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SECTION 1

1.0 INTRODUCTION

ABB Environmental Services, Inc. (ABB-ES) has prepared this human health risk

assessment (HHRA) for the former Taylor Instruments facility at 95 Ames Street (Ames

Street Site), Rochester, Monroe County, New York as part of the Phase I Voluntary Site

Investigation for the Ames Street Site ("the Site".) The Voluntary Site Investigation

Report consists of the Site Investigation (SI) Report (Volume I) and the HHRA (Volume

2). An ecological risk assessment was not performed as Part of the Phase I Voluntary Site

Investigation because there is no significant habitat, surface water or sediment on or

adjacent to the Site.

As described in the Phase I Work Plan, the primary purpose of the HHRA is to provide

information needed to develop risk-based Quality Goals (QGs) for soil and groundwater at

the Site, and to then use that information to develop those goals. Quality Goals are

numerical concentrations which are protective for health risks associated with potential

exposures to site-related contaminants in environmental media at the Site. The QGs

developed in this HHRA are compared to soil and groundwater data from the Site in

Section 5 of Volume I.

The HHRA consisted of several components, including data evaluation and

summarization, preliminary screening, and risk-based concentration (RBC) development.

The RBC development consisted of toxicity assessment, exposure assessment, calculation

of RBCs, and uncertainty evaluation. Collectively, these components were used to

generate information used to develop the QGs presented in Section 5. In summary, the

ABB Environmental Services, Inc.
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purpose of the data evaluation component was to present the analytical data for the Site

and discuss the methods used to select the data used in the HHRA. The preliminary

screening step identified chemicals of potential concern (CPCs) in soil and groundwater

through a comparison of analytical data sets to NYSDEC standards. Risk-based

concentrations were then developed for all CPCs based on toxicity and exposure data

evaluated in the toxicity assessment and exposure assessment components. From the

various RBCs calculated for each CPC, a single RBC was selected as a screening RBC to

determine which CPCs required QGs. QGs were then developed in Section 5 for site

specific target risk levels of 1x10-6 for carcinogens and a hazard index of 1.0 for non

carcinogens using exposure assumptions appropriate to several different site development

scenarios. The subsections that follow describe the approach and results for each of these

components.

The HHRA was conducted using guidance presented in the Standard Guide for Risk

Based Corrective Action Applied at Petroleum Release Sites (ASTM Standard #E1739

95; Nov. 1995), the Technical and Administrative Guidance Memorandum (TAGM):

Determination of Soil Cleanup Objectives and Cleanup Levels (NYSDEC TAGM # HWR

94-4046, 1994), Site Assessment and Guidance for Petroleum Impacted Sites (review

draft) (NYSDEC, 1995), Ambient Water Quality Standards and Guidance Values

(NYSDEC 6NYCRR 703, 1993), and Risk Assessment Guidance for Superfund (USEPA,

1989). Additional references are listed at the end of Section 6.

The approach, components, and guidance used to complete the HHRA generally followed

that described in the Phase I VSI Workplan, but included several additional elements

intended to increase its usefulness as a basis for decision-making relative to the Ames

ABB Environmental Services, Inc.
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Street Site, and to incorporate evolving, relevant risk assessment techniques. These

additional elements included:

• Development of Quality Goals for several future land development scenarios

(based on the same technical approach). Evaluation of more than one future

land use scenario will maximize flexibility available to the Site owners,

developers, and regulatory agencies to arrive at mutually agreeable conditions

for Site re-use.

• Combining long-established risk assessment technical guidance (e.g., NYSDEC

TAGM # HWR-94-4046, 1994; USEPA, 1989), with a risk-based corrective

action (RBCA) technical approach to developing RBCs (ASTM, 1995). The

RBCA approach allowed the HHRA to maximize use of Site- and future use

specific data and assumptions. RBCA-type models are not only based on

USEPA risk assessment technical approaches, but are currently issued as draft

guidance by the state of New York (NYSDEC, 1995).

• Use of a wide range of mercury concentrations to characterize mercury

speciation and bioavailability. The Workplan proposed an initial mercury

screening level of 200 mg/kg above which speciation and bioavailability testing

would occur. In practice, the HHRA evaluated the entire observed range of

mercury concentrations (subject only to the limitations of the analytical

methods); this provided more information about the mercury speciation and

bioavailability in Site soils.

ABB Environmental Services, Inc.
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2.0 DATA EVALUATION

The purpose of the data evaluation was to evaluate the entire analytical database for the

Site and organize it in a manner suitable for use in the quantitative HHRA. The individual

steps involved in this process were conducted for the VSI (see Section 3 of Volume I), are

briefly discussed below. These methods were used to develop data sets for soil and

groundwater, as discussed in Subsections 2.1 and 2.2, respectively.

Sort Data by Medium. Data from the Phase I SI and from prevIous investigations

conducted in 1993 and 1995 were compiled and sorted by environmental medium (i.e., soil

and groundwater). All chemicals detected in at least one sample in each medium were

identified.

Evaluate the Analytical Methods. A detailed discussion of the laboratory methods used

for analysis of soil and groundwater samples is presented in Section 3 and Appendix D of

Volume I. As described therein, the bulk of the Phase I (1996) analytical data were

validated for use in the HHRA and meet the USEPA definition of definitive data. A

portion of the pre-Phase I soil data (1993 and 1995) were analyzed using USEPA

reference methods and, although not validated, still meet the USEPA definition of

definitive data and were therefore used in the quantitative HHRA. Portions of the Phase I

and pre-Phase I data sets that were determined to not meet the definition of definitive data

were not used in the HHRA. These data are discussed qualitatively in Volume I, and

included data associated with investigation of the "Class 4 Area", which featured some

ABB Environmental Services, Inc.
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very high mercury results (up to an estimated 52,000 mg/kg) that could not be judged

definitive due to lack of associated QC data.

Evaluate Quantitation Limits. As described in Section 3 of Volume I, for all data used

in the I-ll-IRA the reporting limit for organic compounds and inorganics was the sample

quantitation limit (SQL), which is the practical quantitation limit (PQL) modified for

sample moisture content and dilution factor. Analytical methods used during the Phase I

VSI were selected so that their reporting limits were below the screening concentrations

to ensure that contaminants of concern, from a risk or regulatory perspective, could be

detected and quantified. Because analyses for some pre-Phase I samples were conducted

prior to setting the Phase I DQOs, some SQLs for pre-Phase I data are above screening

levels. Analyte-specific reporting limits that were above screening concentrations were

identified so that limitations in the evaluation for those constituents could be identified and

discussed. Limitations associated with these data are discussed in Sections 3 and 4 of

Volume I.

Evaluate Qualified Data. Both the laboratory and data validators have assigned

qualifiers to the analytical results. The results of the data validation are briefly discussed

in Section 3 of Volume I. A more thorough discussion presented in Appendix D of

Volume I. The validated data, with qualifiers, are presented in Appendix C of Volume I.

All positive detections (whether they were unqualified or qualified with a "J") were

considered detected concentrations for the I-ll-IRA. All non-detects (results qualified with

a "U") were retained in the I-ll-IRA data set as samples without positive detections. If all

sample results for a given analyte in a given medium were non-detections, then that

analyte was not retained as a detected analyte for the purpose of the HlIRA. Any sample

ABB Environmental Services, Inc.
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results with an "R" validation qualifier were eliminated from the HHRA data set because

the QC review indicated that the result was unusable.

Compare Concentrations Detected in Samples to Concentrations Detected in

Blanks. As discussed in Section 3 of Volume I, sample concentrations have been

compared to concentrations in associated blanks to distinguish artifacts from actual

presence of constituents in environmental samples. These comparisons were conducted as

part of the data evaluation and validation processes. Those sample results considered

artifacts of laboratory analyses and/or equipment decontamination are identified in

Section 3 and Appendix D of Volume I and generally include chloroform and methyl ethyl

ketone. Due to contamination of method blanks, cis-l ,2-dichloroethene was rejected in all

1996 soil data. Limitations associated with this are discussed in Sections 3 and 4 of

Volume I.

Evaluate TICs. Tentatively Identified Compounds or TICs (constituents for which both

identity and concentration are uncertain) were reviewed during pre-Phase I investigations

as discussed in the Phase I VSI Workplan (ABB-ES, 1996). As described therein, the

number of TICs was small relative to the Target Analyte List (TAL) and Target

Compound List (TCL) chemicals. There were no TICs identified in the 1996 SI off-site

volatile organic compound (VOC) laboratory analyses. Therefore, TICs were not

evaluated in the Phase I VSI data.

Develop a Data Set for Use in HHRA. The ultimate product of data evaluation and data

summarization is a set of analytical data presented in a form that can be used in the

HHRA. Analytical data sets for soil and groundwater are discussed in the subsections that

ABB Environmental Services, Inc.
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follow. The summarized data are presented in tables which contain (1) the identity of all

compounds detected in at least one sample from any sampling event, (2) the ratio of the

number of samples in which the analyte is detected to the total number of samples

analyzed for the analyte (i.e., frequency of detection), (3) ranges of SQLs, (4) range of

detected concentrations, and (5) mean concentrations. Results qualified as rejected were

not included. In calculating the mean concentrations, one-half the SQL was used as the

reported value for all results qualified as non-detect. For some constituents that had

elevated reporting limits and low frequencies of detection, the calculated mean

concentration may exceed the maximum detected concentration. These include 1,1, 1

trichloroethane, trans-l,2-dichloroethene, and 1,3,5-trimethylbenzene In soil, and

ethylbenzene, benzene, 1,3 ,5-trimethylbenzene, 1,2,4-trimethylbenzene, and n

butylbenzene in groundwater. The summarized data in the data summary tables were used

in the preliminary screening process.

2.1 SOIL

Soil data were collected during the 1996 SI and previous investigations. As discussed in

Sections 3 and 4 of Volume I, pre-Phase I soil data collected at the Site were generally

analyzed for a broad spectrum of constituents. Soil samples collected during the Phase I

VSI were analyzed only for the COCs identified in the Phase I VSI Workplan (ABB-ES,

1996); the soil data sets evaluated in this HHRA include the constituents identified as

COCs for the VSI, as the Phase I VSI data did not suggest the presence of additional

COCs.

ABB Environmental Services, Inc.
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Because the Site has been paved, all soil data were evaluated as a single exposure medium.

Separate data sets were not developed for surface soil and subsurface soil. Any potential

remedial decisions concerning Site soils will consider the current nature and extent of

constituents that are selected as chemicals of concern at that time.

Soil data were evaluated by chemical class, including VOCs, inorganics and cyanide, and

mercury. As discussed in detail in Section 3 of Volume I, data for constituents within

each of these chemical classes were collected using various analytical protocols, each

associated with specific levels of data quality. From the available data, the most

appropriate data for use in this evaluation were selected based on the criteria described in

Section 3 of Volume I. Only data meeting the definition of definitive data were used in

the quantitative HHRA. Table 1 and the following subsections provide a summary of the

sources of soil data used, with details of the evaluation process and selection rationale

provided in Subsection 4.2 of Volume I. Any data which were not considered appropriate

for this evaluation are identified below.

2.1.1 Volatile Organic Compounds

Volatile organic compounds (VOCs) data selected for use in this HHRA were from the

on-site laboratory analyses of soil samples collected during the Phase I investigation and

from off-site analysis of soil samples collected during previous investigations. As described

in Section 4.2 of Volume I, these data all meet the definition of definitive data.

ABB Environmental Services, Inc.
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As discussed in Section 3 of the Volume I, vac data from 1993 on-site laboratory

analysis were determined to not be of suitable quality for quantitative use in the HHRA.

These data were used qualitatively to identify investigation locations for the VSI and to

supplement the understanding of conditions in certain areas of the Site. In addition, some

data from 1995 were judged to not meet the definition of definitive data because they

represent soil which was subsequently excavated and disposed of off-site. Because these

samples are not representative of current site conditions, they were not determined to be

definitive data and, therefore, were not included in the HHRA.

A summary of the soil data set is presented in Table 2. A total of III samples were

collected and analyzed for vacs, including 93 Phase I subsurface soil samples collected

from depths between 4 and 25.8 feet; 2 shallow soil samples collected during 1993; and

16 subsurface soil samples collected during removals of tanks 1995. Table B-1,

Appendix B, presents a list of samples included in the soil data set for vacs.

The total number of samples used to calculate frequency of detection vary among the

constituents because there was some rejected data for each analyte, and some constituents

were not analyzed in all samples collected. For example, soil samples collected during the

1995 removal of tanks were analyzed for benzene, ethylbenzene, toluene, and xylenes

(plus several other non-CaC compounds) only, resulting in a higher number of total

samples for these constituents.

ABB Environmental Services, Inc.
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2.1.2 Inorganics and Cyanide

Inorganics (chromium, lead, nickel, and zinc) and cyanide data selected for use in this

HHRA were from the off-site laboratory analyses of soil samples collected during the

Phase I investigation and previous investigations. Although on-site laboratory analyses for

inorganics data were available, these data were not considered suitable for use in the

HHRA. As described in Subsection 4.2 of Volume I, on-site laboratory analyses were

performed using X-ray fluorescence (XRF) screening techniques. The detection limit for

this analytical method was 100 mg/kg, which is well above the recommended soil cleanup

levels in the TAGM (NYSDEC, 1994) for all of these constituents except lead, for which

the TAGM value is 200 mg/kg. Comparison of the XRF data with off-site laboratory data

from split samples indicated that many of the XRF detections reported as values near the

XRF detection limit (e. g., 100 to 110 mg/kg) were not detected in off-site laboratory

analyses. Off-site laboratory data have detection limits that are lower than TAGM

recommended cleanup values. Therefore, only off-site laboratory data were included in

the soil data set.

A summary of the HHRA soil data set is presented in Table 2. A total of 23 samples were

collected and analyzed in an off-site laboratory for inorganics. These samples included 14

Phase I subsurface soil samples collected from depths between 4 and 22 feet, 7 pre

Phase I surface soil samples, and 2 pre-Phase I subsurface soil samples collected at depths

of 2 and 6 feet. Table B-2, Appendix B, presents a list of samples included in the soil data

set for inorganics and cyanide. There was some rejected data for each analyte and,

therefore, the total number of samples in the frequencies of detection vary among

constituents.

ABB Environmental Services, Inc.
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As indicated in Table 2, both total and hexavalent chromium were determined for each of

the 17 samples. Comparison of total and hexavalent chromium results indicated that

hexavalent chromium was detected in only 6 samples, and that the fraction of hexavalent

chromium was not consistent among samples. In samples that contained hexavalent

chromium, hexavalent chromium composed 6.4% to 66.6% of the total chromium

detected. In one sample, the reported hexavalent chromium concentration was more than

four times higher than the reported total chromium concentration. This is theoretically

impossible, since there cannot be more hexavalent chromium than total chromium. Due to

this analytical uncertainty and the lack of consistency in hexavalent chromium results, all

chromium was treated as hexavalent chromium in the risk assessment. This provides a

conservative evaluation, since hexavalent chromium (which is the more toxic form of

chromium) comprised only a fraction of the total chromium detected.

2.1.3 Mercury

Mercury data selected for use in this I-ll-IRA were from the on-site laboratory analyses of

soil samples collected during the Phase I investigation and off-site laboratory data

collected during previous investigations. Specifically, the mercury data used in this

I-ll-IRA consist of Phase I data from on-site laboratory analyses performed with a Leeman

Analyzer, and pre-Phase I data from off-site laboratory analyses performed with cold

vapor atomic absorption (CVAA).

Although Phase I and pre-Phase Ion-site XRF screening data were available, these data

were not considered suitable for use in the I-ll-IRA as they did not meet the definition of

definitive data. As described in Subsection 4.2 of Volume I, the detection limit for the

ABB Environmental Services, Inc.
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XRF screening method was 100 mg/kg, which is well above the TAGM (NYSDEC, 1994)

recommended soil cleanup value for mercury of 0.1 mg/kg. Comparison of Phase I off

site laboratory CVAA data with Phase Ion-site Leeman Analyzer data from split samples

(Subsection 3.1.4 of Volume I) indicated that there was a good quantitative agreement

between the two analytical methods for the majority of samples, with soil heterogeneity

judged to be the cause of the analytical methods for three samples to agree only on a

qualitative basis. Since the Phase I mercury data set for Leeman Analyzer data is more

comprehensive than the off-site laboratory data set, the on-site Leeman data were selected

to represent Phase I investigation data. Because Leeman Analyzer analyses were not

conducted during pre-Phase I investigations, and pre-Phase I XRF screening data are not

suitable for use in the HHRA, off-site laboratory CVAA data were selected to represent

pre-Phase I investigation data.

A summary of the HHRA soil data set is presented in Table 2. A total of 540 samples (not

including field duplicates) were collected and were analyzed for mercury. These samples

included 529 Phase I soil samples collected from depths between 2 and 29 feet and

analyzed on-site with the Leeman Analyzer. A total of 11 pre-Phase I samples were

collected and were analyzed in an off-site laboratory for mercury. These samples included

3 subsurface soil samples collected from depths between 3 and 8 feet, and 8 surface soil

samples. Table B-3, Appendix B, presents a list of samples included in the soil data set for

mercury.

ABB Environmental Services, Inc.
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2.1.4 Special Mercury Analyses

A total of fifteen soil samples collected from eleven sample locations were submitted for

mercury headspace analyses, speciation analyses, and bioavailability testing. Fourteen of

these samples contained mercury, as evidenced by detection during field analyses. One

sample did not contain detectable mercury, and was submitted as a control sample. The

results of these evaluations were used to develop a bioavailability adjustment factor

(discussed at length later in this report) which was used to estimate the bioavailability of

mercury in soils at the Site. All analyses and testing were conducted by PTI

Environmental Services, Inc. (Boulder, CO) and its subcontractor, Columbia Analytical

Services, Inc. (Kelso, WA.) The report submitted by PTI, presenting methods, results,

and data quality assessments for these evaluations, is included as Appendix A.

2.1.4.1 Total Mercury and Headspace Analyses

Fifteen soil samples were submitted to PTI for total mercury analyses, mercury vapor

headspace analyses, and fraction organic carbon (foc), carbonate, and acid volatile sulfide

analyses. Total mercury, foc, carbonate and acid volatile sulfide analyses were performed

following USEPA methods. Headspace analyses were conducted using a Jerome mercury

vapor analyzer following a PTI-developed routine, as there is no USEPA approved

method for headspace analysis. Total mercury analyses were conducted on soils sieved to

two different size fractions: <2 mm and <250 mm. Results of the <250 mm fraction were

used in the bioavailability evaluation because soil particles in this size fraction are most

likely to adhere to skin (i.e., hands) and potentially be ingested through hand-mouth

contact (PTI, 1996).
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The results of these analyses are presented in Appendix A, Tables 1 through 4. Mercury

vapor in headspace above soil samples ranged from 0.004 mg/m3 to 22.8 mg/m3 for

samples with total measured mercury levels ranging from non-detectable to 3,110 mg/kg.

These results suggest that volatile forms of mercury are present in Site soils; elemental

mercury (the most volatile form of mercury) was well correlated (r2=0.72) with mercury

headspace concentration (Appendix A, Figure 3). Total mercury ranged from 1.5 mg/kg

to 12,000 mg/kg in the samples sieved to <2 mm, and 2.4 mg/kg to 5,850 mg/kg in the

soils sieved to <250 mm. It was further concluded that results between the two size

fractions were similar (Appendix A, Table 5); any inconsistencies between results for the

two soil size fractions is attributable to heterogeneity of the Site soil samples rather than

an unequal distribution of mercury between the two grain size fractions.

The above analyses were performed to support the overall bioavailability assessment and

were not used directly in the quantitative HHRA

2.1.4.2 Mercury Speciation Analyses

Fourteen soil samples sieved to <2 mm were submitted for sequential extraction analysis

to determine the speciation of mercury in Site soils and to provide information for the

bioavailability assessment. Mercury speciation in 10 Site soil samples was also evaluated

by electron microprobe analysis (EMPA).

Sequential extraction mercury analyses were performed using CVAA The results of these

analyses are presented in Appendix A, Table 8. The mercury in Site soils was found to be

composed on average of 0.3% organic mercury species (0.03% to 07%), 21% acid
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soluble mercury species (0.2% to 65%), 63% elemental mercury (17% to 99%), and 15%

mercuric sulfide (0.7% to 70%). For all but two samples, elemental mercury represented

the largest fraction of mercury. These findings are consistent with the history of the Site,

where elemental mercury was the form of mercury primarily used at the facilities. These

findings are also supported by mercury vapor headspace analyses (representing volatile

mercury), which correlated well (r2=0.72) with elemental mercury concentration (the

primary volatile form of mercury) (Appendix A, Figure 3). As discussed in

-

Subsection 4.4.1.2 and Appendix A, the buffering capacity of Site soils may have resulted

in a low bias in the reported acid soluble species concentrations, and a high bias in the

reported elemental species concentrations. For this reason, only soil samples with

carbonate contents below 5% (which do not have a high buffering capacity) were

considered for interpretation of the sequential extraction results. These limitations do not

affect the results or interpretation of the bioavailability testing results. No pattern of

source area-specific or soil type-specific speciation was identified. Therefore, the

speciation results were applied to all soils throughout the Site.

EMPA results are summarized in Appendix A Table 14. The purpose of the EMPA

analyses was to quantify the distribution of mercury mass among the various mercury

bearing mineral phases in Site soils. Results of the EMPA analyses were generally in

agreement with the sequential extraction analyses. Distribution of the mercury mass

among the various mercury-bearing particles showed that elemental mercury was the

primary mercury species, representing on average 61 % (18% - 98%) of the total mercury.

Mercuric sulfide was found to represent approximately 24% (1 % to 96%) of the total

mercury, and mercuric chlorides and sulfates were found to represent approximately 15%

(1 % to 67%) of the total mercury. As discussed in detail in Appendix A and summarized
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in Subsection 4.4.1.2, the ErvIPA analytical technique tends to underestimate the fraction

of elemental mercury and mercuric chloride in soil samples. However, this analytical

limitation does not affect the results or interpretation of the bioavailability assessment.

Similar to the headspace analyses, the speciation analyses are designed only to assist in

corroborating the bioavailability testing and were not used directly in the quantitative

HHRA.

2.1.4.3 Bioavailability Testing

Bioavailability refers to the amount of chemical that is absorbed into the bloodstream and

is thereby available for biological interaction. Bioavailability testing was performed on 10

of the 14 samples submitted to PTI for speciation analyses. The samples submitted for

bioavailability testing were selected to provide bioavailability information for a range of

total mercury concentrations (2.4 mg/kg to 5,850 mg/kg) and for a range of conditions

throughout the Site (i. e., soil type, source area, etc.). A description of the bioavailability

test procedure is presented in Appendix A and summarized in Subsection 4.2.3.3. Results

of the bioavailability testing are presented in Appendix A, Table 18, and summarized in

Appendix A, Figure 6. From these data a bioavailability adjustment factor of 0.2 was

derived. This adjustment factor indicates that mercury availability in Site soils is

approximately 20% of the bioavailability of mercuric chloride (the mercury species on

which the oral reference dose for mercury is based). The bioavailability adjustment factor

of 20% is consistent with the mercury speciation results, which indicate that approximately

78% of the mercury in Site soils is present in insoluble, minimally bioavailable forms (i.e.,

elemental mercury and mercuric sulfide), and 22% of the mercury in these soils is present
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III potentially bioavailable forms (i.e., acid soluble species and organiC species). No

pattern of source area-specific or soil type-specific bioavailability was identified.

Therefore, the BAF of 0.2 was applied to all soils throughout the Site.

Data quality for the bioavailability testing was examined in Attachment A of Appendix A.

Because bioavailability testing is a non-standard procedure, there is no specified procedure

or standards for judging the resultant data quality. These data were considered suitable

for use in the quantitative HHRA based on two factors:

• As described in Attachment A to Appendix A of this report, the quality of the

analytical work (primarily total mercury analysis) performed by Columbia

Analytical on the extracts from the bioavailability testing was determined to be

acceptable. These data meet the definition of definitive data, similar to other

analyses performed in off-site laboratories during Phase I and pre-Phase I

investigations

• As described in Appendix A, the bioavailability testing included a number of

quality control procedures including replicate, duplicate and spike analysis.

Evaluation of the resulting data, discussed in Appendix A and Section 4.4.1.2

of this report, indicate that the bioavailability data is of sufficient quality for

quantitative use.
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2.2 GROUNDWATER

Groundwater data were collected during the Phase I investigation and previOUS

investigations. The groundwater data selected for this HHRA were from a round of

samples collected from existing and newly installed temporary monitoring wells during

Phase I (April 1996) and several samples from non-monitoring well locations collected

during 1993 and 1995. These data reflect current site conditions and include the largest

number of sampling points. All groundwater samples collected during the Phase I

investigation and previous investigations were submitted to the off-site laboratory for

analyses for VQCs, inorganics (chromium, lead, nickel, and zinc), and mercury. Table 1

provides a summary of the sources of groundwater data used in this HHRA. The details

of the selection rationale are provided in Subsection 4.2 of Volume I, and are summarized

below.

A total of 23 monitoring wells are located along the northern and eastern perimeter of the

Site. These wells are in a downgradient flow direction from Site sources, and were

selected for the HHRA perimeter well data set. Four wells located in the Site interior at

specific areas known to be soil source areas were selected for evaluation as the interior

well data set. Five samples collected in 1993 and 1995 from non-monitoring well

locations (e.g., boreholes, terraprobes, and tank excavations) in the Site interior at specific

areas known to be soil source areas were also included in the interior well data set because

no monitoring well data were available for these Site locations. Three additional wells to

the south (W-1, W-2, and W-6) upgradient of the potential source, do not exhibit site

related contamination, and were therefore not selected for use in the HHRA. Appendix B,
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Tables B-4 and B-5 provide summanes of the samples included in the perimeter and

interior well data sets, respectively.

2.2.1 Volatile Organic Compounds

Table 3 presents a summary of perimeter well groundwater data, and Table 4 presents a

summary of interior well groundwater data. Volatile organic compounds were analyzed in

each of the 23 perimeter wells and in each of the 4 interior wells. In addition, VOCs were

analyzed in 4 non-monitoring well sampling locations during 1993 and 1995

investigations. There were no rejected data.

2.2.2 Inorganics and Cyanide

Table 3 presents a summary of perimeter well groundwater data, and Table 4 presents a

summary of interior well groundwater data. Inorganics were analyzed in 8 of the 23

perimeter wells, and cyanide in 4 of the 23 perimeter wells, at well locations nearest and

downgradient to potential source areas for the constituents. There were no rejected data.

Only nickel and mercury were analyzed in the interior wells (Table 4) because these two

constituents were interpreted to be the primary inorganic contaminants of concern.

Analyses for total and dissolved nickel for were performed in 3 of the 4 interior wells.

There were no rejected data.
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2.2.3 Mercury

Table 3 presents a summary of perimeter well groundwater data, and Table 4 presents a

summary of interior well groundwater data. Mercury analyses were performed for each of

the 23 perimeter wells and for each of the 4 interior wells. Three of the interior wells

were also analyzed for dissolved mercury. One non-monitoring well sample was collected

from an open borehole during the 1993 investigation and analyzed for total mercury.

There were no rejected data. No mercury speciation analyses or bioavailability testing

were performed on groundwater samples.
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3.0 PRELIMINARY SCREENING

The purpose of the preliminary screenmg step 1S to identitY Chemicals of Potential

Concern (CPCs) for the HHRA. Chemicals of potential concern are chemicals that are

potentially site-related and which may pose risks of concern, for which data of sufficient

quality are available for use in the HHRA. Constituents identified as CPCs were retained

for development of risk-based concentrations (RBCs). The remaining constituents (i.e.,

those not selected as CPCs) are not considered to present an appreciable risk and,

therefore, were not evaluated further. Chemicals of potential concern for soil and

groundwater were selected as described below.

3.1 SOIL

Chemicals of potential concern in soil were identified by companng the maX1mum

concentrations of constituents included in the soil data set (Table 2) to soil cleanup

objectives presented in the TAGM (NYSDEC, 1994) and site-specific screening

concentrations developed by ABB-ES using the method specified in the TAGM. The

TAGM values are analyte concentrations which represent generic soil cleanup levels for

residential land use. Constituents with maximum reported concentrations below the

TAGM values were not considered a significant threat to human health and/or the

environment. Constituents with maximum reported concentrations exceeding the TAGM

values were considered a potential threat to human health and/or the environment and,

therefore, were selected as CPCs and included in the of the site-specific risk assessment.
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3.1.1 Basis of Soil Cleanup Objectives in the TAGM

The recommended soil cleanup objectives published in the TAGM (NYSDEC, 1994) are

based on several parameters, including a) the concentrations corresponding to an excess

lifetime cancer risk (ELCR) of 1 in one-million (I x 10-6) for Class A and B carcinogens,

and 1 in 100,000 (lx10-5) for Class C carcinogens, based on a residential exposure; b) the

concentrations corresponding to a hazard index (HI) of 1 for systemic toxicants, based on

residential exposure for a child; c) the soil concentrations which are protective of

groundwater quality for groundwater used as a source of drinking water (based on New

York State drinking water standards); d) soil background values; and e) analytical

detection limits. Criteria (a) and (b) were developed by NYSDEC using standard risk

assessment equations, considering incidental ingestion exposures only. Criterion (c) was

developed using the simple equilibrium partitioning model discussed in Subsection 3.1.2.

TAGM soil cleanup objectives were developed by selecting the most stringent cleanup

level using criteria a, b, and c for organic compounds, and criteria a, b, or d for inorganic

constituents. This value was then compared to analytical detection limits, and the greater

of the values was selected as the recommended residential soil cleanup objective published

in the TAGM by NYSDEC.

3.1.2 Basis of Site-Specific Screening Concentrations Using the TAGM Approach

For most constituents, the generic TAGM recommended soil cleanup levels developed by

NYSDEC (NYSDEC, 1994) are based on soil levels which are protective of groundwater

quality because this criterion is associated with lower soil cleanup levels than the direct

contact criteria. For organic constituents, this pathway is based on the assumption that
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constituents may partition between soil and groundwater and, therefore, leach into

groundwater. For inorganic constituents, it is assumed that substantial partitioning would

not occur; NYSDEC recommends background soil values in lieu of a value based on

partitioning. Because no site-specific soil background data are available for Site soils, the

background values for eastern US soils published in the TAGM were used in this

evaluation. In accordance with the TAGM, soil cleanup levels protective of groundwater

quality for organic constituents are developed by using the following simple equilibrium

partitioning model:

Allowable Soil Concentration ~~ foe x Koc x Cw x CF

-
where: Allowable Soil Concentration is the cleanup level for this pathway

foc is the fraction of organic carbon in the soil

Koc is the soil:water partition coefficient

Cw is the New York Class GA Groundwater Standard (NYSDEC, 1993)

CF is a correction factor

The soil cleanup levels for this criterion, which are provided by NYSDEC in the TAGM,

are based on default assumptions for organic carbon content (foc) of 1% and an

attenuation correction factor (CF) of 100. For the Ames Street HHRA, the TAGM values

used for preliminary screening were modified for site-specific foc by using the average foc

value of 1. 54% measured in Site soils. A modified CF of 10 was also used.
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As described in the TAGM, the CF is applied to account for the amount of chemical that

would not be expected to leach to groundwater as a result of natural fate and transport

processes. However, the TAGM includes language cautioning against the use of the

default CF of 100 if groundwater is shallow (e.g., <3 - 5 feet) with respect to the

contaminated soil. In such situations, the TAGM recommends that a modified CF be used

in order to provide a conservative evaluation. Available site data indicate that the sources

of soil contamination may be within <3 - 5 feet of groundwater. Depth to groundwater

varies seasonally at the Site, with an average annual depth to groundwater of

approximately 6 feet. During the Phase I investigation, saturated soils were observed

within 3 feet of the ground surface although the water table has never been measured this

high. The Site is now paved in its entirety and this, in combination with the site-wide

stormwater drainage system, is expected to produce a permanent lowering of the

groundwater table. Therefore, although no guidance for modifying the CF is provided in

the TAGM, a conservative CF of 10 was chosen for use at the Site, based on these site

specific conditions and professional judgment. Because site-specific foc and CF values

were incorporated into the calculations for this pathway, the TAGM values for organic

constituents used in this evaluation differ from those published in the TAGM (NYSDEC,

1994). Table 0-1 (Appendix D) documents the calculations used to develop the adjusted

TAGM values.

3.1.3 Screening Results

A comparison of maximum reported soil concentrations to Site-specific TAGM values is

presented in Table 2. As indicated in Table 2, the maximum reported concentrations of all

chemicals except 1,1, I-trichloroethane and trans-I ,2-dichloroethene exceeded the adjusted
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TAGM values. Therefore, all remaining constituents were retained as CPCs, and are

identified in Table 5.

Chemicals of potential concern are constituents which were detected at concentrations

that exceed conservative TAGM screening values. The TAGM values used in the

preliminary screening represent extremely conservative values for CPC screening at the

Site because they are based on protection of groundwater quality for groundwater used as

drinking water and on direct-contact exposures to residents. As described in

-

Subsection 4.2, neither of these exposure pathways exist under current and future land use

at the Site; groundwater use and residential use of the Site will be prohibited by deed

restrictions. Therefore, the TAGM values are based on exposure scenarios which will not

exist at the Site. Because the TAGM values based on these exposure scenarios are

protective for the potential future commercial/industrial uses that may occur at the Site,

any constituents detected at concentrations which did not exceed T AGM values do not

pose a significant risk under the future land use of the Site and thus do not require site

specific Quality Goals to be developed. Constituents identified as soil CPCs were carried

forward for in-depth analysis and development of RBCs.

3.2 GROUNDWATER

As described in Subsection 2.2, separate groundwater data sets were developed for

groundwater at the perimeter of the site and groundwater at the interior of the site. The

screening of perimeter wells is described in Subsections 3.2.1 and 322. The screening of

interior wells is described in Subsections 3.2.3 and 3.2.4.
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3.2.1 Screening Criteria - Perimeter Wells

Perimeter well groundwater data were compared to New York Class GA groundwater

standards (NYSDEC, 1993). These standards are intended to protect the quality of

groundwater so that it can be used as a source of potable water. The groundwater outside

the facility perimeter is not currently used as a source of potable water, nor is it

anticipated to be used as such in the future.

3.2.2 Screening Results - Perimeter

Table 3 presents a summary of perimeter well groundwater data, and companson of

maximum reported groundwater concentrations to Class GA groundwater standards. The

maximum reported concentrations of trichloroethene and mercury exceeded the Class GA

groundwater standards. No other constituents were found to exceed groundwater

standards. No Class GA groundwater standards were available for cis- or trans

dichloroethene and nickel. However, comparison of maximum reported concentrations of

these constituents to federal maximum contaminant levels (MCLs) (USEPA, 1996a),

indicated that cis- and trans-dichloroethene and nickel did not exceed drinking water

standards.

3.2.3 Screening Criteria - Interior Wells

As discussed in Subsection 4.2, on-site groundwater is not currently, and will not be in the

future, used as a potable source of water. The only exposure pathways which could

possibly exist for on-site groundwater are inhalation of volatile compounds which may
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migrate from groundwater to indoor air or ambient air. Since no standards or guidelines

are available for screening this pathway, all volatile constituents detected in interior wells

were retained as CPCs. In addition, because perimeter well data represent constituents

which are present in on-site groundwater, volatile constituents detected in perimeter wells

were retained as CPCs if they were detected at concentrations above Class GA standards.

Non-volatile constituents were not retained as CPCs because there is no exposure

pathway for these constituents.

3.2.4 Screening Results - Interior Wells

Table 5 presents a summary of the constituents identified as groundwater CPCs. As

discussed in Subsection 3.2.3, groundwater CPCs include all volatile constituents detected

in interior wells (Table 4) and all constituents detected in perimeter wells at concentrations

above Class GA standards. Chromium, lead, nickel, zinc, and cyanide were not retained

as CPCs because they are not volatile and, therefore, no exposure pathway to on-site

groundwater exists for these constituents. Constituents identified as groundwater CPCs

were carried forward for in-depth analysis and development of RBCs.
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4.0 RISK-BASED CONCENTRATION DEVELOPMENT

The following sections of this report describe the methods used to develop risk-based

concentrations (RBCs) for constituents identified as Chemicals of Potential Concern

(CPCs). Risk-based concentrations were developed using guidance presented in Standard

Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites (ASTM

Standard #1739-95; Nov. 1995; hereafter referred to as the ASTM Risk-Based Corrective

Action [RBCA] standard). The NYSDEC RBCA guidance presented in Site Assessment

and Guidance for Petroleum Impacted Sites (review draft) (NYSDEC, 1995) is based on

the ASTM standard. Although both of these guidelines were developed for use at

petroleum-contaminated sites, the principles and methods described are based on USEPA

risk assessment methodologies discussed in Risk Assessment Guidance for Superfund

(USEPA, 1989), and have been adopted in this HHRA for non-petroleum constituents.

Subsection 4.1 presents a toxicity assessment of the constituents identified as CPCs.

Subsection 4.2 presents an exposure assessment, which identifies the current and future

land uses of the Site, receptors, and potential soil and groundwater exposure pathways

which consider the identified land uses and receptors. This section also presents the

methods used to quantify exposures and RBCs. Subsection 4.3 presents RBCs for each of

the CPCs for the exposure pathways and receptors identified in Subsection 4.2, and

Subsection 4.4 presents an uncertainty discussion. Section 5 presents the selection of the

Quality Goals (Qgs).
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4.1 TOXICITY ASSESSMENT

The purpose of the toxicity assessment is to evaluate the evidence of potential adverse

effects that may be associated with exposure to each Cpc. With this information, a

relationship between the extent of exposure and the likelihood or severity of adverse

human health effects is developed. The toxicity assessment is developed in a two step

process: hazard identification and dose-response assessment (USEPA, 1989).

4.1.1 Hazard Identification

Hazard identification is the process of determining whether exposure to an agent can

cause an increase in the incidence or severity of a particular adverse health effect (e. g.,

lung cancer or birth defects) and whether that effect is likely to occur in humans. In this

case, hazard is defined as any chemical, substance, or situation at a site that is capable of

doing harm to human health. In most cases, the potential toxic effects associated with

contaminants detected at hazardous wastes sites have already been identified.

Consequently, the objectives of the hazard identification at the Site was to (l) identify

which of the contaminants detected at the site are potential hazards, and (2) summarize

their potential toxicity in brief narrative profiles. Those constituents selected as CPCs

were deemed to present potential hazards. Narrative toxicity profiles for cpes detected in

Site media are presented in Appendix C.
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4.1.2 Dose-Response Assessment

The objective of the dose-response assessment is to quantify the relationship between the

intake, or dose, of a CPC and the likelihood that a toxic effect may result from exposure

to that CPC. There are two major types of toxic effects evaluated in the HlIRA non

carcinogenic, and carcinogenic. Following USEPA guidance (USEPA, 1989), these two

effects (non-carcinogenic and carcinogenic) are evaluated separately. Identified dose

response values are used to estimate the likelihood of adverse effects as a function of

human exposure to a Cpc.

There are two types of dose-response values: cancer slope factors (CSFs) for

carcinogens, and reference doses (RIDs) for non-carcinogens. For many compounds, both

types of values have been developed by USEPA because many compounds elicit both

carcinogenic and non-carcinogenic (systemic) effects. In addition, because the toxicity

and/or carcinogenicity of a compound can depend on the route of exposure (i.e., oral or

inhalation), unique dose-response values have been developed for the oral and inhalation

exposure routes.

The CSF is a chemical-specific toxicity value developed by the USEPA Carcinogen Risk

Assessment Verification Endeavor (CRAVE), and is based upon the dose of a chemical

and the probability of a carcinogenic response. CSFs have been developed for the oral and

inhalation exposure routes.
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The RID is an estimate (with uncertainty spanning an order of magnitude or more) of a

daily intake for the human population, including sensitive subpopulations, that is likely to

be without appreciable risk of deleterious non-cancer effects during a lifetime. RIDs have

been developed for the oral and inhalation exposure routes. For several chemicals,

separate sets of RIDs have been developed for evaluating chronic and subchronic

exposures. Chronic RIDs are typically used for evaluating exposures lasting more than 7

years. For evaluating exposures less than 7 years but more than 2 weeks (excavation

worker), subchronic RIDs are appropriate. Because subchronic RIDs are intended to be

used for evaluating exposures considerably shorter than chronic exposures, subchronic

RIDs are often associated with higher dose-response values (i.e., tolerant to higher doses

of chemical). There are no analogous reference values for evaluating acute exposures, i.e.,

those lasting less than 2 weeks. Because the commercial/industrial worker is assumed to

be exposed for a chronic duration (i.e., 25 years), chronic RIDs were used. In accordance

with the ASTM standard for Risk-Based Corrective Action (ASTM, 1995), chronic RIDs

were used for the construction worker and utility worker, even though these receptors are

assumed to be exposed for only 1 year or less (indicating that subchronic RIDs could be

used). This provides an additional degree of conservatism in the evaluation s for the

construction worker and utility worker.

Sources of Dose-Response Values. The primary source of dose-response values for the

Ames Street HHRA was the USEPA Integrated Risk Information System (IRIS) (USEPA,

1996b), which is an on-line computer database containing health risk and USEPA

regulatory information about specific chemicals. Health risk information is included on

IRIS only after a comprehensive review of chronic toxicity data is conducted by work

groups composed of USEPA scientists. If no information for a given CPC was found in
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IRIS, the USEPA Health Effects Assessment Summary Tables (HEAST) (USEPA, 1995a;

1995b, 1995a; 1995b, 1995a; 1995b, 1995a; 1995b, 1995a; 1995b, 1995a; 1995b, 1995a;

1995b) were used as a source of information. If appropriate dose-response values were

not located from either of these two sources, other USEPA sources (including past

versions of IRIS and HEAST and the documents produced by the USEPA's National

Center for Environmental Assessment (NCEA; formerly OHENECAO) were consulted.

In addition, dose-response values for several CPCs at the Site are published by NYSDEC

(NYSDEC, 1995); these values were used when dose-response values were unavailable in

other sources. The selected cancer and non-cancer dose-response values for CPCs

identified in Site media are presented in the dose-response tables (Appendix C).

4.1.2.1 Mercury Dose-Response Values

For mercury, oral RIDs are available for methyl mercury (i.e., organic mercury) (lxlO-4

mg/kg/day), and mercuric chloride (3xlO-4 mg/kg/day). Based on the mercury speciation

data collected from 14 Site soil samples, mercury on-site is, on average, only 0.3%

organic mercury species (0.03% to 0.7%). The remainder of the mercury detected in Site

soil is present as inorganic species, primarily elemental mercury (63%: range 17% to

99%), acid soluble mercury specIes (21 %: range 0.2% to 65%), and mercuric sulfIde

(15%: range 0.7% to 70%). Elemental mercury differs from mercuric chloride and

mercuric sulfide because it is not a compound (e.g., inorganic salt), but is the element in

pure form. Elemental mercury is virtually non-bioavailable via the ingestion exposure

route (see Subsection 4.2.3.3). According to Casarett and Doull's Toxicology: The Basic

Science of Poisons, elemental mercury is generally thought to be of little toxicological

signifIcance via the oral route (Goyer, 1991). Given the speciation data (summarized in
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Appendix A, Table 8), the oral RID for inorganic mercury was selected for use in this

HHRA.

An inhalation RID is not available for mercury. As discussed in Subsection 4.2.4, RIDs

are required for the calculation of RBCs. The absence of an inhalation RID for mercury

introduces a significant data gap into the HHRA because mercury is a volatile substance

and there is concern that it may pose inhalation risks at the concentrations reported in soils

at the Site. However, an inhalation reference concentration (RfC) is available for

elemental mercury (USEPA, 1995a). RfCs are analogous to RIDs and are developed

through a similar process. However, unlike RIDs, which represent a dosage (in

mg/kg/day) at which adverse or deleterious effects are unlikely, RfCs represent aIr

concentrations (in mg/m3) at which adverse or deleterious effects are unlikely (i. e., an air

concentration corresponding to an HI = 1). Non-carcinogenic risks due to inhalation

exposures are estimated by comparing the environmental air concentration to the

inhalation RfC. The mercury RfC of 3x10-4 mg/m3 represents a lifetime air exposure

concentration of elemental mercury which is protective against adverse effects. As

described in Subsection 4.2.4.2, the receptor lifetime average air concentration was

compared to the mercury RfC.

4.1.2.2 Toxicity Assessment for Lead

Currently, there are no suitable dose-response values for assessing the risks associated

with exposure to lead. The USEPA Superfund program has issued a directive that sets

soil lead cleanup levels at 400 mg/kg for residential soils USEPA, 1994, 1994, 1994,
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1994, 1994, 1994, 1994). This value was used as the soil screening RBC for lead in Site

soils, as described in Subsection 4.3.

4.2 HUMAN HEALTH EXPOSURE ASSESSMENT

The exposure assessment is conducted to evaluate the pathways by which humans are

potentially exposed, estimate the magnitude of actual and/or potential human exposure,

and the frequency and duration of exposure. This process involves several steps:

(1) characterization of the exposure setting in terms of physical characteristics and the

populations that may potentially be exposed to site-related chemicals, (2) identification of

potential exposure pathways, and (3) quantification of exposure for each population in

terms of the amount of chemical either ingested, inhaled, or absorbed through the skin

from all exposure pathways. This assessment process was performed for both current and

assumed future site conditions.

4.2.1 Characterization of Exposure Setting

In characterizing the exposure setting of the HHRA, the physical attributes and

demographics of the area near the site are identified. Details pertaining to the physical

setting of the Rochester, New York area are discussed in Subsection 2.1 of Volume I.

The physical setting IS characterized in terms of the following attributes: climate,

meteorology, geology, vegetation, soil type, groundwater, and surface water. This

information was gathered from previous investigations and additional information

collected during this SI. The information generated from this analysis aids in defining the
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physical mechanisms that control or influence how people could be exposed at the site,

and the processes which may control the fate and transport of contaminants.

Demographics are characterized for (1) the populations residing or working near the site,

(2) the activity patterns of residents and/or workers, and (3) if any exist, the locations of

potentially sensitive subgroups. Key to this activity was determining current and

foreseeable future land use of the sites and surrounding areas (e.g., residential, commercial

and industrial, and recreational). Sources for this information included the following:

(1) site visits to the Ames Street site, (2) previous investigations, (3) information

generated during the SI, and (4) maps and photographs.

The land in the vicinity of the Ames Street site is best characterized as mixed residential

and light industrial. The site, located within the city of Rochester, is bounded on the south

by West Avenue, the west by Hague Street, east by Ames Street, and to the north by

Conrail railroad tracks. Rochester Gas and Electric operates a facility on the west side of

Hague Street, whereas the areas south of West Avenue and east of Ames Street are

predominantly residential.

The Site occupies approximately 14 acres. Within the past year, all buildings on the site

except one unoccupied building (which will remain through the YSI) have been

demolished and the building materials have been disposed of off-site. The Site has been

re-graded with clean fill from an off-site source to a slope of no more than 3% and paved.

The only persons who are present at the site on a regular basis are ABB-ES field

investigation personnel and associated subcontractors. Because the site is paved, there are

no direct-contact exposures to soil for these receptors. In addition, the pavement prevents

ABB Environmental Services, Inc.

-
p:'abbkt"phs 1risk\vo12hhra. doc

1122,96

4-8

0719X.23



-

-

SECTION 4

migration of vapors to ambient air In an substantial quantities, thereby preventing

inhalation exposures to volatile compounds. The groundwater beneath the site is not used

as a water source at the site. The only exposures that could potentially occur under

current site conditions are associated with subsurface utility maintenance; these exposures

occur very infrequently.

The future use of the site is anticipated to either remain as it is currently (i.e., vacant and

unused) or, more likely, be an industrial or commercial property associated with passive

uses such as parking lots and landscaped areas. Under these conditions, commercial or

industrial workers would occupy the site. Future uses of the site will be controlled by

deed restrictions that specify how the Site may be used under various future

commercial/industrial development scenarios, as described in Section 5.

4.2.2 Identification of Exposure Pathways

The purpose of this step in the exposure assessment is to identify all pathways through

which individuals may be exposed to site-related contaminants through current and

foreseeable future land use. A complete exposure pathway requires four elements: a

source or mechanism of chemical release, a transport or retention medium, a point of

potential human contact with the contaminated source or medium, and a route of exposure

at the point of contact (USEPA, 1989). In some cases, the source of release may be the

point of contact, such as direct contact with a spill area.
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Potential exposure pathways were determined by first identifying all sources of

contamination and the receiving media (i.e., soil and groundwater). Once sources were

identified, relevant fate and transport mechanisms were evaluated to predict distant and/or

future exposures. Exposure points and exposure routes (i.e., ingestion, inhalation, and

dermal absorption) were identified by determining the areas where individuals may poten

tially come in contact with contaminated media and the likely mechanisms of exposure.

All exposure pathways that have these four elements (i.e., a source or mechanism of

release, a transport or retention medium, an exposure point where contact can occur, and

an exposure route at the point of contact) are considered complete pathways.

The conceptual model (Figure 1) presents the general fate and transport processes that

have resulted in contamination of the exposure media. The model also presents a

conceptual summary of the potential exposure pathways by which individuals could be

exposed to contamination detected in the various exposure media.

For the Site, the sources of contamination are associated with historic manufacturing and

related processes at the facility. As described in detail in Section 2 of Volume I, key

operations carried out within the facilities occupying the Site included mercury-filled and

other instrument manufacturing, electroplating, solvent degreasing, and machining. These

processes were conducted for extended periods throughout the early and mid 1900's, and

some processes remained until the facility closure in 1992. The activities that were

conducted at the site formed the basis of identifying Areas of Concern (AOCs) for

investigation during the Phase I VSI, as described in Section 2 of Volume I.
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Subsurface soil are the recelVlng and source media for contaminants associated with

operations at the Site. Individuals could be exposed directly to contaminants in the soil

through incidental soil ingestion and/or dermal contact with the soil. Additionally,

individuals may be exposed to contamination that has migrated from the source areas to

various other exposure media. The potential mechanisms for migration of contaminants

from soil to other media include volatilization, particulate suspension, and percolation.

Although contaminants can also migrate through erosion, runoff, and groundwater

discharge to surface water and sediment, the Site is paved and stormwater is directed to

subsurface drains and then to the off-site combined sewer system. There is no surface

water or sediment present at or adjacent to the Site.

Soil contaminants can theoretically migrate into air through volatilization (primarily

volatile organic compounds (VOCs) and mercury) or wind erosion (all constituents).

Individuals may be exposed to these contaminants through inhalation of wind-borne

particulates, or inhalation of volatiles migrating from the surface to ambient air. Volatile

constituents may also migrate from subsurface soils through foundations into indoor air.

Some constituents, primarily soluble VOCs and inorganics, can theoretically migrate from

soil to groundwater, and be transported in groundwater. From groundwater, constituents

may adsorb to subsurface soil in the groundwater vadose zone. Volatile constituents in

groundwater may volatilize through the soil overburden into ambient air, or through

foundations into indoor air. Individuals can theoretically be exposed to contaminants in

groundwater through inhalation of migrated vapor, ingestion of groundwater used as

drinking water, and dermal contact and inhalation (volatiles only) during bathing and

dishwashing activities.
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Based on the conceptual site model (Figure I), the potential exposure media at the Site

include air (ambient and indoor), soil, and groundwater. Exposure routes to these media

include inhalation, ingestion, and dermal contact. Only complete exposure pathways were

selected for quantitative evaluation in the HHRA (Figure 1). Table 6 presents a summary

of the exposure pathways selected for quantitative evaluation. Justifications for the

exclusion of other potential pathways are provided in Table 6 and summarized below.

4.2.2.1 Current Land Use

Under current land use, the only exposures to contaminated media at the Site that could

possibly occur are to utility workers who may infrequently excavate soils in order to repair

utilities. Utility workers may be exposed to contamination in soils via incidental ingestion,

dermal contact, and inhalation of wind-borne particulates and vapors during excavation

and repair activities. Utility workers could also theoretically be exposed by the inhalation

exposure route to vapors migrating from soils and groundwater to ambient air. As

indicated in Table 6, these exposure pathways were selected for quantification in this

HHRA

Although ABB-ES personnel and associated subcontractors are frequently at the site, and

trespassers could theoretically occur at the site, direct-contact exposures cannot occur

because the site is paved. In addition, the pavement and lack of buildings on-site prevent

migration of potentially substantial concentrations of volatile compounds to ambient air

and thereby prevents inhalation exposures to these contaminants. Therefore, under

current site conditions, there are no exposure pathways to contaminated media for

receptors other than utility workers.

ABB Environmental Services, Inc.
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Groundwater beneath and downgradient of the Site is not used as a source of public or

private potable water. Abutters to the Site are supplied with remote public water sources.

Therefore, there are no direct-contact exposures to off-site receptors, although there may

be potential for indirect contact exposures to groundwater constituents via inhalation of

volatile compounds which may migrate from groundwater to indoor air.

4.2.2.2 Future Land Use

The anticipated future land use of the Site is commercial (e.g., retail stores) or industrial

(e.g., manufacturing). Deed restrictions will prevent both residential use of the site and

building designs which include subsurface structures (e.g., basements). Slab-on-grade

structures will be used. In addition, a deed restriction will prevent potable and non

potable use of the groundwater at the site. The future facilities at the site will continue to

be served by public water supply, and off-site receptors will continue to be supplied with

remote public water sources. Potential exposures to off-site receptors (e.g., site visitors)

are not quantified in this assessment because the exposure frequency and duration would

be much lower than for a commercial/industrial worker (i.e, employee) at the site.

Based on discussions with consultants, developers, and City of Rochester Economic

Development officials, under all reasonably foreseeable future commercial/industrial land

uses, areas of the Site will be variously occupied by buildings, pavement, and landscaping.

These development scenarios would substantially reduce the potential for any

commercial/industrial worker direct-contact exposures or inhalation exposures to volatiles

migrating from subsurface soil or groundwater to ambient (outdoor) air. Therefore, it is

unlikely that any commercial or industrial workers or site visitors would be exposed to
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soils via direct contact, particularly at the intensity evaluated in this I-ll-IRA However,

direct contact and vapor inhalation exposures were evaluated for commercial/industrial

workers that are assumed to work outdoors and be exposed to contaminated soils in order

to provide perspective for remedial decision-making (Subsection 5.1.1).

Commercial/industrial workers that work indoors may be exposed to VOCs migrating

from subsurface soil and groundwater to indoor air. Inhalation exposures to volatiles from

this pathway would be more substantial than exposures to volatiles migrating to ambient

air. As described in Subsection 4.4. 3, these exposure scenario provides a conservative

assessment.

Construction workers may be exposed to contamination in soils via incidental ingestion,

dermal contact, and inhalation of wind-borne particulates and vapors during excavation

and construction activities. Construction workers could also theoretically be exposed by

the inhalation exposure route to vapors migrating from soils and groundwater to ambient

air. As indicated in Table 6, these exposure pathways were selected for quantification in

this Ill-IRA Because construction workers will not work inside a building (that they

constructed) for more than a very short period, exposures to volatiles in indoor air were

not evaluated for the construction worker

In areas of the site that are left undeveloped (i.e., unchanged from the current use as a

paved lot), or should the entire site be left undeveloped, the only receptors that may

potentially be exposed to soils are utility workers who may infrequently be required to

repair or maintain utilities beneath the Site. Utility workers may be exposed to

contamination in soils via incidental ingestion, dermal contact, and inhalation of wind

borne particulates and vapors during excavation activities. Utility workers could also
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theoretically be exposed by the inhalation exposure route to vapors migrating from soils

and groundwater to ambient air. As indicated in Table 6, these exposure pathways were

selected for quantification in this HHRA

As indicated in Figure 1, another potential exposure pathway at the Site is the leaching of

contaminants from soil to groundwater (all contaminants), where direct contact exposures

to contaminants that have leached from soil could theoretically occur through potable and

non-potable use of the groundwater and contaminant migration to ambient air and indoor

air (VOCs and mercury). This exposure pathway was evaluated in the preliminary

screening step (Section 3) because it is one of the criteria upon which TAGM values are

based. However, exposures to soil and groundwater contaminants would not be as

substantial through this pathway as they would be through either direct contact with soil

or direct migration of soil and groundwater volatiles to air. Therefore, this exposure

pathway was not selected for quantitative evaluation in this HHRA. In addition, the

migration of soil contaminants to groundwater used as drinking water is not a complete

exposure pathway because groundwater is not currently, nor will be in the future, used as

source of drinking water.

4.2.3 Quantification of Exposure

Once complete exposure pathways are selected for evaluation, the final step of the

exposure assessment is to quantify exposure (i.e., intake) for each pathway. This

quantification process involves developing exposure scenarios and calculating intakes to

estimate the total amount of contaminants that a hypothetical receptor may ingest,

dermally absorb, and/or inhale from each exposure pathway. These exposure scenarios
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are based on several variables, that can be grouped into population-, assessment-, and

chemical-related variables. The ultimate goal of this step, as defined in USEPA guidance,

is to identify the combination of these exposure variables or parameters that results in the

most intense level of exposure that may "reasonably" be expected to occur under current

and future site conditions (USEPA, 1989; ASTM, 1995). This is performed for every

complete exposure pathway selected for evaluation. The resulting exposure scenarios are

referred to as the Reasonable Maximum Exposure (RME) for each exposure pathway.

The following exposure scenarios were identified as the RME scenario for each pathway,

and were selected for quantitative evaluation:

Direct soil contact (ingestion, dermal, inhalation of dust and vapor)

- commercial/industrial worker, construction worker, utility worker

Inhalation of vapors from subsurface soil to indoor air

- commercial/industrial worker

Inhalation of vapors from surface soil to ambient air

- commercial/industrial worker

Inhalation of vapors from groundwater to indoor air

- commercial/industrial worker
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Inhalation of vapors from subsurface soil to ambient air

- construction worker and utility worker

Inhalation of vapors from groundwater to ambient air

- construction worker and utility worker

Subsection 4.2.4 describes the methods used to quantify exposures for these RME

scenanos.

4.2.3.1 Population-Related Variable

Population-related variables describe the characteristics of a hypothetical individual

receptor within each potentially exposed population. Hypothetically exposed populations

were identified through analysis of exposure setting and exposure pathway information

(see Subsection 4.2.2). Population-related variables include contact rates, such as

exposure frequencies and ingestion rates, and physical characteristics of human bodies,

such as body weights and surface areas. The population-related variables for the receptors

evaluated in this HHRA (i.e., commercial/industrial worker, construction worker, and

utility worker) were the Tier 1 Default RME Factors recommended in the ASTM RBCA

standard (ASTM, 1995). These values are presented in Table 7. For the utility worker,

the construction worker exposure values were used for all parameters except exposure

frequency and exposure duration, which are described in Subsection 4.2.3.2.
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4.2.3.2 Assessment-Related Variable

The assessment-related variable involved in exposure quantification is the averaging time.

Averaging time reflects the duration of exposure and depends on the type of effect being

evaluated. Exposure intake during a defined interval (e.g., a lifetime) is averaged over the

entire period, resulting in an estimate of average daily intake.

There are generally two types of adverse health effects evaluated in HHRA: carcinogenic

effects and non-carcinogenic effects. According to USEPA and ASTM guidance, the

averaging time for carcinogenic effects is assumed to be a 70-year lifetime (USEPA, 1989,

ASTM, 1995). This averaging time is used to evaluate carcinogenic effects for all

receptors, regardless of the length of the receptor-specific exposure period. The

averaging times for non-carcinogenic effects are equivalent to the duration of exposure

and may vary depending on the nature of exposure. There is a wide range of possible

estimates, from a day to a lifetime. However, based on USEPA guidance, exposure

durations for non-carcinogenic effects can roughly be categorized into one of three

periods: (1) chronic exposures of 7 years to a lifetime; (2) subchronic exposures of 2

weeks to 7 years; and (3) acute exposures of less than 2 weeks (USEPA, 1989). The

length of the exposure period depends on the potentially exposed population and the

characteristics of exposure. For the commerciaVindustrial worker, the exposure period

was assumed to be 25 years, representing the upper bound estimate of employment

duration at a single location. For the construction worker, the exposure period was

assumed to be one year, representing a conservative estimate of the duration of most

excavation projects. For the utility worker, the exposure period was assumed to be one-
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month, representing a conservative estimate of the duration of a utility repair or

maintenance project.

4.2.3.3 Chemical-Related Variable

The chemical-related variable is the chemical and physical data that are specific to each

CPC. These data are used to describe chemical fate and transport characteristics and

toxicity characteristics. Chemical fate and transport characteristics are used to model

chemical movement among various exposure media, which provide the basis for

calculating chemical intakes. Chemical-specific data used in this Ill-IRA included variables

such as Henry's law constant, soil:water partition coefficient, and air and water diffusion

coefficients. Physical data included parameters such as depth to groundwater, soil

porosity, and soil water content. The chemical and physical data used to model chemical

fate and transport were generally based on default values provided by ASTM (1995), but

were substituted for in some cases by site-specific data or default values recommended by

NYSDEC (1995). These data are documented in Appendix D, Table D-5 and discussed

further in Subsection 4.4.3.2. Chemical-specific toxicity characteristics are discussed in

Subsection 4.1.

Relative Absorption Factors. The incidental ingestion and dermal contact components

of the direct-contact equations (described in Subsection 4.2.4.1) incorporate a relative

absorption factor (RAF) parameter. The RAF is incorporated to compensate for the

differences in oral and dermal absorption efficiency between the exposure medium at the

site (i.e., soil) and the exposure medium in which the analyte was administered during the

toxicity study upon which the dose-response value was based (e.g., water). This
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adjustment is performed because, for many chemicals, USEPA bases dose-response values

on applied (i.e., administered) doses rather than absorbed doses. Therefore, if absorption

differs between the exposure medium evaluated in the risk evaluation and the exposure

medium upon which the dose-response value is based, the administered dose calculated in

the exposure assessment and the administered dose representing the dose-response value

are not directly comparable. Because it is the absorbed dose which is available for

biological interaction, risk estimates may be over- or under-estimated if differences in

absorption are not accounted for.

ASTM recommends oral absorption factors of 100% for all constituents and dermal

absorption factors of 0.5% for VOCs, but does not provide dermal absorption factors for

inorganic constituents (ASTM, 1995). However, USEPA Region IV suggests a default

dermal absorption factor for inorganics of 0.1% (USEPA, 1995c). For all constituents

except mercury, the NYSDEC and USEPA Region IV default absorption factors were

used in this HHRA in the absence of other information. For mercury, a site-specific oral

bioavailability factor was developed as described below, and dermal absorption data were

obtained from the literature and used to calculate a dermal intake, as described in

Subsection 4.2.4.1.

Mercury Bioavailability Adjustment. Because mercury has been identified as a primary

contaminant at the Site, and because substantial evidence exists that mercury

bioavailability varies with mercury species, a site-specific oral bioavailability factor has

been developed for mercury in the Site soils. The bioavailability factor was developed by

the ABB-ES subcontractor PTI Environmental Services, Inc. (Boulder, CO) using 10 soil

samples collected from various depths and locations at the Site (see Subsection 2.1.4.3).
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Methods and results of the bioavailability testing are summarized below, and method

limitations associated with this approach are discussed in Subsection 4.4 1.2. Details of

the methods and results of the bioavailability test are presented in the PTI report

Development of a Bioavailability Adjustment Factor for Mercury in Soils at the Ames

Street Site, Rochester, New York, included in its entirety as Appendix A

As discussed previously, bioavailability factors (BAFs) and RAFs are used to adjust

exposure equations such that the calculated intake from an environmental medium is

comparable to the intake upon which the dose-response value is based Therefore,

applying BAFs or RAFs, the absorbed dose of toxicant associated with a toxicological

response is evaluated against the absorbed dose of toxicant that may be received from

exposure to an environmental medium. For mercury, toxicological data indicate that the

solubility and bioavailability of certain mercury species such as elemental mercury and

mercuric sulfide are minimal (eg., less than 1%), whereas the bioavailability and solubility

of other species such as mercuric chloride are substantially higher (e.g., more than 20%)

The oral RID is based on studies in which laboratory animals were exposed to mercuric

chloride dissolved in water. It is appropriate to directly compare intakes of soluble

mercury species to this oral RID. To compare intakes of less bioavailable mercury species

with this oral RID without adjustment for bioavailability would result in overestimates of

potential risk.

