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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 10-4 to 1 0-6for 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 3.1x10-4. Of this risk, 1.2x10-4 or 39% was due to 

dermal exposure to benzo(a)pyrene. An additiona11.5xl0-4 or 48% of this risk is due to external exposure to 

radiurn-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 additiona15.0x10·5 or 24% of this risk is due to external exposure to radiurn-226. 

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

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

soils . 
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1.0 INTRODUCTION 

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

the City of Miamisburg, Ohio, about 10 miles southwest ofDayton, 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 (BVA). 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 

ofthis 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 residual levels 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,cene 

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 ri~ks were ev uated for _ ,. 
?'/7' Y..5/ C ~ C&J/.l.S.T~-4/tJ~ 

the recreational scenario. Although residential use of the canal area is unlikely, giv~en~XJ-lSllltig_.i@!~~ 

~esidential 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 Values, 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 
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pathways through which hazardous substances may reach potential receptors and intake assumptions used to 

• quantify 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, References, 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!fennis 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 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 
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The following data sets were excluded because they represent areas remediated by removal actions . 

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 ATSDR 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 Quality 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 (QNQC) 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 (fPH), 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 
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would drink municipally supplied water, not water obtained from the BV A. Potential risks due to exposure 

• to BV A groundwater will be assessed prior to completion of the final Mound Record of Decision. 

• 

• 

Canal area drainage ways contain water only during heavy rain events and therefore, are 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). Ifthe 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 'h) 

Where: 

UCL= upper confidence limit, 
t = t statistic (Table A2, Gilbert, 1987), 
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(s/(n-l) 'h) 

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" (NO) results were treated as one-halfthe 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 the detection limit or reported without the sample detection limit, the value was used 

as reported. Samples reported as NO 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 . 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 

Page 8 of68 



i;' 
~-

[ 
~ 
~ 
tT1 
~ 
i a. 
g 

8 
.),. 

~ 
~-
tn 
::1. 

., 0 

!! 
la.i!;­
~~ 

~ 
~ 
~ 
:1. 
~ 

~ 
I 

• • 
Table 2.1 ldmtilicalion of COIISI"uenU. of Pf>teGtlal CIIDCUIII'or the Recreational RRE of the Miami-Erie Canal Area 

CAS Chemi"-' Miaimum Muintllm UUta LocalioD llo::>tcctioa 
Number Conccnlration Conc:colnllion of Maximum Frequency 

Concentration 

Semi-Volatile Organic Compouads 
9l-S7~ 2-Mcthylnapblhal- ll J \SO I UGIKG 97VSIN2l lS-128 
106·44-S 4-Mclhylphcnol 64 I 64 J UGIKG 97VN6N2l 1-128 
83-32-9 Acen.aphlhcoc 20 J 7SO J UG!KG 97VNSN20 30-128 
208-96-8 Al:maphlhyt .... c 19 l 6SO J UGIKG 97VN4L22 41-128 
120·12-7 Anthracene 2l J 2300 J UGIKG 97VN'N20 S9-128 
56-SH Bcnzo(a )allthrac1111c 21 I 7300 UGIKG 97VNSN20 117-128 
50-32-8 Bcnzo(a )pym~e 21 J 1900 UGIICG 97VNSN20 111-128 
~05-99-2 Bcnzo(b)lluoranlhcnc 23 J 7100 UG!KG 97VNSN20 117-128 
191-24-2 Bc:nzo(g,h,i)pctytcoct 22 J 4700 IJGIKG 97VNSN20 110-128 
207-08-9 Bcnzo(k.)fluoranlhcoc 22 I 7000 IJG!KG 97VNSN20 llJ.Il8 
~S-85-0 Benzoic Acid 20 JB 220 J UGIICG 97VSSIL6 37-125 
117-Sl-7 8is(2-clhylhcxyl)phlhala 20 JB 44000 D UGiKG 97VN35LI3 68-128 
!15.()8-1 Butyl Benzyl Phlhalatc 20 I 380 I UGIICG 97VS2SN33 11-128 
86-14-8 c~rl>azole~ 22 I 930 J UG!KG 91VNSN20 48-128 
2111-01·9 Clu:yac:ne 25 l 8100 \JGIICG 97VNSN20 120-128 
84-74-2 Di-n-butyl Phlhalato: 22 J 4300 UGIICG 97VS20N23 31-128 
53·70·3 Dibc:nz(a,h)a.nlhraccmo 20 J ISOO J UGIICG 97VN21L17 59-128 
132~4-9 Dihenzofuran 20 l SIO J UGIICG 91VN5N20 26-128 
84~6-2 Diclhyl Phlhalatc 44 l 59 J UG!KG 97VS20N23 2·128 
~06-44-0 Fluoranlhcnc 20 ) 11000 UG!KG 97VNSN20 122-128 
86·73·7 Fluorene 20 , tlOO I UGIICG 97VNSN20 34-128 
193-39-S lndcno( 1,2.3-<:d)pymlc: 20 I 4600 UGIKG 97VN21LI7 109-128 
~1-20-3 Naphlha lcnc 19 I 140 J UGIKG 97VSIN23 24-128 
87-86-5 Pcnlal:hlorophcnol 30 J 70 J UGIICG 97VS2N22 2-128 
85-01-8 Phcnantbnrnc 21 I 13000 UGIICG 97VNSN20 113-128 
108-95-2 Phenol 21 J 270 I UGIKG 97VN3LIS 16·128 
129-00-0 iPyt.mc 28 J 17000 UGIICG 97VN5N20 121·128 
Vobtile Oraaoic Com-"• 
107-06-2 1,2·Di~ 1 

I! 
l 

If 

UG!KG CT 1-3 
75-{19-2 Mcthyl1111c Chloride 2 2 UGIICG CT 1-3 
108-88·3 Toluene 1 I UGIKG CT 1-3 

----
Foolnolca on page 3. 

• 
9SPm:ent C<mccatnlioll B.ackpund s-ins Ref. COPC? 

UCL Used for Value Guideline Value GV 
Screening 

229.00 uo.oo YES 
262.00 64.00 5500000.0 • NO: I 
195.00 195.00 YES 
213.00 213.00 YES 
254.00 254.00 330000000.0 • N0:3 
654.00 654.00 35000.0 d NO:l 
688.00 6811.00 3500.0 d N0:3 
6111.00 681.00 35000.0 d N0:3 
417.00 417.00 YES 
66900 669.00 350000.0 d N0:3 

1070.00 220.00 4400000000.0 • N0:3 
1070.00 1070.00 1800000.0 d NO:l 
257.00 257.00 220000000.0 • NO:J 
19100 191.00 YES 
747.00 141.00 3500000.0 d NO:J 
368.00 368.00 110000000.0 • N0:3 
24000 240.00 3500.0 d N0:3 
195.00 195.00 YES 
262.00 59.00 N0:1 

1440.00 1440.00 44000000.0 I N0:3 
21000 210.00 YES 
462.00 462.00 35000.0 d N0:3 
229.00 140.00 YES 
658.00 70.00 210000.0 d NO: I 
773.00 713.00 YES 
248.00 248.00 660000000.0 • NO:l 

1310.00 1310.00 33000000.0 • N0:3 

3.92 1.00 63000.0 c N0:3 
3.34 2.00 100000.0 b N0:3J 
3.92 1.00 220000000.0 b N0:3 

~-·-···--- ~···-··-·-·~ -···- --····--·······--··- -·-·-·········-·····-········-···___: 
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Table l. t ldenliliution of Constituents of Potenllll Concern r..,. the Recrealiooal RRE of the Miami-Erie Cmll Area 

CAS Chemical ~ MWnum Unlto toc:.tioo Detcctioa 
Numbu Conl:cntntion Con<:cntration of Mallimutn Frequeney 

Concentration 

IMeUb 
7429-90-S AJumin11111 3080.00 15300.00 MGIKG 91VN47LJ4 128-128 
7440·36..0 Antimony 0.45 B 81.10 MGIKG 97VN5L2 ll-1211 
7440·38-2 Arsenic 3.70 27.00 j MGIKG 97VN35Ll3 128-128 
7440·39-3 Barium 24.00 B 234.00 MGIKG 97VRHNI 128-128 
1440·41-7 Beryllium 0.17 B 1.10 B MGIKG 97VN47Ll4 127-128 
7440-69-9 Bismuth 1.20 63.9 MGIKG CT 17·128 
7440-43-9 Cadmium 0.08 n 4.20 MGIKG 97VS31NI7 65-128 
7440·70-2 Calcium 4080.00 144000.00 MGIKG 97VS26N2S 128·128 
7440-47-3 Chromium 4.50 126.00 MGIKG 97VS28NS 128·128 
1440·48-4 Cob.all 3.40 ~~ 15.50 MGIKG 97VNIIIL12 128·128 
7440·50-8 Copper 9.90 141.00 MGIKG 97VS31Nl7 128-128 
51-ll·S Cyanide 0.36 B 6.80 MG!KG 97VS51L6 6·128 
7439-89-6 Iron 7040.00 46800.00 MG/KG 97VN3SLI3 128-128 
7439-92·1 lead 5.50 8190.00 MGJKG 97VS43N24 128·128 
7439·95-4 Magnesium 2080.00 83200.00 MGIKG 97VS26N25 128-128 
7439·96·5 Manganao 213.00 1130.00 MGIKG 97VS41N2 128·128 
7439·97-6 Men:ury o.os B 1.30 MGIKG 97VS31NI7 97-128 
7440.02.0 Nickel 7.50 B 31.80 MGIKG 97VN3SL13 128-128 
1440.09-1 Potassium S29,00 B 2690.00 MGJKG 97VN27LU 128·128 
1782-49·2 Selenium 0.51 B 2.20 MGIKG 97VN13L8 62-128 
7440·22-4 Silver 0.20 B 11.20 MGIKG 97VS19NS 21·128 
7440-23-S Sodium 12.50 B 600.00 B MGIKG 97VS48N4 125-128 
7440-28..0 Thallium 0.94 B 3.20 MGIKG 97VS55L3 33·128 
7440-62-2 Vanadium 8.40 34.40 MGIKG 97VSIAN13 1211-128 
7440-66-6 Zinc 23.30 ,_ 481.00 MGIKG 97VS43N24 128·128 

Footnotes on page 3. 

• 
9S%UCL Coacadration Blckgrvund Screening Ref. COPC'l 

Used for Valuo Guideline Value GV 
Screening 

9890.00 91190.00 19000 N0:2 
2.1S 2.15 44.0 • N0:3 
9.SO 9.SO 8.6 33.0 • N0:3 

88.40 88.40 180 71000.0 b N0:2,3 

0.62 0.62 1.3 6.0 ' N0:2,3 
3.10 l.lO YES 

0.34 0.34 2. l 1100.0 • N0:2,3 

43200.00 43200.00 310000 N0:2,4 

22.40 22.40 20 5500.0 ' N0:3 
9.21 9.21 19 N0:2 

34.70 34.70 26 YES 

0.30 0.30 22000.0 • NO: I 
20500.00 20500.00 35000 N0:2.,4 

226.00 226.00 48 YES 
16700.00 16700.00 40000 N0:2,4 

SSJ.OO SSl.OO 1400 130000.0 b N0:2,3 

0.21 0.21 330.0 b N0:3 
19.30 19.30 32 22000.0 • N0:2,3 

1600.00 1600.00 1900 N0:2,4 

0.91 0.91 YES 

0.44 0.44 1.7 ssoo.o a N0:2,3 

180.00 180.00 240 N0:2 
0.88 0.88 0,46 YES 

21.00 21.00 2S 7100.0 I N0:2,3 
91.00 91.00 140 330000.0 • N0:2,3 

·--
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Table 2.1 Identification of CoPSiituenta of Potential Coacem for lbe Recrealional RRE or tbe Miami-Erie Canal Area 

CAS Chemic:~~ I Miaimum 
Nwnbcr Conccallation 

PesticidesiPCBS 
~S1-1 Dieldrin 1.100 
53494-70-S Endrin Ketone 0.430 
nol-74-2 Ga111111.l1 Chlordane 0.300 

Radionuelida 
10045-97-3 Ccsium-131 0.19 
13981-16-3 Plulonium-238 0.01 
P\l-2391240 Plutoniwn-2391240 0.00 
13966..()0-2 Pot.mium-40 11.10 
13982-63-3 lbdium-226 Ul4 
10098-97-2 Strontium-90 0.61 
14274-82-9 Thoriwn-228 0.87 
14269-63-7 Thorium-230 0.87 
7440-29-1 Thorium-23 2 0.51 
10028·17-8 Tritium 0.05 
13966-29-S Uraniwn-234 0.62 
IS117-96-1 Unnium-23S 0.01 
~440-61·1 Unnium-238 0.64 

a= 1/IOtb Hl for inpion 
b= 1/1 Otb Hl for ingc:stion + inhalation 

c= 10'6 cancl!f risk for ingc:ltioa + inhalation 

d= 10'6 cancer risk for ingc:stion 

c= 10-• cancer risk for ingestion + inhalation + cxtcmal 
•J• = estimated quantitiy 
"8" = analytc detected in associated blank 

Maximum 
Concentration 

1.100 
J 2.000 
J 0.300 J 

0.19 
J 715 

4.17 
14.90 
3.04 
7.20 
1.61 
7.99 
2.17 
79.60 
1.28 
0.10 
1.62 

Unitt Loc:Won 
of Maximum 

Concentration 

UG/KG cr 
UG/KG cr 
UGtKG cr 

PCIIG cr 
PCVG 97VS34N9 
PCVG 97VS43NI6 
I'CIIG cr 
PCIIG CT 
PCIIG CT 
I'CI/G 97VSt9NS 
I'CVG 91VS8N21 
I'CIIG 97VS47N29 
I'CVG 91VSI9NS 
I'CI/G 91VSt7N6 
PCIIG 91VN31NI7 
I'CVG !17VN3~1.,~L-

Delection 9S Pcm:cnt 
Fn:q~ 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 
].) 1600 
2-3 4.09 
3-3 9.22 
126-1:26 1.27 
126-126 I.S7 
126-126 1.00 
106-124 5.96 
126-126 0.95 
97-126 0.05 
!26-l~L _ ~ - _!.0_0 
NO: I · <S% Dctccta 
NO:l • <8aekgi0Uitd 

Concentration 
Utcdfor 

Screening 

1.10 
2.00 
0.30 

0.19 
23.00 
0.10 

14.90 
3.04 
7.20 
1.27 
U7 
1.00 
5.96 
0.9S 
o.so 

___ J.OO 

N0:3- < Scn:cning Toxicity Value 

N0:4 • Essential Hwru~n Nutrient 

I.OOE..()6 is equivalent lo 1.00 x tO"' 

• 
Background Scrccn.ing Ref. COPC? 

Value Guiclclinc Value GV 

1600.0 c N0:3 
YES 
YES 

0.42 0.8 c N0:2,3 
0.13 110.0 c N0:3 
0.18 100.0 c N0:2,3 

37 N0:2 
2 0.3 c YES 

0.72 S70.0 c N0:3 
I.S 1.7 c N0:2,3 
1.9 820.0 c N0:2,3 
1.4 9SO.O c N0:2,3 
1.6 45000.0 c N0:3 
l.t 710.0 c N0:2.3 

0.11 6.6 c N0:3 
, ____ q c__ ___ l!~ -~- . N0:2,3 I 



• • • 
Table 2.2 Identification of Constituents of Potential Concern for tbe Residential RRE of the Miami-Erie Canal Area 

~ 
"' 
~ 

---- -----

CAS Chemical Minimum Maximum Units Location Dctc:c;tion 95%UCL !Concentration Background Sc:rcening Ref. COPC? 
Number. Concentration Concentration of Maximum Frequency Used for Value Guideline Value GV 

Concentration Screening 

~ 
"' ~ Metals 
tTl e. 
5 c. 

7429-90-5 Aluminum 3080.00 15300.00 MGIKG 97VN47Ll4 128-128 9890.00 9890.00 19000 N0:2 
7440-36-0 Antimony 0.45 B 81.10 MGIKG 97VN5L2 31-128 2.15 2.15 11.00 a N0:3 
7440-38-2 Arsenic 3.70 27.00 J MGIKG 97VN35LI3 128-128 9.50 9.50 8.6 8.20 a YES 

0 ::s 7440-39-3 Barium 24.00 B 234.00 MGIKG 97VRHNI 128-128 88.40 88.40 180 1900.00 b N0:2,3 
0 

1: 
~ 
~. 

