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1.0 EXECUTIVE SUMMARY

Osmose Wood Preserving, Inc., {Osmose) operates a facility which manufactures wood preserving
products in Buffalo, New York. During removal of 3 underground storage tanks {USTs) in August,
1989, evidence of a release to the subsurface, believed to be #2 fuel oit and/or brushing grade
creosote, was discovered. In June, 1990 the Osmose site was included on the New York State
Registry of Inactive Hazardous Waste Sites, given a “2a" classification, and assigned New Yark State
Department of Environmental Conservation (NYS DEC) site number 915143,

Groundwater Technology, Inc., {(Groundwater Technology) was retained by Osmose to develop and
implement a subsurface investigation work plan. The work pian, titlted Subsurface Investigation Work
Plan for Osmose Wood Preserving, inc., Buffalo, New York, June 7, 1990, defined the field and
analytical procedures and pratocols required to evaluate the geclogic characteristics of the site and
to define the nature and extent of chemical hazards present. included in the work plan was the
implementation of an in-situ soil treatment biocell as an interim Remedial Measure (t(RM) to treat
soils excavated during the UST closure. This IRM was conducted under Crder of Consent, Index
#B9-0314-90-01.

A summary of the results of the subsurface investigation inciudes:

Modified soil gas survey techniques indicated non-detectable vapor levels existed
both on- and off- site,

Inorganic compounds (metals) exist within typicat pubiished levels in surface and
subsurface soils with the exception of zinc, in surface soils upgradient of the
Osmose site, and lead, in surface soils at severat upgradient {background) and on-
site locations,

Analysis for semi-volatile organic compounds indicated potynuclear aromatic
hydrocarbons (PAHs) were the predominant chemicals existing and were present at
all biocel! and on-site (non-bioceli) locations,

Low dissolved levels of PAHs in groundwater were detected in on-site and in 2 off-
site monitor wells

No pesticides or PCBs were detected on- or off-site.




An integral portion of the work plan inciuded the performance of a basetine Heaith and

Environmental Risk Assessment.

The goals of the Risk Assessment wers to:

] Provide an analysis of baseline risks to help determine the need for action at the
Osmose site, and

Provide a basis for determining tevels of chemicals that can remain on-site and stitt

be protective of

human health and environment.

Based upon the combined resuits of the subsurface investigation and the Risk Assessment, the

following site remedial actions are proposed:

Biocell Soils:

Off-site soils:

Groundwater:

On-site Soils:

Separate Phase;

Operation of the bioceli until totat PAH levels in soils are at, or
below 473 mg/kg.

No remedial action.

No remedial action; quarterly monitoring. Installation of t
overburden monitor well to monitor upgradient water quatity and
provide additional soils information in the area west of MW-8.

Instaliation of one shaltow boring to confirm the disassociation of
PAHs found at shallow depths at an upgradient location of the site
(MW-8), with the former tank pit area; delineation and investigation
of potential remedial options.

Recovery of intermittent product layers; instailation of one monitor
well to delineate downgradient extent.




2.0 INTRODUCTION

2.1 Background

Osmose Wood Preserving, Inc. (Osmose) operates a facility which manufactures wood preserving
products in Buffalo, New York (Figure t, Site Location Map). The facility is iocated at 980 Ellicott
Street and serves as the executive and accourting offices, along with research and product
production. Osmose manufactures a variety of preservatives used in the treatment of wood and
lumber products.

Osmose has sought to maintain this facility in accordance with the most current technology and
environmental policies. In keeping with this goal, in August, 1989, as part of their storage system
upgrade program, Osmose permanently ciosed by removal two 12,000 gation and one 10,000 gallon
underground storage tanks (UST'’s) formerly associated with product production. Prior to closure
by removal, the three compartrentalized UST's (6 compartments totat) were utilized far the storage
of bulk deliveries of raw materials required in the manufacture of wood preservatives. Presented

below is a list of materials historically stored in the UST's:

Brushing Grade Creosote - stored until August, 1989

#2 Fuel Qil - stored until August, 1989

Mineral Spirits - stored until 1986 OH _ c—v"‘ tHa”
Isopropy! Alcohol & Diacetone mixture - stored until 1984 % P* }(»
Coal Tar - stored until 1964

During UST removal evidence of a release to the subsurface, believed to be #2 fuet oil and/or

brushing grade creosote, was discovered.

Osmose developed and submitted to the New York State Department of Environmental Conservation
(NYS DEC) an Interim Remedial Measure ({RM) work plan for contaminated soils which were
excavated during storage system closure. The goat of the IRM is to implement an in situ soil
treatment bioremediation (biocet). This IRM is being conducted under an Order of Consent, index
# B9-0314-90-01.

in June, 1990, Osmose was notified by the NYS DEC of their inclusion in the New York State
Registry of Inactive Hazardous Waste Disposat Sites. Number 915143 was assigned as the NYS
DEC site number. The site was classified as “2a". This temporary classification is assigned to sites

for which there is inadequate data to assess threats to public health and environment.

2-1




FIGURE 1

SITE LOCATION MAP

OSMOSE WOOD PRESERVING, INC.
BUFFALO, NEW YORK

voe 4
DT VR L NSl
f [ a ] R ]

E aeee— - L LRALBS A TCie, e ] oo
. Millard Fitimore Sl i - i

:  Hospital! _ 74‘.’:-,~ Al
| / ;- [ e
’ { i) Negca) | a3

Tm—h'ardin / Center / /e SE oY |4

Sch = 3 ook . o

i d 4 O/ 3

L

FERRY

o

'YMCf\

1l "
L woopLawn L

—&
o

EFRINEN
LB Ulbraeyl

EMwoon !