To provide data for use in adjusting the oral intake dose, bioavailability testing was

conducted. The bioavailability test is an in vitro assay which simulates gastrointestinal

digestion by a human child. Soil sieved to <250 mm is introduced to an extraction vessel

which contains fluid resembling the conditions of a fasted stomach. The system is

ABB Environmental Services, Inc.

- p:\abbkt\phs I risk\voI2hhra.doc

11/22 96

4-21

0719823



-

-

SECTION 4

incubated for one hour, during which extract samples collected at 30 minutes and one

hour are analyzed for mercury. The system is then adjusted to conditions resembling the

small intestine and incubated for an additional 4 hours (to result in a total of 5 hours

incubation time). Two additional extract samples collected at 3 hours and 5 hours are

analyzed for mercury. The ratio of mercury concentration present in the sample extract to

the total mercury concentration present in the soil sample is interpreted as the bioavailable

fraction. A positive control, consisting of mercuric chloride dissolved in water, IS

evaluated to establish the "baseline" conditions upon which the oral RID was based.

The in vitro assay actually provides an evaluation of bioaccessibility rather than

bioavailability. Bioaccessibility refers to the amount of constituent that is available for

potential absorption into the bloodstream, whereas bioavailability refers to the amount of

constituent which is actually absorbed into the bloodstream. Because mercury in soil must

be in a soluble form in order for it to be absorbed into the blood stream, the evaluation of

soluble mercury in the in vitro assay provides an estimate of bioaccessibility This is used

to conservatively represent an upper-bound estimate of potential bioavailability.

Results of the bioavailability testing for individual samples are presented in Appendix A,

Table 18 and summarized in Appendix A, Figure 6. The average bioavailability in the

intestinal phase was 14% (2% to 24%) for all soil samples tested. A general increase in

bioavailability occurred over time during the in vitro assay, with mercury becoming more

bioavailable in the intestinal phase than during the stomach phase. As discussed in

Appendix A, the bioavailability test used an upper bound intestinal residence time to

provide a conservative evaluation of potential bioavailability. Mercury bioavailability

tended to decrease with increasing mercury concentrations (r2=0.57) (Appendix A, Figure

ABB Environmental Services, Inc.

-
p: \abbkt-.phs Irisk\vo12hhra. doc

11/22/96

4-22

07191<.23



-

-

SECTION 4

8), and it is believed this was due to an increasing fraction of total mercury present as

elemental mercury. This was evidenced by the soil samples associated with the lowest

bioavailability, which contained 99% elemental mercury (as determined by the sequential

extraction results). As described in Appendix A, these findings are consistent with the

mercury speciation results (Appendix A, Table 8), which indicated approximately 78% of

the mercury is present in minimally bioavailable species (63% elemental mercury, 15%

mercuric sulfide), and only 22% is present as species with greater potential bioavailability

(e.g., mercuric chloride and organic mercury).

Because the relationship between increasing mercury concentration and decreasing

bioavailability was observed, the bioavailability adjustment factor was developed for soils

with lower mercury concentrations because they had higher bioavailability. In addition,

since there were no correlations between the bioavailability results and the sample

locations within the site (Appendix A), a single BAF was developed for use with all soils

at the site. Using the linear correlation presented in Appendix A, Figure 8, a soil mercury

bioavailability of 16% was selected for the calculation of the BAF. This mercury

bioavailability corresponds to Site soils containing between 0 and 520 mg/kg mercury.

Soils containing mercury within this concentration range do not present a risk greater than

a hazard index of 1 (which is the NYSDEC acceptable non-cancer risk level) to future

commercial/industrial workers, under the very conservative default assumption that the

mercury is 100% bioavailable. The BAF was calculated by dividing the mercury

bioavailability for Site soils (16%) by the mercury bioavailability of mercuric chloride in

water (the mercury species and exposure medium which the mercury oral dose response

value is based on). The bioavailability of mercuric chloride in water was determined to be

78% in the positive control sample tested in the in vitro assay. The resulting BAF is 0.2.
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The mercury bioavailability factor was applied as the RAF to the incidental ingestion

intake equation described in Subsection 4.2.4.1. The approach to developing and using

the 8AF to adjust oral mercury exposure estimates in this HHRA is consistent with the

8AF adjustments approved at other sites where mercury was a CPC for which Records of

Decision (RODs) have been signed, including the Almaden Quick Silver County Park in

Los Gatos, CA (CDM, 1992), Lower East Fork Poplar Creek (Oak Ridge Department of

Energy Plant) (DOE, 1995), Oakridge, TN, and the Carson River Mercury Site,

Lyon/Churchill County, NV (USEPA, 1995d). As described in Appendix A and

Subsection 4.4.1.2, the bioavailability factor derived in the in vitro assay is unlikely to

underestimate the bioavailability of mercury in Site soils.

4.2.4 Calculation of Exposures and Risk-Based Concentrations

This section describes the methods used to quantify exposures and calculate risk-based

concentrations for each of the RME scenarios. The final RBCs are presented and

discussed in Subsection 4.3. As discussed previously, the purpose of this HHRA is to

develop Quality Goals (QGs) based on RBCs. The approach for developing RBCs

requires that chemical intakes be quantified for a specific level of risk. The intake

associated with a fixed level of risk can then be used to develop medium-specific chemical

concentrations which correspond to the chosen level of fixed risk, or target risk. This is

referred to as a RBC. These two components are addressed using a single equation which

calculates a pathway-specific chemical concentration that is associated with a chemical

intake corresponding to a fixed level of risk. In accordance with NYSDEC guidance

(NYSDEC, 1995), the target risks upon which screening RBCs for each CPC were
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developed were an ELCR of 1xl 0-6 for carcinogenic effects, and a HI of 1 for non

carcinogenic effects.

Exposures were quantified using the approach described in the ASTM RBCA standard

(ASTM, 1995). As indicated previously, the NYSDEC RBCA guidance is based on the

ASTM guidance.

4.2.4.1 Direct-Contact Exposures

Direct-contact exposures to soil were calculated for the commercial/industrial worker,

construction worker, and utility worker exposure scenarios. The equations used to

calculate intake are those presented in the ASTM RBCA standard (ASTM, 1995)(ASTM,

1995)(ASTM, 1995)(ASTM, 1995)(ASTM, 1995)81(ASTM,1995.

The equation for calculating RBCs for non-carcinogenic CPCs is as follows:

TR*BW*AT*365Me

RBC
THI * BW * AT * 365

EF * ED[IO~' * (IRw,' * RAFo ' SA * M * RAF,) ~ (fRo * (VF" ' IF,,)) ~I
Rfdo RiD, J
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[(mg/kg-day)-l) ]

Inhalation rate (m3/day)

Volatilization factor - volatiles (mg/m3)(Appendix, Table D-5.2)

Risk-based concentration soil [mg/kg]

Chemical-specific oral cancer slope factor [(mg/kg-day)-l]

Soil ingestion rate [mg/day]

Chemical-specific oral relative absorption factor [---]

Skin surface area [cm2/day]

Chemical-specific dermal relative absorption factor [---]

Soil to skin adherence factor [mg/cm2]

Target cancer risk (---)

Body weight (kg)

Averaging time (yr)

Exposure frequency (day/yr)

Exposure duration (yr)

Chemical-specific inhalation cancer slope factory

- where:

RBCs

SFo

IRs

RAFo

SA

RAFd

M

TR

BW

AT

EF

ED

SFi

-
IRa

VFss

VFp Volatilization factor particulates (mg/m3) (Appendix,

-

Table D-5.2)

RID0 Chemical-specific oral reference dose [mg/kg-day]

RIDi Chemical-specific inhalation reference dose [mg/kg-day]

THI Target hazard index for individual constituents [--]
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The direct-contact exposure equation accounts for incidental ingestion, dermal contact,

and inhalation of fugitive dusts and vapors emitted from the surface to ambient air. For

this exposure scenario, the cumulative intake from all exposure routes corresponds to the

target risk (therefore the intake associated with a single exposure route, such as ingestion,

will be below the target risks) Fugitive dust and vapor emissions were estimated using

the modeling techniques presented in Appendix 0, Table 0-5. Calculations of the RBCs

for direct-contact exposures, for the commercial/industrial worker, construction worker,

and utility worker are presented in Appendix 0, Tables 0-2, 0-3, and 0-9 respectively.

Dermal exposure estimate for mercury. Because mercury is a primary contaminant of

concern at the Site, dermal absorption data were obtained from the literature and used to

develop a dermal exposure estimate. The dermal absorption data came from a study

conducted by Hursh, et al (1989), who evaluated the percutaneous absorption of elemental

mercury vapor in five human subjects. Following 35 minute exposures (average) of 382

cm2 areas of forearm skin (average) to mercury vapor concentrations of 1.61 ng/cm3

(average), the average uptake rate was calculated to be 0.024 ng/cm2-min/(ng/cm3), and

the average maximum systemic level of mercury was measured at 40% of the mercury

concentration which was deposited on the skin following exposures to mercury vapor.

Using these data, Hursh et al (1989) determined that dermal exposure to mercury vapor

contributed approximately 2.6% of the exposure which would be received from inhalation

exposure to mercury vapor.
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Using the approach presented by Hursh et al (1989) to estimate dermal exposure, the

dermal exposure can be estimated for the site-specific conditions in this HHRA using the

following equation:

DE

where:

DE

UR

SA

ET

VC

CF

UR * SA * ET * VC * CF

Dermal Exposure (mg/workday)

average Uptake Rate [0.024 (ng/cm2)/(ng/cm3)]

exposed skin Surface Area of receptor (3160 cm2; see Table 7)

Exposure Time (8 hours per workday)

Vapor Concentration (20 ng/cm3)

Conversion Factor (60 minutes/hour)

- The vapor concentration used in this assessment (20 ng/cm3) represents the approximate

saturation vapor concentration of mercury at the elevation of the Site. The saturation

vapor concentration was chosen because it represents the maximum vapor concentration

to which skin could be exposed. The saturation concentration may be achieved if mercury

droplets were introduced into clothing, shoes, and socks. Applying these inputs to the

above equation results in a dermal dose of 0.728 mg/day. This value represents the upper

bound on dermal exposures of mercury vapor regardless of what the soil elemental

mercury concentration is. This value was incorporated into the direct contact equation

above by substituting it for the terms SA *M * RAF.
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4.2.4.2 Inhalation-Indoor Air

Inhalation exposures to vapors migrated from soil and groundwater to indoor air were

calculated for the commercial/industrial worker exposure scenario. Exposure calculations

for these pathways included two components: 1) calculation of indoor air exposures

corresponding to the target risk, and 2) calculation of the indoor air vapor concentrations

from soil and groundwater. The equations used to calculate indoor air exposures are

those presented in the ASTM RBCA standard (ASTM, 1995). The equation for calcu

lating exposures to carcinogenic volatile CPCs is as follows:

RBCa
TR * BW * AT * 365

IR * ED * EF * SF,

- The equation for calculating exposures to non-carcinogenic volatile CPCs is as follows:

-

RBCa

where:

RBCa

TR

BW

AT

IR

ED

p:\abbkt\phs1risklvo12hhra.doc
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THI * BW * AT * 365 * RjDj

IR * ED * EF

Risk-based concentration in air [mg/m3]

Target cancer risk for individual constituents [--]

Body weight [kg]

Averaging time [years]

Inhalation rate [m3/day]

Exposure duration [years]
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Exposure frequency [days/year]

The chemical-specific inhalation slope factor

[(mg/kg-day)-l]

The chemical-specific inhalation reference dose [mg/kg-day]

Target hazard index for individual constituents [--]

Calculation of indoor air concentrations for the commercial/industrial worker is presented

in Appendix D, Table D-4. These concentrations were then compared to the estimated

vapor concentrations in indoor air that may result from vapor migration from soil or

groundwater, to obtain RBCs for soil and groundwater.

For soil, the equation for calculating RBCs based on vapor migration to indoor air is as

follows:

- RBCs
RBC,

VF'sesp

For groundwater, the equation for calculating RBCs for vapor migration to indoor air is as

follows:

-

RBCw

where:

RBCs

p:labbkt\phs1risk\vo12hhra.doc
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RBCa
VF' wesp

Risk-based concentration for inhalation of vapors from

subsurface soils [mg/kg-soil]
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Risk-based concentration for inhalation of air [mg/m3-air]

(Appendix D, Table D-4)

Volatilization factor from subsurface soil to enclosed space

(indoor) air [(mg/m3-air)/(mg/kg-soil)] (Appendix D, Table

D-5.3)

Risk-based concentration for inhalation of vapors from

groundwater [mg/L-HzO]

Volatilization factor for groundwater to enclosed space

(indoor air) [(mg/m3 air)/(mg/L-water)(Appendix D, Table

D-5.3).

--

The vapor errusslOns were estimated usmg the modeling techniques presented in

Appendix D, Table D-5. Calculations of the RBCs for commercial/industrial worker

inhalation exposures to VOCs migrated from soil and groundwater are presented in

Appendix D, Table D-6.

Air exposure estimate for mercury. As discussed in Subsection 4.1.2.1, an inhalation

RID is not available for mercury and, therefore, the inhalation exposure estimates for

mercury were based on an RfC. Unlike the RID, which represents an exposure dose (in

mg/kg/day), the RfC represents a life-time exposure (i.e., 24 hours per day, 365 days per

year) air concentration (in mg/m3) corresponding to a target risk of HI=l. Therefore,

when using the RfC, air exposure concentrations corresponding to a fixed risk are not

calculated as an air concentration corresponding to a dose, as is done when using RIDs.

Rather, the air exposure concentration is simply modified to represent the exposure

variables of the receptor evaluated, as shown in the following equation:

ADD Environmental Services, Inc.
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WPAC

WPAC

EAC

ETRfC

ETreceptor

EFreceptor

SECTION 4

EAC x ETreceptor * EDreceptor

ETRiC *. EDRiC

Workplace Air Concentration for receptor exposure

conditions

Environmental Air Concentration representing conditions

upon which the RfC was based (calculated in Appendix D,

Table D-5)

daily Exposure Time upon which the RfC IS derived (24

hours/day)

yearly Exposure Frequency upon which the RfC is derived

(365 days)

daily Exposure Time of receptor (8 hours/day for

commerciaVindustrial, construction, and utility worker)

yearly Exposure Frequency of receptor (250 days for

commerciaVindustrial or construction worker; 22 days for

utility worker)

Using the volatile errusslOn concentrations for mercury developed in Appendix D,

Table D-5 and the above exposure parameters, workplace adjusted target air

concentrations were obtained for the construction worker and commerciaVindustrial

worker. These air concentrations were used as the indoor and outdoor air concentrations

for these receptors, and were compared to mercury RfC.
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4.2.4.3 Inhalation-Ambient Air

Inhalation exposures to vapors migrated from subsurface soil and groundwater to ambient

air were calculated for the construction worker and utility worker exposure scenarios. In

addition, inhalation exposures to vapors migrated from groundwater to ambient air were

calculated for the commercial/industrial worker. Exposure calculations for these pathways

included two components: I) calculation of ambient air exposures corresponding to the

target risk, and 2) calculation of the ambient air vapor concentrations from soil and

groundwater. The equations used to calculate ambient air exposures for the construction

and utility workers are those presented in the ASTM RBCA standard (ASTM, 1995), and

are the same as those used to calculate air exposures for the commercial/industrial worker.

Calculation of ambient air concentrations for the construction worker and utility worker

are presented in Appendix 0, Tables 0-7 and 0-10, respectively. The mercury air

exposure estimate for these receptors was developed as described in Subsection 4.2.4.2.

These concentrations were then compared to the estimated vapor concentrations in

ambient air that may result from vapor migration from soil or groundwater, to obtain

RBCs for soil and groundwater.
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For soils, the equations for calculating RBCs based on vapor migration to ambient air are

as follows:

REC

REC

RECa

VFsamb

RECa

VF ss

For groundwater, the equation for calculating RBCs for vapor migration to ambient air is

as follows:

RECw
REe,
VF wamb

- where:

RBCs

RBCa

VFsamb

VFss

Risk-based concentration for inhalation of vapors from

subsurface soils [mg/kg-soil]

Risk-based concentration for inhalation of air [mg/m3-air]

(Appendix 0, Tables 0-4, 0-7 and 0-10)

Volatilization factor from subsurface soil to ambient

(outdoor) air [(mg/m3-air)/(mg/kg-soil)] (Appendix D,

Table 0-5.3)

Volatilization factor from surface soil to ambient (outdoor)

air [(mg/m3-air)/(mg/kg-soil)] (Appendix D, Table 0-5.2)

-
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Risk-based concentration for inhalation of vapors from

groundwater [mg/I-H20]

Volatilization factor from groundwater to ambient air

[(mg/m3-air)/(mgIL-water)] (Appendix D, Table D-53)

-

The vapor emiSSIOns were estimated usmg the modeling techniques presented in

Appendix D, Table D-5. Calculations of the RBCs for construction worker, utility

worker, and commercial/industrial inhalation exposures to VOCs migrated from soil and

groundwater are presented in Appendix D, Tables D-6, D-8 and D-ll, respectively.

4.3 RIsK-BASED SCREENING CONCENTRATIONS

This section presents the risk-based screening concentrations for CPCs in Site soil and

groundwater. As described in Subsection 4.2.3, RBCs were developed for three

receptors, the commercial/industrial worker, construction worker, and utility worker for

direct-contact exposures to soil, and inhalation exposures to vapors migrated from soil

and groundwater. Risk-based screening concentrations were developed for a target

cancer risk of 1xl 0-6 and a target non-cancer HI of 1 in accordance with NYSDEC

(1995) guidance. These RBCs are used in Section 5 as screening RBCs for soil and

groundwater, to identifY those CPCs which, under very conservative assumptions, will

need Quality Goals. As discussed in Section 5, QGs were then developed.
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4.3.1 Soil

Risk-based screening concentrations for soil are presented in Tables 8 through 10. Risk

based screening concentrations for the future commerciallindustrial worker are presented

for direct-contact exposures to soil and inhalation exposures to volatile chemicals which

may migrate from subsurface soil to indoor air or surface soil to outdoor air, for a cancer

risk level of lxl0-6 and a non-cancer risk of HI = 1 (Table 8). Risk-based screening

concentrations for the future construction worker and utility worker are presented for

direct-contact exposures to soil and inhalation exposures to volatile chemicals which may

migrate from subsurface soil to outdoor air, for a cancer risk level of lxl0-6 and a non

cancer risk of HI = 1 (Tables 9 and 10, respectively).

Risk-based screenmg concentrations for each CPC were developed for each exposure

pathway and risk endpoint appropriate for that CPe. Risk-based screening concentrations

for direct contact exposures, which include the soil ingestion, dermal contact, and

inhalation of volatile and fugitive dust exposure routes, were developed for all CPCs, with

the exceptions noted below. Risk-based screening concentrations for inhalation exposures

to volatiles which may migrate from subsurface soil to indoor air or outdoor air were

developed only for volatile CPCs because this exposure pathway is not applicable to non

volatile constituents (e.g., inorganics and cyanide). Risk-based screening concentrations

for non-cancer effects were developed for all CPCs for which non-cancer dose-response

values were available. Inhalation non-cancer screening RBCs for the volatile migration

pathway were not developed for trichloroethene and tetrachloroethene because inhalation

RiDs were unavailable for these CPCs. For this same reason, the direct-contact non-
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cancer screening RBCs for these four CPCs do not include risks from volatile and fugitive

dust inhalation exposures.

As indicated in Tables 8 through 10, there are only two VOC CPCs (tetrachloroethene

and trichloroethene) and three inorganic CPCs (chromium, nickel, and lead) which are

considered potentially carcinogenic. Trichloroethene and tetrachloroethene are potentially

carcinogenic via the oral (ingestion) and inhalation exposure routes. Cancer-based

screening RBCs for both the direct contact and volatile migration exposure pathways were

developed for these CPCs. Chromium and nickel are considered potentially carcinogenic

by the inhalation exposure route, and not the oral (ingestion) exposure route. Therefore,

for these two CPCs, direct contact screening RBCs for cancer effects are based on cancer

risks for the fugitive dust exposure pathway only, not the ingestion and dermal pathways.

Because these two CPCs are not volatile, no screening RBCs were developed for the

volatile migration pathway.

As discussed in Subsection 4.1.2.2, the lead value presented in Tables 8 through lOis not

a RBC, but rather the USEPA OSWER lead cleanup value (USEPA, 1994). This value

represents a protective concentration for children exposed by direct contact to lead in soil,

including oral, dermal, and fugitive dust exposures. Because the OSWER residential lead

cleanup value is based on residential exposures to children, the value is not applicable to

the future commercial/industrial use of the Site. A site-specific lead value based on

biokinetic modeling for adult workers would be substantially higher than the residential

lead soil cleanup value. Therefore, although the OSWER residential value is presented as

a screening value for lead, it will not be used as the soil QG for lead at the Site.
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The screening RBCs presented for each CPC represent the range of screening RBCs that

may potentially be selected as basis of the Quality Goals. Subsection 4.4 (Uncertainty

Evaluation) examines and evaluates the uncertainties associated with the vanous

components of the I-ll-IRA. Section 5 (Selection of Quality Goals) identifies a single

screening RBC for each receptor land use scenario (from the screening RBCs presented in

this section) for comparison to soil data to determine which soil CPCs may require the

development of Quality Goals.

4.3.2 Groundwater

Risk-based screening concentrations for groundwater are presented in Tables 11 through

13. As discussed in Subsection 4.2, the only complete groundwater exposure pathways

are inhalation of vapors from volatile constituents which may migrate from groundwater

to indoor or ambient air. Commercial! industrial worker screening RBCs are presented for

inhalation exposures to indoor air, for a cancer risk level of 1x10-6 and a non-cancer risk

level of HI = 1. Construction worker and utility worker screening RBCs are presented for

inhalation exposures to outdoor air, for a cancer risk level of 1xI 0-6 and a non-cancer risk

level of HI = 1.

For each groundwater CPC, screenmg RBCs were developed for the risk endpoint

appropriate for that CPe. Screening RBCs for inhalation exposures to volatiles which

may migrate from groundwater to indoor air or outdoor air were developed only for

volatile CPCs; non-volatile constituents (e.g., inorganics and cyanide) were not selected as

CPCs for groundwater because no exposure pathway for these constituents is present at

the Site (Subsection 32.4).
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Risk-based screening concentrations for non-cancer effects were developed for all CPCs

for which non-cancer inhalation dose-response values were available. Non-cancer

screening RBCs were not developed for vinyl chloride, trichloroethene, tetrachloroethene,

and benzene because inhalation RIDs were unavailable for these CPCs. As indicated in

Tables 11 through 13, these four CPCs are the only VOCs which are considered

potentially carcinogenic via the inhalation exposure route. Cancer-based screening RBCs

were developed for these four CPCs. In addition, no screening RBCs were developed for

trimethylbenzenes, n-butylbenzene, or dichloroethene because no inhalation dose-response

values are available to evaluate indirect inhalation exposures to these CPCs in

groundwater.

The screenmg RBCs presented for each CPC represent the range of RBCs that may

potentially be selected as basis of the QGs. As indicated in Tables 11 through 13, the

calculated screening RBCs for some CPCs exceed water solubility limits. Subsection 4.4

(Uncertainty Evaluation) examines and evaluates the uncertainties associated with the

various components of the HHRA. Section 5 (Selection of Quality Goals) identifies a

single screening RBC for each receptor land use scenario (from the screening RBCs

presented in this section) for comparison to groundwater data to determine which

groundwater CPCs may require the development of Quality Goals.

4.4 UNCERTAINTY ANALYSIS

The interpretation and application of the risk-based concentrations (RBCs) developed in

this HHRA should be performed with the understanding that the RBCs are conservative

values resulting from multiple layers of conservative assumptions inherent in the risk

ABB Environmental Services, Inc.
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assessment process. The majority of "uncertainties" identified and referred to in this

HHRA relate to the use of conservative assumptions in lieu of site-specific data.

Quantitative estimates of exposure that correspond to acceptable levels of risk are based

on numerous "uncertainties", most of which are conservative assumptions intended to be

protective of human health. As such, RBCs are conditional estimates given a series of

conservative assumptions about exposure and toxicity. It is unlikely that any RBCs

developed in this HHRA underestimate risk.

A thorough discussion of all potential sources of uncertainty in this risk assessment is not

feasible. In general, sources of uncertainty can be categorized into those associated with

data evaluation, toxicity assessment, and exposure assessment. Together, these

-

uncertainties characterize the conservative assumptions in the calculated RBCs, and

provide information for formulating risk management decisions.

4.4.1 Uncertainties Associated with Data Evaluation

The analytical data presented in this HHRA were used for three purposes: 1) to identitY

Chemicals of Potential Concern (CPCs), 2) to determine the speciation of mercury in Site

soils, and 3) to develop a site-specific bioavailability adjustment factor for mercury

Uncertainties associated with these data are discussed in the following subsections.

4.4.1.1 Data Used to Identify Chemical of Potential Concern

The data used to identitY CPCs represent analytical soil data from the Phase I VSI and

previous investigations in 1995 and 1993. As discussed in Section 3 of Volume I, these
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data were judged to represent definitive data. Data that do not represent definitive data

and therefore not included in the HHRA were qualitatively discussed in Volume I.

However, excluding these data did not result in a misrepresentation of Site conditions for

the purposes of CPC selection and subsequent QG development.

4.4.1.2 Data Used to Estimate Mercury Speciation and Bioavailability

Mercury Speciation Data. Mercury speciation analyses were conducted with 14 soil

samples collected from the Site. These data were used to provide information concerning

the chemical speciation of mercury in soils at the site, and to provide independent

qualitative validation of the bioavailability testing results. As discussed in Subsection 4.1,

the speciation of mercury has a bearing on the toxicity and the bioavailability of mercury.

Organic mercury species are generally regarded as more toxic and more bioavailable than

inorganic mercury species, whereas elemental mercury is generally associated with low

toxicity and minimal-bioavailability via the oral exposure route. Therefore, it is important

to determine the mercury speciation in a given exposure medium in order to provide a

more accurate characterization of the potential risks associated with exposure to that

medium. Mercury speciation in Site soils was determined by two methods: l) sequential

extraction, and 2) electron microprobe analysis (EMPA).

The performance of the sequential extraction technique was evaluated by analyzing site

soil samples spiked with known fractions of the various mercury species evaluated. As

discussed in Appendix A, extraction of the spiked Site soils was complicated by the

presence of high carbonate content in several Site soil samples. A comparison between the

carbonate content of Site soils and the mercury concentrations in the acid-soluble extract
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(Appendix A, Figure 2) showed that acid-soluble mercury was only detected at substantial

concentrations in soils with carbonate concentrations below 5%. It was hypothesized by

PTI that the elevated carbonate content (between 0.8 and 13.9 weight percent) of Site

soils had a buffering effect on the acid-soluble mercury extraction step of the sequential

extraction analysis, thereby inhibiting the amount of acid-soluble mercury that could be

released in the extraction. PTI validated this hypothesis by performing an extraction of a

spiked reference soil which contained 0.005% carbonate. Mercury recoveries (including

acid-soluble mercury) for this sample were within acceptable ranges.

The effects of the high carbonate contents of Site soils on the sequential extraction results

are to potentially under-recover acid-soluble mercury species and to over-recover

elemental mercury (because acid-soluble mercury may remain in the sample after the acid

extraction is performed and thereby be "counted" as elemental mercury). For these

reasons, the mercury speciation results that were interpreted and discussed in the PTI

report (and this HHRA) were based on the sequential extraction results for Site soils with

less than 4% carbonate content. It is important to note that the effects of high soil

carbonate encountered with the speciation analyses have no bearing on the results of the

bioavailability testing. The extractions performed in the bioavailability testing were

monitored for buffering effects; the proper extraction pH was maintained for the duration

of the test, thereby ensuring that all acid-soluble mercury in Site soils was extracted in the

in vitro test.

The performance of the ErvIPA was evaluated by analysis of two samples spiked with

equal portions of mercuric chloride, mercuric sulfide, and elemental mercury. Results for

both of the spiked samples indicated that elemental mercury and mercuric chloride may
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have been lost during analysis, resulting in under-estimation of these species and over

estimation of mercuric sulfide. PTI attributed the loss of mercuric chloride and elemental

mercury to a volatilizing effect during the EMPA, a theory which is plausible given the

three- to five-order of magnitude differences in vapor pressure applied during the EMPA

(10-8 Torr) and the vapor pressure of elemental mercury (10-3 Torr) and mercuric chloride

(10-5 Torr). As with the sequential extraction results, these speciation data have no

bearing on the bioavailability test performance or test results. EMPA data are only used

as a complimentary method of determining mercury speciation in Site soils.

The sequential extraction results for the eight Site soils with 4% or lower carbonate

content indicated that the majority of mercury was found in the elemental fraction (63%

average), with almost none in the organic fraction (0.3% average). The balance of

mercury was found in the acid soluble fraction (21 % average) and the mercuric sulfide

fraction (15% average). Results of the EMPA analyses, showing distribution of the

mercury mass among the various mercury-bearing particles, indicated that elemental

mercury was the primary mercury species (61 % average), with mercuric sulfide (24%

average) and mercuric chlorides and sulfates (15% average) composing the remainder of

the mercury mass. These findings were consistent with the data for mercury vapor

headspace analyses, which indicated a good correlation (r2
= 0.72) between mercury

headspace and elemental mercury, the most volatile form of mercury in Site soils.

A confounding factor in the mercury analyses of Site soils was associated with sample

heterogeneity. Variability in relative percent differences (RPDs) and some inconsistencies

between duplicates were found during comparisons of the total mercury released during

sequential extraction of the Site soil samples to the total mercury determined in the <2 mm
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soil particle fractions. Comparisons of total mercury concentrations measured in soils

sieved to <2 mm to soils sieved to <250 mm also identified some variability in RPDs.

Problems with analytical techniques were ruled out because triplicate analyses of single

samples/extracts were very consistent, and laboratory QAJQC results were within

acceptable limits. In addition, mercury was not found to be associated with any particular

grain size or mineral fraction; mercury was not unequally distributed between the <2 mm

soil fraction or the <250 mm soil fraction. As discussed in Appendix A, soil heterogeneity

presents a problem with mercury analyses because elemental mercury often flows within a

soil, forming discrete beads. As discussed in Appendix A, visible beads of mercury were

observed in two Site soil samples. Although determined to not be associated with any

particular grains size of mineral fraction, the presence of even one bead of elemental

mercury in the relatively small aliquots of sample (i. e., 7. 5 grams) used for analytical

techniques can cause variable results when conducting duplicate analyses of the same soil

sample. Limitations associated with sample heterogeneity were also identified in field and

laboratory analyses of Site soil samples (Subsection 3.3.4 of Volume I).

Bioavailability Test Data. Mercury bioavailability testing was conducted on 10 soil

samples collected from the Site. Results of the bioavailability testing were used to

determine the potential bioavailability of mercury in Site soils. As discussed 10

Subsection 4.2.3.3, a bioavailability adjustment factor was derived from the bioavailability

testing data. This bioavailability adjustment factor was used to adjust the oral intake

exposure estimates for site-specific exposure conditions.
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The bioavailability test performed by PTI is an in vitro assay which seeks to model soil

digestion by a human child. The test is based on the principle that mercury species which

are soluble are also potentially bioavailable - a mechanism which is supported by the

scientific literature. The amount of mercury that is "digested" into solution in the in vitro

assay is the amount of mercury which is soluble, and assumed potentially bioavailable. As

discussed in Appendix A, the in vitro test methodology has been verified using in vivo

studies with laboratory animals (e.g., monkeys), and has been used by PTI to estimate

bioavailability of soils contaminated with arsenic, lead, and mercury. The results of the

mercury bioavailability testing for Site soils were consistent with the mercury

bioavailability results obtained by PTI at other sites.

Bioavailability Test Performance. Performance of the bioavailability test was evaluated by

performing triplicate bioavailability tests on one sample (BS-69 4-6 ft), performing a

mass-balance evaluation for this same sample, and testing a spike sample (plus three

replicates) consisting of a mercuric chloride solution.

Results of the bioavailability test triplicates are presented in Appendix A, Table 18 and

Figure 7. Reproducibility among the triplicate analyses was very good; bioavailability

results did not differ by more than 1% among the three samples. This indicates that

precIsion was good, and that the assay could reliably extract potentially bioavailable

mercury.

The mass-balance evaluation, summarized in Appendix A, Table 16, was conducted to

determine the amount and potential sources of mercury loss that may occur during the in

vitro assay. Results of the mass-balance evaluation indicated that percent recovery was
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32% (range 22% to 39%) among the triplicate analyses. These data suggested that a

mercury loss occurred in the test system. An evaluation by PTI of the potential sources of

mercury loss concluded that the loss occurred during analysis of the post-extraction soil

sample. Because the amount of the post-extraction soil sample was very small (i.e.,

approximately 1 gram), there was insufficient sample to perform analytical mercury

analyses and percent solids determination with separate aliquots of sample. Therefore, the

sample was air-dried over a period of several days to determine percent solids, and then

analyzed for total mercury concentration. It was concluded by PTI that the air-drying step

vaporized volatile forms of mercury (e.g., elemental mercury) that remained in the sample

following the in vitro extraction. In another in vitro test performed by PTI, where the

extracted sample was not treated in this manner, mercury mass-balance recoveries were

good (e.g., 121% recovery among triplicate analyses). Therefore, the loss of mercury

observed in the mass-balance analysis was attributed to the air-drying procedure.

The source of mercury loss identified in the mass balance evaluation did not affect

bioavailability testing results with Site soils. Unlike the mass-balance evaluations,

bioavailability in Site soils was evaluated by comparing the mass of mercury in the sample

extract (i.e., the potentially bioavailable fraction) with the mass of mercury in the pre

extracted sample. Therefore, the process which the mercury loss was attributed to in the

mass-balance evaluations (i.e., analysis of post-extraction soil) did not occur during

analysis of the Site samples. In other words, the mass balance determination was used

only to evaluate the performance of the in vitro test system, and the primary limitation

associated with the mass-balance evaluation was associated with a step that is not

performed in the in vitro tests for Site soils. As a result, the uncertainties associated with

the mass balance are limited in scope to interpretation of the mass balance results. Since
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results for the bioavailability test triplicate analyses of sample BS-69 (4-6 ft) replicated

very well, they provide independent confirmation of the successful performance of the

bioavailability test.

Analysis of the mercuric chloride solution (and the three replicates) indicated that an

average of 78% (35% to 102%) of the mercuric chloride was recovered (Appendix A,

Table 19). As described below, this bioavailability estimate was used in the BAF

calculation to represent the bioavailability of mercuric chloride in water, which is the

mercury species and dosing medium upon which the mercuric chloride oral dose-response

value is based on. A mercuric chloride bioavailability of less than 100% results in

calculation of a higher BAF (see below) and, therefore, results in a more conservative

assessment.

Mercury Bioavailability Test Results. The bioavailability test results were used to develop

a bioavailability adjustment factor. The bioavailability adjustment factor was based on

data which are likely to overestimate the potential bioavailability of mercury in Site soil to

humans.

The bioavailability test results showed a trend in increased bioavailability with increased

test duration, as the largest percent bioavailability results were associated with the extracts

collected following 5 hours of incubation (collection time of final extracts) (Appendix A,

Table 18 and Figure 6). The bioavailability adjustment factor was based on these data.

However, the soluble mercury measurements obtained for the 5 hour incubation

conservatively represent the potential bioavailability in humans. As discussed in

Appendix A, the intestinal transit time in humans is generally no more than 4 hours, with
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average times in children of 3.5 hours. Therefore, since the modeled intestinal transit time

in the in vitro assay was 4 hours, and mercury bioavailability was greatest at the 4 hour

measurement, using the bioavailability data obtained for the 5 hour incubation (1 hour

stomach phase, plus 4 hours intestinal phase) provides an upper-bound estimate of the

intestinal transit time in humans. In addition, there is evidence that intestinal absorption of

inorganic mercury occurs in the first two-fifths of the small intestine (representing one-half

the small intestine transit time), providing further evidence that the bioavailability

measurement obtained for the 4 hour intestinal incubation provides a conservative estimate

of bioavailability in humans (PTI, 1996).

The redox conditions present in the in vitro tests of Site soils may also have contributed to

conservative estimates of bioavailability. As discussed in Appendix A, the redox

conditions measured in the in vitro tests were considerably more oxidizing than redox

conditions in a fasted human stomach. Mercury species such as elemental mercury and

mercuric sulfide tend to be more stable and more insoluble (i.e., less bioavailable) under

reducing conditions. As shown in Appendix A, Figure 9, the redox conditions of a fasted

human stomach would render elemental mercury more stable and less soluble than those

present in the in vitro test performed with Site soils. Therefore, it is likely that more

elemental mercury and mercuric sulfide were solubilized in the in vitro assay than would

be in a human stomach.

In addition, the bioavailability testing was conducted using soil sieved to <250 um. Use of

this soil size range provides a conservative estimate of bioavailability because soil grains in

this size range are the most likely sizes to adhere to skin (e.g., hands) and be ingested

(Duggan and Inskip, 1985), and bioavailability appears to increase with decreasing particle
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size. Experiments with humans (Chaney et aI., 1989) and laboratory animals (Barltrop and

Meek, 1979) have demonstrated that bioavailability increases as particle size decreases.

As much as a five-fold increase in gastrointestinal absorption has been observed as particle

size is decreased from 197 urn to 6 urn. Therefore, the bioavailability results for the <250

urn soil fraction provide a conservative estimate of the potential bioavailability of larger

grained soils.

The mercury bioavailability factor was developed by dividing the average bioavailability of

mercury in Site soils (16%) by the average bioavailability of mercuric chloride measured in

the mercuric chloride spike samples (78%). The value used to represent the mercury

bioavailability in Site soils (i.e., 16%) was selected using a conservative approach. Using

the linear correlation presented in Figure 8 (Appendix A), PTI selected the soil

bioavailability that corresponded to the total mercury concentration that would not pose

an unacceptable risk to commercial/industrial workers (i. e., mercury concentration

corresponding to HI = 1) if a mercury bioavailability of 100% was conservatively

assumed. This mercury concentration (520 mg/kg) corresponded to a soil bioavailability

of 16% (Appendix A, Figure 8). As described in Appendix A, mercury bioavai1ability

decreased with increasing mercury concentration (r2 = 0.57; Figure 8, Appendix A). It

was concluded by PTI that this occurred because the fraction of elemental mercury, which

is relatively non-bioavailable, increased with increasing total mercury concentration.

Therefore, the bioavailability for soils with total mercury in the 0-520 mg/kg range is

considerably higher than the bioavailability of soils with higher total mercury

concentrations because the soils with higher total mercury are associated with a higher

fraction of non-bioavailable elemental mercury. Therefore, the bioavailability factor
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developed for the Site overestimates the bioavailability of soils with total mercury

concentrations above 520 mg/kg.

Summary. In summary, the bioavailability test provides a conservative estimate of the

oral bioavailability of mercury in Site soils. The BAF test method and results are

independent of the mercury speciation results. The speciation results are used in a

qualitative sense to validate the BAF. Although there are some limitations associated with

the mercury speciation analytical methods, the majority of the uncertainty is associated

with determining the ratio of elemental to inorganic forms of mercury, not the ratio of

non-organic to organic forms. The mercury speciation results demonstrate that there is

very little (i. e., less than 1%) organic mercury in Site soil, and that the majority of non

organic mercury in Site soil is in the elemental form. The weight-of-evidence from

sequential extraction analyses, EMPA, headspace analyses, and visual observations

together with the bioavailability test results indicate the majority of mercury in Site soils is

in non-organic forms with limited bioavailability, thereby supporting a mercury

bioavailability adjustment factor of less than 1. It is appropriate to apply this BAF to all

soils at the Site because the distribution of mercury among various minerals and grain

sizes does not appear to be different, and the bioavailability of the <250 um fraction is

expected to be greater than the bioavailability of larger soil particles.

The approach used to develop the BAF is consistent with bioavailability assessment

approaches and adjustment factors used at other Sites for which Records of Decision

(RODs) have been signed, including the Alameda Quicksilver County Park (CDM, 1992)

and the Lower East Fork Poplar Creek (USEPA, 1995). For example, the mercury BAF

derived for the Alameda Quicksilver County Park site was 0.3, and the BAF derived for
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the Lower East Fork Poplar Creek site was 0.1. Based upon these site-specific BAFs, the

resulting action levels at these two sites were increased more than three-fold over the

action levels that would have been calculated assuming a mercury bioavailability of 100%.

In addition, had the action levels at these two sites been based on the ASTM (1995)

default exposure parameters for the commerciaVindustrial worker that were used in this

I-rnRA, the action levels would have been consistent with the direct contact soil QG for

mercury proposed for the Ames Street Site.

4.4.2 Uncertainties Associated with Toxicity Assessment

For this HHRA, uncertainties associated with the toxicity assessment can be grouped into

two general areas: 1) uncertainties associated with the methods used to develop dose

response values, and 2) uncertainties associated with dose-response values for CPCs

evaluated in this HHRA.

4.4.2.1 General Dose-Response Value Uncertainties

Toxicity information for many chemicals is very limited, leading to varying degrees of

uncertainty associated with calculated toxicity values obtained from USEPA's IRIS and

HEAST data bases. General sources of uncertainty for calculating toxicity factors include

extrapolation from animal to human populations, low to high dose extrapolation, short

term to long-term exposures, interspecies sensitivity variation, extrapolation from

subchronic to chronic no observed adverse effect level (NOAEL), extrapolation from

lowest observed adverse effect level (LOAEL) to NOAEL, amount of data supporting the
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toxicity factors (i.e., inadequate studies), consistency of different studies for the same

chemical, and responses of various species to equivalent doses.

The identification of human carcinogens and non-carcinogens, based on animal data, is a

primary source of uncertainty in the use of toxicity values. It is not certain that the

identification of carcinogenic activity in an animal species means that carcinogenic activity

in humans will occur. In some cases, the metabolic processes involved in carcinogenic

activity in a particular organ in animals may not exist in humans. Available evidence

indicates that there are a limited number of substances that are classified as human

carcinogens (USEPA Class A substances).

The use of toxicity measures (e.g., RIDs and eSFs) introduces additional uncertainties.

These parameters are generally based on animal studies, many of which are performed at

high doses relative to the site-specific exposures that potentially could occur. These data

require interpretation and/or extrapolation in the low dose area of the dose-response

curve. The eSFs used in the risk assessment generally represent a "high end" estimate.

The eSFs are the 95 percent UeL on the actual slope derived from the scientific data and,

therefore, are likely overestimates of the potency.
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4.4.2.2 Site-Specific Dose-Response Value Uncertainties

Toxicity data for inhalation exposures are limited, particularly for non-cancer effects. Non

cancer inhalation dose-response values for trichloroethene, benzene, tetrachloroethene,

cadmium, chromium, nickel, dichloroethene, zinc, and cyanide are not available. As a

result, non-cancer risks associated with potential inhalation exposures to these CPCs

cannot be quantitatively evaluated and total risks were, therefore, underestimated.

However, inhalation exposures typically contribute substantially lower CPC intakes than

do ingestion exposures (i.e., approximately 1%). With this in mind, it is unlikely that

quantitative evaluation of inhalation non-cancer risks would substantially increase the total

risk estimate (i.e., combined ingestion, dermal, and inhalation) for a given receptor. For

evaluation of inhalation exposures to VOCs that have migrated from soil or groundwater

to air, lack of inhalation dose-response values presents a significant data gap since only

inhalation exposures are evaluated for these pathways.

In this I-IHRA, trimethylbenzenes, n-butylbenzene, and 1,2-dichloroethene are CPCs in

groundwater for which no inhalation dose-response values (cancer and non-cancer) are

available. Therefore RBCs for inhalation exposures could not be quantified for these

CPCs. As discussed above, this represents a data gap since the inhalation pathway is the

only exposure pathway evaluated for these CPCs. However, trimethylbenzenes are close

structural analogs to xylenes, and n-butylbenzene is a close structural analog to

ethylbenzene. Therefore, although not quantified in this HHRA, the potential adverse

effects, dose-response characteristics, and RBCs for trimethylbenzenes and n-butylbenzene

are likely to be similar to xylenes and ethylbenzene, respectively.
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No dose-response data are available in IRIS or HEAST for lead. Therefore, QGs could

not be developed for lead. In the absence of site-specific QGs, the OSWER lead screening

value for residential soils (USEPA, 1994) was used as the screening RBC. However, this

value has been developed as a screening level for lead soil exposures to children in

residential settings, and is therefore based on exposures that will not occur at the Site. As

a result, the OSWER screening value is not applicable as a Quality Goal for soils at the

Site. In the absence of a published screening value for commercial/industrial sites, a site

specific screening level could be developed using site-specific lead biokinetic uptake

modeling.

As discussed in Subsection 4. l, uncertainty factors are applied during development of

non-cancer dose-response values (i.e., RIDs) to account for uncertainties associated with

the toxicity study upon which the RID is based, and extrapolation of data. Therefore,

uncertainty factors provide a downward adjustment of the measured dose which

corresponds to the effect endpoint evaluated in the toxicity study. Uncertainty factors for

the majority of the CPCs evaluated in this HHRA range between 100 and 3000 for oral

RIDs, and 300 and 1000 for inhalation RIDs. Only cadmium, mercury, and zinc have

uncertainty factors below 100. These elevated uncertainty factors indicate that the

chemical dose which produced the effect endpoint in the toxicity study is greater (e.g., 100

to 3000 times greater) than the published reference dose used in the RBC calculations,

resulting in a very conservative evaluation of potential risk. For chemicals with RIDs that

incorporate large uncertainty factors, there is considerable uncertainty associated with

interpreting whether low-level risks (e.g., HIs equal to 1 to 5) pose a realistic threat of

adverse effects.
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4.4.3 Uncertainties Associated with Exposure Assessment

Uncertainties associated with exposure assessment can be categorized into two general

areas: 1) uncertainties associated with exposure scenario assumptions, and 2)

-

uncertainties associated with exposure modeling.

4.4.3.1 Uncertainties Associated with Exposure Scenarios

The exposure scenarios selected for evaluation in this HHRA were based on the intended

future use of the Site, and were quantified using default exposure parameters published by

ASTM (1995) which are likely to overestimate exposures. The probable future use of the

Site is a commercial/industrial facility. Under this land use, buildings will likely be

constructed at the Site, and commercial/industrial workers will use the Site daily. The

contact rates for the commercial/industrial worker published by ASTM (1995) assume that

a commercial/industrial worker will incur direct-contact exposures to soil every workday

for 25 years. These assumptions are likely to overestimate the potential exposures to

commercial/industrial workers. Based on discussions with consultants, developers, and

City of Rochester economic development officials, under all reasonably foreseeable

industrial or commercial/industrial uses the Site will remain essentially entirely paved with

some parts covered by buildings. In addition, areas that are not paved are expected to

continue to be landscaped, thereby reducing the potential for any direct-contact exposures

to commercial/industrial workers. The QGs developed for the commercial/industrial

outdoor worker are applicable only to accessible soils, that is soils 0 to 15.24 cm

(NYSDEC, 1995), since this receptor is not assumed to be exposed to soils below that

depth. Likewise, if there are no accessible soils (i.e., the site is paved), then QGs for this

ABB Environmental Services, Inc.

-
p: \abbkt'phs Irisk\vol2hhra.doc

11122/96

4-55

07198.23



-

-

SECTION 4

receptor are not required, as pavement would prevent complete exposure pathways.

Under these exposure conditions, there would be no direct-contact exposure pathway for

the outdoor commercial/industrial worker, and RBCs for direct-contact could be based on

the construction worker.

In the absence of health and safety protection equipment, construction workers will likely

be exposed to soil via direct-contact exposures if buildings are constructed or excavation

occurs at the site. Likewise, utility workers are likely to be exposed infrequently to site

media during sub-surface utility repair or maintenance work in either a future

commercial/industrial Site use or under a no further development (i.e., current conditions)

Site use. The construction worker and utility worker exposure scenarios were evaluated

to help determine whether health and safety protection equipment will be necessary during

excavation and construction at the Site.

The commercial/industrial worker and construction worker exposure scenanos are not

protective for residential exposures, particularly for children. However, under the

expected future commercial/industrial use of the site, residential exposures will not occur;

an deed restriction will prevent residential land use of the Site. Because the majority of

the Site will likely remain paved (in areas where buildings are not constructed), direct

contact exposures to soil will not occur to any children that may visit the Site. In addition,

the exposure scenarios selected for evaluation in this HHRA do not include current or

future site visitors and trespassers. However, the commercial/industrial worker exposure

scenario provides a conservative assessment of potential trespasser and visitor exposures

because the frequency and duration of the commercial/industrial worker exposure (i.e.,

250 days per year for 25 years) exceeds what would be expected for any trespassing or
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site visit activities. In addition, because the Site is currently paved, no direct-contact

exposures occur to receptors other than a utility worker. For areas of the site that remain

largely paved (as most are expected to), direct-contact exposures will continue to be

prevented.

4.4.3.2 Uncertainties Associated with Exposure Modeling

General Modeling Uncertainties. Soil and groundwater RBCs for inhalation exposures

to vapors that may migrate from soil and groundwater to air were estimated by developing

a risk-based air concentration for each CPC and comparing it to the CPC air concentration

resulting from vapor migration. Uncertainties associated with risk-based air

-

concentrations are associated with toxicity and exposure scenario assumptions

(Subsections 4.4.2 and 4.4.3, respectively). Uncertainties associated with vapor migration

modeling are discussed here.

The vapor migration models used in this HHRA are those presented in Standard Guide for

Risk-Based Corrective Action Applied at Petroleum Release Sites (ASTM E1739.95,

1995). These models are based on conservative assumptions about chemical fate and

transport in environmental media. In addition, the models incorporate many parameters

that describe physical site conditions (e.g., soil moisture content, soil bulk density, depth

to contamination, vadose zone thickness), chemical properties (e.g., Henry's law constant,

diffusion coefficients, soil:water partition coefficients), and exposure conditions (e.g.,

building air exchange rate, above-surface wind speed) Each of these parameters are

usually associated with ranges of possible values. The default values published by ASTM
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(1995) generally incorporate the parameter values that will result in the most conservative

evaluation.

For this HHRA, NYSDEC (1995) values and site-specific values were used in the fate and

transport models when they differed from the ASTM values. Specifically, the NYSDEC

(1995) value for the lower depth of surficial soils (15 24 cm) was used instead of the

ASTM (1995) value of 100 cm. In addition, appropriate site-specific data were used

when available. Site-specific data used in the fate and transport models included soil

moisture content, depth to soil contamination, depth to groundwater, and thickness of

capillary fringe and vadose zone. For each of these parameters, average site values were

used in the models. Use of site-specific physical data reduces uncertainty associated with

fate and transport modeling. The use of ASTM (1995) default values for parameters

which had no site-specific data represents an uncertainty, as it is unknown how accurately

the default values represent conditions at the Site.

Chemical-specific data were obtained from USEPA sources (USEPA, 1986; 1988; 1993)

or were developed using estimation methods provided in Lyman, et al (1990). There is

some degree of uncertainty associated with these chemical-physical data. Many of the

parameters such as Henry's law constant, soil:water partition coefficient, and air and water

dispersion coefficients are estimated or derived; published values differ among various

sources. The models are particularly sensitive to Henry's law constant and soil:water

partition coefficients. Therefore, efforts were made to use the values most consistently

reported in the literature (adjusted for subsurface temperature of 10 C), and to use

consistent approaches for estimating values when necessary. Nonetheless, all chemical-
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specific values should be regarded as estimates. These values are most useful for

evaluating how constituents may act relative to each other and to the environment.

The crack factor and building air exchange rate variables produce the greatest amount of

variability in fate and transport estimates. The building air exchange rate represents the

number of air volumes within the building that are changed within a given time period.

The default value published by ASTM (1995) is 0.8 building air exchanges per hour. For

comparison, USEPA reports typical air exchange rates in residences to range from 0.5 to

1.5, with lower values reported for energy-efficient structures (Air/Superfund National

Technical Guidance Study Series. Assessing Potential Impacts for Superfund Sites;

1992). However, the air exchange rates for a commercial/industrial building that is fitted

with high volume ventilation systems, cargo access doors, and doors which are frequently

opened for access to the building, would likely be higher than the values reported for

residences and the default air exchange rate used in the fate and transport models. The

New York State building codes reference ASHRAE standards for commercial/industrial

building ventilation. However, these standards are based on building occupancy, which is

a future site-specific variable that cannot be accounted for in this I-ll-IRA. Therefore, the

ASTM (1995) default air exchange rate of 0.8 changes per hour was used in the fate and

transport models, although this value is likely to be low compared to the building

ventilation rate that will likely be engineered in future commercial/industrial buildings at

the Site.

The crack factor is used to estimate the floor area through which volatile constituents

could migrate from soil to indoor air. Specifically, the crack factor represents the percent

area of impermeable floor (e.g., a cement slab) which is "cracked" and thus able to allow
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vapors to permeate the floor. A crack factor of 100%, for example indicates that the

entire floor area is permeable to vapor migration (e.g., a dirt floor or plank-over-dirt

construction), whereas a crack factor of 0% indicates that the entire floor is impermeable

to vapor migration (e.g., in the case of an uncracked cement slab with no spaces between

the interior walls and the slab). The ASTM (1995) default crack factor is 1%, for which

the technical basis is not defined. For comparison, USEPA reports crack areas for

buildings with slab floor construction to range from 0.01% to 0.1% (Air/Superfund

National Technical Guidance Study Series. Assessing Potential Impacts for Superfund

Sites; 1992). The crack factor selected for the fate and transport models used in this

HHRA is 0.1 %, based on the volume change of normal weight cement, which ranges

between 0.01% and 0.08% (Portland Cement Association (1979), American Concrete

Institute (1980)). This represents a conservative estimate of cracking, however, because

concrete slabs are typically installed with control joints to prevent uncontrolled cracking.

The cracking that would result from control joints installed in an 6 inch thick floor slab

would be approximately 0.03% (American Concrete Institute (YR)), which is considerably

lower than the upper value for concrete volume change (0.08%). If it was assumed that

the maximum floor slab crack area was represented by engineered control joints (0.03%)

in addition to the maximum value for concrete volume change of 0.08%, an upper

estimate of the crack factor would be 0.1 %.

In summary, the fate and transport models used in this HHRA provide order-of-magnitude

estimates of potential vapor migration from soil and groundwater sources to air. Modeled

indoor air concentrations, in particular, are subject to interpretation because of the many

variables which are included in the models, many of which are conservative non-site

specific values intended to provide upper estimates of vapor migration.
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Uncertainties Associated With Modeling Mercury Exposures. Mercury exposures to

air were modeled using the same techniques that were used for volatile organic

compounds (VOCs). Chemical-specific variables, including Henry's law constant,

soi1:water partition coefficient, and air diffusion coefficient were obtained from a

publication issued by the Gas Research Institute (GRI, 1994). However, modeling

mercury vapor migration with the fate and transport models used in this HHRA presents

an uncertainty because mercury does not behave like a VOc.

Therefore, in addition to the uncertainties associated with these fate and transport models,

there is uncertainty associated with application of these models to mercury. However,

based on historical mercury air monitoring data, the vapor migration estimates and

corresponding soil and groundwater mercury RBCs for the vapor migration pathway

appear to be conservative. Indoor air monitoring data for mercury were collected at the

Ames Street site facilities between 1986 and 1990 in areas where elemental mercury was

used in manufacturing. The environmental conditions in many of the areas monitored

included visible elemental mercury droplets on the floors, in cracks between floor boards,

in the ceilings, and in ventilation ducting. With the exceptions of monitoring data

collected just after elemental mercury spills, air concentrations at these locations ranged

from lower than the instrument detection limit of 0.005 mglm3 to just under the OSHA

limit of 0.05 mglm3 Air monitoring data generally showed highest concentrations at the

floor level (where mercury droplets were often present between and underneath floor

boards), with decreasing concentrations at waist and head levels.
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The environmental conditions under which this air monitoring took place are not

representative of the conditions which would be present in new buildings constructed at

the Site. The only source for indoor mercury vapor under future site conditions would be

mercury vapor in the soil beneath the buildings. As discussed previously, the mercury soil

vapor would have to migrate through cracks in the building floor slab in order to reach

indoor air. Clearly then, given the location of mercury contamination in Site soils, and the

pathways which would need to be in place for mercury vapor move from soil to indoor air,

indoor air mercury vapor concentrations would be significantly lower than the air

concentrations measured in buildings with free mercury in the floors and ceilings.
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5.0 QUALITY GOALS

This section presents the soil and groundwater Quality Goals (QGs) for the Ames Street

Site. The QGs developed in this section of the HHRA are the proposed remedial goals for

the Site. Subsection 5.1 describes the technical approach used to select soil and

groundwater QGs. Soil and groundwater QGs for various land development scenarios are

presented in Subsections 5.2 through 5.4. These sections provide the rationale for the QG

selection.

5.1 TECHNICAL ApPROACH FOR DEVELOPING SOIL AND GROUNDWATER

QUALITY GOALS

Quality Goals for soil and groundwater were developed by reviewing the screening risk

based concentrations (RBCs) for each exposure scenario presented in Subsection 4.3, and

applying risk-management principles to identify a single receptor-specific screening RBC

for each Chemical of Potential Concern (CPC) for each land development scenario.

Quality Goals were then developed for each land development scenario for CPCs present

in soil and groundwater at concentrations above the screening RBCs.
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The approach used for developing QGs involved several steps, including:

• selection of exposure scenario upon which QGs may be based,

. • identification of screening RBCs,

• identification of CPCs that exceed the screening RBCs, and

• selection of final Quality Goals.

5.1.1 Selection of Exposure Scenarios

In this HHRA, screening RBCs for soil and groundwater were developed for a future

commercial/industrial worker exposure scenario, a future construction worker exposure

scenario, and a utility worker exposure scenario. Each receptor exposure scenario

corresponds to the types of exposures that could occur under the various current and

future Site land use conditions. RBCs for each of these exposure scenarios were

developed for multiple exposure pathways in order to evaluate soil and groundwater

contamination with respect to the types of exposures that may occur for each land use

condition.

According to the ASTM RBCA standard (ASTM, 1995), the lowest screenmg RBCs

among all exposure pathways and receptors evaluated should be selected as the basis of

the remedial goals. However, this approach is valid only if the land use conditions and

exposure pathways evaluated remain in place, unmodified from the conditions for which

the exposures were quantified. If, for example, the land use conditions or exposure

conditions were modified from the conditions upon which the lowest RBCs were based,

those RBCs would no longer be applicable to the exposure conditions at the Site.
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Therefore, to provide soil QGs that provide flexibility for remedial and risk management

decision-making, soil QGs were developed for three future land development scenarios:

• CommerciaVIndustrial Development without Engineering Controls

• Commercial/Industrial Development with Engineering Controls

• No Further Development

Each land development scenano IS associated with specific receptors and exposure

pathways. The soil and groundwater QGs for each of these land development scenarios is

based on the lowest, or most sensitive, receptor- and exposure pathway-specific RBCs

that are applicable for that scenario. Arising from these three scenarios is a fourth

"focused development" scenario. Under this land use scenario, different QGs for the same

CPC would be applied to different portions of the Site, depending on the specific

development scenario for that portion of the Site (i.e., with or without engineering

controls, no further development). Table 14 provides a summary of the receptors and

exposure pathways that are appropriate for consideration as the basis of QGs for each land

use. These are discussed in the following subsections.

5.1.1.1 CommerciallIndustrial Development with No Engineering Controls

As discussed throughout this HHRA, the anticipated future land use of the Site is

commerciaVindustrial. Combustion Engineering, the site owner, has committed to placing

deed restrictions on the Site which prohibit the construction of occupiable sub-grade

structures (i.e., basements will not be constructed), any use of on-site groundwater, and
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development of the site for any uses other than commercial/industrial, including

residential, school, day-care center, etc.

Under this land development scenario, future commercial/industrial employees who work

indoors at the Site in new buildings constructed on floor slabs (ie., without occupiable

basements) could be exposed to volatile CPCs (VOCs and mercury) that may migrate

from soil and groundwater, through a building floor slab, to indoor building air. These

receptors would not be exposed to non-volatile CPCs (e.g., inorganics and cyanide)

because a direct contact exposure pathway does not exist for the indoor

commercial/industrial employee. However, commercial/industrial employees who work

outdoors at the Site could be exposed to CPCs through direct contact with surface soil or

through inhalation of volatiles that may migrate from groundwater to ambient (outdoor)

air, although these exposure pathways would only be complete if the Site was not paved.

If deed restrictions were in place to prevent direct contact exposures to contaminated

soils, these exposure pathways would not be complete.

Under a future commercial/industrial development scenario, construction workers could

be exposed during excavation activities and construction of new buildings to soils via

direct contact and inhalation of volatile CPCs, and to groundwater via inhalation of

volatile CPCs.

The receptor and exposure pathways that are appropriate for this land development

scenario are summarized in Table 14. From the screening RBCs for each of these receptor

scenarios, a single screening RBC will be selected as the basis of the Quality Goal for the

CPC, as described in Subsection 5.1.2.
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5.1.1.2 CommerciallIndustrial Development with Engineering Controls

As discussed throughout this HI-IRA, the anticipated future land use of the Site is

commercial/industrial. A comparison of the commercial/industrial worker screening RBCs

(Table 8) shows that RBCs based on inhalation of vapors that migrate to indoor air are

typically lower than RBCs based on direct contact exposures. This indicates that the

inhalation exposure pathway, under the conditions modeled in this HHRA, is associated

with greater exposures to volatile CPCs than the direct contact exposure pathway.

However, if exposures from the indoor air inhalation exposure pathway were reduced

sufficiently, this pathway would become insignificant when compared to potential

exposures from the direct contact exposure pathway. One method for minimizing potential

exposures to soil and groundwater CPCs is to place engineering controls that restrict

volatile migration to building air in new buildings constructed at the Site and restrict

direct-contact exposures.

Under this land development scenario, future commercial/industrial employees who work

indoors at the Site in new buildings constructed on floor slabs with engineered vapor

controls would not be exposed to volatile CPCs (VOCs and mercury) that may otherwise

migrate from soil and groundwater, through a building floor slab, to indoor building air.

Likewise, these receptors would not be exposed to non-volatile CPCs (e.g., inorganics and

cyanide) either because a direct contact exposure pathway does not exist for the indoor

commercial/industrial employee. Therefore, under a development scenario that employs

engineered building vapor controls, no complete exposure pathways for the indoor

commercial/industrial worker are present; no QGs are required for this receptor.

Commercial/industrial workers who work outdoors at the Site would not be exposed to
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soil via direct contact or to groundwater vapors via inhalation because the Site would be

paved, thereby preventing these exposure pathways.

Under a future commercial/industrial development scenario, construction workers could

be exposed during excavation activities and construction of new buildings to soils via

direct contact and inhalation of volatile CPCs, and groundwater via inhalation of volatile

CPCs.

The receptor and exposure pathways that are appropriate for this land development

scenario are summarized in Table 14. From the screening RBCs for each of these receptor

scenarios, a single screening RBC will be selected as the basis of the Quality Goal for each

CPC, as described in Subsection 5.1.2.

5.1.1.3 No Further Development (Current Conditions)

As discussed throughout this HHRA, the anticipated future land use of the Site is

commercial/industrial. However, it is unlikely that the entire 13 acre Site will be

redeveloped and covered with buildings. Portions of the Site may remain paved,

undisturbed from the current conditions. The potential receptor exposures to soil and

groundwater at a portion of the Site that remains undeveloped would be different than

those associated with portions of the Site that are developed. Because buildings would

not be constructed in areas of the Site that remain undeveloped, construction workers

would not be exposed to Site soil or groundwater, and indoor commercial/industrial

workers would not occur. Likewise, because the Site is presently paved, areas that are

not developed would remain paved, thereby preventing direct contact and volatile
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inhalation exposures to outdoor commercial/industrial workers. In summary, under the no

further development scenario, there are no exposure pathways to soil and groundwater for

indoor or outdoor commercial/industrial workers or outdoor construction workers.

The only receptor that could potentially be exposed to Site soil or groundwater under the

no further development scenario (which represents current Site conditions) is a utility

worker performing repairs or maintenance to utilities beneath the Site. Under these

conditions, utility workers could be exposed during excavation activities and "trench

work" to soils via direct contact and inhalation of volatile CPCs, and groundwater via

inhalation of volatile CPCs.