7440-41-7 Beryllium 0.17 B 1.10 B MGIKG 97VN47Ll4 127-128 0.62 0.62 1.3 0.15 c N0:2 I 

7440-69-9 Bismuth 1.20 63.9 MGIKG CT 17-128 3.10 3.10 YES 
7440-43-9 Cadmium 0.08 B 4.20 MGfKG 97VS31NI7 65-128 0.34 0.34 2.1 27.00 a N0:2,3 
7440-70-2 Calcium 4080.00 144000.00 MGfKG 97VS26N25 128-128 43200.00 43200.00 310000 N0:2,4 
7440-47-3 Chromium 4.50 126.00 MGfKG 97VS28N5 128-128 22.40 22.40 20 140.00 a N0:3 

tn 
'"tl ~· 

J8 (") 
~ [ 
g,~ 
~ ~ 

cl' 
g 

7440-48-4 Cobalt 3.40 B 15.50 MG/KG 97VN18LI2 128-128 9.21 9.21 19 N0:2 
7440-50-8 Copper 9.90 141.00 MGfKG 97VS31Nl7 128-128 34.70 34.70 26 YES 
57-12-5 Cyanide 0.36 B 6.80 MGfKG 97VS51L6 6-128 0.30 0.30 550.00 a NO: I 
7439-89-6 Iron 7040.00 46800.00 MGfKG 97VN35LI3 128-128 20500.00 20500.00 35000 N0:2,4 
7439-92-1 Lead 5.50 8190.00 MGIKG 97VS43N24 128-128 226.00 226.00 48 YES 
7439-95-4 Magnesium 2080.00 83200.00 MGfKG 97VS26N25 128-128 16700.00 16700.00 40000 N0:2 
7439-96-5 Manganese 213.00 1130.00 MGfKG 97VS41N2 128-128 551.00 551.00 1400 3800.00 b N0:2,3 
7439-97-6 Mercury 0.05 B 1.30 MG/KG 97VS31Nl7 97-128 0.21 0.21 8.20 b N0:3 

c;· 7440-02-0 Nickel 7.50 B 31.80 MGfKG 97VN35LI3 128-128 19.30 19.30 32 550.00 a N0:2,3 

~ 7440-09-7 Potassium 529.00 B 2690.00 MGfKG 97VN27LI5 128-128 1600.00 1600.00 1900 N0:2,4 
;S. 
0 
~ 

~ :::;. 

7782-49-2 Selenium 0.51 B 2.20 MGfKG 97VNI3L8 62-128 0.91 0.91 YES 

' 
7440-22-4 Silver 0.20 B 11.20 MGfKG 97VSI9N5 21-128 0.44 0.44 1.7 140.00 a N0:2,3 
7440-23-5 Sodium 72.50 B 600.00 B MGfKG 97VS48N4 125-128 180.00 180.00 240 N0:2,4 
7440-28-0 Thallium 0.94 B 3.20 MGfKG 97VS55L3 33-128 0.88 0.88 0.46 YES 

:;t) 

.g 
7440-62-2 Vanadium 8.40 34.40 MGfKG 97VS1ANI3 128-128 22.00 22.00 25 190.00 a N0:2,3 
7440-66-6 Zinc 28.30 481.00 MGfKG 97VS43N24 128-128 91.00 91.00 140 8200.00 8 N0:2,3 

::1 
Footnotes on page 3. 
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Table 2.2 Identification of Constituents of Potential Concern for the Residential RRE of the Miami-Erie Canal Area 

---- ----
CAS Chemical Minimum Maximum Units Location Dclc4:tion 9S%UCL Conc:entration 

Number· Concentration Concentration of Maximum Frequency Used for 
Concentration Screening 

Said-Volatile Organic: ComiJ(IIIDlb 
91-57-.6 2-Methylnaphthalene 23 I ISO J UG/KG 97VS1N23 25-128 229.00 150.00 
106-44-S 4-Methylphc:nol 64 J 64 J UGIKG 97VN6N2l 1-128 262.00 64.00 
83-32-9 Ac:enaphthene 20 J 750 J UG/KG 97VNSN20 30-128 195.00 195.00 
208-96-8 Accnapbthylcnc 19 1 650 J UG/KG 97VN4L22 41-128 213.00 213.00 
120-12-7 Anthracene 23 J 2300 J UG/KG 97VN5N20 59-128 254.00 254.00 
56-55-3 Bc:nzo(a)anthracene 21 J 7300 UGiKG 97VN5N20 111-128 654.00 654.00 
50-32-8 Bcnzo(a)pyrene 21 J 7900 UG/KG 97VN5N20 111-128 688.00 688.00 
205-99-2 Benzo(b)lluoranthcnc 23 J 7100 UGIKG 97VN5N20 117-128 681.00 681.00 
191-24-2 Bcnzo(g,h,i}petylcne 22 J 4700 UG/KG 97VN5N20 110-128 477.00 477.00 
207-08-9 Denzo(k)fluoranthene 22 J 7000 UGiKG 97VN5N20 113-128 669.00 669.00 
65-85-0 Benzoic Acid 20 JB 220 J UGIKG 97VSS1L6 37-125 1070.00 220.00 
117-81-7 Bis(2-ethylbexyl)phthah 20 JB 44000 D UGIKG 97VN3SL13 68-128 1070.00 1070.00 
85-68-7 Butyl Benzyl Phthalate 20 J 380 J UGIKG 97VS25N33 11-128 257.00 257.00 
86-74-8 Carbazole 22 J 930 J UGIKG 97VN5N20 48-128 191.00 191.00 
218-01-9 Chrysene 2S J 8100 UGIKG 97VNSN20 120-128 747.00 747.00 
84-74-2 Di-n-butyl Phthalate 22 J 4300 UG!KG 97VS20N23 31-128 368.00 368.00 
53-70-3 Dibenz( a,h )anthracene 20 J 1500 J UG/KG 97VN21Ll7 59-128 240.00 240.00 
132-64-9 Dibenzofuran 20 l 510 J UGIKG 97VN5N20 26-128 195.00 195.00 
84-66-2 Diethyl Phthalate 44 J 59 J UGIKG 97VS20N23 2-128 262.00 59.00 
206-44-0 Fluoranthene 20 J 17000 UGtKG 97VN5N20 122-128 1440.00 1440.00 
86-73-7 Fluorene 20 J 1200 J UG/KG 97VN5N20 34-128 210.00 210.00 
193-39-5 lndeno( 1,2,3-cd )pyrene 20 J 4600 lJG!KG 97VN21L17 109-128 462.00 462.00 

191-20-3 Naphthalene 19 J 140 J UG!KG 97VSIN23 24-128 229.00 140.00 
87:86-5 Pentachlorophenol 30 J 70 J UG!KG 97VS2N22 2-128 658.00 70.00 
85-01-8 Phenanthrene 21 J 13000 LJGIKG 97VN5N20 113-128 773.00 773.00 
108-95-2 Phenol 21 J 270 J UG!KG 97VN3Ll5 16-128 248.00 248.00 
129-00-0 Pyrcne 28 J 17000 UG!KG 97VNSN20 121-128 1310.00 1310.00 

Volatile Organic CompoiUids 
107-06-2 1,2-Dichlorocthane l J I J UGIKG CT 1-3 3.92 1.00 
75-09-2 Methylene Chloride 2 J 2 J UGIKG CT 1-3 3.34 2.00 
108-88-3 Toluene I J I J UG/KG CT 1-3 3.92 1.00 

Footnotes on page 3. 

• 
-----------

Bacqtouod &mmiog Ref. COPC? 
Value Guideline Value GV 

YES 
140.00 a NO: I 

YES 
YES 

8200000.00 a N0:3 
880.00 d N0:3 

i 
88.00 d YES I 

880.00 d N0:3 
YES 

8800.00 d N0:3 
110000000.00 a N0:3 

46000.00 d N0:3 
5500000.00 a N0:3 

YES 
88000.00 d N0:3 

2700000.00 a N0:3 
88.00 d YES 

YES 
NO: I 

1100000.00 a N0:3 
YES 

880.00 d N0:3 
YES 

5300.00 d NO: I 
YES 

16000000.00 a N0:3 
820000.00 a N0:3 

' 

1600.00 c N0:3 
100000.00 b N0:3 
25000.00 b N0:3 
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Table 2.2 Identffic:atlon of Constituents of Potential Concern for the Residential RRE oft he Miami-Erie Canal Area 

- -· -- - -- --··- -------------------------------

CAS Chemical Minimum 
Number· Concentration 

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

Radionuclides 
10045-97-3 Cesium-137 0.19 
13981-16-3 Plutonium-238 0.01 
PU-239/240 Plutonium-239/240 0.00 
13966-00-2 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= Ill Oth HI for ingestion 
b= 1/IOth HI for ingestion+ inhalation 

c= I 0"6 cancer risk for ingestion + inhalation 

d= I 0-6 cancer risk for ingestion 

e= I 0-6 cancer risk for ingestion + inhalation + external 
• J" = estimated quantitiy 
"8" = analytc detected in associated blank 

Maximum Units 
Concentration 

1.100 UGIKG 
J 2.000 UGIKG 
J 0.300 J UGIKG 

0.19 PCIIG 
J 715.00 PCIIG 

4.17 PCIIG 
14.90 PCIIG 
3.04 PCIIG 
7.20 PCIIG 
7.67 PCIIG 
7.99 PCIIG 
2.17 PCIIG 
79.60 PCIIG 
1.28 PCIIG 
0.10 PCIIG 
1.62 PCIIG 

-----
Location 

of Maximum 
Concentration 

CT 
CT 
CT 

CT 
97VS34N9 
97VS43NI6 
CT 
CT 
CT 
97VSJ9N5 
97VS8N21 
97VS47N29 
97VSI9N5 
97VSJ7N6 
97VN31NI7 
97VN35LJ3 

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 1.57 
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 

~ncc:ntration 
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 

I.OOE-06 is equivalent to 1.00 x 10-4 

• 
----------· ~---

Badcground Sc:reoning Ref. COPC? 
Value Guideline Value GV 

40.00 c N0:3 
YES I 

YES 
I 

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

37 N0:2 
2 0.02 e YES 

0.72 14.00 e N0:3 
1.5 0.11 e N0:2 
1.9 21.00 e N0:2,3 

I 24.00 c N0:3 
1.6 11000.00 c 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 ldentfficatlon of Constituents of Potential Concern for the Oft' Site Construction Worker RRE ofthe Miami-Erie Canal Area 

CAS Chemical Minimum Maximum Units Loc:ation Detection 95%UCL ~ncentration Background Screening 
Number. Conccnttation Concentration of Maximum Frequency Used for Value Guideline Value 

Concentration Screening 

Metals 
7429-90-5 Aluminum 3080.00 15300.00 MGIKG 97VN47LI4 128-128 9890.00 9890.00 19000 
7440-36-0 Antimony 0.45 B 81.10 MGIKG 97VN5L2 31-128 2.15 2.15 8.50 
7440-38-2 Arsenic 3.70 27.00 J MG/KG 97VN35LI3 128-128 9.50 9.50 8.6 6.40 
7440-39-3 Barium 24.00 B 234.00 MG/KG 97VRHNI 128-128 88.40 88.40 180 1500.00 
7440-41-7 Beryllium 0.17 B 1.10 B MGIKG 97VN47Ll4 127-128 0.62 0.62 1.3 3.50 
7440-69-9 Bismuth 1.20 63.9 MG/KG CT 17-128 3.10 3.10 
7440-43-9 Cadmium 0.08 B 4.20 MG/KG 97VS31NI7 65-128 0.34 0.34 2.1 21.00 
7440-70-2 Calcium 4080.00 144000.00 MG/KG 97VS26N25 128-128 43200.00 43200.00 310000 
7440-47-3 Chromium 4.50 126.00 MG/KG 97VS28N5 128-128 22.40 22.40 20 110.00 
7440-48-4 Cobalt 3.40 B 15.50 MG/KG 97VN18Ll2 128-128 9.21 9.21 19 
7440-50-8 Copper 9.90 141.00 MG/KG 97VS31NI7 128-128 34.70 34.70 26 
57-12-5 Cyanide 0.36 B 6.80 MG/KG 97VS51L6 6-128 0.30 0.30 430.00 
7439-89-6 Iron 7040.00 46800.00 MG/KG 97VN35LI3 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 MG/KG 97VS26N25 128-128 16700.00 16700.00 40000 
7439-96-5 Manganese 213.00 1130.00 MG/KG 97VS41N2 128-128 551.00 551.00 1400 2700.00 
7439-97-6 Mercury 0.05 B 1.30 MG/KG 97VS31NI7 97-128 0.21 0.21 6.40 
7440-02-0 Nickel 7.50 B 31.80 MG/KG 97VN35Lt3 128-128 19.30 19.30 32 430.00 
7440-09-7 Potassium 529.00 B 2690.00 MG/KG 97VN27L15 128-128 1600.00 1600.00 1900 
7782-49-2 Selenium O.SI B 2.20 MG/KG 97VN13L8 62-128 0.91 0.91 
7440-22-4 Silver 0.20 B 11.20 MG/KG 97VSI9NS 21-128 0.44 0.44 1.7 110.00 
7440-23-5 Sodium 72.50 B 600.00 B MG/KG 97VS48N4 125-128 180.00 180.00 240 
7440-28-0 Thallium 0.94 B 3.20 MGIKG 97VS55L3 33-128 0.88 0.88 0.46 
7440-62-2 Vanadium 8.40 34.40 MG/KG 97VSIAN13 128-128 22.00 22.00 25 150.00 
7440-66-6 Zinc 28.30 481.00 MG/KG 97VS43N24 128-128 91.00 91.00 140 6400.00 

Footnotes on page 3. 

