenium 0.51 B 2.20 MGIKG 97VNJlL8 62-128 0.91 0.91 
7440-22-4 Silver 0.20 B 11.20 MGIKG 97VSI9N5 21-128 0.44 0.44 
7440-23-5 Sodium 72.50 B 600.00 B MOIKG 97VS48N4 125-128 180.00 180.00 
7440-28.0 Thallium 0.94 B 3.20 MOIKG 97VS55L3 33-128 088 0.88 
7440-62-2 Vanadium 8.40 34.40 MGIKG 97VSIAN13 128-128 22.00 22.00 
1440-66-6 Zinc 28.30 481.00 MGIKG 97VS43N24 128-128 91.00 91.00 

Footnotes on page 3. 

• 
--- ·-· 

Backpmcl Screeoiq Ret: COPC? 
Value Guideline Value GV 

19000 N0:2 
ll.OO a N0:3 

8.6 8.20 a YES 
180 1900.00 b N0:2,3 
1.3 0.15 c N0:2 

YES 
2.1 27.00 a N0:2,3 

310000 N0:2,4 
20 140.00 a NO:l 
19 N0:2 
26 YES 

550.00 a NO: I 
35000 N0:2,4 

48 YES 
40000 N0:2 

1400 3800.00 b N0:2,3 
8.20 b NO:) 

32 550.00 a N0:2,3 
1900 N0:2,4 

YES 
1.7 140.00 a N0:2,3 

240 N0:2,4 
0.46 YES 

25 190.00 a N0:2,3 
140 8200.00 • N0:2,3 
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Table 2.2 · ldentmcatlon of Constituents of Potential Concern for the Re1ldentlal RRE of the Miami-Erie Canal Area 

::0 
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CAS Chcmic:al Minimum Maximum Units Location Dctcc:tion 95%UCL ~ncentration 8actpouDcl Screen ins Re( COPC? 

Number· Concentration Concentration of Maximum Frequency Used fur Value Guideline Value GV 

Concentration Screening 
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Said-Voladle OrRiiiiC ComDOUIIIII 
91-57-6 2-Mcthylnaphthalene 23 J ISO J UG/KO 97VSIN23 25-128 229.00 150.00 YES 

106-44-5 4-Methylphenol 64 J 64 J UOIKO 97VN6N21 1-128 262.00 64.00 140.00 a N0:1 

83-32-9 Acenaphthene 20 J 750 J UO/KO 97VN5N20 30-128 195.00 195.00 YES 

208-96-8 Acenaphthylcnc 19 J 650 J UG/KO 97VN4L22 41-128 213.00 213.00 YES 

120-12-7 Anthracene 23 J 2300 J UG/KG 97VNSN20 59-128 254.00 254.00 820001)().00 a N0:3 

56-55-3 8cnzo( a )anthracene 21 J 7300 UGtKG 97VN5N20 117-128 654.00 654.00 880.00 d N0:3 

50-32-8 Bcnzo( a )pyrene 21 J 7900 UG/KG 97VN5N20 111-128 688.00 688.00 88.00 d YES 

205-99-2 Bcnzo(b )Ouoranthcne 23 J 7100 UG!KO 97VNSN20 117-128 681.00 681.00 880.00 d N0:3 

191-24-2 Benzo(g,h,i)perylene 22 J 4700 UO/KO 97VN5N20 110-128 477.00 477.00 YES 

207-08-9 Benzo(lt)Ouoranthcnc 22 J 7000 UG/KG 97VN5N20 113-128 669.00 669.00 8800.00 d N0:3 

65-85-0 Benzoic Acid 20 JB 220 J UGIKG 97VS51L6 37-125 1070.00 220.00 110000000.00 a N0:3 

117-81-7 Bis(2-ethylhexyl)phthale 20 JB 44000 D UO!KG 97VN35LI3 68-128 1070.00 1070.00 46000.00 d N0:3 

85-68-7 Butyl Benzyl Phthalate 20 J 380 J UG/KO 97VS2SN33 11-128 257.00 257.00 5500000.00 a N0:3 

86-74-8 Carbazole 22 J 930 J UG/KO 97VNSN20 48-128 191.00 191.00 YES 

218-01-9 Chrysene 25 J 8100 UG/KO 97VN5N20 120-128 747.00 747.00 88000.00 d N0:3 

84-74-2 Di-n-butyl Phthalate 22 J 4300 UG!KG 97VS20N23 31-128 368.00 368.00 2700000.00 • N0:3 

53-70-3 Dibenz(a,h)anthracene 20 J 1500 J UG/KG 97VN21Ll7 59-128 240.00 240.00 88.00 d YES 

132-64-9 Dibcnzofuran 20 J 510 J UGIKG 97VN5N20 26-128 195.00 195.00 YES 

84-66-2 Dicthyl Phthalate 44 J 59 J UGIKO 97VS20N23 2-128 262.00 59.00 NO: I 

206-44-0 Auoranthene 20 J 17000 UG/KO 97VN5N20 122-128 1440.00 1440.00 1100000.00 a N0:3 

86-73-7 Fluorene 20 J 1200 J UG/KO 97VN5N20 34-128 210.00 210.00 YES 

193-39-5 lndeno( 1,2,3-cd)pyrene 20 J 4600 UG!KG 97VN21L17 109-128 462.00 462.00 880.00 d N0:3 

91-20-3 Naphthalene 19 J 140 J UG/KG 97VSIN23 24-128 229.00 140.00 YES 

87-86-S Pentachlorophenol 30 J 70 J UGIKO 97VS2N22 2-128 658.00 70.00 5300.00 d NO: I 

85-01-8 . Phenanthrene 21 J 13000 UGIKO 97VN5N20 113-128 773.00 773.00 YES 

108-95-2 Phenol 21 J 270 J UGIKO 97VN3L15 16-128 248.00 248.00 16000000.00 a N0:3 

129-00-0 Pyrone 28 J 17000 UO/KO 97VNSN20 121-128 1310.00 1310.00 820000.00 I N0:3 

Volatile Oraanic ComDOWllla 
107-06-2 1,2-Dichloroethane 1 J 1 J UGIKO CT 1-3 3.92 1.00 . 1600.00 c N0:3 

75-09-2 Methylene Chloride 2 J 2 J UG/KO CT 1-3 3.34 2.00 100000.00 b N0:3 

108-88-3 Toluene 1 J I J UGIKG CT 1-3 3.92 1.00 25000.00 b N0:3 

Footnotes on page 3. 
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Table l.l Identification of Constituents of Potential Concern for the Reaidential RRE of the Miami-Erie Canal Area 

CAS Chemical Minimum 
Number· Conc:enttalion 

Pes'ticida/PCBS 
60-57-1 Dieldrin 1.100 
53494-70-5 Endrin Ketone 0.430 
5103-74-2 Gamma Chlordane 0.300 

lbdlonudides 
10045-97-3 Cesium-137 0.19 
13981-16-3 Plutonium-238 0.01 
PU-2391240 Plutonium-239/240 0.00 
13966~0-2 Polassium-40 11.10 
13982-63-3 Radium-226 1.84 
10098-97-2 Strontium-90 0.52 
14274-82-9 Thorium-228 0.61 
14269-63-7 Thorium-230 0.87 
7440-29-1 Thorium-232 0.51 
10028-17-8 Tritium 0.05 
13966-29-5 Uranium-234 0.62 
15117-96-1 Uranium-235 0.01 
7440-61-1 Uranium-238 0.64 
a= Ill Oth HI for ingestion 
b= I /I Oth HI for ingestion + inhalation 

c= I 0'6 cancer risk for ingestion + inhalation 
d= I 0-6 eanur risk for ingestion 

e= I 0-6 eam:er risk for ingestion + inhalation + external 
"J" ~estimated quantitiy 
"8" = analyte detected in associated blank 

Maximum 
Conuntration 

1.100 
J 2.000 
J 0.300 J 

0.19 
J 715.00 

4.17 
14.90 
3.04 
7.20 
7.67 
7.99 
2.17 
79.60 
1.28 
0.10 
1.62 

Units Location 
of Maximum 
Conuntration 

UGIKG CT 
UOIKO CT 
UG/KG CT 

PCI/G CT 
PCI!G 97VS34N9 
PCI!G 97VS43NI6 
PCI!G CT 
PCI!G CT 
PCI/G CT 
PCI!G 97VSI9N5 
PCI!G 97VSBN21 
PCI!G 97VS47N29 
PCI!G 97VSI9NS 
PC I/O 97VSI7N6 
PCI!G 97VN31N17 
PCIIG 97VN3SLI3 

Detection 95%UCL 
Frequency 

1-3 1.33 
3-3 2.47 
1-3 0.34 

1-3 0.25 
689-718 22.50 
412-680 0.10 
3-3 16.00 
2-3 4.09 
3-3 9.22 
126-126 1.27 
126-126 I.S1 
126-126 1.12 
106-124 5.96 
126-126 . 0.95 
97-126 0.05 
126-126 1.03 
NO: I - <5% Detects 
N0:2 - <Background 

jConunttation 
Used for 

Screening 

1.10 
2.00 
0.30 

0.19 
22.50 
0.10 

14.90 
3.04 
7.20 
1.27 
1.57 
1.00 
5.96 
0.95 
0.05 
1.03 

N0:3- <Screening Toxicity Value 

N0:4 - Essential Human Nutrient 

J.OOE-06 is equivalent to 1.00 x 10-t 

• 
Bacqround Sc:reoning Ref. COPC? 

Value Guideline Value GV 

40.00 c N0:3 
YES 
YES 

0.42 0.05 e N0:2 
0.13 2.70 e YES 
0.18 2.50 e N0:2,3 

37 N0:2 
2 0.02 e YES 

0.12 14.00 e N0:3 
l.S 0.11 e N0:2 
1.9 21.00 e N0:2,3 

I 24.00 e N0:3 
1.6 11000.00 e N0:3 
1.1 18.00 e N0:2,3 

0.11 0.41 e N0:2,3 
1.2 1.80 e N0:2,3 
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Table 2.3 ldeotlficatloo of Coostltueots of Potential Concern for the Off Site Construction Worker RRE ofthe Miami-Erie Caoal Area 

CAS Cbemic:al Minimum Maximum Units Location Dc~e~;tion 95%UCL Concentration Bactaround Scrocuing 

Number. Concentration Concentration of Maximum Frequency Used Cor Valuo Guideline Value 

Concentration Screening 

Metals 
7429-90-5 Aluminum 3080.00 15300.00 MOIKO 97VN47L14 128-128 9890.00 9890.00 19000 

7440-36-0 Antimony 0.45 B 81.10 MOIKO 97VN5L2 31-128 2.15 2.15 8.50 

7440-38-2 Arsenic 3.70 27.00 J MOIKO 97VN35LJ3 128-128 9.SO 9.SO 8.6 6.40 

7440-39-3 Barium 24.00 ·B 234.00 MOIKO 97VRHNI 128-128 88.40 88.40 180 1500.00 

7440-41-7 Beryllium 0.17 B 1.10 B MOIKO 97VN47L14 127-128 ·0.62 0.62 1.3 3.50 

7440-69-9 Bismuth 1.20 63.9 MO!KO CT 17-128 3.10 3.10 

7440-43-9 Cadmium 0.08 B 4.20 MOIKO 97VS3JN17 65-128 0.34 0.34 2.1 21.00 

7440-70-2 Calcium 4080.00 144000.00 MO!KO 97VS26N25 128-128 43200.00 43200.00 310000 

7440-47-3 Chromium 4.50 126.00 MG!KG 97VS28NS 128-128 22.40 22.40 20 110.00 

7440-48-4 Cobalt 3.40 B 15.50 MGIKG 97VNI8LI2 128-128 9.21 9.21 19 

7440-50-8 Copper 9.90 141.00 MO!KG 97VS3JNI7 128-128 34.70 34.70 26 

57-12-5 Cyanide 0.36 B 6.80 MOIKG 97VS51L6 . 6-128 0.30 0.30 430.00 

7439-89-6 Iron 7040.00 46800.00 MG!KG 97VN35LJ3 128-128 . 20500.00 20500.00 35000 

7439-92-1 Lead 5.50 8190.00 MG!KG 97VS43N24 128-128 226.00 226.00 48 

7439-95-4 Magnesium 2080.00 83200.00 MOIKO 97VS26N25 128-128 16700.00 16700.00 40000 

7439-96-5 Mangmese 213.00 1130.00 MOIKO 97VS41N2 128-128 551.00 551.00 1400 2700.00 

7439-97-6 Mercury 0.05 B 1.30 MG!KG 97VS31N17 97-128 0.21 0.21 6.40 

7440-02-0 Nickel 1.SO B 31.80 MOIKG 97VN35LJ3 128-128 19.30 19.30 32 430.00 

7440-09-7 Potassium 529.00 B 2690.00 MOIKG 97VN27LJS 128-128 1600.00 1600.00 1900 

1782-49-2 Selenium 0.51 B 220 MGIKG 97VN13L8 62-128 0.91 0.91 

7440-22-4 Silver 0.20 B I 1.20 MOIKG 97VSI9N5 21-128 0.44 0.44 1.7 lJO.OO 

7440-23-5 Sodium 72.50 B 600.00 B MOIKG 97VS48N4 125-128 180.00 180.00 240 

7440-28-0 Thallium 0.94 B 3.20 MO!KO 97VS55L3 33-128 0.88 0.88 0.46 

7440-62-2 Vanadium 8.40 34.40 MOIKG 97VS1AN13 . 128-128 22.00 22.00 2S 150.00 

7440-66-6 Zinc 28.30 481.00 MOIKO 97VS43N24 128-128 91.00 91.00 140 6400.00 

Footnotes on page 3. 

• 
Rc£ COPC? 
ov 

N0:2 
a N0:3 

• YES 
b N0:2,3 
c N0:2,3 

YES 
a N0:2,3 

N0:2,4 
a N0:3 

N0:2 
YES 

a NO:l 
N0:2,4 

YES 
N0:2 

b N0:2,3 
b N0:3 
a N0:2,3 

N0:2,4 
YES 

a N0:2,3 
N0:2,4 

YES 
a N0:2,3 

• N0:2,3 
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Table 2.3 ldentllkatlon of Constituents of Potential Coneem for the Off Site Conatmdlon Worker RRE of the Mlam ... Erfe Canal Area 

CAS Chcmic:al Minimum Maximum Units Location Dctoetioo 9S%UCL Conccnualion BaGtground Screcaina 
Number Concenualion Conccntmtion of Maximum Frequency used tor Value Guideline Value 

Conccnuatioo Scrccning 

Semi-Vobdle OUuic: ColaiiOIIIIIII 
91~.57-6 2-Methylnlpblhalenc 23 J ISO J UGJKG 97VSIN23 25-128 229.00 1.50.00 

106-44·5 4·Mcthylphcnol 64 J 64 J UOIKG 97VN6N21 1-128 262.00 64.00 110000.00 

83·32-9 Acenaphthcne 20 J 750 J UOIKO 97VN5N20 30-128 195.00 195.00 

208·96·8 Acenaphthylcnc 19 J 650 J tJO/KG 97VN4L22 41·128 213.00 213.00 

120-12-7 Anthraecne 23 J 2300 J UO/KO 97VNSN20 59-128 254.00 254.00 6400000.00 

56-55-3 Bcnzo(a)anthraccnc 21 J 7300 UO/KG 97VNSN20 117·128 654.00 6.54.00 20000.00 

S0-32-If Bcnzo(1)pynme 21 J 7900 UGJKO 97VN5N20 111-128 688.00 688.00 2000.00 

205-99-2 Bcnzo(b )fluorantbcne 23 J 7100 UGJKG 97VN5N20 117-128 681.00 681.00 20000.00 

191-24-2 Bcnzo(g,h,i)pcrylcnc 22 J 4700 UOIKO 97VN.5N20 110-128 471.00 417.00 

207-08·9 Bcnw(k)fluoranthene 22 J 7000 UOIKO 97VN5N20 113-128 669.00 669.00 200000.00 

6.5-85-0 Benzoic: Aeid 20 JB 220 J UO/KO 97VS51L6 37-125 1070.00 220.00 85000000.00 

117-81-7 Bis(2-ctby1hex:yl)phthala 20 m 44000 0 UOIKO 97VN3.5LI3 68-128 1070.00 1070.00 430000.00 

85-68-7 Butyl Benzyl Phthalate 20 J 380 J UO/KO 97VS2SN33 ll-128 2.57.00 257.00 4300000.00 

86-74-8 Carbazole 22 J 930 J UO/KO 97VN5N20 48-128 191.00 191.00 

218-01-9 Chryscne 25 J 8100 UOIKO 97VNSN20 120-128 747.00 747.00 2000000.00 

84-74-2 Di-n-butyl Phthalate 22 J 4300 UO/KO 97VS20N23 31·128 368.00 368.00 2100000.00 

53-70-3 Dibcnz( a.h )anthracene 20 J 1500 J UOIKO 97VN21LI7 59-128 240.00 240.00 2000000.00 

132-64·9 Dibcnzofuran 20 J SIO J UOIKO 97VNSN20 26-128 195.00 195.00 

84-66-2 Dicthyl Phthalate 44 J 59 J UOIKG 97VS20N23 2·128 262.00 .59.00 

206-44-0 Auoranthcne 20 J 17000 UGJKG 97VN5N20 122-128 1440.00 1440.00 850000.00 

86-73·7 Auorcne 20 J 1200 J UGIKO 97VNSN20 34-128 210.00 210.00 

193-39-5 lndcno( 1,2,3-<;d)pyrcne 20 I 4600 UOIKO 97VN21Ll7 109·128 462.00 462.00 20000.00 

91-20-3 Naphthalene 19 J 140 J UOIKO 97VSIN23 24-128 229.00 140.00 

87-86-5 Pcntachloropbcnol 30 1 70 J UOIKO 97VS2N22 2-128 658.00 70.00 120000.00 

85-01-8 Phenanthrene 21 1 13000 UGJKO 97VNSN20 ll3-12~ 773.00 773.00 

108-95-2 Phenol · 21 J 270 J UOIKO 97VN3LIS 16·128 248.00 248.00 13000000.00 

129-00-0 Pyrcne 28 J 17000 UGIKG. 97VN5N20 121·128 1310.00 1310.00 640000.00 

VmaWe~RuUcCmn~ 
107-06-2 1,2-Dieblonlcthanc I J I J UOIKG CT 1·3 3.92 1.00 ssooo.oo 
75-09·2 Melbylcne Chloride 2 J 2 J UOIKO CT 1·3 3.34 2.00 100000.00 

108-88-3 Toluene I J I J UGIKO CT 1-3 3.92 1.00 25000.00 

footnotes oa page 3. 