The receptor and exposure pathways that are appropriate for this land development

scenario are summarized in Table 14. From the screening RBCs for the receptor scenario,

a single screening RBC will be selected as the basis of the Quality Goal for each CPC, as

described in Subsection 5.1.2.

5.1.2 Identification of Screening Risk-Based Concentrations

For each receptor evaluated for a given development scenano, screemng RBCs for all

appropriate exposure pathways and effect-endpoints were reviewed to identify a single

receptor-specific screening RBC for each Cpe. The selected screening RBCs for each

CPC were used as the basis of the Quality Goals, as described in Subsection 5.14.
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As discussed in Subsection 4.3, the screening RBCs for cancer effects were calculated for

the conservative NYSDEC and USEPA lowest acceptable cancer risk of 1x 10-
6

, and the

RBCs based on non-cancer effects were calculated for the conservative NYSDEC and

USEPA non-cancer risk threshold of HI = 1. According to NYSDEC guidance

(NYSDEC, 1995), the lowest RBC for cancer and non-cancer endpoints should be

selected as the remedial goal. For each of the exposure pathways evaluated for a given

receptor, the lower of the cancer-based RBC and non-cancer-based RBC for these cancer

and non-cancer risk levels was chosen as the screening RBC for each CPC. From these

RBCs, the lowest screening RBC among all exposure pathways for a given receptor was

selected as the screening RBC to be used as the basis of the QG.

5.1.3 Identification of Chemicals of Potential Concern that Exceed Screening

Risk-Based Concentrations

Once screenmg RBCs for soil and groundwater were identified for each exposure

scenario, a data comparison was done in order to determine which CPCs may be present

in Site soil and groundwater at concentrations above the screening RBCs. Chemicals of

potential concern that exceeded screening RBCs were identified by comparing the

maximum reported CPC concentration to the screening RBC. If the maximum CPC

concentration exceeded the screening RBC, the CPC was considered to be potentially

present in Site soil or groundwater at concentrations at which a QG was necessary.
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5.1.4 Selection of Quality Goals

For the CPCs that were reported at maximum concentrations greater than the selected

receptor-specific screening RBC, the screening RBC was selected as the QG. For the

remaining CPCs, no QGs were required.

5.2 SELECTION OF QUALITY GOALS

The selection of soil Quality Goals was performed usmg the approach described in

Subsection 5.1. Quality Goals were developed for three land development scenarios:

Commercial/Industrial Development with No Engineering Controls, Commercial/Industrial

Development with Engineering Controls, and No Further Development. The selection of

soil and groundwater QGs for each of these land development scenarios is discussed in the

following subsections.

5.2.1 CommerciallIndustrial Development with No Engineering Restrictions

Quality Goals for this land development scenario are based on the following conditions:

• The future property use is restricted to commercial/industrial use.

• Restrictions against subgrade structures and use of on-site groundwater are in

place and are being complied with.

• Volatile CPCs (i.e., volatile organic compounds (VOCs) and mercury) migrate

from subsurface soil and/or groundwater sources and establish equilibrium

concentrations in soil pore spaces beneath the slab floor of a building overlying
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the soil source area. Volatiles migrate through cracks in the slab floor and

establish equilibrium concentrations 10 air inside the building.

Commercial/industrial employees working indoors are exposed to the indoor

air via the inhalation exposure route. There are no specific engineering

controls installed to prevent or reduce migration of vapors to air inside the

building, thereby rendering the vapor migration pathway "unrestricted".

Indoor commercial/industrial workers are not exposed to soil or groundwater

via direct contact or volatile migration to outdoor air.

• There are no specific controls (including paving) to prevent

commercial/industrial workers from contacting soil via the incidental ingestion,

dermal contact, and inhalation of fugitive dust and vapor exposure routes, and

to groundwater via the vapor inhalation exposure route.

• It is assumed that because portions of the Site will be developed, construction

workers will be exposed to soil via the incidental ingestion, dermal contact, and

inhalation of fugitive dust and vapor exposure routes, and to groundwater via

the vapor inhalation exposure route.

• The soil direct contact soil QGs for mercury incorporate a site-specific oral

bioavailability adjustment factor of 0.2.

5.2.1.1 Soil Quality Goals - No Engineering Controls

Tables 15 (indoor commercial/industrial worker), 16 (outdoor commercial/industrial

worker), and 17 (outdoor construction worker) present the soil CPCs and their

corresponding maximum reported concentrations, the lowest cancer or non-cancer based

RBC for each CPC (i.e., the screening RBC), the pathway and target risk for which the
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screening RBCs were developed, and an indication of whether the maximum reported

CPC concentrations exceeded the screening RBC.

As indicated in Table 15, the screening RBCs for the indoor commercial worker are based

on indoor air inhalation of volatiles (i.e., volatile migration pathway for VOCs and

mercury). Screening RBCs for direct-contact exposures or outdoor inhalation exposures

are not applicable to this receptor exposure scenario because there are no complete direct

contact exposure pathways. Therefore, the indoor commercial worker is not exposed to

non-volatile CPCs (i.e., CPCs which cannot volatilize and migrate through floor slab

cracks to building air). As indicated in Table 15, the maximum reported concentrations of

trichloroethene, tetrachloroethene, and mercury exceeded the screening RBCs based on

indoor commercial/industrial worker exposures to indoor building air.

Table 16 presents the selection of QGs for the outdoor commercial/industrial worker. As

summarized in Table 14, screening RBCs based on direct-contact exposure were

applicable for this receptor exposure scenario. The maximum reported concentrations of

trichloroethene, tetrachloroethene, lead, and mercury exceeded the screening RBCs for

these CPCs (Table 16). For trichloroethene, tetrachloroethene, and mercury the screening

RBC was selected as the Quality Goal. QGs for the outdoor commercial/industrial worker

are only applicable to accessible soils; that is soils to a depth of 15.24 cm (NYSDEC,

1995) that are not paved. The lead screening RBC, which is the OSWER residential soil

cleanup value, was not adopted as the QG because this value is inappropriate for

application as a cleanup goal at the Site. Therefore, no QG was developed. for lead.
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Table 17 presents the selection of QGs for the outdoor construction worker. As

summarized in Table 14, screening RBCs based on direct-contact exposure and outdoor

inhalation exposures to VOCs and mercury that have migrated from subsurface soil to

ambient air were applicable for this receptor exposure scenario. With the exception of

trichloroethene (for which the RBC was based on inhalation exposure), screening RBCs

based on direct contact were identified as the lowest RBCs and, therefore, were selected

as the basis of QGs (Table 17). The maximum reported concentrations of trichloroethene,

lead, and mercury exceeded the screening RBCs for these CPCs (Table 17). For

trichloroethene and mercury, the screening RBC was selected as the Quality Goal. These

QGs are applicable in the absence of a worker health and safety plan that controls worker

exposures to soil. The lead screening RBC, which is the OSWER residential soil cleanup

value, was not adopted as the QG because this screening value is inappropriate for

application as a cleanup goal at the Site. Therefore, no QG was developed. for lead.

5.2.1.2 Groundwater Quality Goals - No Engineering Controls

Tables 18 (indoor commercial/industrial worker), 19 (outdoor commercial/industrial

worker), and 20 (outdoor construction worker) present the groundwater CPCs and their

corresponding maximum reported concentrations, the lowest cancer or non-cancer based

RBC for each CPC (i.e., the screening RBC), the pathway and target risk for which the

screening RBCs were developed, and an indication of whether the maximum reported

CPC concentrations exceeded the screening RBC.
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As indicated in Table 18, the screening RBCs for the indoor commercial worker are based

on indoor air inhalation of volatiles (i.e., volatile migration pathway for VOCs and

mercury); this is the only exposure pathway to groundwater for this receptor. As

indicated in Table 18, the maximum reported concentrations of trichloroethene and vinyl

chloride exceeded the screening RBCs based on indoor commercial/industrial worker

exposures to indoor building air. The screening RBCs for these CPCs were selected as

the QGs.

Table 19 presents the selection ofQGs for the outdoor commercial/industrial worker. The

only exposure pathway to groundwater for this receptor is inhalation exposure to volatile

CPCs that have migrated from groundwater to ambient air. As indicated in Table 19, no

maximum reported groundwater concentrations exceeded screening RBCs and, therefore,

no QGs were calculated.

Table 20 presents the selection of QGs for the outdoor construction worker. As

summarized in Table 14, screening RBCs based on outdoor inhalation exposures to VOCs

and mercury that have migrated from groundwater to ambient air were applicable for this

receptor exposure scenario. As shown in Table 20, screening RBCs were not exceeded by

the maximum detected concentrations of any groundwater CPC and, therefore, no QGs

were developed.
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5.2.2 CommerciallIndustrial Development with Engineering Restrictions

Quality Goals for this land development scenario are based on the following conditions:

• The future property use is restricted to industrial or commercial use.

• Restrictions against subgrade structures and use of on-site groundwater are in

place and are being complied with.

• Volatile CPCs (i.e., VOCs and mercury) migrate from subsurface soil sources

and establish equilibrium concentrations in soil pore spaces beneath the slab

floor of a building overlying the soil source area. There are specific

engineering controls present to prevent or reduce migration of vapors to air

inside the building, thereby rendering the vapor migration pathway "restricted".

Volatile migration through the slab floor is restricted or prevented to the extent

that vapor concentrations in air inside the building are lower than the indoor

inhalation screening RBCs. Indoor commercial/industrial workers are not

exposed to volatiles that could migrate from subsurface sources to building air,

nor are they exposed to surface soils via direct contact or volatile inhalation.

• Outdoor commercial/industrial workers do not contact soil via the incidental

ingestion, dermal contact, and inhalation of fugitive dust and vapor exposure

routes, nor groundwater via the vapor inhalation exposure route. There are

specific deed restrictions in place requiring that the Site be paved, thereby

preventing exposures to outdoor commercial/industrial workers.
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• It is assumed that because portions of the Site will be developed, construction

workers will be exposed to soil via the incidental ingestion, dermal contact, and

inhalation of fugitive dust and vapor exposure routes, and to groundwater via

the vapor inhalation exposure route.

• The soil direct contact soil QGs for mercury incorporate a site-specific oral

bioavailability adjustment factor of 0.2.

5.2.2.1 Soil Quality Goals - With Engineering Controls

Table 17 (outdoor construction worker) presents the soil CPCs and their corresponding

maximum reported concentrations, the lowest cancer or non-cancer based RBC for each

CPC (i.e., the screening RBC), the pathway and target risk for which the screening RBCs

were developed, and an indication of whether the maximum reported CPC concentrations

exceeded the screening RBC.

As discussed previously, there are no complete exposure pathways to soil for an indoor

commercial worker if engineered building vapor controls are in place and, therefore, QGs

were not developed for this receptor scenario. Likewise, there are no complete exposure

pathways for an outdoor commercial worker if deed restrictions are in place that prevent

exposure to accessible soil (i.e., by requiring that the majority of the Site remain paved or

covered by slab-on-grade buildings). Therefore, no QGs were developed for this receptor

scenano.
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Table 17 presents the selection of QGs for the outdoor construction worker. As

summarized in Table 14, screening RBCs based on direct-contact exposure and outdoor

inhalation exposures to VOCs and mercury that have migrated from subsurface soil to

ambient air were applicable for this receptor exposure scenario. With the exception of

trichloroethene (for which the RBC was based on inhalation exposure), screening RBCs

based on direct contact were identified as the lowest RBCs and, therefore, were selected

as the basis of QGs (Table 17). The maximum reported concentrations of trichloroethene,

lead, and mercury exceeded the screening RBCs for these CPCs (Table 17). For

trichloroethene and mercury, the screening RBC was selected as the Quality Goal. These

QGs are applicable in the absence of a worker health and safety plan that controls worker

exposures to soil. The lead screening RBC, which is the OSWER residential soil cleanup

value, was not adopted as the QG because this screening value is inappropriate for

application as a cleanup goal at the Site. Therefore, no QG was developed for lead.

5.2.2.2 Groundwater Quality Goals - With Engineering Controls

Table 20 (outdoor construction worker) presents the groundwater CPCs and their

corresponding maximum reported concentrations, the lowest cancer or non-cancer based

RBC for each CPC (i.e., the screening RBC), the pathway and target risk for which the

screening RBCs were developed, and an indication of whether the maximum reported

CPC concentrations exceeded the screening RBC.

As discussed previously, there are no complete exposure pathways to groundwater for an

indoor commercial worker if engineered building vapor controls are in place and,

therefore, QGs were not developed for this receptor scenario. Likewise, there are no
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complete exposure pathways for an outdoor commercial worker if deed restrictions are in

place that prevent vapor migration from groundwater to ambient air (i.e., by requiring

that the majority of the Site remain paved or covered by slab-on-grade buildings).

Therefore, no QGs were developed for this receptor scenario.

Table 20 presents the selection of QGs for the outdoor construction worker. As

summarized in Table 14, screening RBCs based on outdoor inhalation exposures to VOCs

and mercury that have migrated from groundwater to ambient air were applicable for this

receptor exposure scenario. As shown in Table 20, screening RBCs were not exceeded by

the maximum detected concentrations of any groundwater CPC and, therefore, no QGs

were developed.

5.2.3 No Further Development (Current Conditions)

Quality Goals for this land development scenario are based on the following conditions:

• The future property use is undeveloped. The property remams unchanged

from current conditions; no construction activities will take place.

• Pavement remains in place to prohibit direct contact or volatile inhalation

exposures to outdoor commercial/industrial workers.

• There are no specific controls to prevent utility workers from contacting soil

via the incidental ingestion, dermal contact, and inhalation of fugitive dust and

vapor exposure routes, and to groundwater via the vapor inhalation exposure

route.
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• The soil direct contact soil QG for mercury incorporates a site-specific oral

bioavailability adjustment factor of 0.2.

• The asphalt cover will be removed only for utility work to take place. Soil will

be placed back into the excavation or moved to an appropriate off-site disposal

site, and the asphalt will be replaced when the utility work is complete.

5.2.3.1 Soil Quality Goals - No Further Development

Table 21 (utility worker) presents the soil CPCs and their corresponding maxImum

reported concentrations, the lowest cancer or non-cancer based RBC for each CPC (i.e.,

the screening RBC), the pathway and target risk for which the screening RBCs were

developed, and an indication of whether the maximum reported CPC concentrations

exceeded the screening RBC.

As discussed previously, there are no complete exposure pathways to soil for all receptors

except a utility worker and, therefore, QGs were developed only for this receptor

scenano. Table 21 presents the selection of QGs for the outdoor utility worker. As

summarized in Table 14, screening RBCs based on direct-contact exposure and outdoor

inhalation exposures to VOCs and mercury that have migrated from subsurface soil to

ambient air were applicable for this receptor exposure scenario. The maximum reported

concentration of lead exceeded the screening RBC for this CPC (Table 21). The lead

screening RBC, which is the OSWER residential soil cleanup value, was not adopted as

the QG because this screening value is inappropriate for application as a cleanup goal at

the Site. Therefore, no QG was developed for lead.

ABB Environmental Services, Inc.
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5.2.3.2 Groundwater Quality Goals - No Further Development

Table 22 (outdoor utility worker) presents the groundwater CPCs and their corresponding

maximum reported concentrations, the lowest cancer or non-cancer based RBC for each

CPC (i.e., the screening RBC), the pathway and target risk for which the screening RBCs

were developed, and an indication of whether the maximum reported CPC concentrations

exceeded the screening RBC.

As discussed previously, there are no complete exposure pathways to groundwater for all

receptors except a utility worker and, therefore, QGs were developed only for this

receptor scenario. Table 22 presents the selection of QGs for the outdoor utility worker.

As summarized in Table 22, no screening RBCs were exceeded by the maximum detected

concentrations of groundwater CPCs and, therefore, no QGs were developed.

ABB Environmental Services, Inc.
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6.0 PHASE I HHRA SUMMARY AND CONCLUSIONS

This section summarizes the approach and results of the HHRA for the Ames Street Site

Phase I Voluntary Site Investigation. Conclusions of the HHRA and recommendations

are also provided.

6.1 SUMMARY

The HHRA was performed to conservatively evaluate the human health risks that may

exist at the Ames Street Site and to develop site-specific Quality Goals (QGs) for

Chemicals of Potential Concern (CPCs) in soil and groundwater at the Site. The

recommended QGs are human health risk-based concentrations (RBCs) for CPCs

identified in Site soil and groundwater at levels above conservative screening values.

Quality Goals represent concentrations which do not pose risks of concern for potential

exposures to Site soil and groundwater under the exposure scenarios and land uses

evaluated in this HHRA. The Quality Goals developed in this HHRA are compared to the

SI soil and groundwater data findings in Section 5 of Volume I. The evaluations

presented in that section form the basis for recommended remedial decisions for the Site.

The HHRA was performed in three steps:

• Identification of CPCs in soil and groundwater

• Development of screening RBCs for the soil and groundwater CPCs

• Development of Quality Goals based upon screening RBCs

- p:labbktlphs 1risklvol2hhra. doc
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Site-related soil CPCs were identified by companng the maXimum constituent

concentrations reported in pertinent soil data from the 1996 SI and site investigations

conducted in 1993 and 1995 to NYSDEC TAGM (1994) recommended soil cleanup

values that were adjusted for site-specific conditions. Groundwater CPCs were identified

by comparing the maximum constituent concentrations measured in perimeter well

groundwater data collected during the 1996 SI to New York Class GA groundwater

standards. For soil and groundwater, all volatile constituents which exceeded the

companson standards were selected as CPCs. In addition, all Site-related volatile

constituents reported in interior well groundwater data from the Phase I SI were retained

as CPCs because no appropriate standards were available to evaluate indirect exposures to

this groundwater. The approach used to select CPCs was conservative for Site soil and

groundwater because the standards used in the CPC selection were based on conservative

land use conditions which do not and will not occur at the Site. For this reason, the site

specific TAGM values and Class GA groundwater standards were not considered as

potential site-specific QGs of the Site. Instead, Quality Goals based on site-specific

exposure conditions and land uses were developed.

For all soil and groundwater CPCs, screening risk-based concentrations were developed

for exposure scenarios that may occur during future land use of the Site. The only

exposures to soil and groundwater under current land use are associated with infrequent

below-ground utility maintenance and repair work; there are no exposures to site visitors

or trespassers. The future use of the Site will be commercial/industrial property. Deed

restrictions will prevent residential use of the Site (including use of the site for schools,

day-care centers, etc.), potable and non-potable use of groundwater at the Site, and

construction of occupiable subsurface structures (e.g., basements). Given these land use

ABB Environmental Services, Inc.
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restrictions, the only receptors which would potentially be present at the Site would be

commercial and/or industrial workers, construction workers, utility workers, trespassers,

and site visitors. Because commercial/industrial workers and construction workers are

assumed to be potentially exposed to Site media for much longer periods of time than

trespassers or visitors (i.e., incur greater exposures to Site media), RBCs were not

developed for trespassers or site visitors. Risk-based concentrations were developed for

the following exposure pathways:

• Direct contact exposures to soil (commercial/industrial worker, construction

worker, and utility worker)

• Inhalation exposures to volatiles that have migrated from subsurface soil to

indoor building air (commercial/industrial worker) or ambient (outdoor) air

(construction worker and utility worker)

-
• Inhalation exposures to volatiles that have migrated from groundwater to

indoor building air (commercial/industrial worker) or ambient (outdoor) air

(construction worker, commercial/industrial worker, and utility worker)

From the screening RBCs developed for the various exposure pathways and receptors,

single screening RBCs for each CPC in each medium were selected as the basis of Quality

Goals for each land development scenario evaluated. Chemicals of Potential Concern with

maximum reported concentrations above screening RBCs were retained for development

of Quality Goals.

ABB Environmental Services, Inc.
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Quality Goals for soil and groundwater were developed for three land development

scenarIos:

• Commercial/industrial development with no engineering controls

• Commercial/industrial development with engineering controls

• No further development (current conditions)

A fourth development scenario will apply QGs for two or more of the above scenarios to

various areas of the Site to support a focused development scenario.

Soil and groundwater QGs for these land development scenarIOS are presented in

Tables 23 and 24, respectively. Discussions pertaining to how the soil and groundwater

QGs for each land development scenario relate to the interpreted areas of soil and

groundwater source areas are presented in Section 5 of Volume I.

QGs for commerciallindustrial development with no engineering controls are based on the

following assumptions:

• A building constructed on a concrete slab six inches in thickness overlies a

subsurface soil and/or groundwater source of volatile CPCs (i.e., Volatile

organic compounds (VOCs) and mercury) of ubiquitous concentration and of

equal size to the floor area of the overlying building.

• Vapors of volatile CPCs migrate from the subsurface source, through cracks in

the floor slab equaling in area 0.1% of the total slab area, and establish

equilibrium conditions in indoor building air.

ABB Environmental Services, Inc.
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• An indoor comrnerciaVindustrial worker is exposed by the inhalation route to

the indoor air 8 hours per day, 250 days per year, for 25 years. This receptor

is not exposed to soil outdoors via direct contact or volatile inhalation.

• An outdoor commercial/industrial worker is exposed to accessible Site soil

(soil 0 to 15.24 cm that is not paved) by incidental ingestion, dermal contact,

and inhalation of fugitive dust and vapor emissions 250 days per year, for 25

years, and by inhalation to volatiles in groundwater that may migrate to

ambient (outdoor) air for the same duration.

• A construction worker is exposed to Site soil by incidental ingestion, dermal

contact, and inhalation of fugitive dust and vapor emissions 250 days per year,

for 1 year.

• A construction worker is exposed to Site groundwater by inhalation of vapor

emissions, 250 days per year, for 1 year.

• A deed restriction is in place to prevent use of on-site groundwater for potable

_ and non-potable uses, thereby preventing direct-contact exposures to all

receptors.

QGs for the commercial/industrial development with engineering controls are based on the

following assumptions:

• A building constructed on a concrete slab six inches in thickness overlies a

subsurface soil and/or groundwater source of volatile CPCs (i.e., VOCs and

mercury) of ubiquitous concentration and of equal size to the floor area of the

overlying building.

ABB Environmental Services, Inc.
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• Vapors of volatile CPCs that may migrate from the subsurface source are

restricted from entering the indoor building air by implementation of specific

engineering controls as mandated in a deed restriction. There are therefore no

exposures to soil or groundwater for indoor commercial/industrial workers.

• A deed restriction is in place requiring that the Site be paved to prevent

outdoor commercial/industrial worker exposures to accessible Site soil (soil 0 

15.24 cm) by incidental ingestion, dermal contact, and inhalation of fugitive

dust and vapor emissions, or to groundwater via inhalation of volatiles that

may migrate to ambient (outdoor) air.

• A construction worker is exposed to Site soil by incidental ingestion, dermal

contact, and inhalation of fugitive dust and vapor emissions 250 days per year,

for 1 year.

• A construction worker is exposed to Site groundwater by inhalation of vapor

emissions, 250 days per year, for 1 year.

• A deed restriction is in place to prevent use of on-site groundwater for potable

and non-potable uses, thereby preventing direct-contact exposures to all

receptors.

QGs for the no further development scenario are based on the following assumptions:

• A deed restriction is in place to prevent the current conditions at the Site from

being altered; the Site will remain paved and undeveloped (i.e., no construction

of buildings).

ABB Environmental Services, Inc.
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• The Site will be restored to current conditions (ie., a paved lot) if below

pavement soils are temporarily exposed for utility work; soil excavated for

utility work will be placed back into the excavation or relocated to an

appropriate off-site disposal site.

• A utility worker is exposed to Site soil by incidental ingestion, dermal contact,

and inhalation of fugitive dust and vapor emissions, and to Site groundwater

via vapor inhalation, 5 days per week for 1 month.

• A deed restriction is in place to prevent use of on-site groundwater for potable

and non-potable uses, thereby preventing direct-contact exposures to all

receptors.

The soil and groundwater QGs were developed in accordance with standard risk

assessment technical approaches described by ASTM (1995) and USEPA (1989), and are

based on conservative default exposure parameters developed by ASTM (1995) that are

unlikely to result in underestimation of risk.

The direct-contact RBCs for mercury incorporate a site-specific bioavailability adjustment

factor. This factor was developed to reduce uncertainty associated with the oral

bioavailability of mercury in Site soils. The BAF was used to adjust the receptor-specific

estimated oral intake of mercury in soils to be consistent with the oral bioavailability of

mercuric chloride, on which is the mercury species which the mercury oral dose-response

value is based. The overall oral bioavailability of mercury in Site soils was found to be

approximately 15%. Compared to the oral bioavailability of mercuric chloride, which was

found to be approximately 78%, mercury in Site soils has low bioavailability. The

resulting calculated bioavailability adjustment factor for mercury in Site soils is 0.2, or

- p::abbkt'phs 1risk\voJ2hhra.doc
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20% of the oral bioavailability of mercuric chloride. Due to conservative approaches and

assumptions incorporated into development of the BAF, this BAF is unlikely to

underestimate the bioavailability of mercury in Site soils. The BAF is consistent with

bioavailability assessment approaches and adjustment factors used at other Sites for which

Records of Decision (RODs) have been signed, including the Alameda Quicksilver County

Park (COM, 1992) and the Lower East Fork Poplar Creek (USEPA, 1995).

The limited oral bioavailability of mercury in Site soils is consistent with the mercury

chemical speciation in Site soils. More than 78% of the mercury in Site soils was found to

be present as elemental mercury (average 63%) and mercuric sulfide (average 15%),

which are mercury species associated with extremely limited bioavailability and low

toxicity through the oral exposure route. Only 22% of the mercury in Site soils was found

to be present in potentially bioavailable forms, including acid-soluble mercury species

representing the smallest fraction of total mercury in Site soils, is a more toxic form of

mercury via the oral route than elemental mercury, which is the mercury speCIes
-

(21 % average) and organic mercury (less than I % average).

representing the largest fraction of total mercury.

Organic mercury,

•

The soil and groundwater QGs developed for the Site represent the range of possible

remedial goals for various land development scenarios. The focused development

scenario is based on applying the QGs discussed above, with their accompanying land-use

restrictions, to various areas of the Site in order to balance future Site development with

risk management and future Site owner interest considerations. For each land development

scenario, the lowest soil and groundwater QG for each chemical of concern (COC) is

protective for future exposures to Site soil and groundwater, respectively, under the

ABB Environmental Services, Inc.
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assumed exposure conditions for each land development scenario. Under these exposure

conditions, potential exposures to Site soil or groundwater would not result in

unacceptable risks if the soil and groundwater CPCs that exceed QGs were reduced in

concentration to meet the Qgs.

6.2 CONCLUSIONS

The conclusions of this lllIRA are as follows.

-

1.

2.

The lllIRA developed a set of Quality Goals (QGs) appropriate to the Ames

Street Site's likely commercial/industrial future use. Because the Site's future

use may feature a mix of commercial/industrial activities and/or land uses (e.g.,

some portions occupied by buildings, some portions simply paved) a number of

use-based QGs were developed which are appropriate for application at

particular site locations based on the location's use and use restrictions.

There are no substantial Site visitor or trespasser exposures to Site soil and

groundwater under current land use conditions. Based on a comparison of

Quality Goals to soil and groundwater data, there does not appear to be any

threat to human health associated with the soil and on-site groundwater at the

Ames Street Site under current land use (i.e., vacant and secured land), and

existing data suggest there is low potential for a significant off-site human health

risk due to the Ames Street site. The only exposures to Site soil and

groundwater that could potentially occur under current land use conditions, or

under the assumptions for the no further development land use scenario, are to a

utility worker engaged in infrequent below-ground utility work. Although lead

ABB Environmental Services, Inc.
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concentrations exceed the screening RBC, the RBC is clearly overprotective and

no significant threat to a utility worker is believed to exist. This can be insured

through the imposition of reasonable site Health and Safety Plans addressing

such work.

3. Comparison of site data to QGs indicates that there while there are no

unacceptable human health risks associated with the site in its current condition,

or under a no further development land use, unacceptable risks may be present

under the future commerciaVindustrial development scenarios unless some

remediation is undertaken.

4. Soil direct contact Quality Goals for mercury incorporate a site-specific

bioavailability adjustment factor of 0.2. This factor is consistent with the BAFs

developed at other sites for which RODs have been signed, and the mercury

speciation results for Site soils, which are consistent with the historical use of the

Site, indicate that up to 90% of the mercury in Site soils is in the elemental form,

with most of the remainder in acid-soluble and mercuric sulfide forms, and less

than 1% in organic forms.

5. The QGs developed in the I-llIRA are conservative. For inhalation exposures,

there is some uncertainty associated with the vapor migration fate and transport

model inputs such as floor slab crack factor and air exchange rate. The inputs

selected for use are believed to overestimate indoor air volatile CPC

concentrations and are thus conservative. Collection of actual soil gas data

would be the most expedient way to reduce the model's conservativeness if this

is deemed desirable.
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For direct contact exposures there is some uncertainty associated with the BAF

developed for mercury. Bioaccessibility test results exhibited good general

agreement with the known forms of mercury historically used at the Site, the

results of Site-specific speciation analyses, the scientific literature and results

from other sites with similar mercury contamination. Some data quality

limitations - believed to be associated primarily with sample heterogeneity and

the inherent difficulty in measuring and working with elemental mercury - were

observed. Because the exposure parameters used by the RBCA models likely

overestimate the intensity of potential direct contact exposures that may occur

under the future use of the Site, the QGs developed in this I-llIRA are considered

adequately health-protective and unlikely to underestimate potential risks to the

evaluated receptors.

6. It was not possible to develop a direct contact exposure QG for lead under any

of the site use scenarios due to a lack of an accepted dose-response value for this

compound. The screening RBC of 400 mg/kg is overprotective for the current

and potential future commercial/industrial uses of the Site (i.e., it is based on

residential exposures to children), and should not be used as an actual Quality

Goal. Promulgation of an accepted dose-response value for lead within the time

frame for Site redevelopment is believed to be unlikely.

As discussed in Section 5 of Volume I, the presence of lead concentrations

above the screening is strongly correlated with elevated mercury levels. Because

many methods designed to mitigate mercury exposure are expected to mitigate

lead exposure, there is a significant possibility that mitigation of lead will occur

as a consequence of mercury mitigation. It is therefore concluded that the best

way to address the lack of a lead QG is to perform a re-evaluation of lead-

ABB Environmental Services, Inc.
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associated risk following design or implementation of mercury mitigation

measures. If at this point a QG is still required, efforts will probably need to

focus on employment of one of several available biokinetic models for lead

uptake.

It was not possible to develop 1, 24-trimethylbenzene, 1, 3, 5-trimethylbenzene,

and n-butylbenzene which were all detected in a pre-Phase I sample. Although

trimethylbenzenes and n-butylbenzenes were not COCs during Phase I, they are

strongly associated with gasoline which is believed to have been released at only

the single site location represented by the sample. As discussed in Section 5 of

Volume I, because the associated soil concentration is below STARS criteria for

leaching potential for these compounds, the gasoline-impacted area (former Tank

2) is believed to be limited. The impacted area is entirely contained within a

larger area of trichloroethene-impacted soil and groundwater; it is considered

unlikely these compounds represent a current or future human health risk, and

the lack of a screening RBC and QG is not considered significant.

It was not possible to develop a groundwater-based inhalation screening RBC or

QG for 1,2-dichloroethene. Due to this CPC's potential to exist over a greater

area of the Site (i.e., in association with trichloroethene), and at relatively high

concentrations in samples from the two trichloroethene source areas, it is not

possible to confidently evaluate it's potential implications with respect to future

human health risk at this time. Because mitigation of trichloroethene-related

risks will likely also address 1,2-dichloroethene, it is concluded that performing a

residual risk analysis subsequent to design or implementation of trichloroethene

mitigative measures is the best way to address lack of a 1,2-dichloroethene

Quality Goal. If these mitigative measures do not effectively address 1,2-

ABB Environmental Services, Inc.
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dichloroethene, additional efforts will likely need to focus on developing an

appropriate dose-response value for 1,2-dichloroethene.

6.3 RECOMMENDATIONS

Recommendations relative to potential human health risks at the Ames Street Site are as

follows.

-

1.

2.

3.

4.

5.

If Site is to be used for commercial/industrial development, the QGs developed by

the HHRA should mitigate human health risks (e.g., by adopting them as remedial

goals, developing mitigative measures, etc.).

Because QG development occurred under a set of baseline use assumptions (e.g.,

type of land use, no groundwater use), use of the QGs must be proceeded by

application of the necessary legal and other mechanisms necessary to ensure these

assumptions continue to be true for the life of QG application.

Because all QGs are equally protective of human health, the selection of the specific

QGs adopted for a particular Site location should be left to the owner/developer,

based on a strategic Site development plan.

The option on the part of the Site owner/developer to collect soil gas data in order

to refine the QGs for the volatile migration pathway should be preserved.

A residual risk analysis should be performed for lead and 1,2-dichloroethene

following design or completion of measures intended to address mercury and

trichloroethene impacts, respectively. Should these analyses indicate a continued

human health risk, a biokinetic model (or other appropriate method) should be

utilized in order to develop an appropriate QG for lead, and development of an

ABB Environmental Services, Inc.
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appropriate dose-response value (for use with the RBCA-based groundwater vapor

migration model) should be undertaken for 1,2-dichloroethene.
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TABLE 1
SUMMARY OF SOURCES FOR DATA INCLUDED IN SOIL AND GROUNDWATER DATA SETS

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

SOIL GROUNDWATER
INVESTIGATION AND DATE

Inorganics and Inorganics and
VOCs Cyanide Mercury VOCs Cyanide Mercury

Pre-phase I Investigation (1993) X [b] X [b] X [b] X [b] X [b] X [b]

Tank 11 and 12 (1995) X [b] NA NA X [b] NA NA

Phase I Site Investigation (1995/1996) X [a] X [b] X [e] X [b] X [b] X [b]

Notes:
[a] = On-site laboratory analyses
[b] = Off-site laboratory analyses
[e] = On-site analyses with Leeman Analyzer
NA = Not analyzed

p:\abbkt\phs1 risk\datasum
November 1996

07198.23
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TABLE 2
SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN SOIL

~

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

Frequency Detected Mean Chemical
Chemical Range of of Concentration of all Screening of Poential

SQLs Detection Minimum Maximum Samples [a] Value [b] Concern? [e]

Volatile Organic Compounds (ug/kg) [d]
1,1,1-Trichloroethane 1 28,000 3 / 95 1.6 2.90 305 76 NO
4-Methyl-2-pentanone 21 56,000 9/ 95 19 13,000 668 39 YES
trans-1,2-0ichloroethene 5 7,000 1 / 93 14 14 49 32 NO
Ethylbenzene 1 230,000 13 / 111 1.6 62,000 2,121 780 YES
Tetrachloroethene 1 28,000 23 / 95 1.1 28,000 462 470 YES
Toluene 1 27,000 10 / 111 1.4 1,800,000 20,798 240 YES
Trichloroethene 1 28,000 71 / 95 1.5 280,000 6,719 110 YES
Xylenes - total [e] 1 2,800 18 / 111 1.8 1,830,000 23,961 NA YES

Inorganic Analytes (mg/kg) [f)
Cadmium 0.524 . 0.573 3 / 15 4.18 177 13.2681 1 YES

Chromium NA 17 / 17 3.81 27 9.9856 10 YES

Hexavalent Chromium 0.539 0.595 6 / 17 0.846 33 3.5296 NO YES
Cyanide 0.268 . 0.293 4 / 14 0.292 37 2.94 NO YES
Lead 8.2 11.5 8 / 23 34 36,000 1710.7337 200 YES
Nickel NA 14 / 14 4.87 344 43.3396 13 YES
Zinc NA 14 / 14 12.3 483 81.2821 20 YES

Mercury [g) 0.1 8.5 281 / 540 0.036 12,800 59.2732 0.1 YES

NOTES:
[a] Mean of all samples is the arithmetic mean concentration, using 1/2 the detection limit as the analy1ical result for samples in which the analy1e was reported as not detected.
[b) Screening value is the recommended soil cleanup value reported in the TAGM (NYSOEC, 1994), adjusted for site-specific TOC (1.54%) and Correction Factor (10).
[c) Chemical of Potential Concern (COCs) are those chemicals with maximum detected concentrations greater than the screening value. COCs were retained for development of site-specific

Quality Goals.
[d) Samples included in this data set are identified in Appendix B, Table B1.
[e) Sum of concentrations for 0-, m-, and p-isomers.
[I] Samples included in this data set are identified in Appendix B, Table B-2.
[g) Samples included in this data set are identified in Appendix S, Table B-3.
NA = Not Applicable

V2 SUM.XLS / VOA SUM
11/15/96
12:55 PM
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TABLE 3
SUMMARY OF PERIMETER WELL DATA AND COMPARISON TO CLASS GA GROUNDWA1£R STANDARDS

c

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SI1£

ROCHES1£R, NY

Frequency Detected Mean Class GA Exceeds
Chemical Range of of Concentration of all Groundwater Class GA

SQLs Detection Minimum Maximum Samples [a] standard [b] Standard? [c]

Volatile Organic Compounds (UWL)
Acetone 9 17 1 / 23 43 43 6.3478 50 NO
Cis-1,2-Dichloroethene 2.4 14 5 / 23 4.3 26 4.2783 70 [d] NO
Toluene 1.7 1.7 1 / 23 2.1 2.1 0.9044 5 NO
Trichloroethene 3 11 14/ 23 3.1 4100 436.3304 5 YES
trans-1,2-Dichloroethene 2.4 2.4 2 / 23 9.9 12 2.0478 100 [d] NO

Inorganic Analytes (UWL)
Chromium,total 10 10 1 / 8 26.4 26.4 7.675 50 NO
Lead,total 20 20 1 / 8 21.7 21.7 11.4625 25 NO
Nickel,total 15 15 1 / 8 30.2 30.2 10.3375 100 [d] NO
Zinc,total 30 30 1 / 8 100 100 25.625 300 NO
Cyanide 5 5 2 / 4 5 28 9.2 100 NO

Mercury,total 0.2 0.9 5 / 23 0.23 67.7 3.1161 2 YES

NOTES:
Samples included in this data set are identified in Appendix B, Table B-4.
[a] Mean of all samples is the arithmetic mean concentration, using 1/2 the detection limit as the analytical result for samples in which the analyte was reported as nol detected.
[b] Class GA values from "Ambient Water Quality and Guidance Values". Divison of Water. NYSDEC. October, 1993., except as noted.
[c] Comparison of maximum detected groundwater concentration to Class GA standard.
[d] Class GA standard unavailable; value is the federal maximum contaminant level from "Drinking Water Standards and Health Advisories" (USEPA, 1996).

GW_SUM.XLS / PERM SUM
11/14/96
9:07 AM
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TABLE 4
SUMMARY OF INTERIOR WELL DATA

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE
ROCHESTER, NY

Frequency Detected Mean
Chemical Range of of Concentration of all

SOLs Detection Minimum Maximum Samples[a]

Volatile Organic Compounds (ug/L)
1,1,1-Trichloroethane 2.5 2.5 1 / 6 8.4 9 3.11
Ethylbenzene 1.3 1,000 2/ 8 35 94 105
Toluene 1.7 1,000 3 / 8 2.5 18,000 2,592
Trichloroethene 3 3 3 / 6 20 32,000 5,392
Vinyl Chloride 1 1 1 / 8 12.5 12.5 3.5
Xylenes,total 3.7 2,000 3 / 8 710 12,000 2,257
Benzene 1 1,000 1 / 8 10 10 64
Tetrachloroethene 3 3 2 / 6 22 31 9.8
1,2-Dichloroethene (total) 3 3 2 / 6 550 1,600 359
1,3,5-Trimethylbenzene 20 1,000 1 / 2 300 300 400
1,2,4-Trimethylbenzene 20 1,000 1 / 2 170 170 335
n-Butylbenzene 20 1,000 1 / 2 96 96 298

Inorganic Analytes (ug/L)
Nickel, Dissolved 15 15 1 / 3 18.4 18.5 11.2
Nickel,total 15 15 1 / 3 19.3 22.9 12

Mercury, Dissolved 0.2 0.2 2 / 3 0.36 3.64 1.37
Mercury,total 0.2 0.2 2 / 5 12.2 107 23.8

NOTES:
Samples included in this data set are identified in Appendix B, Table B-5.
[a] Mean of all samples is the arithmetic mean concentration, using 1/2 the detection limit as the analytical result for samples in which the analyte

was reported as not detected.

4

GW~SUM.XLS / INT SUM

11/20/96
10:07 AM
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TABLE 5

SUMMARY OF CPCs FOR SOIL AND ON-SITE GROUNDWATER

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY
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TABLE 6
SUMMARY OF POTENTIAL EXPOSURE PATHWAYS AND RECEPTORS

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

SELECTED FOR
LAND USE MEDIUM RECEPTOR EXPOSURE ROUTES EVALUATION? RATIONALE

CuRRENT Soils Trained site Ingestion No Current workers are operating under a
investigators/workers Dermal No health and safety plan.

Inhalation (dust No
and/or vapors)

Utility Workers Ingestion Yes Utilities workers may be exposed to soil during
Dermal Yes infrequent utility maintenance/repair activities.
Inhalation (dust Yes
and/or vapors outdoors)

Trespassers (area Ingestion No Access to the site is limited by a fence
residents) Dermal No and ground surfaces are paved/covered

Inhalation (dust No by buildings.
and/or vapors outdoors)

Groundwater Area residents Ingestion No Neighboring residences are served by
Dermal No remote public water supply.
Inhalation of vapors No

Site Ingestion No There is no use of groundwater for
investigators/workers Dermal No potable or non-potable uses on site.

Inhalation of vapors No

Utility Workers Ingestion No There is no use of groundwater for
Dermal No potable or non-potable uses on site. Workers may
Inhalation of vapors Yes be exposed to vapors migrating into subsurface

excavations.

p:\abbkt\phs1risk\tables\table6
11/20/96

071982:J
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TABLE 6
SUMMARY OF POTENTIAL EXPOSURE PATHWAYS AND RECEPTORS

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

SELECTED FOR
LAND USE MEDIUM RECEPTOR EXPOSURE ROUTES EVALUATION? RATIONALE

OJRRENT On-site Surface Trespassers, Site Ingestion No No surface water/sediment present on
~ON'r) Water/Sediment workers Dermal No site.

Inhalation No

RJTURE Soils On-site Residents Ingestion No Property will be industrial or
Dermal No commercial use with virtually total
Inhalation (dust No paving/building coverage. Residential use will be
and/or vapors) prevented by a deed restriction.

Area Residents and Ingestion No Property will be industrial or
site visitors Dermal No commercial use with virtually total

Inhalation (dust No paving/building coverage. Potential on-site worker
and/or vapors) exposures would be greater than off-site receptor

exposures.

Construction Ingestion Yes During and after site redevelopment
Workers Dermal Yes construction workers are potentially exposed to

Inhalation (dust Yes impacted soils.
and/or vapors outdoors)

Indoor Ingestion No After redevelopment on-site workers could
Industrial /Commercial Dermal No potentially be exposed to vapors that migrate to
Workers Inhalation (vapors indoors) Yes indoor building air.

Outdoor Ingestion Yes After redevelopment on-site workers could
Industrial/Commercial Dermal Yes potentially be exposed to impacted soils and
Workers Inhalation (dust Yes vapors that migrate to ambient air.

and/or vapors outdoors)

p: \abbkt\phs1 risk\tables\table6
11/20/96

0719823
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TABLE 6
SUMMARY OF POTENTIAL EXPOSURE PATHWAYS AND RECEPTORS

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

SELECTED FOR
LAND USE MEDIUM RECEPTOR EXPOSURE ROUTES EVALUATION? RATIONALE

RJTURE Groundwater On-site residents Ingestion No Property will be industrial or
~ON'r) Dermal No commercial use with virtually total

Inhalation of vapors No paving/building coverage. Residential use will be
prevented by a deed restriction.

Industrial/Commercial Ingestion No Deed restriction will prohibit use of site
Workers and Dermal No groundwater for potable or non-potable purposes.
Construction Workers Inhalation of vapors Yes On-site workers may be potentially exposed to

vapors that migrate to indoor and outdoor air.

Area residents Ingestion No Neighboring residences are served by remote
Dermal No public water supply; the Phase I VSI addresses on-
Inhalation of vapors No site characterization and exposure.

p:\abbkt\phs 1risk\tables\table6
11/20/96

07198.23
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TABLE 7
EXPOSURE PARAMETERS

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

EXPOSURE PARAMETER Units Value

Averaging Time - Carcinogen yr 70

Averaging Time - Noncarcinogen (equals exposure duration) :

On-site Commercial/Industrial Worker yr 25

Construction Worker yr 1

Utility Worker month 1

Body Weight

Adult receptors kg 70

Exposure Duration

On-site Commercial/Industrial Worker yr 25

Construction Worker yr 1

Utility Worker month 1

Exposure Frequency

On-site Commercial/Industrial Worker days/yr 250

Construction Worker days/yr 250

Utility Worker days/month 22

Soil ingestion rate

On-site Commercial/Industrial Worker mg/day 58.6

Construction Worker/Utility Worker mg/day 58.6

Daily Indoor Inhalation Rate

Commercial/Industrial Workers m3 /day 20

Daily Outdoor Inhalation

Commercial/Industrial Worker, Construction Worker, Utility Worker m3 /day 20

Soil skin adherence factor mg/crrf 0.5

Oral relative absorption factor --- 1

Dermal relative absorption factor (volatiles) --- 0.5

Dermal relative absorption factor (PAHS) --- 0.005

Skin surface area for dermal contact with soil

Adult receptors crrf 3160

p:\abbkt\phs 1rsk\tables\table6.new
November 1996
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TABLE 7
EXPOSURE PARAMETERS

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

EXPOSURE PARAMETER Units Value

Target Hazard Quotient for individual constituents --- 1

Target Excess Individual Lifetime Cancer Risk --- 1 x 10.6

NOTES:
Values presented are TIER I Default Parameters from "Standard Guide for Risk-Based Corrective Action
Applied at Petroleum Release Sites" ASTM Standard E1739-9S (November, 1995).
Construction worker values were used for utility worker, with the exception of exposure frequency, exposure
duration, and averaging time. For these parameters, values chosen are conservative estimates.
--- = unitless

p:\abbkt\phs 1rsk\tables\table6.new
November 1996
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TABLE 8
SUMMARY OF SCREENING RISK BASED CONCENTRATIONS (RBCs) FOR THE COMMERCIAL WORKER - SOIL

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

~

CPC (a]

4- Methyl- 2- pentanone
Ethylbenzene
Toluene
Trichloroethene
Xylenes
Tetrachloroethene

_.~._------.--.-.- .-- ...• - - "-.,+".-- .• , ••.•---.--_.~._-------~.---~----~_.. -

I~~_____ --------------~----RBQ=-COMMERCIALWORKER (mg/l<gll!!& _
Direct Direct Indoor Inhalation Indoor Inhalation

Conlact Conlact of Volatiles of Volatiles

_---j~---~--~!!~rJ----_ ___.ll'l0n-canc~rl_~~______ (cancer) (n(m-cancerCL)__~

NA 3,800 NA 1,200
NA 11,000 NA 20,000
NA 10,000 NA 2,400
31 720 2.7 ND
NA 19,000 NA 3,800
6.5 1200 19 NA

Cadmium
Chromium
Nickel
Lead
Zinc

l'Cyanide

_MercLl}'_

ND
150,000

>
400 [d]

NA
NA

NA

370
2,500
3,300

400 [d]
340,000

19,000

___~_~ 2,500 _

NA
NA
NA
NA
NA
NA

NA

NA
NA
NA
NA
NA
NA I

i.19QJ

NOTES:
[a] Contaminants of Potential Concern identified in Table 5.
[b] Developed using approach described in "Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites" (ASTM Standard #E1739-95; Novemba' 1995).
Ic] For screening purposes the target canca' risk level was set at an excess lifetime cancer risk of 1x10-b for carcinogens, and the target hazard index was set at 1 for non-carcinogens.
[d] This value is the OSWER cleaup value for lead contaminated soils tom "Revised Interim Soil Lead Cleanup Guidance for CERCLA Sites and RCRA Corrective Action Facilities (OSWER 9355.4 -12)
> = Calculated RBC is greater than 1 million mgjkg.
NA = Not Applicable.
ND = No dose-response data available for calculating RBC.

rbcslcom.wk1 \20- Nov- 96
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TABLE 9
SUMMARY OF SCREENING RISK BASED CONCENTRATIONS (RBCs) FOR THE CONSTRUCTION WORKER - SOIL

Outdoor Inhalation
of Volatiles

_~_oll...._~~er,,-,-,-) _
NA 2,500
NA 41,000
NA 5,000
1~ ND
NA 8,000
~O NA

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

RBC - CONSTRUCTION WORKER (mg/kg) lb. c]
Direct Direct Outdoor Inhalation

Contact Contact of Volatiles
(canc~ ~ (non-=-~l1c~l__ (cancer)

NA ~o

NA 7,000
NA 3,200

750 720
NA 4,000
160 1200

I~~~~ ~~ CPC '01 __

4 - Methyl- 2- pentanone
Ethylbenzene
Toluene
Trichloroethene
Xylenes
Tetrachloroethene

Cadmium
Chromium
Nickel
Lead
Zinc
Cyanide

Mercury

I

II

I:
Ii

Ii_,L _

ND 370 NA NA
38 2,500 NA NA

1,900 3,300 NA NA
400 [dl 400 [dl NA NA

NA 340,000 NA NA
NA 19,000 NA ______,:JNA ___ ~ ______ 2,500 _ NA

NOTES:
[a] Contaminants of Potential Concern identified in Table 5.
[bl Developed using approach described in "Standard Guide for Risk - Based Corrective Action Applied at Petroleum Release Sites" (ASTM Standard #E1739-95; NovembE!" 1995).

[cI For screening purposes the target canCE!" risk level was set at an excess lifetime cancer risk of 1xl 0 - 6 for carcinogens, and the target hazard index was set at 1 for non - carcinogens.
[dl This value is the OSWER cleaup value for lead contaminated soils tom "Revised Interim Soil Lead Cleanup Guidance for CERCLA Sites and RCRA Corrective Action Facilities (OSWER 9355.4 -12)
NA = Not Applicable.
ND = No dose-response data available for calculating RBC.

rbcslcon.wk1 \20- Nov- 96
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TABLE 10
SUMMARY OF SCREENING RISK BASED CONCENTRATIONS (RBCs) FOR THE UTILITY WORKER - SOIL

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

__ , __ , __~~ __ • c. ·__·_~__ ·• ··__ ._ •••••_ .• ,_.~___ ~ •• ~~~ •__ >.¥._. __. . _

______~ !tBC _- UTILITY WORKER (mlll'<9U<=b,,-:-'c=-<]':-- _
Direct Outdoor Inhalation Outdoor Inhalation

Conlact of Volatiles of Volatiles
_1n~n-~n~~L ~can~~~ ~~Il_:_~nc~L__

11,000 NA 28,000
80,000 NA 460,000
36,000 NA 56,000 I
8,200 19,000 ND

46,000 NA 91,000
14,000 140,000 ND

Direct
Conlact

_l~I'l~~L _
NA
NA
NA

34,000
NA

20,000

CPC (a]

4- Methyl- 2- pentanone
Ethylbenzene
Toluene
Trichloroethene

I

Xylenes
Tetrachloroethene

Cadmium
Chromium
Nickel
Lead

'I Zinc
Cyanide

L~I'CllL__

ND 4,200 NA
5,200 29,000 NA

250,000 38,000 NA
400 [d] 400 [d] NA

NA > NA
NA 220,000 NA

NA 28,000 NA
--~-

NA
NA
NA

:NA
NA

~7!OOO

NOTES:
[a] Contaminants of Potential Concern identified in Table 5.
[b] Developed using approach described in "Standard Guide for Risk - Based Corrective Action Applied at Petroleum Release Sites" (ASTM Standard # E1739 - 95): November 1995).

[cI For screening purposes the target cancer risk level was set at an excess lifetime cancer risk of 1xl 0 - 6 for carcinogens, and the target hazard index was set at 1 for non - carcinogens.
[dl This value is the OSWER cleaup value for lead contaminated soils from "Revised Interim Soil Lead Cleanup Guidance for CERCLA Sites and RCRA Corrective Action Facilities (OSWER 9355,4 -12)
NA = Not Applicable.
NO = No dose- response data available for calculating RBC.
> = Calculated RBC is greater than 1 million mg/kg.

rbcslutLwkl \20 - Nov --96
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TABLE 11
SUMMARY OF SCREENING RISK BASED CONCENTRATIONS (RBCs) COMMERCIAL WORKER - GROUNDWATER

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

~

1

- -~---~-~--CPC[ai--- ~~~lnd~~;II:iOn~~-~-· .---.-~~;~f~!:~~NCENiRATT~Jf~:::~:1iOn~===i;~~~~:;~tiOn--·-······

_. ~~___ __1<:t!.'!.c&_ . .._. .1.ll()n-can~~ (canc~~~ Lnon-cancer)~__.
Vinyl chloride 0.009 NO 2.0 NO
Trichloroethene 2.3 NO 440 NO

. Ethylbenzene NA (2,100) NA (400,000)
Toluene NA (820) NA (150,000)
Xylenes NA (670) NA (120,000)
1,1 ,1 - Trichloroethane NA 1,100 NA (220,000)
Tetrachloroethene 3.9 NO (820) NO
Benzene I 0.72 NO 130 NO
1,2-0ichloroethene (total) I NA NO NA NO
1,3,5-Trimethylbenzene NO NO NO NO
1,2,4-Trimethylbenzene ND ND NO NO
n-Butylbenzene ND ND NO NO

Mer<::lJfY ~()~~ LL.~__ NA __(o.:~lL ..__ ___Nf. _ ..J.130)

NOTES:
[a] Contaminants of Potential Concern identified in Table 5.
[bl Developed using approach described in "Standard Guide for Risk - Based Corrective Action Applied at Petroleum Release Sites" (ASTM Standard #E1739-95; November 1995).
[cl For screening purposes the target cancer risk level was set at an excess lifetime cancer risk of 1x10-6 for carcinogens, and the target hazard index was set

at 1 for non-carcinogens.
NA = Not Applicable.
NO = No Dose Response-Data Available
( ) = calculated RBC exceeds the water solubility limit for this compound.

rbcgwcom.wk 1\20 - Nov- 96
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TABLE 12
SUMMARY OF SCREENING RISK BASED CONCENTRATIONS (RBCs) FOR THE CONSTRUCTION WORKER - GROUNDWATER

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

CPC [a)

f-Vi~YI~hl~ride I~~~~~2~:j~:~STRU:1~;~~:-]
Trichloroethene I (11,000) ND
Ethylbenzene I NA (400,000)

I Toluene I NA (150,000)
I Xylenes NA (120,000)

1,1,1 - Trichloroethane NA (220,000)
Tetrachloroethene (20,000) ND
Benzene (3,300) ND
1,2-Dichloroethene (total) NA ND
1,3,5-Trimethylbenzene ND ND
1,2,4-Trimethylbenzene ND ND
n-Butylbenzene ND ND

~ercury {~t:l~ . NA 130

NOTES:
la] Contaminants of Potential Concern identified in Table 5.
Ib] Developed using approach described in "Standard Guide for Risk - Based Corrective Action Applied at Petroleum Release Sites" (ASTM Standard #E1739-95; November 1995).
Ic] For screening purposes the target cancer risk level was set at an excess lifetime cancer risk of 1x1 0-6 for carcinogens, and the target hazard index was set

at 1 for non - carcinogens.
NA = Not Applicable.
ND = No dose - response data available for calculating RBC
( ) = Calculated RBC exceeds the water solubility limit for this CPC.

rbcgwcn.wk1 \20-- Nov-96
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TABLE 13
SUMMARY OF SCREENING RISK BASED CONCENTRATIONS (RBCs) FOR THE UTILITY WORKER - GROUNDWATER

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

CPC [a) r-~" ~ ·~--RB~_{IJl9l!-l~~_~I~DTji..ll}'WORKElf=~~~=-=~_-

Outdoor Inhalation Outdoor Inhalation
of Volatiles of Volatiles

_____ ~canc~~___ (non-can~~~L_

Vinyl chloride 6.800 NO
Trichloroethene > NO
Ethylbenzene NA >
Toluene NA >
Xylenes NA >
1.1 ,1 - Trichloroethane NA >
Tetrachloroethene > NO
Benzene (450,000) NO
1.2-0ichloroethene (total) NA NO
1.3.5-Trimethylbenzene NO

~J1,2,4-Trimethylbenzene NO
n - Butylbenzene NO NO

Mercurv (total) __ NA ___.__(1 .500)
- --------- -- -

NOTES:
[a] Contaminants of Potential Concern identified in Table 5.
[b] Developed using approach described in "Standard Guide for Risk - Based Corrective Action Applied at Petroleum Release Sites" (ASTM Standard #E1739-95; November 1995),
[c] For screening pll"poses the target cancer risk level was set at an excess lifetime cancer risk of 1x1 0-6 for carcinogens. and the target hazard index was set

at 1 for non-carcinogens,
NA = Not Applicable,
NO = No dose-response data available for calculating RBC,
> = Calculated RBC exceeds 1 million mg/L.
( ) = Calculated RBC exceeds the water solubility limit for this CPC,

rbcgwut. wk 1\20- Nov- 96
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TABLE 14
SUMMARY OF RECEPTOR EXPOSURE SCENARIOS APPLICABLE TO FUTURE LAND DEVELOPMENT SCENARIOS

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

LAND DEVELOPMENT RECEPTOR EXPOSURE SCENARIO EVALUATED AS THE BASIS OF QUALITY GOALS
SCENARIO

Commercial Worker - Commercial Worker - Utility Worker Construction Worker
Outside Inside

Development with No 1) Direct contact 1) Indoor inhalation of soil Not Applicable 1) Direct contact (all soils)
Engineering Restrictions (accessible soils) and groundwater volatiles

2) Outdoor inhalation of soil
2) Outdoor inhalation of and groundwater volatiles
groundwater volatiles

Commercial Development with Not Applicable Not Applicable Not Applicable 1) Direct contact (all soils)
Engineering Restrictions

2) Outdoor inhalation of soil
and groundwater volatiles

No Further Development Not Applicable Not Applicable 1) Direct contact (all Not Applicable
(Current Conditions) soils)

2) Outdoor inhalation of
soil and groundwater
volatiles

p: \abbkt\phs1 risk\tables\gqselec.sum
11/20/96

07198.23
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TABLE 15
SELECTION OF QUALITY GOALS FOR SOIL - COMMERCIAL WORKER - INDOOR

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

~

1x10- 6

CPC

Trichloroethene

Toluene

Xylenes

Ethylbenzene

4- Methyl- 2- pentanone

Tetrachloroethene

MAXIMUM I
CPC

CONCENTRATION [a)

__ llT19l~gt__ ~

280

1,800

1,830

62

13

28

_. " , ,__ .. , _.. _.~ .. ~ ~.~ ~._ ,_.·_._._._¥_o·. __.__". _.. __.._~ ..__ _~. __
SCREENING RBC RECOMMENDED QUALITY GOALS

Screening Quality~ ,J- Quality Goal
RBC [b) Screening Quality Goal Goal [d) Target
{rrlglI<g} __Path."'V~lEffect__TargE!t Risk [e) Requi"ed? d (mg/kgLn ------'!i~ _

2.7 Inhalation c 1x10-6 YES 2.7 1x10- 6

2,400 Inhalation nc HI = 1 NO NA

3,800 Inhalation nc HI = 1 NO NA

20,000 Inhalation nc HI = 1 NO NA

1,200 Inhalation nc HI = 1 NO NA

19 Inhalation c 1x10- 6 YES 19

I
I Cadmium

Chromium

Nickel

Lead

Zinc

Cyanide

MerclJ'Y

177

27

344

36,000

483

36.5

12,800

NA

NA

NA

NA

NA

NA

4,100 Inhalation nc HI = 1 YES 4,100 HI = 1

NOTES:
[al Phase I Data (maximum concentrations) from the data set desaibed subsection 2.1.
[b] Lowest risk-based concentration for indoor inhalation of volatiles for commE3'cial/industrial worker presented in Table 8.
[cl NYSDEC default target risks presented in "Site Assessment and CloslJ'e Guidance for Petroleum Impacted Sites" Division of Spills Management, NYSDEC, September 24, 1995.
[d] Quality Goals are developed only for those CPCs that have a maximum reported concentration that exceeds the selected screening RBC.
ELCR = Excess lifetime cancer risk
HI = Hazard Index
NA = Not Applicable because the maximum CPC concentration is lower than the RBC.
c = carcinogenic effects
nc = non-carcinogenic effects

solqgcmi.wk1 \19-Nov- 96



~ ~ ~

TABLE 16
SELECTION OF QUALIlY GOALS FOR SOIL - COMMERCIAL WORKER - OUTDOOR

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

-- ------~~--~--------------~------ --"------------ -----

I~-- ... ~-------~---~ SCREENING RBC ~~RECOMMENQ~DqLJ~'=.I!". GOALl3_~_
Screening Quality Quality Goal
RBC (b] Screening Goal (d] Target

---.i~_ Pathvt~~ffect__~_Jarget Risk c (mglkg) Risk
31 Direct contact c 1x10- 6 YES 31 1x10-6

10,000 Direct contact nc HI = 1 NO NA

19,000 Direct contact nc HI = 1 NO NA

11,000 Direct contact nc HI = 1 NO NA

3,800 Direct contact nc HI = 1 NO NA

6.5 Direct contact c 1X10- 6 YES 6.51 1x10-6

MAXIMUM
CPC

CONCENTRATION (a]
__ .Jrr1gJk..Jll __

280

1,800

1,830 II
62

13

28

CPC

Trichloroethene

Toluene

Xylenes

Ethylbenzene

4 - Methyl-2 - pentanone

Tetrachloroethene

Cadmium

ClYomium

Nickel

Lead

Zinc

Cyanide

Mercury

177 'I 370 Direct contact nc HI = 1

27 2,500 Direct contact nc HI = 1

344 3,300 Direct contact nc HI = 1

36,000 400 [el Direct contact nc NA

II
483

1
340,000 Direct contact nc HI = 1

11-

36.5 il 19,000 Direct contact nc HI = 1
II
I'

.12,8001._
2,500 Direct contact nc HI = 1

NO

NO

NO

YES

NO

NO

YES

NA

NA

NA

ND

NA

NA

2,500 HI = 1

J

NOTES:
[a] Phase I Data (maximum concentrations) from the data set described subsection 2.1.
[b] Lowest risk - based concentration for direct contact for commercial/industrial worker presented in Table 8.
[c] NYSDEC default target risks presented in "Site Assessment and Closure Guidance for Petroleum Impacted Sites" Division of Spills Management, NYSDEC, September 24, 1995.
[d] Quality Goals are developed only for those CPCs that have a maximum reported concentration that exceeds the selected screening RBC.
Ie] This value is the OSWER residential c1eaup value for lead contaminated soils from "Revised Interim Soil Lead Cleanup Guidance fcr CERCLA Sites and RCRA Corrective Action Facilities"

(OSWER 9355.4-12).
ELCR = Excess lifetime cancer risk
HI = Hazard Index
NA = Not Applicable because the maximum CPC concentration is lower than the RBC.
ND = Not Developed because sufficient dose-response data were unavailable for developing a site-spefic QG.
c = carcinogenic effects
nc = non-carcinogenic effects

solqgcmo.wk 1\19-Nov-96
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TABLE 17
SELECTION OF QUALITY GOALS FOR SOIL - CONSTRUCTION WORKER

HUMAN HEALn-t RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

~

I =-~CPC=J~~~fl;: 1.lje7ik~th=:E~:EENI:;~;;CI_;~~~~;1
Trichloroethene 280 140 Inhalation c 1x10- 6 YES

Toluene 1,800 3,200 Direct contact nc HI = 1 NO
I

Xylenes 1,830 4,000 Direct contact nc HI = 1 NO

Ethylbenzene 62 7,000 Direct contact nc HI = 1 NO

4-Methyl-2-pentanone 13 940 Direct contact nc HI = 1 NO

Tetrachloroethene 281 160 Direct contact c 1x10- 6 NO

_·-RECOMMENDED~auALITiGOAL§_··=]

Quality r- Quality Goal
Goal [d) Target

(mg/kg) ... Ris~. __.
140 1x10-6

NA

NA

NA

NA

Cadmium

II

1771,1 370 Direct contact nc HI = 1 NO

Chromium 27 38 Direct contact c 1x10-6 NO

Nickel 344 1,900 Direct contact c 1x10- 6 NO

Lead 36,000 400 [e] Direct contact nc NA YES

Zinc 48311 340,000 Direct contact nc HI = 1 NO

Cyanide
36.511

19,000 Direct contact nc HI = 1 NO

MercLl"Y 12,800 II 2,500 Direct contact nc HI = 1 YES

.__._11

NA

NA

NA

ND

NA

NA

2,500 HI = 1

_J

NOTES:
[a] Phase I Data (maximum concentrations) from the data set desa-ibed subsection 2.1.
[b] Lowest risk-based concentration for outdoor inhalation of volatiles or direct contact for constuction worker presented in Table 9.
Ic] NYSDEC default target risks presented in "Site Assessment and ClosLl"e Guidance for Petroleum Impacted Sites" Division of Spills Management, NYSD EC, September 24, 1995.
[d) Quality Goals are developed only for those CPCs that have a maximum reported concentration that exceeds the selected sa-eening RBC.
tel This value is the OSWER residential cleaup value for lead contaminated soils rom "Revised Interim Soil Lead Cleanup Guidance for CERCLA Sites and RCRA Corrective Action Facilities"

(OSWER 9355.4-12).
ELCR = Excess lifetime cancer risk
HI = Hazard Index
NA = Not Applicable because the maximum CPC concentration is lower than the RBC.
ND = Not Developed because sufficient dose-response data were unavailable for developing a slte-spefic QG.
c = carcinogenic effects
nc = non-carcinogenic effects

soilqgcn.wk1 \19- Nov-96
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TABLE 18
SELECTION OF QUALITY GOALS FOR GROUNDWATER - COMMERCIAL WORKER - INDOOR

HUMAN HEALTH ASSESSMENT
AMES STREET SITE

ROCH ESTER, NY

---~,..__ .,

SCREENING RBC------------
Screening

RBC [c)
__{rr19l!:L ...... ~!l!WaY/Effect

0.009 Inhalation c

2.3 Inhalation c

0.72 Inhalation c

(2,100) Inhalation nc

(820) Inhalation nc

(670) Inhalation nc

1,100 Inhalation nc

3.9 Inhalation c

NE

NE

NE
NE

NA

RECOMMENDEOQUAUTY -GOALSI
Quality Quality GOaIl
Goal [e) Target I

1--..L"!9I~ ~~
0.009 1x10-6

2.3 1x10-6

NA

NA
NA i

NA

NA

NA

NE
NE
NE

NE

NOHI = 1

Screening Quality Goal
Target Risk [d) Required?~

1xi-6 6 YES - -

1x10-6 YES

1x10-6 NO

HI = 1 NO
HI = 1 NO

HI= 1 NO

HI = 1 NO
1x10-6 NO

Inhalation nc(0.71)0.107

MAXIMUM
ON-SITE

CONCENTRATION lb)
_____ (mg/!-,.L

0.0125

32

0.01

0.094

18

12

0.009

0.031

1.6
0.3

0.17

0.096

ND

4.1

ND

ND

0.0021

ND

ND

ND

0.038 If)
ND
ND

ND[
0.0677

------------------- _.