• 
Ref. COPC? 
GV 

N0:2 
a N0:3 
a 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: I 
N0:2,4 

YES 
N0:2 

b N0:2,3 1 

b N0:3 I 

a N0:2,3 
N0:2,4 

YES 
a N0:2,3 

N0:2,4 
YES 

a N0:2,3 
a N0:2,3 
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Table 2.3 Identification of Constituents of Potential Concern for the Off Site Construction Worker RRE of the Miami-Erie Canal Area 

CAS Chemical Minimum Maximum Units Location Dctcc:tion 95%UCL !Concentration Background Screening 
Number· Conc:entration Concentration of Maximum fmjllency Used for Value Guideline Value 

Concentration Screening 

Semf-VolatBe Orpnfc Compounds 
91-57~ 2-Mcthylnaphthalene 23 J ISO J UG!KG 97VSIN23 25-128 229.00 150.00 
106-44·5 4-Methylphenol 64 J 64 J UG!KG 97VN6N21 1-128 262.00 64.00 110000.00 
83-32-9 Acenaphthene 20 J 750 J UG/KG 97VN5N20 30-128 195.00 195.00 
208-96-8 Accnaphthylene 19 J 650 J lJG!KG 97VN4L22 41-128 213.00 213.00 
120-12-7 Anthracene 23 J 2300 J lJG/KG 97VN5N20 59-128 254.00 254.00 6400000.00 
56-55-3 Benzo(a)anthrac:ene 21 J 7300 UG/KG 97VN5N20 117-128 654.00 654.00 20000.00 
50-32-8 Benzo(a )pyrcne 21 J 7900 lJG/KG 97VN5N20 111-128 688.00 688.00 2000.00 
205-99·2 Benzo(b )fluoranthene 23 J 7100 lJG/KG 97VN5N20 117-128 681.00 681.00 20000.00 
191-24-2 Benzo(g,h,i)pcrylene 22 J 4700 UG/KG 97VN5N20 110-128 477.00 477.00 
207..()8-9 Benzo(k )fluoranthene 22 J 7000 lJG!KG 97VN5N20 113-128 669.00 669.00 200000.00 
65-85..() Benzoic Acid 20 JB 220 J UG/KG 97VS51L6 37-125 1070.00 220.00 85000000.00 
117-81-7 Bis(2-cthylhexyl)phthala 20 m 44000 D UG/KG 97VN35LI3 68-128 1070.00 1070.00 430000.00 
85~8-7 Butyl Benzyl Phthalate 20 J 380 J UG/KG 97VS2SN33 11-128 257.00 257.00 4300000.00 
86-74-8 Carbazole 22 J 930 J UG/KG 97VN5N20 48-128 . 191.00 191.00 
218..()1-9 Chrysene 25 J 8100 lJG/KG 97VN5N20 120-128 747.00 747.00 2000000.00 
84-74-2 Di-n-butyl Phthalate 22 J 4300 UG/KG 97VS20N23 31-128 368.00 368.00 2100000.00 
53-70-3 Dibcnz(a,b)anthrac:ene 20 J 1500 J lJG/KG 97VN21LI7 59-128 240.00 240.00 2000000.00 
132-64-9 Dibcnzofuran 20 J 510 J UG/KG 97VN5N20 26-128 195.00 195.00 
84~6-2 Diethyl Phthalate 44 J 59 J UG/KG 97VS20N23 2-128 262.00 59.00 

1~06-44..() Fluoranthene 20 J 17000 lJG/KG 97VN5N20 122-128 1440.00 1440.00 850000.00 
86-73-7 Fluorene 20 J 1200 J lJG/KG 97VN5N20 34-128 210.00 210.00 
193-39-5 lndeno( 1,2,3-cd)pyrcne 20 J 4600 UG/KG 97VN21LI7 109-128 462.00 462.00 20000.00 
91-20-3 Naphthalene 19 J 140 J UG/KG 97VSIN23 24-128 229.00 140.00 
87-86-5 Pentachlorophenol 30 J 70 J lJG/KG 97VS2N22 2-128 658.00 70.00 120000.00 
85..()1-8 Phenanthrene 21 J 13000 UG/KG 97VN5N20 113-128 773.00 773.00 
108-95-2 Phenol 21 J 270 J ·UG/KG 97VN3LI5 16-128 248.00 248.00 13000000.00 
129..()0.() Pyrene 28 J 17000 UG/KG 97VN5N20 121-128 1310.00 1310.00 640000.00 

Volatile Organic Compounds 
107..()6-2 I ,2-Dichlorocthane I J I J UG/KG CT 1-3 3.92 1.00 55000.00 
75..()9-2 Methylene Chloride 2 J 2 J UG/KG CT 1-3 3.34 2.00 100000.00 
108-88-3 Toluene I J I J UGIKG CT 1-3 3.92 1.00 25000.00 

Footnotes on 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 
a N0:3 
a N0:3 
a N0:3 

YES 
I 

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

I 
b N0:3 
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Table l.3 ldentmc:ation of Constituenta of Potential Concem for the Off Site Construction Worker RRE of tbe Mlamf..Erle Canal Area · 

CAS Chemical Minimum 
Number Concentration 

PeitiddesiPCBS 
6()..57-1 Dieldrin 1.100 
53494-70-S Endrin Ketone 0.430 
5103-74-2 Gamma Chlmdane 0.300 

Radionuclicles 
10045-97-3 Cesium-137 0.19 
13981-16-3 P1utonium-238 0.01 
PU-239/240 Plutonium-2391240 0.00 
13966-00-2 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-l Uranium-235 0.01 
1440-61-1 Uranium-238 0.64 
a= 1/lOth HI for ingestion 
b= Ill Oth HI for ingestion + inhalation 

e= I 0~ canc:c:r risk for ingestion + inhalation 
dm 10"' cancer risk fur ingestion 

e= 1 0~ cancer risk for ingestion + inhalation + Clltcmal 
• J" a estimated quantitiy 
"B" = analytc detected in associated blank 

Maximum Units 
Concentration 

1.100 UGIKG 
J 2.000 UGIKO 
J 0.300 J UGIKG 

0.19 PC I/O 
J 715.00 PCI/0 

4.17 PCIIG 
14.90 PC I/O 
3.04 PCIIG 
7.20 PC I/O 
7.67 PCIIG 
7.99 PC I/O 
2.17 PCIIG 
79.60 PCIIG 
1.28 PCIIG 
0.10 PCI!G 
1.62 PCI/0 

Location 
of Maximum 
Conc:c:ntration 

CT 
CT 
CT 

CT 
97VS34N9 
97VS43N16 
CT 
CT 
cr 
97VSI9N5 
97VSBN21 
97VS47N29 
97VS19N5 
97VSI7N6 
97VNllNI7 
97VN35L13 

Detection 9S%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 l.S7 
126-126 1.12 
106-124 5.96 
126·126 0.95 
97·126 o.os 
126-126 1.03 

NO: 1 • <5% Detects 
N0:2 - <Background 

Conc:c:ntration 
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 

NO:l ·<Screening Toxicity Value 

N0:4 • Essential Human Nutrient 

I.OOE-06 Is equivalent to 1.00 x 104 

Bal:qround &:teeming 
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 
1.5 4.30 
1.9 220.00 

I 250.00 
1.6 120000.00 
1.1 190.00 

OJI 17.00 
1.2 55.00 

• 
Ref. COPC? 
GV 

J 
e N0:3 

YES 
YES 

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

N0:2 
e YES 
e N0:3 
c N0:2,3 
c N0:2,3 
e NO:l 
e N0:3 
e N0:2,l ' 
c N0:2.3 
e N0:2,l 
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2.4.1 Screening Constituents Based on Background 

Site-specific background concentrations described as the Upper 95% Tolerance 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 the RRE. 

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 V aloes 

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. GVs 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 10-6 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 104 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 
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• 

• 

• 

acceptable risk. When multiple COPCs occur in the same area, the HQs are summed to derive a Hazard Index 

(Ill). The target threshold for non-carcinogenic constituents is aID ofless than or equal to one. The GVs for 

non-carcinogenic constituents were calculated for aID 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 GVs 

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 defined 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 was 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 
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background and are toxic only at very high doses. Concentrations of these compounds in on-site media would 

• not be expected to result in intakes associated with a toxic response. Therefore, these compounds were 

eliminated as COPCs for the canal area. 

2.4.5 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 Mound Plant between the Conrail Railroad right-of­

way to the east and Dayton-Cincinnati Road to the west. The areas 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 
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site boundary to the canal; (4) RunoffHollow between the Conrail tracks and the Mound Plant; and (5) South 

• Pond in the 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-238 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 

ofapproximate1y 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 pCi/g, and to remove all known spots of 

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

stakeholders to be consistent with risk-based GVs 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 expos e pathways are possible, this RRE focuses only on the likely pathways within 

expected recreational land us . 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 
~..........,--

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 

Page 21 of 68 



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 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 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 including 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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... SUBSURFACE SOIL L -

. GROUNDWATER I 
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e COMPLETE PATHWAY EVALUATED QUANTITATIVELY 
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ADULT CHILD ADULT 1 CHILD 

INHALATION (VAPORS) - I 
INHALATION (RADON) -
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INHALATION (VAPORS) - -

Figure3.1 
Conceptual Site Model for the Miami-Erie Canal RRE 
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Table 3.1 Exposure Assumptions for Recreational and Residential Use or the Miami-Erie Canal Area 

Off Site 
Recreational Recreational Resident Resident Construction Reference 

Parameter Units Adult Child Adult Child Worker 

Medium/pathway 
Surface soil (0 - 2 ft.) & Sediment 
lucldentallngestlou 

Soil ingestion rate 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 2SSSO 2SSSO NA NA NA e 

Noncarcinogen aw:raging 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 eventsfyear 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 averaging time days 8760 2190 NA NA NA e 

Conversion Factor kglmg J.OOE·06 J.OOE·06 NA NA NA 

Inhalation ofVOCs 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 15 NA NA NA d 

Carcinogen averaging time days 25550 25550 NA NA NA c 

Noncarcinogen aw:raging 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 Exp95ure Assumptions for Rec:reatlooal and Residential Use of the Miami-Erie C.oal Am 

Off Site 
Recreational Recrc:atiooal Resident Resideot Construction Reference 

Parameter Units Adnlt Clllld Adult Child Worker 

lsurface/Subsurface son (0 ft. total depth) aod Sediment 
locldeotallagesdon 

Soil ingestion rate mglday NA NA 100 200 480 a 

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

Exposure dWlltioo years NA NA 24 6 1 c 

Body weig)lt kg NA NA 70 IS 70 d 

Carcinogen averaging time days NA NA 2SSSO 25550 2SSSO e 

Noncarcinogen awraging time days NA NA 8760 2190 365 e 

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

Dermal contact 

Skin surface area available for contact cm2 NA NA 5463 2115 sooo r 
Ad.berc:nce factor mglcm1 NA NA 1 I 0.2 g 

Exposure frequency evmtsfyear NA NA 350 JSO 250 b 

Exposure duration years NA NA 24 6 I c 

Body weig)lt kg NA NA 70 IS 70 d 

Carcinogen averaging lirne days NA NA 25550 25550 25550 e 

Noncarcinogen averaging time days NA NA 8760 2190 365 e 

Conversion Factor kglmg NA NA l.OOE-06 I.OOE.06 I.OOE.o6 

Inhalation ofVOCs and dust 

Inhalation rate m3/day NA NA 20 8.7 20 h 

Exposure frequency daysfyesr NA NA 350 350 250 b 

Exposure time hours/day 1 I 16 16 8 i 

Exposure duration years NA NA 24 6 1 c 

Body weig)lt kg NA NA 70 IS 70 d 

Carcinogen averaging time days NA NA 2SS50 25550 25SSO e 

Noncsrcinogea a~ time days NA NA 8760 2190 36S e 

Conversion Factor davslhour 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 current 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 .I . 
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3.3.3 Off Site Construction Worker Scenario 

Since it is reasonable to assume that construction activities could 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. Pote'ntial exposure pathways 
I 

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

Site Construction workers were assumed to be on the property 8 hours per da7250 days per year over a 1-year 

period. Since construction workers are assumed to be adults, a body weight.of 70-kilogram was used to assess 
l'•,.U$74'«~ Wa -<«~ 

exposure to chemical contaminants. It was assumed that canal area · would use municipally supplied 

water for potable supply. ~ 

Current and future exposure scenarios for the construction worker scenario 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 found 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). 

Only surface soil data (0-2 feet below land surface) was used to calculate the exposure point 

concentration for the recreational user. Recreational users are assumed to spend most of their time riding bikes 

or hiking and having 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 
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• construction worker and future site resident scenario was calculated using sediment and soil samples collected 

at any depth. Given the low number of subsurface 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 .1. 

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 ofmg/kg-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 rate decay 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 . 
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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 absorbed dose. The toxicological reference values used to calculate risk have been adjusted 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 soiVsediment ingestion pathway were estimated by using the 

following equation: 

Where: 
= 

IR = 
FI = 

EF = 

ED = 

CF = 

BW = 

AT = 

C&?x/RxF!xEFxEDxCF 
Intake (mg!Jcg- day) = --=------

BWxAT 

Contaminant concentration in soiVsediment (mglkg) 

Ingestion rate (mg/day) 

Fraction ingested from contaminated source (1.0) (unitless) 

Exposure frequency (days/year) 

Exposure duration (years) 

Conversion factor ( 10-6 kg/mg) 

Body weight (kg) 

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

Radionuclide intakes for the soiVsediment via incidental ingestion was estimated by using the 

following equation: 

Where: 

Irt.t:k (Jfl) =C.IVx/RxFI xFFxE!Jx(F 
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Cso = Radiological activity in soi1/sed.iment (pCi/g) 

IR = Ingestion rate (rng/day) 

FI = Fraction ingested from contaminated source ( 1. 0) ( unitless) 

EF = Exposure frequency (days/year) 

ED = Exposure duration (years) 

CF = Conversion factor ( 1 o-3 kg/rng) 

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. Soi1/sed.iment dermal exposures were evaluated for recreational users under current and future 

land use scenarios. Chemical intakes for the soi1/sedirnent via dermal exposure were estimated using the 

following equation: 

Where: 

Cso 

SA 

AF 

ABS 

EF 

ED 

CF 

BW 

AT 

Csox S4xAFxABSx EFx EDx CF 
Ahsorbedllie (mg;kg- d:zY,) = --------

BWxAT 

= Chemical concentration in soil/sediment (mglkg) 

= Skin surface area available for contact (cm2/day) 

= Soil to skin adherence factor (l) (rng/crn2
) 

Dermal absorption factor ( unitless) 

= Exposure frequency (days/year) 

= Exposure duration (years) 

= Conversion factor ( 1 0-6 kg/rng) 

= Body weight (kg) 

= Averaging time for cancer and non-cancer effects (days) 
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Exposure to external radiation from radionuclides in soils/sediments was estimated by using the 

following equation: 

Where: 

Cso 

ED 

Te 

Se 

= 

= 

= 

= 

Absorbed Dose (pCilg) = Cso xED x Te x {1-Se) 

Radionuclide activity in soiVsediment (pCi/g) 

Exposure duration (years) 

Gamma exposure time factor (hrs/hrs) 

Shielding factor (unitless) 

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

as an equivalent radionuclide concentration in soiVsediment 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 soiVsediment (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: 

Cso 

IR 

ET 

EF 

CsoxJRxErxEFxED 
Intake(mgkg-day) = PEFxBWxAT 

= Contaminant concentration in soiVsediment (mg!kg) 

= Inhalation rate (m3/hr) 

= Exposure time (hrs/day) 

= Exposure frequency (days/year) 
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ED = 

PEF = 

BW = 

AT 

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) 

The intake equation for radionuclide contaminants via inhalation of fugitive dust was estimated using the 

following equation: 

Where: 

Cso 

IR 

ET 

EF 

ED 

= 

= 

= 

= 

PEF = 

(
0
xlRxEfxFFxFD 

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 (4.28 x 109 m3/g, EPA default value) 

The PEF relates the concentration of the contaminant in soiVsediment to the concentration of 

respirable particles in the air from fugitive dust emissions. These emissions result from wind erosion. 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 . 
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• 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 ofthe EPA Integrated Risk Information System (IRIS) or, ifthe 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 contain 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 
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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 

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 

administered 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 allowable 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 10 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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rr'able 4.1 ToDdtJ Values ud Cbem.lcai-Spedfic Panmeten for Coastltuenu ofl'otcatlal Co~~cen~lo tbe Miami-Erie Caoal Area 

N-c...,.,. c- lleraDI Emosan Ponmo!<rs 
Denaal Duma! c-.1 

Onl AoQusted labablloa Onl AoQulled E ........ labaladoa Gl 
RFilo RFDa RFDI CSFo CSFa -- csn Factor 

~ (mllkl:foby) (mllkl:fcby) (mllkl:fcby) (mllkl:fcbyf
1 

(mcfk&/cbyf
1 (mllkl:/obJf' (mcfk&/dayf

1 
(Ualdols) 

INORGANICS 
Anenic 3.00E-04 1.23E-04 S.OOE-04 I.SOE+OO NA NA I.SOE-101 
Bismuth NA NA NA NA NA NA NA 
Copper 3.70E-02 I.IIE-02 NA NA NA NA NA 
Lead NA NA NA NA NA NA NA 
Selenium S.OOE-03 2.20B-03 NA NA NA NA NA 
Thallium 8.00E-OS 1.20E-05 NA NA NA NA NA 
svoc. NA 
2-Mothylnaphthalene NA NA NA NA NA NA NA 
A""""i>blhcne 6.00E-02 1.86B-02 NA NA NA NA NA 
Acenaphthylene NA NA NA NA NA NA NA 
Benzo(a)pyreno NA NA NA 7.30Et00 2.S2Et00 NA 3.10Et00 
Benzx>Cs~U)pcrylene NA NA NA NA NA NA NA 
CIUbau!lo NA NA NA 2.00E-02 NA NA NA 
Diberu{a,h~ NA NA NA 7.30Et00 1.66Bt00 NA 3.10Et00 
DibonZD!'wan NA NA NA NA NA NA NA 
FIUORilo 4.00B-02 2.00E-02 NA NA NA NA 
!Naphthaleno 2.00B-02 I.OOE-02 8.60E-04 NA NA NA NA 
PheNnthreno NA NA NA NC NC NA NC 
PntlddesiPCib 
Edrin Ketono NA NA NA NA NA NA NA 
Oanwa Chlordane S.OOB-04 2.SOE-04 2.00E-04 3.SOE-01 1.2SE-02 NA 3.SOE-01 
Radloaaclldn 
Plulonium-238 NA NA NA 2.95E-IO NA 2.95E-IO 2.74E-08 
Radiwn-226 NA N~_ -- _}I~ - - 3.00E-IO 'I! A __ LOOE-10 _ _2.~Ql!~ -----------

a. These gastrointestinal absorption facton have been compiled by the Biomedical and Environmenllllnfotmation Analysis Section (BEIAS) o£the Health and Safety 
Reseattb Division o(Oalt Ridp National Laboratory (ORNL) £or use at aU DOE.ORIERD lila; lbe Gl obsotption lictor for PCBI wu used for cacb Aloclor ............. 