Ref. COPC? 
GV 

YES 
a NO: I 

YES 
YES 

a N0:3 
d N0:3 
d N0:3 
d N0:3 

YES 
d N0:3 
I N0:3 
a N0:3 
a N0:3 

YES 
d N0:3 
I N0:3 
d N0:3 

YES 
NO: I 

a N0:3 
YES 

d N0:3 
YES 

d NO: I 
YES 

a N0:3 
a N0:3 

c NO:l 
b NO:l 
b N0:3 
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Table 1.3 Identification ofConstltuentJ of Potential Concem for tbe Oft' Site Construction Worker RRE.oftbe Mlaml-.Erle Coal Area · 

CAS Chemieal Minimum 
Number Concentration 

Pe5tldda/PCBS 
60-57-1 Dieldrin 1.100 
53494-70-5 Endrin Ketone 0.430 
5103-74-2 Gamma Chlordane 0.300 

Radlonuclldes 
10045-97-3 Cesium-137 0.19 
13981-16-3 Plutonium-238 0.01 
PU-239/240 Plutonium-2391240 0.00 
13966-{}0-2 Potassium-40 11.10 
13982-63-3 Radium-226 1.84 
10098-97-2 Strontium-90 0.52 
14274-82-9 Thorium-228 0.61 
14269-63-7 Thorium-230 0.87 
7440-29-1 Thorium-232 0.51 
10028-17-8 Tritium 0.05 
13966-29-5 Uranium-234 0.62 
15117-96-1 Uranium-235 0.01 
7440-61-1 Uranium-238 0.64 
a= l/10th HI for ingestion 
b= 1/IOth HI for ingestion+ inhalation 

c= I o-'~ cancer risk for ingestion + inhalation 

d= I o-'~ cancer risk for ingestion 

c= JO-'~ cancer risk for ingestion + inhalation + oxtcrnal 
• J" a estimated quantitiy 
"8" = analyto detected in associated blank 

Maximum Units 
Concentration 

1.100 UGIKG 
J 2.000 UOIKO 
J 0.300 J UO/KG 

0.19 PCI/o· 
J 715.00 PCIIG 

4.17 PCIIG 
14.90 PC I/O 
3.04 PCIIG 
7.20 PCIIG 
7.67 PC I/O 
7.99 PC I/O 
2.17 PC I/O 
79.60 PCIIG 
1.28 PC I/O 
0.10 PC I/O 
1.62 PCIIG 

Lcx:ation 
of Maximum 
Concentration 

CT 
CT 
CT 

CT 
97VS34N9 
97VS43Nl6 
CT 
CT 
CT 
97VS19N5 
97VS8N21 
97VS47N29 
97VS19N5 
97VSI7N6 
97VN31NI7 
97VN35L13 

Dctoc:tion 95%UCL 
Frequency 

1-3 1.33 
3-3 2.47 
1-3 0.34 

1-3 0.25 
6g9-718 22.50 
412-680 0.10 
3-3 16.00 
2-3 4.09 
3-3 9.22 
126-126 1.27 
126-126 1.57 
126-126 1.12 
106-124 5.96 
126-126 0.95 
97-126 0.05 
126-126 1.03 
NO: I - <S% Detects 
N0:2 - <Background 

jCoacentratioa 
Used fOr 
Screening 

1.10 
2.00 
0.30 

0.19 
22.50 
0.10 

14.90 
3.04 
7.20 
1.27 
1.57 
1.00 
5.96 
0.95 
0.05 
1.03 

N0:3- < Sc:rcening Toxicity Value 

N0:4 - Essential Human Nutrient 

l.OOE-{)6 Is equivalent to 1.00 x 104 

Bacqround Sc:rooniag 
Value Guideline Value 

930.00 

0.42 2.30 
0.13 28.00 
0.18 26.00 

37 
2 0.70 

0.72 
. 

150.00 
l.S 4.30 
1.9 220.00 

I 250.00 
1.6 120000.00 
1.1 190.00 

0.11 17.00 
1.2 55.00 

Ref. COPC? 
GV 

c N0:3 
YES 

I 
YES 

e N0:2,3 
e N0:3 
e N0:2,3 

N0:2 
e YES 
e N0:3 
e N0:2,3 
e N0:2,3 
e N0:3 
e N0:3 
e N0:2,3 
e N0:2,3 
e N0:2,3 



• 
. 2.4.1 Screening Constituents Based on Background 

Site-specific ~ackground qoncentrations described as the Upper 95% Tol~rance Limit of the background 

sample results for each constituent have been developed for Mound Plant soils (DOE 1997a) and are presented 

in the RREM. Constituents with a maximum concentration detected exceeding their level in background were 

identified as COPCs and carried to the next step of the RRE. Constituents with maximum concentrations less 

than their background concentration were not carried though the RRE. If no background value was available for 

a particular constituent (e.g., many organic compounds), the constituent was carried through to the next step of 

theRRE.· 

In cases where the 95% UCL of the arithmetic mean fell below the maximum detected value, the 95% 

UCL was compared to background to determine whether the 95% UCL was below background. If the 95% UCL 

was below the background value for the constituent, the constituent was not identified as a COPC in the RRE . 

. Including constituents whose 95.% UCL is less than background would cause the incremental risk to be a 

"negative" risk. Eliminating these constituents focuses the RRE on constituents detected above background. 

2.4.2 Screening Constituents Based on Guideline Values 

Soil constituents present at concentrations that exceed background concentration were compared to Risk

Based Guideline Values (GVs) for the Mound Facility (DOE 1997b). GVs are media-specific concentrations 

of constituents that correspond to specific human health risk levels for specified exposure scenarios. GV s were 

developed for recreational, residential and off site construction worker scenarios (see DOE 1997b for the detailed 

derivation of Guideline Values). Recreational, residential and off site construction worker GVs, were used to 

screen COPCs for retention in the quantitative risk assessment. 

The GVs used to screen COPCs were developed specifically for Mound, and were approved by the DOE, 

the U.S. EPA, and Ohio EPA. The GVs correspond to the 10-6 risk level for carcinogenic constituents and 

radionuclides, and to a Hazard Quotient of one for each non-carcinogen constituent. A 1 x I 0-6 risk level 

represents an incremental increase of one chance in one million of developing cancer as a result of exposure to 

the GV concentration. Since the target risk level for carcinogenic constituents is a range of l o·4 to 10-6 , as 

specified in the NCP, screening COPCs against the GV is protective. For non-carcinogenic constituents, the 

Hazard Quotient (HQ), or the ratio of the intake of a single constituent to its reference dose, is used to define 

acceptable risk. When multiple COPCs occur in the same area, the HQs are summed to derive a Hazard Index 
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(HI). The target threshold for non-carcinogenic constituents is a HI ofless than or equal to one. The GVs for 

non-carcinogenic constituents were calculated for a HI of one. To account for the possibility of more than one 

non-carcinogenic constituent, COPC's were screened using 1/10 the GV for non-carcinogenic constituents. 

Carcinogenic or radioactive constituents that exceed their GVs and non-carcinogenic constituents that exceed one

tenth of their GV were carried to the next step of the RRE. 

2.4.3 Screening Constituents Based on Frequency of Detection 

Constituents detected at concentrations above Mound background levels and above applicable GV s were 

next evaluated for their frequency of detection. The Risk Assessment Guidance for Superfund (RAGS) Part A 

(EPA, 1989) states that infrequently detected compounds may be artifacts in the data due to sampling, analytical, 

or other problems, and therefore may not be site-related. Compounds that were detected infrequently in all media, 

and not detected at high concentrations in any medium were eliminated from further consideration by the RRE. 

No compounds were eliminated on the basis that they were unrelated to historical operations conducted within 

the canal area. 

Infrequent detection was defmed as five percent or less. This is equivalent to one detect in 20 samples. 

If there were an insufficient number of samples (e.g. less than 20) to determine whether the frequency of detection 

is five percent or less, the contaminant was not eliminated on the basis of frequency of detection. Other relevant 

· factors such as whether the constituent is expected to be present based on historical data or degradation products 

of known contaminants also were considered in the decision to include or exclude infrequently detected 

constituents. 

2.4.4 Screening Constituents Based on Essential Human Nutrients 

According to RAGS Part A (EPA 1989): "Chemicals that are ( 1) essential human nutrients, (2) present 

at low concentrations (i.e., only slightly elevated above naturally occurring levels), and (3) toxic only at very high 

doses (i.e., much higher than those that could be associated with contact at the site) need not be considered further 

in the quantitative risk assessment." Inorganic analytes meeting this description were not carried through the 

RRE. Calcium, chloride, iron, magnesium, potassium, and sodium are considered essential nutrients to humans. 

These compounds were detected in the canal area at levels below or slightly elevated above background and are 

toxic only at very high doses. Concentrations of these compounds in on-site media would not be expected to 
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result in intakes associated with a toxic response. Therefore, these compounds were eliminated as COPCs for 

the canal area. 

2A.5 Additional Screening Procedures 

In accordance with the RREM, additional screening procedures also were used to evaluate Miami-Erie 

Canal area constituents. For example, in accordance with EPA's Functional Guideline for Organics (EPA 1988) 

if a blank contains measurable levels of a common laboratory contaminant, then the associated sample results 

were considered as positive results only if the concentration in the samples exceeded ten times the concentration 

in the blank. If the concentration of a common laboratory contaminant was less than ten times the blank 

concentration, the constituent was considered to be an artifact 'of laboratory handling and was not included in the 

RRE. Common laboratory contaminants include acetone, 2-butanone, methylene chloride, toluene and phthalate 

esters. 

Given the high degree of uncertainty in both the identity and reported concentrations of tentatively 

identified compounds (TICs), these constituents were not carried through the RRE. Relatively few TICs were 

reported in the Miami-Erie Canal database and historical information does not suggest that a particular TIC 

should be present. 

3.0 EXPOSURE ASSESSMENT 

.~ The goal of the RRE exposure assessment is to estimate the type and magnitude of contaminant 

exposures that may occur under current conditions with the area being used for recreational purposes and in the 

future assuming that the area is developed for residential use. The information gathered in the exposure 

assessment is integrated with toxicity information to characterize potential risks associated with exposure to 

residual contamination in the canal area. 

3.1 Characterization of Exposure Setting 

The Miami-Erie Canal area is located west of the Mmmd Plant between the Conrail Railroad right-of-way 

to the east and Dayton-Cincinnati Road to the west. The area includes: (1) the abandoned Miami-Erie Canal; (2) 

Overflow Creek which connects the canal to the Great Miami River; (3) a drainage ditch from the site boundary 

to the canal; (4) RunoffHollowbetween the Conrail tracks and the Mound Plant; and (5) South Pond in the 
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Miamisburg City Park. Currently, land use in the canal area is a combination of city park, Conservancy District, 

and railroad right-of-way. 

Historic operations and accidental releases from the Mound Plant have resulted in the discharge of 

contamination into the Miami-Erie Canal area. This contamination consisted primarily of plutonium and tritium 

(DOE 1999). An underground pipeline rupture at the Mound Plant in 1969 resulted in the release of plutonium-

2.38 in a nitric acid solution During pipeline remediation, a rainstorm washed contaminated soil to the canal and, 

to a lesser extent, to Overflow Creek and the Great Miami River, Plutonium-contaminated soils were deposited 

as sediments in the canal. Tritium contamination of canal area soils is largely due to the pre-1970 disposal of 

tritiated process liquids. Some of the tritiated water released to the canal area may have infiltrated and migrated 

to the regional aquifer known as the Buried Valley Aquifer (BVA), however, groundwater in the canal area is 

currently not used. 

Several investigations and one removal action have been performed in the Miami-Erie Canal area since 

the pipeline break in 1969. For a complete chronology of Miami-Erie Canal activities, see the OSC Report (DOE 

1999). Restoration activities in the Miami-Erie Canal area have included the excavation and removal of 

approximately 38,000 cubic yards of soil. The removal action clean-up goal was to remove plutonium-238, with 

a resulting 95% UCL of the mean concentrations less than 75 pCilg, and to remove all known spots of 

contamination greater than 150 pCilg (DOE 1999). These goals were established by a focus group of 

stakeholders to be consistent with risk-based GV s for the recreation use scenario. The OSC report (DOE 1999) 

demonstrated that the verification sampling results confirm that these goals were achieved. Following 

completion of the Miami-Erie Canal restoration project, 1-2 feet of clean soil was brought in to replace soil·that 

had been removed. The clean soil was graded, grass was seeded, trees were planted, and a bike path was 

constructed. The canal property will once again be used as a City of Miamisburg park after a DOE easement 

is canceled. 

3.2 Identifying Exposure Pathways 

Although many exposure pathways are possible, this RRE focuses only on the likely pathways within 

expected recreational land use. Pathways for residential and off site construction worker use were added to 

evaluate the need for land use restrictions. When identifying exposure pathways it is important to keep in mind 

the four elements of an exposure pathway. An exposure pathway consists of: ( 1) a source of chemical release, 

(2) a transport media, (3) a point of potential human contact with the contaminated media, and ( 4) an exposure 
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route (e.g. ingestion). If any of these elements is missing or eliminated, the pathway will be incomplete and 

exposure will not occur. 

A graphical representation of the exposure pathways identified for potential receptors is included in the 

conceptual site model for the Miami-Erie Canal (Figure 3.1). The conceptual site model summarizes the 

pathways that hazardous substances may take to reach potential receptors. Exposure assumptions used to 

evaluate potential exposure pathways were drawn from the Mound Plant Risk-Based Guideline Values (DOE 

1997b) and are based on the reasonable maximum exposure (RME) scenario recommended by Risk Assessment 

Guidance for SuperfUnd (RAGS), Part A (EPA 1989). The RME scenario is a conservative depiction of 

potential exposure conditions intended to represent the maximum exposure conditions that one might reasonably 

expect to occur at the site. RME assumptions were used to characterize risk for all potential canal area receptors. 

Exposure assumptions used to quantify contaminant exposures are summarized in Table 3.1. 

3.3 Identifying Exposure Scenarios 

Residual contamination in the Miami-Erie Canal area was evaluated for three potential use scenarios. 

Residual contamination in the canal area was evaluated for recreational adults and children, for residential adults 

and children and for an adult off site construction worker. Recreational use is the intended use. Residential use · 

of the canal area is unlikely, however it was included to determine whether land use restrictions were needed. The 

construction worker was also included to determine whether land use restrictions were needed. All three scenarios 

assume exposure to soil and sediment. 

3.3.1 Recreational Adult and Child Scenarios 

Since recreational activities are planned within the canal area, recreational adults and children were 

identified as potential receptors. During recreational activities these receptors could be exposed to residual 

contamination present in soil 0-2 feet below land surface includiflg sediment. It was assumed that recreational 

users would use municipally supplied water. The recreational users were assumed to be on the property four 

hours per day, 52 days per year over a six year period for children and over a 24 year period for adults. Adults 

were assumed to weigh 70-kilograms while children were assumed to weigh 15 kilograms. 
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Table 3.1 Exposure Assumpdou for Recrudoaal a ad Ruldeat181 Use of the Miami-Erie Caaal Aru 

Off Site 
Recreatioaal Rec:reatioaal Resideat Resideat Coastruc:tion Reference 

Parameter Units Adult Child Adult Child Worker 

Mediumlpalllway 
Surface soil (0 - 2 ft.) II: Sediment 
lncldentallngesdoa 

Soil ingestion ra1e mglday 100 200 NA NA NA a 

Exposure frequency days/year 52 52 NA NA NA b 

Exposure duration years 24 6 NA NA NA c 

Body weight kg 70 IS NA NA NA d 

Carcinogen averaging time days 25550 25550 NA NA NA e 

Noncarcinogen awnging time days 8760 2190 NA NA NA e 

Conversion Factor kglmg I.OOE-06 J.OOE-06 NA NA NA 

Dermal contact 

Skin surface area available for contact cm2 5463 2115 NA NA NA f 

Adherence factor mglcm2 I I NA NA NA g 

Exposure frequency events/year 52 52 NA NA NA b 

Exposure duration years 24 6 NA NA NA c 

Body weight kg 70 IS NA NA NA d 

Carcinogen averaging time days 25550 25550 NA NA NA e 

Noncarcinogcn aYCrBging time days 8760 2190 NA NA NA c 

Conversion Factor kglmg I.OOE-06 J.OOE-06 NA NA NA 

labalation of VOCs and dust 

Inhalation rate m3/day 20 8.7 NA NA NA h 

Exposure time hours/day 4 4 NA NA NA i 

Exposure frequency . days/year 52 52 NA NA NA b 

Exposure duration years 24 6 NA NA NA c 

Body weight kg 70 IS NA NA NA d 

Carcinogen averaging time days 25550 25550 NA NA NA e 

Noncarcinogen awnging time days 8760 2190 NA NA NA e 

Conversion Factor days/hour 0.042 0.042 NA NA NA 
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Table 3.1 Esposure Assumptions for Reerutlonal and Residential Use of tbe Miami-Erie Canal Am 

Ofi'Site 

Recreational Recreational Resident Resident Construction Reference 

Parameter Units Adult Cblld Adult Cblld Worker 

Surface/Subsurface 100 (0 ft • total dept b) aad Sedlmeal 
Incidental ingestion 

Soil ingestion rate mgfday NA NA 100 200 480 a 

Exposure frequency days/year NA NA 350 3SO 250 b 

Exposure duration years NA NA 24 6 I c 

Body weight kg NA NA 70 IS 70 d 

Carcinogen avCragins time days NA NA 25550 25550 255SO e 

Noncarcinogen averaging time. days NA NA 8760 2190 365 e 

Conversion Factor kgfmg NA NA J.OOE-06 I.OOE-06 I.OOE-06 

Dermal contact 
Skin surface area available for contact cm1 NA NA 5463 211S sooo f 

Adherence factor mgfcm1 NA NA I I 0.2 g 

Exposure frequency events/year NA NA 3SO 3SO 2SO b 

Exposure duration years NA NA 24 6 I c 

Body weight kg NA NA 70 IS 70 d 

Carcinogen averaging time days NA NA 2SSSO 25SS0 2SSSO e 

Noncarcinogen averaging time days NA NA 8760 2190 365 e 

Conversion Factor kglmg NA NA J.OOE-06 l.OOE-06 I.OOE-06 · 

Inhalation ofVOCs and dust 

Inhalation rate m3/day NA NA 20 8.7 20 h 

Exposure frequency days/year NA NA 3SO 3SO 250 b 

Exposure time hours/day I I 16 16 8 i 

Exposure duration years NA NA 24 6 I c 

Body weight kg NA NA 70 IS 70 d 

Carcinogen averaging time days NA NA 2S5SO 2SSS0 25550 e 

Noncarcinogeu averaging time days NA NA 8760 2190 365 e 

Conversion Factor days/hour NA NA 0.042 0.042 0.042 



Current and future exposure scenarios for the recreational scenario are identical. Exposure pathways 

• evaluated for the recreational user for both ctirrent and future scenarios, include: 

• incidental ingestion of sediment or soil 0-2 feet below land surface; 

• external exposure to ionizing radiation from radionuclides in sediment or soil 0-2 feet below land 

surface; 

• dermal contact with contaminants in sediment or soil 0-2 feet below land surface; 

• inhalation of airborne contaminated soil particulates; and 

• inhalation of volatile emissions from soil. 