MAXIMUM
PERIMETER WELL

CONCENTRAnON [a)
(mg/l)

Mercury (total)

V,",I ~hl;~~- -- -I
Trichloroethene

Benzene

Ethylbenzene

Toluene

Xylenes

1,1,1 - Trichloroethane

Tetrachloroethene

1,2 - Dichloroethene (total)

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

n- Butylbenzene

NOTES:
la] Phase I data (maximum concentrations) from off-site laboratory analyses, for analytes detected in perimeter wells.
Ib] Phase I and pre-Phase I data (maximum concentrations) from off-site laboratory analyses, for analytes detected in interior sarrple locations.
Ic] Lowest risk -based concentration for indoor inhalation commercial/industrial worka- presented in Table 11.
Id) NYSDEC default target risks presented in "Site Assessment and Closure Guidance for Petroleum Impacted Sites" Division of Spills Management, NYSDEC, Septerrtler 24, 1995.
Ie] Quality Goals are develcp ed only for those CPCs that have a maximum reported concentration that exceed s the selected screening RBC.
If) Value is the sum of cis and trans isomers.
ELCR = Excess lifetime cancer risk
HI = Hazard Index
NA = Not Applicable because the maximum CPC concentration is lower than the RBC.
ND = Not detected.
NE = Not Evaluated. ~prcpriate dose-response data were not available to develop RBCs and, therefcre, QGs were not calculated.
nc = non-carcinogenic effects
( ) = calculated RBC exceeds the water solubility limit for this CPC.

gwqgcmi.wk1\20-Nov-96
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TABLE 19
SELECTION OF QUALITY GOALS FOR GROUNDWATER - COMMERCIAL WORKER - OUTDOOR

HUMAN HEALTH ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

NA

_______ _L

-RECOMMENDE:£faLJAU!y ~~l:l?1
QlJllli~QlJlllityGoal
Goal Ie) Target

__ t"llJll..L_ Risk '
NA
NA

NA I-NA
NA
NA
NA
NA
NE
NE
NE
NE

NOHI = 1nc

- ---------_._------ "-_..

SCREENING RBC

Inhalation(130)

MAXIMUM MAXIMUM -----_.-.-
PERIMETER WELL ON-SITE Screening

CONCENTRATION la) CONCENTRATION [h) RBC Ie) Screening Quality Goal
_____L'!'JJI!:-L____ __ _jrTlgfY___ mglY Pathw~y/Effect Target Risk~~,!iredlJ~L

ND 0.0125 2 Inhalation c 1xl 0 6 NO
4.1 32 440 Inhalation c 1xl 0 - 6 NO
ND 0.01 130 Inhalation c lxl0- 6 NO
ND 0.094 (400,000) Inhalation nc HI = 1 NO

0.0021 18 (150,000) Inhalation nc HI = 1 NO
ND 12 (120,000) Inhalation nc HI = 1 NO
ND 0.009 (220,000) Inhalation nc HI = 1 NO
ND 0.031 (820) Inhalation c 1xl0-6 NO

0.038 If) 1.6 NE
ND 0.3 NE
ND 0.17 NE
ND 0.096 NE

0.0677 0,107

CPC

Vinyl chloride

Trichloroethene
Benzene
Ethylbenzene
Toluene
Xylenes
1,1,1 - Trichloroethane
Tetrachloroethene
1,2 - Dichloroethene (total)
1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene
n- Butylbenzene

Mercury (total)

L _
NOTES:
laJ Phase I data (maximum concentrations) from off-site laboratory analyses, for analytes detected in perimeter wells.
Ib] Phase I and pre- Phase I data (maximum concentrations) from off-site laboratory analyses, for analytes detected in interior sarrple locations.
Ic] Lowest risk-based concentration for outdoor inhalation commercial/industrial worka- presented in Table 11.
Id] NYSDEC default target risks presented in "Site Assessment and Closure Guidance for Petroleum Impacted Sites" Division of Spills Management, NYSDEC, September 24, 1995.
Ie] Quality Goals are develcp ed only for those CPCs that have a maximum reported concentration that exceeds the selected screening RBC.
If) Value is the sum of cis and trans isomers.
ELCR = Excess lifetime cancer risk
HI = Hazard Index
NA = Not Applicable because the maximum CPC concentration is lower than the RBC.
ND = Not detected.
NE = Not Evaluated. Jlpprcpriate dose-response data were not available to develop RBCs and, therefo-e, QGs were not calculated.
nc = non-carcinogenic effects
( ) = calculated RBC exceeds the water solubility limit for this CPC.

gwqgcmi.wkl \20-Nov-96
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TABLE 20
SELECTION OF QUALITY GOALS FOR GROUNDWATER - CONSTRUCTION WORKER

HUMAN HEALTH ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

NANOHI = 1Inhalation nc(130)

- -- -- -----SCREENING-RBC-------- --- RECOMMENDED QUAUTY GOALS

Quality Quality Goal
Screening Quality Goal Goal Ie) Target

___Pathway/Effect Target Risk..ill Required? Ie) (mg/.!J....... Risk
49 Inhalation c 1xl 0 6 NO NA

(11,000) Inhalation c lxl0-6 NO NA
(3,300) Inhalation c lxl0-6 NO NA

(400,000) Inhalation nc HI = 1 NO NA
(150,000) Inhalation nc HI = 1 NO NA
(120,000) Inhalation nc HI = 1 NO NA
(220,000) Inhalation nc HI = 1 NO NA
(20,000) Inhalation c lxl0-6 NO NA

NE NE
NE NE
NE NE
NE NE

Screening
RBC Ic)
(mg/L)

0.107

MAXIMUM
ON-SITE

CONCENTRATION (h)

-------..Jr!lglIJ-----
0.0125

32
0.01

0.094
18
12

0.009
0.031

1.6
0.3

0.17
0.096

MAXIMUM
PERIMETER WELL

CONCENTRATION la)
lrrl9l!L _

ND
4.1
ND

ND
0.0021

ND
ND
ND

0.038 If)

~~ I
ND I

_o.~6771

CPC

Mercury (total)

Vinyl chloride
Trichloroethene
Benzene
Ethylbenzene
Toluene
Xylenes
1,1 ,1- Trichloroethane
Tetrachloroethene
l,2-Dichloroethene (total)
1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene
n- Butylbenzene

NOTES:
[a] Phase I data (maximum concentrations) from off-site laboratory analyses, for analytes detected in perimeter wells.
Ib] Phase I and pre- Phase I data (maximum concentrations) from off-site laboratory analyses, for analytes detected in interior sample locations.
[c] Lowest risk -based concentration for outdoor inhalation construction worker presented in Table 12.
Id] NYSDEC default target risks presented in "Site Assessment and Closure Guidance for Petroleum Impacted Sites" Division of Spills Management, NYSDEC, September 24, 1995.
Ie] Quality Goals are developEd only for those CPCs that have a maximum reported concentration that exceEds the selected screening RBC.
If) Value is the sum of cis and trans isomers.
ELCR = Excess lifetime cancer risk
HI = Hazard Index
NA = Not Applicable because the maximum CPC concentration is lower than the RBC.
ND = Not detected.
NE = Not EvaluatEd. Appropriate dose-response data were not available to develop RBCs and, therefcre, QGs were not calculatEd.
nc = non-carcinogenic effects
( ) = calculated RBC exceEds the water solubility limit for this CPC.

gwqgcmi.wk 1\20-Nov-96
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CPC

Trichloroethene
I

I

Toluene

Xylenes

Ethylbenzene

4- Methyl-2- pentanone

Tetrachloroethene

~

TABLE 21
SELECTION OF QUALIlY GOALS FOR SOIL - UTILIlY WORKER

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

·······-MAXIMUM-~.,-~--==-=-~~~====-~=--SCREENiNG·RBC----···_-~---_· RECOMMENDED QUALllY GOALS

CPC Screening Quality Cuality Goal
CONCENTRATION (a) RBC (b) Screening Quality Goal Goal (d) Target

(mg/kg)---""~_!'.fl.f!l~~/Effeet_ Tar.9&Risk (e) _ Req~!~~!~ ~. __ _ __Risk...
280 8,200 Direct contact nc HI = 1 NO NA

1,800 36,000 Direct contact nc HI = 1 NO NA

1,830 46,000 Direct contact nc HI = 1 NO NA

62 24,000 Inhalation nc HI = 1 NO NA

13 11,000 Direct contact nc HI = 1 NO NA

28 14,000 Direct contact nc HI = 1 NO

~

Cadmium

. Chromium

I Nickel

I

II ~:cd
Cya",d.

Mercury

177 4,200 Direct contact nc HI = 1 NO

27 5,200 Direct contact c 1x10- 6 NO

344 38,000 Direct contact nc HI = 1 NO

36,000 400 Ie) Direct contact nc NA YES

483 > Direct contact nc HI = 1 NO

36.5 220,000 Direct contact nc HI = 1 NO

12,800 II 28,000 Direct contact nc HI = 1 NO

U

NA

NA

NA

ND

NA

NA

I

NAJ . . _

NOTES:
[a] Phase I Data (maximum concentrations) from the data set described subsection 2.1.
[b] Lowest risk- based concentration for outdoor inhalation of volatiles or direct contact for utility worker presented in Table 10.
lcl NYSDEC default target risks presented in "Site Assessment and Closure Guidance for Petroleum Impacted Sites" Division of Spills Management, NYSDEC, September 24, 1995.
Id) Quality Goals are developed only for those CPCs that have a maximum reported concentration that exceeds the selected screening RBC.
Ie] This value is the OSWER cleaup value for lead contaminated soils from "Revised Interim Soil Lead Cleanup Guidance for CERCLA Sites and RCRA Corrective Action Facilities"

(OWSER 9355.4-12).
ELCR = Excess lifetime cancer risk
HI = Hazard Index
NA = Not Applicable because the maximum CPC concentration is lower than the RBC.
ND = Not Developed because sufficient dose-response data were unavailable for developing a site-spefic QG.
c = carcinogenic effects
> = Calculated RBC is greater than 1 million mg/kg.
nc = non-carcinogenic effects

soilqgut.wkl \19- Nov-96
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TABLE 22
SELECTION OF QUALITY GOALS FOR GROUNDWATER - UTILITY WORKER

HUMAN HEALTH ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

_1
NANOHI = 1ncInhalation

I~ SCREENING RBC RECOMMENDED QUAU'!'t'§OALS
Screening Quality Quality Goal

RBC Ie] Screening Quality Goal Goal Ie} Target
_(r1'!9Lhl !'ath~~ylEffect !~.get ~~~ed? e 1~9l!L Rlsk _

6,800 Inhalation c 1xl 0 - NO NA
> Inhalation c lxl0-6 NO NA

(450,000) Inhalation c lxl0-6 NO NA

> Inhalation nc HI = 1 NO NA
> Inhalation nc HI = 1 NO NA
> Inhalation nc HI = 1 NO NA
> Inhalation nc HI = 1 NO NA
> Inhalation c lxl0-6 NO NA

NE NE
NE NE
NE NE
NE NE

0.10711 (1,500)

______ _lL _

MAXIMUM
ON-SITE

CONCENTRATION [b)
___QrlJJ1!-l__

0.0125
32

0.01
0.094

18
12

0.009

0.031 '1
"1.6

0.3

0.17
0.096

0.0677

CPC
I PER~~~~~E~~---

I

CONCENTRATION la)

Vinyl chl~rid;----- -----frT1gfhl---ND
I Trichloroethene 'I 4.1

Benzene NO
Ethylbenzene NO
Toluene I 0.0021
Xylenes NO
1,1 ,1 - Trichloroethane NO
Tetrachloroethene NO
1,2-Dichloroethene (total) 0.038 If]
1,3,5-Trimethylbenzene NO

1,2,4-Trimethylbenzene NO
n-Bu1ylbenzene NO

Mercury (total)

NOTES;
[a] Phase I data (maximum concentrations) from off-site laboratory analyses, for analy1es detected in perimeter wells.
[b] Phase I ard pre-Phase I data (maximum concentrations) from off-site laboratory analyses, for analy1es detected in interior sample locations.
Ic] Lowest risk -based concentration for ou1door inhalation construction worker presented in Table 13.
[d] NYSDEC default target risks presented in "Site Assessment and Closure Guidance for Petroleum Impacted Sites" Division of Spills Management, NYSDEC, September 24, 1995.
[e] Quality Goals are develcped only for those CPCs that have a maximum reported concentration that exceoos the selected screening RBC.
If] Value is the sum of cis ard trans isomers.
ELCR = Excess lifetime cancer risk
HI = Hazard Index
NA = Not Applicable because the maximum CPC concentration is lower than the RBC.
NO = Not detected.
NE = Not Evaluated. ~prcpriate dose-response data were not available to develop RBCs and, therefore, QGs were not calculated.
nc = non-carcinogenic effects
( ) = calculated RBC exceoos the water solubility limit for this CPC.
> Calculated RBC exceoos 1 million mg/L.

gwqgcmi.wkl \20-Nov-96
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TABLE 23
SUMMARY OF SOIL QUALITY GOALS

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

LAND USE SOIL QUALITY GOALS (mg/kg)

Receptor Commercial Commercial Utility Worker Construction
Worker - Outside Worker - Inside Worker

CPC

Commercial Development with Trichloroethene 31 2.7 Not 140
No Engineering Restrictions Tetrachloroethene 6.5 19 Applicable (160)

Lead 400 [a] NA 400 [a]
Mercury 2,500 4,100 2,500

Commercial Development with Trichloroethene Not Applicable Not Applicable Not 140
Engineering Restrictions Tetrachloroethene Applicable (160)

Lead 400 [a]
Mercury 2,500

No Further Development Trichloroethene Not Applicable Not Applicable (8,200) Not Applicable
(Current Conditions) Tetrachloroethene (14,000)

Lead 400 [a]
Mercury (28,000)

NOTES:
()= Maximum reported site concentration does not exceed screening risk-based concentration; screening risk-based concentration is

presented for informational purposes.
[a] = The value presented is the OSWER cleanup value for residential soils (OSWER 9355.4-12). This value is not applicable to non-

residential sites and, therefore, is not a Quality Goal for this Site. The value is presented for informational purposes only.

p:\ahbkl\phsl risk\tabJes\qgval.sum
11/20/96

07198.23
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TABLE 24
SUMMARY OF GROUNDWATER QUALITY GOALS

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER,NY

LAND USE GROUNDWATER QUALITY GOALS (mg/L)

Receptor Commercial Worker Commercial Worker Utility Worker Construction
- Outside - Inside Worker

CPC

Commercial Development with No Vinyl Chloride (2) 0.009 Not (49)
Engineering Restrictions Trichloroethene (440) 2.3 Applicable (11,000)

Commercial Development with Vinyl Chloride Not Applicable Not Applicable Not (49)
Engineering Restrictions Trichloroethene Applicable (11,000)

No Further Development Vinyl Chloride Not Applicable Not Applicable (6,800) Not Applicable
(Current Conditions) Trichloroethene (»

NOTES:
( ) = Maximum reported site concentration does not exceed screening risk-based concentration; screening risk-based concentration is

presented for informational purposes.
> = Calculated screening risk-based concentration exceeds 1 million mg/L.

p: \ahhkl \phs Irisk\ lahlcs\qgval.sum
11/20/96
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APPENDIX A

DEVELOPMENT OF A BIOAVAILABILITY ADJUSTMENT
FACTOR FOR MERCURY IN SOILS AT THE AMES STREET SITE

ROCHESTER, NEW YORK
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EXECUTIVE SUMMARY

PTI Environmental Services was retained by ABB Environmental Services, Inc. (ABB) to
derive a bioavailability adjustment factor (BAF) for mercury in soil at the Ames Street site
in Rochester, New York. The mercury BAF can be used to adjust soil mercury intake
estimates used in the human health risk assessment, to develop revised site-specific soil
remediation goals.

Mercury can occur in soils as different chemical species with varying solubility and
bioavailability. Several species of mercury found in soils have been shown to be less
bioavailable than mercuric chloride dissolved in drinking water, which forms the toxico
logical basis for the RID. This difference suggests that the development of risk-based
cleanup levels can be adjusted to account for the relative bioavailability of mercury species
in soil. Therefore, a site-specific bioavailability study was undertaken to support the
development of an alternative cleanup level for mercury in soils at the Ames Street site.
The purpose of this study was to accurately characterize the mercury species present in
site soils and to determine the solubility, or bioaccessibility, of mercury from soil using a
physiologically based extraction test.

For the purpose of this study, bioaccessible mercury is defined as the fraction of mercury
that is soluble in the gastrointestinal tract and is available for absorption, while bioavailable
mercury is defined as the fraction of mercury that is absorbed into the bloodstream.
Because mercury in soil must be solubilized in order to become bioavailable, mercury bio
accessibility is a precursor to, and provides an upper-bound estimate of, mercury bioavail
ability.

Mineralogical analyses and sequential extraction procedures were used to characterize
organic mercury, acid-soluble mercury, elemental mercury, and mercuric sulfide in soils at
the Ames Street site. The results from the mercury speciation work were used to support
the results of the physiologically based extraction test in developing a mercury BAF.
Fourteen soil samples from 10 locations across the site were analyzed to evaluate mercury
speciation. Results of the sequential extraction of mercury from the site soil samples
suggest that, on average, organic, acid-soluble, elemental, and mercuric sulfide forms of
mercury account for 0.3,21,63, and 15 percent, respectively, of the mercury found in the
samples. Results from the samples analyzed for mercury speciation using mineralogical
techniques suggested that elemental mercury is the dominant form of mercury in site
samples, with lesser amounts of acid-soluble and mercuric chloride mercury forms.
However, analysis of quality assurance samples indicated that the sequential extraction
technique underestimated the fraction of acid-soluble mercury in site soils, and the min
eralogy technique underestimated the fraction of both acid-soluble and elemental mercury
in site soils. Despite the limitations of each method, the sequential extraction and miner
alogy data, when evaluated together, suggest that elemental mercury is the dominant mer
cury phase in the Ames Street soil samples, with lesser amounts of mercuric sulfide and
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acid-soluble mercury forms. Because both elemental mercury and mercuric sulfide are
mercury forms that have limited bioavailability, these data support a BAF of less than one
for the Ames Street site.

Mercury bioavailability in soil was estimated using an in vitro test designed to emulate the
chemistry and function of a child's gastrointestinal tract. This test determines the soluble,
or bioaccessible, fraction of mercury from site soils considering gastrointestinal transit
time, pH, and stomach and small-intestine conditions. Results of this study, performed on
10 soil samples from the site, indicate that the bioaccessible fraction of mercury from site
soils generally increased in the small intestine over the 4-hour transit time, but remained
much lower than that of the mercuric chloride spike. The low bioaccessibility of mercury
from these soil samples is consistent with the mercury speciation study results, which
found primarily mercury species with very limited solubility.

Based on the in vitro results, a BAF of 0.20 was calculated for the site. Because mercury
bioaccessibility was observed to increase with decreasing soil mercury concentrations, the
BAF was calculated for soil mercury concentrations in the 0-520 mglkg range. Because
the in vitro test was designed to produce conservative results, the BAF of 0.20 is expected
to substantially overestimate average mercury bioavailability from the site soils.
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1. INTRODUCTION

ABB Environmental Services, Inc. (ABB) retained PTI Environmental Services (PTI) to
develop a bioavailability adjustment factor (BAF) for mercury in soil at the Ames Street
site, Rochester, New York. The Ames Street site operated as an industrial manufacturing
facility producing mercury-filled thermometers, barometers, and related instruments from
1904 until approximately 1965. These activities appear to have resulted in the deposition
of mercury in site soils. This document describes the procedures used to determine a site
specific soil mercury BAF through the application of mercury speciation and physiologi
cally based extraction studies, and presents the results and conclusions of these studies.

The EPA's RID for inorganic mercury forms the toxicological basis for generic risk-based
soil mercury cleanup levels. This RID is based on a toxicological study of mercuric
chloride that was dissolved in drinking water and administered to rats. However, other
mercury species have different water solubility and therefore different bioavailability when
ingested. For mercury in soils, oral bioavailability is dependent on the mineral form of
mercury present and the physical and chemical characteristics of the soil matrix, which can
limit dissolution of mercury in the gastrointestinal tract. Therefore, an alternative risk
based cleanup level that is site specific can be developed using EPA's RID for inorganic
mercury by adjusting the soil mercury intake factor to reflect the bioavailability of mercury
in site soils relative to that of mercuric chloride dissolved in drinking water.

Mercury can occur in soil as different chemical species, with varying solubilities. It is
assumed that only those mercury species that are dissolved during passage through the
human gastrointestinal tract are absorbed. To evaluate this issue, PTI applied a two-phase
approach to estimating a BAF for mercury in site soils, which can then be used to derive
alternative risk-based cleanup levels. The first phase evaluates speciation of mercury in
soil using adaptations of two techniques: sequential extraction and electron microprobe
analyses. The second phase estimates site-specific bioavailability of mercury in soil using a
physiologically based extraction test (in vitro test) that simulates metal dissolution in the
human gastrointestinal tract.

For the purpose of this study, bioaccessible mercury is defined as the fraction of mercury
that is soluble in the gastrointestinal tract and is available for absorption, while bioavailable
mercury is defined as the fraction of mercury that is absorbed into the bloodstream.
Because mercury in soil must be solubilized in order to become bioavailable, mercury bio
accessibility is a precursor to, and provides an upper-bound estimate of, mercury bioavail
ability.

Speciation data were used to indicate the predicted solubility of mercury in soil samples
and provided support for the estimated bioavailability of mercury determined from the in
vitro assay. The in vitro assay allowed quantification of the soluble, or bioaccessible,
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fraction of mercury in onsite soils that was available for absorption from the gastrointes- _~

tinal tract. Because mercury must be dissolved in order to be absorbed, the bioaccessible
fraction can be considered a conservative upper-bound estimate of the oral bioavailability
of mercury in site soils. The BAF for mercury in site soils was calculated as the bioac-
cessible fraction of mercury from onsite soils relative to the bioaccessible fraction of
mercuric chloride dissolved in water. This approach is consistent with that used in pre-
vious evaluations of mercury bioavailability (CDM 1992; Barnett and Turner 1995). The
results of these studies were used to estimate a BAF for mercury in soil at the Ames Street
site.
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- 2. EVALUATING MERCURY SPECIATION IN SOILS

Mercury can occur in soils as elemental mercury in liquid or vapor form, organic mercury
compounds, mercuric chloride, or one of several different mineral species, including mer
curic oxides, carbonates, and sulfides. In general, organic mercury, mercuric chloride, and
elemental mercury in the vapor phase are very soluble and bioavailable; mercuric oxides
and carbonates are less soluble; and liquid elemental mercury and mercuric sulfides are
essentially insoluble and non-bioavailable after being ingested. The chemical form of mer
cury controls its mobility in the soil, its bioavailability when ingested, and its response to
specific remedial actions. Therefore, an understanding of mercury mineral speciation in
soils at the Ames Street site is critical for determining the bioavailability of mercury.

Mercury mineral speciation in soils was evaluated using both sequential extractions and
electron microprobe analysis (EMPA).

-

-

2.1.1 Sequential Extraction Technique

Recently, several investigators have focused on developing sequential extraction proce

dures to quantitatively evaluate the speciation of mercury in soils (Revis et al. 1989; Miller
1993; Sakamoto et al. 1992). These procedures use stepwise extractions of a sample,
where the individual steps are designed to extract specific mineral phases within a soil
sample. Application of the procedures of each investigator to mercury-contaminated soils
from Oak Ridge, Tennessee, showed mercury occurring predominantly as elemental
mercury and mercuric sulfide minerals (Barnett et al. 1994). However, the relative
proportions of the two species did not agree among procedures, indicating that the
extractions were either not fully effective in removing specific mercury compounds or not
fully specific in extracting individual mercury species. This problem is common to
sequential extraction methods (Belzile et al. 1989). All the extraction techniques gave
similar levels of organic mercury in soils. However, the method used by Miller (1993),
developed by EPA, generally found much less elemental mercury and mercuric sulfide than
the other two extraction procedures. The method used by Sakamoto et al. (1992) tended
to have poor recovery for elemental mercury. The method used by Revis et al. (1993)
produced higher recoveries of mercuric sulfide and elemental mercury, but does not
include a procedure for mercuric oxides and carbonates (acid-soluble mercury). Given the
drawbacks of all the methods, a procedure combining the most effective aspects of each
was developed by PTI to produce the most useful and reliable results.
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2.1.2 Electron Microprobe Analysis Technique

Electron microprobe analysis (EMPA) is an x-ray technique that provides direct visual evi
dence of the mercury mineral species present in soil. By bombarding a sample with a
focused beam of electrons, and measuring the resulting x-rays that are emitted by the
sample, the elemental composition of individual soil grains within the sample can be de
termined. In addition, the back-scatter image that reflects off the surface of the sample
can be recorded photographically, documenting the morphology and composition of the
mercury-bearing grains. The microprobe is used to determine the distribution of the spe
cific mercury-bearing species in the soil and can be used to qualitatively, rather than
quantitatively, confirm the visible amounts of these species. This information can then be
used to assess the potential bioavailability of the metal in the soil (Davis et al. 1993).

Several limitations of the EMPA procedure must be considered when designing a study
and evaluating the resulting data. They include:

• Ubiquitous, low-concentration dispersion of mercury-It is not
possible to quantitatively account for the entire mass of mercury within
a soil sample, because mercury may be distributed throughout the soil
at low concentrations that are difficult to quantify (i.e., below the
detection limit of the instrument). For example, a sample of clay could
contain a detectable bulk mercury concentration, but the mercury
concentration within each clay particle might be below the instrument
detection limit of 0.5 wt percent.

• Low bulk mercury concentration-It is often difficult to detect mer
cury-bearing species in soils with very low bulk mercury concentrations
(generally less than 100 mglkg). At these low concentrations, it
becomes statistically less likely that a mercury-bearing soil particle will
be exposed at the surface of the polished sample. In these cases, it may
not be possible to evaluate enough particles to be statistically rep
resentative of the entire population of mercury-bearing phases within
the sample.

• Mercury phase volatility-Many mercury-bearing mineral phases are
volatile at either room temperature or within the temperature-pressure
ranges of the instrument. Most notable of these phases are organic and
elemental mercury, which may be partially or wholly volatilized during
sample preparation and analysis.

• Liquid mercury-Between -39 and 357°C (-38 and 675 OF), mer
cury is a liquid with a very high specific gravity (13.5 glcm\ which
frequently causes mercury to settle within a sample. Therefore, par
ticular care must be used when removing subsamples to ensure that a
representative sample is being analyzed. The EMPA sample prepara
tion technique was modified to ensure that mercury would be evenly

....
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dispersed throughout the EMPA sample (the technique is discussed
below).

2.1.3 Comparative Study: Sequential Extraction vs. EMPA

To address the limitations described above, PTI conducted a coupled study of mercury
mineral speciation, which combined both sequential extractions and EMP A. The purpose
of using more than one method was to allow for data cross-checking and validation to
ensure the reliability of study results. It was hoped that the combined approach would
allow for better quantification of mercury species distribution, especially organic and
elemental mercury, in soils. In addition, specific quality control samples were subjected to
both procedures to further assess the limitations of both techniques (these samples are
described in Sections 2.3.1.6 and 2.4.2).

-

2.2 SAMPLE COLLECTION AND CHARACTERIZATION

Samples were collected by ABB from the Ames Street site for the mercury speciation and
bioavailability study Fourteen samples were collected from varying depths at 10 loca
tions. Samples to be included in PTI's study were selected by ABB to meet their investi
gation goals, and included 14 samples for sequential extraction analysis, and a subset of 10
of these samples for EMPA and in vitro analysis.

-

2.2.1 Mercury Vapor Analysis

Prior to performing sequential extractions and EMPA the concentration of mercury vapor
in the headspace of the sample containers was measured. The headspace concentrations
were used to establish the relative amount of volatile mercury species in each sample.

To begin the analysis, the soil samples were transferred to 16-oz, amber-glass, wide
mouth septa-jars (I-chem certified 300 series) in the hood and allowed to warm to room
temperature. The soil volumes were recorded to facilitate estimation of the headspace
within the bottles. To measure the mercury vapor in the headspace, the bottles were agi
tated gently, and a needle attached to a 60-cm3 plastic syringe was inserted through the
septum lid and pumped twice to homogenize the sample. A total of 60 cm3 of air was
removed and injected into a Jerome~ 431X mercury analyzer. To eliminate the effects of
vacuum, 60 cm3 of air was then pumped back into the sample bottles. The bottles were
agitated again and placed aside to be reanalyzed once the initial measurement of mercury
vapor in the headspace was taken for all the samples. All samples were then analyzed
twice more, so a triplicate result could be obtained for each.
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2.2.2 Sample Preparation

After measuring mercury vapor in the headspace, approximately 300 g (wet weight) of
each soil sample was placed in a stainless-steel bowl in the fume hood to air dry until a
constant weight was obtained (approximately 2 days). The air-drying procedure resulted
in the loss of some elemental mercury, causing the subsequent speciation analyses to un
derestimate the fraction of elemental mercury in site soils. The air-dried samples were
then weighed, desegregated, and sieved through a number 10, 2-mm stainless-steel sieve.
Total mercury concentrations were determined for the 14 samples «2 mm) by cold vapor
atomic absorption spectrometry (CYAA) at Columbia Analytical Services (CAS) in Kelso,
Washington (Method 7471, U.S. EPA 1991). The sieved soil was separated to provide
30 g for sequential extractions. A subset of 10 samples were then sieved through a num
ber 60, <250-,um stainless-steel sieve and the resulting sample was split for analysis by
EMPA (5 g) and the in vitro technique. Total mercury concentrations in the <250-,um
samples were determined by CYAA as part of the in vitro testing.

In transferring the soil sample from the sampling jars to the stainless steel bowls, beads of
elemental mercury were visible in soils from station BS42 (2-4 ft) and BS41 (6-8 ft).
The beads were about the size of half a pinhead and were present throughout the sample.
The field concentrations for total mercury in these two samples were elevated-I, 100
ppm and 3,500 ppm, respectively-consistent with the observation of beads of elemental
mercury. Although no other samples contained visible mercury, samples BS70 (0-2 ft)
and SS3 (0-2 ft) contained visible pieces of broken thermometers.

2.3 SEQUENTIAL EXTRACTION STUDIES

Mercury speciation was determined using a sequential extraction assay to provide evi
dence of the various mercury species present in the site soils. The sequential extraction
procedure exploits the differing chemical properties of the major categories of mercury
bearing soil phases, to selectively extract these phases during a stepWise chemical extrac
tion procedure. These major phases were:

• Organic mercury

• Acid-soluble mercury, including carbonates, hydroxides, oxides, and
chlorides

• Elemental mercury

• Mercuric sulfide
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The sequential extraction procedure for mercury is outlined in Figure 1. Using air-dried
soil samples sieved to <2 mm, organic mercury was extracted with chloroform, and then
with a sodium thiosulfate solution. The acid-soluble mercury species were then extracted
using sulfuric acid. After extracting these two phases, elemental mercury was determined
by the difference between a sample split that was roasted at 150°C for 5 days and a non
roasted sample split. Mercuric sulfide was assumed to be the mercury remaining after
roasting.

2.3.1 Methods

2.3.1.1 AVS, Carbonate, and Total Organic Carbon

In addition to sequential extractions, the <2-mm fractions of the 14 soil samples were also
submitted for acid-volatile sulfide (AVS), carbonate, and total organic carbon (TOC)
analyses. It is particularly important to determine if these phases are present in the site
soils, as they often contain coprecipitated or adsorbed mercury (EPRI 1984). In addition,
the carbonate content of soils may contribute to the soils' buffering capacity, which could
potentially affect the efficiency of the acid-soluble mercury extraction step in the
sequential extractions. These analyses were performed at CAS using EPA Method 376.3
for total AVS (D. S. EPA 1991) and ASTM Method 0-4239 for TOC and carbonate.

2.3.1.2 Equipment Preparation

Equipment for the organic mercury extraction was prepared by washing four 250-mL
glass separatory funnels and 20 50-mL Fisher-brand polypropylene centrifuge tubes in
acid. The separatory funnels were then pre-rinsed with Mallinckroft Lot 4440 KJTP chlo
roform to remove any organic mercury. Once the centrifuge tubes were air-dried, they
were tared on a balance, and 7.5 g of a soil sample (less than 2 mm) was weighed into
them. Sixteen centrifuge tubes were prepared for the sequential extraction of mercury
phases in soil (14 samples plus two duplicates). Extractions were performed in sets of
four.

2.3.1.3 Organic Mercury Extraction

The organic mercury extraction began by adding 30 mL of Mallinckroft Lot 4440 KJTP
chloroform to four of the centrifuge tubes and sealing them as specified by Sakamoto et al.
(1992). The centrifuge tubes were placed in a wrist-action shaker for 3 minutes. Any
organic mercury phases within the soil should dissolve into the chloroform during this
step. To separate the remaining soil sample from the chloroform, the mixture was centri-
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fuged for 3 minutes at 3,000 rpm. The chloroform was then decanted into a 250-mL
separatory funnel. To ensure complete extraction of the organic mercury phase, the chlo
roform extraction was repeated with another 30 mL of chloroform, again decanting the
chloroform extract into the separatory funnel. To extract the organic mercury into an
aqueous phase for analysis, 10 mL of 0.01 M sodium thiosulfate was then added to the
chloroform extracts in each of the separatory funnels. The funnels were hand-shaken for 3
minutes and allowed to settle. The more dense chloroform layer was discharged from the
separatory funnel into a large bowl and allowed to evaporate. The remaining sodium
thiosulfate solution, which contained any organic mercury that was present in the original
soil sample, was collected in 10-mL plastic bottles, preserved with concentrated nitric acid
(20 ,uL per 10 mL of sample), and sent to CAS for total mercury analysis by CVAA. The
solid remaining in the centrifuge tubes was placed under the hood to air dry for the acid
soluble extraction step.

Several observations were noted during the organic mercury extraction. The chloroform
extracts from samples BS46 (2--4 ft), BS69 (2--4 ft), BS69 (4-6 ft), and BS69 (6-8 ft)
were brown, with visible dark brown particles suspended in the chloroform phase. The
particles did not settle during centrifugation, indicating that substantial quantities of soil
organic matter were extracted by the chloroform. Because of the coloration and sus
pended particles, the chloroform layer was discharged slowly until aU solid particles were
contained in the last 0.5 mL of chloroform, which was then discharged directly into the
centrifuge (i.e., retained for the acid-soluble extraction step). A cream-colored slurry was
present in samples BS42 (2--4 ft), BS41 (4-6 ft), BS42 (4-6 ft), BS46 (2--4 ft), and BS69
(2--4 ft) between the sodium thiosulfate aqueous solution and the chloroform phase,
possibly an emulsion of organic compounds and the overlying aqueous phase. Because it
was assumed that all of the mercury originally in the chloroform had been oxidized by the
sodium thiosulfate solution, and subsequently dissolved into the aqueous phase, this
emulsion was not considered an important phase into which mercury would be partitioned.
Therefore, the sodium thiosulfate phase was slowly discharged into a 15-mL tube so that
the slurry would remain on the sides of the separatory funnels. After the entire sodium
thiosulfate layer was collected, the separatory funnels were rinsed with chloroform, to
collect the slime and any residual soil particles, and discharged into the centrifuge tubes
(i.e., retained for the acid-soluble extraction step).

2.3.1.4 Acid-Soluble Mercury Extraction

The extraction of acid-soluble mercury consisted of adding 15 mL of O. 1 M sulfuric acid
to the residual air-dried residue from the organic extraction step (in the centrifuge tubes),
shaking the tubes in the wrist-action shaker for 3 minutes, and centrifuging for lO minutes
as specified in Sakamoto et al. (1992). The sulfuric acid solution was then extracted from
the centrifuge tube with a lO-mL plastic syringe and filtered through a Corning@
disposable sterile syringe filter (25-mm syringe with 0.45-,um acrylic filter with cellulose
acetate membrane). The syringe and filter were added to this step because there were mi
nute particles in the hydrochloric acid solution. The hydrochloric acid extract was col-
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lected in 15-mL, graduated plastic tubes, and the volume of recovered extract was
recorded. The extracts were shipped to CAS for total mercury analysis by CVAA, and the
solid sample was air dried in the hood before the next extraction step.

2.3.1.5 Elemental Mercury Extraction

For the elemental mercury determination, a 2.5-g split of air-dried sample from the pre
vious extraction step was sent to CAS for total mercury analysis by CVAA. The mass of
remaining sample was determined in tared, stainless-steel pans to the nearest 0.0001 g.
Elemental mercury was volatilized from the sample by placing it in a 150°C oven for 5
days. The mass of the post-roasted samples was determined to the nearest 0.0001 g be
fore transferring the samples to 15-mL plastic tubes to be shipped to CAS for total mer
cury analysis by CVAA. The mercuric sulfide fraction was assumed to be all the mercury
remaining in the sample following roasting. The elemental mercury fraction was deter
mined as the difference between the pre- and post-roasting mercury concentration. The
change in sample mass during roasting was compared to the analytically determined ele
mental mercury content.

2.3.1.6 Quality Assurance and Quality Control Procedures

To assess the specificity and completeness of each extraction step, QNQC samples con
sisting of three mercury spikes and a blank were prepared and subjected to the sequential
extraction procedure. The blank sample consisted of an empty acid-washed 50-mL poly
propylene centrifuge tube. The blank was processed by following the extraction proce
dures described above without soil. The mercury-spiked samples were prepared using
sample BS68 (6-8 ft), which did not contain detectable mercury (detection limit 0.1
mg/kg). A 7.5-g sample of this soil was spiked with 1,140 mg/kg elemental mercury
(spike sample 1). This spiked sample was subjected to the first two extraction steps and
then sent to CAS for total mercury analysis by CVAA, to assess the quantity of elemental
mercury lost during the first two extraction steps. A second elemental mercury spike was
then prepared by adding 5,460 mg/kg elemental mercury to approximately 7.5 g of the
nondetect soil (spike sample 2). This spiked sample was roasted in the oven at 150°C for
five days and then sent to CAS for total mercury analysis by CVAA. Because this second
elemental mercury spike was not subjected to the first two steps, any loss of mercury from
this sample could be attributed to the roasting step alone. The third mercury spike was
prepared by spiking a 25-g sample of the non-detect soil with 1,470 mg/kg mercury,
consisting of 30, 52, and 18 percent mercuric sulfide (HgS), mercuric oxide (HgO), and
mercuric chloride (HgCb), respectively (spike sample 3), resulting in a sample that was 70
percent acid-soluble mercury and 30 percent mercuric sulfide. The spiked sample was split
into two subsamples, and each subsample was subjected to the sequential extraction
procedure
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2.3.2 Results

2.3.2.1 Headspace and Total Mercury Concentrations

Mercury concentrations resulting from the headspace analyses are presented in Table 1, as
individual measurements and as the average of the triplicate analyses. Average headspace
mercury concentrations ranged from 0.01 to 22.8 mg/m3 The limited variability across the
triplicate data indicates good precision for the mercury headspace analyses. However, the
difference between mercury headspace concentrations in one of the duplicate samples
(BS21 [6-8 ft]) suggests that the two splits of this sample do not contain equivalent
elemental mercury concentrations. Evaluation of equilibrium air-water partition
coefficients for volatile mercury species (Table 2) indicates that elemental mercury is the
only mercury species likely to yield a significant fraction of volatile mercury at room
temperature. (Note that these partition coefficients do not take into account the effect of
the soil matrix present in the sample jars.) Based on the equilibrium partition coefficients,
the mercury concentration measured in the headspace should be due almost entirely to
elemental mercury.

Total mercury concentrations «2-mm size fraction) and percent moisture (range of 10-28
percent) for each of the 14 soil samples are also presented in Table 1. A comparison of
total mercury in the <2-mm and <250-,um soil size fractions (Table 3) indicates that mer
cury concentrations in these two size fractions were generally similar; relative percent dif
ferences (RPDs) ranged from 3 to 69 percent. These RPD values most likely reflect
sample heterogeneity, particularly with respect to elemental mercury, rather than actual
differences between mercury concentrations in these two size fractions. Elemental mer
cury may occur as discrete beads-or nuggets-within a soil sample, causing difficulty in
obtaining a homogeneous subsample for analysis of mercury concentration when the
analytical laboratory obtains the O. 2-g subsample for analysis, as per Method 7471 (U S.
EPA 1991). This observation of sample heterogeneity is consistent with previous projects
performed by PTI, where a nugget effect was observed for elemental mercury in soil.
Results from the AVS, carbonate, and Toe analyses on the 14 samples are presented in
Table 4.

2.3.2.2 Sequential Extraction Method Validation

For the soil spiked with 1,140 mg/kg mercury as elemental mercury (spike sample 1),
0.001 and 0.003 percent of the elemental mercury spike was extracted during the organic
mercury and acid-soluble extraction steps, respectively, indicating that these extracts do
not readily dissolve elemental mercury in the presence of the site soils (Table 5).
Following these first two extraction steps, the sample was submitted for total mercury
analysis. The results of this analysis indicated that the mercury concentration in this

_..
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sample increased by 151 percent (from 1,140 to 1,730 mg/kg) following this procedure
(i.e., more mercury was recovered than was thought to be in this sample, based on the
amount of elemental mercury that was added to the sample, and previous measurements of
the mercury content of the unspiked sample).

This increase could be due to contamination from the apparatus, analytical error, or
heterogeneities in the soil used to prepare this sample. Considering the minimal amounts
of mercury present in the organic and acid-soluble extracts (Table 5), it is unlikely that
contamination from the apparatus was the source of the 590-mg/kg increase observed in
the elemental mercury-spiked sample. To determine if analytical error could account for
the high spike recovery, the results of a triplicate analysis of a single site sample «2 mm
size fraction) were evaluated (data presented in Table 1). These analyses yielded results of
194, 312, and 268 mgIL (relative standard deviation of 23 percent), indicating that the
analytical error may be the source of the observed increase. However, if sample
heterogeneity is the source of the error, this would affect the performance of laboratory
triplicate analysis, and it would be difficult to distinguish between these two possible
sources of error. Because mercury often occurs as a liquid in soils, it is able to flow within
the soil, often forrning discrete beads, or nuggets, of mercury. This behavior leads to a
heterogeneous distribution of mercury within the soil matrix. Consequently, mercury
analyses in soils are often difficult to reproduce. Given that the internal laboratory
QNQC results were generally within control (see Appendix A), sample heterogeneity is
the most likely explanation for the observed increase in mercury concentration in elemental
mercury spike sample 1 (Table 5).

In addition to the elemental mercury spike sample described above, a second elemental
mercury spike sample (spike sample 2) was prepared with the same mercury-free sample.
This spiked sample was subjected to the roasting step only, resulting in a loss of 99.9
percent of the 5,460 mg/kg mercury spiked into the sample (Table 5). As it was the goal
of this roasting step to drive off the elemental mercury, these data demonstrate that this
step of the extraction procedure effectively removed elemental mercury from the sample.

Two additional standard samples were prepared by spiking the same mercury-free soil
described above with 1,470 mg/kg mercury, where 70 percent of the mercury was added
as acid-soluble mercury (HgO and HgCb) and 30 percent as mercuric sulfide (spike
sample 3, Table 6). This sample was subjected to the sequential extraction procedure in
duplicate. Thus, the known apportionment among the organic, acid-soluble, elemental,
and mercuric sulfide fractions was 0, 70, 0, and 30 percent, respectively, of the total mer
cury mass. However, the sequential extraction of mercury among the fractions was 2, 7,
28, and 37 percent, respectively (Table 6).

Overall, only 74 percent of the mercury that was spiked into this sample was accounted
for. Given the consistent results observed for the two replicate samples, the inability of
the procedure to accurately apportion mercury among the known mercury phases may
indicate that an unidentifiable systematic error is occurring during the extraction proce-
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dure, the effect of which would be to potentially overestimate the proportion of mercury -.
attributed to the elemental mercury fraction and to underestimate the acid-soluble fraction.

The inability of the procedure to extract spiked minerals during the appropriate extraction
step was likely due to the high carbonate content of the site soils, which ranged between
0.88 and 13.9 weight percent (Table 4). The high alkalinity associated with the high car
bonate content would likely buffer the acid-soluble extraction step, resulting in a higher
pH in the extract, and a lower extraction efficiency. This conclusion is supported by a
comparison between the carbonate content of the site soils and the concentration of mer
cury in the acid-soluble extract (Figure 2). Acid-soluble mercury concentrations above
30 mg/L in the acid-soluble extracts occurred only in those soils with carbonate contents
below 4 percent.

To determine if a low-carbonate-content soil spiked with the same mineral phases would
perform more predictably, a PTI internal standard soil, which contained 0.005 percent
carbonate, was spiked following the same protocol described above. The results of this
sequential extraction of mercury among the organic, acid-soluble, elemental, and mercuric
sulfide fractions accurately determined all phases except elemental mercury, which was
overestimated by 29 percent (Table 7). These data indicate that while the sequential
extraction procedure yielded accurate estimates of the acid-soluble fraction when soil al
kalinity was low, the high concentration of carbonate in the site soils likely resulted in a
reduced acid-extractable fraction efficiency. Such a reduction would result in an under
estimation of the amount of acid-extractable or soluble mercury species present in the
soils.

In summary, the sequential extraction method validation results indicate that mercuric
sulfide in the Ames Street site soils will be extracted during the appropriate extraction
phase, but that acid-soluble forms of mercury (HgO and HgCIz) will not be fully extracted
during the acid extraction, and elemental mercury may be over-recovered, resulting in an
underestimation and overestimation of the contribution of these mercury forms,
respectively, in site soils.

2.3.3 Site Sample Results

Because the sequential extraction results are questionable for samples with elevated car
bonate concentrations, only those results from site soils with less than 5 percent carbonate
(Table 4) were used in evaluating the sequential extraction results (Table 8, data for
samples with <5 percent carbonate in bold). Of the 8 soil samples with less than 5 percent
carbonate subjected to the soil extraction procedure, none was found to have any ap
preciable amounts of mercury within the organic mercury fraction (average of 0.3 percent,
Table 8). The 8 samples with total carbonate <5 percent tended to have greater fractions
of acid-soluble mercury, with a maximum apportionment of 65 percent in sample BS69
(2-4 ft) (Table 8). The average acid-soluble fraction of mercury was 21 percent. The
fraction of elemental mercury ranged from 17 to 99 percent (average of 63 percent) in
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these 8 samples, and the fraction of mercuric sulfide ranged from I to 70 percent (average
of IS percent). In combination, the elemental mercury and mercuric sulfide accounted for
an average of 78 percent of the mercury.

Identification of elemental mercury as a major mercury-bearing phase in these samples is
consistent with the headspace analysis described above. The concentration of elemental
mercury detected in the samples by sequential extraction was well correlated with the
mercury concentration detected in the headspace of the sample (Figure 3, r2

= 0.72). As
discussed in Section 2.3.2. I, this observation is consistent with the relative volatility of the
various mercury forms present in the Ames Street soils. These data are also in accord
with previous site data, which indicate that the amount of mercury in headspace readings
is proportional to the amount of visible elemental mercury in a sample, and provide further
evidence that elemental mercury is a major mercury-bearing phase in these samples.

The presence of volatile mercury in the sample headspace analysis indicates that elemental
mercury will have been lost during the air-drying step of sample preparation. This will
have resulted in an underestimation of elemental mercury in the speciation analyses
relative to the other (non-volatile) mercury species. However, because elemental mercury
is a nonbioavailable mercury species, this underestimation provides an additional level of
conservatism to the project results.

To determine if there was any obvious variation in sample mineralogy as a function of
mercury concentration, the amount of mercury attributed to each mineral fraction in the 8
samples with <5 percent carbonate was plotted as a function of total mercury concentra
tion (Figure 4). These data indicate that the fraction of elemental mercury increases as
total mercury concentrations increase (r2 = 0832). As a result, these data suggest that
mercury bioavailability should decrease at higher total mercury concentrations, due to the
presence of more elemental mercury.

By summing the quantity of mercury that was released during the sequential extraction of
the 14 soils tested, and comparing it to the total concentration of mercury in the <2-mm
soil fraction, an assessment of the extraction efficiency can be made (Table 9). For 10 of
the 14 samples tested, less mercury was recovered during the sequential extraction proce
dure than was determined to be in the sample through direct analysis of a <2-mm fraction
of the sample (Table 9). In three of these samples, less than half of the total soil mercury
was accounted for. This loss could be due to volatilization of mercury during the extrac
tion procedure, sorption of mercury to the extraction apparatus, or sample heterogeneity.
Insufficient data exist to distinguish definitively between these possible explanations. In
the remaining four samples, between 6 and 124 percent additional mercury was extracted
during the sequential extraction procedure, compared to the amount expected from the
total mercury concentration data. As discussed in Section 2.3.2.2, the most likely expla
nation for these differences between total and extracted mercury concentrations is the
heterogeneous nature of soils containing elemental mercury, and the difficulty in obtaining
a representative subsample
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2.3.3.1 AVS, Carbonate, and Total Organic Carbon Results

Although no acid-volatile sulfide was detected (detection limit of 5 mg/kg) in any of the
samples tested (Table 4), mercuric sulfide was detected consistently in the samples using
the sequential extraction technique (Table 8). If the mercuric sulfide were present in the
samples as a freshly precipitated, amorphous mercuric sulfide, it is likely that this mineral
would be identified as a volatile sulfide (Di Toro et al. 1992). Alternatively, well
crystallized mercuric sulfide minerals (e.g., cinnabar) would not be dissolved by the acid
volatile sulfide (AVS) extraction procedure, which consists of leaching of the soil samples
by aiM HCl solution (Di Toro et al. 1992). To determine if a sufficient quantity of
mercuric sulfide was extracted during the sequential extraction procedures to be detected
by the AVS procedure, the concentrations of mercury detected in each of the mercuric
sulfide extracts (Table 10) were used to calculate an equimolar concentration of sulfide
(assuming that the mercury sulfide mineral extracted was HgS). These data indicate that 4
of the 13 samples tested should have contained sufficient sulfide in the mercuric sulfide
extract to be detected during the AVS procedure. Because no AVS was detected, it may
be concluded that the majority of the mercuric sulfide occurs as relatively well-crystallized,
and consequently relatively non-soluble, mercuric sulfide.

The total organic carbon content of the soils ranged between <0.05 and 6.00 percent. If
organic mercury was a predominant mercury-bearing phase in these soils, it is likely that
the total mercury content of soils would be correlated with the TOC content. However,
the data do not suggest this (Figure 5). These data, together with the sequential
extraction results, indicate that organic mercury is not a major mercury-bearing phase in
the site soils.

As discussed in Section 2.3.2.2, the total carbonate concentrations for the site soils were
relatively high, ranging between 0.88 and 13.2 weight percent (Table 4), with a geometric
mean carbonate content of 6 percent. Although no site-specific data are available, it is
reasonable to assume that the site soils are likely to be buffered by the carbonate, resulting
in neutral soil pHs. Under these conditions, the major mercury-bearing phases identified
by sequential extractions, elemental mercury and mercuric sulfide, are more likely to be
soluble than at lower soil pHs (EPRI 1984).

2.4 ELECTRON MICROPROBE STUDIES

2.4.1 Methods

Polished sample pucks were prepared at the Laboratory for Geological Studies, University
of Colorado, Boulder, for electron microprobe analysis by embedding 4 g of air-dried
sample in epoxy within a sample mold to cure at room temperature. To minimize settling

.....
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of the liquid mercury within the epoxy substrate during curing, the epoxy was allowed to
partially cure prior to addition of the sample. This resulted in a higher epoxy viscosity,
which has been shown to eliminate the segregation of elemental mercury during curing
(Drexler 1996). To minimize any loss of elemental mercury that may occur during pol
ishing, a one-step sample-polishing step was employed, consisting of a 600-grit wet/dry
abrasive paper stretched across a glass plate. All polishing was performed with the pol
ished surface pointing up, thus minimizing the likelihood that beads of mercury would
drop out of the sample when exposed. All polishing utilized water to avoid dissolution of
any organic mercury species. Finally, sample pucks were placed in a carbon coater, where
a thin layer of carbon was sputtered onto the surface of each puck.

Electron microprobe analysis was conducted on a JEOL® 8600 electron microprobe op
erating at 15 kV with a 20-nA specimen current and a I-mm beam, according to the
methods described in the work plan, as adapted for mercury mineral speciation. Quanti
tative mineralogic data were collected using wavelength-dispersive spectrometers and
mineral standards and corrected using Phi Rho Z parameters. The mercury-bearing par
ticles were identified using a combination of energy dispersive detection, wavelength
dispersive detection, and backscatter electron image (BEl) detection devices.

Initially, spectra were generated for each grain that allowed identification of all elements
with an atomic mass greater than or equal to that of carbon. Subsequently, the elemental
proportions were quantified by comparison with standard materials, and the mineral pro
portions were identified based on the equivalent molecular weight of the oxide. There
fore, the identifications provide quantitative stoichiometric ratios from which the mineral
identity can be calculated. The relations among mercury-bearing species were established
from BEl images and wavelength-dispersive/energy-dispersive analyses as necessary.

Individual mercury-bearing particles were analyzed (representing one point count each)
until a minimum of 100 particles were evaluated, or 5 hours of machine time had been
spent on the analysis. Point counts were made by traversing each sample from left to right
and top to bottom in a grid pattern, with each vertical displacement moving only to the
adjacent field of view. Magnification settings of 40x to 100x and 300x to 600x were
used; the latter magnifications allowed for the analysis of the smallest identifiable (1
2 ,um) mineral grains. The grain size of each mercury carrier was determined by measur
ing the dimension of the long axis, assuming that the sample area was proportional to its
long axis. Percent composition of mercury phases in each sample was determined by
summing the total area of all mercury grains and dividing the area for each phase by the
total area.

2.4.2 Quality Assurance Sample

Analyses of elemental mercury in soils are often difficult to reproduce, because elemental
mercury occurs as a dense liquid, often in isolated beads within a soil sample. This dense
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liquid often flows within a sample, pooling in some spots and leaving other areas devoid of - ..
mercury. In addition, the vapor pressure of liquid mercury is very close to the operating
pressure of the EMPA (10-8 Torr), increasing the potential for elemental mercury loss
during sample analysis. To assess the accuracy with which the EMPA apportioned mer-
cury between three major mercury phases, two quality control samples were prepared and
analyzed.

The quality control samples consisted of a mercury-free soil (BS-68, 6-8 ft) spiked with
mercury as elemental mercury, mercuric chloride, and mercuric sulfide at the concentra
tions indicated in Table 11. Given this composition, the EMPA results should have indi
cated that the mercury mass was distributed relatively evenly among each of the three
phases. However, the results indicated that 87-93 percent of the mercury was associated
with the mercuric sulfide phase, 5-11 percent was identified as elemental mercury, and 0
2 percent as mercuric chloride (Table 11). These results indicate that the elemental
mercury and the mercuric chloride were lost from the sample, either during sample prepa
ration or analysis. The difficulties in preparing samples and analyzing them for mercury
using this method are discussed below.

Prior to analysis, the soil sample is prepared by placing a split of the sample into a photo
graphic film canister, adding an epoxy resin, and then homogenizing the sample/epoxy
mixture. Because elemental mercury occurs as a dense liquid, which would flow to the
bottom of uncured epoxy, partially cured epoxy was used to minimize this effect (Drexler,
personal communication, 1996). However, in the event that the epoxy did not cure
sufficiently, the elemental mercury may have settled through the bottom of the epoxy
sample slurry, thus making this mercury phase unavailable for measurement by EMP A.
Furthermore, during the EMPA, it is necessary to reduce the pressure surrounding the
samples to 10-8 Torr, which is below the vapor pressure of elemental mercury (10-3 Torr)
and mercuric chloride (10-5 Torr) at 25 °C (CRC 1985). Because the operating pressure
of the electron microprobe is lower than that of these two phases, it is possible that they
are volatilizing within the sample chamber. Lastly, when the electron beam of the
instrument strikes epoxy-mounted sample material, the surface of the puck heats up,
resulting in an increase in the vapor pressure of the minerals contained within the sample.
All of these factors may have contributed to the poor spike recoveries for this sample.

2.4.3 Results

The purpose of the EMPA analyses was to quantify the distribution of mercury mass
among the various mercury-bearing mineral phases in 10 soil samples from the site. The
results from the spiked samples, discussed in Section 2.4.2, indicated that potential prob
lems may be associated with measuring mercury mineralogy using this method. The re
sults for the site samples are discussed below, and conclusions are drawn within the
limitations of the quality control results. ....
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The frequency of occurrence of each mercury-bearing mineral phase was calculated by
summing the diameter of all the particles of that mineral phase, and dividing by the
summed diameters of all mercury-bearing particles encountered within a sample. Results
from this calculation are presented in Table 12. By multiplying the frequency distribution
by the specific gravity and mercury content of each mineral phase (values provided in
Table 13), the relative mercury mass distribution among the mercury-bearing minerals
observed in a sample can be calculated (Table 14). Of the ten samples submitted for
EMPA, three contained an insufficient quantity of mercury to be detected by the EMPA
method. These included BS-21 6-8 ft, BS-69 6-8 ft, and BS-74 0-2 ft, which contained
6.5, 17.3, and 2.4 mg/kg total mercury (in the <250-,um fraction), respectively.

The mineralogy of the remaining seven samples varied with elemental mercury, mercuric
chloride, and mercuric sulfide each appearing to be the predominant mineral phase in
various samples (Table 14). However, given the results from the quality control sample,
both mercuric chloride and elemental mercury may have been lost during the analysis,
resulting in an under-estimation of the amount of these two phases, and a resulting over
estimation of mercuric sulfide. Because the vapor pressure of elemental mercury (10-3

Torr) is higher than that of mercuric chloride (10-5 Torr), elemental mercury would be lost
more quickly than mercuric chloride during analysis in the electron microprobe. Even
though the quality control results indicate that elemental mercury is lost during analysis,
this phase was identified as being the dominant mercury mineral phase in three of the
seven samples, indicating that so much elemental mercury was present in these samples,
that despite volatilization during the EMPA elemental mercury was still present as a major
mercury phase.

To confirm the EMPA results where elemental mercury was identified as the predominant
mercury-bearing phase, two samples were subjected to a gravimetric separation technique
(the gold panning method) to isolate elemental mercury. To determine if the gravimetric
separation technique was an efficient method of isolating mercury, 100 g of a site soil
containing relatively little mercury (BS-75 0-2 ft, containing 1.5 mg/kg mercury prior to
spiking) was spiked with an additional 0.6492 g of elemental mercury (Table 15) The
spiked sample was panned by an experienced technician, and the separated elemental
mercury was transferred to a tared bottle to determine its mass. The gravimetric separa
tion technique recovered 92 percent of the total mercury in the sample, indicating that this
method is a viable approach to determining the elemental mercury content of a sample.
Subsequently, a portion (100 g) of the bulk fraction (i.e., unsieved) of soil sample BS-41
6-8 ft, was evaluated by this technique for recovery of elemental mercury. The elemental
mercury isolated from this sample was equivalent to 5,884 mg/kg elemental mercury
(Table 15). The concentrations of elemental mercury in the <250-,um and <2-mm
fractions of this sample were 5,850 and 12,000 mg/kg, respectively, indicating that one
half to all (49-101 percent) of the total mercury was recovered as elemental mercury.
The discrepancy between mercury concentrations in the <2-mm and <250-,uffi particle size
fractions of a given sample most likely result from sample heterogeneity, as discussed
previously. The gravimetric separation requires a minimum of 100 g of sample material,
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and the small sample sizes available precluded the application of this method to other site _ ..
samples.

2.5 MERCURY SPECIATION CONCLUSIONS

The speciation results suggest that mercury in soil at the Ames Street site occurs primarily
as elemental mercury, with lesser amounts of both mercuric sulfide and acid-soluble
mercury forms. The sequential extraction results suggest that, on average, elemental
mercury, mercuric sulfide, and acid-soluble forms of mercury accounted for 63, 15, and 21
percent, respectively, of mercury in the 8 samples for which reliable data were obtained.
None of samples was found to contain any appreciable amounts of mercury in the organic
mercury fraction (average of 0.3 percent). The results from the headspace analyses for
mercury, and comparison of these data to the results of the sequential extractions, also
suggest that elemental mercury is a dominant form of mercury in these samples. In
addition, the air drying of samples prior to the speciation analyses invariably resulted in the
loss of some elemental mercury, resulting in an underestimation of the fraction of
elemental mercury in site soils. However, based on the results from the sequential ex
traction method validation samples, the sequential extraction technique tends to underes
timate the fraction of acid-soluble mercury and overestimate the fraction of elemental
mercury associated with soil from the Ames Street site. Therefore, the fraction of ele-
mental mercury observed in the sequential extractions is likely an upper estimate. ..-.

The Erv1P A data also suggest that elemental mercury is the dominant phase in Ames Street
soils, followed by mercuric sulfide and mercuric chloride. These data are generally
consistent with the results of the sequential extraction analyses. However, it should be
noted that the quality assurance sample results for Erv1P A indicate that this technique
tends to underestimate the fraction of elemental mercury and mercuric chloride in soil
samples. The gravimetric separation technique appears to provide a reliable measurement
of elemental mercury mass, and indicated that one of the samples with elevated mercury
concentration was composed largely of elemental mercury.