0.41 
NA 
0.3 

O.IS 
0.44 
O.IS 

0.8 
0.31 
0.31 
0.31 
0.31 
0.1 
0.1 
0.31 
o.s 
o.s 

0.65 

o.s 
o.s 

NA 
NA 

b. Dcliullpstrointatinal obsotption &ctDn (O.B for voes, o.s r .. svoes, 0.2 for inaopni<:a)waa usumed irno otherinfonnalion could be located (EPA Rqion rv JUidmoe). 
c. These gutiointestinalabomption lictora are 111«n &:om the Agenoy for Toxie Substances and Diseue Rqislly (A TSDR) toxicologieal pro Iiles; 

ORNL hu also listed 1% u Glabs. Fll:lor ror inorpnic salts or m=wy. 
NA • Not Available 
RID • ReCerence Dose 
CSF • Cancer Slope Fll:lor 

Gl • Gutroinlcslinol 
ABS • Dermal Absorption Factor 

SVOC. • Semi-volatile Orpnic Compounds 
PC&• Polyc:blorinated biphcnyb 
VOC. • Volall1o Cllpnic Cornpounda 

I.OOE-061• equinlent to 1.00 x 1o·• 

Source 

(Ualdols) 

a 

• 
• 
• 
• 
• 

• 
• 
• 
a 

• 
a 
b 
b 

• 
• 
• 
• 

Soli 
Dermal 

ABS 

(Uallleu) 

O.QI 
0.01 
0.01 
O.QI 
0.01 
0.01 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
03 
0.3 
0.3 
0.3 

0.3 
0.3 

NA 
NA 
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5.0 RISK CHARACTERIZATION 

This section presents the risk characterization for the Miami-Erie Canal area. lnfonnation 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 tum provides an indication of the potential for adverse 

effects to exposed receptors. The objective of the risk characteriiation 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 detennination 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 effects 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 tenn 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 COPC . 
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To derive an estimate of risk, the cancer slope factor was multiplied by the estimated chronic daily intake 

experienced by the exposed individual: 

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 (mglkg 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 oftotal carcinogenic risk (EPA 1989) . 

n 

Risk T = L Riski 
i =1 

Where: 

RiskT The combined excess lifetime cancer risk across chemical carcinogens 

Riski 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: 

HQ 
Intake 

R fD 
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Where: 

HQ = 

Intake = 

RID 

Hazard Quotient: potential for adverse non-carcinogenic effects 

Average daily intake for subchronic or chronic exposure (mglkg body weight/day) 

Acceptable intake for subchronic or chronic exposure (mglkg body weight/day). 

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

obtain the Hazard Index (HI). 

HI = L HQi 

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 

1, 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 1, 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 
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• 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 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 m of 1 and the cancer 

target risk range of 1 o.o are bolded. 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 10.o, which falls 

• within the target risk range of 10-4 to 10.o. The only constituent to exceed 1x 10.o was radium-226. Residual 

risk due to radium-226 was driven by external exposure to radium-226 in soil. 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 10.o, which falls 

within the target risk range of 10-4 to 10.o. The only constituent to exceed 10.o was 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.o). The incremental risk due to radium-226 in the canal area to a 

recreational child is 2.1 x 10-7, 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 nol)-cancer risk, or lll, is less than 1 

Uulicating that non-cancer risk is at an acceptable level. Total chemi"7'd radio~cal cancer risk of3 .I xi O" 

for the restdential adult exceeds the target cancer nsk range~10-4 ~10~. Risk from exposure to 

radionuclides for a residential adult is 1.5 x 10"". Constituents that exceed 1 x 10~ 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 1 O"", which accounts for 3 4% of the total residual risk. Incremental residual cancer risk for a 

residential adult in the canal area is 2.1 x 10"", 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 1 indicating that 

non-cancer risk is at an acceptable level. Total chemical and radiological cancer risk for a resi~.'S ~~~~t4I.··)i hild is 

1.3 x I O"", which slightly exceeds the target risk range of I O"" to 1 o~. Constituents that exc~"~~lflclude 
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 o-5
, which accounts for 3 2% of the total residual risk. Incremental residual cancer 

risk for a residential child in the canal area is 9.0 x I0-5
, 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 I 

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~, which The only constituents that exceeds 1 x 10~ is radium-226 via 

external exposure. Background and incremental, chemical and radiological cancer risk to an off site 
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construction worker is 5 .1 x 1 0-6 and 2. 2x 1 0-6 respectively. Both these values fall within the target risk range 

of 10-4 to 10-6 . 
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Table 5.1 Total Raldual Rbk for a Recreational Adult at the Mlami-Erte Canal Area 

I CANCER EFFECTS I I NON-CANCER EFFECTS I 
Routc-S~ilic Risk Cancer Routc-S~Iic H9 Non-Cancer 

Constituent Oral Dermal Inhalation Inhalation External Risk Oral Dermal Inhalation Inhalation External lU 
Dust VOCs Total Dust VOCs Total 

EPC 
IMib 

Pesliddeo/PCBS 
EndrinKetonc 0.002 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Gamma Chlordane 0.0003 7.3E-12 2.4E-10 S.7E-17 NAP NAP 2SE-10 1.2E-07 4.0E-06 2.4E-12 NAP NAP 4.1E-06 

Metals 
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 I 9E-04 l.SE-04 NA NAP NAP S.4E-04 
Lead 226.00 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Seleniwn 0.91 NA NA NA NAP NAP O.OE+OO 3.7E-OS 4.6E.{)S NA NAP NAP 8.3E-OS 
Thalliwn 0.88 NA NA NA NAP NAP O.OE<OO 2.2E-03 8.2E-03 NA NAP NAP I.OE-02 

Semi-VolaUit Or&anlc 
Compounds 
2-Methylnaphthalene 0.15 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 
Acenaphthene 0.195 NA NA NA NAP NAP O.OE+OO 66E-07 3.SE-OS NA NAP NAP 3.6E-OS 
Acenaphthylcne 0.213 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Benzc(g,h,i)pcrylene 0.477 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 
Carbazole 0.191 2.7E-10 1.4E-08 NA NAP NAP 1.4E-08 NA NA NA NAP NAP O.OE+OO 
Dibcnzo£uran 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.IE-06 3.SE-OS O.OE+OO NAP NAP 3.6E-OS 
Naphthalene 0.14 NA NA NA NAP NAP OOE+OO 1.4E-06 4.7E-OS 2.6E-IO NAP NAP 4.8E-OS 
Phenanthrene 0.713 NC NC NC NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 

(Total Chemcla! 
• n I 1 2.m-w 1.4E-08 S.7E-17 O.OE+OO O.OE+OO I.SE-08 I I 2 SE-03 8.7E-03 2.6E-IO O.OE+OO O.OE+OO I.IE-02 I 

EPC 
Radionudidu J!.Qla 
Radiwn-226 3.04 I.IE-07 NAP 8.3E-12 NAP 9.JE-06 9.4E-06 NAP NAP NAP NAP NAP NAP 

(Total RadlonucUdes I I LJE-07 NAP 8.3E-12 ().OE+OO 9.JE-06 9.4E-06 I I _NAP l-IN' NJ\1' NAP __ ___IIIAP __ ____r.IAI'==:J 

li'Oilol OveraiiRis...--] I I.IE-07 1.4E-08 8.3E-12 O.OE+OO 9.3E-06 9.4E-06 I I 2.SE-03 8.7E-03 2.6E-10 O.OE+OO O.OE+OO I.IE-02 I 
EPC 
mglkg 
NA 
NAP 
NC 
pCi/g 
VOCs 

I.OOE-06 

Exposure point concentration 
Millipm per kiiOBJBI'I 
Not BYBilable; insufficient toxicity data 
Not applicable pathway; not a VOC 
Not a suspcctcd carcinogen 
Picocurics per gram 
Volatile organic oompounds 

Is equivalent to 1.00 X 10• 

• 
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Table5.l Backcround Residual Risk for a Recreadonal Adult at the Miami-Erie Canal Area 

I CANCER EFFECTS II NON-CANCER EFFECTS I 
Route-S~ific Risk Cancer Route-Specific Hg Non-Caneer 

Constituent Oral Dormal Inhalation Inhalation External Risk Oral Dormal Inhalation Inhalation External HI 

~ 
Dust voc. Total Dust voc. Total 

EPC 
....na. 

[ P01dddoo/PCBS 

~ f!ncfrin """"'" 
NA NA NA NAP NAP O.OB+OO NA NA NA NAP NAP O.OB+OO 

"' Oamma a.Ionlane O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OB+OO O.OB+OO O.OE+OO O.OB+OO NAP NAP O.OB+OO 
:-;" 

t'r1 Meta II 
< Bismuth NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO e. 
5 Copper 26 NA NA NA NAP NAP O.OB+OO 1.46~4 2.~ NA NAP NAP 4.06~ 

c-. Lead 48 NA NA NA NAP NAP O.OB+OO NA NA NA NAP NAP O.OE+OO 
0 Selenium NA NA NA NAP NAP O.OB+OO O.OE+OO O.OE+OO NA NAP NAP O.OB+OO ::I 
0 Thallium 0.46 NA NA NA NAP NAP O.OB+OO 1.2E~J 4.31!~3 NA NAP NAP 5.46~3 

c::: 
.1:. Semi-Votadlo Orpalc 

~ Compoaacb 

§. 
2-Methylnaphthalene NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Acenephthene NA NA NA NAP NAP O.OB+OO O.OE+OO O.OE+OO NA NAP NAP O.OE+OO 

ttl Acenephthylene NA NA NA NAP NAP O.OB+OO NA NA NA NAP NAP O.OB+OO 

:::1. Benzo(g,h,i)perylene NA NA NA NAP NAP O.OB•OO NA NA NA NAP NAP 0.01!+00 
"'C n Carbazole O.OE+OO O.OE+OO NA NAP NAP 0.01!•00 NA NA NA NAP NAP O.OE•OO ~ 

~ (') Dibenzofuzan NA NA NA NAP NAP 006+00 NA NA NA NAP NAP 0.01!+00 
-l>- [ Fluorene NA NA NA NAP NAP 0.01!100 O.OE•OO O.OE+OO O.OE+OO NAP NAP O.OE•OO 
w Naphthalene NA NA NA NAP NAP OOE+OO O.OE+OO 0.06+00 O.OE+OO NAP NAP 0.01!+00 
0 i ...., Phenanthrene NC NC NC NAP NAP O.OE+OO NA NA NA NAP NAP 0.01!+00 
0.. IT otal Chemical I I 0.06+00 O.OE+OO _(l.OE+OO __ Q.OE~ . O.()E<{)(! __ O.OE+OO II 1.31!~3 4.SE~3 0.01!+00 0.()1!+00 ()01!+()() _S.81l_~J :J 00 

~ 
EPC 

Radioauclidet I!Ql& 
c;· Radium-226 2 7.SE-08 NAP S.SlH2 NAP 6.11!-06 6.lE-06 NAP NAP NAP NAP NAP NAP 

·::0 
lTotal Radionuclideo I n I ;S. 

7.51!~ NAP S.SE-12 NAP 6.1E-06 UE-06 II NAP NAP NAP NAP NAP NAP I 
~ !Total Omall Rbk I I 7.SE~ O.OE+OO S.SE-12 0.01!+00 UE-06 6.1E-06 II 1.36~3 4.SE~3 0.01!+00 0.01!+00 0.01!+00 S.BI!m I 

~ EPC 6xpoounl point concenlnltion 
mgllcg Millipm per kilognun 

f 
NA Not IMiilable; insuflicient toxicity data 
NAP Not epplicable pethway 
NC Not aiUipOCied carcinogen 
pCilg Pi<:ocurieo per gJUI 
voc. Volatile organic compounds 

I.OOB-06 Is equivalent to 1.00 X I 0 .. 
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Table5.3 

Constituent 

EPC 
mm 

Pntlcldn/PCBS 
Endrin Kelonl: 0.002 
Gamma Chlordane 0.0003 

Metal• 
Bismuth 3.10 
Copper 8.70 
Lead 178.00 
Selenium 0.91 
Thallium 0.42 

Semi-Volatile Orsanlc 
Compound• 
2-Mcthylnaphthalene 0.15 
Accnaphthene 0.195 
A<:enaphlhylcne 0.213 
BenZD(g.h,i)pelylene 0.477 
Carbazole 0.191 
Dibenzofuran 0.195 
Fluorene 0.21 
Naphthalene 0.14 
Phenanthrene 0.173 

!Total Chemical I 
EPC 

Radionuclides eQl& 
Radium-226 1.04 

• • 
Incremental Residual Risk for a Recreadonal Adult at the Mlaml-Erle Canal Area 

I CANCER EFFECTS I I NON-CANCER EFFECTS ~-- . ::J 
RoUU:-Specific Risk 

Oral Dermal Inhalation Inhalation External 
Dust VOCs 

NA NA NA NAP NAP 
7.3E-12 2.46-10 5.76-11 NAP NAP 

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

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

2.16-10 1.46-08 NA NAP NAP 
NA NA NA NAP NAP 
NA NA NA NAP NAP 
NA . NA NA NAP NAP 
NC NC NC NAP NAP 

1 2.16-1o 1.46-08 5.16-17 0.06+00 0.06+00 

3.96-08 NAP 2.8E-12 NAP J.lE-06 

Cancer 
Risk 
Total 

0.06+00 
2.56-10 

0.06+00 
0.06+00 
0.06+00 
0.06+00 
0.06-+00 

0.06+00 
0.06+00 
0.06+00 
O.OE-+00 
1.46-08 
0.06+00 
0.06-+00 
0.06+00 
0.06+00 
1.56-08 

J.lE-06 

I I 

Rouu:-Specilic HQ 
Oral Dermal Inhalation Inhalation 6xtcmal 

Dust VOCs 

NA NA NA NAP NAP 
1.26-07 4.06-06 2.46-12 NAP NAP 

NA NA NA NAP NAP 
4.86-0S 8.7E-OS NA NAP NAP 

NA NA NA NAP NAP 
3.16-0S 4.66-0S NA NAP NAP 
I.IE-03 3.9E-03 NA NAP NAP 

NA NA NA NAP NAP 
6.66-07 3.56-05 NA NAP NAP 

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

1.16-06 3.56-0S 0.06+00 NAP NAP 
1.46-06 4.16-05 2.66-10 NAP NAP 

NA NA NA NAP NAP 
1.26-03 4.16-03 2.66-10 0.06+00 0.06+00 

NAP NAP NAP NAP NAP 

Non-Cancer 
ID 

Tolal 

0.06+00 
4.16-06 

O.OE-+00 
1.36-04 
0.06+00 
8.36-0S 
5.06-03 

O.OE+OO 
3.66-05 
0.06+00 
0.06+00 
0.06-+00 
0.06+00 
3.66-05 
4.86-0S 
0.06+00 
5.36-03 

NAP 

I 

I Total Radion_udlde _ I I 3.96-08 NAP 2.86-12 0.06+00 J.lE-06 J.lE-06 I I NA NA NA NAP NAI' NAP_ I 
(TOtiot ov.n.u RiSk ::J c 3.96-08 1.46-08 2.86-12 o.o6+00 J.zE-06 uE-06 1 1 1.26-03 4.16-03 2.66-lo o.o6+00 o.o6+00 5.36-03~ 