The parameters used to evaluate these pathways and their references are provided in Table 3.1. 

3.3.2 Residential Adult and Child Scenarios 

In order to calculate risk under a residential use scenario, hypothetical residents were assumed to live at 

the site for 24 years and hypothetical resident children were assumed to live at the site for 6 years. Allowing for 

a two-week vacation, site residents have an exposure frequency of 350 days/year. During home construction, 

~· excavation for basement construction could bring subsurface soil to the land surface. Therefore, potential direct 

soil exposure pathways were evaluated assuming that site residents could be exposed to residual contamination 

present in sediment or soil at any depth. It was assumed that canal area residents would use municipally supplied 

water for potable supply. 

There are currently no site residents, so the site resident scenario was conducted for a hypothetical future 

use. The exposure pathways evaluated for the future site resident include: 

• incidental ingestion of sediment or soil at or below land surface; 

• external exposure to ionizing radiation from radionuclides in sediment or soil at or below land surface; 

• dermal contact with contaminants in sediment or soil at or below land surface; 

• inhalation of airborne contaminated soil particulates; and 

• inhalation of volatile emissions from soil. 

The parameters used to evaluate these pathways and their references are provided in Table 3 .1. 
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• 3.3.3 Off Site Construction Worker Scenario 

Since it is reasonable to assume that construction activities oould occur within the canal area, adult 

construction workers were identified as potential receptors. During construction activities these receptOrs could 
. ' 

be exposed to residual contamination present in soil at or below land surface.. Potential exposure pathways 

include incidental soil ingestion, external radiation exposure, and inhalation of airborne dust and vapors. Off Site 

Construction workers were assumed to be on the property 8 hours per day, 250 days per year over a 1-year period. 

Since coristruction workers are assumed to be adults, a body weight of 70~kilogram was used to assess exposure 

to chemical contaminants. It was assumed that canal area construction workers would use municipally supplied 

water for potable supply. 

Current and future exposure scenarios for the construction worker scen~o are identical. Exposure 

pathways evaluated for the construction worker for both current and future scenarios, include: 

incidental ingestion of soil at or below land surface; 
external exposure to ionizing radiation from radionuclides in soil at or below land surface; 
inhalation of airborne contaminated dust; 
inhalation of volatile emissions from soil; 

. The parameters used to evaluate these pathways and their references are provided in Table 3 .1. 

3.4 Exposure Point Concentrations 

Exposure point concentrations (EPC) are the concentrations of contaminants available to human 

receptors at the point of contact. If the data were foimd to be normally distributed, the EPC for the RRE was 

calculated as the 95% UCL of the arithmetic mean of the data, using the student's t-statistic. If the data were 

found to be log normally distributed, the RME estimate was calculated as the 95% UCL using the H-statistic 

(EPA 1992a). A detailed description of these calcillations can be found in Section 2.3. 

O~ly surface soil data (0-2 feet below land surface) were used to calculate the exposure point . 
concentration for the recreational user. Recreational users are assumed to have only limited contact with surface 

soil or sediment. During home construction subsurface soils could be brought to land surface. Therefore the 

exposure point concentration for the hypothetical off site construction worker and future site resident scenario 

was calculated using sediment and soil samples collected at any depth. Given the low number of subsurface 
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• samples collected, the inclusion of subsurface soil had little to no effect on EPC for the residential scenario . 

3.5 Human Intake Equations And Assumptions 

This section presents the exposure equations and assumptions used to derive contaminant-specific intake 

estimates for the populations and exposure pathways evaluated in the risk assessment. The use of the intake 

equations presented in this section is in accordance with methods presented by EPA in RAGS Part A (EPA 1989) 

and the RREM presented in Mound 2000 (DOE 1997a). Exposure assumptions have been developed to represent 

high-end RME conditions. Exposure assumptions for each of the potential receptors, and corresponding guidance 

or rationale used in this assessment are presented in Table 3 .I. 

There is a fundamental difference in the measurement of exposures from chemical contaminants as 

compared to radionuclide contaminants. For chemicals, exposure generally refers to the intake (e.g., 

inhalation, ingestion, dermal exposure) of the chemical, expressed in units ofmglkg-day. Toxicity values for 

chemicals are generally expressed in these terms; therefore, the product of the intake estimate with the 

toxicity value yields a risk value. Radionuclide intake is typically expressed in units of activity (i.e., bequerel 

[Bq] or curie [Ci]) rather than mass. In addition, dose has a different meaning for radionuclides than for 

chemicals since adverse effects are related to decay rate rather than amount or mass. For radionuclides, dose 

is equal to the energy imparted to a unit mass of human tissue. Despite these differences the risk due to 

chemical and radiological contaminants have been summed in the RRE summary tables (Table 5.16-5.18) 

The approach used to estimate intake for chemical contaminants largely applies to radionuclides. 

However, there are a few key differences in the methods. For example, in addition to the ingestion, inhalation 

and direct contact pathways considered for chemical contaminants, external exposure to penetrating radiation was 

also evaluated for radionuclides. Equations for estimating the intake of radionuclides have been modified by 

omitting the body weight and averaging time from the denominator. This is done because radiation exposure 

assessments do not end with the calculation of intake, but use dose conversion factors to estimate dose 

equivalents to specified organs. 

Oral and inhalation intakes are expressed as the amount of chemical at the exchange boundary (e.g., skin, 

lungs, intestine) that is available for absorption. These intakes are not equivalent to the absorbed dose (the 

amount of chemical actually absorbed into the blood stream). Dermal doses are expressed as estimates of 
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absorbed dose. The toxicological reference values used to calculate risk have been adj~ted to account for this 

difference; however, this discrepancy is a source of uncertainty when comparing or combining dermal doses with 

intakes from other exposure routes. 

Exposure to soil and sediment through incidental ingestion was evaluated for recreational users under 

current and future land use scenarios and for future off site construction workers and residents. Intakes for 

the chemical contaminants in soil/sediment ingestion pathway were estimated by using the following 

equation: 

Where: 
Cso 

IR 

FI 

EF 

ED 

CF 

BW 

AT 

Csox !Rx FIx EFx EDx CF Intake (mglkg- ~) = _..::::::....__ ____ _ 

BWxAT 

Contaminant concentration in soil/sediment (mg/kg) 

Ingestion rate (mg/day) 

Fraction ingested from contaminated source (1.0) (unitless) 

Exposure frequency (days/year) 

Exposure duration (years) 

Conversion factor (l 0-6 kg/mg) 

Body weight (kg) 

Averaging time for cancer and non-cancer effects (days) 

Radionuclide intakes for the soil/sediment via incidental ingestion was estimated by using the following 

equation: 

Where: 

IR 

FI 

Irtckqfl) =Csox!RxFixEFxEDxCF 

Radiological activity in soil/sediment (pCi/g) 

Ingestion rate (mg/day) 

Fraction ingested from contaminated source (1.0) (unitless) 
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EF 

ED 

CF 

Exposure frequency (days/year) 

Exposure duration (years) 

Conversion factor {l o.o kg/mg) 

Dermal exposure to soil and sediment was assumed to occur simultaneously with incidental ingestion 

exposure. Exposure to soil and sediment through dermal contact was evaluated for recreational users under 

current and future land use scenarios, and for future off site construction workers and residents. 

SoiVsediment dermal exposures were evaluated for recreational users under current and future land use 

scenanos. Chemical intakes for the soiVsediment via dermal exposure were estimated using the following 

equation: 

Where: 

Cso 

SA 

AF 

ABS 

EF 

ED 

CF 

BW 

AT 

Csox S4xAFxABSx EFxEDx CF AhsorlJedDase (mgkg- dly) = ___;;..;;_ _______ _ 

BWxAT 

Chemical concentration in soiVsediment {mg/kg) 

Skin surface area available for contact (cm2/day) 

Soil.to skin adherence factor (1) (mg/cm2
) 

Dermal absorption factor (unitless) 

Exposure frequency (days/year) 

Exposure duration (yeats) 

Conversion factor ( 1 o-6 kg/mg) 

Body weight (kg) 

Averaging time for cancer and non-cancer effects (days) 

Exposure to external radiation from radionuclides in soils/sediments was estimated by using the 

following equation: 

Absorbed Dose (pCilg) = Cso xED x Te x (1-Se) 
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• Where: 

Te 

Se 

Radionuclide activity in soil/sediment (pCi/g) 

Exposure duration (years) 

Gamma exposure time factor (hrslhrs) 

Shielding factor ( unitless) 

Unlike inhalation, ingestion, and dermal exposure, the external radiation exposure term is defmed as 

an equivalent radionuclide concentration in soil/sediment that an onsite receptor would be exposed to for a 

particular exposure duration. This exposure term is adjusted for exposure time and shielding. For the canal 

area RRE a default shielding factor of 20% was assumed. These assumptions provide for a conservative 

estimate of external radiation exposure. 

Intake of soil/sediment (fugitive dust) via inhalation was evaluated for recreational users under 

current and future land use scenarios, and for future off site construction workers and residents. The intake 

equation for chemical contaminants for this pathway is provided 

below: 

Where: 

IR 

ET 

= 

EF. = 

ED = 

PEF = 

BW 

AT = 

C.\Ux!RxEI'xEFxED 
lntake{M§kg-dly) = PEFxBWxAT 

Contaminant concentration in soil/sediment (mg/kg) 

Inhalation rate (m3/hr) 

Exposure time (hrs/day) 

Exposure frequency (days/year) 

Exposure duration (years) 

Particulate emission factor (4.63 x 109 m3/kg, EPA default value) 

Body weight (kg) 

Averaging time for cancer and non-cancer effects (days) 
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• The intake equation for radionuclide contaminants via inhalation of fugitive dust was estimated using the 

following equation: 

Where: 

Cso 

IR 

ET 

EF 

ED 

PEF 

~ox!RxEFxFFxFD 
Intake (/Ci) = PFF 

Radiological activity in soiVsediment (pCi/g) 

Inhalation rate (m3/hr) 

Exposure time (hrs/day) 

Exposure frequency (days/year) 

Exposure duration (years) 

Particulate emission factor (4.63 x 109 m3/g, EPA default value) 

The PEF relates the concentration of the contaminant in soil/sediment to the concentration of 

respirable particles in the air from fugitive dust emissions. These emissions result from wind erosiotl. The 

default value of 4.63 x 109 m3/kg was taken from RAGS, Volume I, Part B (EPA 1991b) and represents a 

surface with unlimited erosion potential. 

Volatilization of chemical contaminants from soils/sediments may result in exposures via inhalation 

for recreational users; however, no volatile COPCs were identified in the canal area. Therefore, this pathway 

was not evaluated for chemical constituents. 

4.0 TOXICITY ASSESSMENT 

The objectives of the toxicity assessment are to identify and select toxicological values for use in 

estimating the significance of the exposure and to evaluate potential adverse effects associated with exposure to 

compounds detected in the Miami-Erie Canal area. The RRE for the canal area evaluated chronic exposures. The 

RRE utilized methods recommended by EPA for evaluating human cancer and non-cancer health effects resulting 

from exposure to the COPCs. The toxicity criteria used in the RRE were obtained from the most current update 
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• of the EPA Integrated Risk Information System (IRIS) or, if the information was not available in IRIS, the EPA 

Health Effects Assessment Summary Tables (HEAST). IRIS is an electronic database containing the most 

current descriptive and quantitative EPA regulatory information on chemical and radiological constituents. 

Constituent files maintained in IRIS ci>ntain information related to non-carcinogenic and carcinogenic health 

effects of constituents. HEAST is a published reference, updated periodically by EPA. It contains toxicity 

information and values for constituents from health effects documents and profiles. Other sources for toxicity 

information include the National Center for Environmental Assessment (NCEA) Provisional Values, ATSDR 

Toxicology Profiles or EPA Criteria Documents. Table 4.1 presents a summary of toxicological criteria used 

along with the chemical-specific characteristics used to estimate dermal absorbed dose and the concentrations 

present in vapors or dust. 

In assessing the potential for non-cancer health effects, EPA assumes that there is a threshold below 

which no adverse toxic effects are expected. For example, a toxic threshold would exist if a substance had no · 

toxic effect at a certain level of exposure, but did have a toxic effect at a higher level. EPA derives and publishes 

reference doses (RIDs) and reference concentrations (RfCs) for use in evaluating adverse non-carcinogenic 

effects. These are estimates (with uncertainty spanning an order of magnitude or greater) of daily human 

exposures, including sensitive sub-populations, that may go without appreciable harmless effects during a lifetime 

(EPA 1989). EPA derives RIDs and RfCs for humans based on estimates of the no-observable-adverse-effect

level (NOAEL) or lowest-observable-adverse-effect-level (LOAEL) observed in test organisms. 

Carcinogenesis, however, is generally thought to be a phenomenon without a threshold for effect (EPA 

1989). The basis for this presumption is that an extremely low level of exposure to some carcinogens may result 

in chromosomal or enzyme changes leading to uncontrolled cellular proliferation or cancer. EPA does not 

therefore estimate an effect threshold for carcinogenic chemicals. EPA uses a two-part evaluation for 

carcinogens. First the constituent is assigned a weight-of-evidence classification based on both epidemiological 

evidence of carcinogenic effects and laboratory tests conducted with animals. Then a cancer potency factor, or 

slope factor (CSF), is calculated. The slope factor is a plausible upper-bound estimate of the slope of the dose

response curve in the low dose range. In risk assessment, the cancer slope factor is used to estimate the excess 

lifetime probability of a carcinogenic effect occurring in exposed receptors. 

4.1 Toxicity Values for Evaluating the Dermal Pathway 
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• Toxicological reference values are available only for the oral and inhalation pathways and the majority 

of these values are based on intake (i.e., administered dose) rather than an absorbed dose. Because the intake. 

equation for the dermal contact pathway calculates absorbed dose (by incorporating a dermal absorption factor 

or a permeability coefficient), it is necessary to convert the administered dose toxicity value to an absorbed dose 

toxicity value in order to calculate risk. For the Miami-Erie Canal RRE oral administered-dose toxicity values 

were adjusted using compound specific gastrointestinal absorption factors. For non-carcinogens, the admiiri~tered 

dose toxicity value (i.e., the RID) was multiplied by the gastrointestinal absorption factor. For carcinogens, the 

slope factor was divided by the gastrointestinal absorption factor. 

4.2 Toxicity Assessment for Lead 

Lead was identified as a COPC in the canal area, however, lead does not have toxicological reference 

values. A risk-based remediation goal for lead 400 parts per million (ppm) in soil was established by EPA based 

on the "Interim Guidance on Establishing Soil Lead Cleanup Levels at RCRA Facilities" (EPA, 1994a). The 

allowal)le concentration of 400 ppm lead in soil is supported by USEPA's Integrated Exposure Uptake Biokinetic 

Model for Lead in Children (IEUBK) (USEPA, 1994b ). The IEUBK predicts that 400 ppm lead in soil could 

cause a 6 year old resident child (averaged across the preceding 84 months) to have a probability of no greater 

than 5% of a blood lead level of 10 micrograms/deciliter {J,tg/dL) assuming exposure to surface soil and 

subsurface soil brought to the land surface. In children, a blood lead level of between I 0 and 15 micrograms per 

deciliter {J,tg/dL) has been associated with a level at which no adverse effects would be expected (Centers for 

Disease Control and Prevention [CDC], 1985). Since the residential exposure scenario is more conservative than 

the recreational scenario, the acceptable level of 400 ppm lead is expected to be protective under both the 

recreational and residential scenarios. 
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Bonzo(1)pynno NA NA NA 7.301'!+00 2.S2B+OO NA 3.101'!-tOO 0.31 
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NA • Not Availoble 
RJD • Reference Dose 
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• 5.0 RISK CHARACTERIZATION 

This section presents the risk characterization for the Miami-Erie Canal area. Information from the 

exposure assessment (Section 3) is combined with information from a toxicity assessment (Section 4) to 

characterize human health risks. 