Despite their respective limitations, the sequential extraction and Erv1P A data, when
evaluated together suggest the elemental mercury is the dominant mercury phase in the
Ames Street soil samples, with lesser amounts of mercuric sulfide and acid-soluble mer
cury forms. Because both elemental mercury and mercuric sulfide are mercury forms that
have limited bioavailability, these data support a BAF of less than unity for the Ames
Street site.
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3. IN VITRO BIOAVAILABILITY TESTING

In humans, an orally administered dose of a compound is seldom completely absorbed, and
differences in the extent of absorption of orally administered compounds exist among dif
ferent exposure media. For most compounds, the toxicity values derived by EPA are not
adjusted to the absorbed dose (i.e., the dose-response evaluation is based on the adminis
tered dose). This procedure can lead to errors in assessing the risks of exposure to a par
ticular chemical in a medium other than the one used in the toxicity or epidemiology stud
ies on which the toxicity values are based. For example, the EPA oral toxicity value (or
reference dose [RID]) for inorganic mercury was derived from studies in which mercuric
chloride dissolved in water was administered to laboratory animals. Most of the mercury
at the Ames Street site is present in forms that are less soluble than mercuric chloride.
Because absorption decreases with decreasing solubility, absorption of mercury from
ingested site soils will be reduced compared to mercuric chloride. If these differences in
mercury bioavailability are not accounted for, risks associated with ingestion of mercury in
site soils will be overestimated. The bioavailability adjustment factor to correct for
differences in absorption from different exposure media is termed the BAF. This
fractional value is used to adjust the dose or intake so that it is expressed in the same
terms as the doses used to generate the toxicity values.

Substantial evidence exists that mercury solubility and bioavailability vary with mercury
species. Studies in rodents suggest that 10-20 percent of dissolved mercuric chloride is
absorbed from single oral doses (Nielsen 1992). Several studies comparing tissue levels in
rodents after single or repeated doses of mercuric chloride and mercuric sulfide have
concluded that absorption of mercuric sulfide is much lower than absorption of mercuric
chloride (Sin et al. 1983, 1992; Yeoh 1989). In 1993, EPA reviewed available studies on
the toxicity and bioavailability of mercuric sulfide in response to a petition for a provi
sional mercuric sulfide RID for the East Fork Poplar Creek site in Oak Ridge, Tennessee.
At that time, EPA concluded that insufficient information was available to derive a sepa
rate RID for mercuric sulfide, but they did note that comparison of relative tissue levels of
mercury in animal studies suggested that mercuric sulfide was 30-80 times less
bioavailable than mercuric chloride (DOE 1994). Thus, a relative BAF of 1/30 to 1/80
(0.03-001) may be appropriate when applying toxicity values for mercuric chloride to
mercuric sulfide. Several studies also indicate that elemental mercury is poorly absorbed
in the human gastrointestinal tract (Goyer 1996; Berlin 1979). Experiments on rats indi
cate that absorption may be as small as 0.01 percent of an oral exposure of elemental
mercury (Bornmann et al. 1970, as cited in Friberg and Nordberg 1973). Little or no in
formation is available on the oral absorption of other mercury compounds (e.g., mercuric
carbonate, mercuric oxide) relative to mercuric chloride; however, other mercury species
are also likely to be less bioavailable than mercuric chloride. The bioavailability of mer
cury species in soil also may be reduced because of interactions with soil constituents.
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Thus, site-specific BAFs will vary, depending on the mix of mercury species present at the .-..
site and the composition of other soil constituents. Because a variety of mercury species
are present in soils at the Ames Street site, site-specific mercury BAFs were determined
based on a study of site soil samples.

For the purpose of this study, bioaccessible mercury is defined as the fraction of mercury
that is soluble in the gastrointestinal tract and is available for absorption, while bioavailable
mercury is defined as the fraction of mercury that is absorbed into the bloodstream.
Because mercury in soil must be solubilized in order to become bioavailable, mercury bio
accessibility is a precursor to, and provides an upper-bound estimate of, mercury bioavail
ability.

To evaluate mercury bioaccessibility, an in vitro test was used (Ruby et al. 1996), which
had previously been used to assay the bioavailability of lead and arsenic in soils. Ex
perimental results from the application of this test to the evaluation of lead and arsenic
bioaccessibility indicate that dissolution of arsenic and lead from soil is limited and that the
;n vitro test provides a useful, rapid screening-level estimate of maximum available arsenic
and lead from soil relative to animal models (Ruby et al. 1993, 1996). For this study, the
;'1 vitro test was modified to provide a system appropriate for mercury bioaccessibility
evaluation.

In vitro assays similar to the PTI test have been employed at several other sites to estimate
site-specific bioavailability of mercury in soil. At the Almaden Quick Silver County Park
in Los Gatos, California, the form of mercury present in site soils, which resulted from
mining and ore processing (predominantly mercuric sulfide), was experimentally measured
to be from 0.03 to 9.4 percent as soluble as mercuric chloride in a simulated gastrointes
tinal environment (CDM 1992). The Los Gatos site samples were tested using a leaching
procedure designed to simulate the human gastrointestinal system: 200 mg of sample
(sieved to less than 2 mm) was added to 480 mL of a pH-2.5 solution of dilute hydro
chloric acid in 500-mL bottles, and the bottles were agitated for 4 hours to simulate
conditions in the human stomach. The human intestine was simulated by adjusting the pH
of the solution to 6.5 using sodium hydroxide, and agitating for an additional 4 hours. At
the end of the simulated stomach and intestinal phases, aliquots of the solutions were
filtered (0.45 ,um) and analyzed for their mercury content. Based on the results of this ;'1

vitro assay, the Santa Clara County Parks and Recreation Department and California State
regulatory authorities agreed to use a BAF of 0.3 for mercury in soils at the Los Gatos
site.

An in vitro procedure nearly identical to the one described above was used to evaluate the
solubility of mercury in soil samples collected at Oak Ridge National Laboratory in Ten
nessee (Barnett and Turner 1995). The experimental procedure was altered in that the soil
samples were pulverized after sieving, and only the <180-,um size fraction was subjected
to the leaching procedure For 19 of the 20 samples, the mercury in soils was determined
to be from 0.3 to 14.2 percent soluble (average of3.2 percent). One sample, the only one
with detectable mercury vapor in the sample headspace, contained 45.9 percent soluble
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mercury by this in vitro method. Mercuric chloride was determined to be 100 percent
soluble in the in vitro test system. Based on these analyses, EPA accepted a site-specific
BAF of 0.1 for mercury in soils at the Oak Ridge site (DOE 1995).

For the Ames Street site samples, PTI performed bioaccessibility testing on soil samples
that previously underwent mercury speciation analyses. It should be noted that the pres
ence of elevated carbonate concentrations in the Ames Street soils, which caused diffi
culties during the sequential extraction analyses, will not affect the in vitro extractions,
because pH values in the in vitro assay were monitored and maintained at a constant pH
value. As described in the work plan, the soil samples were sieved to the <250-,um size
fraction prior to the in vitro assay, because particles in this size range are most likely to
adhere to children's hands and be ingested (Duggan and Inskip 1985). In addition,
samples were extracted for one-hour under the conditions of the stomach phase to
represent the gastric empyting time of a child.

In the following sections, the methods and results of the in vitro testing on site soils are
presented, followed by those of soluble mercuric chloride spikes, which were evaluated in
the in vitro assay because mercuric chloride is the basis for EPA's RID for mercury.
These results are followed by calculation of a site-specific mercury BAF, a discussion of
the conservative aspects associated with the in vitro testing, and the study conclusions.

3.1 METHODS

The in vitro test is designed to determine the fraction of mercury that is solubilized and
available for absorption in the gastrointestinal tract. The method is implemented in two phases,
simulating the passage of ingested soil from the acidic environment of the stomach to the near
neutral conditions of the small intestine. Because of the concern for potential loss of volatile
mercury from the reaction vessels, the experiment was performed in sealed containers. Argon
gas was introduced into the reaction vessels at the beginning of the in vitro assay to purge them
of atmospheric oxygen, mimicking the anoxic conditions present in the gastrointestinal tract.
An activated carbon trap was placed on the inflowing argon gas to remove mercury potentially
present in the inflowing gas.

The in vitro test methods are summarized below, and described in more detail in the work
plan (ABB 1996). Several minor changes from the work plan are noted and discussed in
Appendix A. The deviations are sufficiently minor that they did not appear to affect the
outcome of the tests.

The in vitro extraction tests were performed by the following method. The stomach so
lution was prepared by adding the following compounds (all chemicals from Sigma
Chemical Company, unless otherwise noted) to 1 L of deionized water (stirred continually
on a stir plate):

1.25 g pepsin (50 mg, activity of 800-2,500 units/mg)
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0.50 g citrate (Fisher Chemical Co.)
0.50 g malate (Aldrich Chemical Co.)
420 mL lactic acid (synthetic syrup 85 percent w/w)
500 mL acetic acid (97 percent w/w; Fisher Chemical Co).

The pH of the stomach solution was adjusted to 2.5 by adding a measured volume of con
centrated hydrochloric acid; 150 mL of the stomach solution was added to a 200-mL
acrylic reaction vessel. The stomach solution was sparged with argon for 15 minutes to
remove oxygen. At the end of the sparging procedure, the Eh of the stomach solution was
measured and recorded, 1.5 g of soil sample was added, and the reaction vessel was
sealed. The reaction vessel was submerged approximately half-way into a temperature
controlled water bath, heated to maintain a constant 37°C in the reaction vessel. The
soil/stomach solution was allowed to stand (no agitation) for 10 minutes, and then stirred
with a plastic propeller stir rod mounted in a rheostat-controlled motor (Arrow Engineer
ing Model 1750 motor on a rheostat setting of 2, resulting in approximately 150 rpm for
the stir rod).

The pH was checked at 5-minute intervals and readjusted to pH 2.5 with hydrochloric
acid, if necessary. Five-mL samples of the solution were collected at 30 and 60 minutes,
using a stainless-steel hypodermic syringe to pierce the sampling septum. The 5-mL
samples were centrifuged at approximately 2500 xg for 25 minutes, and the supernatant
was decanted for analysis. After collecting the 60-minute sample, the solution was titrated
to pH 7.0 (±0.2) by adding a 5-in. length of dialysis tubing containing approximately 2 g _.
ofNaHC03 to each reaction vessel.

The dialysis tubing was added to the solution by opening the vessels under an exhaust
hood. While this procedure momentarily exposed the sample to atmospheric oxygen, it
was decided that unsealing the reaction vessels would not adversely affect the test results,
because only a small fraction of the mercury introduced into the system was measured as
mercury vapor in the headspace of the reaction vessel. The dialysis tubes were added and

. the vessels re-sealed as quickly as possible to minimize contact of the reaction solution
with atmospheric oxygen. The vessels were returned to the water bath, and the mechani
cal stirring was resumed. After titrating to pH 7.0, the dialysis tubing was removed by the
inverse process. Before resealing the containers, 260 mg of bile salts and 75 mg of
pancreatin was added to the solution, after having been dissolved in 10 mL of deionized
water.

One hour after the reaction fluid reached equilibrium at pH 7.0, a 5-mL sample of the in
testinal-phase solution was collected through the septum, using a stainless-steel hypo
dermic syringe. The samples were centrifuged and the supernatant decanted for analysis,
as described above. Three hours after the equilibration to pH 7.0, the Eh and pH of the
reaction fluid were measured and recorded, and the second (and fmal) intestinal-phase
sample was collected. The final sample consisted of the entire volume of fluid remaining
in the reaction vessel. This sample was collected by measuring the volume of contents
from each reaction vessel in a graduated cylinder and pouring them into three centrifuge .....
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tubes. (Three 50-mL centrifuge tubes were needed for each sample, because the volume
of fluid remaining in each reaction vessel approached 150 mL.) The tubes were centri
fuged, and the fluid contents were decanted and combined in the appropriate sample
container for analysis. For the samples undergoing a mass balance evaluation (ie., the
triplicate analysis of sample BS69), the soil was collected from the centrifuge tubes after
decanting, to analyze the post-extraction soil for mercury remaining in the sample.

Mass balance experiments were performed on only one site soil sample (analyzed in trip

licate), rather than the two samples specified in the protocol. This modification was im
plemented because method development work, completed previously on other samples,
indicated little potential for mercury to be lost from the test system by volatilizing, or ad
hering to the reaction vessel walls.

The in vitro samples of soil and extracts were shipped under chain of custody to Columbia
Analytical Services (Kelso, Washington) for analysis, as described in the work plan.
However, a modification was made to the sample preservation technique specified in the
CVAA analytical procedure used for the aqueous samples (D. S. EPA 1991, Method
7470A). The in vitro small-intestinal-phase samples were not preserved with nitric acid
before analysis, as this would cause the precipitation of proteins (along with the potential
for loss of mercury). Because of the nature of the in vitro extraction process, the stom
ach-phase samples were already acidified with hydrochloric acid and were shipped for
analysis in this manner.

The amount of volatile mercury in the headspace of the reaction vessels was measured at a
minimum of two time points for each soil sample during the in vitro procedure. Typically,
sampling was done during the stomach phase and again at the end of the intestinal phase,
before removing the last fluid sample. The vapor sampling was performed by using a
syringe to withdraw either 1 or 2 cm3 of the gases in the headspace through the septum of
the reaction vessel. The sample volume was adjusted (to either 1 or 2 cm3

), to collect a
sample within the analytical range of the instrument. The sample in the syringe was
injected into the septum of a T-shaped sampling apparatus attached to the mercury vapor
analyzer (Jerome® Model 431X). One arm of the sampling apparatus contained a zero-air
filter trap, which prevented the passage of mercury between ambient air and the analyzer.
Usually, triplicate samples of the headspace vapor were collected, and the results were
averaged for each time point.

RESULTS

Prior to conducting in vitro testing on all soil samples from the site, tests were performed
to evaluate the in vitro system, including an evaluation of mercury mass balance (i.e., total
recovery of mercury mass from all components of the test system-soil, fluid, and vapor).
These results are presented below, as is an assessment of quality control data from blind
samples submitted to evaluate laboratory performance for the in vitro test. Appendix A
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contains an additional discussion of quality control information, including an evaluation of
the analytical laboratory's internal procedures to ensure data quality.

3.2.1 Mass Balance and Quality Control Samples

Before analyzing soil samples for the purpose of developing a site-specific BAF, one site
soil sample was evaluated in the assay, in triplicate, to determine the potential for loss of
mercury during the test (e.g., from volatilization of mercury, or from it adhering to the
reaction vessel walls).l The quantity of mercury present in the soil sample before the in
vitro assay was estimated from a split of the soil sample, analyzed in triplicate, with the
results averaged. Samples of the in vitro fluids (i.e., the stomach- and intestinal-phase
extracts) and of headspace mercury were collected, as described in the work plan, to de
termine the concentration and mass of mercury present in each phase. After the assay, the
remaining soil was analyzed to determine the post-extraction mercury mass. The values
for the mass of mercury present in each phase were summed and compared to the initial
mass of mercury introduced into the reaction vessel. As can be seen in the mass balance
results presented in Table 16, recoveries for individual assays ranged from 22 to 39 per
cent, with the mean recovery of introduced mercury being 32 percent for the three assays.
While these results could be interpreted to indicate a potential for mercury to be lost from
the test system through volatilization or from binding to reaction vessel walls, experience
with previous mercury in vitro assays indicates that loss from the system is not likely.

The mass of mercury vapor measured in the headspaces of the reaction vessels was 0.02
percent, or less, of the total mass of mercury in the reaction vessel. Virtually 100 percent
of the spiked mercury was measured in either the fluid extract samples or remained in the
soil samples after extraction, suggesting that very little of the mercury in the soil samples
was lost to volatilization during the in vitro extraction procedure. Similarly, previous
mercury in vitro assays have demonstrated the stability of mercury in the aqueous phases
of the test. This stability was confirmed with a matrix spike submitted as a blind quality
control sample, for which 75 percent of the spiked amount was recovered (Table 17).
Also, the recovery of mercury from a soluble mercury spike analyzed in duplicate assays
(mean recovery of 78 percent) indicates the stability of mercury in the in vitro test
solutions (Section 3.2.3; Table 19).

For the mass balance experiments, it is more likely that mercury recoveries of less than
100 percent can be explained by the small mass of soil that is available for laboratory
analysis after the in vitro assay. The mass of post-extraction soil samples that feasibly
could be collected was approximately 1 g (or less), wet weight. Because of the small
sample size, there was insufficient soil available to split the samples for analysis of total

1 The results for soluble mercury in the in vitro fluids for this sample (BS-69 [4--6 fil) were also
used in the calculations of percent bioaccessibility (Table 14). and to evaluate the reproducibility of the
test (Figure 7).

_..
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mercury and determination of percent solids (to obtain a dry-weight mercury concentra
tion value). Therefore, the analyses were performed sequential1y on each individual post
extraction soil sample. On receipt by the analytical laboratory, the soil samples were first
air-dried, to determine percent solids. Then the dried samples were analyzed for total
mercury concentration. This additional drying procedure is a potential source of error in
the interpretation of the mass balance results (the post-extraction drying procedure was
not involved in any of the other in vitro assays) The soil samples were air-dried over a
period of several days, and volatile forms of mercury (e.g., elemental mercury) that remain
in the soil after the in vitro procedure could potential1y volatilize before the sample is
analyzed for total mercury. This lost mercury would not be accounted for in the mass
balance calculations, possibly resulting in an underestimation of recovered mercury. It is
likely that this drying procedure accounts for the low mercury recovery in the mass bal-

• 2
ance expenment.

A review of laboratory quality assurance procedures (Appendix A) indicated that data
from the in vitro analyses were acceptable and that the laboratory met requirements for
accuracy, precision, and quality control. Laboratory analysis of a blind sample of the
standard reference soil (NIST SRM 2711 Montana Soils) recovered 94 percent of the cer
tified mean concentration of mercury, indicating good analytical accuracy (Table 17).
Similarly, laboratory precision was good, with the results for a site soil sample submitted
as a blind triplicate having a relative standard deviation (RSD) of 0.22 (data presented in
Table 3). There was no evidence of mercury contamination during the in vitro assays,
sample handling, or analysis, because blank matrix solutions were reported by the labora
tory to have concentrations of mercury below method detection limits (Table 17).

3.2.2 Site Sample Results

Ten site soil samples that underwent mercury speciation analysis, were sieved to <250 ,um
for evaluation of bioaccessibility in the in vitro assay. Analysis of the samples revealed
concentrations of total mercury ranging from 2.4 mg/kg to 5,850 mg/kg in the <250-,um
fraction of the soil before in vitro extraction (Table 3). Approximately 1.5 g of each of
these samples was then evaluated in the in vitro assay to determine the fraction of total
mercury that was soluble under simulated gastrointestinal conditions.

Under the acidic conditions of the stomach phase, an average of 6 percent of the mercury
was soluble at the 30-minute sampling point, and 8 percent at 1 hour (mean values of all
10 soil samples) (Figure 6). Under the near-neutral conditions of the intestinal phase, the
average solubility initially decreased to 7 percent at 3.1 hours and then increased to 14

2 In another study not reported here, the sample being tested was not air-dried. and the percent
solids was estimated from another sample handled in a similar manner. In that case, mercury recovery in
the soil was much higher. and overall mass balance was excellent (i21 percent average recovery for
triplicate analyses of a sample with similar mercury concentration and composition).
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percent at 5.1 hours (Figure 6)3 Results from the sample analyzed in triplicate in the as
say, BS69 (4-6 ft), were averaged before being included in the calculations.

Because the solubility of mercury in the intestinal phase increased over time (Figure 6), the
mercury bioaccessibility values resulting from the in vitro test are dependent on the length
of time that soil spends in the intestinal phase of the assay. The available literature
supports a small-intestinal transit time in humans of approximately 4 hours. As a result of
peristaltic waves that move chyme (semi-fluid digested food material) along the small
intestine, 3-5 hours is required for passage of chyme from the top of the small intestine to
the entrance to the large intestine in adults (Guyton 1981). Studies of orocoecal transit
time (from ingestion to the ileocecal valve at the entrance to the large intestine) in healthy
children (n=7), after ingestion of a semi-solid meal, resulted in an average orocoecal
transit time of 4.5 hours (Vajro et al. 1988). Subtracting a I-hour stomach transit time
from the above value results in a pediatric small intestinal transit time of 3.5 hours. It
should be noted that orocoecal transit times following ingestion of a fluid meal are consid
erably shorter, approximately 60 minutes (Vajro et al. 1988; Murphy et al. 1988). There
fore, samples that are collected 4 hours into the small intestinal simulation represent a
reasonable upper-bound approximation of small-intestinal transit times in children. Mer
cury bioaccessibility for the individual site soil samples ranged from 2 to 24 percent
(Table 18). The average value was 14 percent (Figure 6).

The site sample analyzed in triplicate indicates the reproducibility of the in vitro assay
results for an individual soil sample. The percent bioaccessibility results for Sample BS69 .-.
(4-6 ft) are presented in Figure 7. The mean value for each sampling time in the triplicate
assay is depicted, as well as the individual data points for each in vitro test. The numerical
results for the individual assays are presented in Table 18. The data exhibit good precision
among the triplicate results.

As with the sample used for the mass balance tests, the results for the other nine soil
samples indicate that only a very small percentage of the mercury present in the reaction
vessels was detected in the vapor phase. For all 10 samples, on average, 0.15 percent of
the total mercury was measured in the reaction vessel headspaces. Individual measure
ments ranged from 0.01 percent to 0.5 percent of the total as mercury vapor.

3.2.3 Mercuric Chloride Spike

To develop a site-specific BAF, the measured bioaccessibilities for mercury in site soils
must be compared with the bioaccessibility of mercuric chloride, the soluble form of

3 Sampling times are measured from the start of an in vitro assay and, for intestinal-phase
extracts, vary slightly depending on the sodium bicarbonate titration time. Mean values were 3.1 hours
(range of 2.8 hours to 3.3 hours) and 5.1 hours (range of -l.8 hours to 5.3 hours) for the first and second
intestinal-phase samples, respectively. -
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mercury that is the basis of EPA's RID for mercury. Four reaction vessels containing
stomach solution were spiked with an aqueous solution of mercuric chloride, to attain a
concentration of either 210 or 162 .ugIL (as mercury). The quadruplicate in vitro tests
were then treated in a fashion identical to the previous in vitro assays. On average, 78
percent of the mercuric chloride in the spikes was recovered in the in vitro extracts, with
individual extract samples ranging from 35 percent to 102 percent recovered mercury
(Table 19). It is unclear why two of the mercuric chloride spikes yielded percent recover
ies lower than the other two samples (Table 19). For the purpose of the BAF calculation,
discussed below, the bioaccessibility of mercuric chloride in the assay is defined to be 78
percent, the average value for all of the in vitro extract samples.

CALCULATION OF A BIOAVAILABILITY ADJUSTMENT FACTOR

No relation is apparent between the bioaccessibility of mercury and sample depth or lo
cation on the site; therefore, it is appropriate to calculate a single BAF for the entire site.
As discussed above (Section 3.2.2), the mean bioaccessibility estimate for site soil samples
is 14 percent. Likewise, on average, 78 percent of a mercuric chloride spike was
measured to be bioaccessible in the in vitro assay (Section 3.2.3). Because the soluble
mercury spike was less than 100 percent bioaccessible in the testing, the BAF is calculated
by correcting the bioaccessibility estimate for soil samples for the recovery of the soluble
mercury spike, to yield a relative bioavailability adjustment factor.

Evaluation of mercury bioaccessibility versus the concentration of mercury introduced into
the assay indicates that mercury bioaccessibility decreases with increasing mercury
concentration (r2

= 0.57, P <0.01; Figure 8). This relation appears to be due to the domi
nance of elemental mercury in the samples with the greatest total mercury concentrations.
Note that the samples with 3,710 and 5,850 mg/kg mercury, which produced minimal
bioaccessible mercury, both contained 99 percent elemental mercury, according to the
sequential extraction results (Tables 3 and 8). Because mercury bioaccessibility increases
with decreasing soil mercury concentrations, it is appropriate to apply a BAF relevant to
the concentration range that does not pose an unacceptable risk of mercury exposure from
direct contact under a commerciaVindustrial scenario. This mercury concentration is 520
mg/kg, based on direct-contact exposure to a commerciaVindustrial worker for a hazard
index equal to 1, and assuming the default (non site-specific) bioavailability factor of 1.
The linear correlation on Figure 8 indicates that the mercury bioaccessibility will be 0.16,
on average, for soils with a mercury concentration in the range of 0 to 520 mg/kg (a BAF
of O. 16 corresponds to a mercury concentration of 520 mg/kg). Thus, the BAF for the
Ames Street site is calculated to be 0.20 (0.16 divided by 0.78).

The measured bioaccessibilities for the Ames Street site are similar to those obtained for
soils containing mercuric sulfide and elemental mercury at the East Fork Poplar Creek site
in Oak Ridge, Tennessee (Barnett and Turner 1995). As discussed above, the authors
used an experimental in vitro technique slightly different from that employed here, and
measured an average mercury bioaccessibility of 3.2 percent (range of 0.3 percent to 14.2
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percent) for 19 of 20 samples. The twentieth sample exhibited 46 percent bioaccessibility;
it was noted to have been collected near the mercury source and to be geochemically
different from the other samples (Barnett and Turner 1995). Also, the authors of this
study observed 100 percent recovery of a mercuric chloride spike in their test system.
Based on these results, EPA accepted a BAF of O. 1 for mercury in soils at the site (DOE
1995).

3.4 DISCUSSION

The following section discusses features of the in vitro method that generally result in
conservative estimates of bioaccessibility from the test data. These features include re
duction-oxidation (redox) conditions and intestinal transit times.

3.4.1 Reduction-Oxidation Conditions

Because mercury solubility is highly dependent on redox conditions in the solubilizing
fluid, it is important to ensure appropriate redox conditions in the test system. In general,
both elemental mercury and mercuric sulfide will be more rapidly and completely dissolved
under oxidizing conditions than under reducing conditions (Figure 9). As a result, appro
priate redox control is important to reduce uncertainty regarding the experimental solu
bility of mercury. Although the stomach solution was sparged with argon at the beginning
of each assay, and the reaction vessel was sealed for most of the testing time, the meas
ured Eh in the reaction vessels was more oxidizing than in an actual mammalian gas
trointestinal tract. The Eh values for in vitro solutions varied from +512 mV to +576 mV
(average of +541 mV) at the beginning of the assays on site soils and from +336 mV to
+409 mV (average of +387 mY) at the completion of those experiments (Table 18).
These conditions are more oxidizing than those present in the human stomach, where an
Eh of +308 mV (mean value) has been measured for the gastric fluid of healthy young
volunteers who were fasting (n=132) (Mueller and Deistler 1987). It is important to note
that the Eh reported for stomach fluids in fasting individuals is likely an upper-bound
value. Researchers studying circadian rhythms in gastric juice reported that the reducing
power of the fluids increased after meals (i.e., the Eh decreased), probably as a result of
the stimulation of gastric secretions (De Flora et al. 1987). Therefore, Eh measurements
taken in non-fasting individuals would likely be lower than +308 mY, the value for human
gastric fluid reported above.

Similar redox conditions are reported for gastric fluids in other animals. In the forestom
ach of rabbits, fluids have been measured to have a Eh of + 180 mV (Davis et al. 1992).
Further along in the rabbit digestive tract, the conditions become more reducing, with av
erage values of +20 mV reported for the duodenum and ileum (Davis et al. 1992) Also,
redox potentials have been measured in the large intestines of swine, where Eh values of 
173 mV and -214 mV are reported for the large-intestinal fluids in post-weanling piglets

-.
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and sows, respectively (Hornich and Chrastova 1981). These data are consistent with the
trend of conditions becoming more reducing farther along in the digestive tracts of
mammals, due to intestinal microbial activity, which produces a reducing environment.
So, while no values could be located in the literature for the human small intestine, it is
likely that the fluids present are more reducing than those of the human stomach (i.e., less
than +308 mY, as reported above). Therefore, while attempts were made to create reduc
ing conditions for the in vitro test similar to those of a human gastrointestinal tract, the
experimental fluids, in fact, were more oxidizing than those present in a human digestive
tract.

Because the in vitro fluids are more oxidizing than in vivo conditions, the experimental
estimates of bioaccessibility are conservative. This occurs because species of mercury that
would remain insoluble under more reducing conditions (e.g., mercuric sulfide and ele
mental mercury) are solubilized in the relatively more oxidizing fluids of the in vitro test.
In examining an Eh-pH diagram for mercury (Figure 9), note that the Eh-pH conditions
measured in the in vitro test are outside the stability field for mercuric sulfide and are near
the edge of the stability field for elemental mercury, indicating that both of these
compounds may be unstable in the in vitro test fluids. In contrast, these two compounds
would be expected to be relatively stable under the actual Eh-pH conditions of the gastro
intestinal tract (based on the values measured in rabbits [Davis et al. 1992)). Therefore,
the experimentally determined bioaccessibility estimates include quantities of mercury that
likely would not have been solubilized under the redox conditions present in the human
gastrointestinal tract.

3.4.2 Intestinal Transit Time

In general, the measured bioaccessibility estimates for site soil samples increase with in
creasing time in the reaction fluids (Table 14, Figure 6), although several samples (e.g.,
samples BS41 [6-8 ft] and BS70 [0-2 ft)) exhibited a transient decline in mercury solu
bility at the beginning of the intestinal phase, associated with the increase in pH. The
mean bioaccessibility estimates for the site soil samples reflect this trend (Figure 6). So, in
theory, if the transit time in a human stomach and small intestine exceeded that used for
the in vitro assay (i.e., 5.1 hours), the in vitro results would underestimate mercury
solubility. However, a 5. I-hour transit time in the human gastrointestinal tract (1 hour in
the stomach and 4.1 hours in the intestinal tract) is a conservative value, as discussed in
Section 3.2.2. Furthermore, there is evidence that the gastrointestinal absorption of inor
ganic mercury occurs largely in the proximal jejunum (i.e., within the first two-fifths of the
small intestine) (Nielsen et al. 1992). As a result, the intestinal transit time of importance
for mercury absorption may be less than one-half the entire transit time. Therefore, the
intestinal transit time used to calculate bioaccessibility in the in vitro assay provides a
conservative estimate.
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4. COMPARISON BETWEEN IN VITRO AND SPECIATION RESULTS

A trend in the data is readily apparent that would explain the solubility of mercury in the in
vitro assay, relative to the species of mercury present in soil samples taken from the Ames
Street site. In general, soil samples containing greater percentages of elemental mercury
were observed to produce lower mercury bioaccessibility estimates (r2

= 0.43) (Figure 10).
So, while elemental mercury is near the edge of its stability field for the redox conditions
of the in vitro test (Figure 9), it is not readily solubilized in the test system. This may be
explained by reaction kinetics, with only those samples containing small particle sizes of
elemental mercury (i.e., with a large ratio of surface area to mass) likely to oxidize and
become solubilized within the time frame of the test. The reduced bioaccessibility
observed in soil samples containing greater percentages of elemental mercury supports the
data suggesting that elemental mercury is poorly absorbed from the gastrointestinal tract
of animals and humans.

No relation was discerned among percent bioaccessible mercury and other parameters
measured for the speciation analyses, including percent acid-soluble mercury, percent or
ganic mercury, percent mercuric sulfide, percent TOC, or concentrations of AVS or total
carbonate. Neither is a correlation apparent between the bioaccessibility of mercury and
either sample depth or location on the site. Therefore, because in vitro bioaccessibility
estimates for the site soil samples do not appear to vary spatially or vertically in the site
soils, it is appropriate to calculate a single BAF for the entire site.

It should be noted that the in vitro assays were performed on the <250-,um soil fraction,
while the <2-mm size fraction was used for the speciation studies. A comparison of the
mercury concentrations in the two size fractions (Table 3) indicates that RPDs ranged
from 3 to 69 percent. While useful information is gained by comparing the results of the
in vitro and speciation studies, it is possible that for individual soil samples, the forms or
relative amounts of the forms of mercury introduced into the in vitro assay are different
from those measured in the speciation studies due to the fundamental heterogeneity of the
mercury soil samples as previously discussed. Nevertheless, evaluation of the <250-,um
soil fraction provides a conservative estimate of the mercury bioavailability in soils with
larger grain sizes because soil grains <250-,um are more likely to be ingested than larger
soil grains (soil grains larger than this do not appreciably adhere to skin [Duggan and
Inskip 1985]), and soils <250-,um lend to greater bioavailability than larger soil grains
(Chaney et al. 1989; Barltrop and Meek 1979). Therefore, application of the BAF
developed in in vitro assays is appropriate to apply to soils throughout the entire site.
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5. STABILITY OF MERCURY FORMS IN SOIL

This study was conducted to evaluate the forms of mercury present in soil at the Ames
Street site, to develop a site-specific mercury BAF. Application of the results of this study
is based on the premise that mercury forms in site soils will not alter appreciably in the
near future, thereby changing the BAF. Because the bulk of mercury present at the site
was probably deposited between 1904 and 1965 or so, it is reasonable to assume that
elemental mercury was the form of mercury deposited in soils, and that it has been resident
in soils for between 30 and 90 years. During this time, a portion of the mercury appears
to have altered to the mercuric sulfide and acid-soluble mercury forms observed during
this study.

The alteration of elemental mercury to other mercury forms in soil will eventually reach
equilibrium, at which point, no net change in mercury speciation will occur in site soils.
The acid-volatile sulfide data collected during this study suggest that there may be insuf
ficient available sulfide in site soils for further formation of mercuric sulfide (Table 10).
However, the stability constant for the formation of mercuric sulfide (log Ksp of -38.5, Di
Toro et al. 1992) indicates that mercuric sulfide will be the preferred mercury soil altera
tion form in the presence of sufficient sulfide and reducing conditions. Reducing condi
tions may be present in the native soils at the Ames Street site, because they are covered
with approximately 2 ft of fill material. With respect to further formation of acid-soluble
mercury species, such as mercuric carbonates or chlorides, the EMPA data from this study
indicate that mercuric chlorides and sulfates were the only acid-soluble mercury species
found at any appreciable concentrations on the site (Table 14). Although it is difficult to
predict the future formation of these species, data from the Oak Ridge, Tennessee, site
and the Almaden Quicksilver County Park site in Los Gatos, California suggest that
formation of mercuric chloride and sulfate is limited in soils (CDM 1992; Barnett and
Turner 1995). Because negligible amounts of organic mercury were observed in this
study, after 30 to 90 years of soil weathering time, it is highly unlikely that any appreciable
amounts of organic mercury will form in site soils in the future. These data suggest that
the mercury forms in soils at the Ames Street site are unlikely to change appreciably in the
near future, and that mercuric sulfide would be the preferred soil alteration phase in the
event of further alteration.
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6. CONCLUSIONS

This study was conducted to identify the forms of mercury in soils, and to estimate a con
servative relative bioavailability adjustment for mercury in soils at the Ames Street site.

An evaluation of soil mercury speciation in the Ames Street soil samples, based on se
quential extraction and electron microprobe analyses, indicated that they contain elemental
mercury as the dominant mercury form, with lesser amounts of mercuric sulfide and acid
soluble mercury species. However, both the mercury speciation techniques evinced
limitations, with the sequential extractions underestimating the contribution of acid-soluble
mercury forms, and the electron microprobe underestimating the fraction of elemental
mercury and mercuric chloride. Despite these limitations, the mercury speciation results
support the BAF derived from the in vitro assay, in that elemental mercury and mercuric
sulfide, both mercury species with limited bioavailability, were observed to account for a
majority of mercury in the Ames Street soil samples.

An in vitro assay was conducted on 10 site soils, to measure the mercury bioaccessibility
from soil. The bioaccessibility estimate is likely conservative, because the Eh of the in
vitro fluids was less reducing than actual conditions in the human digestive tract, and the
intestinal transit time used in the in vitro test is likely greater than the small-intestinal
transit time in humans. Therefore, some quantity of mercury was solubilized in the assay
that would not be available for absorption in the human gastrointestinal tract.

The mean bioaccessibility estimate for mercury in site soil samples is 14 percent, and
ranges from 2 to 24 percent. Because mercury bioaccessibility was observed to increase
with decreasing mercury concentrations, a conservative BAF of 0.20 was selected as rep
resentative of site soils in the 0-520 mg/kg mercury concentration range.
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Figure 1. Sequential extraction of mercury phases in soil.
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TABLE 1. MERCURY VAPOR AND SOIL MOISTURE DATA

- Reading 1 Reading 2 Reading 3

Upper Lower Total Headspace Headspace Headspace Average

Depth Depth Mercury Concentration Concentration Concentration Concentration Percent

Station (ft) (ft) (mg/kgja (mg/m 3
) (mg/m 3

) (mg/m 3
) (mg/m 3

) Moisture

8S21 6 8 6.0 0.32 0.25 0.22 0.26 10%
8S21 6 8 6.0 0.04 0.04 0.04 0.04 10%
8S41 4 6 349 21.5 18.3 21.3 20.4 15%
8S41 6 8 12000 23.5 19.7 22.8 22.0 11 %
8542 2 4 3110 23.6 20.4 24.0 22.7 14%
8542 2 4 3110 24.9 20.3 23.2 22.8 14%
8542 4 6 136 13.4 9.2 11.0 11.2 19%

8546 2 4 326 21.5 17.9 21.5 20.3 23%

8568 6 8 0.2 U 0.004 0.004 0.004 U 0.004 13%

8569 2 4 20.4 0.01 0.01 0.004 U 0.01 28%

8569 4 6 604 18.4 15.8 17.8 17.4 27%

8569 6 8 17.9 8.5 7.8 8.8 8.4 12%

8570 0 2 405 17.1 16.1 19.5 17.5 19%

8572 4 6 84.0 0.15 0.12 0.13 0.13 20%

8573 0 2 11 3 16.5 16.8 19.8 17.7 10%

8573 0 2 11 3 16.5 16.5 19.3 17.4 10%

8574 0 2 1.5 0.02 0.03 0.01 0.02 17%

5503 0 2 258 b 8.4 8.0 9.3 8.6 19%

U = Not detected; value represents the detection limit.

U = Not detected; value represents the detection limit. Detection limit was calculated by dividing the sensitivity- of the Jerome mercury analyzer by the dilution factor.

a Mercury concentration measured in the < 2-mm size fraction.

b Value is the average of triplicate analyses. Actual values were 194, 312, and 268 mg/kg.

-
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TABLE 2. MERCURY PARTITION COEFFICIENTS AT ROOM TEMPERATURE (25 DC)

Mercury Species Air-Water (v/v) Reference

HgO 0.32 Moser and Voigt (1957)
Sanemasa (1975)

CH 3HgCI 1.9 x 10-5 Iverfeldt and Lindquist (1982)

HgCI2 2.9 x 10-8 Lindquist et al. (1983)

Hg(OH)2 3.2x10-6 Lindquist et al. (19831

_.
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TABLE 3. COMPARISON OF TOTAL MERCURY IN SOIL SIZE FRACTIONS- (All units mg/kg unless otherwise notedl

Upper Lower < 2-mm Size Fraction < 250-.um Size Fraction
Depth Depth Total Total Relative Percent

Station (ftl {ttl Mercury Mercury Difference

8S21 6 8 6.0 6.5 8%
8S41 4 6 349 246 35%
8S41 6 8 12000 5850 69%
8S42 2 4 3110 3710 18%
8S42 4 6 136
8S46 2 4 326
8S69 2 4 20.4

8S69 4 6 604 723 b 18%
8S69 6 8 17.9 17.3 3%
8S70 0 2 405 667 49%
8S72 4 6 84.0 42.1 66%
8S73 0 2 113
8S74 0 2 1.5 2.4 46%

SS03 0 2 258 • 344 29%

• Values are the average of triplicate analyses. Actual values were' 94, 312, and 286 mg/kg.

b Values are the average of triplicate analyses. Actual values were 826, 538, and 805 mg/kg.

-
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TABLE 4. ACID-VOLATILE SULFIDE, CARBONATE, AND TOTAL ORGANIC CARBON RESULTS
_.

Upper lower Acid-Volatile Total Total Organic
Depth Depth Sulfide Carbonate Carbon

Station (tt) (tt) (mg/kg as S2") (% as C0 3 ) (% as C)

8S21 6 8 5 UJ 9.24 0.08

8S41 4 6 5 UJ 9.66 0.14

8S41 6 8 5 UJ 7.01 0.08

8S42 2 4 5 UJ 2.41 1.19

8S42 4 6 5 UJ 13.2 0.14

8S46 2 4 5 UJ 4.17 2.72

8S68 6 8 5 UJ 8.23 0.05 U

8S69 2 4 5 UJ 4.00 6.00

8S69 4 6 5 UJ 4.27 1.20

8S69 6 8 5 UJ 9.00 0.06

8S70 0 2 5 UJ 1.19 3.82

8S72 4 6 5 UJ 2.76 1.46

8S73 0 2 5 UJ 13.9 2.35

8S74 0 2 5 UJ 0.88 1. 10

SS03" 0 2 5 UJ 3.16 4.18

U = Not detected; value represents detection limit.

J = Estimated as qualified during data validation. - ..
" Values are the average of triplicate analyses.

-...
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- TABLE 5. CALCULATED DISTRIBUTION OF MERCURY AMONG
MINERAL PHASES OF A SOIL SPIKED WITH ELEMENTAL MERCURY

Target Phase

Expected

Distribution

Observed Distribution

Spike Sample ,. Spike Sample 2b

Organic mercury

Acid-soluble mercury

Elemental mercury

Mercuric sulfide

0%

0%

100%

0%

0.001 %

0.003%

151 % c 99.95%

0.05%

d

-

-

• Sample 8S-68 (6-8 ftl spiked with 1,140 mg/kg elemental mercury.

b Sample 8S-68 (6-8 ftl spiked with 5,460 mg/kg elemental mercury.

C The soil sample was analyzed for total mecury content following the first two extraction steps.

d This sample was not subjected to the first two extraction steps.
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TABLE 6. SEQUENTIAL EXTRACTION RESULTS OF SPIKED AMES STREET SOIL

Organic Mercury

Acid-Soluble Mercury

Elemental Mercury

Mercuric Sulfide

Total

Concentretion of Each

Phase Added to the

Spiked Sample as Mercury

(mg/kg)

o
1,020

o
444

1,466

Measured Concentration in Each Phflse of Spike Sample 3

Replicflte 1 Replicate 2

(mglkg) (mglkg)

33.5 37.6

108 82.4

320 500
568 530

1.030 1.150

Theoretical

Distribution of Mercury

Among Phases

0%
70%

0%
30%

100%

Observed

Distribution of Mercury

Among Phflses'

2%
7%

28%
37%

74% b

• Thesa are mean valuas of tha two replicates.

b Because tha total mercury recovered was lass than 100%. it is likely that mercury was lost during the extraction procedura.
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TABLE 7. SEQUENTIAL EXTRACTION RESULTS OF SPIKED INTERNAL SOIL SAMPLE

Concentration of Each

Phase Added to the Measured Concentration in Each Phase Theoretical Distribution Observed Distribution

Spiked Sample as Mercury Replicate 1 Replicate 2 of Mercury of Mercury

Irng/kg) (mg/kg) (mg/kg) Among Phases Among Phases

Organic Mercury 0 4.94 7.19 0% 2%

Acid-Soluble Mercury 222 229 186 69% 64%

Elemental Mercury 0 102.4 82 0% 29%

Mercuric SlIlfide 100 93.6 114 31% 32%

Total 322 430 389 100% 127'1u

~
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TABLE 8. SEQUENTIAL EXTRACTION RESULTS OF AMES STREET SOIL SAMPLES

Upper Lower

Depth Depth Total Mercury Organic Mercury Acid-Soluble Mercury Elemental Mercury Mercuric Sulfide

Station (ft) 1ft) (mg/kg) (mg/kg) Percent' (mg/kg) Percent (mg/kg) Percent (mg/kg) Percent

B521 6 8 6 0.027 UB 0.7% 0.004 0.1% 3.4 89% 0.4 10%

B541' 4 6 349 0.359 0.2% 1.5 0.9% 118 75% 36.9 24%

8541 6 8 12000 0.907 0.02% 6.0 0.1% 4647 99% 63.4 1%

B542 2 4 3110 1.80 0.03% 13 0.2% 6960 99% 50 0.7%

B542 4 6 136 0.108 0.1% 1.5 2% 73 83% 132 15%

B546 2 4 326 0.184 0.1% 32 19% 133 77% 6.40 4%

B569 2 4 20.4 0.120 0.6% 14 65% 3.6 17% 3.8 18%

B569 4 6 604 0.687 0.2% 54 15% 281 77% 29.5 8%

B569 6 8 179 0.131 0.8% 0.07 0.5% 14 93% 09 6%

B570 0 2 405 1.560 0.3% 53 11 % 388 81% 38 8%

B5n 4 6 84 0.101 0.2% 17 38% 26 56% 2.4 5%

8573 0 2 113 0.455 0.5% 22 22% 60 60% 18 18%

B574 0 2 1.5 0.007 0.5% 0.01 UB 1% 0.40 28% 1.0 70%

5503 0 2 258 b 2.267 0.7% 68 22% 206 68% 28 9%

Average C 0.3% 21% 63% 15%

Balded data repre~el1t ~amples with carbonate of < 5 percent.

UB = Qualified as 110t detected because analyte was detected rn the blank.

a Percent of mercury recovered dUring sequential extraction analysis.

b Value is the aver age of triplicate analyses.

c Average of balded values
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TABLE 9. COMPARISON OF TOTAL MERCURY CONCEI\ITRATIONS- WITH RECOVERED MERCURY

Cumulative Mercury

Upper Lower Total Mercury in Recovered During the

Depth Depth < 2-mm Size Fraction Sequential Extraction Percent Percent

Station (ftl (ft) (mg/kg) (mg/kgl Lost Gained

8521 6 8 6.0 3.83 36%

8541' 4 6 349 157 55%

8541 6 8 12000 4717 61 %

8542 2 4 3110 7024 126%

8542 4 6 136 87.6 36%

B546 2 4 326 172 47%

8569 2 4 2004 21.6 6%

8569 4 6 604 365 40%

8569 6 8 17.9 1504 14%

B570 0 2 405 481 19%

8572 4 6 84.0 45.5 46%

8573 a 2 113 99.9 12%

8574 a 2 1 .5 104 7%

5503' a 2 258 b 304 18%

- a Values are the average of duplicate analyses.

b Value is the average of triplicate analyses.

-
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TABLE 10. COMPARISION BETWEEN ACID-VOLATILE SULFIDE AND
SEQUENTIAL EXTRACTION RESULTS

Upper Lower S2 Content of Acid-Volatile

Depth Depth Mercuric Sulfide MercuriC Sulfide Sulfide

Station Iftl (ftl (mg/kg as Hgl a (mg/kg as S2) (mg/kg as S2)

BS21 6 8 0.4 0.06 5 UJ

BS41 b 4 6 36.9 5.90 5 UJ

BS41 6 8 63.4 10.13 5 UJ

BS42 2 4 50 7.99 5 UJ

BS42 4 6 13.2 2.11 5 UJ

BS46 2 4 6.40 1.02 5 UJ

BS69 2 4 3.8 0.61 5 UJ

BS69 4 6 29.5 4.71 5 UJ

BS69 6 8 0.9 0.14 5 UJ

BS70 0 2 38 6.07 5 UJ

BS72 4 6 2.4 0.38 5 UJ

BS73 0 2 18 2.88 5 UJ

BS74 0 2 1.0 0.16 5 UJ

SS03c 0 2 28 4.48 5 UJ

-~

U = Not detected: value represents detection limit.

J = Estimated as qualified during data validation.

a The mercuric sulfide content was determined in the sequential extraction procedure.

b Value is the average of duplicate analyses.

, Value is the average of triplicate analyses.

......
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TABLE 11. EMPA RESULTS FOR AMES STREET SOIL SPIKED WITH ELEMENTAL MERCURY,

MERCURIC CHLORIDE, AND MERCURIC SULFIDE
(All units mg/kg unless otherwise noted)

~

Concentration of Each Phase

Added to the Spiked Sample

Spike 1 Spike 2

Theoretical Distribution of Mercury Among Phases

Spike 1 Spike 2

Observed Distribution of

Mercury Among Phases

Spike 1 Spike 2

Elemental mercury 555 630 33% 26%

Mercuric chloride 579 625 34% 35%

Mercuric sulfide 554 828 33% 39%

Other 0 0 0% 0%

Total 1,688 2,082 100% 100%

5% 11 %

0% 2%

93% 87%

2% a 0.1 % a

100% 100%

a 2 % of the quatifiable mercury was found to be associated with the mercuric sulfate phase.
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TABLE 12. FREOUENCY OF OCCURRENCE OF MERCURY·BEARING PARTICLES

BS·41 BS·42 BS·69 BS·70 SS·03 BS·72
Depth of sampla (ttl: 4·6 6·8 2·4 4·6 0·1 0·1 4·6

Mercury concentration (mg/kgl: 246 5850 3710 723 667 344 42
No. of particles counted: 70 161 98 66 100 54 16

Chlorides and Sulfates
Mercuric chloride 4% 86% 5% 3% 14% 2% 6%
Mercuric iron sulfate 1%
Mercuric sulfate 29% 1% 4%

Oxides

Manganese oxide 1%
Mercuric iron oxide (Ieadedl 2%
Iron oxide 4%

Sulfides
Mercuric sulfide (stannous) 14%

Mercuric sulfide 1% 39% 60% 59% 94%

Metals and alloys
Elemental mercury 93% 14% 95% 29% 8% 28%

Bronze 4%

~
r •r
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TABLE 13. MEASURED MERCURY CONCENTRATION AND ESTIMATED SPECIFIC GRAVITY
OF MERCURY PHASES FOUND WITHIN THE EMPA SAMPLES

Average Mercury

Concentration Specific Source of Specific Gravity Mineral Phases Used To EstlJllilte

Mineral Phase (Percent) Gravity Estimate Specific Gravity

Chlorides and sulfates

Mercury chloride 74 6 CRC 1985b Average of all mecury chloride

species listed in CRC 1985.

Iron sulfate 18 3.2 Klein and Hurlbut 1985 Jarosite

Mercury sulfate 29 6.4 CRC 1985 HgS04 '2H 2O

Oxides

Manganese oxide 4.1 4.0 CRC 1985 Estimated from Fe20)·cH2O

(amorphous). Fe20), and Mn02

Iron oxide 4.1 3.0 CRC 1985 Fe20)'cH20 (amorphous)

Iron oxide (leaded) 9.1 3.0 CRC 1985 Fe20)·cH20 (amorphous)

Sulfides

Mercury sulfide 86 8.1 Klein and Hurlbut 1985 Cinnabar

Mercury sulfide (stannous) 23 5.9 CRC 1985 Cinnabar and SnS

Metals and alloys

Mercury 100 13.6 Klein and Hurlbut 1985 Elemental mercury

Bronze 1 1 7.5 Estimated Average of values found via

Internet search

a Klein, C. and C. Hurlbut. 1985. Manual of mineralogy. John Wiley and Sons, New York. p. 596.

b CRC 1985. CRC Handbook of chemistry and physics. CRC Press, Boca Raton, FL.

c
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TABLE 14. DISTRIBUTION OF RELATIVE MERCURY MASS AMONG MERCURY-BEARING PARTICLES

8S-41 8S-42 8S-69 8S-70 SS-03 8S-72 Average a

Depth of sample (ft): 4-6 6-8 2-4 4-6 0-2 0-2 4-6

Mercury concentration (mg/kgl: 246 5850 3710 723 667 344 42

No. of particles counted: 70 161 98 66 100 54 16
--

Chlorides and Sulfates

Mercuric chloride 1% 67% 2% 2% 10% 1% 4% 14%
Mercuric iron sulfate 0% 0%
Mercuric sulfate 14% 1% 2% 1%

Oxides

Manganese oxide 0% 0% 0%

Mercuric iron oxide (leaded) 0% 0% 0%

Iron oxide 0% 0% 0%

Sulfides

Mercuric sulfide (stannous) 3% 0%

Mercuric sulfide 1% 35% 68% 51 % 96% 24%

Metals and alloys

Elemental mercury 98% 33~;J 98% 50% 18% 46% 61 %

a The average was calculated by intergrating all EMPA data into one data set.

~ •
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TABLE 15. RESULTS OF THE GRAVIMETRIC SEPARATION OF SITE SOILS

Mercury

Mass of Mercury Mass of Mercury Concentration Expected Mercury

in Spike Mass of Recovered Recovered Concentration Percent of Mercury

Sample ID (g) Soil Panned (g) (mg/kg) lmg/kg) Recovered

8S-75 0-2 ft a 0.6492 100.77 0.5942 5,897 6,444 92%

8S-41 6-8 ft ° 83.54 0.4916 5,884 5,850 b 101 %

8S41 68 ft 12,000 c 49%

" Site soil with minimal mercury concentration, which was spiked with elemental mercury.

b Mercury concentration measured in the < 250pm size fraction of sample 8S-41 6-8 ft.

C Mercury concentration measured in the <2-mrn size fraction of sample 8S-41 6-8 ft.

~
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TABLE 16. MERCURY MASS BALANCE RESULTS FOR TRIPLICATE IN VITRO SAMPLES

Mass of Mass of

Upper Lower Mass of Mercury in Mercury in Mass of Mercury Mass of Mercury

Depth Depth Soil Pre-Extraction Soil Post-Extraction Soil in Fluid Phase in Headspacea Percent

Sample ID (ft) (ft) (g) (mgl (mg) (mg) (mg) Recovery

8S69 4 6 1.505 1,088 0,384 0,036 0,00015 39%

8S69 4 6 1,505 1088 0,202 0,041 0,00016 22%

8S69 4 6 1,507 1,089 0,327 0,045 0,00015 34%

a The average value of all heads pace samples collected for each reaction vessel during an assay.

~ •
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TABLE 17. MERCURY IN VITRO SPIKE AND BLANK RESULTS

- Spike Analytical

Concentration Result Spike

Matrix (;Jg/L)b (;Jg/U b
Recovery

Soil a 6.25 ± 0.19 c mg/kg 5.9 mg/kg 94%

Intestinal solution 20 15 75%

Stomach solution (blank) 0 U NA

Intestinal solution (blank) 0 U NA

NA = Not applicable.

a NIST Standard Reference Material (SRM) 2711 Montana Soils

b Units pg/L unless otherwise noted.

C Percent recovery based on the mean value of 6.25 mg/kg.

-

-
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TABLE 18. MERCURY IN VITRO RESULTS FOR AMES STREET SAMPLES

Calculated

Mercury Mass of Mercury Calculated

Cone. 01 Mass of Cone. in Volume 01 in Soil Mass Mass of Mercury

Time pH Eh Substrate Soil Tested Extract Extract Tested in Extract Mercury

Sample ID Ihrs) Is.u.) ImVI (mg/kgl (gl (mg/L) (L) (mg) (mg) Bioaccessibility"

BS21 68 It 0.5 2.6 573 6.5 1.5093 0.002 0.150 0.010 0.0003 3%

BS21681t 1 23 6.5 15093 0.003 0.150 0.010 0.0005 5%

BS21 68 It 3.3 6.7 6.5 15093 0.005 0.150 0.010 0.0008 8~b

BS21 6·8 It 5.3 7.1 406 65 1.5093 0.013 0.150 0.010 0.0020 20%

BS41 4·6 ft 0.5 2.8 576 246 1.4971 0.645 0.150 0368 0.0968 260/0

BS41 4·6 It 1 2.5 246 1.4971 0.840 0.150 0.368 0.1260 34%

BS41461t 3.3 6.8 246 1.4971 0.304 0.150 0.368 0.0456 12 %

BS41461t 5.3 7.0 405 246 1.4971 0.531 0.150 0368 0.0797 22 %

BS41 6 8 It 0.5 2.5 528 5850 1.5039 1.24 0.150 8.798 0.1860 2%

BS41 68 It 1 2.4 5850 1.5039 1.28 0.150 8.798 0.1920 2%

BS41 68 ft 3.1 6.7 5850 1.5039 0665 0.150 8.798 0.0998 1%

BS41 68 It 5.1 7.0 378 5850 1.5039 1.12 0.149 8.798 0.1669 2%

BS42 24 It 0.5 2.4 538 3710 1.5051 1.09 0.150 5.584 0.1635 3%

BS42 24 It 1 25 3710 1.5051 1.26 0.150 5.584 0.1890 3%

BS42 24 It 31 7.0 3710 1 5051 0.77 0.150 5.584 0.1155 2%

BS42 2-4 It 5.1 7.1 345 3710 15051 1.1 8 0.145 5.584 01711 3%

BS69 46 It A 0.5 2.4 512 723 b 1.5047 0.146 0.150 1088 0.0219 2 ~/o

BS69 46 It A 1 26 723 b 1.5047 0.169 0.150 1.088 0.0254 2%

BS69 4·6 It A 28 68 723 b 1.5047 0.156 0.150 1.088 0.0234 2%

BS69 46 It A 4.8 NA 394 723 b 15047 0.237 0.141 1.088 00334 3%

BS69 4·6 It B 0.5 2.3 513 723 b 1.5048 0.162 0.150 1.088 0.0243 2%

BS69 46 It B 1 2.6 723 b 1.5048 0.188 0.150 1.088 0.0282 3 0 ''0
BS69 4 6 It B 2.8 6.7 723 b 1.5048 0.175 0.150 1.088 0.0263 2%

BS69 4·6 It B 4.8 NA 400 723 b 15048 0.292 0.130 1.088 0.0380 3%

BS69 46 ft C 0.5 2.5 513 723 b 15068 0.151 0.150 1.089 0.0227 2%

BS69 4·6 It C 1 2.5 723 b 1.5068 0.174 0.150 1.089 0.0261 2°''0
BS69 46 It C 2.8 6.9 723 b 1.5068 0.161 0.150 1089 0.0242 2 0

/0

BS69 46 fl C 48 NA 400 723 b 15068 0.320 0.132 1089 0.0422 4%

BS69 6 8 fl O.b 2.6 5S6 1 / 3 1.5004 0.004 0150 0026 0.0006 2~b

BS69 6 8 It 1 2.6 173 1.5004 0.003 0.150 0.026 0.0005 2%

BS69 68 fl 3 70 17.3 1.5004 0017 0.150 0026 0.0026 10%

tS69 6 8 It 5 71 398 173 15004 " 026 0.146 0026 0.0038 15%
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TABLE 18. (cant.)

Calculated

Mercury Mass 01 Mercury Calculated

COI1C. of Mass of Conc. in Volume 01 in Soil Mass Mass of Mercury

Time pH Eh SulJstr ate Soil Tested Extract Extr act Tested in Extract Mercury

Sample 10 (hrs) (s.u.1 ImV) Irng/kg) (g) (mg/Lj (Ll (mg) lmg) BlOaccessibility'

BS70 02 It 0.5 2.5 534 667 1.5051 0.865 0.150 1.004 0.1298 13(%

BS 70 0-2 ft 1 2.6 667 1.5051 1.14 0.150 1.004 0.1710 17%

BS70 02 It 3.1 6.7 667 1.5051 0.610 0.150 1.004 0.0915 9%

BS70 0 2 It 5.1 6.8 336 667 15051 1.08 0.143 1.004 0.1544 15%

BS72 46 It 0.5 2.6 551 42.1 15136 0.006 0.150 0.064 0.0009 1%

BS72 46 It 1 2.5 42.1 1.5136 0.008 0.150 0.064 0.0012 2%

BS72 46 It 3 6.7 42.1 1.5136 0.025 0.150 0.064 0.0038 6%

BS72 46 It 5 7.2 387 42.1 1.5136 0.107 0.145 0.064 0.0155 24%

BS7402ft 0.5 26 530 2.4 1.5083 0001 U 0.150 0.004 0.0002 4~/O

BS74 0-2 It 1 2.4 2.4 1.5083 0.001 U 0.150 0.004 0.0002 4%

BS74 02 It 3 7.0 2.4 15083 0.003 0.150 0.004 0.0005 12%

BS74 02 It 5 7.1 381 24 1.5083 0.006 0.145 0.004 0.0009 24%

SS03 02 ft 05 2.4 572 344 1.5014 0.249 0.150 0.516 0.0374 7%

SS03 0-2 It 1 2.5 344 1.5014 0.280 0.150 0.516 0.0420 8%

SS03 0-2 It 33 6.8 344 1.5014 0.259 0.150 0.516 0.0389 8°;0

SS03 02 ft 5.3 7.0 409 344 1.5014 0.425 0.148 0.516 0.0629 12%

a Values rounded to whole numbers.

b Values are the average 01 triplicate analyses.
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TABLE 19. IN VITRO MERCURIC CHLORIDE SPIKE RESULTS
-~

Concentration of Concentration

Time pH Eh HgCI 2 Spike in Extract Mercury

Sample ID (hrs) (s.u.) (mV) (Jig/U (Jig/U Bioaccessibilitya

HgCI 2 Spike 0.5 2.4 476 210 137 65%

HgCI 2 Spike 1 2.3 210 156 74%

HgCI 2 Spike 3 7.1 210 98 47%

HgCI 2 Spike 5 7.3 390 210 89 42%

HgCI 2 Spike Dup 0.5 2.4 483 210 190 90%

HgCI 2 Spike Dup 1 2.3 210 185 88%

HgCI 2 Spike Dup 3 7.0 210 73 35%

HgCI 2 Spike Dup 5 7.1 362 210 143 68%

HgCI 2 Spike Trip 0.5 2.5 518 162 156 96%

HgCI 2 Spike Trip 1 2.4 162 165 102%

HgCI 2 Spike Trip 3 6.7 162 144 89%

HgCI 2 Spike Trip 5 7.0 438 162 145 90%

HgCI 2 Spike Quad 0.5 2.5 520 162 156 96%

HgCI 2 Spike Quad 1 2.4 162 160 99%

HgCl2 Spike Quad 3 6.8 162 134 83%

HgCI 2 Spike Quad 5 7.1 447 162 142 88%
_.

a Recovery of HgCI 2 spike was 78 percent based on average of all available data.

.-
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QUALITY ASSURANCE REVIEW SUMMARY
MERCURY AND CONVENTIONAL ANALYTES IN SOIL
AND SOIL EXTRACTS FOR THE AMES STREET SITE
INVESTIGATION

A quality assurance review of laboratory data was completed for the following analytes:

• Mercury for 79 soil and 104 soil extract samples

• Acid-volatile sulfide (AVS), carbonate, and total organic carbon
(TOC) in 17 soil samples, and total solids in 3 soil samples.

• TOC in three field blank samples.

All data are acceptable for the uses identified in the Site Investigation Work Plan (ABB
1996). Qualifiers have been added to some of the accepted results to indicate minor ir
regularities in the analyses that could affect the bias or precision of the reported value.
Data qualifiers and their meanings are indicated in Table A-I. Analytical results and as
sociated data qualifiers for the natural samples are presented in Tables 3, 7, and 14.

For the purposes of this data quality review, all samples not prepared by the analytical
laboratory are designated as field samples. Field samples discussed in this data quality
review summary include those collected by ABB and those prepared in the PTI
Laboratory (Boulder, Colorado), which were submined as blind quality control samples
to the analytical laboratory.

SUMMARY OF QUALIFIED DATA

A total of 180 results for mercury and 57 results for conventional analytical parameters
were reported by the analytical laboratory for this study. Of the 180 mercury results, 79
were reported from soil samples and 101 from soil extract samples. All but 3 of the 57
results for conventional analytes were from soil samples; these 3 TOC results were ob
tained from analyses of field blanks associated with the soil samples. Of the 237 total
results, 170 mercury and 36 conventional analytical results were reported at concentra
tions above the method detection limits and 10 mercury and 21 conventional results were
reported as undetected (the method detection limit was reported by the laboratory with a
U qualifier). During the quality assurance review, 6 mercury and 17 AVS results were
qualified as estimated (1), and 3 mercury results that were initially stated as detected were
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restated as undetected (U). Appropriate descriptors and descriptor values were added to _.
the qualifiers.

SAMPLE DIGESTION GROUPS

The data discussed in this reported comprised 12 sample digestion groups (SDGs). Of
the 12 SDGs, 5 contained data for soil samples, and 7 contained data for soil extract
samples. The data packages for these SDGs contained all documentation and data neces
sary to conduct the quality assurance review. The samples in each SDG and the analyses
performed on each sample are summarized in Tables A-2 and A-3.