EPC 
mglkg 
NA 
NAP 
NC 
pCilg 
VOCs 

I.OOE-06 

Exposure point conccnlration ror incremenlal risk is lOla) minus background 
Millignun per kii08J8111 
Not available; insufficient toxicity data 
Not applicable pathway 
Not a suspoctcd carcinogen 
Picocurics per gnun 
Volatile organic oompounds 

b equivalent to 1.00 x w• 
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Table5.4 Total RaldWII Rbk for a Recreational Otlld at the Miami-Erie Clllllll Area 

1- -cANcEiffi'FE:crs---~~- ==:::J c= NON-CANCEREFi"Ects- - - . - ] 

Route-Specific Risk 
Constituent Oral Dermal Inhalation Inhalation External 

Dust VOCs 
EPC mw 

Pnllcldn/PCBS 
Endrin Ketone 0.002 NA NA NA NAP NAP 
Gamma a.Jordane 0.0003 1.1E-11 I.IE-10 2.9E-17 NAP NAP 

Metals 
Bismuth 3.10 NA NA NA NAP NAP 
Copper 34.70 NA NA NA NAP NAP 
Lead 226.00 NA NA NA NAP NAP 
Selenium 0.91 NA NA NA NAP NAP 
Thallium 0.88 NA NA NA NAP NAP 

Semi-Volatile 0111anlc 
Compounds 
2-Methylnaphthalene 0.15 NA NA NA NAP NAP 
Acenaphthene 0.195 NA NA NA NAP NAP 
Acenaphthylene 0.213 NA NA NA NAP NAP 
Benzo(g.h,i)perylene 0.477 NA NA NA NAP NAP 
Carbazole 0.191 6.2E-IO 6.4E-09 NA NAP NAP 
Dibenzofuran 0.195 NA NA NA NAP NAP 
Fluorene 0.21 NA NA NA NAP NAP 
Naphthalene 0.14 NA NA NA NAP NAP 
Phenanthn:ne 0.773 NC NC NC NAP NAP 

!Total Chemciala I I 6.4E-10 6.SE-09 2.9E-17 O.OE+OO O.OE+OO 
EPC 

Radionudides _eg[a 
Radium-226 3.04 5.1E-08 NAP 9.0E-13 NAP UE-06 

(Total Radionuclidn I [ 5.71>-08 NAP 9.0E-13 O.OE+OO l.lE-06 

Cancer 
Risk 
Total 

O.OE+OO 
1.3E-10 

O.OE+OO 
O.OE+OO 
O.OE+OO 
OOE+OO 
O.OE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 
OOE+OO 
7.0E-09 
O.OE+OO 
O.OE+OO 
OOE+OO 
O.OE+OO 
7.1E-09 

1.4E-06 

UE-06 

I 

I 

Oral 

NA 
I.IE-00 

NA 
1.8E-03 

NA 
3.SE-04 
2.1E-02 

NA 
62E-OO 

NA 
NA 
NA 
NA 

I.OE-05 
1.3E-05 

NA 
I 2.3E-02 

NAP 

I NAP 

Route-Specific HQ 
Dermal Inhalation Inhalation External 

Dust VOCs 

NA NA NAP NAP 
7.2E-OO 4.8E-12 NAP NAP 

NA NA NAP NAP 
6.3E-04 NA NAP NAP 

NA NA NAP NAP 
8.3E-OS NA NAP NAP 
t.SE-02 NA NAP NAP 

NA NA NAP NAP 
6.3E-OS NA NAP NAP 

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

6.3E-05 O.OE+OO NAP NAP 
8.4E-OS S.lE-10 NAP NAP 

NA NA NAP NAP 
1.6E-02 5.3E-10 O.OE+OO O.OE+OO 

NAP NAP NAP NAP 

NAP NAP NAP NAP 

Non-Cancer 
Ill 

Total 

O.OE+OO 
8.4E-OO 

O.OE+OO 
2.4E-03 
O.OE+OO 
4.3E-04 
3.6E-02 

O.OE+OO 
6.9E-OS 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
7.3E-OS 
9.8E-05 
O.OE+OO 
3.9E-02 

NAP 

NAP 

I 

I 
JTotal Overall Risk ( I S.SE-08 6.5E-09 9.0E-13 O.OE+OO UE-06 1.4E-06 I I 2.3E-02 1.6E-02 5.3E-10 O.OE+OO O.OE+OO 3.9E-02 I 
EPC Exposun: poinl concentmtion 
mglkg Milligram per kilogram. 
NA Notawilable; insufficient toxicity dala. 
NAP Not opplieable pathway, nota VOC. 
NC Not a suspected carcinoaen. 
pCi/g Pioocuries per BJ1IIII 
VOCs Volatile orpnic compounds. 

l.OOE-00 Is equivalent to 1.00 x 10 .. 

• 
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Table 5.5 Backaroand Residual Risk for a Recreadonal Child at the MJami-Erle Canal Area 

c CANCER EFFEcrs-- II NON-CANCER EFFECTS I 
Route-S~i6c Risk Cancer Route-Spocific H~ Non-Cancer 

Constituent OnJ Dcnnal Inhalation Inhalation External Rislc OnJ Dcnnal lnhallllion Inhalation Bxtemal HI 

~ 
Dust VOCa Total Dust VOCa Total 

EPC 

6: ....... 
[ Pntldcln/PCBS 

~ Endrin Ketone NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

"' Gamma Chlordane OOE+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 
~ 

tT1 Metals 
< Bismuth NA NA NA NAP NAP O.OEtOO NA NA NA NAP NAP O.OEtOO E. 

~-
Copper 26 NA NA NA NAP NAP O.OBtOO I.JE-03 4.71!-04 NA NAP NAP I.BB-03 
Lead 48 NA NA NA NAP NAP O.OB+OO NA NA NA NAP NAP O.OE+OO 

0 Seleniwn NA NA NA NAP NAP O.OE+OO O.OE+OO O.OB+OO NA NAP NAP O.OB+OO :::1 
0 Thalliwn 0.46 NA NA NA NAP NAP O.OBtOO I.IE-02 7.7E-03 NA NAP NAP 1.9E-02 
c:: 
.1:. Semi-Volatile Orpalc 

~ Compouada 

§. 
2-Mcthylnaphthalene NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Acenaphthene NA NA NA NAP NAP O.OE+OO O.OE+OO O.OE+OO NA NAP NAP O.OB+OO 

I Acenaphthylene NA NA NA NAP NAP O.OEtOO NA NA NA NAP NAP O.OB+OO tT1 
"d 

::::1. Benzo(g.h.i)pel)'lene NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OEtOO 

Jll 
Cl> Carbazole O.OE+OO O.OE+OO NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OB+OO 
(") 

Cl> § Dibenwfuran NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OEtOO 
.;. Fluorene NA NA NA NAP NAP O.OEtOO O.OEtOO O.OE+OO O.OE+OO NAP NAP O.OEtOO 
0\ E. Naphthalene NA NA NA NAP NAP O.OE+OO O.OEtOO O.OEtOO O.OE+OO NAP NAP O.OE+OO 0 

~ ....., Phenanthrene NC NC NC NAP NAP O.OBtOO NA NA NA NAP NAP O.OB+OO 
0\ ITollll Cbemleal I I O.OE+OO O.OEtOO O.OE+OO O.OE+OO O.OEtOO O.OEtOO II 1.2E-02 8.2E-03 O.OE+OO O.OE+OO O.OE+OO 2.0E-02 I 00 "' 
~ 

EPC 
Radioauclides Ql& 

;::;· Radiwn-226 2 3.7E-08 NAP 5.9E-16 NAP I.SE-06 1.6t:-06 NAP NAP NAP NAP NAP NAP 

:;cJ 
Cl> ITotul Radioauclldn I I 3.7E-08 NAP S.9E-16 NAP l.SE-46 UE-06 II NAP NAP NAP NAP NAP NAP I ::. 
Cl> 

ITotul Onnll Risk I ~ I 3.7E-08 O.OE+OO S.9E-16 IIVALUBI l.SE-06 1.6E-06 II 1.2E-02 8.2B-03 O.OB+OO O.OE+OO O.OB+OO l.OB-02 I 
Si' EPC l!xpoluropointc:oncenllation 

"' :::> mgllcg Millipm per kil0SJ11111. 
:;cJ NA Not available; insuflicient toxicity dalll. 
Cl> NAP Not applicable pathway. not a VOC. 't:l 
0 NC Not a suapocled can:irJoson. 
~ - pCilg Picocuries per pm 

VOCa Volatile organic compounds. 

I.OOB-06 Is equivalent to 1.00 x 10 .. 
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Table 5.6 Incmnmtal Residual Risk for a Recreational Oilld at the Miami-Erie Canal Area 

r- - CANCER EFFECTS 
------

I c - - NON-CANCER EFFEa"s - I 
Route-S~i1ic Risk Cancer RoUU:·SI!!:!Iic HQ Non-Cancer 

Constituent Oral Dermal Inhalation Inhalation External Risk Oral Dermal Inhalation Inhalation External Ill 

~ Dust VOCs Total Dust VOCs Total 

!!l. EPC 

! m2/b 

Pntkldeo/PCBS 
C! Endrin Ketone 0.002 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.08+00 

"' Gamma Chlordane 0.0003 1.38-11 81E-ll 2.28-17 NAP NAP 9.4E-11 8.58.07 5.48-06 3.68-12 NAP NAP 6.3E-06 ~ 

tTl Metals < e. Bismuth 3.10 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~- Copper 8.70 NA NA NA NAP NAP O.OE+OO l.lE-04 1.2E-04 NA NAP NAP 4.5E-04 
Lead 178.00 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 

::s Selenium 0.91 NA NA NA NAP NAP O.OE+OO 2.6E.04 6.2E.05 NA NAP NAP 3.2E-04 
0 Thallium 0.42 NA NA NA NAP NAP O.OE+OO 7.5E.03 5.3E-03 NA NAP NAP 1.3E.02 c::: 
l:. 
~ 

Semi-VolaUle Or&•nlc 
Compounda 

§. 2-Methylnaphthalene 0.15 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
I Acenaphlhene 0.195 NA NA NA NAP NAP O.OE+OO 4.6E-06 4.7E.05 NA NAP NAP S.2E.OS 

tTl Acenaphlhylene 0.213 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.08+00 
"' !:], 

dll ~ Bcnzo(g.h,i)perylene 0.417 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Carbazole 0.191 4.7E-10 48E-® NA NAP NAP 5.2E-® NA NA NA NAP NAP O.OE+OO 

: m DibenzofW1111 0.195 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
-....1- Fluorene 0.21 NA NA NA NAP NAP O.OE+OO 7.SE-06 4.7E.OS O.OE+OO NAP NAP S.SE-05 
g, ~ Naphthalene 0.14 NA NA NA NAP NAP O.OE+OO l.OE-05 6.3E.05 3.9E-10 NAP NAP 7.3E.OS 
g; ~ Phenanthrene 0.173 NC NC NC NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~ 
!Total Chemlcol I (~8-1()__ __ 4.9Ejl9 __ 2,2E_-17 _QJ>E+()() O.OE+OO ~3E-()9 I I 8.1E.03 

·-
5.6E.03 4.08-10 _ __Q.08+()() 0.01;+00 _ _L4E~ _I 

EPC 
(i' Radlonudldes eQla 

.:;>j Radium-226 1.04 1.9E-08 NAP llE-13 NAP 7.9E.07 8.1E-07 NAP NAP NAP NAP NAP NAP 
Cl> 
;S. I Total Radlonudlde I I 1.9E.08 NAP 3.1E-13 O.OE+OO 7.9E.07 B.IE-07 I I NA NA NA NAP NA NAP I Cl> 
~ -
~ !Total Ovenll Risk I I 2.08.08 4.9E-® 3.18-13 O.OE+OO 7.9!;.07 8.2E.07 I I B.IE-03 5.68.03 4.08-10 O.OE+OO O.OE+OO 1.4E.02 I 
::;> EPC Expos= poinl conc:eniJBtion for incremental risk is total minus baclcground 
:;;l mglkg Millignun per kilogram 
Cl> 
'g NA Not IMiilable; insufficient toxicity data 

::1 NAP Not applicable pathway 
NC Not a suspccled can:inogen 
pCilg Picocurics per gnun 
VOCs Volatile orplic compounds 

I.OOE-06 Is equivalent to I.OOx 10 .. 



• • • 
Table 5.7 Total Residual Rbk ror a Residential Adult at the Miami-Erie Canal Area 

I CANCER EFFECTll I I NON-CANCER UFECTll I 
Route·S~c Risk Cancer Route·S~HQ Non.c.nccr 

Constituent OnJ Dermal Inhalation Inhalation ExtmW Risk OnJ Dermal lnhalotion Inhalation Extcmal HI 

~---- -~ _VOCs Iotal _Dust ___ __y_QI;a ______ Toto! 

r EPC 
llllllla 

[ Semi-V-Orpld< 
c ......... 

~ 
2-t.lelhylnaphthalene 0.15 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Acenaphlhene 0.195 NA NA NA NAP NAP O.OE+OO 4.5E-ll6 UE-04 NA NAP NAP 2.4E-04 

~ Acenaphlhytene 0.213 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

tr1 llenzo(a)pyrene 0.688 1.4&.06 UE-04 4.7E·II NAP NAP I.JE-84 NA NA NA NAP NAP O.OE+OO 
< llenzo(g,b,i)porylale 0.417 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO a 
~-

Carbazole 0.191 I.BE-09 4.2E.OS NA NAP NAP 4.4E-08 NA NA NA NAP NAP O.OE+OO 
Dibenz(a,h)anlllncene 0.24 8.2E~7 UE-05 1.6E·II NAP NAP 1.0[..05 NA NA NA NAP NAP O.OE+OO 
Dibenzofunn 0.195 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 

::s Fluomle 0.21 NA NA NA NAP NAP O.OE+OO 7.2E-ll6 UE-04 O.OE+OO NAP NAP 2.4E-04 
0 Naphthalene 0.14 NA NA NA NAP NAP O.OE+OO 9.6E·06 l.IE-04 I.OE.OS NAP NAP l.2E-04 c::: Phenanlhrene 0.773 NC NC NC NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO .!:. 
~ PHII<Idn 

Endrin Ketone 0.002 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 

§. Oamma Cblordane 0.0003 4.9E·II I 6E-09 2.3E·I5 NAP NAP I 7E-09 82E~7 2.7E·05 9.6E·II NAP NAP 2 BE·05 
I 

Metal• tr1 
'"1:1 

::J. Monic 9.5 UE-06 1.9£..06 l.IE-09 NAP NAP 1.6[..05 4JE~2 5.8E·02 1.2E-ll6 NAP NAP I.OE~I 
B Bismuth O.OE+OO ~ ("') 

l.l NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 
B [ 

Copper 34.7 NA NA NA NAP NAP O.OE+OO l.lE~l l.lE~l NA NAP NAP 3.6E~3 

""' Lead 226 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
00 Selenium 0.91 NA NA NA NAP NAP O.OE+OO 2.5E~4 l.IE-04 NA NAP NAP 5.6E·04 
0 

~ ThalliiDD 0.88 NA NA NA NAP NAP O.OE+OO 1.5E~2 BE~2 NA NAP NAP 7.0E~ ....., 
a-
00 IT olal Clloadal I I 9.9E-CHI uE-o4 1 I I 
~ 

1.5[..04 J.2E-09 NAP NAP 6.0E·02 1.2E~I 1.2E-ll6 O.OE+OO O.OE+OO I.BE~I 

EPC 
Radloaadldn Ql c:;· 
Plutnnium-238 22.5 5.6E-06 NA 2.4E·08 NAP l.IE-09 5.6[..06 NA NA NA NAP NA O.OEoOO 

~ Radium·226 3.04 7.7E~7 O.OE+OO llE-10 NAP 1.5[..04 1.5[..04 NA NA NA NAP NA O.OE+OO 
;S. 
B lro1a1 Radloaudlda I I 6.J[..(HI O.OE+OO 2.5E.OS NAP 1.5[..04 1.5[..04 1 I O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO I ~ 