5.1 Risk Characterization Methods 

Risk characterization integrates the exposure and toxicity assessments by comparing estimates of intake 

or dose with appropriate toxicity values. This in turn provides an indication of the potential for adverse effects 

to exposed receptors. The objective of the risk characterization is to determine if exposure to contaminants 

associated with the site poses risks that exceed EPA target levels for human health effects. The results of the risk 

assessment may thus support the determination of site release or the need for site remediation. 

The RRE reports the incremental risk, total risk, and risk from background for each contaminant 

evaluated in the Miami-Erie Canal Area. The incremental risk is the risk posed by site-related contamination 

above the risk posed by background environmental levels. Background risk is the risk resulting from sources 

other than the Mound-related residual contamination. Site-specific background values are provided in the Mound 

2000 RREM (DOE 1997a). The Mound 2000 background values that correspond to the canal COPCs were used 

as the EPCs to determine background risk. Total risk is the sum of the background and incremental risk. This 

risk characterization presents a separate evaluation of non-carcinogenic and carcinogenic effects. The assessment 

distinguishes cancer from non-cancer effects because organisms typically respond differently following exposure 

to carcinogenic or non-carcinogenic agents. Quantification methods for cancer and non-cancer effec~ are 

discussed separately in the following sections. 

5.1.1 Quantification of Carcinogenic Risk 

Cancer risks are probabilistic estimates of the excess (incremental) lifetime cancer risk for an individual 

specifically attributable to long term exposure to site-related chemicals. The procedure for calculating risk 

associated with exposure to carcinogenic compounds has been established by EPA (EPA 1989). A non-threshold, 

dose-response model was used to calculate a cancer slope (potency) factor for each CO PC. To derive an estimate 

of risk, the cancer slope factor was multiplied by the estimated chronic da~ly intake experienced by the exposed 

individual: 
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• 
Where: 

Risk 

CDI 

CSF 

Risk= CDI x CSF 

High end estimate of the excess lifetime cancer risk to an individual (unitless 

probability) 

Chronic daily intake averaged over an established period (mg/kg body weight/day) 

Cancer slope factor (95% upper-bound estimate of the slope of the dose-response 

curve) expressed as (mg/kg body weight/day)"1
• 

To evaluate the risk of exposure to more than one carcinogenic COPC, the risk estimates for each 

COPC were summed to provide an overall estimate of total carcinogenic risk (EPA 1989). 

n 

Risk T = L Risk 
i = 1 

Where: 

RiskT The combined excess lifetime cancer risk across chemical carcinogens 

Ris~ The risk estimate for the ith chemical of n chemicals under evaluation. 

5.1.2 Quantification of Non-carcinogenic Risk 

The traditionally accepted practice of evaluating exposure to non-carcinogenic compounds has been to 

experimentally determine a NOAEL and to divide this by a safety factor to establish an acceptable human dose, 

for example, acceptable daily intake or RID. The RID is then compared to the average daily intake experienced 

by the exposed population to obtain a measure of concern for adverse non-carcinogenic effects: 

Where: 

HQ 

Intake 

HQ 
Intake 

R fD 

Hazard Quotient: potential for adverse non-carcinogenic effects 

Average daily intake for subchronic or chronic exposure (mg/kg body weight/day) 
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RID Acceptable intake for subchronic or chronic exposure (mg/kg body weight/day). 

To evaluate exposure to multiple non-carcinogenic COPCs the HQs for all COPCs were summed to 

obtain the Hazard Index (HI). 

Where: 

Hazard Index 

Hazard Quotient for the ith chemical of n chemicals under evaluation. 

EPA has established target risk levels for use in determining the need for site remediation. For non

carcinogenic effects, EPA has set the target HQ at one. If the HQ is > 1, there is the potential for adverse health 

effects at the given exposure/dose level, but the HQ value is not an indication of the severity of the effects. For 

multiple non-carcinogens, the HQs for all of the chemicals under evaluation are summed resulting in the HI. If 

the HI is> 1, the potential also exists for adverse health effects resulting from exposure to mixtures of chemicals. 

In cases where the HQ for individual substances is below 1 yet several HQs sum to greater than l, EPA 

recommends segregating the compounds into groups with like or common toxicological effects and re-evaluating 

the potential for the various adverse health effects. In cases where HQs for individual substances are greater than 

l, this step is not necessary or useful. 

5.2 Risk Characterization Results 

The following sections present the risk characterization results for the Miami-Erie Canal area by potential 

receptor. All of the tables for Section 5 (Tables 5.1 through 5.18) are presented at the end of the Section. Risk 

estimates for individual COPCs for all scenarios and pathways are presented in Tables 5.1 through 5.15. Tables 

5.1 through 5.6 present risk estimates based on recreational exposure parameters, Tables 5. 7 through 5.12 present 

risk estimates based on residential exposure parameters and Tables 5.13 through 5.15 present risk estimates 

based on off site construction worker exposure parameters. Residual risks were calculated based on total risk, 

background risk and incremental risk. Total risk was calculated using total concentration of the COPCs detected 

in the area. Background risk was based on background levels of the COPCs, and incremental risk was calculated 
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• using the difference between total and background levels. Incremental risk can be used to assess the increase in 

risk above background levels due to Mound Plant operations. Tables 5.16 through 5.18 present summaries of 

the results for all scenarios and pathways assessed in the RRE. In the summary tables, risk estimates that are at 

or above the non-cancer HI of 1 and the cancer target risk range of 1 o.o are balded. Risk estimates of zero 

indicate that toxicity criteria were not available for the COPC being evaluated. 

Recreational Adult 

Tables 5.1 through 5.3 present total, background and incremental risk for a recreational adult in the 

Miami-Erie Canal area. The total, background and incremental non-cancer risk is less than 1 indicating that non

cancer risk is at an acceptable level. Total cancer risk for a recreational adult is 9.4 x lO.o, which falls within the 

target risk range of 10-4 to 10·6 . The only constituent to exceed 1x 10.o was radium-226. Residual risk due to 

radiuin-226 was driven by external exposure to radium-226 in s.oil. The majority (66%) of this risk is due to 

background levels (6.2 x 10.o). The incremental risk due to radium-226 in the canal area to a recreational adult 

is 3.2 x 10.o, which again falls within the target risk range. 

Recreational Child 

Tables 5.4 through 5.6 present total, background and incremental risk for a recreational child in the 

Miami-Erie Canal area. The total, background and incremental non-cancer risk is less than 1 indicating that non

cancer risk is at an acceptable level. Total cancer risk for a recreational child is 2. 4 x 1 o.o, which falls within the 

target risk range of 10-4 to lO.o. The only constituent to exceed 10 ·6was radium-226. Residual risk due to 

radium-226 was driven by external exposure to radium-226 in soil. The majority of this risk (67%) is due to 

background levels (1.6 x 10"6
). The incremental risk due to nidium-226 in the canal area to a recreational child 

is 2.1 X 1 0· 7, which falls below the target risk range. 
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• Residential Adult 

Tables 5. 7 through 5. 9 present total, background and incremental risk for a residential adult in the 

Miami-Erie Canal area. The total, background, and incremental non-cancer risk, or HI, is less than 1 indicating 

that non-cancer risk is at an acceptable level. Total chemical and radiological cancer risk of 3.1x10-4 for the 

residential adult exceeds the target cancer risk range of 10-4 to 10-6. Risk from exposure to radionuclides for a 

residential adult is 1.5 x 10-4. Constituents that exceed 1 x 10-6 include benzo(a)pyrene, dibenz(a,h)anthracene, 

arsenic, plutonium-238 and radium-226. Background cancer risk to a residential adult is 1.1 x 10-4, which 

accounts for 34% of the total residual risk. Incremental residual cancer risk for a residential adult in the canal 

area is 2.1 x 10·4
, which exceeds the target risk range. 62% of the incremental risk is due to benzo(a)pyrene 

which is ubiquitous the environment, particularly near rail roads and roadways. 

Residential Child 

Tables 5.10 through 5.12 present total, background and incremental risk for a residential child in the 

Miami-Erie Canal area. The total, background and incremental non-cancer risk is less than I indicating that non

cancer risk is at an acceptable level. Total chemical and radiological cancer risk for a residential child is 1.3 x 

10·\ which slightly exceeds the target risk range of 10-4 to 10-6. Constituents that exceed 1 x 10·6 include 

benzo(a)pyrene, dibenz(a,h)anthracene, arsenic, plutonium-238 and radium-226. Background cancer risk to a 

residential child is 4.2 x 1 0'5, which accounts for 32% of the total residual risk. Incremental residual cancer risk 

for a residential child in the canal area is 9. 0 x 10·5, which falls within the target risk range. 69% of the 

incremental risk is due to benzo(a)pyrene which is ubiquitous in the environment, particularly near rail roads and 

roadways. 

Off Site Construction Worker 

Tables 5.12 through 5.15 present total, background and incremental risk for an off site construction 

worker in the Miami-Erie Canal area. The total, background and incremental non-cancer risk is less than 1 

indicating that non-cancer risk is at an acceptable level. Total chemical and radiological cancer risk for an off 

site construction worker is 7.2 x 10-6, which is within the acceptable risk range of 10 ·fo 10 .-6 The only 

constituent that exceeds l x 10-6 is radium-226 via external exposure. Background and incremental, chemical 
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arid radiological cancer risk to an off site construction worker is 5 .I x I 0-6 and 2.2x I 0-6 respectively. Both these 

values fall within the target risk range of 104 to 10-6. 
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Table 5.1 

Constituent 

Pnllddn/PCBS 
Enclrin Kclane 
Gamma Chlordane 

Mrtab 
Bismuth 
Copper 
Lead 
Selcniwn 
Thalliwn 

S.ml-Volatile Orjanlc 
Compounds 
2-Methylnaphthalcne 
Acenaphthcnc 
Accnaphthylcne 
Bonzo(g.li,i)paylene 
Carbazole 
Dibcnzo(W1UI 
Fluorene 
Naphthalene 
Phenanthrene 

!Total Chomdal I 
Radlonudldn 
Radiwn-226 

[TolaJBadlonucUda I 

ToW Realdaal Rbk ror a Rec:reaUoaal Adult at the MJami-Erte CIIMI Area 

1 -·· - - 1 r NoN-CANcm un:crs 1 

Oral 

EPC 
JHib 

0.002 NA 
0.0003 7.38-12 

3.10 NA 
34.70 NA 
226.00 NA 
0.91 NA 
0.88 NA 

0.15 NA 
0.195 NA 
0.213 NA 
0.477 NA 
0.191 2.7E-10 
0.195 NA 
0.21 NA 
0.14 NA 

0.773 NC 
1 2.7E-Io 

EPC 
gg{J 
3.04 I.IE-07 

I I.IE-C7 

Route-Specific Risk 
Dcnnal Inhalation Inhalation 

Dust VOCa 

NA NA NAP 
2.4E-10 5.78-17 NAP 

NA NA NAP 
NA NA NAP 
NA NA NAP 
NA NA NAP 
NA NA NAP 

NA NA NAP 
NA NA NAP 
NA NA NAP 
NA NA NAP 

1.4E~8 NA NAP 
NA NA NAP 
NA NA NAP 
NA NA NAP 
NC NC NAP 

1.4E~8 5.7E-17 O.OE+OO · 

NAI' 8.3E-12 NAP 

NAP 8.3E-12 O.OE+OO 

Exlanal 

NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 

NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 
NAP 

O.OE+OO 

9.JE-06 

!I.JE-06 

Cancer 
Risk 
Tolal 

0.08+00 
2SE-10 

O.OE+OO 
0.08+00 
0.08+00 
O.OE+OO 
OOE+OO 

OOE+OO 
0.08+00 
OOE+OO 
008+00 
I.4E~8 

0.08+00 
OOE+OO 
O.OE+OO 
O.OE+OO 
UE-C8 

9.4E-06 

UE-06 

Oral 

NA 
I 2E-07 

NA 
19E-04 

NA 
3.7E~5 

22E-C3 

NA 
6.6E~7 

NA 
NA 
NA 
NA 

I.IE-{)6 
1.4E-{)6 

NA 

I I 2.SE~3 

NAP 

I I NAP 

Route-Specific HQ 
Damal lnhalllicn Inhalation lixtcmal 

Dust VOCa 

NA NA NAP NAP 
4.08.{)6 2.4E-12 NAP NAP 

NA NA NAP NAP 
l.SE-04 NA NAP NAP 

NA NA NAP NAP 
4.6E-C5 NA NAP NAP 
8.2E~3 NA NAP NAP 

NA NA NAP NAP 
358~5 NA NAP NAP 

NA NA NAP NAP 
NA NA NAP NAP 
NA NA NAP NAP 
NA NA NAP NAP 

3.5E-C5 O.OE+OO NAP NAP 
4.7E-C5 2.68-10 NAP NAP 

NA NA NAP NAP 
8.7E~l 2.6E-10 0 OE+OO O.OE+OO 

NAP NAP NAP NAP 

NAP NAP NAP NAP 

Non-Can= 
HI 

Tolal 

0.08+00 
418.{)6 

O.OEtOO 
HE-04 
0.08+00 
838~5 

I.OE~2 

0.08+00 
3.6E-C5 
O.OE+OO 
0.08+00 
0.08+00 
O.OE+OO 
3.6E-CS 
4.8E-CS 
O.OE+OO 
I.IE-Cl 

NAP 

NAP 

I 

I 
!Total Ovenoll Rbk I I I.IE-C7 1.4E~8 8.3E-12 O.OE+OO UE-06 UE-06 I I 2.5E-C3 8.7E~l 2.6E-10 O.OE+OO O.OE+OO I.IE-Cl I 
EPC 
mglkg 
NA 
NAP 
NC 
pCilg 

VOCs 
IOOE-{)6 

Exposure point conccnlrlllion 
Millipm per kiiOBJMI 
Not IYIIilable; insufficient toxicity dala 
Not applicable pathway; not • VOC 
Not a suspected carcinogen 
Picocurics per 8J8II1 
Volatile cxpnic c:cmpounds 

b cquiwlcntto I. 00 x I o• 
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Table 5.2 Backpvaad Residual Rlak for a Recreational Adult at the Miami-Erie Canal Area 

I CANCEREFFECTS :J[- -- NON-CANCEilD'FECTS --, 

Corutiluent 
Route-Specific Rill< Cancer RDuto-Specific HQ Non-e-

On! Dermal WWIIion WWIIion Extemal Rill< On! Dermal WWIIion WWIIion Extemal tU 
Dust vex:. Total Dust vex:. Total 

EPC -Poolldda/PCJIS 
Bndrin JC.tano NA NA NA NAP NAP 0.08-+00 NA NA NA NAP NAP O.OB-+00 
Clamma a.Jordano 0.08-+00 008-+00 0.08-+00 NAP NAP 0.08-+00 0.08-+00 0.08-+00 O.OB-+00 NAP NAP O.OB-+00 

Meta Ia 
Bismuth NA NA NA NAP NAP 0.08-+00 NA NA NA NAP NAP O.OE-+00 
Copper . 26 NA NA NA NAP NAP O.OB-+00 1.41!41 2.61!41 NA NAP NAP 4.08..()4 
!.<:ad 48 NA NA NA NAP NAP O.OB-+00 NA NA NA NAP NAP O.OB-+00 
Selenium NA NA NA NAP NAP 0.08-+00 O.OE+<JO O.OE-+00 NA NAP NAP O.OB-+00 
Thallium 0.46 NA NA NA NAP NAP 0.08-+00 1.28.03 4.38.03 NA NAP NAP S.4B-03 

Semi-Volallle Orpale 
Compouda 
2-Methylnaphlhalene NA NA NA NAP NAP 008+00 NA NA NA NAP NAP 0.08-+00 
Acenaphthcne NA NA NA NAP NAP 008-+00 0.08-+00 0.08-+00 NA NAP NAP 0.08-+00 
Ac:enaphlhylono NA NA NA NAP NAP O.OB+OO NA NA NA NAP NAP 0.08-+00 
Benz.o(&h,i)potylcne NA · NA NA NAP NAP O.OBHlO NA NA NA. NAP NAP O.OBHlO 
Cubemle 0.08-+00 O.OE-+00 NA NAP NAP OOB+OO NA NA NA NAP NAP O.OE+OO 
Dibenzofunln NA NA NA NAP NAP 008-+00 NA NA NA NAP NAP 0.08+00 
Fluorene NA NA NA NAP NAP O.OE+OO 0.08+00 O.OE-+00 NAP NAP 0.08+00 
Naphlhaleno NA NA NA NAP NAP O.OE-+00 0.08-+00 0.08-+00 NAP NAP O.OB-+00 
Phenanthrene NC NC NC NAP NAP NA NA NA NAP NAP O.OB+OO 

jTolal Chemical I I o.o8-+00 0.08-+00 0.08-+00_ 0.08~ 0.08+00 1.38.03 4.58.03 O.OB-+00 0.08-+00 O.OB-+00 S.SB-03 I 
EPC 

Radloaudldn Q!l 
Radium-226 2 7.SIHl8 NAP S.SE-12 NAP 6.1E-06 6·.lE-06 NAP NAP NAP NAP NAP NAP 

[Total Radionuclida I I 7.58-08 NAP S.SE-12 NAP 6.1E-06 UE-06- II - NAP -NAP- NAP NAP NAP NAP I 