DATA QUALITY ASSESSMENT

The results for quality control procedures employed during sample analysis are discussed
below, including data on completeness, holding times, analytical methods, instrument
performance, bias, and precision. Data quality was assessed in terms of method-specific
control limits. U.S. Environmental Protection Agency (EPA) functional guidelines (U.S.
EPA 1994) were used for additional guidance during the quality assurance review.
Results from quality control samples employed by the laboratory are summarized in
Table A-4. _.

Completeness

The results reported by the laboratory were 100-percent complete and met the project
DQO. No data were rejected during the quality assurance review.

Holding Times

Analyses for all mercury and conventional analytes were performed within the acceptable
method-specified control limits.

Analytical Methods

All mercury analyses were completed according to EPA Method 7471 for solids, and
EPA Method 7470 for liquids (U.S. EPA 1991), without modification. Conventional
analytes were determined by the following methods: AVS by EPA draft method (Draft
Analytical Method for Determination of Acid Volatile Sulfide in Sediment [U.S. EPA
1991]), and carbonate and TOC by ASTM methods D513-82 and D4129-82, respectively,
as modified for soil samples (ASTM 1988). Analysis of TOC in the field blank samples .-~
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was perfonned by EPA Method 415.1 (U.S. EPA 1983). All analyses were perfonned by
Columbia Analytical Services, Inc., Kelso, Washington.

The laboratory performed the analyses without modification, with the exception of the
AVS analysis. This analysis should be performed on wet samples, because acid digestion
is required to liberate the sulfide prior to analysis. However, because of the experimental
design of this study, AVS was performed on soil samples that were dried prior to receipt
at the laboratory. Drying soil samples prior to digestion may slightly reduce any un
reacted sulfide presence in the wet soil, thus creating a slight negative bias in the results.
However, during the quality assurance review, all AVS data were qualified as estimated,
due to a low matrix spike recovery result (negative bias), and no additional data qualifi
cation is thought to be necessary to address the effect on these data of predrying the soils.

Instrument Performance

The results for the initial and continuing calibrations associated with the sample analyses
are provided in Table A-4 and are described below. No changes in instrument
perfonnance were indicated during any analytical sequence that would have resulted in
the degradation of data quality.

Initial Calibration

The initial calibrations completed for all mercury and conventional analyses met the cri
teria for acceptable performance and frequency of analysis.

Initial and Continuing Calibration Verification

The initial and continuing calibration verifications for all mercury and conventional
analyses met the criteria for acceptable performance and frequency of analysis.

Initial and Continuing Calibration Blanks

The initial and continuing calibration blanks met the criteria for acceptable perfonnance
and frequency of analysis. No contamination was observed in any initial or continuing
calibration blanks.

Method Blank Analyses

No target metals or conventional analytes were detected in the method blanks.
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Accuracy

The accuracy of the analytical results is evaluated in the following sections in terms of
analytical bias (laboratory control sample and matrix spike recoveries) and precision
(laboratory duplicates).

Laboratory Control Sample Recoveries

The recoveries for all laboratory control samples (blank spikes), and the frequency of
analysis, met the criteria for acceptable performance. Laboratory control sample recover
ies for mercury and conventional analytes are summarized in Table A-4.

Matrix Spike Recoveries

The recoveries for the matrix spike samples. and the frequency of analysis, met the crite
ria for acceptable performance, with the exception of AYS, which had a recovery value of
49 percent (Table A-5). AYS results for all associated samples were qualified as
estimated (JS49), and may exhibit a low bias. Matrix spike recoveries are summarized in
Table A-5. -
Precision

The results for all duplicate sample analyses, and the frequency of analysis, met the crite
ria for acceptable performance. A control limit of 20 relative percent difference (RPD)
for soil extracts and 35 RPD for soil samples was used to evaluate the precision of the
data. One matrix spike recovery result (SDG 1'\0. I), although not a formal duplicate
sample, demonstrated poor precision. The spiked result (1320 mglkg) differed from the
original sample result (826 mglkg) by an RPD of 46 (Table A-5). Because the spike
concentration (0.5 mglkg) was so low compared to the sample concentration, the matrix
spike sample is comparable to a laboratory duplicate. However, this sample is one of a
triplicate set that were submitted to the laboratory to evaluate field sampling precision.
Because the mercury result for this sample is within 35 RSD of the two split sample
results (BS69 [4--Q ft] and BS69 [4--Q ft] dup.), no action was taken for the high RPD
value of the sample and matrix spike sample result. A summary of all duplicate results
for mercury and conventional analytes is summarized in Table A-6.

Analyte Quantification and Method Detection Limits

The calculations for analyte quantification and method detection limits were acceptable _
for all target analytes.
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FIELD QUALITY CONTROL

The field quality control samples included field blanks, field replicate samples. and a ref
erence material sample.

Field blanks were prepared and submitted with the soil and soil extract samples. One set
of field blanks was submitted with the soil samples (one distilled water, one bottle, and
one equipment blank [Table A-7]). Two additional blanks were submitted to the
laboratory, one each for the soil and soil extract samples. Mercury results in the blanks
were below the detection limit, with the exception of mercury in sample ASW020, which
had a concentration of 5,uglL (Table A-7). Results of the associated natural samples
were compared to five times this amount, and any results below 25 ,uglL were restated as
undetected (UBF5). Results for two samples met this criterion (BS21 [6-8 ft], and BS74
[0-2 ft]; Table A-7) and were restated as undetected during the quality assurance review.

Field duplicates were analyzed for mercury only. Due to the inherent heterogeneity of
soil samples, RPD (or relative standard deviation [RSD] when multiple split samples are
analyzed) values of 50 or below are considered acceptable for field split samples. The
RSD values for field triplicates (data in Table 3) were all below 50 percent, and therefore,
were acceptable.

One reference material sample was submitted with the soil samples. This reference
material (NIST 2711) was obtained from National Institute of Standards and Technology.
The recovery of the reference material (94 percent) was acceptable (Table 12).

A summary of the results of the data quality control checks is presented in Table A-8.

REFERENCES

ABB. 1996. Final site investigation work plan. Ames Street site, Rochester, New York.
Phase 1. Appendices I and J. ABB Environmental Services, Inc., Rochester, New York.

ASTM. 1988. Annual book of ASTM standards. Vol. 04.08: Soil and rock, building
stones; Geotextiles. American Society for Testing and Materials, Philadelphia, PA.

U.S. EPA. 1983. Methods for chemical analysis of water and wastes. EPA/600/4-79-020.
U.S. Environmental Protection Agency, Washington, DC.

U.S. EPA. 1991. Test methods for evaluating solid waste. Physical/chemical methods.
SW-846. Third Edition (revised methods). U.S. Environmental Protection Agency, Office
of Solid Waste and Emergency Response, Washington, DC.
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- TABLE A-1. DEFINITIONS OF DATA FLAGS, QUALIFIERS, AND DESCRIPTIONS FOR
INORGANIC DATA

Type

Flag a

N

U

*

C

M

w

S

Qualifier

Rb

- Ub

Jb

A C

Descriptiond

5%

5X

0%

OX

E%

EX

HT

-

Description

Laboratory spike sample results outside control limits

Reported result is less than instrument detection limit

Laboratory duplicate results outside control limits

Sample results qualified because of interference (graphite
furnace atomic absorption [GFAAI analytical spike or inductively
coupled plasma [lCPl serial dilution)

Duplicate injection precision for GFAA analysis outside control
limits

Postdigestion spike for GFAA outside control limits

Correlation coefficient for method of standard additions (MGA)
for GFAA less than 0.995

The reported value was determined by MSA

Rejected

Undetected

Estimated

Justified as enforcement quality data

Qualified because matrix spike control limits are exceeded

Qualified because frequency of matrix spike sample analysis is
not satisfied

Qualified because duplicate relative percent difference (RFD)
control limits are exceeded

Qualified because frequency of duplicate sample analysis is not
satisfied

Qualified because ICP serial dilution control limits are exceeded

Qualified because frequency of ICP serial dilution is not satisfied

Qualified because holding time is exceeded

1

Value

Percent recovery of matrix
spike

No descriptor value

RPD of duplicate analysis

No descriptor value

Percent difference of ICP
serial dilution

No descriptor value

Holding time in days
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TABLE A-1 (cant.)

Type Description

MC Qualified because correlation coefficient of MSA results is less
than 0.995

L% Qualified because laboratory control sample (LCS) control limits
are exceeded

LX Qualified because frequency of LCS analysis is not satisfied

1% Qualified because of ICP interference check sample (ICS) results

IX Qualified because frequency of analysis of ICP ICS is not
satisfied

GS Qualified because GFAA analytical spike result control limits are
exceeded

BC Qualified because of calibration blank results

BP Qualified because of laboratory blank results

BX Qualified because frequency of preparation blank analysis is not
satisfied

B Qualified because of field or laboratory blank results

Value

Correlation coefficient of
MSA

Percent recovery of LCS

No descriptor value

Percent recovery of ICS

No descriptor value

Analytical spike percent
recovery

Calibration blank value

Laboratory blank value

No descriptor value

No descriptor value _.
K

C%

CX

CC

CL

EU

Q

Qualified because of negative blank results

Qualified because of instrument calibration (i.e., initial calibration
verification, continuing calibration verification, frequency of
calibration)

Qualified because frequency of analysis of calibration samples is
not satisfied

Qualified because correlation coefficient of instrument calibration
is exceeded

Qualified because linear range of calibratIOn is exceeded

Qualified because of an unexplained interference

Qualified because of other QC violators

Absolute value of the
negative blank result

Percent recovery of
continuing calibration
verification or initial
calibration venfication

No descriptor value

Correlation coefficient

No descriptor value

No descriptor value

No descriptor value

a Defined in U.S. EPA. 1988. Contract Laboratory Program statement of work. Inorganic analvsis, multi
media, multi-concentration. July 1988. SOW. No. 788. U.S. Environmental Protection Agency,
Environmental Monitoring and Support Laboratory, Las Vegas, NV. (Flags are assigned by the laboratory.)

b Defined in U.S. EPA. (1985). Laboratovr data validation: functional guidelines for evaluating inorganic
analvses. U.S. Environmental Protection Agency, Washington, DC. Also defined in Viar & Co. (eds). 1988
(revision). Laboratory data validation: functional guidelines for evaluating inorganics analvses. Prepared by _.
U.S. Environmental Protection Agency Work Group. Prepared for the U.S. Environmental Protection Agency,
Hazardous Site Evaluation Division, Washington. DC.
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C Justified as enforcement quality data as defined in Administrative Order on Consent.

d Defined in MDHES. , 990. Clark Fork Data System reference. Montana Department of Health and
Environmental Sciences, Solid and Hazardous Waste Bureau. Montana State Library Natural Resource
Information System. Helena. MT. (The descriptions provide the data user with information concerning the
qualification of data.1

3 g:lprodcfn,'ca510204ttaba·l.doc



TABLE A-2. SAMPLE DESCRIPTIONS FOR EACH SOIL SAMPLE DELIVERY GROUP

Sample Digestion Sampling

Job No. Group Number Date Analyte Method Description

K9602361 1 4/18/96 Mercury EPA 7471 In vitro soil samples

K9602556 2 4118/96 Mercury EPA 7471 In vitro soil samples

K9602527 3 4/29/96 Mercury EPA 7471 Sequential extraction soil samples

K9602669 4 4/29/96 Mercury EPA 7471 Sequential extraction soil samples

K9602433 5 4118/96 Carbonate ASTM D513-82M Sequential extraction samples

K9602433 5 4/18/96 Acid-volatile sulfide EPA Draft Aug. 1991 Sequential extraction samples

K9602433 5 4118/96 Carbon, total organic ASTM 04129-82 M Sequential extraction samples

K9602433 5 4118/96 TOC EPA 415.1 Sequential extraction samples

K9602433 5 4118/96 Mercury EPA 7471 Sequential extraction samples

~ •
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TABLE A-3. SAMPLE DESCRIPTIONS FOR EACH AQUEOUS SAMPLE DELIVERY GROUP

~

Sample Digestion Sampling

Job No. Group Number Date Analyte Method Description

K9602360 6 4118/96 Mercury EPA 7470 In vitro aqueous samples
K9602554 7 4/25/96 Mercury EPA 7470 In vitro aqueous samples

K9602552 8 4/25/96 Mercury EPA 7470 In vitro aqueous samples
K9602359 9 4/23/96 Mercury EPA 7470 In vitro aqueous samples

K9603249 10 6/3/96 Mercury EPA 7470 In vitro aqueous samples

K9602434 11 411 9/96 Mercury EPA 7470 Sequential extraction aqueous samples
K9602529 12 4/23/96 Mercury EPA 7470 Sequential extraction aqueous samples
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TABLE A-4. LABORATORY CONTROL SAMPLE RESULTS

-~
Reference Percent

Sample 10 Units Analyte Value Recovery QC Limits True Value

Lab Control mglkg Mercury 3.8 1.47-5.15
ICV Jjg/L Mercury 5.14 103 5.00
CCV1 Jjg/L Mercury 5.03 101 5.00
CCV2 Jjg/L Mercury 5.02 100 5.00

CCV3 Jjg/L Mercury 5.00 100 5.00
CCB1 Jjg/L Mercury 0.001 U
CCB2 Jjg/L Mercury 0.001 U
CCB3 Jjg/L Mercury 0.001 U
Lab Control mg/kg Mercury 3.19 1.47-5.15

ICV Jjg/L Mercury 5.30 106 5.00
CCV1 Jjg/L Mercury 5.01 100 5.00
CCV2 Jjgll Mercury 4.82 96 5.00
CCV3 Jjg/L Mercury 4.74 95 5.00

CCV4 Jjg/L Mercury 4.69 94 5.00

CCV5 Jjg/L Mercury 4.84 97 5.00

CCV6 Jjg/L Mercury 4.64 93 5.00

CCV7 Jjg/L Mercury 4.53 91 5.00

CCB1 Jjg/L Mercury 0.1 U
CCB2 Jjgll Mercury 0.1 U
CCB3 Jjg/L Mercury 0.1 U
CCB4 Jjg/L Mercury 0.1 U
CCB5 Jjg/L Mercury 0.1 U
CCB6 Jjgll Mercury 0.1 U
CCB7 Jjgll Mercury 0.1 U
Lab Control Jjg/L Mercury 4.9 98 5.00 -
ICV Jjg/L Mercury 5.13 103 5.00

CCV1 Jjg/L Mercury 5.06 101 5.00

CCV2 Jjg/L Mercury 5.02 100 5.00

CCV3 Jjg/L Mercury 4.94 99 5.00

CCV4 Jjg/L Mercury 4.78 96 5.00

CCB1 Jjg/L Mercury 0.1 U
CCB2 Jjg/L Mercury 0.1 U
CCB3 Jjg/L Mercury 0.1 U
CCB4 Jjg/L Mercury 0.1 U
Lab Control Jjg/L Mercury 4.78 96 80-120%

ICV Jjg/L Mercury 5.25 105 5.00

CCB1 Jjg/L Mercury 0.1 U
CCB2 Jjg/L Mercury 0.1 U
CCB3 Jjg/L Mercury 0.1 U
CCB4 Jjg/L Mercury 0.1 U
CCB5 Jjg/L Mercury 0.1 U
CCV1 Jjg/L Mercury 5.1 102 5.00

CCV2 Jjg/L Mercury 4.96 99 5.00

CCV3 Jjg/L Mercury 5.00 100 5.00

CCV4 Jjg/L Mercury 4.92 98 5.00

CCV5 Jjg/L Mercury 4.96 99 5.00

Lab Control Jjg/L Mercury 5.1 102 80-120%

ICV Jjg/L Mercury 5.25 105 5.00

CCV1 Jjg/L Mercury 5.1 102 5.00

CCV2 Jjg/L Mercury 4.96 99 5.00

CCV3 Jjg/L Mercury 5.00 100 5.00

CCV4 Jjg/L Mercury 4.92 98 5.00 -
CCV5 Jjg/L Mercury 496 99 5.00

CCV6 Jjg/L Mercury 4.91 98 5.00

CCV7 tJ9/L Mercury 4.91 98 5.00
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TABLE A-4. (cont.)

Reference Percent- Sample 10 Units Analyte QC LimitsValue Recovery True Value

CCV8 pg/L Mercury 4.95 99 5.00

CCV9 pg/L Mercury 4.97 99 5.00

CCBl pg/L Mercury 0.1 U
CC82 pg/L Mercury 0.1 U

CC83 pg/L Mercury 0.1 U

CC84 pg/L Mercury 0.1 U

CC85 pg/L Mercury 0.1 U

CC86 pgll Mercury 0.1 U
CC87 pg/L Mercury 0.1 U
CC88 pg/L Mercury 0.1 U
CC89 pg/L Mercury 0.1 U

Lab Control pg/L Mercury 4.85 97 80-120% 5.00

ICV pgll Mercury 4.84 97 5.00

CCVl pg/L Mercury 5.04 100 5.00

CCV2 pg/L Mercury 5.11 96 5.00

CCV3 pg/L Mercury 5.12 95 5.00

CCV4 pg/L Mercury 5.08 94 5.00

CCV5 pg/L Mercury 5.11 97 5.00

CCV6 pg/L Mercury 4.95 99 5.00

CC81 pg/L Mercury 0.5 U
CC82 pg/L Mercury 0.5 U
CC83 pg/L Mercury 0.5 U
CC84 pg/L Mercury 0.5 U
CC85 pg/L Mercury 0.5 U
Lab Control pg/L Mercury 4.84 97 80-120% 5.00- ICV pg/L Mercury 5.19 104 5.00

CCVl pg/L Mercury 5.05 101 5.00

CCV2 pg/L Mercury 4.80 96 5.00

CCV3 pg/L Mercury 4.76 95 5.00

CCV4 pg/L Mercury 5.13 103 5.00

CCV5 pg/L Mercury 5.05 101 5.00

CCV6 pg/L Mercury 5.03 101 5.00

CCV7 pg/L Mercury 4.98 100 5.00

CCV8 pg/L Mercury 4.90 98 5.00

CC81 pg/L Mercury 0.1 U
CCB2 pg/L Mercury 0.1 U

CC83 pg/L Mercury 0.1 U

CCB4 pg/L Mercury 0.1 U

CC85 pg/L Mercury 0.1 U

CCB6 pg/L Mercury 0.1 U
CCB7 pg/L Mercury 0.1 U
CC88 pg/L Mercury 0.1 U
Lab Control pg/L Mercury 3.12 1.47-5.15

ICV pg/L Mercury 5.13 103 5.00

CCVl pg/L Mercury 4.98 100 5.00

CCV2 pg/L Mercury 4.91 98 5.00

CCV3 pg/L Mercury 4.97 99 5.00

CCV4 pg/L Mercury 4.99 100 5.00

CCV5 pg/L Mercury 5.03 101 5.00

CCBl pg/L Mercury 0.1 U

CCB2 pg/L Mercury 0.1 U

CC83 pg/L Mercury 0.1 U- CCB4 pg/L Mercury 0.1 U

CCB5 pg/L Mercury 0.1 U

Lab Control pg/L Mercury 3.30 1.47-5.15
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TABLE A-4. (cant.)

-Reference Percent
Sample 10 Units Analyte Value Recovery QC Limits True Value

ICV Jjg/L Mercury 5.10 102 5.00
CCV1 Jjg/L Mercury 5.18 104 5.00

CCV2 Jjg/L Mercury 5.37 107 5.00

CCV3 Jjg/L Mercury 5.31 106 5.00

CCV4 JjglL Mercury 5.27 105 5.00

CCV5 Jjg/L Mercury 5.36 107 5.00
CCB1 Jjg/L Mercury 0.1 U
CCB2 JjglL Mercury 0.1 U
CC83 Jjg/L Mercury 0.1 U
CCB4 Jjg/L Mercury 0.1 U
CCB5 JjglL Mercury 0.1 U
Lab Control % Carbonate 62.8 105 60.0

Lab Control % Carbonate 59.5 99 60.0

CCVl % Carbonate 103 103 100

CCV2 % Carbonate 101 101 100

CCVl % Carbonate 101 101 100

CCV2 % Carbonate 101 101 100

CCV3 % Carbonate 101 101 100

CCBl % Carbonate 0.005 U
CCB2 % Carbonate 0.005 U
CCBl % Carbonate 0.005 U
CCB2 % Carbonate 0.005 U
CCB3 % Carbonate 0.005 U
Lab Control mg/kg Acid volatile sulfide 0.41 82 0.51

CCVl mg/kg Acid volatile sulfide 0.67 99 0.68 -
CCV2 mg/kg Acid volatile sulfide 0.66 97 0.68

CCV3 mg/kg Acid volatile sulfide 0.66 97 0.68

CCBl mg/kg Acid volatile sulfide 0.05 U
CC82 mg/kg Acid volatile sulfide 0.05 U
CCB3 mg/kg Acid volatile sulfide 0.05 U
Lab Control % TOC 0.62 100 0.62

Lab Control % TOC 0.63 102 0.62

CCV2 % TOC 19.9 100 20.0

CCV3 % TOC 20.0 100 20.0

CCVl % TOC 20.1 100 20.0

CCV2 % TOC 20.3 102 20.0

CCV3 % TOC 20.1 100 20.0

CC82 % TOC 0.05 U

CCB3 % TOC 0.05 U

CCBl % TOC 0.05 U

CCB2 % TOC 0.05 U

CCB3 % TOC 0.05 U

Lab Control mg/L TOC 9.9 85 11.6

Lab Control mg/L TOC 27.4 94 29.0

CCVl mg/L TOC 24.1 96 25.0

CCV2 mg/L TOC 23.8 95 25.0

CC81 mg/L TOC 0.5 U

CC82 mg/L TOC 0.5 U
Lab Control mg/kg Mercury 3.27 1.47-5.15

ICV Jjg/L Mercury 5.30 106 5.00

CCV1 Jjg/L Mercury 5.01 100 5.00 -CCV2 Jjg/L Mercury 4.82 96 5.00

CCV3 Jjg/L Mercury 4.74 95 5.00

CCV4 Jjg/L Mercury 4.69 94 5.00

CCV5 pg/L Mercury 4.84 97 5.00
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TABLE A-4. (cant.)

Reference Percent-- Sample 10 Units Analyte Value Recovery OC Limits True Value

CCB1 JJglL Mercury 0.5 U
CCB2 JJ9/L Mercury 0.5 U
CCB3 JJg/L Mercury 0.5 U
CCB4 JJ9/L Mercury 0.5 U
CCB5 JJ9/L Mercury 0.5 U
Lab Control JJg/L Mercury 4.6 92 5.00
ICV JJglL Mercury 4.77 95 5.00
CCV1 JJglL Mercury 5.06 101 5.00
CCV2 JJg/L Mercury 4.93 99 5.00
CCV3 JJg/L Mercury 4.92 98 5.00
CCV4 JJglL Mercury 4.83 97 5.00
CCV5 JJglL Mercury 4.71 94 5.00
CCB1 JJglL Mercury 0.1 U
CCB2 JJg/L Mercury 0.1 U
CCB3 JJg/L Mercury 0.1 U
CCB4 JJg/L Mercury 0.1 U
CCB5 JJg/L Mercury 0.1 U

U = Not detected; value represents detection limit.
ICV = Initial calibration verification
CCB = Continuing calibration blank
CCV = Continuing calibration verification

--

-
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TABLE A-5. MATRIX SPIKE SAMPLE RESULTS -
Spike Sample Spiked Sample Percent

Sample 10 Units Analyte Concentration Concentration Concentration Recovery

S94801 mg/kg Mercury 0.5 1320 826 63
S94819 mg/kg Mercury 0.46 5850 4760 81
W94805 j./g/L Mercury 1.0 237 242 102
W94825 j./g/L Mercury 10 1090 1130 103
W94823 j./g/L Mercury 10 1120 1120 99
W94715 j./glL Mercury 10 81 82 90
W94739 j./g/L Mercury 1 741 778 105
S94754 mg/kg Mercury 0.46 7010 9470 135
S94774 mg/kg Mercury 0.5 50.0 40.2 80
S95752 % Carbonate 1.60 2.41 4.00 99
S95774 % Carbonate 2.00 4.27 6.32 103
S95752 mg/kg Acid-volatile sulfide 50.5 5 U 25 49
S95752 % TOC 2.40 1. 19 3.54 98
S95772 % TOC 2.85 6.00 8.76 97
W94708 mg/L TOC 25 0.5 U 24.9 100
AIW071 j./g/L Mercury 10 145 156 101

U = Not detected; value represents detection limit.

_.
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TABLE A-G. LABORATORY DUPLICATE SAMPLE RESULTS-
Duplicate

Sample Sample
Sample 10 Units Analyte Result Result Average RPO/RSO

S94801 mg/kg Mercury 826 1060 943 25
594819 mg/kg Mercury 5850 6000 5925 2
W94805 Jlgll Mercury 237 238 238 <1
W94821 Jlg/l Mercury 1280 1280 1280 <1
W94823 Jlgll Mercury 1120 1120 1120 <1
W94715 Jlg/l Mercury 81 83 82 2
W94738 Jlgll Mercury 482 471 477 2
594754 mglkg Mercury 7010 5970 6490 16
594774 mglkg Mercury 50.0 40.1 45 22
595752 % Carbonate 2.41 2.36 2.39 2
595774 % Carbonate 4.27 4.31 4.29 <1
595752 mg/kg Acid-volatile sulfide 5 U 5 U 5 U

595752 % TOC 1.19 1.18 1. 19 <1
595772 % TOC 6.00 6.04 6.02 <1
W94708 mgll TOC 0.5 U 0.5 U 0.5 U
595752 mglkg Mercury 3110 3140 3125 <1
595752 mg/kg Mercury 3110 2400 2755 26
AIW071 Jlgll Mercury 145 140 143 4

U = Not detected; value represents detection limit.

-

-
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TABLE A-7. MERCURY SEQUEI\lTIAL EXTRACTION BLANK RESULTS -
Matrix

Deionized Water

Equipment Blank

Bottle Blank

Blank (Step 1)

Blank (Step 2)

U = Not detected; value represents detection limit.

a Units in I/g.

Blank Concentration
(l/g/L)

0.5 U

0.5 U

0.02 Ua

5
1 U

apldatalca51\hg_spec\QA_QC.XLS (Blanksl 6/21/96112:32 PMI
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- TABLE A-S. SUMMARY OF QUALITY CONTROL CHECKS

-

Quality Control Check

Completeness

Holding times

Analytical methods

Instrument performance

Initial calibration

Initial and continuing calibration verifi-

cation

Initial and continuing calibration blanks

Method blanks

Bias

Laboratory control samples

Matrix spike samples

Precision

Quantification of results

Detection limits

Field quality control samples

Status

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable:
17 AVS results
affected

Acceptable

Acceptable

Acceptable

Acceptable;

Comment

See Matrix Spike Recoveries
section

See Field Quality Control sec-

3 mercury ef- tion

fected

-

OVERALL ASSESSMENT

1

Acceptable No data rejected during the
quality assurance review

g:lprodcrn\ca510204\raba-8.doc



APPENDIX B
IDENTIFICATION OF SAMPLES INCLUDED IN ANALYTICAL

DATA SETS



-

-

-

TABLE B-1
SUMMARY OF SAMPLES INCLUDED

--

IN IN VOC DATASET - SOIL
I

I-----"-----
HUMAN HEALTH RISK ASSESSMENT

AMES STREET SITE
ROCHESTER, NY

smpl id stype Idepth s date type
-----'-----'-

11/12-01; TANK I o 04-Dec-95 VOA ug/kg
11112-02; TANK o 04-Dec-95 VOA ug/kg
11112-03; TANK 0104-Dec-95 VOA ug/kg
11112-04; TANK o 04-Dec-95 VOA ug/kg
11112-05; TANK I o 04-Dec-95 VOA ug/kg
11112-06; TANK o 04-Dec-95 VOA ug/kg
17/19-08-01B;TANK 8 01-Jan-96 VOA ug/kg
17/19-08-02B;TANK 8 01-Jan-96 VOA ug/kg
17/19-01;TANK 1 08-Dec-95 VOA ug/kg
17/19-02;TANK 1, 08-Dec-95 VOA ug/kg
17/19-03;TANK 1 08-Dec-95 VOA ug/kg
S-TANKI-04 I I29-Nov-95 VOA ug/kg
S-TANKI-05 1 29-Nov-95 VOA ug/kg
S-TANK-COMP. 1 29-Nov-95 VOA ug/kg
BS0108XX 8] II-Mar-96 ,VOA ug/kg
BSOI10XX 101 11-Mar-96 IVOA ug/kg
BS0308XX I 8r13-Mar-96 VOA ug/kgI

BS0320XX I I 20! 13-Mar-96 ',VOA ug/kg
I

BS0408XX ! ! 8! 13-Mar-96 ,vOA ug/kg
I I iVOA

-~

BS0412XX ----l- 121 13-Mar-96 ug/kg
BS0412XX \DUP

! 12iI3-Mar-96 VOA ug/kg
-. I I

-----------'-
BS0420XX I 20! 13-Mar-96 VOA ug/kg

! i I I

BS0508XX l- : 8, 12-Mar-96 iVOA ug/kg
, --+---,

BS0522XX I i 22112-Mar-96 I VOA ug/kg
BS0604XX I -il12-Mar-96 iVOA ug/kg
BSI006XX

~
I 6]17-Mar-96 IVOA ug/kgI

BS1020XX
I

20117-Mar-96 IVOA ug/kgI I

BS1210XX I ! 10 1 16-Mar-96 ,VOA ug/kgI
I -----j -~

BSI220XX 20. 16-Mar-96 'VOA ug/kg
BS1308XX ----r- , 8116-Mar-96. VOA ug/kg----+------- I! '
BS1316XX ~16116-Mar-96 iVOA ug/kg
BS1406XX ! ' 61 15-Mar-96 IVOA ug/kg

I ~

]VOABS1416XX I 16 1 15-Mar-96 ug/kg
I -----i--_____+__

BS1506XX i ! 61 15-Mar-96 :VOA ug/kg
i I

BS1512XX , ! 12115-Mar-96 lVOA ug/kg
----+----

BS1608XX
I

8 i 15-Mar-96 !VOA ug/kg
I +-----::--:--:-

!VOABS1614XX ! I 14115-Mar-96 ug/kg
I I

BS2106XX ! : 6 i26-Mar-96 !VOA ug/kg
BS2118XX ~__~__~8!26-Mar-96~ ug/kg
BS2908XX ' ' 8118-Mar-96 IVOA ug/kg
f---- ----t---~

22' 18-Mar-96 rVOABS2922XX I ' ug/kgI
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TABLE B-1
\-------------------------------

SUMMARY OF SAMPLES INCLUDED
f--------

IN IN VOC DATA SET - SOIL
----_._-----,----,------,-------,--------

f-------~ I I ~ _1

HUMAN HEALTH RISK ASSESSMENT
\---------

AMES STREET SITE
----------!

ROCHESTER, NY

-

BS3022XX I 22 18-Mar-96 VOA ug/kg

smpl id :stype J depth is date !type I

BS3012XX I 12iI8-Mar-96 VOA ug/kg I

BS3906XX 'I 6 26-Mar-96 I VOA ug/kg
BS3918XX I 18 26-Mar-96 VOA ug/kg

§408~__+=1 t--- 8 27-Mar-96 V_O_A u-",g/k--"'Cg-i
BS4412XX _ 12 27-Mar-96 VOA ug/kg
~-

BS4420XX I 20127-Mar-96 VOA ug/kg
BS4506XX 6 27-Mar-96 VOA ug/kg

-

-

BS4508XX -----t 8 27-Mar-96 VOA ug/kg
BS4516XX 16127-Mar-96 ~_O_A__u-""g/k,--=g-j
BS4616XX ~: 16~28-Mar-96 IVOA ug/kg
BS4628XX ~ 28l28-Mar-96 VOA ug/kg

BS4710XX ~ I 10 I. 28-Mar-96 VOA ug/kg
Bsmo~-----+!iti 10. 28-Mar-96 VOA ug/kg
BS4716XX ! I 16128-Mar-96 VOA ug/kg
BS4904XX -l--: 4129-Mar-96 'IVOA ug/kg
BS4924XX i _ -----r- 24129-Mar~V-O-=--A--u-"g/k~g'--1

~006XX ~ 6129-Mar-~O_A__u_"g/k~g'__1

BS5016XX: 116i29-Mar-96 IVOA ug/kg
BS5025XX ---r- 251 29-Mar-96 IVOA ug/kg

BS5104XX ~ I 4i31-Mar-96 VOA ug/kjL
BS5108XX I, 8131-Mar-96 iVOA ug/kg

f-- -----+---c-----+----~~'__l

BS5118XX 18i31-Mar-96 IVOA ug/kg
\-----------+-1---+-- : I --~-

BSS210XX I I lOi31-Mar-96 IVOA ug/kg-+---------;---- ---+---=----=-:-=-j
BS5218XX i I 18131-Mar-96 'VOA ug/kg
~---------11'----------+ I ---iI----=---=--1
BSS220XX i I 20 '31-Mar-96 IVOA ug/kg-r---- I. I
BS5224XX I --+-_~'±i31-Mar-96 IVOA ug/kg
BS5310XX ~_ 10 101-Apr-96----r-V_O_A__u--"g/k'--"'gC-j
BS5318XX I 18:01-Apr-96 'VOA ug/kg. --=--
BS5324XX i I 24.4101-Apr-96 IVOA ug/kg

13S5324XX !DUP 24.4iOl-Apr-96 VOA ug/kg
- I --"-----'-----+-----=-=--1
I-B-=S_S_4_10_XX If---_-+I__10-+1_30._-::-M_a_r--:-96-:---l-::-V_:c:0:--A u-",g/k_c:-_L
BS5412XX ,: 12 ,: 30-Mar-96 VOA ug/kg, ----=-
BSS426XX -r. 25.S130-Mar-96 VOA ug/kg----+ ~-

BS5502XX 1--~-21-31-=Mar-96 VOA ug/kg
-- --j-- I

BSS512XX '! 12! 31-Mar-96 VOA ug/kg
------_____+__ I ~--+_------"'e--=-i

~520XX ~_ __t______~-Mar-96 VO_A u--"g/k,--",g-i
BS5710XX i ~ 10i30-Mar-96 _V_O_A ug/k~g-l
BS5710XX IDUP I 10130-Mar-96 VOA ug/kg
~5722XX i--r---nI30-Mar-96 VO_A u-",g/ke--=g-j
BS5818XX , 18130-Mar-96 VOA ug/kg
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TABLE B-1
SUMMARY OF SAMPLES INCLUDED

IN IN VOC DATA SET - SOIL

HUMAN HEALTH RISK ASSESSMENT
-----l

AMES STREET SITE
ROCHESTER, NY

'smpl id Istype Idepth s date type
BS5S1SXX DUP IS 30-Mar-96VOA ug/kg
BS591SXX I IS 01-Apr-96 VOA ug/kg
BS601SXX IS 30-Mar-96 VOA ug/kg
BS6112XX I 1231-Mar-96 VOA ug/kg

=6XX 1631-Mar-96 VOA ug/kg
~SXX IS 31-Mar-96 VOA ug/kg
BS6122XX 2231-Mar-96 VOA ug/kg
BS621SXX IS 31-Mar-96 VOA ug/kg

I-B_S_6_31_2_XX =--_L=_+_ 12 31-Mar-96 VOA ug/kg
BS6314XX -----+--+--1431-Mar-96 VOA ug/kg
I-B_S_6_31_S_XX_~__----t : IS 31-Mar-96 VOA ug/kg
BS6322XX I 22 31-Mar-96 VOA ug/kg
BS641SXX IS 01-Apr-96 VOA ug/kg
,-----~--~--~--\---+---_+----'---+:__:_-~-__'"'__:c--"'-

BS6514XX I 1401-Apr-96 VOA ug/kg
BS651SXX i i IS iOl-Apr-96 VOA ug/kg

I-B_S_70_1_6_XX J I 16 02-Apr-96 iVOA ug/kg
BS7022XX I i 22 02-Apr-96 iVOA ug/kg
BS750SXX 'I sI09-Apr-96 VOA ug/kg

BS751.2_XX II-' ------t-!- 12!09-Apr-96 IVOA ug/kg

BS7S20XX IDUP ---t-- 20109-Apr-~~OA ug/kg

~XXI I +---_~05.MaY-93 iVOA ug/k.!L
43SSXX6 i I 505-May-93 IVOA ug/kg
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TABLE B-2
SUMMARY OF SAMPLES INCLUDED

IN INORGANICS AND CYANIDE DATA SET - SOIL
I,

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

smpl id stype depth s date type
23SSXXl 1 08-May-93 INOR mg/kg
34SSXXl I. 06-May-93 INOR mg/kg
34SSXX4 2 06-May-93 INOR mg/kg
34SSXX8 1 08-May-93 INOR mg/kg
42SSXXl 605-May-93 INOR mg/kg
BS2508XX o 18-Mar-96 INOR mg/kg
BS2512XX o 18-Mar-96 INOR mg/kg
BS2606XX (I 18-Mar-96 INOR mg/kg
BS2608XX o 19-Mar-96 INOR mg/kg
BS2608XX DUP o 19-Mar-96 INOR mg/kg
BS2704XX o 19-Mar-96 ,INOR mg/kg
BS2708XX o 19-Mar-96 INOR mg/kg
BS2806XX o 19-Mar-96 INOR mg/kg
BS2812XX 1~-96 INOR mg/kg
BS2908XX I 0 18-Mar-96 INOR mg/kg
BS2916XX I o 18-Mar-96 iINOR mg/kg
BS3008XX I o 18-Mar-96 INOR mg/kg
BS3012XX i OI18-Mar-96 !INOR mg/kg
BS3108XX I o 18-Mar-96 i INOR mg/kg
BS3112XX I o 18-Mar-96 INOR mg/kg
KTSSXX5 i 1 ! 28-Sep-93 IINOR mg/kg
KTSSXX7 I 1 28-Sep-93 ,INOR mglkg
LTSSXXI , I 1108-May-93 'INOR mg/kg
LTSSXX2 1I08-May-93 JINOR mg/kg
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

HUMAN HEALTO RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY
i

smpl id .stype depth s date type
02SSXX1X1 1 10-May-93 Hg mg/kg
23SSXX1X1 1 OS-May-93 Hg mg/kg
34SSXXS Xl I 1 OS·May-93 Hg mg/kg
42SSXX1X6 605-May-93 IHg mg/kg
42SSXX3X3 3 05-May-93 Hg mg/kg
BS0104XX 4 ll-Mar-96 Hg mg/kg
BS0106XX 6 11-Mar-96 Hg mg/kg
BSOlOSXX S ll-Mar-96 Hg mg/kg
BSOllOXX 10 11-Mar-96 Hg mg/kg
BSOllOXX DUP 10 11-Mar-96 Hg mg/kg
BS01l2XX 121 11-Mar-96 Hg mg/kg
BS01l4XX 14 11-Mar-96 Hg mg/kg
BSOl16XX 16 11-Mar-96 Hg mg/kg
BSOllSXX IS 11-Mar-96 Hg mg/kg
BS0120XX , 201 11-Mar-96 Hg mg/kg
BS0122XX 22 11-Mar-96 Hg mg/kg
BS0124XX 24 11-Mar-96 Hg mg/kg
BS0126XX I 25.51 11-Mar-96 Hg mglkg
BS0204XX ! ! 4! 12-Mar-96 !Hg mglkg,
BS0206XX I i 6 12-Mar-96 !Hg mg/kg
BS020SXX I S: 12-Mar-96 IHg mglkg
BS0210XX I 10 i12-Mar-96 IHg mglkg
BS0212XX 1-?j 12-Mar-96

I

Hg mglkg
BS0214XX 14 i12-Mar-96 Hg mg/kg
BS0216XX 16112-Mar-96 iHg mglkg
BS021SXX I IS i12-Mar-96 iHg mglkg
BS0220XX I 20 1 12-Mar-96 iHg mglkg

BS0222XX ~ I 22 i12-Mar-96 IHg mglkg
I

BS0224XX ---+-- I 24! 12-Mar-96 Hg mglkg

BS0225XX I I 24 S: 12-Mar-96 iHg mg/kg
~.

BS0304XX I I 4i13-Mar-96 'Hg mg/kg
I Ii.

mglkgBS0306XX I 6 ,13-Mar-96 IHg
I I

BS0308XX I i 8 i13-Mar-96 !Hg mglkg
BS0310XX I !

I '
mglkglOi13-Mar-96 iHg

BS0312XX i 12 13-Mar-96 Hg mglkg
BS0314XX i I ----Hj 13-Mar-96 IHg mglkg
BS0314XX IDUP i mglkgI 14 13-Mar-96 IHg
e---'
BS0316XX ! 16113-Mar-96 IHg mglkg

I

BS0318XX 18113-Mar-96 IHg mglkg
BS0320XX i , 20!13-Mar-96 !Hg mglkg
BS0320XX ~-: 20.2 j 13-Mar-96 ! Hg mglkg

_.

-

-



-
TABLE B-3

--------------------------1
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

-r
HUMAN HEALTH RISK ASSESSMENT

AMES STREET SITE
ROCHESTER, NY

f____---------,--~-------,------'------,--------------I

~-~,-----------t---If--------,----+I-----,----+----------j
smpl id stype idepth •s date itype

BS0604XX ! 4! 12-Mar-96 I~g"--_m--,,g/k,------=g--;
BS0606XX 6[ 12-Mar-96 ,Hg mg/kg

f-B-S-06-1-0-XX-----1--+------wI2-Mar-96 Hg mg/kg

BS0612XX 12 12-Mar-96 Hg mg/kg
BS0614XX 14 12-Mar-96 Hg mg/kg
BS0614XX DUP 14 12-Mar-96 Hg mglkg
BS0616XX 16 12-Mar-96 'Hg mglkg
BS0618XX 18 12-Mar-96 Hg mglkg
BS0620XX 20 12-Mar-96 Hg mglkg
BS0621XX 20.8 12-Mar-96 Hg mglkg

I

BS0706XX 6113-Mar-96 Hg mglkg
BS0708XX 8 13-Mar-96 Hg mglkg
BS0710XX ~ 10 13-Mar-96 Hg mglkg
BS0712XX i I 12113-Mar-96 Hg mglkg

BS0718XX I 18113-Mar-96 iHg mglkg
f--B-S-o-n-o-xx---,f-:----+I-~13-Mar-9-6--+-jH-'g-----m--"g/k"----"g'-l

BSOn2XX : 22!13-Mar-96 IHg mglkg

f-B_S_07_1_4_XX f-----+- 14
'
,13-Mar-96 Hg mglkg

BS0716XX ! i 16 i13-Mar-96,Hg mglkg

-
BS1002XX : -#g:Mar-96 jHg mglkg
f-B-S-1O-0-4-XX---+-'-------:---4117-Mar-96 !Hg mglkg

f-B_S_1O_0_6XX t-1__---t-I__6--+i_17_-_M_ar__-_96--t-'H---Cg"--_m----'gIk"----"g~,
BS 1008XX ~f-,_---+-1__8+-\1_7-_M_ar_-_96_-+I_H-=g__m--=-glk---cg"'--1
BS1010XX I i 10117-Mar-96 I_H-=g m---'gIk-'-----'g<-j

BS 1012XX i 12 i 17-Mar~_H=-g__m---CgIk"--,--'g"----l
f-B-,S_I_01_4_XX t-

'
1 __-----+' l_4~ 17-M_ar_-9_6--t-1H_g"'----__m--=-glk---Cg""--

BS1018XX i i 18iI7-Mar-96 :Hg mg/kg I

BS1021XX : 20.7! 17-Mar-96 Hg mg/kg
BS1202XX I 2116-Mar-96Hg mglkg
BS1204XX ,4tI6-Mar-96 Hg mg/kg

-

BS1206XX ! : 6jI6-Mar-96 l!:I--"g'-----__m--"gIk~g'___1
BS1208XX I ! 8116-Mar-96 !Hg mglkg
BS1210XX ------r- ! 10116-Mar-96 Hg mglkg
BS 1212XX -l-- d 16-M-ar--9-6-+j'H--'g"---m--'gIk"-----'g"---1
1---------1-- 1 --;-:;;-:-:; , ~-

BS1216XX ! 16 1 16-Mar-96 I_H-=g m----'gIk-'-----'g'-j
~S1218XX I : 18116-Mar-96 iHg mglkg
BS1218XX IDUP ~18jI6-Mar-96 iHg mg/kg
~-------t-I-- , I-~

BSI220XX I ,20116-Mar-96 IHg mg/kg, ,I 1---=--------''''----'''---1

BS1222XX i i 215 il6-Mar-96 IHg mg/kg

p:\abbkt\data\hglocs\2
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

I
HUMAN HEALTH RISK ASSESSMENT

AMES STREET SITE
ROCHESTER, NY

f---- 1_1f-'---+------+--------f
smpl id ~l'e' depth s date Itype

BS 1306XX 6 16-Mar-96 Hg mg/kg
BS130SXX S 16-Mar-96 !Hg mg/kg
BS1310XX 10 16-Mar-96 Hg mg/kg
BS1312XX 12 16-Mar-96 Hg mg/kg
BS1314XX 1416-Mar-96 Hg mg/kg
BS 1316XX 16 16-Mar-96 Hg mg/kg
BS131SXX IS 16-Mar-96 Hg mg/kg
BS1320XX 20 16-Mar-96 Hg mg/kg
BS1702XX 2 14-Mar-96 IHg mg/kg
BS1704XX 4iI4-Mar-96 Hg mg/kg
BS1706XX I 6 14-Mar-96 Hg mg/kg

BS1710XX I I lOi 14-Mar-96Hg mg/kg
BS1712XX I III n!14-Mar-96 Hg mg/kg

I . I

BS171SXX i IS 14-Mar-96 Hg mg/kg
BSI720XX I 20!14-Mar-96 Hg mg/kg

'----"'-----"'---1
BSI722XX I 22114-Mar-96 :Hg mg/kg
BS 1723XX 231, 14-Mar-96 Hg mg/kg
BSlS02XX~ I 2117-Mar-96 Hg mg/kg
BSlS0SXX I I S: 17-Mar-96 Hg mg/kg
BSlSIOXX! 10117-Mar-96 'Hg mg/kg
BSlS12XX : i 12117-Mar-96 iHg mg/kg

BS1916XX !DUP I 16117-Mar-96 iHg mg/kg

-

-



-

-

-
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TABLE B-J
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY
I i I

smpl id stype depth s date type
BS1918XX 18 17-Mar-96 'Hg mg/kg
BS1920XX 20 17-Mar-96 Hg mg/kg
BS1922XX 22 17-Mar-96 Hg mg/kg
BS2002XX 2 18-Mar-96 'Hg mg/kg

BS2004XX 4 18-Mar-96 Hg mg/kg
BS2006XX 6 18-Mar-96 Hg mg/kg
BS2008XX 8 18-Mar-96 Hg mg/kg
BS2010XX 10 18-Mar-96 Hg mg/kg
BS2012XX 12 18-Mar-96 Hg mg/kg
BS2014XX 14 18-Mar-96 Hg mg/kg
BS2016XX 16 18-Mar-96 Hg mg/kg
BS2018XX 18' 18-Mar-96 Hg mg/kg
BS2020XX 20 18-Mar-96 Hg mg/kg
BS2022XX 22 18-Mar-96 Hg mg/kg
BS2023XX I 23.4 18-Mar-96 ,Hg mg/kg
BS2102XX 2 26-Mar-96 Hg mg/kg
BS2104XX ! 4 26-Mar-96 Hg mg/kg
BS2106XX 6 26-Mar-96 iHg mg/kg
BS2108XX I

I
8i26-Mar-96 iHg mg/kg

,

I IBS2110XX I I 10 i26-Mar-96 Hg mg/kg
BS2110XX DUP i 10 26-Mar-96 Hg mg/kg
BS2112XX I 121 26-Mar-96 Hg mg/kg
BS2114XX =1 14i26-Mar-96 IHg mg/kg
BS2116XX 16126-M~ mg/kg
f--
BS2118XX 18126-Mar-96 ~g mg/kg
BS2120XX 20 26-Mar-96 Hg mg/kg
BS2121XX I 20.7 26-Mar-96 IHg mg/kgI

BS2202XX I I, 2i26-Mar-96 Hg mg/kg
BS2204XX

I

4 I 26-Mar-96 Hg mg/kgI

BS2204XX DUP 426-Mar-96 Hg mg/kg
BS2206XX I 626-Mar-96 Hg mg/kg
BS2208XX ,

I 8! 26-Mar-96 :Hg mg/kg
I

LO i,26-Mar-96BS2210XX , ! Hg mg/kgI

BS2212XX I i L2126-Mar-96 Hg mg/kg
BS2214XX

, i 14126-Mar-96 IHg mg/kgI

BS2216XX 16 26-Mar-96 I Hg mg/kg
BS2218XX ! I 18 26-Mar-96 Hg mg/kg
BS2220XX i , 20.26-Mar-96 iHg mg/kg
BS2222XX i 22i26-Mar-96Hg mg/kg
BS2302XX

,
2 'I 29-Mar-96 Hg mg/kg,

BS2304XX ! 4 I 29-Mar-96 Hg mg/kg
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY
I i

,smpl id Istype 'depth s date Itype
BS2306XX 6'29-Mar-96 Hg mg/kg
BS2308XX 8 29-Mar-96 Hg mg/kg
BS2310XX 10 29-Mar-96 Hg mg/kg
BS23 12XX 12 29-Mar-96 Hg mg/kg
-'

BS2312XX DUP 12 29-Mar-96 Hg rng/kg
BS2314XX 14 29-Mar-96 Hg mg/kg
BS2316XX 16 29-Mar-96 Hg rng/kg
BS2318XX 18 29-Mar-96 Hg mg/kg
BS2322XX 22 29-Mar-96 Hg mg/kg
BS2324XX 24 I29-Mar-96 Hg mg/kg
BS2326XX 25.8 29-Mar-96 Hg rng/kg
BS2404XX 4 29-Mar-96 Hg mg/kg
BS2406XX 629-Mar-96 Hg mg/kg
BS2408XX I 8 29-Mar-96 Hg mg/kg
BS2408XX DUP 8 29-Mar-96 Hg mg/kg
BS2410XX

1
1 10 29-Mar-96 Hg rng/kg

BS2412XX I : 12,29-Mar-96 Hg mg/kg
I

I 14 I 29-Mar-96BS2414XX I Hg mg/kg,
!BS2416XX I 16129-Mar-96 IHg mg/kg

BS2418XX 18 29-Mar-96 Hg mg/kg
BS2420XX

I
I 20 i29-Mar-96 Hg mg/kgI

i I

BS2422XX i 22129-Mar-96 IHg mg/kg
BS2424XX

~
I

23.5!29-Mar-96 IHg mg/kg
BS2902XX I 218-Mar-96 [Hg mg/kg
BS2906XX I I 6 I18-Mar-96 iHg mg/kg
BS2908XX I 818-Mar-96 Hg mg/kg1
BS2910XX 10118-Mar-96 !Hg mg/kg
BS2912XX

~ ,
mg/kgi 12,18-Mar-96 lHg

BS2914XX i 14118-Mar-96 :Hg mg/kg
BS2916XX ! 161 18-Mar-96 Hg mg/kg
BS2918XX i 181 18-Mar-96 iHg mg/kg
BS2920XX + 20118-Mar-96 iHg mg/kg,
BS2922XX 22 18-Mar-96 IHg mg/kg
BS3002XX I 2118-Mar-96 IHg mg/kg
BS3002XX ;DUP I 2! 18-Mar-96 IHg mg/kg
BS3004XX ! 4 i18-Mar-96 IHg mg/kg
BS3006XX I 6/18-Mar-96 IHg mg/kg
BS3008XX i 81 18-Mar-96 IHg mg/kg
BS3010XX I 10 I18-Mar-96 IHg mg/kg
BS3012XX i --t--12 i 18-Mar-96 iHg mg/kg
BS3014XX i 14 18-Mar-96 IHg mg/kg

_.

-
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

I

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

smpl id stype !depth s date [type
B53016XX i 16 18-Mar-96 'Hg mglkg
B53016XX DUP I 16 18-Mar-96 Hg mglkgI

B53018XX ! 18 18-Mar-96 Hg mglkg
B53020XX 20 18-Mar-96 Hg mglkg
B53022XX I 22 18-Mar-96 Hg mglkg
B53024XX 23.7 18-Mar-96 Hg mglkg
B53102XX I 2 18-Mar-96 Hg mglkgI

B53104XX 4 18-Mar-96 Hg mglkg
B53106XX 6 18-Mar-96 Hg mglkg
B53108XX 8 18-Mar-96 Hg mglkg
B53110XX 10 18-Mar-96 Hg mglkg
B53112XX 11.5 18-Mar-96 Hg mglkg
B53202XX 2 25-Mar-96 Hg mglkg
B53204XX 4 25-Mar-96 Hg mglkg
B53206XX 6 i25-Mar-96 Hg mglkg
B53208XX 8 i25-Mar-96 Hg mglkg
B53210XX 10 i25-Mar-96 Hg mglkg
B53212XX

[

!

12i25-Mar-96 iHg mglkg
I

B53214XX I 14 !25-Mar-96 iHg mglkg,

B53216XX I I 15.7.25-Mar-96 iHg mglkg
B53216XX DUP I 15.7 i25-Mar-96 iHg mglkgI

B53302XX i I 2i25-Mar-96 [Hg mglkg
B53304XX I I 4 \25-Mar-96 !Hg mglkg
B53306XX I 6i25-Mar-96 iHg mglkg
B53308XX I i 8 i25-Mar-96 iHg mglkg
B53310XX I i 10 I25-Mar-96 ;Hg mglkg
B53312XX ! i 12i25-Mar-96 iHg mglkg
B53314XX I

I 14! 25-Mar-96 IHg mglkgI

B53316XX I I 16; 25-Mar-96 Hg mglkg
I I

B53318XX I I 18:25-Mar-96 :Hg mglkg

!

!
I

B53320XX 20125-Mar-96 !Hg mglkg
B53320XX

IDUP

i 20.2 i25-Mar-96 iHg mglkg
I

B53320XX 20.2125-Mar-96 IHg mglkg
B53404XX [ I 4 [19-Mar-96 iHg mglkg
B53406XX

,
6! 19-Mar-96 iHg mglkgI

B53408XX I 8 i 19-Mar-96 iHg mglkgI
B53410XX i ! 10 i 19-Mar-96 iHg mglkg
B53410XX iDUP 10 !19-Mar-96 IHg mglkg
B53412XX

i
121 19-Mar-96 !Hg mglkg;

B53414XX i 141 19-Mar-96 IHg mglkg
B53416XX i 161 19-Mar-96 :Hg mglkg
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

--
ROCHESTER, NY

,

! I
,

, ,

smp1 id 'stype :depth I s date
!
,type

BS3418XX 18i 19-Mar-96 iHg mg/kg
BS3420XX 20 19-Mar-96 Hg mg/kg
BS3502XX 2 19-Mar-96 !Hg mg/kg
~-

BS3504XX I 4 19-Mar-96 'Hg mg/kg
BS3506XX 6 19-Mar-96 Hg mg/kg
BS3508XX 8 19-Mar-96 Hg mg/kg
BS3508XX DUP 8 19-Mar-96 Hg mg/kg
BS3510XX 10 19-Mar-96 IHg mg/kg
BS3512XX 12 19-Mar-96 Hg mg/kg
BS3514XX ! 14! 19-Mar-96 Hg mg/kg
BS3516XX ! 161 19-Mar-96 Hg mg/kg
BS3518XX 18 19-Mar-96 Hg mg/kg

BS3520XX 20 19-Mar-96 Hg mg/kg
BS3522XX 21.7 19-Mar-96 Hg mg/kg
BS3602XX , I 2 27-Mar-96 IHg mg/kg
BS3604XX I 427-Mar-96 Hg mg/kg

BS3606~ I 627-Mar-96 iHg mg/kg
BS3608XX ! 827-Mar-96 iHg mg/kg

!Hg
-~

BS3610XX , 10 I27-Mar-96 mg/kg
BS3612XX i I 12 I27-Mar-96 Hg mg/kg

I

BS3614XX i 14 27-Mar-96 IHg mg/kg
BS3614XX DUP 14 I27-Mar-96 IHg mg/kg

I I !
IHgBS3616XX i I 16:27-Mar-96 mg/kg,

BS3618XX i 18i27-Mar-96 IHg mglkg
BS3620XX I i 20 '27-Mar-96 !Hg mg/kg
BS3622XX I I 22 i27-Mar-96 IHg mg/kg
BS3704XX i 4 '17-Mar-96 Hg mg/kg

BS3706XX 6: 17-Mar-96 :Hg mg/kg
f----- I

I

!HgBS3708XX 8: 17-Mar-96 mg/kg
BS3708XX iDUP , 8117-Mar-96 IHg mg/kg

, I

BS3710XX , ! 101 17-Mar-96 !Hg mg/kg

BS3710XX IDUP ,
10 1 17-Mar-96 IHg mg/kg

BS3712XX I 12 i 17-Mar-96 Hg mg/kg
:DUP

, ,

BS3712XX , 12! 17-Mar-96 iHg mg/kg
BS3714XX I 14; 17-Mar-96 iHg mg/kg
BS3716XX ! 16 I17-Mar-96 lP::= mg/kg-- ,
BS3716XX IDUP 16i 17-Mar-96 Hg mg/kg
BS3718XX I 18~Mar-96 iHg mg/kg

IHg
-~

BS3720XX I mg/kg, 20, 17-Mar-96I

BS3720XX iDUP 201 17-Mar-96 iHg mg/kg

BS3804XX I 41 18-Mar-96 iHg mg/kg

_.

-
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

smpl id stype .depth Is date !type
BS3806XX i 6 18-Mar-96 IHg mg/kg
BS3808XX I 8 18-Mar-96 Hg mg/kgI

BS3810XX 10 18-Mar-96 Hg mg/kg
BS3812XX 12 18-Mar-96 Hg mg/kg
BS3814XX 14 18-Mar-96 Hg mg/kg
BS3816XX 16 18-Mar-96 Hg mg/kg
BS3818XX 18 18-Mar-96 Hg mg/kg
BS3820XX 20 18-Mar-96 Hg mg/kg
BS3822XX 22 18-Mar-96 Hg mg/kg
BS3824XX 24 18-Mar-96 IHg mg/kg
BS4002XX 2 27-Mar-96 Hg mg/kg
BS4004XX 4 27-Mar-96 Hg mg/kg
BS4006XX 6 27-Mar-96 Hg mglkg
BS4008XX 8 27-Mar-96 Hg mglkg
BS4010XX : 10 27-Mar-96 ,Hg mg/kg
BS4010XX DUP i 10 27-Mar-96 Hg mglkg
BS4012XX I 12 27-Mar-96 Hg mglkg
BS4016XX I ! 16 27-Mar-96 Hg mglkg
BS4018XX ! I, 18 27-Mar-96 Hg mg/kg
BS4020XX I 20 I27-Mar-96 Hg mglkg
BS4102XX I 2'128-Mar-96 iHg mglkg
BS4102XX DUP ! 2128-Mar-96 IHg mg/kg
BS4104XX 428-Mar-96 !Hg mglkg
BS4106XX I , 6!28-Mar-96 iHg mg/kg
BS4108XX I I 8: 28-Mar-96 Hg mg/kg
BS4110XX I I 10 I28-Mar-96 Hg mglkg,

BS4112XX I 12 I28-Mar-96 Hg mg/kg
BS4114XX

~
I 1~ 28-Mar-96 Hg mg/kg
I

BS4116XX 16 i 28-Mar-96 Hg mglkg
BS4118XX ! 18 i 28-Mar-96 :Hg mg/kg
BS4118XX IDUP i 18i28-Mar-96 'Hg mg/kg

I
I I

BS4120XX , 20128-Mar-96 Hg mg/kgI

BS4202XX i 2 128-Mar-96 Hg mg/kg
BS4204XX I 4 I28-Mar-96 Hg mglkgI

BS4206XX I 6 ! 28-Mar-96 Hg mg/kg
BS4208XX i 8 28-Mar-96 !Hg mg/kg
BS4208XX iDUP I 8 28-Mar-96 IHg mg/kg
BS4210XX

I
! 10 28-Mar-96 IHg mg/kgI

I
I I

BS4212XX 12 I28-Mar-96 Hg mglkg
BS4214XX , 14 I 28-Mar-96 Hg mg/kg
BS4216XX I ! 16 I, 28-Mar-96 Hg mg/kg:
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

! i
HUMAN HEALTH RISK ASSESSMENT

AMES STREET SITE
ROCHESTER, NY

smpl id Istype depth .s date !type
BS4218XX 18 28-Mar-96 Hg mg/kg
BS4220XX 20 28-Mar-96 Hg mg/kg
BS4302XX 2 28-Mar-96 Hg mg/kg
~-

BS4304XX 428-Mar-96 Hg mg/kg
BS4306XX 6 28-Mar-96 Hg mg/kg
BS4306XX DUP 6 28-Mar-96 Hg mg/kg
BS4308XX 8128-Mar-96 Hg mg/kg
BS4310XX i 10 28-Mar-96 Hg mg/kg
BS4312XX 12 28-Mar-96 Hg mg/kg
BS4314XX I 14 28-Mar-96 Hg mg/kg
BS4316XX 16 I28-Mar-96 Hg mg/kg
BS4318XX 18 28-Mar-96 Hg mg/kg
BS4504XX 4 27-Mar-96 Hg mg/kg
BS4506XX 6 27-Mar-96 Hg mg/kg
BS4508XX i

I 827-Mar-96 Hg mg/kg
BS4508XX !DUP i 8 i27-Mar-96 Hg mg/kgI

BS4510XX i 10 I27-Mar-96 Hg mg/kg
BS4512XX

,
12 I 27-Mar-96 ,Hg mg/kg! I

BS4516XX I I 16i27-Mar-96 Hg mg/kg
I

BS4520XX i I 20 ~7-Mar-96 Hg mg/kg
BS4524XX , 24i27-Mar-96 Hg mg/kg
BS4528XX 28!27-Mar-96 Hg mg/kg
BS4604XX I 4: 28-Mar-96 Hg mg/kg
BS4606XX i 6 !28-Mar-96 Hg mg/kgI

BS4608XX i 8128-Mar-96 iHg mg/kg
BS4610XX ! i 10 I28-Mar-96 ! Hg mg/kg

I
! ' I

BS4612XX ! 12128-Mar-96 iHg mg/kg
, i

BS4614XX I 14128-Mar-96 ,Hg mg/kg
BS4616XX ,

I
I I

mg/kg16,28-Mar-96 rHg
BS4616XX iDUP

!
mg/kg

I I
16128-Mar-96 iHg

mg/kgBS4618XX
I I 18! 28-Mar-96 IHg!

mg/kgBS4620XX I 20 !28-Mar-96 Hg
BS4622XX i I 22 I 28-Mar-96 iHg mg/kg
BS4624XX =t=: 24 i28-Mar-96 Hg mg/kg

I

BS4626XX ' I 26 i 28-Mar-96 !Hg mg/kg• I

BS4628XX i
i 28 i28-Mar-96 IHg mg/kg,
I

BS4629XX I
1

29,28-Mar-96 IHg mg/kg
i

BS4804XX I I 4 i29-Mar-96 IHg mg/kg
-----+--------r I

BS4806XX I 6 I29-Mar-96 :Hg mg/kg
!

i I I

BS4808XX 8 I29-Mar-96 IHg mg/kg
i iBS4810XX I 10! 29-Mar-96 !Hg mg/kg

_.

_.