5' lo.....n Tolal Rlak I I UE-05 1.5&.04 2.8E.OS NAP ~-l.liE-~ ~zE-04 I I 6.0E~ 1.2E~I I.ZE-ll6 NAP O.OE+OO I.BE~I J 
:::;> EPC l!xposuN point concentntion 

f 
mglkg MiJiianmpor ~ 
NA NaiiYiilable; insuflicient toxicity dala 
NAP NaiiiJIIIjcable pathway 
NC NalaiUipeotcd Clfcinosen 
pCils Picocurieo por Jl"lll 
VOCs Volalilc _.,;. cocnpounds 

I.OOE-ll6 11 equivalent to 1.00 x 1o·• 
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TableS.!I r-Ial Residual Risk ror a Residential Adult at the Mllllll·Erle Caul Ana 

I CANCER EITECTS I I NON.cANCER U'RC1ll 

Route-Socciflc Risk c- Roufe.Socciflc !!Q N~ 

Consliluatl Oral Dennll lnhalalion lnhalalion ~ Risk Oral Dennll lnhalalion lnhalalion ~ HI 

lfC ----~-~·--··---- Total _ ··----- ----~- voea_ _Iota! 

ada 
- Vololllo CJrplde 
c:-,-. 
2-Mdllylnlpbthal<sle O.IS NA NA NA NAP NAP O.OEtGO NA NA NA NAP NAP O.OEtGO 
Acenlplltbmo 0.195 NA NA NA NAP NAP OOE+OO UE-06 2.4E-44 NA NAP NAP 2.4E-44 
A~ylene 0.213 NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 
Bcnzo(a)pyrene 0688 UE-06 UE-44 4.7£-11 NAP NAP UE-N NA NA NA NAP NAP OOEtGO 
llenzo{g,ll,l)pcrylcnc 0.417 NA NA NA NAP NAP O.QE+OO NA NA NA NAP NAP 0.0£<00 
Calblzola 0.191 1.8E.o9 4,2£.()8 NA NAP NAP 4.4£-08 NA NA NA NAP NAP 00£•00 
Dibelu(a,h~ 0.24 82£-07 UE-GS 1.6£·11 NAP NAP 2-0E-05 NA NA NA NAP NAP 0.0£+00 
Dibcnl.ollnn 0.195 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP 0.0£+00 
Fluorene 0.21 NA NA NA NAP NAP O.OE+OO 7.2£-06 2.4E-04 O.O£tGO NAP NAP 2.4£-4<1 
Napll!hal..,., 0.14 NA NA NA NAP NAP 0.0£+00 96£-06 UE~ I.OE.OS NAP NAP 32£-04 
Phenantluene o.m NC NC NC NAP NAP O.OE+OO NA NA NA NAP NAP 0.0£+00 

Pellldoleo 
Endrin Kclonc 0.002 NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 
Oomma Chloolane Q_OOO) 4.9£·11 1.6E.o9 2.)£.JS NAP NAP 1.7£-09 8.2£.07 2.7£.05 9.6£·11 NAP NAP 2.8E.OS 

MNio 
ArJCJlic 0.9 6.3£.07 8.4£.07 lOE·IO NAP NAP 1.5£.06 4.1£-03 H£.03 l.lE-07 NAP NAP 9.6£.0) 
Bismulb J.l NA NA NA NAP NAP 0.0£•00 NA NA NA NAP NAP O.OEtGO 
Copper 1.7 NA NA NA NAP NAP O.OEtGO 3.2£-44 HE-04 NA NAP NAP 9.1£-44 
Lead 178 NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 
Sel<miwn 0.91 NA NA NA NAP NAP O.OE+OO l.S£.04 3.1£-04 NA NAP NAP S.6E-44 
Thallium 0.88 NA NA NA NAP NAP 0.0£+00 UE.Ol 5.5£-02 NA NAP NAP 1.0£.02 

I Tolal Cboalcal I I u£.06 U£.04 ).6£·10 O.OE+OO 0.0£+00 uE-o• 1 I 2.0£·01 6.2E-G2 I.JE-4>7 0.0£+00 O.OEtGO 8.2£-02 I 
EPC 

Radloa- Qa 
i'lutonium-238 12.3"7 5.5£.06 NA 24£-08 NAP 31£·09 5.6&.06 NA NA NA NAP NAP O.OE+OO 
IW!ium-226 1.04 2.6E-G7 O.OEtGO I.IE-10 NAP 5.0£.05 S.OE-15 NA NA NA NAP NAP O.OEtGO 

(Tobl Radlondldo I ~~~06 OOEtGO __ __1.4E.08 NAP 5.8£.05 5.,£.0s I I o.oE+oo O.OE<OI) .~EtGO O.OEtGO O.OE+Illl_ O.OEtGO J 
(0¥--.nDT.alllllk I I U£.06 UE-06 l.$E.Q8 NAP 5.0£.05 :UE-04 I I 2.0E·02 6.2£-02 1.3E-G7 NAP NAP 8.2E-02 I 
EPC 
mgll<g 
NA 
NAP 
NC 
pCUJ 
voc. 
I.OOE-06 

EJcpoome poirllconcenlnlim. in<n!mmtalvolue is lola! minus~ 
Mlllianm per blqpllm 
NGC anilable; insulllcicnt toxicity dalll 

Nat oppljcoblc padrtny 
Nat oiUijlCOI!td corcinoFn 
l'icocuria per gram 
Volotilo mpnic """'JX'U'Ids 
1a equivolcnt"' 1.00 x to·• 

. ..,.'' ··:·:-. 

• 
I 



• • • 
Table 5.10 Total Residual Risk for a ResldenUal ChUd at the Miami-Erie Caul Area 

I CANCER EFFECTS I I NON-CANCER EFFECTS I 
Rout.o-S!>ccilic lWt Concer Route·S~Hg Non-Canoa 

Constituent Onl Demlal Inhalation Inhalation Emma! lWt Onl Demlal Jnholllion Inhalation External HI 
Dust VOCa Total Dust VOCa Total 

G. 
ue ...,.. 

[ Sed-V-Orpalo 

c....-. 
~ 

1-Methylnophlhllene 0.15 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Acenlphthc:no 0.195 NA NA NA NAP NAP O.OE+OO 4.1E.05 UE-04 NA NAP NAP 4.7E-04 

~ Acenlphthylme 0.21) NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

ttl Benzn(l)p)nne 0.688 5.5&G6 :u£.05 2.4E·II NAP NAP UE-05 NA NA NA NAP NAP O.OE+OO 
< llcnZil(s.h.i)paylcna o.4n NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO e. 
~. 

Carbozolo 0.191 4.2E-09 UE-08 NA NAP NAP 1.3E-08 NA NA NA NAP NAP O.OE+OO 
Dibenz(a,h)anthrl<:cne 0.14 U&G6 8.7E-06 8.3E·11 NAP NAP UE-05 NA NA NA NAP NAP O.OE+OO 

0 Dibcnmfunn O.I!IS NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
::s Fluorene 0.11 NA NA NA NAP NAP OOE+OO 6.7E.05 4.3E-04 O.OE+OO NAP NAP 4.9E-04 
0 Naph!halene 0.14 NA NA NA NAP NAP O.OE+OO 8.9E.OS S.7E-04 l.IE-08 NAP NAP 6.6E-04 c: 
.!:. Phenanlhmlc o.m NC NC NC NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~ Pntlddn 
Endrin Ketone 0.001 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

§. Gomma Chlordano 0.0003 1.1E·IO 7.3E·IO 1.1E·IS NAP NAP 8.SE·IO 7.7E-06 4.9E.OS UE-10 NAP NAP S.6E.OS 

I 

tTl Mclab 

"0 
::1. Anenic 9.S 1.6&.05 4.0&.06 1.6E-09 NAP NAP Z.OE-05 4.0E·OI I.OE.OI l.SE-06 NAP NAP s.JE.OI 
0 

~ (") Bismuth ).1 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
0 [ Coppa !4.7 NA NA NA NAP NAP O.OE+OO l.lE-01 4.lE.o3 NA NAP NAP 1.6E.OZ 
Vo Lead 226 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO -0 i 

Solcniwn 0.91 NA NA NA NAP NAP O.OE+OO l.lE-03 5.6E-04 NA NAP NAP l.9E.Ol ..., Thallium 0.88 NA NA NA NAP NAP O.OE+OO 1.4E.OI 9.9E.Ol NA NAP NAP 2.4E.OI 
0\ 
00 IT oCal Clwlllcal I I 9.z&.o5 1 I I 
~ 

Z.JE-05 6.9&.05 1.6E-09 NAP NAP 5.6E.OI l.IE.OI l.SE-06 NAP NAP 7.7E.OI 
EPC 

o· Radionuclides 191 
:;'l:l 

Plutonium·llB ll.S UE-06 NA l.6E·09 NAP 7.9E-IO UE-06 NA NA NA NA NA O.OE+OO 

0 Radillll)oll6 !.04 ).8£.07 O.OE+OO l6E·II NAP 17£..05 UE-05 NA NA NA NA NA O.OE+OO 

:;. 
~ I ToCal Raolloaudlolot I I UE-06 O.OE+OO l.7E-09 NAP 3.7&.05 u&.o5 1 I O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE+OO I 

~ lo.enD ToCal Rlok I I 2.6&.05 6.9&.05 4.3E-09 NAP l.7E-05 u&-04 I I 5.6E.OI l.IE.OI l.~-06- ~- ___lMP __ .fuLl 

EPC Ellpoouro painlconccn1111tion 
:;'l:l mglka Millialnm per~ .g NA Nat nailablo; insulliciont IDxicity data 

::l NAP Nat applicable pathway 
NC Nat aiUIIJCCftd can:inoJ1<:n 
pCils J>i<loourico per ....., 
VOCa Volalilo oxpnic compound> 

1.00&.06 b equivalont to 1.00 X 10 .. 
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TableUl esldatdlal Clllld d tbe Miami-Erie Cmal Area 

I CANCER URCTS I I N(IN.CANCER URCTS I 
R.oule-Spec;fic llist CW:ct R.oule-Spec;fic !!!2 Non.Qoncer 

~ Onl Demlll Inhalation Inhalation ExiA!mtl llist On! Demlll Inhalation Inhalation ExiA!mtl HI 
Dust voc. Tebl Dust voc. Tebl 

uc --.v.....,Orpllle 
~ 
2-t.ldhylnaphlhalone NA NA NA NAP NAP 0.0£+110 NA NA NA NAP NAP O.OE+IIO 
A~ NA NA NA NAP NAP 0.0£+110 0.0£+110 O.OE+IIO NA NAP NAP O.OE+IIO 
A-"thyleno NA NA NA NAP NAP O.OE+IIO NA NA NA NAP NAP O.OE+IIO 
Bonzo(o)pyrme 0.0£+110 0 0£+110 O.OE+IIO NAP NAP 0.0£+110 NA NA NA NAP NAP O.OE+IIO 

~ NA NA NA NAP NAP O.QE+IIO NA NA NA NAP NAP O.OE+IIO 
Cotboz<lle O.OE+IIO 0.0£+110 NA NAP NAP O.OE+IIO NA NA NA NAP NAP 00£+110 
Diben;t(a,h)an11ltaccne O.OE+IIO 00£+110 0.0£+110 NAP NAP O.OE+OO NA NA NA NAP NAP 00£+110 
Dibonwfunn NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+IIO 
~ NA NA NA NAP NAP 0.0£+110 0.0£+110 00£+110 0.0£+110 NAP NAP O.OE+OO 
Naphlhalcnc NA NA NA NAP NAP 00£t00 0.0£+110 0.0£+110 O.OE+IIO NAP NAP O.OE+IIO 
Phc:nmthmlc NC NC NC NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 

Pedldcln 
EndDn Kl:lone NA NA NA NAP NAP O.DEtiiO NA NA NA NAP NAP D.OEtiiO 
Oomml a.Jordone 0.0£+110 0.0£+110 0.0£+110 NAP NAP 0.0£+00 0.0£+110 0.0£+110 0.0£+110 NAP NAP 00£+110 

Mtllll• ......... 8.6 UE-05 UE-06 1.4£-09 NAP NAP I.IE-05 3.7£-01 9.SE.O:Z HE-o6 NAP NAP 4.6£·01 
Bismulh NA NA NA NAP NAP 0.0£+110 NA NA NA NAP NAP O.OEtiiO 
Copper 26 NA NA NA NAP NAP 0.0£+110 9.0£.0) 3.2£.()) NA NAP NAP UE-02 
Lad 48 NA NA NA NAP NAP 00£+110 NA NA NA NAP NAP 00£+110 
Sclcniwn NA NA NA NAP NAP 0.0£+110 0.0£+110 0.0£+110 NA NAP NAP OOEtOO 
Thallium 0.46 NA NA NA NAP NAP OOE+IIO 7.4£.02 S.2E.O:Z NA NAP NAP UE.OI 

lr-a-~co~ I I UE-05 UE-06 1.4£-09 0.0£+110 0.0£+110 uE-o5 1 I UE.OI l.S£.01 2.2E-o6 0.0£+110 O.OE~ 60£..01_) 
EPC 

a..u-dcln Qa 
Plu!onium-238 0.13 1.6£-08 NA I.SE-11 NAP 4SE·ll 1.6£-011 NA NA NA NAP NAP O.OEtOO 
bliua>-226 2 U£.07 0.0£+110 2.4£-11 NAP UE-05 UE-05 NA NA NA NAP NAP O.OE+IIO 

lr-~ ] Liii:.O? __ O.OE+IIO 39i:I! ___ NAP Ui:,.4_L UE-1)5 J LooE:tiJO _ Mil+:® _g_~ti)O___O.OE+IIO M£+00 O.OE+IIO I 
loniiin- Rltk 1 1 uE-05 uE-06 u£-09 NAP uE-05 uus 1 1 uE.ol 1.SE.o1 2.2E-o6 NAP NAP 6.o£.o1 1 
EPC 
mg/tg 
NA 
NAP 
NC 
pCVg 
VOCa 

I.OOE-o6 

Eapoourapoinl~ 

MiJiianm por lli1cpm 
Nat omilable; inaulllci.m toxicity do to 
NatiJIIllii:oblcpodrny 
NataiiUipCCIIOCI~ 
Pioocurics por ..... 
V<lalila 11Cp11ic compounds 

, .. quiYI!enl to 1.110" 10"' 

• 
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Table 5.ll lacremeDial Residual Risk for a RtsldenUal Child at tbe Miami-Erie Canal Area Incremental 

I CANCER EFFECJS I I NON-CANCER EFFECTll I 
Route-S~ Risk Cancer Roule-Specillc HQ Non-Cancer 

Constituent Onl Dermal Inhalation ln!Wation £xtcmal Risk Oral Dermal Inhalation Inhalation £xtcmal HI 
Dust V()Cs Total ~-- _X()Cs_ _Total 

~ 
!PC 

m&lka 

f 
Sead-Valalllo Orpodo c-.....,. 
Z·Methylnaphthalene 0.15 NA NA NA NAP NAP 0 OE•OO NA NA NA NAP NAP O.OE+OO 

C! Ac:enaphthcne 0.195 NA NA NA NAP NAP O.OE<OO 4.ZE.05 4.3~ NA NAP NAP 4.7E-04 

~ Acenaphthykne O.ZI3 NA NA NA NAP NAP O.OE<OO NA NA NA NAP NAP O.OE+OO 

trl Bcnzo(o)pyrene 0.688 5.5E-06 5.6E-05 HE-ll NAP NAP UE-05 NA NA NA NAP NAP O.OE<OO 

e. Benzo(g.h.i)payknc 0.417 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE<OO 
Corbuole 0.191 4.ZE-09 1.9E-08 NA NAP NAP Z3E·08 NA NA NA NAP NAP O.OE<OO 