(Total OYeralliUsk I I 7.58-08 0.08-+00 S.SB-12 0.08-+00 UE-06 UE-06 II 1.38.03 4.SB-03 0.08-+00 O.OB-+00 O.OB-+00 S.BB-03 I 
BPC BxJ-ure poir4 concenlnltion 
mglkg Millipm per kil0jp11111 
NA Not onilabla; inoullicient toxicity dala 
NAP Not opplio:able pathway 
NC Not oiiUipoCiecl can:inogen 
pCifg Picocuria per tp1IID 

VOC. Volatile C11p11ic compoundo 

l.OOB-06 b oquinJCIUID 1.00 X I 0 .. 
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Table5.3 Incremental RnldualiUsk for a Reereadonal Adult at tbe Miami-Erie Canal Area 

I CANCER EFFECTS I I NON-CANCER EFFECTS J 

Constituent Oral 

EPC 
ag 

PallddniPCBS 
Endrin Kctono 0.002 NA 
Gamma Chlordane 0.0003 1.3E-12 

Mtlals 
Bismuth 3.10 NA 
Copper 8.70 NA 
Lead 178.00 NA 
Selenium 0.91 NA 
Thallium 0.42 NA 

Semi-VolaUie Oraanlc 
c-pounds 
2-Mclhylnaphthalene 0.15 NA 
Accnaphthc:ne 0.195 NA 

. Acc:naphthylc:nc 0.213 NA 
BeiiZD(g.h,i)paylcne 0.417 NA 
Carbazole 0.191 2.7E-10 
DibcnzofW'B11 0.195 NA 
Fluorene 0.21 NA 
Naphthalene 0.14 NA 

· Phenanthrene 0.713 NC 
I Total Chemical I 1 2.rn-•o 

EPC 
Radianuclidcs gg[a 
Radium-226 1.04 3.9E-08 

!Total Radionudido I I 398-{)a 

Rou!c-Spccific Risk 
Oennal lnhallllion lnhallllion Extemal 

Dust VOCs 

NA NA NAP NAP 
2 4E-10 5.7E-17 NAP NAP 

NA NA NAP NAP 
NA NA NAP NAP 
NA NA NAP NAP 
NA NA NAP NAP 
NA NA NAP NAP 

NA NA NAP NAP 
NA NA NAP NAP· 
NA NA NAP NAP 
NA NA NAP NAP 

1.4E.{)8 NA NAP NAP 
NA NA NAP NAP 
NA· NA NAP NAP 
NA NA NAP NAP 
NC NC NAP NAP 

1.4E.{)8 5.7E-11 O.OE+OO O.OE+OO 

NAP 281i-12 NAP l.Zii-06 

Clnccr 
Risk 
ToUI 

O.OE+OO 
lSE-10 

O.OEtOO 
O.Oii+OO 
O.OE+OO 
O.Oii+OO 
0 OE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OEtOO 
1.4E-08 
OOE+OO 
O.OE+OO 
O.OE+OO 
0.08+00 
1.5E.{)8 

l.Zii-06 

I 

NAP __ l.SE-12 __ O.OE+()()__ J.!E-06 ____l.lOCj 

Oral 

NA 
l.lE-{)7 

NA 
· 4.81i.{)S 

NA 
37E.{)5 
I.IE-03 

NA 
6.6E.{)7 

NA 
NA 
NA 
NA 

I.IE-{)6 
1.4E.{)6 

NA 

I 1.2E.{)3 

NAP 

I NA 

ROIIIe-Spccific HQ 
Dermal lnhal.lion lnhallllion Ex!cmal 

Dust VOCa 

NA NA NAP NAP 
4.0E.{)6 2.4E-12 NAP NAP 

NA NA ·NAP NAP 
8. 7E.{)5 NA NAP NAP 

NA NA NAP NAP 
4.6E.{)5 NA NAP NAP 
3.9E.{)3 NA NAP NAP 

NA NA NAP NAP 
3.5E.{)5 NA NAP NAP 

NA NA NAP NAP 
NA NA NAP NAP 
NA NA NAP NAP 
NA NA NAP NAP 

3.5E.{)S O.OE+OO NAP NAP 
4.7E.{)S 2.6E-IO NAP NAP 

.NA NA NAP NAP 
4.18.{)3 2.6E-IO O.OE+OO O.OE+OO 

NAP NAP NAP NAP 

NA NA NAP -~_AP 

Non-Cancer 
fU 

Tolal 

O.OE+OO 
4.1E.{)6 

O.OE+OO 
1.3E.{)4 
O.OE+OO 
8.3E.{)5 
5.0E.{)3 

. O.Oii+OO 
36E.{)S 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
36E.{)5 
4.8E.{)5 
0.08+00 
S.3E.{)3 

NAP 

NAP 

I 

I 
[Total 0Yenll Risk I I 3.9B.{)8 1.4E.{)8 l.BE-12 O.OE+OO UE-06 .l.:iE-06-] 0~28.{)3 4.1E.{)] 2.6E-IO O.OB+OO O.OB+OO S.3E.{)3 I 
EPC Exposure point c:onccnlrlllian for inacmcnlal risk is total minus backglound 
mglkg Milligram per kilapm 
NA Not availoble; insuflicicnt loXicity dala 
NAP Not opplicoblc polhway 
NC Not a suspcct.cd corcinogcn 
pCilg Piaacurics per gram 
VOCa Vollllile orpnic compounds 

1.00B.{)6 Is equivalent to 1.00 X 104 



Table 5.4 Total Raldaal Risk for a Recreational Odld at the Miami-Erie CIIDIII Am 

I CANCER EFFECTS I I NON-CANCER EFFECTS I 
Route-S~ific RWc Cancer Route-S~fic Hg Non-Cancer 

Constituent Oral Dennal W!alation lnhalolion Exlemal RWc Oral Dennal lnhallllion lnhalllion Exlemal HI 

~ Dust VOCs Total Dust VOCs Total 
n EPC 
II> .. ..,.. t Postidda/PCBS 

~ Endrin Ketone 0.002 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
II> Ganuria Chlordane 0.0003 1.7B-11 I.IE-10 2.9E-11 NAP NAP 1.3E-IO I.IE-06 7.2E-06 4.8E-12 NAP NAP 8.4E-06 
:>I" 
tTl Metals e. Bismuth 3.10 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~ Copper 34.70 NA NA NA NAP NAP O.OE+OO 1.8E-03 6.3E-04 NA NAP NAP 2.4E-03 
r::. Lead 226.00 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
0 Selenium 0.91 NA NA NA NAP NAP OOE+OO 3SE-04 B.lE-05 NA NAP NAP 4.3E-04 ::s 
0 Thallium 0.88 NA NA NA NAP NAP O.OE+OO 2.1E-02 I.SE-02 NA NAP NAP 3.6E-02 
c 
~ Semi-Vo1811le OrJanlc 

~ Compotmds 

§. 2-Mclhybwphlhalcnc O.IS NA NA NA NAP NAP. O.OE+OO NA NA NA NAP NAP O.OE+OO 
Accnsphlhenc 0.195 NA NA NA NAP NAP O.OE+OO 62E-06 6.3E-05 NA NAP NAP 69E-05 

I 
Accnaphlhylcnc 0213 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO tTl 

'"l:l ;:I. Bcnzo(g.h,.i)pclylcnc 0.477 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

J;l ~ Carl:>azolc 0.191 6.2E-IO 6.4E-09 NA NAP NAP 7.0E-09 NA NA NA NAP NAP O.OE+OO 

; [ Oibcnzofwan 0.195 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Fluorene 0.21 NA NA NA NAP NAP O.OE+OO I.OE-05 63E-05 O.OE+OO NAP NAP 7JE-OS 

g,~ Naphlhalcnc 0.14 NA NA NA NAP NAP O.OE+OO 1.3E-05 8.4E-OS S.2E-IO NAP NAP 98E-OS 

&l f.'! 
Phcnanlluau: 0.773 NC NC NC NAP· NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

JTotal CbeJBdab I I 6.4E-10 6.SE-09 2.9E-ll_ Q.OE+OO _ O.OE+OO 7.1E-09 I I 2.3E-02 1.6E-02 s.JE-10 O.OE+OO O.OE+OO 3.9E-02 I 
~ EPC g: Radlonudldu mJl& r;· 

Radium-226 3.04 57E-08 NAP 90E-13 NAP UE-06 1.4E-06 NAP NAP NAP NAP NAP NAP 
~ 
n 

!Total Radlonuclldos I I !i. I I S.7B-08 NAP 9.0li-13 O.OE+OO UE..oci 2.4E-0Ci NAP NAP NAP NAP NAP NAP I 
~ 

!Total Onnll Risk I I 2.3E-02 

~ 
I I S.SE-08 6.SE-09 9.0E-13 O.OE+OO UE..oci UE-G6 1.6E-02 S.lB-10 O.OB+OO O.OE+OO 3.9E-02 I 

EPC lixpalure point concentration 

~ 
mgllcg Millipm per kilopmn. 

4J 
NA Not 11¥8il8blc; insufficicnttoxicity data. 
NAP Not oppticablc pathway, not a VOC. 

::t NC Not aiUipCCICd c:arcinoscn-
pCilg Picocurics per gnun 
vex::. Volatilo mpnic compOunds. 
I.OOB-06 Is equivalcnl to 1.00 X (04 
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TableS.5 

Constituent 

Pntlddn/PCBS 
llndrin~ 
Gamma a.Jordano 

Melillo 
Bismuth 
Copper 

Lead 
Selenium 
Thallium 

Semi-Volatile Orpillc 
Campau_. 
2-Melhylnaphthalene 
Acenaphlheno 

Acenaphlhylene 

Bcnw(J,h.i)pelyimo 
Carbazole 
Dibenzol\uan 

Fluormo 
Naphthalene 

Phmonlhrcno 
ITollll Cloeaaic81 I 

RodioDaclldH 
Radiwn-226 

BacqroaDd Raldaal Rbk for a Recreatloul adld at the Miami-Erie C..W Area 

EPC 

26 
41 

0.46 

EPC 
JQ!& 

2 

I 
Oral 

NA 
O.OE+OO 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

O.OE+OO 
NA 
NA 
NA 
NC 

I o.o8+00 

J 7E-08 

CANCER EFFECTS -ll 
Route-S~i6c Rill< c.ncer 

Dermal Inhalation WWation Bxtemal Rill< Oral 
Dust VOCI Totol 

NA NA NAP NAP 0.08+00 NA 
O.OE+OO O.OE+OO NAP NAP O.OB+OO 008+00 

NA NA NAP NAP 0.05+00 NA 
NA NA NAP NAP 0.08+00 1.38-03 
NA NA NAP NAP 0.08+00 NA 
NA NA NAP NAP 0.08+00 0.08+00 
NA NA NAP NAP 0.08+00 1.18-02 

NA NA NAP NAP 0.08+00 NA 
NA NA NAP NAP 0.08+00 0.08+00 
NA NA NAP NAP 0.08+00 NA 
NA NA NAP NAP 0.08+00 NA 

O.OE+OO NA NAP NAP 0.08+00 NA 
NA NA NAP NAP 0.08+00 NA 
NA NA NAP NAP 0.08+00 O.OE+OO 
NA NA NAP NAP 008+00 0.08+00 
NC NC NAP NAP O.OB+OO NA 

0.08+00 c 0.08+00 _ Q.OI!+QQ _ _(),()8t(l()___ O.OE+()()_:J Q2E-02 

NAP ·s 9E-J6 NAP I.SE-06 UE-06 NAP 

NON=«:ANCER ErnCT8 

RoW-~i6cHQ Non-Cancer 
o..m.J lnhalltion lnhalltion BxtemaJ fD 

Dust VOCI Total 

NA NA NAP NAP 0.08+00 
0.05+00 0.08+00 NAP NAP O.OB+OO 

NA NA NAP NAP 0.08+00 
4.78-04 NA NAP NAP 1.88-0l 

NA NA NAP NAP 0.08+00 
0.08+00 NA NAP NAP 0.08+00 
7.78-03 NA NAP NAP 1.98-02 

NA NA NAP NAP 0.08+00 
0.08+00 NA NAP NAP 0.08+00 

NA NA NAP NAP 0.08Hl0 
NA NA NAP NAP 0.08+00 
NA NA NAP NAP 0.08+00 
NA NA NAP NAP 0.08+00 

0.08+00 0.08+00 NAP NAP 0.08+00 
0.08+00 0.08+00 NAP NAP 0.08+00 

NA NA NAP NAP 0.08+00 
8.21!-03 0.08+00 0.()1!+00 _().()1!+00 2.08-02 I 

NAP NAP NAP NAP NAP 

[Tcliai Radlaaaclldn I I 3.78-08 NAP 5.98-16 NAP UE-06 UE-06 I[-~- NAP NAP NAP NAP NAP I 
(Tatlll O.onll Rbk I I 3.78-08 0.08+00 5.98-16 WALUBI UE-06 t.6E-Of:J [T2E~ 8.28-03 0.08+00 0.08+00 0.08+00 2.08-02 I 
EPC 
mglkg 
NA 
NAP 
NC 
pCils 
VOCI 

1.008-06 

l!xpoluro point concentration 
Millipa per kilq,.m. 
NotiiYiiloblo: imuf&ciont toxic1ty data 
Not opplicablo pathway, not a VOC. 
Nota OUipaCIOCI COTCinogcn. 
Picocurioo per 1Jr11D 
Volatile orpnic compounds. 

b oqui¥aleal to 1.00 X I 0 .. 

I 
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Table 5.6 Incremental Residual Rbk for a Rec:n:adonal 01lld at the Mlunl·Erte Canal Area 

t CANCER EffECTS ::-1 c-· · . -- Nmtc4NcER ErncTS ' 

Ontitut:nt 

PnlklllaiPCBS 
Endrin~ 
Gemma Chlordane 

M•tats 
. Bismulb 

Copper 
Lea4 
Selmium 
Thallium 

Stmi·VolaWe Orpnk c.........,.. 

EPC ...... 
0.002 

0.0003 

3.10 
8.70 

118.00 
0.91 
0.42 

2-Mcthylnaphlhalenc 0.1; 
A.contphlhcno 0.19S 
kcnaphthylene 02ll 
llerml(s.h.i)pclylmc 0.4n 
Carbazole 0.191 . 
PibenmfW1111 0.195 
Fluorene 0.21 
Naphthalene 0.14 
l'halanlhrcnc o. n3 

[Total Chemical I 

Radlonudld•• 
R.adium-226 

£PC 
~ 
1.04 

Oral 

NA 
llE·Il 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

4.'ffi·IO 
NA 
NA 
NA 
NC 

( 4.8E·IO 

1.9E-08 

RO!III::Sp!!Cifie Risk Cancu 
Dc:nnal Jnhalllion lnhalllion lllcu:rnll Risk 

Rout.t-Spec:ific: HQ Non-Cancer 
Oral Dc:nnal lnhalllion Jnhalllion lllcu:rnll HI 

Du:ll voea Tow Dwlt VOCa Tolal 

NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OB+OO 
8.1E·ll 2.2E·I1 NAP NAP 9.4E·II 8SE.()7 S.4R-06 3.61l-12 NAP NAP 6.31!-06 

NA NA NAP NAP O.OE+OO NA NA NA NAP NAP OOE+OO 
NA NA NAP NAP O.OB+OO 3.31!.()4 1.28-04 NA NAP NAP 4.SR.()4 
NA NA NAP NAP O.OB+OO NA NA NA NAP NAP O.OE+OO 
NA NA NAP NAP O.OE+OO 2.61i.()4 6.2B-OS NA NAP NAP 3.2R.()4 
NA NA NAP NAP O.OE+OO 7.SB-03 s.3E.Ol NA NAP NAP 1.31!.()2 

NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OB+OO 
NA NA NAP NAP O.OE+OO 461l.()6 4.'ffi.()S NA NAP NAP S.2E.()S 
NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
NA NA NAP NAP O.OE+OO NA NA NA I':IAP NAP O.OE+OO 

481!.()9 NA NAP NAP 5.2£.()9 NA NA NA NAP NAP O.OE+OO 
NA NA NAP NAP O.Oii+OO NA NA NA NAP NAP O.OB+OO 
NA NA NAP NAP 0.01!+00 7.SE-06 4.7E.()S O.OE+OO NAP NAP S.SB-OS 
NA NA NAP NAP O.OE+OO I.OE.()S 6.3E.()S UE-10 NAP NAP 7.3B-OS 
NC NC NAP NAP O.OE+OO NA NA NA NAP NAP 0.08+00 

4.91!.()9 2.2B·I7 -- .!!.!lli+OO O.OE+.OO .. __ S3Ji~- I [_!IE.()L ~6£_.()3 - 4~01!-J!l l).OB+OO !)OE+OO 1.41!.()2 I 

NAP 31E-Il NAP 7.91!.()7 BIE-07 NAP NAP NAP NAP NAP NAP 

{Total Radlonudlde I r L9E-Oi NAP .. -ns=t3- -o.os+~-7~-Ti&:07J [ NA NA NA NAP NA NAP 1 

tt'otal Ovtndl Rlolt f I 2.0E.()8 4 9£.()9 3.11!-13 O.OE+OO 7.9B-07 8.21!.()7 I I UE-03 S.61l.()3 4.08·10 O.OE+OO O.OE+OO l.E.()2 I 
EI'C ElcpoNnl point c:cn<:mlmtion ror incranen!al risk is tolalrninus ~ 
rnstka Millianm per tilopm 
NA . Not 1M1i1ab1t; imuflicicnt t.oxicily data 
NAP Not .pplitllble ~ 
NC Not a SUIIpCCted c:eeinogen 
pCi/s Picocuria 1*111111 
VOCa Volllilc C11p11ic canpounds 
I. 00&06 Is cquiYB!a!IIO 1.00 X I 04 



Table5.7 Total Raklual Risk for a Residential Adult at tbe Mlami-Erte Cual Ana 

I CANCER EITttTS I I NQN.CAMCIIl an:crs I 
Routo-Saocillc llisk Concor Jtau~o.Se!!!: Hg N....c..-

Constituent Onl Dermal Inhalation Inhalation Exlanll Risk Onl Dermal Jnhololian lnbllation Exlanll HI 
Dust VOCI Tolll Dull VOCI TOCII 

::c lPC 

I IUIIut 
'-'"V-Orpdc c.....-.. 