-
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY
I !

smpl id stype depth s date type
BS4812XX 12 29-Mar-96 Hg mg/kg
BS4812XX DUP 12 29-Mar-96 Hg mg/kg
BS4814XX 14 29-Mar-96 Hg mg/kg
BS4816XX 16 29-Mar-96 Hg mg/kg
BS4818XX 18 29-Mar-96 Hg mg/kg
BS4820XX 20 29-Mar-96 Hg mg/kg
BS4822XX 22 29-Mar-96 Hg mg/kg
BS4824XX 24 29-Mar-96 Hg mg/kg
BS4826XX 26 29-Mar-96 Hg mg/kg
BS4904XX 4 29-Mar-96 Hg mg/kg
BS4906XX 629-Mar-96 Hg mg/kg
BS4908XX 8 29-Mar-96 Hg mg/kg
BS4910XX 10 29-Mar-96 Hg mg/kg
BS4912XX , 12 29-Mar-96 Hg mg/kg
BS4914XX 14 I 29-Mar-96 Hg mg/kg
BS4916XX 16 29-Mar-96 Hg mg/kg
BS4918XX , 18 29-Mar-96 Hg mg/kg
BS4920XX I 20 29-Mar-96 Hg mg/kg
BS4922XX i 22 29-Mar-96 Hg mg/kg
BS4924XX I 24!29-Mar-96 !Hg mg/kg

IDUP
I

BS4924XX I 24 "29-Mar-96 Hg mg/kg1

BS5104XX ! I 4 31-Mar-96 Hg mg/kg
BS5108XX ; 8 31-Mar-96 ,Hg mg/kgI

BS5112XX 12 1 31-Mar-96 :Hg mg/kg
BS5116XX I 16 31-Mar-96 iHg mg/kgI

BS5118XX I 18i31-Mar-96 !Hg mg/kg
BS5118XX IDUP 18 i31-Mar-96 Hg mg/kg
BS5120XX 20 31-Mar-96 Hg mg/kg
BS5124XX I 24 31-Mar-96 Hg mg/kg
BS5204XX 4 31-Mar-96 Hg mg/kg
BS5208XX

,
8131-Mar-96 iHg mg/kgI

BS5212XX I I 12 31-Mar-96 'Hg mg/kg,

BS5212XX IDUP I 12' 31-Mar-96 Hg mg/kg
BS5218XX I i 18 31-Mar-96 Hg mg/kg
BS5222XX ! 22 31-Mar-96 Hg mg/kg
BS5226XX

I I 26131-Mar-96 ,Hg mg/kg
BS5304XX !

I
'Hg mg/kgI 4 01-Apr-96

BS5306XX I 601-Apr-96 !Hg mg/kg
BS5308XX 801-Apr-96 iHg mg/kg
BS5312XX ! 12 01-Apr-96 Hg mg/kg
BS5314XX 14,01-Apr-96 iHg mglkg
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

If--- -'--__--L-__L-- ,L--- _

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

',--------- ! I l--~--;----!-----1
smpl id Istype !depth :s date i type
BS5314XX IDUP i 1401-Apr-96 iHg mg/kg
BS5316XX 1601-Apr-96 Hg mg/kg
BS5320XX 20 01-Apr-96 Hg mg/kg
BS5322XX 22 01-Apr-96 Hg mg/kg
BS5602XX 2 29-Mar-96 Hg mg/kg
BS5604XX 4 29-Mar-96 Hg mg/kg
BS5606XX I 6 29-Mar-96 Hg mg/kg
BS5608XX 8 29-Mar-96 Hg mg/kg
BS5610XX 10 29-Mar-96 IHg mg/kg
BS5610XX DUP 10 29-Mar-96 'Hg mg/kg
BS5612XX 12 29-Mar-96 Hg mg/kg
BS5614XX 14'29-Mar-96 Hg mglkg
BS5616XX 16 29-Mar-96 Hg mg/kg
BS5620XX 20 29-Mar-96 iHg mg/kg
---------+-------+-------j----t-----""------=-----=---J
BS5622XX 22 29-Mar-96 Hg mg/kg
--=-------+-----I---+---'---+:--"'---------"'~'---j

BS5624XX I 23.9 29-Mar-96 :Hg mg/kg
BS5704XX ! 4 i30-Mar-96 IHg mg/kg
BS571OXX-+-' 10 30-Mar-96 iHg mg/kg
BS57l2XX I i 12130-Mar-96 !Hg mglkg
BS5714XX I ' 14130-Mar-96 IHg mglkg
~-------__+_------t---_+_---__+_-=---~"------'"'----1

BS5716XX I i 16130-Mar-96 IHg mg/kg
I I

~8~---L---+- 18i30-Mar-96 IHg mglkg
BS5720XX ~ ! 20130-Mar-96 I Hg mglkg
BS5720XX iDUP i 20130-Mar-96 iHg mg/kg
BS5722XX I i 22!30-Mar-96 IHg mg/kg
IBS5724XX ----l----L 24130-Mar-96 iHg mg/kg
BS5725XX II I 25130-Mar-96 i Hg mg/kg
BS5802XX ----+ i 2!30-Mar-2UHg mg/kg
BS5804XX ! I 4f3O=MaT-96 I~-m~
BS5806XX i i 6, 30-Mar-96 iHg mg/kg
BS5808XX I i 8i30-Mar-96 IHg mg/kg
BS5810XX I ; 10130-Mar~g mgJk;-
BS58 12XX ! I 12 30-Mar-96 iHg mglkg
I---------+I------II--~----+-I---"'-----'"'------=--

BS5814XX I i 14130-Mar-96~ mg/kg

BS5816XX -----l--~ 16130-Mar-96 iHg mglkg
BS5818XX ----l---l- 18130-Mar-~~~
BS5820XX I ! 20130-Mar-96 iHg mg/kg
~20XX IDUP: 20I30-Mar-96 '~ mg/k~
BS582!~---+------i 21.2i30-Mar:%lHg mg/kg
BS5904XX i 1 -li01-Apr-96 !Hg mglkg

1 ,

_.

-

-
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

I
HUMAN HEALTH RISK ASSESSMENT

AMES STREET SITE
ROCHESTER, NY

I
I

smpl id stype depth's date [type
BS5912XX 12 01-Apr-96 iHg mg/kg
BS5914XX I 14 01-Apr-96 Hg mg/kg
BS5916XX 16 01-Apr-96 Hg mg/kg
BS5918XX 18 01-Apr-96 Hg mg/kg
BS5920XX 20 01-Apr-96 Hg mg/kg
BS5922XX 22 01-Apr-96 IHg mg/kg
BS5924XX I 23.7 01-Apr-96 Hg mg/kg\

BS6002XX i 2 30-Mar-96 Hg mg/kg
BS6004XX I 4 30-Mar-96 Hg mg/kg
BS6008XX 8 30-Mar-96 Hg mg/kg
BS6010XX 10 30-Mar-96 Hg mg/kg
BS6012XX 12 30-Mar-96 Hg mg/kg
BS6012XX DUP I 12' 30-Mar-96 Hg mg/kg
BS6014XX i 14 30-Mar-96 IHg mg/kg
BS6014XX iDUP I 14 30-Mar-96 Hg mg/kg
BS6016XX i I 16130-Mar-96 !Hg mg/kg
BS6018XX I 18i30-Mar-96 IHg mg/kg
BS6020XX : 20130-Mar-96 IHg mg/kg
BS6022XX I 22130-Mar-96 IHg mg/kg
BS6102XX I 2131-Mar-96 !Hg mg/kg
I--

BS6104XX ) 4 31-Mar-96 Hg mg/kg
BS6106XX i i 6 I31-Mar-96 IHg mg/kg
BS6108XX !

I

8i31-Mar-96 IHg mg/kg
BS6110XX I 10 131-Mar-96 'Hg mg/kg
BS6112XX I 12131-Mar-96 Hg mg/kg
BS6114XX I I 14131-Mar-96 Hg mg/kg

I
,

16!31-Mar-96BS6116XX i Hg mg/kg
I

I

BS6118XX , I 18!31-Mar-96 :Hg mg/kg
BS61l8XX !DUP I 18i31-Mar-96 'Hg mg/kg
BS6120XX I 20131-Mar-96 IHg mg/kg
BS6122XX , 22131-Mar-96 I Hg mg/kg
BS6202XX I

,
2 '31-Mar-96 Hg mg/kg

BS6204XX I
I 4131-Mar-96 Hg mg/kg

BS6204XX IDUP : 4i31-Mar-96 :Hg mg/kg
I

~~

BS6206XX : 6i31-M~ mg/kg
I

BS6208XX i '~~Hg mg/kg
BS6210XX I I 10 31-Mar-96 IHg mg/kg
BS62 12XX i I 12131-Mar-96 \Hg mg/kg
BS6214XX I i 14i31-Mar-96 :Hg mg/kgI

BS6218XX
"

18i31-Mar-96 :Hg mg/kg
BS6302XX i I 2 I31-Mar-96 Hg mg/kg
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

,
I

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

I !

smp1 id Istype ! depth :s date I type

BS6304XX 4 31-Mar-96 Hg mg/kg
B56306XX 6 31-Mar-96 Hg mg/kg
B56306XX DUP 6 31-Mar-96 IHg mg/kg
B56308XX I 8 31-Mar-96 Hg mg/kgI

856312XX 12 31-Mar-96 Hg mg/kg
856314XX 14 31-Mar-96 Hg mglkg
BS6316XX 16 31-Mar-96 Hg mglkg
856318XX 18 31-Mar-96 Hg mg/kg
B56320XX 20 31-Mar-96 Hg mglkg
B56322XX 22 31-Mar-96 Hg mglkg
856402XX 2 i01-Apr-96 IHg mg/kg
B56404XX

,
401-Apr-96 Hg mglkg

856406XX 6 01-Apr-96 Hg mglkg
856406XX DUP 601-Apr-96 IHg mg/kg
856408XX I 8101-Apr-96 Hg mglkgI ,

I I

B56410XX i 10!01-Apr-96 :Hg mglkg
856412XX i 12101-Apr-96 iHg mglkg

I

14 I01-Apr-96 IHg8S6414XX I mglkg
856416XX I I 16 i01-Apr-96 iHg mglkgI I

I I
!Hg856418XX I 18101-Apr-96 mg/kg

--

i I
- I

IHgB56420XX 20 I01-Apr-96 mg/kg
856422XX 221 01 -Apr-96 iHg mglkg

1856502XX I I 2: 0 1-Apr-96 IHg mglkg
856504XX 4I01-Apr-96 !Hg mglkg
8S6506XX I I 6: 01-Apr-96 jHg mglkg
856508XX I I

8101-Apr-96 :Hg mglkgI I

856512XX I ! uI 0 1-Apr-96 IHg mglkgI

I

I
14 I01-Apr-96

I
mglkg856514XX i :Hg

856516XX i 16i01-Apr-96 !Hg mglkg
i I

856518XX i I 18j01-Apr-96 IHg mglkg
856518XX DUP j 18101-Apr-96 !Hg mg/kg
B56520XX I I 20 01-Apr-96 IHg mg/kg
856522XX I

i
22 01-Apr-96 !Hg mg/kgI

B56604XX i I 4 03-Apr-96 IHg mglkg
i I

]Hg856606XX ! 603-Apr-96 mglkg

856606XX IDUP I 6 03-Apr-96 IHg mglkgI

I I

8S6608XX I 8 03-Apr-96 iHg mglkg
--

1856610XX I 10 03-Apr-96 iHg mglkgI I
856614XX i I 14 03-Apr-96

I
Hg mg/kg

-- 1 I

856616XX i 16 03-Apr-96 IHg mglkg

856616XX !DUP 16 03-Apr-96 IHg mglkg

_.

-

-
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

smp1 id stype !depth s date type
BS6618XX 18 03-Apr-96 Hg mg/kg
BS6620XX 20 03-Apr-96 Hg mglkg
BS6620XX DUP 20 03-Apr-96 Hg mg/kg
BS6702XX 208-Apr-96 Hg mglkg
BS6704XX 408-Apr-96 Hg mg/kg
BS6706XX 6·08-Apr-96 Hg mg/kg
BS6708XX 808-Apr-96 Hg mg/kg
BS6708XX DUP 808-Apr-96 Hg mg/kg
BS6710XX 10 08-Apr-96 Hg mglkg
BS6802XX 208-Apr-96 Hg mg/kg
BS6804XX 408-Apr-96 Hg mglkg
BS6806XX 608-Apr-96 Hg mglkg
BS6808XX 808-Apr-96 Hg mglkg
BS6808XX DUP 808-Apr-96 Hg mg/kg
BS6810XX 10 08-Apr-96 Hg mg/kg
BS6902XX I 201-Apr-96 Hg mglkg
BS6904XX 4!01-Apr-96 iHg mg/kg
BS6906XX I 6101-Apr-96 IHg mg/kg
BS6908XX ! 8!01-Apr-96 IHg mg/kg
BS7002XX 2 i02-Apr-96 Hg mg/kg
BS7004XX 4102-Apr-96 Hg mglkg
BS7006XX ! j 6 i02-Apr-96 IHg mglkg
BS7008XX i I 8 !02-Apr-96 Hg mglkg
BS7010XX ! ! 10 i02-Apr-96 !Hg mglkg
BS7014XX i I 14i02-Apr-96 iHg mglkg
BS7016XX I 16 02-Apr-96 [Hg mglkg, I

BS7018XX
,

I 18102-Apr-96 :Hg mglkg!

BS7020XX ! ! 20! 02-Apr-96 iHg mglkg
BS7022XX I I 22 i02-Apr-96 :Hg mglkg
BS7104XX I 402-Apr-96 !Hg mg/kg
BS7106XX i 6102-Apr-96 iHg mglkg
BS7108XX

I

8 i02-Apr-96 IHg mglkg
BS7110XX 10 102-Apr-96 iHg mg/kg
BS7112XX ! i 12:02-Apr-96 IHg mglkg
BS7112XX iDUP i 12 02-Apr-96 iHg mglkg
BS7114XX 14 02-Apr-96 iHg mglkg
BS7116XX ! I 16 02-Apr-96 Hg mglkg
BS7116XX [DUP I 16 j02-Apr-96 iHg mglkg
BS7118XX i 18 !02-Apr-96 !Hg mglkg
BS7118XX jDUP : 18 !02-Apr-96 'Hg mglkg
BSn02XX ! 2!02-Apr-96 IHg mglkg
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TABLE B-3
SAMPLES INCLUDED IN MERCURY DATA SET - SOIL

I i
HUMAN HEALTH RISK ASSESSMENT

AMES STREET SITE
ROCHESTER, NY

smp1 id Istype depth s date type
BSn04XX 4 '02-Apr-96 Hg mg/kg
BSn06XX 602-Apr-96 IHg mg/kg
BSn08XX 802-Apr-96 Hg mg/kg
BS7302XX 208-Apr-96 Hg mg/kg
BS7304XX 408-Apr-96 Hg mg/kg
BS7306XX 608-Apr-96 Hg mg/kg
BS7308XX 808-Apr-96 Hg mg/kg
BS7310XX 10 08-Apr-96 Hg mg/kg
BS7402XX 209-Apr-96 Hg mg/kg
BS7404XX 409-Apr-96 Hg mg/kg
BS7406XX 609-Apr-96 Hg mg/kg
BS7408XX 8 09-Apr-96 Hg mg/kg
BS7410XX 10 09-Apr-96 Hg mg/kg
BS7410XX DUP 10 09-Apr-96 Hg mg/kg
KT23SSXXI i I II08-May-93 Hg mg/kg
KTSSXXIX8 1 8 i28-Sep-93 'Hg mg/kg
LTSSXXIXO I I °I08-May-93 Hg mg/kg
LTSSXXIXI ! ! 1108-May-93 Hg mg/kg
LTSSXX2XO

,
OI08-May-93 Hg mg/kgI

LTSSXX2XI : I i08-May-93 Hg mg/kg

_.

_.

_.
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TABLE B-4
SAMPLES INCLUDED IN PERIMETER WELL DATA SET

i I
HUMAN HEALTH RISK ASSESSMENT

AMES STREET SITE
ROCHESTER, NY

smpl id stype s date type
MWW4XXXX 13-Apr-96 HG UGIL I
MWW4XXXX 13-Apr-96 LLVC UGIL
MWW4XXXX 13-Apr-96 VOA UGIL
MWW5XXXX 12-Apr-96 HG UGIL
MWW5XXXX 12-Apr-96 LLVC UGIL

MWW5XXXX 12-Apr-96 VOA UGIL

TWOIXXXX 14-Apr-96 HG UGIL

TWOIXXXX 14-Apr-96 LLVC UGIL

TWOIXXXX 14-Apr-96 VOA UGIL
TW02XXXX 14-Apr-96 HG UGIL
TW02XXXX 14-Apr-96 LLVC UGIL
TW02XXXX 14-Apr-96 VOA UGIL
TW03XXXX 14-Apr-96 HG UGIL
TW03XXXX ,14-Apr-96 LLVC UGIL
TW03XXXX i 14-Apr-96 I VOA UGIL
TW03XXXX IDUP ! 14-Apr-96 IHG UGIL
TW03XXXX IDUP •14-Apr-96 iLLVC UGIL
TW03XXXX !DUP !14-Apr-96 iVOA UGIL
TW04XXXX :14-Apr-96HG UGIL
TW04XXXX 14-Apr-96 LLVC UGIL
TW04XXXX ! :14-Apr-96 !VOA UGIL ,

TWO5XXXX I .15-Apr-96 iHG UGIL !
TWO5XXXX i :15-Apr-96 :INOR MGIL !

TW05XXXX 115-Apr-96LLVC UGIL i
TWO5XXXX j 15-Apr-96 iVOA UGIL ,
TW06XXXX ! 15-Apr-96 !HG UGIL
TW06XXXX i 15-Apr-96 IINOR MGIL
TW06XXXX

,
! 15-Apr-96 ILLVC UGIL '

TW06XXXX i !15-Apr-96 I VOA UGIL I
TW06XXXX IDUP !15-Apr-96HG UGIL !,

TW06XXXX iDUP :15-Apr-96 INOR MGIL ;
TW06XXXX IDUP 15-Apr-96 'LLVC UGIL 1

TW06XXXX !DUP 15-Apr-96 ;VOA UGIL !
TW07XXXX 115-Apr-96 IHG UGIL !
TW07XXXX

,

!15-Apr-96 !INOR MGIL ii
TW07XXXX I

! 15-Apr-96 LLVC UGIL •i

TW07XXXX ! ! 15-Apr-96 VOA UGIL
TW08XXXX I ;14-Apr-96 HG UGIL
TW08XXXX i :14-Apr-96 INOR MGIL I

TW08XXXX 114-Apr-96 LLVC UGIL !

p:\abbkt\gw_locs.xls\perm.loc\l



TABLE B-4
SAMPLES INCLUDED IN PERIMETER WELL DATA SET

I

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

I I
I I,

smpl id stype is date type
TWO8XXXX 14-Apr-96 VOA UGIL

TWO9XXXX 14-Apr-96 HG UGIL

TWO9XXXX 14-Apr-96 LLVC UGIL

TWO9XXXX 14-Apr-96 VOA UGIL

TWIIXXXX 14-Apr-96 HG UGIL

TWIIXXXX 14-Apr-96 INOR UGIL

TWIIXXXX i 14-Apr-96 LLVC UGIL

TWIIXXXX 114-Apr-96 iVOA UGIL

TW12XXXX '13-Apr-96 :HG UGIL

TW12XXXX 13-Apr-96 LLVC UGIL

TW12XXXX 13-Apr-96 VOA UGIL

TW13XXXX 13-Apr-96 HG UGIL

TW13XXXX 13-Apr-96 INOR UGIL

TW13XXXX 13-Apr-96 LLVC UGIL I
TW13XXXX i 13-Apr-96 i VOA UGIL

TW14XXXX I 113-Apr-96 lHG UGIL

TW14XXXX ! 13-Apr-96 ILLVC UGIL i

TW14XXXX i 13-Apr-96 •VOA UGIL i
TW15XXXX I 13-Apr-96 ! HG UGIL

TW15XXXX I !13-Apr-96 'INOR UGIL :
TW15XXXX

,
113-Apr-96 ;LLVC UGIL I,

TW15XXXX ! 13-Apr-96 i VOA UGIL !

TW16AXXX ! 15-Apr-96 !HG UGIL

TW16AXXX !15-Apr-96 jLLVC UGIL i

TW16AXXX
I

:15-Apr-96 ;VOA UGIL !

TW16XXXX I I15-Apr-96 ,HG UGIL !

TW16XXXX ! '15-Apr-96 !INOR UGIL !

TW16XXXX J
i 15-Apr-96 ILLVC UGIL I

TW16~ 15-Apr-96 •VOA UGIL I
I

~TW17XXXX
,

i ll-Apr-96 HG UGIL

TW17XXXX : : ll-Apr-96 IINOR UGIL iI

TW17XXXX '1l-Apr-96 ILLVC UGIL

TW17XXXX ,ll-Apr-96 i VOA UGIL ,

TW18AXXX I ! 15-Apr-96 :HG UGIL

TW18AXXX ! I 15-Apr-96 iINOR UGIL

TW18AXXX I ! 15-Apr-96 iLLVC UGIL !

TW18AXXX
,

i 15-Apr-96 ! VOA UGIL I!

TW18XXXX I ! 15-Apr-96 :HG UGIL I

TW18XXXX I i 15-Apr-96 !INOR UGIL !

TW18XXXX i 15-Apr-96 'LLVC UGIL :

p:\abbkt\gw_locs.xls\perm.loc\2
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TABLE B-4
SAMPLES INCLUDED IN PERIMETER WELL DATA SET

HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE

ROCHESTER, NY

smpl id stype s date type
TW18XXXX 15-Apr-96 ,VOA UGIL
TW19XXXX ll-Apr-96 HG UGIL
TW19XXXX ll-Apr-96 INOR UGIL
TW19XXXX ll-Apr-96 LLVC UGIL
TW19XXXX ll-Apr-96 VOA UGIL
TW20XXXX 15-Apr-96 HG UGIL
TW20XXXX 15-Apr-96 LLVC UGIL
TW20XXXX 15-Apr-96 iVOA UGIL

p:\abbkt\gw_locs.xls\perm.loc\3



TABLE B-5
f------=-c--------=------------------~--

SAMPLES INCLUDED IN INTERIOR WELL DATA SET

I I i

_.
HUMAN HEALTH RISK ASSESSMENT

AMES STREET SITE
ROCHESTER, NY

i I

smpl id I stype !s date itype

MWOOXXXX i ! ll-A_~p'---r_-9_6__+_!H_G__U_G_IL_--+i --+
MWOOXXXX i ll-Apr-96 IINOR UGIL

MWW3XXXX +_+-12_-A-'---pr_-9_6-----+:iV-::-O=--A U--=-G--=-IL_+-__----1
TW69XXXX ll-Apr-96 IHG UGIL
TW69XXXX i i ll-Apr-96 iINOR UGIL
TW69XXXX Ill-Apr-96 !LLVC UGIL
TW69XXXX ll-Apr-96 ;VOA UGIL
TW74XXXX : ll-Apr-96 iHG UGIL i

i I ! GILTW74XXXX i ~ ll-Apr-96_!f-IN_O_R__U------::--,----t---__---I
TW74XXXX I ill-Apr-96!LLVC UGIL

I -'----'--------------fl-------+
TW74XXXX ! ll-Apr-96 I VOA UGIL i
TW74XXXXOUP ll-Apr-96 iHG UGIL.
TW74XXXX !OUP ll-Apr-96 iINOR UGIL i

I -
TW74XXXX loup ll-Apr-96 'VOA UGIL
W-TANK-2-0 1 -,-n-----'N'---o-v--9-Sr-IV-O-A--U-G-IL-~, ---------t

, I

W-TANK-ll/12-0l I i S-Dec-9S I VOA UGIL!
f--------------+-I ------+i------+
34TGW693 I : 10-MaY-9_3--,-'V_O_A__U_G_IL-----:! --+
LTSWl93 !08-Mav-93 HG UGIL

:4:=3G:=_W-_-6:=9_3-_---=-_---_-_-__1+-i-_---_-_---+l:=0_9--_M_-a~;·_::9_j_--l--_v_6_A __-_U_G_IL__T- - __
43GW693 i '09-Mav-93 HG UGIL

-
p:\abbkt\data\gw_locs. xls\intlocs\ 1
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1,1,1-Trichloroethane. 1,1 , I-Trichloroethane is a man-made, chlorinated volatile organic
chemical. It is used as a solvent for paints, as a cleanser to remove grease and oil, and is
contained in household spot removers, aerosol sprays, and glues.

1,1, I-Trichloroethane is extensively absorbed through the gastrointestinal tract, the lungs,
and to a lesser extent, through the skin. Like many chlorinated volatile compounds, 1,1,1
trichloroethane depresses the central nervous system and impairs coordination, equilibrium
and judgment in both humans and animals, when exposed by any route. Additionally,
exposures to high concentrations of 1,1, I-trichloroethane may produce adverse
cardiovascular effects, including arrhythmias and decreased blood pressure. Reproductive
and developmental toxicity have not been reported in human epidemiological studies.
Evidence for or against the potential carcinogenicity of 1,1, I-trichloroethane in humans
and animals has not been established.

References:
Agency for Toxic Substances and Disease Registry (ATSDR), 1993. "Toxicological
Profile for 1, 1, I-Trichloroethane"; Agency for Toxic Substances and Disease Registry,
U. S. Public Health Service. October, 1993.

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, Version
1.6"; Policy #WSC/ORS-I42-92; Office of Research and Standards and the Bureau of
Waste Site Cleanup, Boston, MA; September 1992.

1,2-Dichloroethene. I,2-Dichloroethene is a volatile organic compound which exists as
cis- and trans-isomers. The commercially used material is usually a mixture of the two
isomers. In the past, it was used as a general inhalation anesthetic. It is currently used as
an extraction solvent or as a component of dyes, perfume oils, waxes, resins, and plastics.
It is also used as an intermediate in the synthesis of polymers.

I,2-Dichloroethene is absorbed by all routes of administration. Distribution is rapid and,
due to its lipophilic nature, occurs to all organ systems. It is extensively metabolized to
dichloroacetaldehyde and chloroacetic acids which are excreted primarily through urine.

Dermal contact to I,2-dichloroethene may result in defatting of the skin and dermatitis.
Exposure to airborne I,2-dichloroethene causes irritation to eyes, mucous membranes and
the upper respiratory tract. Systemically, the trans-isomer is believed to be more toxic
than the cis-isomer. However, both have been reported to produce central nervous system
depression and toxicity to liver and lungs. No data on the reproductive toxicity of 1,2
dichloroethene exists. Both isomers have tested negative for mutagenicity in vitro tests.
Cancer effects have not been studied in humans or animals.



References:
Agency for Toxic Substances and Disease Registry (ATSDR), 1990. "Toxicological
Profile for 1,2-Dichloroethene"; Agency for Toxic Substances and Disease Registry, U.S.
Public Health Service, February 1990.

Mycroft, F.l, Jones, lR., and Olson, KR. 1990. Environmental and Occupational
Toxicology. In: Poisoning and Drug Overdose. Ed. KR. Olson. Appleton & Lange, CT.
p.397.

4-Methyl-2-Pentanone (Methyl isobutyl ketone). Methyl isobutyl ketone (MIBK) has
been used as a solvent for coatings, adhesives, cements, and in the lacquer and varnish
industries. Acute exposure to MIBK has produced irritation to mucous membranes and
conjunctiva while prolonged exposure to high concentrations has caused CNS depression.
Chronic exposure studies in animals indicate the liver and the kidney as target organs of

MIBK MIBK can potentiate the neurotoxicity of other solvents such as n-hexane, methyl
ethyl ketone, and ethyl butyl ketone. MIBK has been classified by USEPA as a class D
carcinogen, not classifiable as to human carcinogenicity.

References:
Agency for Toxic Substances and Disease Registry (ATSDR), 1990. "Toxicological
Profile for 4-Methyl-2-Pentanone"; Agency for Toxic Substances and Disease Registry,
U.S. Public Health Service, October, 1990.

Benzene. Benzene is an organic solvent that is both naturally occurring and produced
from petroleum. Benzene is used in the synthesis of many industrial chemicals and
pharmaceuticals, for the extraction of fats and oils, in the manufacture of explosives, in is a
major component of petroleum based fuels such as gasoline.

Benzene is readily absorbed orally, moderately absorbed by inhalation, and poorly
absorbed dermally. Its toxic actions are primarily a result of its metabolites, which are
largely produced in the liver, and to some extent, in the bone marrow. Acute exposure to
benzene has produced central nervous system depression in humans and animals. Chronic
exposures have produced adverse liver effects and hematological toxicity, including
aplastic anemia and leukemia. Available evidence does not suggest that benzene is
teratogenic in humans or animals. There is sufficient evidence of benzene-induced
carcinogenicity in humans via inhalation exposure, placing it in USEPA weight-of
evidence group A, human carcinogen.

References:
MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, Version
1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards and the Bureau of
Waste Site Cleanup, Boston, MA; September 1992

-
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n-Butylbenzene. Butylbenzene is constituent of automotive gasoline. No toxicological
data for this compound was identified in the literature. However, butylbenzenes is a close
structural analog to ethylbenzene. Therefore, potential adverse effects and dose-response
characteristics of butylbenzene is likely to be similar to those of ethylbenzene.

Ethylbenzene. Ethylbenzene is a naturally occurring and synthetically produced volatile
hydrocarbon which is used in the manufacture of styrene and other plastics, and in
gasoline, which contains approximately 2% ethylbenzene.

Ethylbenzene is readily absorbed through inhalation, oral, and dermal routes, and is
distributed throughout the body. Exposures to ethylbenzene have been associated with
central nervous system depression in humans, and liver, kidney, and hematopoietic system
toxicity in laboratory animals. No evidence of carcinogenicity has been reported in human
epidemiological studies, and animal evidence is equivocal.

References:
MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, Version
1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards and the Bureau of
Waste Site Cleanup, Boston, MA; September 1992.

Toluene. Toluene is a component of gasoline, paint, lacquers, adhesives, rubber, and
printing ink. It is also used as a solvent and industrial degreaser. Acute and chronic
exposures of toluene vapor to humans cause eye irritation, headache, nausea, and CNS
effects. Acute exposures to very high concentrations can cause narcosis. Similar toxic
effects have been observed in both humans and animals. The major target organ in
animals is the CNS, with adverse effects including impaired motor abilities, narcosis,
tremors, changes in levels of brain neurotransmitter, and morphological changes.
Evidence from animal studies indicate that toluene is a developmental toxicant. Toluene is
not thought to be a human carcinogen and has been classified as group D.

References:
Agency for Toxic Substances and Disease Registry (ATSDR), 1989. "Toxicological
Profile for Toluene"; Agency for Toxic Substances and Disease Registry, U.S. Public
Health Service, 1989.

Tetrachloroethene (Perchlorethene). Tetrachloroethene is a man-made volatile
chlorinated solvent that is used extensively in the textile and dry cleaning industries as a
cleanser and degreaser. Tetrachloroethene is also used as a degreaser in the electronics
and metal industry. Since tetrachloroethene effectively cleans and decreases without
adversely affecting what is being cleansed, tetrachloroethene is used extensively in a
multitude of commercially available cleansers.

Tetrachloroethene is nearly completely absorbed via the inhalation and oral routes; dermal
exposure represents a minor pathway. Oral and inhalation exposure to tetrachloroethene
in humans and animals indicates that the liver, kidney, and nervous system are target
organs. Long-term exposures to tetrachloroethene produced proliferative changes in the
mouse livers, renal nephropathy in animals and occupationally exposed workers, and



irreversible nervous system damage in laboratory animals. Additionally, an increased
incidence of menstrual disorders and spontaneous abortions have been observed in women
occupationally exposed to tetrachloroethene in the dry cleaning business. Epidemiological
data in humans is insufficient to make conclusions regarding the potential carcinogenicity
oftetrachloroethene. However, tetrachloroethene has produced hepatic cancer in
laboratory animals exposed orally and by inhalation. Therefore, the USEPA has placed
tetrachloroethene in weight-of-evidence group B2, probable human carcinogen.

References: .
Agency for Toxic Substances and Disease Registry (ATSDR), 1991. "Toxicological
Profile for Tetrachloroethene"; Agency for Toxic Substances and Disease Registry, U.S.
Public Health Service. October, 1991

Trichloroethene. Trichloroethene is a man-made chlorinated solvent that is used
extensively in industry as a metal decreasing agent. Trichloroethene is also used in dry
cleaning and as a solvent in paints and adhesives.

Several human deaths and acute neurotoxic effects have been attributed to oral and
inhalation exposure to trichloroethene. In animals, oral and inhalation exposure to
trichloroethene has produced neurotoxic effects, including behavioral changes.
Trichloroethene is also associated with renal toxicity. Additionally, inhalation and oral
exposures to trichloroethene in animals have produced lung, liver, and testicular cancers.
Epidemiological data in humans is insufficient to conclude whether trichloroethene is a
human carcinogen. However, studies on trichloroethene metabolism suggest that it is
metabolized similarly in humans and laboratory animals. Therefore, the USEPA has
placed trichloroethene in weight-of-evidence group B2, probable human carcinogen.

References:
MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, Version
1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards and the Bureau of
Waste Site Cleanup, Boston, MA; September 1992.

Trimethylbenzene. Trimethylbenzenes are constituents ofautomotive gasoline. No
toxicological data for 1,2,4- or 1,3,S-trimethylbenzene were identified in the literature.
However, trimethylbenzenes are close structural analogs to xylene. Therefore, potential
adverse effects and dose-response characteristics oftrimethylbenzenes are likely to be
similar to those of xylenes.

Vinyl Chloride. Most of the vinyl chloride produced in the United States is used in the
manufacture of polyvinyl chloride and other vinyl polymers. Because vinyl chloride is a
gas the only significant route of exposure is inhalation. It is highly flammable. Acute
exposure to vinyl chloride causes CNS depression. Several epidemiologic studies have
found associations between occupational exposure and impaired liver function to vinyl
chloride. Symptoms of liver disease associated with occupational exposure include pain,
hepatomegaly, portal hypertension, and thrombocytopenia. Carcinogenicity studies by
inhalation and oral routes in rats, mice, and hamsters resulted in liver angiosarcomas in all
animals tested. Vinyl chloride workers are at increased risk for developing liver
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angiosarcomas, brain, skin, and lung tumors, and tumors of the lymph and blood-forming
systems. Vinyl chloride is classified in group A, a human carcinogen.

References:
Clayton, George D. and Florence E. Clayton, editors, 1981. Patty's Industrial Hygiene
and Toxicology, 3rd Revised Edition; John Wiley & Sons; New York.

Integrated Risk Information System (IRIS), 1993. United States Environmental Protection
Agency.

Xylene. Xylene is a volatile organic compound that is generally composed of a mixture of
the meta, ortho, and para isomers. Xylene are used as solvents, in paints, thinners,
cleaners, degreasers, and as a component in gasoline.

Xylene are absorbed by oral, inhalation, and dermal exposures, and distribute to all tissues,
particularly those with high fat contents. All three isomers produce similar effects,
although the potency with which various effects are produced may vary from effect to
effect with each isomer. In both humans and animals, xylene exposure has been associated
with central nervous system depression, impaired learning and memory, and tremors. In
humans, inhalation of xylene may produce prolonged respiratory tract inflammation and
edema. In laboratory animals, exposures to xylene have produced adverse reproductive
effects, including increased fetal death rate and retarded development. There is no
evidence of carcinogenicity in humans or animals.

References:
MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, Version
1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards and the Bureau of
Waste Site Cleanup, Boston, MA; September 1992.

Cadmium. Cadmium is commonly used in electroplating and galvanizing due to its non
corrosive properties. It is a local respiratory tract irritant following inhalation exposure to
cadmium dust or fumes. Acute exposure to cadmium dust/fumes may produce an acute
chemical pneumonitis. Acute oral exposure to cadmium results in nausea, vomiting,
salivation, abdominal pain, cramps, and diarrhea. Chronic exposure to cadmium results in
osteomalacia and osteoporosis (Itai-Itai disease) secondary to renal damage. The USEPA
has classified cadmium as a B 1 carcinogen via inhalation based on epidemiological data
from Japan and China.



References:
Amdur, Mary 0., John Doull, Curtis D. Klaassen, 1991. Toxicology: The Basic Science
of Poisons, 4th edition; Pergamon Press, Inc. New York.

Integrated Risk Information System (IRIS), 1993. United States Environmental Protection
Agency.

Chromium. Chromium has been used in plating for corrosion resistance and decorative
purposes, in the manufacture of alloys, and in printing, dying, and photography. The
toxicity of chromium depends upon its valence state. Hexavalent chromium is more toxic
via inhalation than trivalent chromium. The effects of inhalation exposure to hexavalent
chromium include ulcers of the upper respiratory tract, nasal inflammation, perforation of
the nasal septa and lung cancer. Most trivalent chromium compounds are inactive in
short-term genotoxicity assays. Trivalent chromium compounds have not been found to
be carcinogenic by any route of exposure, and are generally associated with minimal
toxicity. There is epidemiological evidence of an association between chromium and lung
cancer. The USEPA has classified hexavalent chromium as an Class A, human
carcinogen, by the inhalation route.

References:
Amdur, Mary 0., John Doull, Curtis D. Klaassen, 1991. Toxicology: The Basic Science
of Poisons, 4th edition; Pergamon Press, Inc. New York.

Integrated Risk Information System (IRIS), 1993. United States Environmental Protection
Agency.

Cyanide. Cyanide is commonly found in pesticides, fumigants, and photographic
solutions. Symptoms of exposure include palpitations, shortness of breath, pain over the
heart, vertigo, involuntary eye movements, cyanosis, and left-sided blindness. Longer
term exposures has resulted in CNS, thyroid gland, and cardiovascular effects.
Epidemiological studies have also found thyroid abnormalities in exposed workers.
Animal studies have demonstrated that CNS and cardiac symptoms result from cyanide
exposure. There is no available data indicating that cyanide has any carcinogenic effects.

References:
Amdur, Mary 0., John Doull, Curtis D. Klaassen, 1991. Toxicology: The Basic Science
of Poisons, 4th edition; Pergamon Press, Inc. New York.

Lead. Lead is used as a component in storage batteries and was widely used in gasoline
and paints. It is the most ubiquitous toxic metal in the environment. The most serious
effects of chronic exposure are encephalopathy, renal damage, and changes in the
hematopoietic system, which is the most sensitive indicator of lead exposure. Peripheral
nerve dysfunction is observed in adults at blood lead levels of30 to 50 mg/dL-blood. The
nervous systems of children are reported to be affected at levels of 15 mg/dL-blood
(Benignus and others, 1981). Chronic lead exposure by workers through inhalation has
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resulted in statistically significant increases in tumors. Oral exposures oflead salts in
animals has been shown to increase tumor formation.

References:
Amdur, Mary O. , John Doull, Curtis D. Klaassen, 1991. Toxicology: The Basic Science
of Poisons, 4th edition; Pergamon Press, Inc. New York.

Benignus, v.A., Otto, D.A., Muller, K.E., Seiple, K.J., 1981. "Effects of Age and Body
Lead Burden on CNS Function in Young Children. II:EEG Spectra."
Electroencephalograph. Clin. Neurophysiol. 52:240-248.

Mercury. Mercury has been used in the past for medicinal purposes, however,
occupational exposure to mercury can occur during mining, smelting, chloralkali
production, and in the manufacturing of mercury containing products. There are three
forms in which mercury can exist: elemental, inorganic, and organic. The chemical form
of mercury and route of exposure determine toxicity. Elemental mercury causes behavior
al effects and other nervous system damage if the vapor is inhaled. However, elemental
mercury causes minimal toxicity if ingested; this is primarily attributable to the extremely
low bioavailability of elemental mercury in the gastrointestinal tract. Ingestion of
inorganic mercury salts may produce kidney damage. Inorganic mercury is soluble and
can be absorbed in the gastrointestinal tract, making inorganic mercury bioavailable via the
ingestion route. Organic mercury compounds target the central nervous system, and are
bioavailable via the oral exposure route. Most organic mercury compounds that
contaminate the environment can produce a toxic neuroencephalopathy (paresthesias,
ataxia, spasticity, tremor, mental status changes, learning defects and neurasthenic
symptoms). Some organic mercury compounds readily break down in the body to
inorganic compounds and thus produce toxicity similar to that produced by inorganic
mercury compounds. Some studies have indicated that mercury is genotoxic. It has not
been classified as to its carcinogenicity by the USEPA.

References:
Amdur, Mary 0., John Doull, Curtis D. Klaassen, 1991. Toxicology: The Basic Science
of Poisons, 4th edition; Pergamon Press, Inc. New York.

Nickel. Nickel is used in metal alloys designed for high stress applications, and in
electroplating operations. Toxic effects of nickel occur mainly through the inhalation
route. Nickel is emitted into the air through fossil fuel combustion, incinerators,
metallurgy, chemical manufacturing, cement manufacturing, and nickel recovery. Nickel
exposure can cause dermatitis and eczema-like lesions at high exposure levels likely to
occur only in the work place. The major adverse effects observed in humans are
dermatitis, chemical pneumonitis, and lung and nasal cancers. Rats fed nickel in their diets
showed no adverse effects on infertility, gestation, viability, or lactation in a three
generation study. Occupational studies indicate that nickel is a carcinogen via inhalation.
However, there is no evidence that it is a carcinogen via ingestion or dermal exposure.

References:



United States Environmental Protection Agency (USEPA), 1985. "Health Effect
Assessment Document for Nickel." Office of Research and Development. Office of
Emergency and Remedial Response.

Zinc. The most common use of zinc is as a protective coating for other metals. Zinc is
emitted into the air during mining, refining, manufacturing, and combustion of zinc
containing materials. Zinc is an essential trace element and is found in many foods. Zinc
compounds are of relatively low toxicity via ingestion, however, ingestion may result in
gastrointestinal distress and diarrhea. Metal fume fever results from occupational
inhalation of fumes of zinc oxide whose symptoms include chills, fever, and profuse
sweating. There is no evidence that zinc is a carcinogen.

References:
Amdur, Mary 0., John Doull, Curtis D. Klaassen, 1991. Toxicology: The Basic Science
of Poisons, 4th edition; Pergamon Press, Inc. New York.
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Table C-1
Oral Dose-Response Data
for Carcinogenic Effects

(

IOral Slope Factor I Source I Test I Exposure Route I
(mg/kg/day)(-1) Species

Human Health Risk Assessment
Ames Street Site

Rochester, NY
f--

I
Chemical Weight of

Evidence

VOLATILES

1,1 ,1-Trichloroethane 0

1,2-Dichloroethene (total) 0

4-Methyl-2-Pentanone 0

Benzene A

1,2,4-Trimethylbenzene 0

1,3,5-Trimethylbenzene 0

n-Butylbenzene 0

Ethylbenzene 0

Tetrachloroethene B2

Toluene 0

Trichloroethene B2

Vinyl Chloride A

Xylene (total) 0

Zinc 0

RFDOWP
11/20/96

NE

NE

NE

2.ge-02

NE

NE

NE

NE

5.2e-02

NE

1.1 e-02

1.9+00

NE

NE

IRIS

(1 )

(1 )

HEAST

Human Inhalation

Oral-diet

Tumor Type

Leukemia

Liver, lung

I Study Source

IRIS

HEAST

07198.23
C-1



Table C-1
Oral Dose-Response Data
for Carcinogenic Effects

Human Health Risk Assessment
Ames Street Site

Rochester, NY

Chemical I Weight of I Oral Slope Factor I Source I Test

I
Exposure Route

I
Tumor Type I Study Source

Evidence (mg/kg/day)(-1) Species

INORGANICS

Cadmium D NE

Chromium D NE

Cyanide D NE

Lead 82 NE

Mercury C NE (2)

Nickel D NE

Notes:
ND = No Data
NE = Not Evaluated

Integrated Risk Information System (IRIS) on-line database search, current as of June 1996.
Health Effects Assessment Summary Tables (HEAST), current as of November 1995.

(1 ) This value was provided by the Environmental Criteria and Assessment Office (ECAO) of the USEPA in response to a specific request.
(2) Classification is based on mercury as mercuric chloride.

Weight of Evidence (route-specific)
A =Human carcinogen
8 =Probable human carcinogen (81 =limited human evidence; 82 =sufficient human evidence)
C =Possible human carcinogen
D =Not classifiable as to human carcinogenicity

RFDOWP
11/20/96

~ •

0719823
C-2
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Table C-2
Inhalation Dose-Response Data

for Carcinogenic Effects

Human Health Risk Assessment
Ames Street Site
Rochester, NY

Weight of Inhalation Slope Source Inhalation Unit Source Test Exposure Tumor Type Study
Chemical Evidence Factor Risk Species Route Source

(mg/kg/day)(-l ) ( /!g/m
3

)(-1)

VOLATILES

1,1 ,1-Trichloroethane D NE NE

1,2-Dichloroethene (total) D NE

4-Methyl-2-Pentanone D NE NE

1,2,4-Trimethylbenzene D NE

1,3,5-Trimethy/benzene D NE

n-Bulylbenzene D NE

Benzene A 2.ge-02 HEAST 8.3e-06 IRIS Human Inhalation Leukemia IRIS

Ethylbenzene D NE NE

Tetrachloroethene B2 2.0e-03 (1 ) 5.8e-07 (1 )

Toluene D NE NE

Trichloroethene B2 60e-03 (1 ) 1.7e-06 (1 )

Vinyl Chloride A 3.0e-01 HEAST 8.4e-05 HEAST Rat Inhalation Liver HEAST

RFDOWP
11/20/96

07198.23
C-3



Table C-2
Inhalation Dose-Response Data

for Carcinogenic Effects

Human Health Risk Assessment
Ames Street Site

Rochester, NY

Weight of Inhalation Slope Source Inhalation Unit Source Test Exposure Tumor Type Study
Chemical Evidence Factor Risk Species Route Sourc

(mg/kg/day)(-1 ) ( f.lg/m3)(-1) e

Xylene (total) D NE NE

INORGANICS

Cadmium B1 NE 1.8e-03 IRIS Human Inhalation Lung IRIS

Chromium A 4.1 e+01 HEAST (2) 1.2e-02
IRIS (2)

Human Inhalation Lung IRIS

Cyanide D NE NE

Lead D NE NE

Mercury C NE (3) NE

Nickel A 8Ae-01 HEAST (4) 2Ae-04 IRIS (4)
Human Inhalation Lung IRIS

Zinc D NE NE

Notes:
NE = Not Evaluated

Integrated Risk Information System (IRIS) on-line database search, current as of June 1996.
Health Effects Assessment Summary Tables (HEAST), current as of November 1995.

(1 ) This value was provided by the Environmental Criteria and Assessment Office (ECAO) of the USEPA in response to a specific request.
(2) The toxicity values for chromium are based on chromium VI.
(3) Classification is based on mercury as mercuric chloride.
(4) The toxicity values for nickel are based on nickel refinery dust.
Weight of Evidence (route-specific):

A =Human carcinogen
B =Probable human carcinogen (B1 =limited human evidence; B2 =sufficient human evidence)
C =Possible human carcinogen
D =Not classifiable as to human carcinogenicity

RFDOWP
11/20/96

07198.23
C-4
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Table C-3
Oral Dose-Response Data

for Noncarcinogenic Effects

Human Health Risk Assessment
Ames Street Site
Rochester, NY

Chemical Chronic Subchronic Study Type Confidence Critical Effect Test Uncertainty Study
Level Animal Factor Source

Oral RfD (mg/kg- Source Oral RfD Source
day) (mg/kg-

day)

VOLATILES

1,1,1-Trichloroethane 3.5e-02 (5) NO

1,2-0ichloroethene (total) 9.0e-03 IRIS (6) 9.0e-03 HEAST (6) Orak-drinking Medium Hepatic lesions Rat 1,000 IRIS
water HAL.3

4-Methyl-2-Pentanone 8.0e-02 HEAST 8.0e-Ol HEAST Oral-gavage Low Liver/kidney Rat 3000 HEAST
toxicity H,A,S,O

1,2,4-Trimethylbenzene NO

1,3,5-Trimethylbenzene NO

n-Butylbenzene NO

Benzene 3.0e-04 (1 ) NO

Ethylbenzene 1.0e-Ol IRIS NO Oral-gavage Low Liver, kidney Rat 1000 H,A,S IRIS
toxicity

Toluene 2.0e-Ol IRIS 2.0e+00 HEAST Oral-gavage Medium Changes in liver, Rat 1000 H,A,S IRIS
kidney weight

Tetrachloroethene 1.0e-02 IRIS 1.0e-Ol HEAST Oral-gavage Medium Hepatotoxicity Mouse 1000 H,A,S IRIS

Trichloroethene 6.0e-03 (1 ) NO

Vinyl Chloride NO NO

Xylene (total) 2.0e+00 IRIS NO Oral-gavage Medium Hyperactivity, Rat 100H,A IRIS
decreased weight

RFOOWP
11/20/96

07198.23
C-5



Table C-3
Oral Dose-Response Data

for Noncarcinogenic Effects

Human Health Risk Assessment
Ames Street Site
Rochester, NY

Chemical Chronic SUbchronic Study Confidence Critical Effect Test Uncertainty Study
Type Level Animal Factor Source

Oral RfD (mg/kg- I Source Oral RfD I Source
day) (mg/kg- day)

INORGANICS

Cadmium Food 1.0e-03 IRIS NO Oral-diet High Proteinuria Human 10 H IRIS
Drinking Water 5.0e-04 IRIS NO Oral-drinking High Proteinuria Human 10 H IRIS

water

Chromium 5.0e-03 IRIS (2) 2.0e-02 HEAST (2) Oral-drinking Low No effects Rat 500 H,A,S IRIS
water observed

Cyanide 2.0e-02 IRIS 20e-02 HEAST Oral-diet Medium No effects Rat 1OOH,A IRIS
observed

Lead NO NO

Inorganic Mercury 3.0e-04 IRIS (5) 30e-03 HEAST (5) Oral-diet High Autoimmune Rat 1000 IRIS
effects H,A,S,L

Nickel 2.0e-02 IRIS (4) 2.0e-02 HEAST (4) Oral-diet Medium Decreased body, Rat 300 H,A,D IRIS
organ weights

Zinc 30e-01 IRIS 3.0e-01 HEAST Oral-diet Medium Decrease in Human 3S IRIS
supplement ESOD activity

RFDOWP
11/20/96

~ •

07198.23
C-15
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Table C-3
Oral Dose-Response Data

for Noncarcinogenic Effects

Human Health Risk Assessment
Ames Street Site

Rochester, NY

Chemical Chronic Subchronic Study Type Confidence
Level

Critical Effect Test
Animal

Uncertainty
Factor

Study
Source

SourceSourceOral RfD (mg/kg
day)

I-- Oral RfD
I ~g~~

I I day)
I I I I I I I I

Notes:
NO =
NA=

No Data
Not Applicable
Integrated Risk Information System (IRIS) on-line database search, current as of June 1996.
Health Effects Assessment Summary Tables (HEAST), current as of November 1995.
Environmental Criteria and Assessment Office (ECAO) of the USEPA in response to a specific request.

(1) This value was provided by the Environmental Criteria and Assessment Office (ECAO) of the USEPA in response to a specific request.
(2) The toxicity values for chromium are based on chromium VI.
(3) The ingestion RfD values for nickel are based on nickel, soluble salts.
(4) This mercury value is based on mercuric chloride.
(5) Value is an EPA-NLBA Regional Support Provisional Value published in "Risk-Based Concentration Table, January-June 1996" USEPA Region III (May 30, 1996).
(6) Values for 1,1-dichloroethene used as surrogates for 1,2-dichloroethene.
Uncertainty factors:

H =Variation in human sensitiVity
A = Animal to human extrapolation
S = Extrapolation from sUbchronic to chronic NOAEL
L =Extrapolation from LOAEL to NOAEL
o = Inadequate data
M = Modifying factor

RFDOWP
11/20/96

07198.23
C-8



Table C-4
Inhalation Dose-Response Data

for Noncarcinogenic Effects

Human Health Risk Assessment
Ames Street Site
Rochester, NY

Chemical Chronic Subchronic Study Confidence Critical Effect Test Uncertainty Study
Type Level Animal Factor Source

RfC

I
Source RfC

I
Source

(fl 9/m3 ) (flg/m
3
)

VOLATILES

1,1 ,1-Trichloroethane ND (4) ND

1,2-Dichloroethene (total) ND ND

4-Methyl-2-Pentanone 8.0e+01 HEAST (1) 8.0e+02 HEAST (2) Inhalation Low Liver, kidney Rat 1000 HAS HEAST
effects

1,2,4-Trimethylbenzene ND

1,3,5-Trimethylbenzene ND

n-Butylbenzene ND

Benzene ND ND

Ethylbenzene 1.0e+03 IRIS (5) ND Inhalation Low Developmental RaU 300 H,A,S IRIS
toxicity rabbit

Tetrachloroethene ND ND

Toluene 4.0e+02 IRIS (6) ND Inhalation Medium Neurological Human 300 H,L,D IRIS
effects

Trichloroethylene ND ND

Vinyl Chloride ND ND

Xylene (total) ND (7) ND

INORGANICS

Cadmium ND ND

plabbktlphs1 risklrvol2hhrafc.wp
11/20/96

07198.23
C-9
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Table C-4
Inhalation Dose-Response Data

for Noncarcinogenic Effects

Human Health Risk Assessment
Ames Street Site
Rochester, NY

c

Chemical Chronic SUbchronic Study
Type

Confidence
Level

Critical Effect Test
Animal

Uncertainty
Factor

Study
Source

I
RfC l(l-lg/m

3
)

Chromium NO

Cyanide ND

Lead NO

Elemental Mercury 3.0e-01

Nickel ND

Zinc ND

Source

HEAST (3)

RfC
(l-lg/m 3

)

ND

ND

ND

3.0e-01

ND

ND

Source

HEAST (3) Inhalation Low Neurotoxicity Human 30 H,D HEAST

Notes:
ND =
NA=

No Data
Not Applicable
Integrated Risk Information System (IRIS) on-line database search, current as of February 1996.
Health Effects Assessment Summary Tables (HEAST), current as November 1995.

(1) 4-Methyl-2-pentanone has a chronic inhalation RfD of 2.0e-02 mg/kg-day (HEAST).
(2) 4-Methyl-2-pentanone has a subchronic inhalation RfD of2.0e-01 mg/kg-day (HEAST).
(3) The mercury RfC values were developed specifically for elemental mercury.
(4) 1,1,1-Trichloroethane has a chronic inhalation RfD of 2.9E-01 mg/kg/day which was withdrawn from IRIS.
(5) Ethylbenzene has a chronic inhalation RfD of 2.9E-01 mg/kg/day published by NYSDEC (1995).
(6) Toluene has a chronic inhalation RfD of 1.1 E-01 mg/kg/day pUblished by NYSDEC (1995).
(7) Xylene (mixed) has a chronic inhalation RfD of 8.6E-02 mg/kg/day published by NYSDEC (1995).
Uncertainty factors

A = Animal to human extrapolation
H =Variation in human sensitivity
S =Extrapolation from sUbchronic to chronic NOAEL
L = Extrapolation from LOAEL to NOAEL
D = Inadequate data
M = Modifying factor

p:\abbktlphs1risk\rvoI2hhrafc.wp
11/20/96

07198.23
C-10
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RISK-BASED CONCENTRATION CALCULATIONS
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TABLBD-l
CALCULAnON OFSlTIl-SPBCIFIC TAGM VAUJm

HUMAN HEALTH RISK ASSESSMENT - AMES STIUllif SITE
ROCHESTER, NY

EXPOSURE PARAMETERS

~

EQUATIONS

~

ILCHT.AGill

________0___________________________•________________

lPARAMIm.l.R SYMBOL VALUE UNrJS SOURCB

GA GROUNDWATER STANDARD GA chemical-specific rngIL NYSDBC, 1994

WATER AND SOn. PARTITION COBFFICIEHT Koc chemical-specific (cm3/g) [aJ TAGM"dj (mWtg) , GA:rCP:rKoc:rbc

CORRECIlON FACTOR e1' 10 tmitless NYSDBc, 1994

FRACTION ORGANIC CARBON IN SOIL tac 0.0154 tmitless Site-specific[b]

1
Nl'SDBC, 1994. Technical and Administrative Guidance Memorandwn (TAGM). Determination ofSoil Cleanup Objectives and Cleanup Levds (Re-;sed). January 24. 1994.

USBPA. 1986. Superfund Public Health Bvaluation Manual. O"""r Directive 9285.4-1. October, 1986. EPN54O!1-86,1060

USBPA. 1993. Superfund Chemical Dalo Matrix. March 9. 1993.

Howard, Plillip H. "Handbook of En-;ronmenlal Fate and !'.>posure Dalo lor Organic Chemicals" Vol 1 an:! 11. 1990.

[a jAverage ofKoc values reported in USBPA (1986; 1993). an:! Howard (1990)

b IAveraj!,e TOe concentration in soils collected lor laboratory analyses. ..-.---------_._--------_.

ABB Envirorunental Services, Inc. Rev.t/94
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TABLE D-1, oonlinued
CALCUlAnON OF SITB-SP1lCJFIC TAGM VALURi

HUMAN HEALlH RISK ASSESSMENT - AMFS S1RillIT SITE
ROClIESTER. NY

CALCUIA'nO/15

~ ~

[LCHTAGM!;j

1---------· -------.-~------. --------GA--------------

COMPOUND GROUNDWATBR Koc TAGM"dj
(1IIl!IL) (em3/,,) (ma'lr';)

ORGANICS -r-
Tricbloroelbc"" 5.ooE-03 1.42E+02 1.09E-Ol
Teu.&h1oroethe"" 5.ooE-03 6.1 OE +02 4.70E-Ol

ElbyIbenzene 5.ooE-03 1.0lE+03 7.79E-0l

Tolue"" 5.OGE-03 3.l5E+02 2.43E-Ol

XJ!.e"" (lola!) 5.ooE-03 626E+02 4.B2E-Dl
1,1,1-Trichloroethane 5.OGE-OJ 9.90E+Ol 7.62E-02

trans -1,2- Dicbloroethe"" 5.ooE-03 4.10E+Ol 3.16E-02

4-MctbJI-2-pentano"" 5.ooE-02 5.ooE+OO 3.B5E-02

--

ND = No data available

ABB Environmel1lal Services, Inc. Rev. 1/94
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TABLED-2
RISK BASI'D SCRIillNING UNEL - SURFICIAL SOIL DIRECr CONfACT
cadMERCIAL WORKER

HUMAN HEALTH RISKASS~- AMES srREET SITE
ROCHESrER. NY

EXPOSURE PARAMEmRS

~ t

[O.tSSRBCA I 14~

EQUATIONS

PARAMIITIlR SYMBOL VALUE UNITS SOURCE

TARGIIT CANCER RISK m, IE-06 unitless NYSDEC,1995

TARGIITNON-CANCER RISK m., I unitless NYSDEC,1995
INGESTION RATE IRs 58.6 rn!'/day AS1M, 1995
INHALATION RATE IRa 20 rn'/day AS1M, 1995
ADHERENCEFAcroR M 05 rn!'/cm' AS1M, 1995
SURFACE AREA EXPOSED SA 3.160 crn'/day AS1M, 1995
SOIL TO AIR VOLATlUZATION VFss chemical-specific (rnF/rn'-airy(rn!'/kg-soil) Calculated (aI
SOIL TO AIR PARTlCULA'rns VFp 2.30E-12 (rnF/rn'-airy(rn!'/kg-soil) Calculated (aI
CONVERSION FACTOR CF 1.00E-06 k!'/mg AS1M, 1995
BODY WEKiHT BW 70 kg AS1M, 1995
EXPOSURE FREQUENCY EF 250 da}'lyear AS1M, 1995
EXPOSURE DURATION ED 25 )"ars AS1M, 1995
AVERAGING TIME

CAN CER AT 70 )"ars AS1M, 1995
1=== NONCANCER AT _. __ __ 25 _~ars ASIM 1995
NYSDEC, 1995. Site Assessmert and Closure Gllldance lor Petroleum Impacted SItes (Re\iew Draft). Divisionof
SpilisManagement. Septemter 24.1995.
AS"IM. 1995. Emergency Standard Guide lor Risk- Based C.orrective Action Applied al Petroleum Release Sites
(AS'IM Stnd" EI7l)-95)
[a] Calculationdocumented in Table D-5.

-~- -------.. ---------------~------------ --._- ----- ...-----_.- . __ . _.

ABB EnviroI1Iremal Services. Inc.

RBSLe. ...... (JDBIkB) = TIl .. BW J: AT:I 365 days/V!

EP .. ED .. (CSF... CP.I: (IR... RAP. + SA .. M I. RAPII )) + (CSFj x IR. I. (VF. + VFp )}]

RBSL.•• _c:Io .... , (maJk8) = !B.-.:lBW:lAT.l.365daya/yr

EF. ED. [(CF. (IR•• RAP. + SA.M .RAP.»)lRfD.) + (JR•• (VF.. + VF,»)lRIDi )]

Nok: For DODClllrci.:DoIFDic etkcb: AT = ED

RBSL = Rid Bued ScteeDmS Lt:w.)

CSF = CaDa:r Slope Pac10r

RID = Refr.reo<r. DoE

Rev. 1/94
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TABLE D-2. continued

RISK BASED SCREENING LEVEL - SURFICIALSOILDIRECT CONTACT

COMMERCIAL WORKER

HUMAN HEALTH RISK ASSESSMENT - AMES STREETSITE

ROCHESTER. NY

CARCINOGENIC EFFECTS

c t
1CMSSRBCA " No. 961

~. -_._-----_._--.__.
VI'.. ORAL DRRWAL ORAL INHALATION RBSL

COWPOUND (ms/m'-a")/ RAP RAF CSP CSP TOTAL
(glIB Mil) (..itleu) u.a..lu. ,~.,.. -da"--l '_Jb·-da.'- -I f ....,.-.oil

ORGANICS

T.. ichlcwoethene 5.87E-05 1 0.5 l.lE-02 6.0E-03 3.IE+OI

TetrllchlOl"oelhcnc 3.88E-05 1 0.5 5.2E-02 2.0E-03 6.5E+00

Cadmium NJ' 1 0.14 ND ND
Chromium NJ' 1 0.09 ND 4.IE+OI 1.5E+05

Nickel NJ' 1 0.35 ND 8.4E-OI 7.4E+06

Lead NJ' 1 0.006 ND ND

i
I
I

t - "_ .. =

NO =No data aVllilablr
Oral RAFs and D~.rmalRAFs f(I volalllr-s and sr-!1lI'..olaldr-s &orn NYSDEC. J99~. Dnlllal RAFs for lDaganlC3 from MADEP R~sid~_nhalShortform (1992)

ABU EnvlI"oDwt"ntal S('TVIC('S, Inc. R('v, 1/94
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TABLE D -2 • continued

RIS" BASED SCREENING LEVEL - SURFICIAL SOIL DIRECT CONTACT

COMMERCIAL WORKER

HUMAN HEALTH RIS" ASSESSMENT - AMES STREET SITE

ROCHESTER, NY

NONCARCINOGENIC EFFECTS

~

ICMSSRBCAT

~

14-No,,-96]

-~-~~-_._~------------•.. -
v .... ORAL DHR.WAL ORAL INHALATION RBSL

COMPOUND (..g1..'-a;')/ RAP RAF RID IUD TOTAL

<..,J1I-.oij) (...illeu) ••itle.. 1_1Ioo·<la.' {m.n.. -<law\ (_n..'lOil\

ORGANICS

Trichloroelbeoc 5.87E-05 ] 0.5 6.0E-03 NO 7.2E+02

TetrachlorodhcBC 3.88E-05 ] 0.5 l.OE-02 NO 1.2E+03

Cadmium Nfl ] 0.14 l.OE-03 NO 3.7E+02

Chromjum Nfl ] 0.09 5.0E-03 NO 2.5E+03

Nickel Nfl ] 0.35 2.0E-02 NO 3.3E+03

ElhylJenunc 1.74E - 05 1 0.5 I.OE-O] 2.9E-Ol l.1E+04

Toluene 3.05E-05 ] 0.5 2.0E-0] l.1E-Ol I.OE+04

Xylene& (totlll) 2.]4E-05 ] 0.5 2.0E+00 8.6E-02 1.9E+04

L<ad Nfl I 0.006 NO NO
Zi.nc Nfl I 0.02 3.0E-Ol NO 3AE +05

1.l,l-Trichl(Woethanc

I

6.74E-05 ] 0.5 3.5E-02 2.9E-Ol 3.5E +03

4- Melh)'J-2- PcnllllDoDc l.60E-05 ] 0.5 8.0E-02 2.0E - 02 3.8E +03

Cyanide Nfl I 0.03 2.0E-02 NO l.9E+04

Mercury 1.13E-07 0.2 NI 3.0E-04 NO 2.5E+03

... .. ...