5 Dibenz(o,h)lnthncene 0.24 UE-06 1.7E-06 B.lE·IZ NAP NAP I.IE-05 NA NA NA NAP NAP O.OE<OO r:::. Dibcnzo!Wan 0.195 NA NA NA NAP NAP O.OE<OO NA NA NA NAP NAP O.OE<OO 0 = Ruorene 0.11 NA NA NA NAP NAP O.OE+OO 6.7E.05 4.lE-04 O.OE+OO NAP NAP 4.9E-04 
0 Naphthalene 0.14 NA NA NA NAP NAP 0 OE<OO 8.9E.05 5.7E-04 2.1E.Q8 NAP NAP 6.6E.04 

r Phenantlucne o.m NC NC NC NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~ 
Pedlcldes 
Endrin Ketone 0.001 NA NA NA NAP NAP 0 OE+OO NA NA NA NAP NAP O.OE+OO 

~- Gammo Cblordono 0.0003 I.ZE·IO 1.lE-10 l.ZE·15 NAP NAP 8 5E-IO 7.7E-06 4.9E.05 1.9E·IO NAP NAP 5 6E.05 

tn Mdal1 

'"d ::1. Anenic 0.9 I.SE-06 l.BE-07 UE-10 NAP NAP 1.9E-06 3 BE-02 9.9E·Ol Z.lE-07 NAP NAP 4.8E.02 
ll> C'l> Bismuth 3.1 NA NA NA NAP NAP OOE•OO NA NA NA NAP NAP 0.0£+00 
~ ('":) Copper 8.1 NA NA NA NAP NAP 0.0£+00 3.0E.Ol I.IE.Ol NA NAP NAP 4.1E.03 

~ [ l.eld 118 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 
Seleniwn 0.91 NA NA NA NAP NAP OOE+OO 2.lE.Ol 5.6£-04 NA NAP NAP Z.9E·Ol 

0 

~ 
Thallium 0.88 NA NA NA NAP NAP O.OE<OO 1.4E.OI 9.9E.OZ NA NAP NAP 2.4E.OI ..., 

0\ 
00 IT otal CkmJal I [i9E-~ ~.SE-~ I.BE·tO O.OE+OO O.OE+OO 1.4E-o5 I I I.BE-01 I.IE-01 2.6E-07 O.OE+OO_ ~OE+Q(I l.OE-01 I 
~ 

--

EPC 
Rodlonadldes Ql c;· Pluloniwn·238 22.37 l.IE-06 NA 2.6E·09 NAP 7.BE·IO l.IE-06 NA NA NA NAP NA O.OE<OO 

:;:cl Rodiwn-226 1.04 1.3E.07 O.OE+OO l.lE·ll NAP I.JE-05 I.JE-05 NA NA NA NAP NA O.OE+OO 
C'l> 
;S. 
C'l> I Total Radlaoudldl I 1 z.9E-o6 O.OE+OO 2.6E·09 NAP I.JE-05 •. ,E-05 1 I O.OE•OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO I 
~ 

~ 
I O.onll Total Rllk I I 1.2E-05 6.5E-05 UE-09 NAP I.JE-05 t.OE-05 I I I.BE-01 I.IE-01 Z.6E.07 NAP NAP l.OE-01 I 
EPC Expoue poinl"""""tnlion, inc:mnentalvalua is total minus bockp>1D1d 

:;:cl mgll<s MillipmD per tilopm 

.g NA Not anilahlc; insulli<:ienttoxici!y data 
NAP Nol applicoble pothwoy 

~ NC Nolo1111pecl<d corcinogen 
pCi/g Pio:ocuriea per gpm 
voc. Volatile oqonic oompounds 

I.OOE-06 Ia equivalent to 1.00 X 10~ 
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Table 5.13 Total Residual Risk ror an orr Site Construction Worker at the Miami-Erie Canal Area 

I CANCER ErrECTS I I NON-CANCER Ern:CTS I 
Route-S~ Risk Caru:er Route-SpeciJic Hg Non-Cancer 

Constituent Oral Dennal lnhalalion ln!Walion Extana1 Risk Oral Dennal lnhalalion Inhalation External HI 
Dust voc. Totol Dust voc. Tolal 

~ uc 

"' 
....... 

~ 
Semi-Volalllo o..palc 
C--ob 
2-Methylnophlholene O.IS NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE-+00 

~ Ac:enaphlbene Q.I9S NA NA NA NAP NAP OOE-+00 I.SE.OS l.IE.OS NA NAP NAP 4.6£-0S 

"' Ac:enaphlhylone 0.213 NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE-+00 po;-

m Benzo(g.b,i)perylene 0.471 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.0£+00 

e. CaJbazole 0.191 2.6£-10 2.3E·IO NA NAP NAP 4.9£-10 NA NA NA NAP NAP 0.0£+00 
OibcnzDiiuon 0.19S NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP 0.0£+00 j; Fluorene 0.21 NA NA NA NAP NAP O.OE+OO 2.SE.OS l.IE.OS O.OE-+00 NAP NAP S.SE.OS cz. Naphthalene 0.14 NA NA NA NAP NAP O.OE+OO l.lE.OS 4.1E-OS 7.4£-09 NAP NAP 1.4E.OS g 
Phenanthrene o.m NC NC NC NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 

0 

1: Pellldde1 
Endrin Ketone 0.002 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE+OO 

~ 
Gamma Chlordane 0.0003 7.0£-12 B.BE-12 6.9E-17 NAP NAP 16E-II 2.8£-06 l.SE-06 6.9£-11 NAP NAP 6.3£-06 

§. Metall 
Arsenic 9.S 9.6E-07 4.9E-08 9.JE-II NAP NAP l.OE-06 I.SE-01 7.6E-OJ 8.7£.07 NAP NAP 1.6E.OI 

I Bismuth ).I NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO m 
"'d 

::1. Copper 34.7 NA NA NA NAP NAP O.OE+OO 4.4£.0) J.IE-04 NA NAP NAP 4.7£.03 
n Lead 226 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP O.OE-+00 

~ (j Selenium 0.91 NA NA NA NAP NAP O.OE+OO 8.SE.04 4.0£-0S NA NAP NAP 9.0E-04 
VI [ Thallium 0.88 NA NA NA NAP NAP O.OE+OO S.ZE-02 1.2E.Ol NA NAP NAP s.9E-02 

""' !a,i!:" IT otal CloetDial I I 9.6£-07 4.9E-08 9.JE-II O.OE+OO 0.0£+00 I.OE-06 I I 2.1£-01 I.SE-02 8.8£.07 O.OE+OO --O.OE+OO_ 2.2£.01 :J 
~ !: EPC 

~ 
RodloaudldH Qs 
Radium-226 104 I.IE-07 O.OE+OO 9.9E-12 NAP 6.1E-06 6.lE-06 NA NA NA NAP NA 0.0£+00 

~ 
n IT ota1 Rodloaudldo I I I.IE-07 0.0£+00 9.9E-12 NAP 6.lE-06 6.2E-06 1 I O.OE-+00 O.OE+OO O.OE-+00 O.OE-+00 O.OE+OO O.OE-+00 I 
~ 
;S. I ()yenJI T obi Rllk I I l.lE-06 4.9E~ I,OE-10 O.OE+oo UE-06 7.2E-06 1 I 2.1£.01 I.SE-02 8.8£.07 O.OE+OO O.OE-+00 2.2E.OI I 
n 
~ EPC Exposure point conccntralion 

~ 
mglkg Mi1lipm per kiJosnm 
NA Not avoilable; insullicient toxicity data 
NAP Notappli<:able palhway 

f 
NC Not a ouspeetcd tarcinoam 
pCi/8 Picoeuries per snm 
voc. Vololilo aopnie compounds 

I.OOE-06 Is cquM!cntto I.OOx 10 .. 
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Table 5.14 BadqpoaDd Residual Risk ror an 011'slte construction Worker at tbe Mlami-Erte Canal Ana 

I CANCER EffECTS I I NON-CANCER ErrECIS I 
Route-S~ Risk Cancer Route-S~• Hg Non.cancer 

Conslitucnt On! Damll Jnhalalion Inhalation Exl<mal Risk On! Damll Jnhalalion Inhalation Exl<mal HI 
Dust VOC. Total Dust voc. Total 

~ tPC 
a -t !Jald.Valalllo()rpalo 

c_.. 
2-Melhylnlphlbalene NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 

~ Ac:enophthme NA NA NA NAP NAP O.OE+OO 0.0£+00 O.OE+OO NA NAP NAP O.OE+OO 

~ Accnophtbylene NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

tr1 Benzo(g.ll.i)paylenc: NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 

~ 
Carbazole O.OE+OO O.OE+OO NA NAP NAP 0.0£+00 NA NA NA NAP NAP O.OE+OO 
Dibalzol'unn NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Ruon:ne NA NA NA NAP NAP 0.0£+00 O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE+OO 

:;t. Naphtbaleno NA NA NA NAP NAP 0.0£+00 0.0£+00 O.OE+OO 0.0£+00 NAP NAP 0.0£+00 0 ::s Phenanthrene NC NC NC NAP NAP O.OEtOO NA NA NA NAP NAP 0.0£+00 
0 c:: Pntlddn 
~ Endrin Ketone NA NA NA NAP NAP 0 OE+OO NA NA NA NAP NAP O.OE+OO 

~ 
Gamma Chlordane O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OEtOO O.OE+OO O.OE+OO O.OE+OO NAP NAP O.OE+OO 

§. Mobil 
AJJenic 8.6 8 7E-07 4.4E-08 8.4£-11 NAP NAP 9.1£-07 IJE-01 6.8E-03 7.9E-07 NAP NAP 1.4E-OI 

I Bismuth NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO tr1 
'"0 ::t Copper 26 NA NA NA NAP NAP O.OE+OO 3.3E-03 2.3£.04 NA NAP NAP 3.SE.03 

~ 0 Lead 48 NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 
0 (j Selenium NA NA NA NAP NAP 0.0£+00 0.0£+00 OOE+OO NA NAP NAP 0.0£+00 

~[ ThaDium 0.46 NA NA NA NAP NAP O.OE+OO 2 7E-02 3.8£-03 NA NAP NAP 3.1£-02 

0 

~ lro~a~c-....a I I 8.7£.07 4.4£-08 8.4E-11 O.OE+OO O.OE+OO 9.1£-07 1 I 1.6£-01 I.IE-02 7.9£-07 0.0£+00 0.0£+00 I.BE-01 I _, 
.. 

0\ EPC 
00 Rsollaaudldn Ql 

~ Radium-226 2 7.2£-08 O.OE+OO 6.SE-12 NAP 4.0E-06 UE-06 NA NA NA NAP NA O.OE+OO 

c;· IT ol:ll Rsdloaudldo I I 7.2£-08 0.0£+00 6.SE-12 NAP 4.0E-06 UE-06 I 1 o.oE•oo O.OE+OO 0.0£+00 0.0£+00 O.OE+OO O.OE+OO I 
~ :s. IOnnDTaiiiiRbk I I 9.4£.07 4.4£-!)11 9.1£-11 -- 0.0£+00 4.0&-06 S.OE-06 I I 1.6£-01 I.IE-02 7.9£-07 O.OE+OO O.OE+OO 1.8E-lJI J 
0 
~ EPC Expoaunl poird c:onccnlnllion 

~ 
mg/kg Millisran per tiiDgnm 
NA Nat available; insullb:ienttoxicity data 
NAP Nat oppticablc pathway 

f 
NC Nat t1111pcctcd carcinogm 

JlCil8 Picocuria per snm 
VOCa Volatile CllJilllic compounda 

::1. 
I.OOE-06 Is cquiwlent ID 1.00 X 10 .. 
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Table5.15 IIICftmt!ntal Residual Risk for an omtte Constnldlon Worlrer at 1he M.lllmi-Erte Cual Am 

I -- - - ~CANCER EFFECTS-- - ----- ::J C--~ N~iffiC'fi1----- -- ::J 
Rcute--Speci!ic R.islt c.z- Rouk:-Speci!ic HQ Non-c..nc.r 

Conslituenl On! Dennol lnlllilllion lniWation Ex!lmiJI R.islt Onl Denno~ lnhalolion lnlullation Ex!lmiJI HI 
Dust VOC. Tolal tlllsl VOC. Tolll 

EJ'(!'' -~~--- ·--

IHII!a 
s.DV .... Orpdc 

~ 
1-M~ o.u NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 
Ace:napltlbenc 0.1!15 NA NA NA NAP NAP 0.0£+00 1.51!-05 3.1£.05 NA NAP NAP UE.05 
A<cnoplolllykm 0.21] NA NA NA NAP NAP 0.0£+00 NA NA NA NAP NAP 0.0£+00 
Ben:l.o(s.h.i)plene 0.417 NA NA NA NAP NAP OOE+OO NA NA NA NAP NAP ME+OO 
Oubazolc 0.1!11 2.6£-10 U£·10 NA NAP NAP 4.9£-10 NA NA NA NAP NAP O.OE+OO 
Dibalzollmut 0.195 NA NA NA NAP NAP 0.01!+00 NA NA NA NAP NAP 0.0£+00 
l'luom1e 0.11 NA NA NA HAl' NAP 0.0£+00 1.5£.05 3.1£.05 0.01!+00 NAP NAP 5.5E.o5 
Naphi!Wt:ne 0.14 NA NA NA NAP NAP O.OE+OO 33£.05 4.1£.05 UE-09 NAP NAP 1.4£-05 
Pberwtllu:ene o.m NC NC NC NAP NAP 00£•00 NA NA NA NAP NAP O.OE+OO 

Pfllldolet 
Endrin Ketone 0.002 NA NA Nil NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Gamma Clllonlone 0.0003 7.0£-11 UE·Il 6.9£·17 NAP NAP 16£-11 UE-06 HE-06 6.9£-11 NAP NAP UE-06 

Metob 
Ancnic 0.9 li.IE-08 46£-09 88£·12 NAP NAP 9.5£-08 1.4E·02 1.2£-04 UE-08 NAP NAP I.SE-02 
Bimluth 3.1 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Cnppa- 8.7 NA NA NA NAP NAP 0.0£+00 I.IE.03 7.1£.05 NA NAP NAP UE-03 
Lead 178 NA NA NA NAP NAP O.OE+OO NA NA NA NAP NAP O.OE+OO 
Sde!lium 0.!11 NA NA NA NAP NAP 0.0£+00 8.5£-04 4.01!.05 NA NAP NAP 9.0£-04 
Tbollium 0.88 NA NA NA NAP NAP O.OE+OO 5.2£.02 7.21!-0) NA NAP NAP 5.9£-02 

I T oCal C'bemlclol I I 9.1£-08 4.8£-09 8.8£-11 O.OE+OO 0.0£+00 9.6E.OS I I 6.8£.02 UE-G3 9.0£-08 O.OE+OO 0.0£+00 7.6E-02 I 
EPC 

lla<lloau<flolet Ql 
l!adium-226 I.IM 3.1£-08 0.0£+00 34£·12 NAP U&-06 U&-06 NA Nil NA NAP NA O.OE+OO 

IIoea~~- :J l . .L11!.-0!I _0.0£+00 - ).41!·!, )'lAP 2.1&-06 Uf;-06] I OOE+OO_ CI,0£+(10 0,111!~ 0.01!-+(X)_ ~.01!~. __ _().0£+i)() J 

@!i!!iii!ToCaiRlrk I ITlE-G1 48£-09 1.2£.11 O.OE+OO 2.1&-06 1.2&-06 I I 6.8£-02 8.1£.03 9.0£-011 O.OE+OO 0.0£+00 7.6£-02 I 
EPC 
~ 
Nil 
NAP 
NC 
pCils 
voc. 
1.001!-06 

l!'lqloounrpoint ~ in<rtmmbol value iJ. Ioiii minus bac.l:sround 
MiJi&tom per~ 
Nol moilablo'. insutlkimt loxidty dala 
Nol oppli<allle paii\MY 
NolaiiiiJ"iCf44 cucinc8,cn 
Picocuria per..-
Vo!alik Olpnic C<llllpounda 

II~COI.OOJ<IO .. 
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Table 5.16 Total Residual Risk for the Miami-Erie Canal Area Summary Table 

Scenario and 

Receptor 

Scenario 

Chemical 

Radionuclides 

Radionuclides 

Radionuc!ides 

Radionuclides 

Total 
Noncareinogen 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 

Page 57 of68 

Total 
Carcinogenic 
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Table 5.16 Total Residual Risk for the Miami-Erie Canal Area Summary Table 