~ 
2·Mct¥nophtllolcne o.u NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 
Ac:cnoplldlcno 0.19' NA NA NA NAP NAP 0.0£+00 4.SE-06 2.4£44 NA NAP NAP 2.4E44 

~ Accnaphlhylone 0.21J NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 

tTl Bcnzo(a)pyralo 0.688 U£..06 1.2£.04 4.7£·11 NAP NAP U£.14 NA NA NA NAP NAP 0.0£+00 

e. Bcnzlo(&h.i)pay 0.477 NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 

El Colbazole 0.191 1.8£-09 4.2£-08 NA NAP NAP 44£.(18 NA NA NA NAP NAP 0.0£+00 

r::. Dibenz(a.h~ 0.24 8.2£.07 1.9£.05 1.6E·II NAP NAP Z.0£.05 NA NA NA NAP NAP 0.0£+00 
0 Dibcnzofutan 0.19~ NA NA NA NAP NAP 00£+00 NA NA NA NAP NAP 0.0£+00 
::s Fluarcnc 0.21 NA NA NA NAP NAP 0.0£+00 7.2£-06 2.4£44 0.0£+00 NAP NAP 2.4£44 .o Naphthalene 0.14 NA NA NA NAP NAP 0.0£+00 9.6£-06 3.1£44 1.0£.()8 NAP NAP 3.2£44 

l: Phcnantlvcne o.m NC NC NC NAP NAP 0.0£100 NA NA NA NAP NAP 00£+00 

~ PnUddn 
Endrin Ketone 0.002 NA NA NA NAP NAP 00£+00 NA NA NA NAP NAP 0.0£+00 

§. Oamma a.Jordano 0.000) 4.9£·11 16£-09 l.lE·U NAP NAP 17£-09 82£·07 2.7£.0~ 9.6£·11 NAP NAP UE.OS 

m Mdab 

"' :::1. Ancnic 9.~ 6.7&06 1.9£.06 liE-09 NAP NAP U£.05 4 ]£.()2 U£.02 1.2£-06 NAP NAP 1.0£.01 &: n Bismuth ll NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 
n n Copper J4.7 NA NA NA NAP NAP 0.0£+00 IJ£.()] 2.]£.()] NA. NAP NAP 3.6E.03 

~ [ Lead 226 NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 
Selcniwn 0.91 NA NA NA NAP NAP ·o.OE+OO 2.~£.()4 ].1£44 NA NAP NAP 5.6£44 

g, ;;- ThaDium 0.88 NA NA NA NAP NAP 0.0£+00 ).~£.()2 H£.02 NA NAP NAP 7.0£-02 

~ ~ 

~ 
It alai~ I I '-~E-06 1.5£.1!L __ Hf:~ ____ NAI'__ 1'1-'L U£.~] I 6.0£.()2 1.2£.01 -- !.2£-06 0.0£+00 0.0£+00 1.8£.()1 I 

EPC 
lllulloaadldn Q.a c;· 
Plutoniwn·2l8 2U 5.6£.06 NA 2.4£·08 NAP ll£·09 5.n:.o6 NA NA NA NAP NA 0.0£•00 

~ Radium·226 ].04 1.1£.01 00£+00 l.lE·IO NAP 1.5£..06 1.5£.14 NA NA NA NAP NA 0.0£+00 
:S. IT olallbdloaadldo ~ I lu£.06 0.0£+00 2.SE.Q8 NAP 1.5£.04 1.5£.04 I 1 o.oE•oo 0.0£+00 0.0£+00 0.0£+00 0.0£+00 0.0£+00 I 

~ IOnnDTaiiiRbk I I U£.05 1.5£.14 2.8£-08 NAP 1.5!-04 .u£.04 I I 60£-02 1.2£.01 1.2£-06 NAP 0.0£+00 I.BE.OI I 
EPC Exposure paint ........ tntion 

::c mglks Milliallm porlr:iJatpun 

1 NA Nallmilable; insullkiont toxicity da1a 
NAP Nat applic:oble palh-y 
NC NalallllpCCicd cot<inDgcn 
pCils Pioocuria .... 1111"' 
VOCI Volatile arpnio cocnpounds 

1.00£-06 II equivalcnt to 1.00 x 104 



·~ 

Table5.1 lladlpoaDd Relldaal Risk for • Resldeatlal Adult at tile Mluii-Erte Caul Area 

I CANCER lffECTS I I NOI'I-CAJIIc:at uncTI I 
R-·SDec:ilir Rid: c..- Raule-s.-15o !!!l Non-e-

Consbtw:nt Onl Dcnnol. lnbalalion Inhalation EJCIImll Rid: Onl Damol lnhllolion Inhalation Eldcmol HI 
Dust VOCa Tolll Dust VOCa Tolll -----

~ lti'C 

G. --.v-o._.. 

~ c--Z·~ NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 

~ A~ NA NA NA NAP NAP O.OE+OO 0.0£+00 O.OE+OO NA NAP NAP O.OE+OO 

~ Aca~ NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

tr1 llcnzD(a~ O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
< llenzc(&la.i)pa NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO e. c..buolo O.OE+OO O.OE+OO NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 

a. Dil>onz(~ O.OE+OO O.OE+OO O.OE+OO NAP NAP OOE+OO. NA NA NA NAP NAP O.OE+OO 

g DibcnZDfunn NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.0£+00 
f1uarmo NA NA NA NAP NAP . O.OE+OO . O.OE+OO O.OE+OO O.OE+OO NAP NAP 00£+00 

0 Naphlholene NA NA NA NAP NAP O.OE+OO OOE+OO O.OE+OO 0.0£+00 NAP NAP O.OE+OO c Pbcnanlbrone NC NC NC NAP NAP O.OE+OO NA NA NA NAP NAP 0.0£+00 
~ 

~ 
Pnllddn 
Endzin IC&tano NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~. Oamma Clllarlllml O.OE+OO O.OE+OO O.OE+OO NAP NAP OOE+OO O.OE+OO O.OE+OO 0.0£+00 NAP NAP 0.0£+00 

I Mdola tr1 
6.1£..06 S.ZE.OZ ., ~· Allcnic 1.6 1.1£,.06 UE~ NAP NAP 1.4£,.05 l.9E.OZ I.IE-06 NAP NAP 9.ZE.OZ 

dll (') 
llilmtdh NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Copper 26 NA NA NA NAP NAP 0.0£+00 UE-04 I.IE.Ol NA NAP NAP Z.7E-43 

~[ Lad 41 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Sclcniwn NA NA NA NAP NAP 0.0£+00 O.OE+OO O.OE+OO NA NAP NAP O.OE+OO 

~a 
'lballiwn 0.46 NA NA NA NAP NAP O.OE+OO 7.9E.Ol Z.9E.OZ NA NAP NAP ).7E.OZ 

It obi a.-.1 I I U£..06 1.1£,-0jj UE~ O.OE+OO O.OE+OO U£..05 I I UE.OZ B.JE.OZ I.IE-06 0.0£+00 0.0£+00 I.JE-01 I 
~ ZPC 

Raaaaadldl• Qa n· Plulaniwn-ZJB 0.13 lZE-08 NA 1.4£-10 NAP UE·Il l.ZE-08 NA NA NA NAP NA O.OE+OO 

w Radium-:%26 z SOE-07 OOE+OO Z.ZE·IO NAP ur..u t.7&-H NA NA NA NAP NA O.OE+OO 

;S. It obi~ ~ I I 5.4£.07 O.OE+OO 3.6£-10 NAP U£..05 t.7£..o5 1 I O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO I 

~ 
I Onnll Tobl Rldl I I 6.ft.M 1.1£,-0jj UE~ NAP t.B.IS 1.1£,.0t 1 I UE.OZ I.JE.OZ I.IE-06 O.OE+OO O.OE+OO_ 1.3£.01 I 
EPC ~pain!--

{ "" MillipDpcr~ 
NA Not milabla; DulllcialiiDxicily data 
NAP NotiiJIIIIicablopadnny 
NC Nota .....-.a""""""""' 
pCila Piooculioo per ...... 
voea Valolilo Cllpllio -..poolllda 

I.OOE-06 IJequinlaiiiiii.OOx 10 .. 



TableU r-ta1 Raldual Rllk ror a RnldeaUal Adult u 111t1 Mlud-Erte Caul Ana 

I CANCER IITICfl I I NCJN.CAIIICD U'nCII I 
~SDOrilloRiak ea.- Jl.aullt.SDOril !!Q N.....c-

Cons1iCucnt Onl Damol lnllalatian lnllalatian Exlanll Rial< Onl Demlll lnllllolian lnballlion Exlanll IU 
Dull VOCa Tolll _Dust VOCa Tolll 

G. 
IPt: ..... 

~ 
-.v-o.p.~c 

~ 

~ 
2-Melbytnophdlllono O.IS NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 
Accnophtlleno 0.1, NA NA NA NAP NAP O.OE+OO HE-o6 2.4£..04 NA NAP NAP 24£.04 

~ A~ 0.21) NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.01!+00 

trl Bcnzll(a)pyftno 0.681 2.4!-0' UE-84 HE-ll NAP NAP· UE-M NA NA NA NAP NAP OOE+OO 

~ llenzo(&b.i)pc:lylcno o.4n NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 

~-
Codlazlole 0.191 I.BE-011 UE.OS NA NAP NAP UE-011 NA NA NA NAP NAP 0.0£+00 
llibcm(o,h)ln .......... 0.24 1.2£.07 UE-05 UE-11 NAP NAP Z.OE-15 NA NA NA NAP NAP 0.0£+00 

0 l:lihci1Zoftnn 0.1, NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 00£+00 
::s Flucraut 0.21 NA NA NA NAP NAP 0.0£+00 72E-o6 2.4£-04 0.0£+00 NAP NAP 2.4£-04 
0 Naphdlllene 014 NA NA NA NAP NAP 00£+00 9.6E-o6 J.IE-04 I.OE-01 NAP NAP UE-04 c PhCIWIIhmle o.m NC NC NC NAP NAP OOEtOO NA NA NA NAP NAP O.OE+OO J,.. 

~ Pnlldda 
Endrin Ketone 0.002 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP 0.0£+00 

§. Gamma Cblordano 0.0003 4.9£-11 16£-011 lJE-IS NAP NAP 1.7£-011 82£.07 2.7E.OS 9.6£-11 NAP NAP 2.8E.OS 

t'rl Mdlllo 
'"tl ::t An<nic 09 6.3£.07 8 4£.07 30£-10 NAP NAP 1.51:-K 4.1£.0) S.S£.0) 1.2£-07 NAP NAP 96£.0) 

Jll "' Bismuth ).I NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 00£+00 
"' ('") Copper 1.7 NA NA NA NAP NAP O.OE+OO 32£-04 S.9E-04 NA NAP NAP 9.1£-04 

~ i Lad 178 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Selenium 091 NA NA NA NAP NAP 0.0£+00 2 SE-04 ).1£.04 .NA NAP NAP l6E.o4 e.t: Thallium 088 NA NA NA NAP NAP 0.0£+00 I S£.01 S.S£.02 NA NAP NAP 7.0£-02 

&; ~ 

~ 
lr-~ I Qit.06 ·uE-N 3.6£-10 0.0£+00 0.0£+00 1.5t:.o4 I I 2.0£-02 6.2£.02 1.3£-07 O.OE+oo __ O.OE+OCI_ 8.2£-02 I 

EPC 
t::": Radloaadlda Qa 
n f'lulonium-1JB 12.37 5.51:-06 NA 24£.()8 NAP liE-011 UE-86 NA NA NA NAP NAP 0.0£+00 

~ Radium-126 1.04 1.6£.07 0.0£+00 I.IE-10 NAP 5.01:-15 5.11:-15 NA NA NA NAP NAP O.OE+OO 
::;. 

lroeaJ Radloaadl .. ~ I I 5.11:-06 O.OE+OO 2.4£.()8 NAP 5.0U5 s.'us I 1 o.oE•oo 0.0£+00 0.0£+00 0.0£+00 0.0£+00 0.0£+00 I 

~ l0nn11 T-Rlok I ., UE-06 1.41:-04 2.SE.ol NAP 5.1U5 u~:-.. I I 2.0£-02 6.2£-02 IJE-07 NAP NAP 8.2£-02 I 
EPC Expaouno point ocncenlrttion, ina<matllllvolue io Ioiii minus bocqround 

{ lft8llg MmipD per IOJopam 
NA Not oniloble; insullic:ienlloleicily data 
NAP Not opplicahle polhway 
NC NolallllpOCtecl ............ 
pCila Pioocurioo per ...... 
VOC. Vololilo arpnio c:ompounda 

I.OOE-o6 .. equinlc:nt "' 1.00 " 10
4 



Table5.10 Tatal Relldual Rllk Rlr a Rnldeatlal Child at the Mlaml-lrll Cual Ala 

I CANCER ltrFEC'IS I I NCJN.C:ANall uncu I 
llcule-SI>ccill Riot Conoor a--llli!!!:!!!!!!Q N....c..-

Conolilucnl Onl Damll lnllololian lnllalalion Exla1lll Riot Onl Denali lnllalolion lnllalalion Eldomol HI 
Dull VOCa Tall! Dull VOCa Tall! 

Q. 
trc: 
.-b 

[ -Vololllo Orpalc 
c..,_.. 

~ 
2-Metllyfnofhtbakno o.u NA NA NA NAP NAP O.OE+()O NA NA NA NAP NAP O.OE+(IO 
Acallpblbalo 0.1" NA NA NA NAP NAP OOE+(IO · 4.2£..0' 4.3£..04 NA NAP NAP 4.7!-04 

~ A~ 0.21J NA NA NA NAP NAP 0.0£+(10 NA NA NA NAP NAP O.OE+(IO 
tr1 llcnro(o)pynno Ull U£.06 5.6E-t5 2.4£-11 NAP NAP UE-15 NA NA NA NAP NAP 0.01!+(10 

! ~ 0.417 NA" NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.0£+(10 

~-
CullozDie 0.191 4.2£-419 UE-01 NA NAP NAP 2.3£-GI NA NA NA NAP NAP 0.0£+(10 
Dibau(o,h)ln- 0.24 UE-06 1.7E-e6 8.3£·12 NAP NAP I.IIE-tS NA NA NA NAP NAP 0.0£+(10 

0 Dibenmlinn 0.1, NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
::I Fluorene 0.21 NA NA NA NAP NAP O.OE+OO 6.7!.0' 43E-04 0.0£+(10 NAP NAP 4.9£-04 
0 

t 
Naphlhllene 0.14 NA NA NA NAP NAP O.OE+OO 1.9E.O' 57!-04 2.1E-GI NAP NAP 6.6E-04 
PhOIWIIhrcnc o.m NC NC NC NAP NAP O.OE•OO NA NA NA NAP NAP 0 OE+(IO 

~ Pnllcldn 

~-
Endrin Kclone 0.002 NA NA NA NAP NAP O.OE•OO NA NA NA NAP NAP 0 OE+()O 
Oomma Chlonlono 0.0003 1.2£-10 7.)£-10 1.2£-u NAP NAP ._,E-10 7.7£-06 4.9£.0' 1.9£-10 NAP NAP ,.6E.O' 

I 

tr1 Mdlllt 

'1:l 
::1. Ancnic 9., UE-05 4.0E-06 1.6£-419 NAP NAP Z.OE-05 4.0E.OI I.OE-01 2.,E-06 NAP NAP '-IE.OI 0 

~ (') Bismlllh ).1 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.0£+(10 
n 

~ 
Copper 34.7 NA NA NA NAP NAP O.OE+OO 1.2£.02 4.2E.Ol NA NAP NAP 1.6~ 

VI Lad 226 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+(IO -e. ~ Scleniwn 0.91 NA NA NA NAP NAP OOE+OO Z.lE-03 5.6£-04 NA NAP NAP UE-03 
Thlllium 0.88 NA NA NA NAP NAP O.OE+OO 1.4£.01 9.9£-02 NA NAP NAP 2.4£.01 

g; ~ 
IT IIIII a-loll I ~ 

I I UE-05 UE-05 1.6E-419 NAP NAP UE-05 I ,.6E.OI 2.1£.01 2.,E-06 NAP NAP 7.7E.OI I 
EPC - Rodionuc!jdq Qa rr 

~ 
Phdonium-238 22-' U£.06 NA 2.6E-09 NAP 7.9E-10 UE-06 NA NA NA NA NA O.OE+OO 

n Rodium-226 3.04 3.11!.07 O.OE+(IO l.6E·II NAP 1'11t-e5 1'11t-e5 NA NA NA NA NA O.OE+(IO 
s. 
~ IT .... Radlclopdjo I luE-K 0.0£+(10 17E-419 NAP 17E-15 UE-tS I I 0.0£+(10 0.0£+(10 O.OE+(IO NAP NAP 0.0£+(10 I 

~ l0nn1Talllllbk I I" 2.6E-t5 UE-05 4.3£-419 NAP 17E-t5 UU41 I 5.6E.OI 2.1E.OI 2.51!-06 !'IN_ NAP 7.7!-01 I 
EPC l!>opoouno poinl _.;on 

f msllra Millipal per~ 
NA Nat anilal>lo; a.ulllcicnt toxicity dolo 
NAP Hal ops6:lllle podnny 
NC Nalalllll**d con:inqp:n 
pCila l'iooc:ma per ...... 
VOCa Vdolilo arpnio oompounda 
I.OOE-06 .. equiwlent lo 1.00. 10 .. 
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Table5.11 allleatlal Cblld at dae Mlami-Erte c-1 Area 

I CANCEiliUriCTI I I JIIOH-CAI'ICD IUriC1I I 
RlJID.Spocjlo Ridt c.- RGufo.SDecillc !!!2 Non-e..-

~ Onl Damol Wlolalion lnbolalion Extanol Ridt Onl Damol lnbllllion lnhllllicn Exlanll HI 
Dust voc. Tolll Dull VOCI Tolll 

~ uc -[ ,._V ..... Orpollc 
c..,_.. 