.
ND = NoData

Oral RAFs IIDd D~rmal RAPs f.....'clatilt'll aDd st'.wl\.Olahk.s frOD) NYSDEC, 199~. Dermal RAJ-'s for IDlJg:aOIC$ from MADEP Rr-sidt'otial Short{oCIl) (1992)

ABB EDvIonmt'nlal~t'r...'i~s.lnc. Rt'v.I/94
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TABLED---3
RISK BASI'D SCREENING LEVEL - SOIL DIRECT CONTACT
CONSlll.UCIlON WORKER
ULMAN HIlAL'I1I RISKASS~- AMES STRBIIT SITE

ROCIIR'ITIlR. NY

EXPOSURE PARAMIITERS

f

BQUATIONS

~

[CWSSRBC~J--- 14 -Nav-96]

------_._-------------- ---- - -

IPARAMIITER SYMBOL VALUE UNrn> SOURCE

TARGET CANCER RISK TR IE-06 Wliuess NYSDEC, 1995

TARGET NON-CANCBt RISK TR 1 unitless NYSDEC,1995 RBSLQaQ, ("'Bik8) = m ..BWJl:ATJ:]6.s~
INGESTION RATE IRs 58.6 lllfIday AS'IM, 1995 EF:I: ED J: (CSF.:It eIl:l: (IR.]I; RAP. + SA lI:M xRAFd»+ (CSFi:l: 1R.:r (VP. + VF.»)

INHALATION RATE IRa 20 rn'/day AS'IM, 1995
ADHERENCE PACIOR M 05 rnglcm' AS'IM, 1995

SURPACE AREA EXPOSED SA 3,160 cm'lday AS'IM, 1995 RBSL.•• _Q.Q, ("'Bik8) = "IR.. J:_BW:l:ATJ:]6.s~

SOIL TO AIR VOLATIUZATION VFss chemical-specific (rngJm'-airy(rngIkg-seil) Calculalt'd [aJ IlP .ED .(CF .(IR•• RAP. + SA ....RAP.»)lRfD.) + (IR•• (VP•• + VPp»)lRlD;»)

SOIL TO AIR PARTICULATES I VFp 2.30E-07 (lllfIm'-air y(rnglkg- seil) Calculalt'd [a]
CONVBtSION FACTOR CF I.DOE-06 kgirng AS'IM, 1995

BODY WEIGHT BW 70 kg AS'IM, 1995 Nolie: For DODClrciDO~Dice&cta:AT; ED

EXPOSURE FREQUENCY EF 2'iO daysljear AS'IM,1995 RBSL =RiakBaIed Screenins uw.1

EXPOSURE DURATION ED 1 )ears AS'IM, 1995 CSF = Canoer Slope P.ctDr

AVERAGING TIME RID = ReJeren<Je DaR

CANcBt

~
AT 70 ~ars AS'IM, 1995

NONCANCBt AT - 1 vcars AS1M 1995

NYSDEC, 1995. Sire Assessrnen and Closure Guidance lor Petroleum Impacted Sires (Re,,;ew Draft). Division of
SpillsManagernent. Sepremter 24,1995.
AS'IM, 1995. Emergency Standard Guide lor Risk- Based Corrective Action Applied at Petrolewn Release Sires

(ASIM SlIJd. EI7:J.1-95)
[aJ Calculationdocwnenred in Table D-5.

-------------------

ABB Environmental Se"ice" Inc. Rev. 1/94
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TABLE D -3, continued

RISK BASED SCREENING LEVEL - SOIL DIRECT CONTACT

CONSTRUCTION WORKER

HUMAN HEALTH RISK ASSESSMENT - AMES STREET SiTE

ROCHESTER, NY

CARCINOGENIC EFFECI'S

~ ~

ICWSSRBCA UN;;=;6]

r--~--~----'~-~-- _._--..._- -
VI'.. ORAL OIlRMAL ORAL INHALATION RBSL

COMPOUND (mg/m'-au)! RAI' RAI' CSI' CII' TOTAL

,_""'- ...d (uillea.) •• itle... ,_"'" _<!a.,A I ,-""'-....,. -I ,-"'" od'
ORGANICS

Tricblaroelhene 2,94E-04 1 05 LlE-02 6,OE-03 75E+02

Tetracbloroethene L94E-04 1 05 5.2E-02 2,OE-03 L6E+02

C.dmium Nfl 1 0,14 ND ND
Chromium Nfl 1 0.09 ND 4.IE+OI 3.8E+OI

Nicael Nfl 1 0.35 ND 8.4E-OI 1.9E +03

Lead Nfl 1 0.006 ND ND

, .

__ J - -

ND :;: No data available

Oral RAFs and Dermal RAFs CIS volahl.('.s and sr-IDI'oO\atdr", from NYSDEC, 199~. D(7wa! RAFs for 1D(I8ani~ from MADEP Re~lId('DtJ9.1Shortform (1992)

ABB Envronwt'olal Se(Vl(';('s, Ioc. Rev. 1/94
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TABI..£ D-3, continued

RISK BASED SCREENING LEVEL - SOIL DIRECT CONTACT

CONSTRUCrION WORKER

HUMAN HEALTH RISK ASSESSMENT - AMES STREET SITE

ROCHESTER, NY

NONCARCINOGENIC EFFECTS

~

LfOWSSRoa

4

~_ 14-No.~

--_...~---~~---- -- -~

VI'.. ORAL DHRMAL ORAL INlIAV.nON RBSL

COMPOUND (ms!m'-••c)! RAP RAP RID IUD TOTAL

{_~-..a' 'I.itlea: ••idu. {_~-da.' {M·~-da·' {M.~ oa'
ORGANICS

TrichlOloelheDt: 2.94E-04 1 0.5 6.0E-03 NO 7.2E+02

Tehacblexodhene 1.94E-04 1 0.5 1.0E-02 NO 1.2E+03

Cadmium NP 1 0.14 1.0E-03 NO 3.7E+02

Chromium NP 1 0.09 5.0E-03 NO 2.5E+03

Nickel NP 1 0.35 2.0E -02 NO 3.3E+03

EthyJ)enzeDe 8.73E-OS 1 0.5 1.0E - 01 2.9E - 01 7.0E+03

Tolueot: 1.S2E-04 1 0.5 2.0E - 01 l.lE-OI 3.2E+03

XyleneA (total) 1.07E -04 1 0.5 2.0E +00 8.6E-02 4.0E+03

Lead NP 1 0.006 NO NO
Zinc NP 1 0.02 3.0E-Ol NO 3.4E+OS

1,1,1-TrichlOloethant: 3.37E-04 1 0.5 3.5E-02 2.9E-OI 2.1E+03

4- MethyJ-2 -Pent.Done 9.75E-OS 1 0.5 8.0E-02 2.0E-02 9.4E+02

CYIiDidr- NP

"t
0.03 2.0E-02 ND 1.9E+04

~"O_, S.68E-07 NI 3.0E-04 NO 2.5E+03

I

I I
ND =No Data

Oral RAfs and Dr-rma} RAFs leI \lolatll('1; and st'DlI\oO)atllts from NYSDEC. j 99;\. D a-mal RAFs lor tOlJ,g<loDlCS from MADEP Rt'1U1t'ptial ShortCorm (1992)

ABB EnvironoH'ntal S('f\.'1Ct's, Inc R('v, 1/94
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TABLED-4

RISK BASED SCREENING LEVEL - AMBIENT AIR

C'OMMERICAL WORKER

HUMAN HEAI.TII RISK ASSESSMENT - AMES !>TREET SITE

ROCIIESrER, NY

EXPOSU Rll PARAMETERS

~ t

EQUKIlONS

[tJ

Note:

FO£ nonearein~enicefIecu: AT = ED

RBSL = Rist Hued Screening Le",,1

CSF = Cancer Slope Factor
RID = Reference DOle

b-------;~~R--~----__--;~BOL---------~~UB-·----~rr;---.1 SOURCE

TARGET CANCER RISK TR, 1E-(Xj unitless NYSDEC,1995

TARGET NON-CANCER RISK TRn , 1 unitless NYSDEC,1995

INHALATION RATE IR 20 m'/day ASTM,1995

BODY WllIGIIT BW 70 kg ASTM,1995

EXPOSURE FREQUENCY EF 250 dayslyear ASTM,1995

EXPOSURE DURATION ED 25 years ASTM,1995

AVERAGING TIME

NO~'::ER _c.-~~~=~.=c===.==••~ ._ .c=_;:;.._=J~~' ~::~-==
NYSDEC, 1995. Site Assessment and Closure Guidance for Petroleum Impacted Sites (Review Draft). Division of Spills Management.

September 24,1995.

ASTM, 1995. Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites

(ASTM Stnd. E1739-95)

ABB Environmental Services, me.

RBSLcaDc<" (mg,n,') =

RBSLnoD-canc« (mghn') =

I&I BW I AT I 365 dayl/Y'r

IRIEDIEFICSF

TR... I BW~M.I 365 dayl/Y'r I RID

IRIEDIEF

Rev. 1/94
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TABLE D-4, continued
RISK BASIJD SCREENING LEVEL - AMBIENT AIR

COMMERICAL WORKER

HUMAN HEALTII RISK ASSESSMENT - AMES srREET sm,

ROCHESrER. NY

CARCINOGENIC EFFECTS

f ~

[!:j

----------------~------~---- .._----------
INHALATION

COMPOUND CSF RBSL
-da A -1 -:L

r
--==---==-=-- ..

ORGANICS

Benzene 1.900-02 493E-04

Trichlorocthene 6.000-03 2.38E-03

Tctnochlorocthene 2.000-03 7.15E-031

Vinyl chloride 3.000-01 4.77E-OSI

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

J j
..-------------_._--~------------------ ---------------

ND = No data av"ilable

ABB Environmtnlal Services. Inc. Rev. lN4
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TABI.E D-4, continued

RISK BASED SCREENING I.EVEI. - AMBillNT AIR

COMMERICAI. WORKER

HUMAN HEAnll RISK ASSESSMENT - AMES STREET SITE

ROCHBSrER, NY

[I·J

I

I

._=i

J.48E+OO

1.l8E-Ol

RBSL

(mgfm.!L-

N
2.90E-Ol

INIIAl.ATION

RID

L~l

~-----_._----------~----_._----

COMPOUND

NONCARCINOGENIC EFFECrS

ORGANICS I

1.2-Dichlnroelhene I
1.1,1-Trichloroethane

1.2,4- Trimethylbenzeoe

1

1.3.5-Trimethylbenzeoe I
4-Melhyl-2-Pentanone

Benzene

n-Bulylbenzeoe I N
Etbylhenzene 2.9[JE-Ol~ 1.48E+OO

Tetrachloroelhene N

Toluene \ 1.l0E-Ol 5.62E-Ol
Trichloroelhene NO

Vinyl ehloride ND

I~~(~W) _ _ I "~-"1 000-<>'

b-~-=-----=--=---=-~_=-...._..__ .... .
ND ; No data available

ABB Emironmemal Sen'iccs, Inc. Rev. 1194
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TABLE 0-5

This Table presents the chemical fate and transport calculations which were used to
estimate chemical transfer from soil and groundwater to ambient air and indoor air. The
equations used for modelling these exposure pathways are based on the approach described
in Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites (ASTM
Standard E1739-95; November, 1995).

Specifically, equations for the following exposure pathways are presented in this Table:

• Vapor emissions from surface soil to ambient air

• Particulate emissions from surface soil to ambient air

• Vapor migration from subsurface soil sources to indoor air

• Vapor migration from subsurface soil sources to ambient air

• Vapor migration from groundwater sources to indoor air

• Vapor migration from groundwater sources to ambient air

The equations used to model chemical transfer for these exposure pathways are summarized
below. The parameters used in the calculations are presented in Table 0-5.1. The
calculations are documented in Tables 0-5.2 and 0-5.3.

A} Vapor emissions from surface soil to ambient air
The equations used to estimate the vapor concentration in ambient aIr resulting from
surface soil vapor emissions are as follows:

and

2W Ps
*

D
eff * Hws

+K * p +Hs s * e ] Tas

1/2

-
The parameters used in these equations are described in Table 0-5.1. The products of
these equations, presented in Table 0-5.2, are used as the values for quantifying direct
contact exposures to vapor emissions in the direct contact exposure estimates (Tables 0-2,



-
D-3, and D-9). Specifically, the equation which results in the highest emission rate, and thus
produces the lowest RBC, is used in the direct-contact equations.

ill Particulate emissions from surface soil to ambient air
The equation used to estimate the particulate concentration in ambient air resulting from
surface soil particulate emissions is as follows:

U * 0a a

The parameters used in this equation are described in Table D-5.1. The products of this
equation, presented in Table D-5.2, are used as the values for quantifying direct-contact
exposures to particulate emissions in the direct contact exposure estimates (Tables D-2, D-3,
and D-9).

g Vapor migration from subsurface soil to indoor air
The equation used to estimate the vapor concentration in indoor air resulting from vapor
migration from subsurface soil sources is as follows:

H * Ps
D

eff I Ls s

*- [ 8ws + K * + H * Bas ] ER * LBVFsesp
s Ps * eFl

D eff I L D
eff I L

1 +
s s S s

+
ER * LB ( D eff I L )

crack crack n

where:

and

D eff == D a *
crack

8 3.33
acrack

8 2.0
T

1
H

8 3.33
wcrack

*----
8 2.0

T

D eff == D a

s *

8 3.33
as

8 2.0
T

1

H

8 3.33
ws

*---
8 2.0

T

- The parameters used in these equations are described in Table D-5.1. The products of
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these equations, presented in Table 0-5.3, are used as the values for quantifying the vapor
concentrations in indoor air that may result from volatile emissions from subsurface soil
sources. These values are compared to risk-based concentrations for indoor air (Table 0-4),
to develop risk-based concentrations in soil for this pathway (Table 0-6).

12.) Vapor migration from subsurface soil to ambient air
The equation used to estimate the vapor concentration in ambient air resulting from vapor
migration from subsurface soil sources is as follows:

D elf*
s

VFsamb =

(6 + K *ws s

-

The parameters used in these equations are described in Table 0-5.1. The products of
these equations, presented in Table 0-5.3, are used as the values for quantifying the vapor
concentrations in ambient air that may result from volatile emissions from subsurface soil
sources. These values are compared to risk-based concentrations for ambient air (Tables
0-7 and 0-10), to develop risk-based concentrations in soil for this pathway (Tables 0-8 and
0-11).

m Vapor migration from groundwater to indoor air
The equation used to estimate the vapor concentration in indoor air resulting from vapor
migration from groundwater sources is as follows:

where:

1 +

H *

D elf I L
ws GW

ER * LB

D
elf I Lws GW

ER * LB

D
elf I Lws GW

+

( D elf I L )
crack crack n

-

D elf = ( h + h ) *
WS cap v

heap
+

D elf
crack

-1



-
and

D eft
cap = D a *

e 3.33
acap

e 2.0
T

1

H *

e 3.33
wcap

e 2.0
T

The parameters used in these equations are described in Table D-5.1. The products of
these equations, presented in Table D-5.3, are used as the values for quantifying the vapor
concentrations in indoor air that may result from volatile emissions from groundwater
sources. These values are compared to risk-based concentrations for indoor air (Table D-4),
to develop risk-based concentrations in groundwater for this pathway (Table D-6).

E) Vapor migration from groundwater to ambient air
The equation used to estimate the vapor concentration in ambient air resulting from vapor
migration from groundwater sources is as follows:

-

VF =wamb
H

* () *a

D eft
ws

-

The parameters used in these equations are described in Table D-5.1. The products of
these equations, presented in Table D-5.3, are used as the values for quantifying the vapor
concentrations in ambient air that may result from volatile emissions from groundwater
sources. These values are compared to risk-based concentrations for ambient air (Tables
D-7 and D-l0), to develop risk-based concentrations in groundwater for this pathway (Tables
D-8 and D-ll).
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TABLE 0-5.1
PARAMETERS FOR CALCULATION OF VOLATILIZATION FACTORS FOR SUBSURFACE SOIL AND GROUNDWATER
HUMAN HEALTH RISK ASSESSMENT
ROCHESTER, NY

IF==-=====~~~~=="~P~ARAM~~E,=,I",,ER~========T==,S~YM~BOl~,"====;==c===,V~AL~U~E===c~===c==,U~N~rr~S===c===SO~~URCE I

I HENRY'S LAW CONSTANT II H I chemical-specific i dimensionless [a,hr::=1

I
SOIL BULK DENSITY Ps i 1.70E+00 I ~-SOil/em3-SOil ASTM, 1995 \
WATER CONTENT VADOSE ZONE SOILS Ows I 0.12 em -water/em3-soil Site-specific [b]

: AIR CONTENT VADOSE ZONE SOILS 0as 0.261 em3-air/cm3-soil ASTM,l995 'I

! SOIL-WATER PARTITION COEFFICIENT Ks ' chemical-specific em3-water/g-soil USEPA, 1986 [a,c] I

j DEPTH TO SUBSURFACE SOIL SOURCES l..s I
300

91 em Site-specific [d] I

i ENCLOSED SPACE VOl.fINRLT. AREA RATIO 4, em ASTM, 1995 I

'I DEPTH TO GROUNDWATER l..qw I 198 1 em Site-specific [e] I

I ENCLOSED SPACE AIR EXCHANGE RATE ER I 0.00023 sec- l ASTM,1995'
I ENCLOSED SPACE WALL THICKNESS l..crack I 15 em ASTM, 1995 I
AREAL fRACTION OF CRACKS IN WALLS N I 0.0008 em2-aack/em2 -total Ii] I
DIFFUSION COEFFICIENT IN SOIL Ds chemical-specific em2/sec ASTM, 1995 [~
DIFFUSION COEFFICIENT THROUGH CRACKS Daack chemical-specific em2-aack/em2 -total ASTM, 1995 [~
DIFFUSION COEFRCIENT: SOIL AND GROUNDWATER Dws chemical-specific em2/sec ASTM, 1995 [~
WIND SPEED ABOVE GROUND MIXING ZONE Ua 225 em/sec ASTM, 1995
AMBIENT AIR MIXING ZONE HEIGHT La 200 em ASTM, 1995
WIDTH OF SOURCE AREA PARALLEL TO GW flOW W 1500 em ASTM, 1995
DIFFUSION COEFFICIENT IN AIR OS 1chemical-specific em2/sec 1 USEPA, 1988 [a)
DIFFUSION COEFFICIENT IN WATER DW chemical-specific em2/sec Lyman, et aI. (1990)
SOIL POROSITY IN IMPACTED ZONE Or 0.38 em3/em 3 soil ASTM, 1995
THICKNESS OF CAPILlARY FRINGE hcao 25 em Site-specific [g]
THICKNESS OF VADOSE ZONE hv 127 em Site-specific
DIFFUSION THROUGH CAPIL.l.ARY FRINGE Dcap chemical-specific cm3/cm 3 ASTM, 1995 I.~
AIR CONTENT CAPILlARY FRINGE 0acap 0.038 cm3-air/cm3-soil ASTM,1995
WATER CONTENT CAPILlARY FRINGE Owcao 0.342 cm3-water/cm3-soil ASTM, 1995
AIR CONTENT IN WALL CRACKS 0aaack 0.26 cm3-air/cm3-tot.vol. I ASTM.1995
WATER CONTENT WALL CRACKS Owaack 0.12 cm3-water/cm3-tot.vol'l ASTM,1995
PARTICULATE EMISSION RATE - COMMERCIAL WORKER Pe 6.90E-14 g/cm3-sec I ASTM, 1995
PARTICULATE EMISSION RATE - CONSTRUCTION WORKER I Pe 6.90E-09 g/cmem;j-sec I ASTM,1995
LOWER DEPTH OF SURFICIAL SOIL ZONE I d 15.24 NYSDEC, 1995
AVERAGING TIME FOR VAPOR flUX T receptor-specific sec I ASTM,l995
VOLATILIZATION FACTOR - SUBSURFACE SOll:lNDOOR AIR VFsesp chemical-specific mg/m3 per mgft<g I ASTM, 1995 [~
VOLATILIZATION FACTOR - SUBSURFACE SOIL:AMBIENT AI~ VFsarnb chemical-specific mg/m3 per mgft<g I ASTM, 1995 [~
VOlATILIZATION FACTOR - GROUNDWATER: INDOOR AIR I VFwesp chemical-specific mg/m3 permg/l I ASTM, 1995 [~
VOLATILIZATION FACTOR - GROUNDWATER:AMBIENT AIR 1 VFwamb chemical-specific mg/m3 per mg/l ASTM, 1995 I~
VAPOR EMISSION - SURFACE SOIL:AMBIENT AIR VFss chemical-specific mg/m3 ASTM. 19951~
PARTICULATE EMISSION - SURFACE SOIL:AMBIENT AIR VFp I chemical-specific mg/m3 ASTM, 19951.~

CONVERSION FACTOR 1 CFl I 1.0E+03 cm3-kg/m3-g ASTM.1995
~NVERSION FACTOR 2 CF2 1.0E+03 i Um3 ASTM, 1995===1

I NOTES:
: ASTM, 1995. Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites (ASTM Standard E1739-95)
, NYSDEC, 1995. Site Assessment and Closure Guidance for Petroleum Impacted Sites (Review Draft). Division of Spills Management.

September 24, 1995.
USEPA, 1986. Superfund Public Health Evaluation Manual. Oswer Directive 9285.4-1. October, 1986 EPN540/1-86/060
USEPA. 1988. Superfund Exposure Assessment Manual. Oswer Directive 9285.5-1. April, 1988. EPN540/1-88/oo1

I USEPA, 1993. Superfund O1emical Data Matrix. March 9,1993.
• Howard, Phillip H. "Handbook of Environmental Fate and Exposure Data for Organic O1emicals" Vol I and II. 1990.
! Lyman, etal. (1990). Handbook of O1emical Property Estimation Methods. American O1emical Society, Washington. O1pt. 17-5.

Values calculated using the following equation: DBW = 13.26E-5/NW~1.14 x VB~0.589, where NW = 1,307 at loe and VB from Lyman (1990).
[a] For mercury, values were obtained from "User's Manual for HgSCREEN. A Risk-Based Screening Model for Mercury-Contaminated Sites (GRI, 1994).
[b] Average water content in soils collected for laboratory analyses.

, [cl Ks = Koc x foe; foc = 0.0154 (site-specific average TOG). Koe values represent the average of values reported in USEPA (1986) and those calculated
using a standard fate and transport algorithm (Koc = Kow x 0.63).

[d] Average depth of sources at Site.
[e] Average annual water table.
[~ Calculated below.
[g] Value for soils composed of medium sand from Todd (1980); value used to represent sandy soil conditions at Site.

1 [h] Average of Henry's law constant values reported in USEPA (1986), USEPA (1993), and Howard (1990), adjusted for subsurface temperature of 10 C.
I [i] Value represents the maximum volume changes for a conaete floor (Portland Cement Association. 12th Ed); see text Section 4.
i NOTE: All equations presented in the text accompanying this Table.

VFSUBGWWKl
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0-5.2
CALCULATION OF VOLATILIZATION FACTORS FOR SURFACE SOIL
HUMAN HEALTH RISK ASSESSMENT
AMES STREET SITE
ROCHESTER. NY

ICHEMICAL:===rT'=-f=(<<kr.L~-=(~~:;r~J~~~~~~~~'

I

,1,1,1 -Trichloroethane I 7.88E+08 3.15E+07 1.10E
4-Methyl-2-Pentanone 7.88E+08 3.15E+07 1.10E

1

1.2-0ichloroethene 7.88E+08 3.15E+07 1.10E
Ethylbenzene 7.88E+08 3.15E+07 1.10E

I

Toluene 7.88E+08 3.15E+07 1.10E
Trichloroethene 7.88E+08 3.15E+07 1.10E
Vinyl chloride 7.88E+08 3.15E+07 1.10E
Xylene (total) 7.88E+081 3.15E+071 1.10E
Tetrachloroethene 7.88E+08 3.15E+07 1.10E

1.10E

Note:

VFSUBGW.WKI

-----_._------- -

VF... - oom....-V",, -"m~"lI< VFssA - con.wrk VFp - com. wrk. VFp - con. wrk.
__.1mg/m;jL. -(mg/m;j) .(mg/m;j)

~~-. -------

6 2.74E-05 2.30E-12 2.30E-07 6.74E-05 3.37E-04
6 2.74E-05 2.30E-12 2.30E-07 1.60E-05 8.01 E-05
6 2.74E-05 2.30E-12 2.30E-07 6.97E-05 3.49E-04
6 2.74E-05 2.30E-12 2.30E-07 1.74E-05 8.73E-05
6 2.74E-05 2.30E-12 2.30E-07 3.05E-05 1.52E-04
6 2.74E-05 2.30E-12 2.30E-07 5.87E-05 2.94E-04
6 2.74E-05 2.30E-12, 2.30E-07 2.01 E-04 1.00E-03
6 2.74E-05 2.30E-12 2.30E-07 2.14E-05 1.07E-04
6 2.74E-05 2.30E-12 2.30E-07 3.88E-05 1.94E-04

6 2.74E-05 2.30E-12 2.30E-07 1.13E-07 5.68E-07
~ NA 2.30E-12 2.30E-07 NA NA
~ NA 2.30E-12 2.30E-07 NA NA
~ I NA 2.30E-12 2.30E-07 NA NA

~I : 2.30E-12 2.30E-07 NA NA
2.30E-12 2.30E-07 NA NA

~ NA 2.30E-IL 2.30E-07 NA NA
___________L

----



« c ~

0-5.3
CALCULATION OF VOLATIUZATION FACTORS FOR SlESLRFACE SOIL AND GROUNDWATER
HUMAN HEALTH RISK ASSESSMENT
ROCHESTER, NY

--.- -···~----·-l---H ---
-Ct£MIOO ___~iU"""1_.

1.58E-Osl 212E-Osl 8.90

:;~------:J'::..,) :_~":.Lj_~~J:n;-

2.0E+00 7.SOE-02 S.99E-06 1.17E-OS
80E-(X2 7.38E-02 S.39E-06 318E-04
1.OE+oo 7A4E-02 7.07E-06 1.38E-OS
1.6E+01 6.27E-02 SOOE-06 l.lOE-OS
S.OE +00 7.37E-02 SA8E-06 1.34E-OS
2.0E+00 7.64E-02 6.23E-06 1.27E-OS
6.0E-Ol 101E-Ol 861E-06 1AOE-OS
10E+Ol 6.74E-02 S.00E-06 1.21E-os
90E+00 6.97E-02 S61E-06 1.03E-OS
10E+00 819E-02 6.lOE-06 1.SSE-OS

ND ND ND
ND ND ND
ND ND ND

06
07
06
06
06
06
OS

-06
-06
-06

-os

~1-"
----------,... ----_. ..•-.--

°crllCk VFwesP. - ildoof" VFwamb - ou

""L JE.m2cracklcrril ~~ (mg/m~/('!'I

-03 S.8SE-03 7.08E-OS 1.17E-03 S.63E-04 138E-03 6.7j

-03 S.77E-03 151E-03 9.83E-OS 4.73E-OS lA4E-OS 86,
-03 S.81E-03 8.28E-OS 1.29E-03 6.23E-04 8A3E-04 4.6C
-03 4.90E-03 6.64E-OS 759E-OS 3.6SE-OS 6.96E-04 3.6~

-03 S.7SE-03 8.0SE-OS 234E-04 1.13E-04 6.89E-04 37;
-03 S.96E-03 767E-OS 888E-04 4.27E-04 1.0SE-03 SA;
-03 788E-03 8ASE-OS 1.09E-02 S.2SE-03 S17E-03 204;
-03 S.28E-03 7.2SE-OS 1.14E-04 S50E-OS 661E-04 35'
-03 SA4E-03 6.20E-OS 3.76E-04 1.81 E-04 1.82E-03 8.7,
-03 6.39E-03 9.32E-OS 1.0SE-03 S.OSE-04 681E-04 3.n

-03 8.90E-03 1.27E-04 3.19E-07 154E-07 188E-03 1.m

--~- --~...------~- ____L____,,_

S.8SI
S77
S.81
4.90
S.7SI
S.961
7.88E
S.26,

SA4'
6.39

o
'cn1/:

1__ 1

1.14E-011.0E+04

S.7E-01
34E-03
3.3E-Ol
3.3E-01
2.7E-Ol
4.2E-Ol
1.7E+00
2.9E-01
8AE-Ol
2AE-Ol

ND
ND
ND

47E-01

------- --------

Mercury

1,1,1-Trichloroethme
4-Methyl-2-Penlanooe
l,2-Oidllomelhene
Ethylbenzorle
TokJene
Tridllomelhorle
Vnyl dlloride
Xylorle (total)
Tetradllomel1ene
Benzene
1,2,4-Trimethylborlzorle
1,3,5-Trimethylborlzorle
n -l1ItylborlzorIe

VFSUBGWWKI
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TABU D-6

RISK BASED SCREENING lJiVEL- VOLATILIZAI10N FROM SUBSIJRFAl1! SOIL AND GROIJNDWA'ffiR TO INDOOR AND OIJTDOOR AIR

COMMERCIAL WORKER
lIIJMAN IlliAI:rn RiSK ASSESSMENT - AMES STREET sn'E
ROCHESTER, NY

l1:J

RBSL".

Jl.~h;.

VF_ iI - i.door

VFIro_.... I •• _ i.door

RBSL,.. (mstk8) ,

RBSL,ro_...... r (msfks) =

EQUATIONSEXPOSIJRE PARAMETERS

r-=- --~-~=---~--- p~n;R_~-_==-_":==~__~_S.~!,OL-~- - V~--=:::' --~UNIri.-::=J- _-SOlJItrn-~
RISK BA~DSCREENING LEVEL - AIR; CARCINOGENiC---~-RBS(~-=r ch;,;;;c:aI-~C1fK DJgI'kB Cakulatr-d [iiI

RISK BASED SCREENING UVEL - AIR; NON-CARCINOGENIC I RBSL,••• _~.m cb<",~I-'p'",fK m,E!''kB ICak"lal<d [a] I

I
SUBSURPAffi SOIL VOL<\llL1ZA'nON TO INDOOR AIR I VF II C"b('wcal-spr-ClfK (mg/w )/(m8J'kB) ICalClllakrl (b I
GROUNDWA1ER VOLATILIZATION TO INDOOR AIR VF3tOU:dw.I~1 Ch(,lU("fil-~.("d"1\ II (UlglW:)I(Wg/L) Cakulatt'.d{bJ I

I",=u,mc"o:=~~o~~~ .. LW

• l'-~'~"I ,-,,~., I'·'~·'''~

IASTM, 199~. Slalldartl (i1lldC" for- Rl~-Bard COIR'CtJ\.'(' Acb....1D Applir-d at Pt'trO!('\IOl Rt')('uc· Slt('s (ASTM .\tnd. E1739- 9~). I

!

l<t) Cakulatt'd 10 Tabl(' 0-4. I Note.:
(b) CakubttnlO Tabl(' D- 5. "'OT DODaIIH::iooseuic dfecta: AT::: ED

l
Calculation. are rep:ated f:f ClIIDoef aDd DOD-ClII~r d'fecta J

I RBSL;; Ria.k Brued ScreemD8 Level

~ ~ ~_~__ ~ ~ ~ _~____________ ~_~_~ ~ ..l.. ~_~ ~ _

i\BB Ell\.lfOllDJtotal Sc-1'V1(T~ we Reo\'. 1/94
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TABlE D-6, continued
RISKBA~DSCREENING lEVEL - VOLATIUZAl10N FROM SUBSURFACE SOIL ANDGROUNDWATI::R TO INDOOR AND OIYIUOOR AIR
COMMERCIAL WORKER
HUMAN HEALlH RISK ASSESSMENT - AMES STREETSfIE
ROCHESlER. NY

CARCINOGENIC EFFECTS

ltJ

[
-----------:~-O-..U-~D-. - --~.--.---. AMB~~-~-- -:~~~ -~c-GR~~;.~-A-rn-R--~~:-)---VF-G-R(~~-D-W-t-1E-RTR-~-.:;.,.,-SO-,;L--R-iiSLG~=WAiE-R-~::;::~ --RiSLG~~=~ATER

- ~~=-====-===-==== .___.1 ~)l{mA.lks) (mUm WmA1LL - Irnl QI.'\/lm
l
&.\ mIl/Jll-\/{mD/L' J_ IDII/lul''! IIUIIL> l=l= (maIH

~
RGANICS - l I ITrichlollXt~De ... 2.38[-03 6.ME-04 J.mE-03 N .'>.41£-06 2.66£+00 2.27E+00. 4.39E+02

Viuyl chloride 4.77E-O_'li 1.09E-:l- ~i.l7E-03 N 2.42£-03 4.3&£-03 9.23£-03 1.97£+00
Tetnchloroet..beue 7.I.'lE-OJ 3.76£-04 1.82£-03 N 8.77£-06 1.90£+01 3.93£+00 8.I."iE+02

C-----====-==~ --- 4.~3E-04 LO.'lE-03 6.81£-1)4 .._ N 3.76£-06 4.70[-01 '-;: 7.24£-01 - . -- 1.3 IE::==J

NO.::: NodataavailaLI('

AHHEll\U0I1111l:'U~1& ....1Cl:'S, lnc. Rc:-v.lil,l.l
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TABLE D- 6, ooobotr_d

RISK BA~DSCREENING LEVEL - VOlATII..lZA110N FROM SUBSURFAffi SOIL AND GROUNDWATER TO INDOOR AND OUTDOOR Am.
COMMERCIAL WORKER
HUMAN HEALlll RISKASSESSMENT - AMES STREET Sn"E
ROCHE SlER, NY

[lJ

NONCARCINOGENIC H'FECTS

2.19£+0:'"

1.36£+0:'"
O.WE+OO

4.02E+O:'"

L~1E+O:'"

O.ooE+oo

0.00£+00

1.14E+0."\

O.OOE+oo
O.OOE+W

RIlSL GRDUNDWA"TER
(outdoo<)

RBSLSOIL

(outdoo<)6
·--.-.--------- COMPDUN: ---·-------------~~~~~---;;,~~---VFGR~r:~Ami--~:::~-VFG~~=A11lIqR~~:LRBSLG~i=WA11lR

_.; . maim) til lD \!lm_J1c.. \ maim \l/mon.\ tmal1b·)II..aJIta~ (maI..-\JlmaIL) II (JDaI'b) ~

~AN= ~1.1.I-TnchloroethIlDe 1-48E+00 J.17E-03 1.36£-03 N.fl 6.77£-06 1.26£+03 1.09£+03

4-Mcthyl-2-PentaDODe 1.18E-OI 9.83E-O~ I.44E-O.~ N 11.63£-07 1.20£+03 8.16£+03

1.2-Thchloro<theue Nt 1.29E-03 8.43E-04 N 1.4IE-0~ O.OOE+OO O.OOE+OO
ELhylbeozene 1.48£+00 7-'19E-O:'i 6,96£-04 N.tl 3.69£-06 1.9:5E+04 2.13£+03

Tolueur: :'i.62E-OJ 2.34£-04 6.89£-04 NJl 3.72£-06 2.40£+03 05.16£+02

TricbJol"oetheoc NI: 8.88£-04 1.05£-03 N 5.42£-06 0.00£+00 0.00£+00

ViDyl chloride Nt 1.09E-02 ~.I7E-03 N' 2.42E-0~ O.OOE+OO O.OOE+(OO

XyieDe I 4.39E-01 1.I4E-04 6.6JE-04 N' 3_'4E-06 3./tiE+03 6.6~E+021 L
Tetrachloroelheoe NL 3.76E-1H UI2£-03 N lL77E-06 O'ooE+oo O.ooE+oo I
Be...,..., Nt LO_'E-03 6.5IE-04 N' 3.76E-06 O.ooE+OO O.OOE+OO
1.2.4-Trimelhylbenzeoe NI: N N[ N N

l,3,j-Tnmethylbeozeoe I N[; N NL NJl N
0-Butylbeouoe N [: N N[ N N

I;re". -~- l 'u ",,1 ,,,,-" '. ,="' '''Bo, ,~"J ""';
NOlE: 11K' amb'e'Dt air CODN'ltnlbon (or me'fl:llryls the' Rfe, and I.h.=o VFsall and VFgrolllldNak.rvaluuba~be'e'D wodifie'dfor thC' workr-r e'qJOS\llT p8l11wdrn, as ck:K""nbC'nw I.h.=o krt.

AHB ED"'1ronrue'Dtal &rvice's, Inc. RC'v.W4
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TABLE 0-7

RISK BASED SCREENING LEVEL - AMBillNT AIR

CONSfRUCI'ION WORKER

HUMAN HEAI.1l1 RISK ASSESSMENT - AMf'~ SfREET srm
ROClIBSfER, NY

EXPOSURE PARAMETERS

~ ~

EQUATIONS

[EJ

Nole:

For noocan:inogenic effects: AT = ED

RBSL = Rist Based Screeo.~LeYeI

CSF = Cancer Slope FlICtor

RID = Reference Dose

~~~:=~~~i'~~__---=-~~~:i~:OO~- '--.=--- VALUE .. =--T-=:--Y,~~S~- I," :~o~URCB--~=r
TARGET CANCER RISK I TR, II lE-CXi \ unil1ess I NYSDEC, 1995
TARGET NON-CANCER RISK I fRo, I unities> NYSDEC, 1995

INHALATION RATE IR 2tJ m'/day ,ASTM, 1995 I

BODY WEIGHT BW 70 \ kg I ASTM, 1995

EXPOSURE FREQUENCY I EF 250 dayslyear ASTM,1995

I

EXPOSU RE DURATION ED 1 I years IASTM, 1995

AVERAGING TIME I

~
CANCER AT 70 years ASTM,1995

. NONCANCBR _1... A_f__ _ L ._~~ l~STM.l9~_
NYSDEC, 1995. Site Assessment and Closure Guidance for Petroleum hnpacted Sites (Review Draft), Division of Spills Management.

I

September 24, 1995,

ASTM, 1995. Standard Guide for Risk - Based Corrective Action Applied at Petroleum Release Sites

I (ASTM Stnd, E1739-95)

L .. . .. __ .

ABB Environmemal Services, Inc,

RBSLcaDctt (mg/m]) =

RBSLDOD _ caDCtt (mg/m]) =

,!&.!1!W.x AT x 365 dayl/Yr

IRxBDxHFxCSF

T~xBW x AT x 365 day"", x RID

IRxEDxHF

Rev,lfH
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TABU! D-7, continued

RISK BASED SCREENING LEVEL - AMBffiNT AIR

CONSTRUCflON WORICHR
IIUMANHEALTII RISK ASSESSMENT - AMES STREET srm
ROCHESTER, NY

CARCINOGENIC Bl'FECTS

c c

[fJ

t- COMPO~: ~=_- ~::::1 ~~::=~-~=-~=_~~-~
ORGANICS 1 ~ 'IBenzene 2.900-02 1.23E-02

Trichloroelhene 6.00E-(J3 5.96E-02

1

Tetnochloroelhene . 1 2.00E-031 1.79E-OI,

Vinyl chloride 3.000-01, 1.19E-ml

t~=-------=-~__ ~ __~_~~~=--=-c_l __ ~__-=-~~ __:_==-~==~~~~-~- c=-=-' ==-_____ __j
ND =1'0 data ."'ilable

ABB Environmental S<:rvices, Inc. Rev. 1/94
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TABUl D -7, continued
RISK BASED SCREENING LEVEL - AMBlliNT AIR
CONSI'RUCnON WORKER
HUMAN HEALTH RISK ASSESSMENT - AMES SrRBET SITE
ROCHHSI'ER. NY

NONCARCINOGENIC 1!FFECrS

4 4

[tJ

4.39E-Ol

-- ------ ------------

R~ --1
~---2=~ ~

1.48E+00 I I

UM'I I

1.48E+OO I

5.62E-Ol

rO'GAN'cS~"","NU_~~T7:::
1,2-Dicbloroethene

1

1,1,I-TricbIOroethane I 2.90E-01
1,2,4-Trimetbylbenzene N

1

1,3,5 - Trimetbylbenzene N

4-Metbyl-2-Penlanone I

I
&nre~ I N
n-Butylbenzene N

BLbylbenzene I 2.90E-Ol

\

Tetncbloroethene NI{
Toluene 1 1.100- 01

1

I

Tricbloroethene NOI

Vinyl cbloride NO

IX,..o '-'J I •""-",I

L~==-=~c' ~~ ~=- ~~_ ~~~ ~~_.~~ =- .-=_-=l __::-~=~~= __...-~-~--_-= -:===-==c==---=,,=-=-~d
ND ; No data a",ilable

ABB l~nvironmenlalServices, Inc. Rev. 1/94
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Note;

FornoDClllrciDOgemcd(ec;;ts: AT= ED

Calculation. are re~aledfor Oiln<::cr lind DOn-caJk:Cr drec...
RBSL = Risk Blued Scree.oB Level

TABlE D-K

RISK BASED SCREENING lEVEL - VOLATIUZATION FROM SUBSURFAOO SOIL AND GROUNDWATER 10 INDOOR AND OUTDOOR AIR

CONSTRUCTION WORKER
lIUMAN HEAL'm RISK ASSESSMENT - AMES SfREETSrrn

ROClIESlER. NY

EXPOSURE PARAMElERS

~
..--.. -----------.._-. ---.. -----.. ----.. -.... -.- ..------ ---..----- -- ·I. --.-.-_.-

PARAME1ER SYMBOL VALUE UNITS SOURal

,,;,~",=".mw, -MR'""'0'=';' --I ~'~'>- --~~~-~'" I """ I<'h"~ ,.,
RiSK BASED SCREENING LEVEL - AIR; NON-CARCIN()(i£NIC RBSL.UQb -"",uC'I'r dlt'llIC'8l-specUK- m8/'k8 C... kulatu! [a.}

ISUBSURFACE SOIL VOLATIUZATION TO OUn)OOR AIR \'F~, '·h<n>cal-'jXertlC I (J1lglw\'(m~) I Cakulatr.d [hI

IG,~.".,m<VOUTI=,."".,"om~,_ IW._.., ---'--'1 ,.".,',."" <.h'~"

~ _ . .. _... ..... _ L . __--.J_ L_ ___

I

ASlM, 19~~. s. tandard Guide for RIsk- Bar.d LOITr'CtlVr' Acb.OD Appbt'.d at Petrak-11m Re lear Sites (ASl"M stud. E r7~39- 95). -.----

[:ill Cakulak'dlD Table D-7.

[b J Calc'lIlatrdlD Table 0-5.

l .. _. . .__. . .__. . _

ABB ElJ\1ronwen~1 $('I'-'('t'~ Inc.

EQUATIONS

RBSI,.. (mllikB) ,

RBS ,•• (mllikB) ,

RBSL,,,

VF.. iI - i.doll.,

!l~
VP.'0__11111{ - i..cloor

ItJ

R('v.I/',4
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TABLE D- 8, cootinutd
RISK BASED SCREENING I.EVEL - VOLATIUZAll0N FROM SUBSURFACE SOIL AND GROUNUWAIER TO INDOOR AND OUTDOOR AIR
CON SlltUCnON WORKER
HUMAN IffiALTII RISK ASSESSMENT - AMES SI1lEET SnE
ROCHESTER, NY

CARCINOGENIC EFHiCTS

[l)

I----.-·----·--:~-~::-.-----------.~~~=------ ---------- -~::~-VFGR~~AmR-1R~~~-RBSLG=WA:mR-~~s::)L RBSL.G~~~::~ArnR

~- ---,) ,.,. --{"'~-r I --~- .. )----~ORGANICS ----,- I

Trichloroetheut ~.96E-02 N N 427E-04 ~.42E-06 1.39E+02 LlOE+04

1Viayl <blonde \ 1.J9E-03. N N l2lE-031 242E~ . 227E-01 492E+011·

~~:::roctheae J _:~~~=~~ -~c.~_~ _~= ;~;~=~I ~~~ ~ "~=-=-_;~:~~ ---=o~~

ND = No dab. 8W1Wbk

ABB EnVl.IUnllJ~Dtal5ot'iVlcrS, Inc. Rr-v.I/94
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TABlE D- S, continued

RISK BASED SCREENING l£VEL - VOLATILlZA1l0N FROM SUBSURt-Arn SOIL AND GROUNDWAHlR TO INDOOR AND OUTDOOR AIR

CONSTllUCnON WORKER
HUMAN HEALTII RISK ASSESSMENT - AMES STREET scm

ROCHESTER. NY

NONCARCINOGENIC UrECrS

[}J

~
I----. ------ - -a:~OUND- - -------- ~~~=--;:~~~ VFGR~=~An:R ;:.::~) VFG~~=AThR lR~~--RBsLG~~WATER~~f-RBsL~=~ATI!RJ

ORGANICS - m' ,. m' m'} (malm'yrmolk.o) I 'mg/m'lIlmAIL 1m } ImalL} l-_Lmolk.ol - 'IIlAlLI_ --

l,l.I-TricbJoroethIlDt: L4/1E+00 N .'\.63E-04 677£-06 263£+03 2 J9E+0'l

1

4- Metbyl-2-PcntaDoot: 1.17[:-01 N... 4.73£-0.'\ I 863£-07 I 247£+03 I 3~E+O"i
1,2-Dichloroethe.Dt: N N 6.23£-04 460£-06 000£+00 0'''')£+00

,EthylbeDzeoe 1.48£+l)) N 3.6.'iE-O.~ I 3.69£-06
11 4.06£+04 41)2£+0.'\ I

I

Tolutoe .'\.62£-01 N J.l3E-04 3.72£-06 4.97£+03 L"iJE+O.'i

TriebJoroetbent: N N 4.27£-04 .'\.42£-06 OJ)JE+OO O.ooE+OO

Vinyl chloride N N .'U.'iE-03 2.42£-0:1 0.00£+00 0.00£+00

I

Xylene 4.39£-01 N .L~E-O.'i 3_'14£-06 7.99£+03 1.24£+00;\

Tt:trachJon:Jot:theot: INN 1.81£-04 8.77£-06
DenuDe N N :'\.0.'\£-04 3.76£-06

1

1,2,4-Trimethylbenz«>< N N N N I I
1.'~-Trimethylb~Dzeae INN N N
D- ButylbeozeDe N N N N

te_~~~ . ~ ~__-=~04_J ~~~~-==_~_L---3-"J:=08 ~j ~I .___ _L,,:L_--''''~
N01E: 'Ibt' awblt'olair COUN'l1r.l.tionflJc D.lt'rcury IS ~ RiC. and thr- VFsa.\lI.ud \'Fg.roulXwatr-rv.olllt('$ haW' bt't'u wodult'dfor tht' worla-r t'xposu~ P'lramt'~~ 8sOescribt'dln the- lr':rt.

AHB EnV1rouw('utal &lV1Ct'&, Inc. Rt'I,'. JJ94
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TABLBD-9
RISK BASI'D SCREHNlNG IEVE.L - SOIL DIRECf CONTACT
UTIliTY WORKER

H1..NAN HEALTIIR1SKASS~- AMES S11UillT SUE
ROCIIR>'llR, NY

EXPOSURE PARAMHrERS

~ ~

IUWSSRBCA I'~

BQUA110NS

."._---------~--~-

PARAMKrnR SYMBOL VAWE UNITS SOURCE

TARGET CANCER RISK lR, lE-06 unitJess NYSDEC,1995

TARGET NON -CANCER RISK lR~ 1 unitJess NYSDEC,1995 RBSL~.~, ("'llik8) = 1R :lBWJ:AT:r36~~

INGESTION RATE IRs 58.6 mg/day ASIM, 1995 [a] EF:I ED J::[(CSFD )( (Jl:l (IR.. :I RAP. + SA:lM J: RAP.)) + (eSF, J: IR. :I (VP. + VPp »}
INHALATION RATE IRa 20 m'jday NlIM. 1995 [a]
ADHERENCE PACl'OR M 05 mg/cm' ASIM, 1995 [a]
SURPACE AREA EXPOSED SA 3,160 cm'lday ASIM, 1995 [a] RBSL••• ~~.~, ("'llik8) = ~:lBW:l AT:l36Sdaya/yr

SOIL TO AIR VOLATIUZATION VFss chemical-specific (rng!m'- airy(rngIkg-soil ) Calculat<d [b] liP. ED • (CF. (IR•• RAP. + SA.M .RAP.»)lRfD.) + (IR•• (VFoo + VF,»)lRfD i )]

SOIL TO AIR PARTICULATIlS VFp 2.30E-07 (rng!m'-airy(mglkg-soil) Calculat<d [b]
CONVERSION PACTOR CF 1.00E-06 kg/mg ASIM, 1995 [a]
BODY WEIGHT BW 70 kg AS1M 1995 [a] Nok: For DODCIlmDoFDicetkct&: AT = ED

EXPOSURE PREQUENCY EF 22 daWYear Assurrp tion [c] RBSL = RiakBaaed ScJeeoms uvel
EXPOSURE DURATION ED 0.083 ~ars Assurrpfion [c] CSP = Cancer Slope Factor

AVERAGING TIME RID =Re~reD~ DoE

CANCER AT 70 ~ars AS1M, 1995 [a]
NONCANCER AT 0.083 ~s Assunntion Icl

NYSDEC, 1995. Site Assessment and Closure Guidance lor Pttrolewn Impact<d Sites (Re\iewDraft). Divisionof
Spills Management. September 24, 1995
AS1M, 1995. Emergency Standard Guidt lor Risk-Based C.arrective Action Applied at Petrolewn Release Sites

(M'n<'" Bn'-'~ J
[a]1be construction values were used lor !he utility ••mker. . . . .
[b] Calculation document<d in Table D- 5.
clEF =5 days per week lor one month; ED = one month. ____________________. ___________

ABB Envirorurental Sernces, Inc. Rev. V94
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TABl....E 0 -9, continued

RISK BASED SCREENING LEVEL - SOIL DIRECT CONTACT

UTIUTY WORKER

HUMAN HEALTH RISK ASSESSMENT - AMES STREET SITE

ROCHESTER, NY

[UWSSRaC~:;'--]------"4~

CARCINOGENIC EFFECTS

L -- .J

I COM.POUND ---------;mw:";~.i<);·---~--= -'---Da:;AL -----OC~ IN~nON T:'~L ..-------------

~~~iJ) (..itleu) ( .. itlt:.., ' ..III:-da,) .... -1 l.1IcB-dllV)'" --1 (gI1w-soil)

ORGANICS

TI;chla<oelheDe 2.94E-04 1 0.5 1.1E-02 6.0E-03 3.4E+04

Tetrochlo<oelheDe 1.94E-04 1 0.5 5.2E-02 2.0E-03 2.0E+04

Codmium NP 1 0.14 NO NO

Chrom;um NP 1 0.09 NO 4.1E+01 5.2E+03

Niclr.el NP 1 0.35 NO 8.4E-01 2.5E+05

kod NP 1 0.006 NO NO

1 I

I

______1 I 1 __ 1
L_" .
NO =:; No data avaiJabk-

Oral RAFs and Dt'cmal RAFs flJ volatues and semi\oQlatlir·.s from NYSDEC, 199:'). Da-mal RAFs for inCl"giOlcs from MADEP Residential SbortfofW (1992)

ABB Envil"oDllH'Dhl Se.rvl~s. Inc. Rev. 1/94
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TA8LE D-9, contlDued

RISK BASED SCREENING LEVEL - SOIL DIRECT CONTACT

UTILITY WORKER

HUMAN HEALTH RISK ASSESSMENT - AMES STREET SITE

ROCHESTER, NY

NONCARCINOGENIC EFFECTS

f
IUWSSRBCA 1

f
l"~Nov-=96l

-~~-- ---< _.~---~~~~-~~-~--~~~--~

VP.. ORAL ORRWAL ORAL INHALATION RBSL

COWPOUND ("'8/",'- ...)1 RAF RAP RID RID TOTAL

( ....I..~ l ..itlea) ( ••idud (mAa d.,) (1Il&!9: dn) Caw!b: soil)

ORGANICS

Trichloroethcoc 2.94E-04 ! 0.5 6.0E-03 NO 8.2E+03

Tehachl(Xodhcnc 1.94E-04 ! 0.5 1.0E-02 NO 1.4E + 04

Cadmium N) ! 0.14 1.0E-03 NO 4.2E+03

Clttomium N) ! 0.09 5.0E-03 NO 2.9E+04

Nickel N) ! 0.35 2.0E-02 NO 3.8E+04

Ethyltcnuoc 8.73E -05 ! 0.5 1.0E-OJ 2.9E-0! 8.0E+04

Toluene 1.52E-04 ! 0.5 2.0E-0! l.lE-O! 3.6E+04 I

Xylcne& (totlll) 1.07E-04 ! 0.5 2.0E+00 8.6E-02 4.6E+04

Le.d N) 1 0.0116 NO NO
Zinc N) ! 0.02 3.0E-01 NO 3.9E + 06

1. I .1-TrichkKoetbaoc 3.37E-04 ! 0.5 3.5E -02 2.9E-0! 2.4E + 04

4- Methyl-2- PcnlaDonc 9.75E-05 ! 0.5 8.0E-02 2.0E-02 1.1 E + 04

Cyanide N) 1 0.03 2.0E-02 ND_l 2.2E+05

Mercury 5.68E-07 0.2 NI 3.0E-04 NO 2.8E+04

~ ~

I

ND = NoD."ta

Oral RAFs and D~rmal RAFs fer ....0]atil('s and $('01I\Olall1(,5 from NYSDEC, 199~. Drrwal RAFs for IDcrB8Diai from MADEP ReSIdential Sbort{arOl (1992)

ABH EnvJroumenllll ServICes, lu{". Rev. 1/901
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'ABLBD-I0

IRISK BASED SCRI.!BNING LEVEL - AMBlliNf AIR

TILITY WORKER

IUMAN I1HALTH RISK ASSESSMENT - AMES STREET srm
ROCIIBSrBR, NY

BXPOSURE PARAMETERS

~

EQUATIONS

~

It]

Nole:

For DOIlcan;inogcoic clfccLI: AT = ED

RBSL = Rill< Based Scrceniog Level

CSF = cancer Slope FlICtor

RID = Rercrenc<: Dose

=~__ P~I!TBR,=~ _ SYMBOL~~Y;:--=~=-~Nri~-'-C=~UIl.CB_
TARGBTCANCER RISK TRc IE-C6r unllk" -INYSDEC, 1995
TARGET NON -CANCER RISK TR

DC
1 urntless NYSDEC, 1995

INHALATION RATE IR 20 m'/d.y ASTM,199'i[aJ

BODY WEIGHT BW 70 kg ASTM,1995Ia]

EXPOSURE FREQUBNCY EF 22 days!)'ear ASTM, 1995 [bl

EXPOSURE DURATION ED 0083 years ASTM,1995[b]

~~~~ d
CANCER Ar 70 years ASTM.1995IaJh -- NONCANCBR~=_L~ __..H=_-__.~-=_()_(J83 y:a rs =J:!'M.-!222!!!

I
~YSDEC. 1995 Slle Assessment and Closure Gutdance lor Petroleum Impacted Sues (Revtew Dralt) Division of Spills Managemern. I
September 24, 1995

ASTM. 1995. Standard GUide lor RiSk - Based Corrective AclIon Applied at Petroleum Release Sues J__
(ASTM Stnd E1739-95)

[a] The construction worker \'ot!ues were used tor the uulllY "'Orker
bll'l'.= 5 d.ys per "'eek for."nemonth.ED = one month . _

ABB Environmental Services, Inc.

RBSLcooco- (mghn') =

RBSL"oo-co""o- (mghn') =

IB., I BW I AT I 365 days{yr

IR I lID I EF "CSF

TR,.. I BW I AT I 365 dJt.yalrr " RID

IR IBDIEF

Rev. 1/'14



c

TABLE D-10, continued

RISK BASED SCREENING LEVEL - AMBlllNT A1R
UTIL.frY WORKER

HUMAN HEALTH RISK ASSESSMENT - AMHS STREET SITE

ROClIESTIlR, NY

c c
[E]

CARCINOGENIC EFFECTS

r

----------INHALA-rION-- -------~-----
COMPOUND CSF RBSL

ORGANICS ---- (m.&Lk:-~h-L r (mgfm'l_~ - -~--~=--

Benzene I 2900-021 169E+Olr

Triebloroelhene I 6000- 03 1 8 16E+OO I

I

Telracbloroelhene 2_000-03 2A5E+Ol I

I'",'oWo"," . ... .. I ,,,~-m I '''J
L: . ~ .__~ ~ ~ _
ND = No data available

ABB Environmental Services. Inc.

- -J
I

=~I

Rev_ 1194
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TABLE 0-10, continued

RISK BASHO SCRlmNING LEVEL - AMBIENT AIR
UTILITY WORKER

IIUMAN IIEALlll RISK ASSESSMENT - AMES SfRHET SfI"H

ROClIBSrnR, NY

LFJ

.- 1
:

J.68E+01

1.34E+00

1.68E+OJ

6.39E+OO I

NONCARCINOGENIC HFFECrS

r------------------··~-~----·---·-------------·.-----.-- .---------.---- -.----.--~------.-

I

INHALATION

COMPOUND RID RBSL

~
__.. __ .. (t!>.JL,q=-~b_----- (!n....r.!J!!3b __

ORGANICS ---1- - -1-- -'r
l,2-0ichloroethenc N

\

l,l,l-TrichIOroethBnC 2.90E-OJ

l,z,4-Trimethylbeozeoc NI

1,3,5-Trimcthylbeozeoc N

4-Mcthyl-2-Penlanonc

Benzene N

n-Butylbenzene N

Bthylbeozeoe 2.9010-01

I

"Tctrachloroethene N

Toluene l.JOE-OJ

Trichloroethene NDI' I
Vinyl chloride ND

)X,... '''''''') ••00 -"' I '''WO I I

t-__=---ccoc-=-,=-_~=:c_ --=--- --~~-_=-o---~=_--_=-c-_--~. -~___________ . I
ND = No data available

ABB Environmemal Service~. Inc. Rev. 1194
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TABlE D-Il

RISK BASED SCREENING lliVEL - VOLATIUZA'ilON FROM SUBSURFACE SOIL AND GROUNDWATER TO INDOOR AND ou'mOOR Am
UllurY WORKER
HUMAN HEAL'n1 RISK ASSESSMENT - AMES smEET snE
ROCHESTER, NY

111

EXPOSURE PARAMETERS EQUATIONS

RBS!.".

VF_1 _ i..toer

RBSI;.. (msIkB) ,VF~,

VF IIroundwalu

SUBSURFArn SOIL VOLATILlZXnON TO OlJIDOOR AIR

GROUNDWA1ER VOLAnUZA'I10N TO OUTOOR AIR

"_, .=:;;~_ _ __ _,.~.=!~:H~~._-,-===-==--=-==---------=-=~Y~~2~:.:..-",-. _. _YALlJE UNITI -I SOURrn
RISK BA5ED SCREENING lEVEL - AIR; CARCINOGENIC ~ RI:JSl"'Clln~r fchr-xardl-SPC-Cd'IC mBJls Cakulatt'd [3 I
RISK BA~D SCREENING mVEL - AIR; NON- CARCIN()(;ENIC I RHS ..... non ran(lllr chr-xaca]-¥nfiC rng/kg Calculatt'd [a]

chr-DICl:ll-spntfl\ (wg./w')/(m8lkB) Ca kula tt'd (bJ
chr-LUcal-¥ctfic (mg./w')./(wg/L) Cakulatt'd (b]

RBS~rn.".ler (mglkg) : Jl.~

VFIro.....ler - i.deer

ASlM, 199.'i. Standard Gmdr- for RIS.k-Baxod Com:c~ Action Applar-.<i at Petrokllw Rdr-axo :sates (ASlM stnd. E1739-9.'i).

lal L'akulatt'dm Table O~lO.

{b] Calculatt'dm Table D-.'i.

Note:

For DODClirciDOsewc; dfecu: AT = ED
Calculations are repeated for CIIDeer and DOn-caoet:r dfccta

RBSL = Risk Baaed ScIceninS uvel

L-_______ _ . ~ _

ABBEO\.,roulll('ut31 ~lVIlY5, we Rev. 1/94
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TABLE D-l1, contJnued
RiSK BASED SCREENING LEVEL - VOLATIUZAI10N "'ROM SUBSURFACE SOILANDGROUNDWA1ER TO INDOOR AND QUTI>OOR AIR
Unury WORKER
HUMAN HEALTII RISK ASSESSMENT - AMES STREET SITE
ROCHESTER. NY

CARCINCXiE.NIC EFFECTS

[f]

~
- -- - ------ RBSL VF SOIL - -W GROlJNDWA'IER-.-VF-SOIL- - -ViiGRoUNDWAulRTRBSL SOIL--ROSi.GROUNDWA;reR-Ros.-- LsOi~RBSLGROIDIDW. ATERl

COMPOUND AMBIENT AIR 0":,,00') (;u:Joo<) (ou,ldoo<) (ou~) (;.,10<,,) (;""00<) (outdoo,) (ould"",)

-~~-;r".. ] lmslm )/lmsIL\ --- m m .. .. .. -- I~r-- lmslL\ --- (ml!!W --- lmalL)_ ~~ORGANICS ~
Tncbloroelbe.c I ' 'OE+OO N N 4.27E-04 ~.42E-06 1 1.9IE+04 1 l.'IE+06
Viayl chloride 1.63E-01 N N ~.1~E-03 2.42E-O~ 3.IIE+01 6.7~t+03I.~T.~c:lraCblon>etbc.c l. 2.4~E+_'OJ I . . N N 1.6JE-04L 6.77E-06 . ..1 I.3~E+O~ I L79E+06
~:.c .________ 1.69E+.!12.L N _1'1 ~ _-----.l76E-06 __ _ .__ H~E+03L ...._ 4.49E+OJ
ND= No data ilWllabk

ABH EUY1ronUlC"utilJ Sc-rvK('s., we RC"v.l/Y06
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TABU~ D-11, cuntiDu~d
RISK HASED SCREENING lEVEL - VOLATIUZA'nON }o'ROM SUBSURFAu::' SOIL AND GROUNDWATER TO INDOOR AND OUTDOOR AIR

UnUry WORKER
HUMAN IIEALn' RISKASSESSMENT- AMES srREETSrIE
ROCHES1ER. NY

NONCARCINOGENIC EFFEcrs

[11

~
r-...----.--- ..--.-.-- -------- RBSL-- ----VF SOiL VF GROUNDWATER VF SOIL-- VF GR-OUNDWAlER RBSLsOlL RBSLGRoUNDWAm~RBSLSOIL - RBSL GRoUNDWA1E:J

COMPOUND AMIlIENT AIR (;~"n) (.~oo<) (ou,'<I<>or) (ou~oor) (••door) (.."Ioor) (outdoor) (ouldoor)

- -- c===lJMlm----'-L __

1

(la",,,,,~(m",mV!m!!lLl m la m la m \ m ---~-1~~----~-=--
ORGANICS I --r-

l.l.l-TrichJoroethIlD~ I l.6lSE+OI N N~ 'l.63E-04 6.77£-061 I ZY'E+04 24'E+U6!
4-Mt.thyl-2-P~Db.DOD~ 1.34£+00 N~ N~ 4.73E-O~I 8.63£-07 lIBE+U4 L"i'lE+06

l,l-o;chloro<lhero< I N~ N N~ 6.23E-04 4.60E-O<i uOOE+OO UOOE+OO
EthylbeottDe 1.68E+OI N N 3.65E-O~ 3.69£-061 I 460E+O"i .L'I6E+061
Tolueut 6.39£+00 N~I N 1.13£-041 3.72£-06 "i 6"iE+04 172£+06

Trichloroetbr:ne N N Nj 4.27£-04 ~.41E-Oti 000£+00 000[+00
Vinyl chloride N N N 5.25£-03 - ._- __ II ~- ~~

Xyt.o< 4.99E+OO N~' N ~-~UE-01~'
i Telllllchlorocthene N~ N N 1.81£-04 8.77£-06
Bc.QZCoe N N N :'\.05£-04 3.76£-06

1,2.4-TrimethytbenzeDe N N N N NI

1,3,:l-Triladhylberouo< N N N1 N N I·ti"-- .I . ~'·:I :1 ~ ,_.: ,m,t~ J~ "~ffi;
NO'lE: lbr .lroWb)eD( lilI" cx>u('('l1ratioDfor illt"ITuryis tht" RiC, aDd tlx- VFsol and VFgtoundwtr_rval\X'1 bav.= b("("D mochf)rodfor tbto workt-r UpoSlln' pilrBIQ('.tl'n. asck5Cnlx-dm tbto tl'_:d.

ABB EUVlfoualt"Dtal ~r.-1('('S, Inc. R("\f.II94