Scenario and 
Receptor 

Radionuclides 

Total 
Noncarcinogen 

Ill values which exceed the target risk level of one and ELCR values which exceed l 0-6 
presented in bold text. 

lE-01 is equivalent to 1.00 x10"1 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 

Page 58 of68 

Total 
Carcinogenic 
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Table 5.17 Background Residual Risk ror tbe Miami-Erie Canal Area Summary Table 

Scenario and 
Receptor 

Radio nuclides 

Radionuclidcs 

Radionuclidcs 

Radionuclidcs 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 
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Table 5.17 Background Residual Risk for the Miami-Erie Canal Area Summary Table 

Scenario and 
Receptor 

Radionuclides 

Ill 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 1.00x10"1 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 
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Table 5.18 Incremental Residual Risk for the Miami-Erie Canal Area Summary Table 

Scenario and 
Receptor 

Radionuclides 

Incremental 
Noncarcinogen Risk 

Incremental 
Carcinogenic 

g:{~:-----1f*wMV~~Tdi~I~iKh~~~ 
Resident Child Soil (all sample Chemical !Ingestion 1.8E-Ol 8.9E-06 
Scenario depths) Dermal l.lE-01 6.SE-GS 

Inhalation of Dust 2.6E..07 l.SE-10 
Inhalation of VOCs O.OE+OO O.OE+OO 

TOTAL 3.0E..Ol 7.4E-GS 

Radionuclides Inaestion NAP 2.9E-06 
Inhalation of Dust NAP 2.6E-09 
External NAP l.JE-GS 

TOTAL NAP 1.6E-GS 
Chemical & Radionuclide Total J.OE-01 9.0E-GS 

t::~t~~BfiillT&~-Wl~f§~tw ,,~~~» ~~~~~m&&~~£tf-» ~ ~~~2:1 
Soil (0-2 ft bls) Chemical 

Radionuclides 

Radionuclides 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 
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Table 5.18 Incremental Residual Risk for the Miami-Erie Canal Area Summary Table 

Scenario and 
Receptor 

Incremental 
Noncarcinogen Risk 

Jn 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 xl0"1 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 

Page6l of68 

Incremental 
Carcinogenic 
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6.0 UNCERTAINTY IN THE RISK ASSESSMENT 

In the following section, an evaluation is presented ofthe 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 every step ofthe 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. Where 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 potential land use, assumptions concerning contaminant fate and transport, and receptor 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 

Page63 of68 



• behavior. The uncertainty associated with the exposure assumptions used in the risk assessment is low to 

moderate, and most likely overestimates the actual risks. 

A major source of uncertainty in the Miami-Erie Canal RRE involves external exposure to gamma-emitting 

radionuclides. External exposure refers to the irradiation of tissues by radiations emitted by radionuclides 

located outside the body either dispersed in air, on skin surfaces, or deposited on ground surfaces. Gamma and 

x-rays are the most penetrating of the emitted radiations and comprise the primary contribution to radiation 

dose from external exposures. The calculation of risk from external radiation exposure assumes that any 

gamma-emitting radionuclide in soil is uniformly distributed in soil. The calculation of external radiation 

exposure risk includes a gamma shielding factor (Se) to account for attenuation of radiation by structures, 

terrain or engineered barriers. Seis expressed as a fractional value between 0 and l, representing the possible 

risk reduction range from 0% to 100% due to shield. The Miami-Erie Canal RRE used a default value of0.2 

or 20% shielding for both the recreational and residential scenarios. This is a conservative value which does 

not account for 1-2 feet of clean fill material that was placed over excavated areas. Calculations done using 

RESRAD Version 5.621 and verified with Microshield Version 4.21 show that the reduction in dose from a 

gamma source by applying soil covers of various depths would be on the order of a 99% reduction or 99% 

• shielding with 2 feet of soil cover (SAIC 1997). Calculations showing the shielding of external gamma dose, 

from a soil cover, are included in Appendix A. It is likely that clean fill in the canal area does provide shielding 

from gamma radiation resulting in lower risk than what is presented here. 

• 

6.3 Uncertainties Related to Toxicity Information 

Although EPA approved toxicity values were used for the RRE a significant amount of uncertainty 

may surround 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 l) using dose­

response information from animal studies to predict effects in humans, 2) extrapolating dose-response 
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• 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 ofEPA'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 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 . 
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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. 

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 summation of risks and HQs for multiple chemical contaminants. As stated in RAGS (EPA 

1989), "The assumption of 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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Miami-Erie Canal Human Health Residual Risk Evaluation 

Executive Summary 

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

l997a)(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 10-4 to 1 0-6for 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.lxl0-4. Of this risk, 1.2xl0-4 or 39% was due to 

dermal exposure to benzo(a)pyrene. An additionall.5xl0-4 or 48% of this risk is due to external exposure to 

radium-226. Incremental cancer risk was 2.lxl0-4. Of this risk, 1.2xl0-4 or 60% was due to dermal exposure 

to benzo(a)pyrene. An additional5.0xl0-5 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 ofland 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 residual levels 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 of the 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 unlikely, given existing land use 

restriction, 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 Values, 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 
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pathways through which hazardous substances may reach potential receptors and intake assumptions used to 

quantify 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, References, 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!fennis Court Sampling Results 
Samples obtained in park area as part of 
preWousinvestigations 

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 
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The following data sets were excluded because they represent areas remediated by removal actions. 

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 ATSDR 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 Quality 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 
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would drink municipally supplied water, not water obtained from the BV A. Potential risks due to exposure 

to BV A groundwater will be assessed prior to completion of the final Mound Record of Decision. 

Canal area drainage ways contain water only during heavy rain events and therefore, are 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 IS) 

Where: 

UCL= upper confidence limit, 
t = t statistic (Table A2, Gilbert, 1987), 
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) '1..) 

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 the 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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2.4.1 Screening Constituents Based on Background 

Site-specific background concentrations described as the Upper 95% Tolerance 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 the RRE. 

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. GVs 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 10-6 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 10-4 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 
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acceptable risk. When multiple COPCs occur in the same area, the HQs are summed to derive a Hazard Index 

(HI). The target threshold for non-carcinogenic constituents is a HI of less 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 1110 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 GVs 

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 defined 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. 
I 

Other relevant factors such as whether the constituent is' expected to be present based on historical data or 

degradation products of known contaminants also ~~nsidered 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 
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background and are toxic only at very high doses. Concentrations of these compounds in on-site media would 

not be expected to result in intakes associated with a toxic response. Therefore, these compounds were 

eliminated as COPCs for the canal area. 

2.4.5 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 Mound Plant Leen the Conrail Railroad right-of­

way to the east and Dayton-Cincinnati Road to the west. The ar~cl~des: (1) the abandoned Miami-Erie 

Canal; (2) Overflow Creek which connects the canal to the Great Miami River; (3) a drainage ditch from the 
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site boundary to the canal; (4) RunoffHollow between the Conrail tracks and the Mound Plant; and (5) South 

Pond in the 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 ~lant have resulted in the discharge of 

contamination into the Miami-Erie Canal area. 1bis contamination consisted primarily of plutoniiun and 

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

plutonium-238 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 pCi/g (DOE 1999). These goals were established by a focus group of 

stakeholders to be consistent with risk-based GVs 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 additional land use restrictions. When identifying exposure pathways it is important to 
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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 route (e.g. ingestion). If any ofthese 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 b RA Part A 

(EPA 1989). The RME scenario is a conservative depiction of potential exposure conditions 

represent the maximum exposure conditions that one might reasonably expect to occur at the 

assumptions were used to characterize risk for all potential canal area receptors. Exposure asj 
to quantify contaminant exposures are summarized in Table· 3 .1. ;· 

R:~lc. 4ui.> ~--i 
3.3 Identifying Exposure Scenarios f~ar.lv"".L 

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

evaluated for the recreational user for both current 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 could 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 construction workers are assumed to be adults, a body weight of70-kilogram was used to assess 

exposure to chemical contaminants. It was assumed that canal ar~ residents would use municipally supplied 

water for potable supply. 

Current and future exposure scenarios for the construction worker scenario 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 found to be normally distributed, the EPC for the RRE was 

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

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

(EPA 1992a). A cle.~IJ. dt.k,.; " ..... ~J'"' ·'/ .L-1 _.A /-/ . 
rn v tl\~~ ~' f/>.:...1-; ~ • <: tA.l "'""~ t.-, ~ fv.-o/) IIIII' ~ .;,...,. 2. 3. 

Only surface soil data (0-2 feet below land surface) -sed to calculate the exposure point 
I 

concentration for the reo/eational user. Recreational users are assumed to sp0Aa mast gftheir tj~g bikes 

or hiking and ha~y 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 
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construction worker and future site resident scenario was calculated using sediment and soil samples collected 

at any depth. Given the low number of subsurface 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 .1. 

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 ofmg/kg-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~ 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. 
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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 absorbed dose. The toxicological reference values used to calculate risk have been adjusted 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 

c.IV X !Rx FIX EF X ED X CF 
Intake (mglkg- day) = ---=------

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 ( 10-6 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: 

lrtde(/il) =CsoxiR.xFixFFxFDxCF 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 

Page29 of68 



Cso = Radiological activity in soil/sediment (pCi/g) 

IR = Ingestion rate (mglday) 

FI = Fraction ingested from contaminated source (1.0) (unitless) 

EF = Exposure frequency 7') 
ED = Exposure duration 6iear 

1. 
CF = Conversion factor ( 1 o-3 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 scenarios. Chemical intakes for the soiVsediment via dermal exposure were estimated using the 

following equation: 

Where: 

Cso 

SA 

AF 

ABS 

EF 

ED 

CF 

BW 

AT 

CsoxS4.xAFx.ABSxEFxEDxCF 
Absorbedfue (mglkg-dl» = --------

BWxAT 

= Chemical concentration in soiVsediment (mglkg) 

= 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 (years) 

= Conversion factor ( 10-6 kg/mg) 

= Body weight (kg) 

= Averaging time for cancer and non-cancer effects (days) 
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Exposure to external radiation from radionuclides in soils/sediments was estimated by using the 

following equation: 

Where: 

Cso 

ED 

Te 

Se 

= 

= 

= 

= 

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

Radionuclide activity in soil/sediment (pCi/g) 

Exposure duration (years) 

Gamma exposure time factor (hrs/hrs) 

Shielding factor (unitless) 

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

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 

= 

= 

= 

= 

CsoxiRxEI'xEFxED 
Intake(mglkg-dw) = PEFxBWxAT 

Contaminant concentration in soil/sediment (mglkg) 

Inhalation rate (m3/hr) 

Exposure time (hrs/day) 

Exposure frequency (days/year) 
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ED 

PEF = 

BW = 

AT 

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) 

The intake equation for radionuclide contaminants via inhalation of fugitive dust was estimated using the 

following equation: 

Where: 

Cso = 
IR = 

ET = 

EF = 

ED 

PEF = 

~0x!RxEI'xFFxED 
Intake (/Ci) = PFF 

Radiological activity in soil/sediment (pCi/g) 

Inhalation rate (m3/hr) 

Exposure time (hrs/day) 

Exposure frequency (days/year) 

Exposure duration (years) 1r, 
al,b3 

Particulate emission factor <'Wx 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 erosion. The 

default value of 4.63 x 109 m3/kg was taken from RAGS, Volume I, Part B (EPA 199lb) 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. 
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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 caital 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 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 contain 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 Toxieology 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 (RfDs) 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 ofthe 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 
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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 

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 

administered 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 allowable 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.tgldL) assuming exposure to surface 

soil and subsurface soil brought to the land surface. In children, a blood lead level of between 10 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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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 tum 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 effects 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 COPC. 
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To derive an estimate of risk, the cancer slope factor was multiplied by the estimated chronic daily intake 

experienced by the exposed individual: 

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). 

Where: 

n 

Risk{\= L Riski~ 
i = 1 f 

The combined excess lifetime cancer risk across chemical carcinogens 

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: 

HQ 
Intake 

R fD 
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Where: 

HQ = Hazard Quotient: potential for adverse non-carcinogenic effects 

Intake = Average daily intake for subchronic or chronic exposure (mg/kg body weight/day) 

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 (Ill). 

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> I, 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 > I, 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 

I, 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 1, 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 .I 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 

Residual Risk Evaluation OU-4 Miami-Erie Canal Area Public Review Draft Report 

Page 38 of68 



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 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 Ill of 1 and the cancer 

target risk range of 10-6 are bolded. 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 10-6, which falls 

within the target risk range of 10-4 to 10-6. The only constituent to exceed lx 10-6 was radium-226. Residual 

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

is due to background levels (6.2 x 10-6). The incremental risk due to radium-226 in the canal area to a 

recreational adult is 3.2 x 10-6, which again falls witliin 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 10-6, which falls 

within the target risk range of 10-4to 10-6. The only constituent to exceed 10-6 was 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 radium-226 in the canal area to a 

recreational child is 2.1 x 10·7, 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 Ill, is less than 1 

indicating that non-cancer risk is at an acceptable level. Total chemical and radiological cancer risk of3 .1 x 1 0-4 

for the residential adult exceeds the target cancer risk range of 1 x 1 o-4 to 1 x 1 o.o. Risk from exposure to 

radionuclides for a residential adult is 1.5 x 10-4. Constituents that exceed 1 x 10.o 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 1 indicating that 

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

1.3 x 10-4, which slightly exceeds the target risk range ofi0-4 to IO.o. Constituents that exceed 1 x 10.o 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 10-5
, 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 

ll w:.C..-... -4 u.c.-r"-.U r:~ lc. reo~~ f.7_., hlu-"• 

Tables 5.12 through 5.15 present total ackground and incremental risk for an otf site construction 

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

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

site construction worker is 7.2 x IO.o, which The only constituentl that exceeds 1 x IO.o is radium-226 via 

external exposure. Background and incremental, chemical and radiological cancer risk to an off site 
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construction worker is 5.1 x 10-6 and 2.2xl0-6 respectively. Both these values fall within the target risk range 

of 10-4 to 10-6. 
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6.0 UNCERTAINTY IN THE RISK ASSESSMENT 

In the following section, an evaluation is presented ofthe 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 every step ofthe risk assessment process. Risk assessment 

of conuiminated 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. Where 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 potential land use, assumptions concerning contaminant fate and transport, and receptor 
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behavior. The uncertainty associated with the exposure assumptions used in the risk assessment is low to 

moderate, and most likely overestimates the actual risks. 

A major source of uncertainty in the Miami-Erie Canal RRE involves external exposure to gamma-emitting 

radionuclides. External exposure refers to the irradiation of tissues by radiations emitted by radionuclides 

located outside the body either dispersed in air, on skin surfaces, or deposited on ground surfaces. Gamma and 

x-rays are the most penetrating of the emitted radiations and comprise the primary contribution to radiation 

dose from external exposures. The calculation of risk from external radiation exposure assumes that any""­

gamma-emitting radionuclide in soil is uniformly distributed in soil. The calculation of external radiation 

exposure risk includes a gamma shielding factor (S.) to account for attenuation of radiation by structures, 

terrain or engineered barriers. S.is expressed as a fractional value between 0 and 1, representing the possible 

risk reduction range from 0% to 100% due to shield. The Miami-Erie Canal RRE used a default value of0.2 

or 20% shielding for both the recreational and residential scenarios. This is a conservative value which does 

not account for 1-2 feet of clean fill material that was placed over excavated areas. Calculations done using 

RESRAD Version 5.621 and verified with Microshield Version 4.21 show that the reduction in dose from a 

gamma source by applying soil covers of various depths would be on the order of a 99% reduction or 99% 

shielding with 2 feet of soil cover (SAIC 1997). Calculations showing the shielding of external gamma dose, 

from a soil cover, are included in Appendix A. It is likely that clean fill in the canal area does provide shielding 

from gamma radiation resulting in lower risk than what is presented here. 

6.3 Uncertainties Related to Toxicity Information 

Although EPA approved toxicity values were used for the RRE a significant amount of uncertainty 

may surround 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 1) using dose­

response information from animal studies to predict effects in humans, 2) extrapolating dose-response 
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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 ofhealth 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 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. 
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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. 

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 summation of risks and HQs for multiple chemical contaminants. As stated in RAGS (EPA 

1989), "The assumption of 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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