~ 
l·~lholeno NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+QO 

ACCftlllldbcne NA NA NA ~ NAP 0.01!+«1 0.01!+00 0.01!+«1 NA NAP NAP O.OE+QO 
~ ACCIIIJihlbylone NA NA NA NAP NAP 0.01!+«1 NA NA NA NAP NAP O.OE+QO 
tT1 lleiiZio(a)pylalo 0.01!+«1 OOE+QO O.OE+QO NAP NAP 0.01!+00 NA NA NA NAP NAP 0.01!+«1 

~ ~ NA NA NA NAP NAP 001!+«1 NA NA NA NAP NAP 001!+00 
Cllllu:clo O.OE+«< O.OE+OO NA NAP NAP 0.01!+00 NA NA NA NAP NAP 0.0£+00 

g. Dibcnz(a,h)ln*->o 0.01!+«1 OOE+OO O.OE+OO NAP NAP OOE+OO NA NA NA NAP NAP O.OB+QO 
Dibcnzollnn NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.01!+«1 ::s 
Fluorene NA NA NA NAP NAP OOE+«< O.OE+«< O.OE+«< 0.01!+«1 NAP NAP 0.01!+«1 

0 c: Naphlhalene NA NA NA NAP NAP 001!+00 O.OE+OO O.OE+OO 0.01!+«1 NAP NAP 0.01!+00 

~ Phcnanthn:nc NC NC NC NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 

~ PnUddn 

§. 
Endlin Kdono NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.0£+00 
Clamml CNaalane O.OE+OO OOE+OO O.OE+OO NAP NAP O.OE+OO 0.01!+00 O.OE+OO 0.01!+«1 NAP NAP O.OE+«< 

I 

tT1 Motllb 

"" ::I. Ancrlic 8.6 1.4E-05 UE-06 1.4£-09 NAP NAP I.IE-05 ).7£·01 9.5£.02 UE-06 NAP NAP 4.6£.01 
~ n Bismuth NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.01!+«1 
n ("') Coppa' :16 NA · NA NA NAP NAP O.OE+OO 9.0£.(1) UE.ol NA NAP NAP 1.21!-02 

~i Lad 41 NA NA NA NAP NAP 0.01!+00 NA NA NA NAP NAP 0.01!+«1 

e..;;- Sdcniwn NA NA NA NAP NAP 0.01!+00 O.OE+«< O.OE+«< NA NAP NAP 0.01!+00 
liWiillm 0.46 NA NA NA NAP NAP 0.01!+«1 Hl!-02 S.lE-02 NA NAP NAP l.lE.OI 

&: ~ I Tolol a-lao! uE-Os I [ 4.51!.01 

~ 
I Lut:-~ . UE-N 1.4E·09 0.0£+00 O.OE+QO I.SE.OI l.l£.(16 O.OE+j)C) .~OE+OO 6.0£.01 I 

IPC 
r;· ~ ... QJ 

.:;o Plulanium-ll8 0.1) 1.6£.(18 NA UE·II NAP 4 SE-12 16£.(18 NA NA NA NAP NAP O.OE•OO 
n Radium-m l l.S£.07 OOE+OO Ul!·ll NAP J.4~ u~ NA NA NA NAP NAP 0.01!+«1 
:3. 
n lroeo~~ I I 1.7£.01 O.OE+QO ).91!·11 NAP UE-05 J.4E-05 I I O.OE+QO O.OE+«< O.OE+QO O.OE+QO O.OE+QO O.OE+QO I ~ 

~ lo-dTOColllbk I luE-OS l.6E-N I.SE-09 NAP UE-05 U£.15 I I 4.51!.01 I.SE.OI l.ll!-06 NAP ~AP 6.01!.01 I 
EPC Ellpoounpainl ... ocadlodiion 

f mslk8 MiJianm per lolopnl 
NA Nalonilablo; inlulllciaiiiGXicily dala 

~ NAP NallpJllicahlc pathway 
NC Nala .._...s can:inorcn 
pCVa l'ioocuria per ...... 
VOCI Vclllilo cqanic """""""' 
1.00£.(16 Is equinlaiJ 1o 1.00 aiD~ 

·~ ,: Jn!·. 
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Table5.12 ._._. Rnldual Risk for a Rnldellllal Child at tire Miami-EN Caul Ana IIIAalleldal 

I CANCER ll:rncrl I I ·--~-~~~~UrECTI 

ROIU·Spdio Risk c- R.oulo-lll>eci&e !.!2 N<>n.CW. 
Conslituml On.l Dormol lnlllol.t.1ion lnllllalion ~ Risk On.l Dormol lnhalalion lllllalalion~ HI 

Dull VOC. Total Dull voc. To411 IR"------- -~~---S.W.VtlollloOrpollc c..,.... 
2-r.t~ 0.1' NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP ME+OO 
Acllll!'hlbcno O.IIIS NA NA NA NAP NAP O.OE+OO UE.OS UE-Ool NA .W NAP 4.71!-o.t 
~ 0.21) NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE-+tO 
BcN:o(tlJ>Ynne uaa 5.5~ 5.4E-05 HE-ll NAP NAP OE-05 NA NA NA NAP NAP. O.OE+OO 
~ 0.417 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
~ o.m 4.2£-09 19£·08 NA NAP NAP 2.3£·08 NA NA NA NAP NAP O.OE+OO 
Dibcnl(a.h)lnlb-. 0.24 l.t~ 1.1~ UE-11 NAP NAP 1.1£.115 NA NA . NA NAP NAP O.OE+OO 
Oibcnzolinn 0.19S NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 
~ 0.11 NA NA NA · NAP NAP OOE+OO 6.71!.05 UE-Ool 0.0£+00 NAP NAP UE.Q4 
NaphtiWcne 0.14 NA NA NA NAP NAP 0.0£+00 UE.OS HE.Q4 2.1£.(11 NAP NAP UE.Q4 
l'hawltlvalo o.m NC NC NC NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 

PUllddd 
EndrinKmno 0.001 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP 00£+00 
Gunmo~ 0.0003 11£·10 UE-10 UE-U NAP NAP "E·IO 1.1E-06 UE.OS 1.9£·10 NAP NAP UE.OS 

Motab 
........... 0.9 UE-06 l8E.o7 UE-10 NAP NAP · U£.06 lBE-lll 99£.0] UE-07 NAP NAP UE-02 
flisiiMII 3.1 NA NA NA NAP NAP o.o£+00 NA NA NA NAP NAP O.OE+OO 
Copper 1.1 NA NA NA NAP NAP OOE+OO ).0£.03 1.1£.0) NA NAP NAP 4JE.Ol 
1.-.1 Iii NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 
Selalium 091 NA NA NA NAP NAP O.OE+OO l.lE-01 UE.o4 NA NAP NAP UE.Ol 
Thollium 0.81 NA NA NA NAP NAP 0.0£+00 UE.Ol UE-01 NA NAP NAP UE-01 

lTotala-tcal I ,..,~ UE-05 UE-10 O.OE+OO O.OE+OO 7.4£-M I I 1.8£.01 1.1£.01 26£-07 O.DE+OO O.OE+OO l.OE.OI I 
Ere .............. QJ 

l'lulonium-1311 21.37 UE-06 NA HE-09 NAP 7.8£-10 UE-06 NA NA NA NAP NA 0.0£+00 
Rodium-226 1.04 1.3£-07 OOE+OO UE·ll NAP U£.15 l.l£.15 NA NA NA NAP NA O.OE-+tO 

1!-~ ] I 1-'~- !).OE+(JI)___ ~JiE-09 ~-NAP-- __ p£.15 ___ UE-!!5_I I 0.0£+00 0.0£+00 O.OE-+tO 0.0£+00 0.!1£~- O.OE-+tO I 
Jo;w.;D '""'UIIdt l Cift.ll$ UE-05 l8E.o9 NAP l.l£-e$ t.G£.05 I I 1.8£.01 l.IE-01 2.6£-01 NAP NAP 3.0£.01 I 
EPC 
ml!ii<.IJ 
NA 
NAP 
NC 
pClla 
voc. 
1.00&-06 

l!lqloAnpgint~inc:nmcnbtl .... illc>lllminut~ 
Milliponl per Wosnm 
Nol ..... ble; lnmlllicionltoxicily
Not tpp1icoble pillllny 
NolaiUI)lCC'Io<l corci11o,sm 
~periJIOID 
Vol&lile GCpl1ic compounds 

tacquinlmlto 1.00" to• 



Table 5.13 Total Ralchw Risk ror an orr Site Coastructloa Worker at tbe Mlami-Erte Canal Area 

I CANCER UFECTS I I NIJI'I.CANCER ln'ECJll I 
Roure-SDC<illo Risk ean..r R.oufe.SDC<illo HQ Non-e..-

Conslihlelll Onl Damal lnbalarion lnhalalion Extanol Risk Onl Damol lnholllion lnbalarion Exlcnial HI 
Dust ·vex:. Tolll Dull vex:. Tolll 

! IPC -[ -Volatllt o.p.lc c..,.... 
2·M~ o.u NA NA NA NAP NAP 00£+00 NA NA NA NAP NAP 0.0£+00 

~ Accnapbtbono 0.19S NA NA NA NAP NAP 0.0£+00 I.SE-4S l.IE-4S NA NAP NAP 4.~, 

"' Acmaphtbylone 0.213 NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO ~ 

trl llenzio(&ll.i)p 0.477 NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 

e. Carbozole 0.191 2.6£·10 23£·10 NA NAP NAP 49E-IO NA NA NA NAP NAP 0.0£+00 

~-
Dibenzolbnn 0.19S NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 
Fluorena 0.21 NA NA NA_ NAP NAP 0.0£+00 2.SE-4S J.IE-4S O.OE+OO NAP NAP HE-4S 

g Naphthalene 0.14 NA NA NA NAP NAP O.OE+OO 3.3E-4S 4.1£-4! 7.4£-49 NAP NAP 7.4£-4! 
Phenanthrene o.m NC NC NC NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 

0 c:: Pedlcldoo 

!.. Endrin Ketone 0.002 NA NA NA NAP NAP 0 OE+OO NA NA NA NAP NAP 0.0£+00 

~ 
Gamma Chlordone 0.000) 7.0£·12 88£-12 6.9£-17 NAP NAP 16£-11 2.8£-46 HE-46 UE-11 NAP NAP 6.3£-46 

~-
Mlblo 
Ancnic: 9S 96£.()7 4.9£-08 9 3£-11 NAP NAP I.OE-06 I SE-01 7.6E·Ol 8 7£-47 NAP NAP 1.6£-41 

I Bismuth ].I NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.0£+00 trl 
"'t:: 

::l. Copper 34.7 NA NA NA NAP NAP O.OE+OO 4.4£.()] liE-04 NA NAP NAP 4.7£-43 

~ 
(II 

Lead 226 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP 0.0£+00 (") 

~ 
Selenium 0.91 NA NA NA NAP NAP O.OE+OO 8SE-04 4.0E.OS NA NAP NAP 9.0£-04 

Vl Thallium 0.88 NA NA NA NAP NAP 0.0£+00 !2£.()2 7.2£-43 NA NAP NAP UE-42 
~ 

0 

~ IT obi Clonalal I I 9.6£.()7 4.9£-48 9.3£-11 0.0£+00 O.OE+OO I.OE-06 I I 2.1£.()1 I.SE-02 8.8£.07 0.0£+00 O.OE+OCI_ 2.2£-01 I .... 
"' EPC 
00 

~ 
lbdloaadldn Qa 
Rodiwn-226 104 IIE-07 O.OE+OO 99E·Il NAP 6.1E-06 UE-06 NA NA NA NAP NA 0.0£+00 

n· lro~a~ Radloaadldt I I I.IE-47 O.OE+OO UE·Il NAP U£.06 6.2£.06 I I O.OE+OO O.OE+OO 0.0£+00 O.OE+OO O.OE+OO 0.0£+00 I 
~ :s. I a-aD Total Rldt I I 1.1£.06 4.9£-48 I.OE-10 O.OE+OO U£.06 7.2£.06 I I l.IE-41 I.S£-42 8.8£-47 O.OE+OO O.OE+OO ___ l.lE-41 I 
~ EPC Expooln point eanecntralion 

~ 
mglkg Milliplltl per l:ilasnm 
NA Nol available; insullicient toxicity data 
NAP Nol applicable pathway 

:00 NC Nola~ c:arcinosen 

i pCVg Pioooulies per ...... 
vex:. Volatilo oopnic -.pounds 
I.OOE-06 II equinlad to I .00 xiO_. 



Tabll5.14 iJadlp'aiiDcl Residual Risk ror 1111 onwe constnKtlaa Worlla' at tile Mlaiiii-Erte Caul Ana 

I CANCER lrncTI I I NCJN.CAIIICIR uncta I 
Raute-Succillc bk Clnc:cr Raula-Sc>eQ6a Hg N....c-

CAutituenl Onl Damol IRIWation l.nbllatian Eldemll bk Onl Damol lnhllalicn .lnhalaJion ~ HI 
Dust VOCa Tolll Dust VOCa Tolll 

:;Q DC 

I ..... _v ..... ar..-c_.. 
2-M~ NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 

~ Acenophlhcno NA NA NA NAP NAP 0.0£+00 O.OE+OO O.OE+OO NA NAP NAP O.OE+OO 

~ Acenopblhylcno NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 

tTl llcnzo(&ll.i)pa NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

e. Cazboziolo O.OE+OO O.OE+OO NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Dibenzol\uan NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

!. f1ucn:nc NA NA NA NAP NAP O.OE+OO O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE+OO 
0 NaphdWcno NA NA NA NAP NAP OOE+OO OOE+OO O.OE+OO O.OE+OO NAP NAP 0.0£+00 
::s Phcnantbrono NC NC NC NAP NAP O.OE•OO NA NA NA NAP NAP O.OE+OO 
0 

1: Pnllddn 
Endrin Kolone NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~ 
Ciamrno Chlonlano O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE•OO O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE+OO 

§. Mobil 
Ancnic u 8 7£.07 44E.OS 8.4£-11 NAP NAP 9.1£.07 I lE-01 6.8£.0] 7.9£-07 NAP NAP 1.4£.01 m llismulh NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

'"0 ::I. Copper 26 NA NA NA NAP NAP O.OE+OO 3.3£-03 2.3£-04 NA NAP NAP l.SE-03 

&: ~ Lad 48 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~ [ 
Selenium NA NA NA NAP NAP O.OE+OO O.OE+OO OOE+OO NA NAP NAP 0.01!+00 
Thalliwa 0.46 NA NA NA NAP NAP O.OE+OO 2.7£.02 3.8£-0) NA NAP NAP 3.1E-02 

g,~ lro~a~c--.. I I a.7E-07 4.4£-08 1.4E·II O.OE+OO O.OE+OO 9.1E.o7 1 I 1.6£-01 I.IE-02 7.9£-07 O.OE+OO O.OE+OO UE-01 I 
~ t\ IPC 

~ 
.............. Qa 
IUdium-226 2 7.2E-08 O.OE+OO 65E·U NAP 4.0&-06 4.1&-06 NA NA NA NAP NA O.OE+OO 

c;· ltolaiRa_ ...... I I 7.2£-08 O.OE+OO 6.5£-12 NAP 4.11-H uJ:..H I I O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OB+OO I 
~ lo..naTIIIIRbk s. I 1 t.4E.o7 4.4E-08 t.IE-11 O.OE+OO UI-H s.o&-M I I 1.6E.OI I.IE-02 7.9£-07 . O.OE+OO_ O.OE+OO I.IE-01 I 
~ EPC llxpolun paint OCIIICCIIlnlion 

i 
mglka Millipml per tilognm 
NA Nal milablt; iniWIIcicnl toxicity data 
NAP Nallqllllic:ollle palhway 

{ NC Nolo ouapec:lod CIIRinolcn 
pCi/J Picoouriel per....,. 
VOCa Vololile Glpllio COIDpOIIIIda 

I.OOE-06 laequinla!IIO I.OOxiO .. 



Table5.15 1-tal Rnldual Risk ror 1111 Olfllla Collllnldloo Worbr at tiM Mluii-Erle Caul Area 

I CANCER EFn:crs - ::J [-- NCJN.CANCD UFICT1 I 
Route-SpeQllc Risk ea.- Roule-Specilic !!SI Non-e..-

Conoliluenl Onl Damol lnbalalion JniWalian Extcmal Risk Onl Damol lnbllolian lnllalalian Extcmal HI 
Dust VOCa Toll! Dust VOCa Toll! 

:::tl tPC 

I -,.,._ Volallo Orpllc 
c..,.... 

~ 
2-Mclltylnlplrtha o.u NA NA NA NAP NAP O.OE+OO NA NA NA NAJI NAP O.OE+OO 
AcenlplllbeRe 0.19$ NA NA NA NAP NAP O.OE+OO 1.5£.05 3.1£-05 NA NAP NAP 4.6£-0$ 

~ AcenapblhyJene 0.2Jl NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

tTl llcnza(&b.i)paylene 0.477 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 

e. Coabuole 0.191 26£-10 2.3£-10 NA NAP NAP UE-10 NA NA NA NAP NAP O.OE+OO 

Iii Do"balzollnn 0.195 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~-
FJuoreno 0.21 NA NA NA NAP NAP O.OE+OO 2.5£.05 UE-05 O.OE+OO NAP NAP 5.5E.OS 

~ Naphlbolene 0.14 NA NA NA NAP NAP O.OE+OO 33£.05 4.1E.OS 7.4£-09 NAP NAP 7.4£.05 
Pbenulllume o.m NC NC NC NAP NAP O.OE+OO NA NA NA . NAP NAP O.OE+OO 

0 

1: Pntlddn 
EndrinKdone 0.002 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~ Gamma C1loldlne 0.0003 7.0E-12 8.8£-12 6.9£-17 NAP NAP 16£·11 2.8£-06 3.5£-06 6.9£-11 NAP NAP 6.3£-06 

~- Motob 
Ancnic 09 9.1£-08 46£-09 88£-12 NAP NAP 9.5£-08 1.4£.02 7.2E-04 8.2£-08 NAP NAP UE-02 

I 
Jlismulh 3.1 NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.08+00 tTl NA 

'"tl :::2. Copper 1.7 NA NA NA NAP NAP OOE+OO 1.1£.03 7.7£.05 NA NAP NAP UE-03 

~ "' Lad 171 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
"' (j Selenium 0.91 NA NA NA NAP NAP O.OE+OO 8.5E-04 4.0£.05 NA NAP NAP 9.0£-04 

~ [ 1ballium 0.88 NA NA NA NAP NAP O.OE+OO 52E-02 7.2£.03 NA NAP NAP HE-02 

2.i;'" IT obi Clloollbl I I UE-08 4.BE.o9 B.BE-12 O.OE+OO O.OE+OO 9.6E.Q8 I I 6.8£.02 8.1£.03 9.0E.Q8 O.OE+OO O.OE+OO 7.6£-02 I 
~ ~ IPC 

~ 
Ra-del Qa 
Rodium-226 1.04 3.7E·DB O.OEtOO l.4E-Il NAP UE-06 UE-06 NA NA NA NAP NA O.OE+OO 

r:r ITOCIIIRadloa- I I l7E-08 O.OE+OO HE-12 NAP 2.1£.06 J.I&.M I I O.OE+OO O.OE+OO O.OE+OO 0.08+00 O.OE+OO O.OE+OO I 
~ :s. IOnraDToiiiRidt I I l.lE-07 4.8£-09 1.2E·I1 O.OE+OO 2.1£.06 UE-06 I I 6.8£-02 _BIE-03 ~~ O.OE+i!Q_ O.OE+GO 7.6£-02 I 
~ EPC Ellpoauro point ccncenlntion, inclemmlll Ylluo is total minlll bac:tp>und 

~ 
ms/ka Millipm por~ 
NA Nol onilollle; insullicW:nttoxic:ity clata 
NAP Nol opplioable palhway 

l NC NoloiUI)IOCI<d ean:inoBcn 
pCila Pioocuria por ...... 

::l voea Valolile Olpllic ..,.,.,....... 

I.OOE-06 luquinlallto 1.00" 10 .. 



Table 5.16 Total Residual Risk for the Miami-Erie Canal Area Summary Table 

Sceaario and 
Receptor 

Total Total 
Noncareinogen Carcinogenic 

~7''"~~!?$%~&'11~ f '''"?---"'v,->mAZ01'~~;;s:r:wrr:c~7~:''JJ'~ 
v.: ,, ,..,•.::-{~~ ...... s..~-x-~~<w:%;:;...::;<:"-C:,U:-«~)'.<;,.i.-7;:: t.·,.,~s,..;.;~-;-,:a .. ~'©w.-..'v.~$~....;~:v.6~(:..:..~.r:«»:<v.'..,...;,<--:-'.,..,.;,:., ... ~$.: ~~l·-. <~ .. ,<,~*"~"-"'""""?S 

Resident Child Soil (all sample Chemical llnaestion 5.6E-Ol l.JE-05 
Scenario depths) Dermal 2.IE-Ol 6.91:-05 

Inhalation of Dust 2.5E-06 1.6E-09 
Inhalation of VOCs O.OE+OO O.OE-+<.>0 

TOTAL 7.7E-01 9.lE-05 

Radionuclides Inaestion NAP J.lE-06 
Inhalation of Dust NAP 2.7E-09 
External NAP 3.7E-05 

TOfAL NAP 4.0E-05 
Chemical & Radionuclide Total 7.7E-01 l.JE-04 

s; --~~ ~ ~ ~ {~~k-:~--) N_y, ~ ~{~:Jv~~~A f ~*i~~~ 
- ' ' ~.... -:«-i.$X'",4':*.• :;.m. ·~ ~J(/>'_, 

Recreational Adul Soil (0-2 ft bls) Chemical Inaestion 2.5E-03 2.7E-10 
Scenario Dennal 8.6E-03 1.4E-08 

Inhalation of Dust l.OE-09 2.2E-16 
Inhalation ofVOCs O.OE+OO O.OE-+<.>0 

TOTAL l.IE-02 l.SE-08 

Radionuclides Ingestion NAP l.lE-07 
Inhalation of Dust NAP 3.2E-ll 
External NAP 9.3E-06 

TOfAL NAP 9.41:-06 
Chemical & Radionuclide Total l.lE-02 9.4E-06 

tt-t,· ~~~w '"""'"'-~-, ,,k,909,_~·/-s ... j:~w?.~" , ·w)(f@ififlfffif;~,j"""' ,.,.A~k'-4!'~4;,:N"/: ... ·-~~ •· , -c:;.~<;jJ:,W.4:t..vM:?-~~ ... u~ *Y• uu :;.,," ·<~:<;"-'¥},~-:.:-::'*1}!t;lf:c1<>-tj ~w')u. <«-...-....-/ ~:.? .. :' ... ~:«--:<%» 1:.:., ... ..;; :.iJ:,""':<{-:-''"'',, :.~ ,..,~h.;:? ·~:r' ...,:,. .. :.,.v.. 

Recreational Child · Soil (0-2 ft bls) Chemical Ingestion 2.3E-02 
Scenario Dermal 1.6E-02 

Inhalation of Dust 3.2E-09 
Inhalation of VOCs O.OE+OO 

TOfAL 3.9E-02 

Radionuclides 1lngestion NAP 
Inhalation of Dust NAP 
External NAP 

TOTAL NAP 
Chemical & Radionuclide Total 3.9E-02 
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6.4E-10 
6.5E-09 
1.7E-16 

O.OE+OO 
7.1E-09 

5.7E-08 
5.4E-12 
l.JE-06 
l.4E-06 
l.4E-06 



Table 5.16 Total Residual Risk for the Miami-Erie Canal Area Summary Table 

Total Total Sceaarioand 
Receptor Nonean:inogen Carcinogenic 

Radionuclides 

HI values which exceed the target risk level of one and ELCR values which exceed 10-6 
presented in bold text. 

1E-01 is equivalentto 1.00 x10"1 
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Table 5.17 Background Residual Risk for the Miami-Erie Canal Area Summary Table 

Scenario and 
Receptor 

Radionuclidcs 

;:;-· :~:~7~~::szq;:~E 0~-~~: · "~v. :· :~~~;.~--~-=; ~z;.s::t:~~~~~:;g;~~ t?.:;::·z::.::~;;:~~ ~y~z~:; ~ -Js:r.: :~7~· -~~ :;:t~ ~~ y:~-;~~~~m £~:: 1~ 
Resident Child Soil (all sample Chemical Inaestion 4.SE-Ol 1.4E-OS 
Scenario depths) Dcnnal l.SE-01 3.6£.06 

Inhalation of Dust 2.2E-06 1.4E-OO 
Inhalation of VOCs O.OE+OO O.OE+OO 

TOTAL 6.0E-Ol 1.8E-OS 

Radionuclidcs Inaestion NAP 2.7E-07 
Inhalation of Dust NAP 3.9E-11 
External NAP .2.4E-OS 

TOTAL NAP 2.4E-OS 
Chemical & Radionuclidc Total 6.0E-01 4.2E-OS 

"" . ~(~~~~0B~ ~~:Q:;~:;-.~~;:.0?~ ~~~~3i~d~ , --~~~~~~; ~~"~ ~~ zg;~-v~ ~~:~7~j ~~::::;~ ~z::-~;~~~{;~5n " 

Recrcatonal Adult Soil (0.2 ft bls) Chemical Inllestion 1.3E-03 O.OE+OO 
Scenario Dermal 4.SE-03 O.OE+OO 

Inhalation of Dust O.OE+OO O.OE+OO 
Inhalation of VOCs O.OE+OO O.OE+OO 

TOTAL S.SE-03 O.OE+OO 

Radionuclidcs Inaestion NAP 7.SE-08 
Inhalation of Dust NAP 2.1E-11 
Extcmal NAP 6.1£.06 

TOTAL NAP 6.2£.06 
Chemical & Radionuclidc Total S.SE-03 6.2E-06 

l:::::~:xrr~~~~h9~;~;:h:':~~~ ~~-~~~~~--w~ v.~~~~~~:;;;:Xtd~~ffiiT~ii::~ 
Recreational Child Soil (0-2 ft bls) Chemical Inacstion l.JE-03 
Scenario Dermal 4.SE-03 

Inhalation of Dust O.OE+OO 
Inhalation of VOCs O.OE+OO 

TOTAL S.SE-03 

Radionuclidcs Inaestion NAP 
Inhalation of Dust NAP 
Extcmal NAP 

TOTAL NAP 
Chemical & Radionuclidc Total S.8E-03 
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O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

7.SE-08 
2.1E-11 
l.SE-06 
1.6£.06 
UE-06 



Table 5.17 Background Residual Risk for the Miami-Erie Canal Area Summary Table 

Scenario and 
Receptor 

Radionuclidcs 

m values which exceed the target risk level of one and ELCR values which exceed 10-6 
presented in bold text. 

lE-01 is equivalent to 1.00 xl o·1 
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Table 5.18 Incremental Residual Risk for the Miami-Erie Canal Area Summary Table 

Scenario and 
Receptor . 

Incremental 
Noncarcinogen Risk 

Incremental 
Carcinogenic 

~- -:::::-:=:t12f;ZS ~~~:L~£5'f:\2:!~ t~/~m ?-<1~t;k;;~: ~~~:.~~:3:,'3;1::~ ~"'~t~ k~~\~{{£~~~3:~:~~:=~ iE:,~-~~~:~--~:~~~_-7}?: ~ ~.~£: 
Resident Child Soil (all sample Chemical Ingestion l.SE-01 8.9£.06 
Scenario depths) Dermal l.lE-01 6.5E-05 

Inhalation of Dust 2.6E-07 l.SE-10 
Inbalation of VOC! O.OE+OO O.OE+OO 

TOTAL J.OE-01 7.4E-05 

Radionuclides !Ingestion NAP 1.9£.06 
Inhalation of Dust NAP 2.6E-09 
Extemal NAP l.JE-05' 

TOTAL NAP 1.6E-05 
Chemical & Radionuclide Total J.OE-01 9.0E-05 

· ~:,;:S;~~ Wv~:;~~ ~~~:-~~.m ,~,-r:Jfiill ~ ~~~-&;Q~::~~~ k:~:.::·~ ;~~:;=l;~ @~;J:;r~;_;;~.-:Z. :·~:;;::;;:,:,:: Z~<?:;:,~~::/:·~~ <,f:";' :::• ::J 
IR.ecreational Adult Soil (0-2 ft b1s) Chemical 

Radionuclides 
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Table 5.18 Incremental Residual Risk for the Miami-Erie Canal Area Summary Table 

Scenario and 
~ptor 

Incremental Incremental 
NoncarciDogen Risk Carcinogenic 

HI values which exceed the target risk level of one and ELCR values which exceed 10-<~ 
presented in bold text. 

IE.,() I is equivalent to 1.00 xl0"1 
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6.0 · UNCERTAINTY IN THE RISK ASSESSMENT 

In the following section, an evaluation is presented of the sources of uncertainty in the Miami-Erie Canal 

area RRE and the relative influence of these sources on the results of the evaluation. Uncertainty is inherent in 

the selection of input parameters and in evecy step of the risk assessment process. Risk assessment of 

contaminated sites must not be viewed as yielding single value, invariant results. Rather, the results of risk 

assessment are estimates that span a range of possible values, and which must be understood only in light of the 

assumptions and methods used in the evaluation. 

The results of the RRE are presented in terms of the potential for adverse effects based upon a number 

of conservative assumptions. The tendency to be conservative is an effort to err toward protecting. health. 

Uncertainty can be found at all phases in the risk assessment: in the· analytical data, the exposure assessment, the 

toxicity assessment, and the risk characterization. WJlere uncertainty does exist, the RRE uses conservative 

assumptions to ensure that the outcome will be protective. 

6.1 Uncertainty in Analytical Data 

Uncertainty is introduced to the RRE when sample locations are selected and when samples are collected 

and analyzed. In the RRE, the long-term exposure concentrations were upper estimates of site concentrations 

(e.g., maximum detect or 95% UCL); therefore, a conservative bias to overestimate potential exposure has been 

incorporated into the risk estimates. The uncertainty associated with the statistical analysis of environmental data 

is low, with little introduction of bias. However, it is possible that contaminated areas of the canal were not 

sampled. This is unlikely given the extent of sampling conducted. 

6.2 Uncertainty in Exposure Assessment 

Exposure assessment may introduce considerable uncertainty in the risk assessment process. The RREM 

presents exposure and intake calculations based on EPA procedures that were used in the Miami-Erie Canal RRE. 

Exposure assumption values were also used to develop site-specific risk-based guideline values for the Mound 

Plant which were approved by Ohio EPA and EPA. Exposure assumptions are based on speculation regarding 
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potential land use, assumptions concerning contaminant fate and transport, and receptor behavior. The 

tmcertainty associated with the exposure assumptions used in the risk assessment is low to moderate, and most 

lij(ely overestimates the actual risks. 

6.3 Uncertainties Related to Toxicity Information 

Although EPA approved toxicity values were used for the RRE a significant amount of uncertainty may 

surrotmd these values. Identification of the sources of this uncertainty enables the risk assessor to establish the 

degree of confidence associated with the toxicity measures. 

Uncertainty is inherent within the toxicity assessment and is primarily due to differences in study design, 

species, sex, routes of exposure, or dose-response relationships. A major source of uncertainty involves using 

toxicity values based on experimental studies that substantially differ from typical human exposure scenarios. 

The derivation of the toxicity values must take into account such differences as I) using dose-response 

information from animal studies to predict effects in humans, 2) extrapolating dose-response information from 

high'"'dose studies to predict adverse health effects from low doses, 3) using data from short-term studies to 

predict chronic effects, and 4) extrapolating from uniform animal populations to variable human populations. 

The cancer slope factors in particular are based on studies that may differ greatly from realistic situations. 

Experimental cancer bioassays typically expose animals to very high levels of chemicals (i.e., the maximum 

tolerated dose) for their entire lifetime. After appropriate studies have been identified, the slope factor is 

calculated as the upper 95th percent confidence limit of the slope of the dose-response curve. This introduces 

conservatism into the risk assessment. In addition, carcinogens are assumed to be human carcinogens regardless 

of EPA's weight-of-evidence classification. 

The derivation of reference doses involves the use of animal studies. Uncertainty factors ranging from 

1 to 1,000 are incorporated into the reference dose to provide an extra level of health protection. The factors used 

depend on the type of study from which the value has been derived (e.g., animal or human, chronic or acute, study 
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design). The scientific basis for this practice is somewhat subjective. In general, high uncertainty factors are 

meant to bias the results conservatively so that exposures at the reference dose level will not result in adverse 

health effects. 

Toxicity values derived from oral administered dose studies have been converted to absorbed dose 

toxicity values for use in evaluating the dermal contact pathway. This is considered a more accurate approach 

than using unadjusted oral toxicity values for the dermal pathway. Uncertainty is introduced in the use of the 

. gastrointestinal absorption factors. Limited information is available on the gastrointestinal absorption of some 

analytes and many have no information at all. In addition, no adjustments have been made for the medium of 

exposure (e.g., when the medium of exposure in the site differs from the medium of exposure assumed by the 

toxicity value). The uncertainty associated with using the absorbed dose toxicity values for the dermal pathway 

is moderate and the bias unknown. 

There are some chemicals for which no toxicity value exists and for which little information is available. 

Therefore, a quantitative risk estimate cannot be calculated for these chemicals. For example, many chemicals 

are not evaluated for the inhalation pathway because of limited inhalation-based toxicological information. The 

lack of toxicity information for some chemicals contributes to the underestimation of risks. 

Cancer and non-cancer risks are summed in the risk characterization process (separately for carcinogens 

and non-carcinogens) to estimate potential risks associated with the simultaneous exposure to multiple chemicals. 

In the case of carcinogens, this gives carcinogens with a class B or class C weight-of-evidence the same weight 

as carcinogens with a class A weight-of-evidence. It also equally weights slope factors derived from animal data 

with those derived from human data. Uncertainties in the combined risks are also compounded because RIDs 

and cancer slope factors do not have equal accuracy or levels of confidence and are not based on the same severity 

of effect 
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6.4 Uncertainties In Risk Characterization . 

Uncertainties in any phase of the risk analysis are reflected in the risk estimates. Some uncertainty is 

associated with the swnmation of risks and HQs for multiple chemical contaminants. As stated in RAGS (EPA 

1989), "The assumption o( dose additivity ignores possible synergisms or antagonisms among chemicals, and 

assumes similarity in mechanisms of action and metabolism." However, summing risks and HQs for multiple 

substances in this risk assessment provides a conservative estimate. 
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