&JQ:.g (

ey L

1S i
51928 {Deaconess T

Y Stadium
y -1

Sy Y Y
AN
ST HENL YN

grieral vy gl -7

>
b

Playground

2-2

L]
L]
L&

(GROUNDWATER
TECHNOLOGY, INC.



|

2.2 Objectives
Osmose contracted Groundwater Technology, inc. (Groundwater Technology) to prepare a work

plan to investigate the extent of contamination at the Osmose faciiity. The work plan, titled
Subsurface Investigation Work Ptan for Osmose Wood Preserving, inc., Buffalo, New York, June,
1990, (Work Plan) was submitted to the NYS DEC. Acceptance of the Work Plan was transmitted in
a letter dated July 2, 1990 from Mr. Jaspal Walia, P.E. to Osmose. The Work Plan was developed
to satisfy the general requirements of a NYS DEC State Superfund Phase Il type investigation and

was not meant for consideration as a Remediai Investigation.

The objectives of the scope of work defined in the Work Ptan included:

» Identification of contaminants in solls and groundwater associated with product
release from the USTs,

a Delineation of the horizontal and verticat extent of the contaminants present, and

] Assessment of potential risks to human health and environment resulting from the
product release by performance of a Heaith and Environmentat Risk Assessment.

Health and environmental risk data was used to determine which transport medias require
remediation and to propose risk driven remediation goals for those media. The risk assessment was
developed to address the following:

= Soils within the soil treatment biocell (biocell) as part of the IRM,
[ Contaminated soils outside the soit treatment biocelt,

] Off-site soils along Ellicott Street adjacent to the site {off-site) and,
] Groundwater on and downgradient of the Osmose property.

The risk assessment report is presented in Section 6.0 of this document.

An additional objective of the Work Plan was to perform a broad based screening of remedial
alternatives which could be selected to abate conditions identified as posing potential risk to health
and the environment. A key efement of the remedial altermnative screening process is equating the
remediation goal to the technicat feasibility of obtaining that goal. Once the proposed remediation
goals have been accepted by the NYS DEC, or acceptable afternative goals negotiated, a detalied
screening of remediation technologies can be accomplished.

2-3




2.3 Workscope
As described in the approved Work Pian, the warkscope included the foliowing tasks:

Site Health and Safety Planning,

Field Investigation,

Sample Analysis and Validation,

Data Evaluation,

Health and Environmental Risk Assessment Preparation, and
Remedial Screening.

Included in the following pages is a detailed description of the results of the workscope as described
above. Details of specific procedures and protocols, or deviations from the approved Work Plan, are
included as required. Additional details of field procedures and QA/QC protocols can be located in
the Work Plan. |

As mentioned above, one of the objectives of the Health and Environmental Risk Assessmant was to

develop risk driven remediation goals for the biocelt IRM. The IRM design, installation, and
monitoring and maintenance details are not included in this Subsurface Investigation Report.

24



3.0 FIELD INVESTIGATION

3.1 Site Health and Safety Plan

A site and task specific Health and Safety Plan (HSP) was prepared by Groundwater Technology in
accordance with Occupationat Safety and Health Administration {OSHA) standard "Hazardous Waste
Operations and Emergency Response® guidelines (29 CFR 1910.120). The HSP was designed to
minimize exposure of Groundwater Technology employees and subcontractors to potentiatly
hazardous substances. In addition, the HSP provides a contingency plan in the event such
exposure should occur. A copy of the NYS DEC approved HSP is provided as Appendix E in the
Work Plan.

Ambient air monitoring was performed by the Groundwater Technology Site Safety Cfficer during all
site activities and community alr monitoring during att soit disturbance activities as detaited in the
HSP. Air monitoring included screening for Volatile Organic Compound’s (VOCs)’ and Airborne
Particulates.

A Photovac Microtip Photoionization Detector (PID) fitted with a 0.2 eV tamp was used to monitor
VOCs. Vapor Monitoring Logs, including sampling date, time, focations, and weather conditions are
included in Appendix B. Inspection of the iogs indicates that during the modified SGS, no
detectable levels of VOCs were measured in amblent air. During soit boring/monitor well instaliation
(refer to Section 3.4) non-detectable ievels of VOCs were typically encountered, however, severai
readings ranging from 0.2 - 2.3 ppmv were detected. All levels detected wera below the Threshoid
Limit Value (TLV) and Permissibie Exposure Limit (PEL). No work stoppages occurred due to vapor

emissions.

Also included in Appendix B are the Airborne Particulates sampliing iogs. A Miniram ® Sun Shield
Model PDM - SNS particulate meter was set at 150 ug/m’ above background as prescribed in the
HSP. Downwind particulate levels did not exceed this thrashold during soit disturbance activities.

All site work was performed in Level D protective equipment.

! VOC's was the only parameter monitored during the soil gas survey.
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3.2 Modified Soil Gas Survey

Modified Soil Gas Survey (SGS) is a quantitative, semi-qualitative anatysis which provides rapid and
cost-effective areal delineation of relative concentrations of volatiie and semi-volatile compounds

within the unsaturated soil zone.

The objectives of the SGS, performed at the Osmose site on August 23, 24, and 25, 1990, were:
] define the areal extent of volatile and semi-volatile organic vapors in the unsaturated
soil zone,

assist in selecting appropriate monitor well locations,

determine if levels were sufficiently high to enable efiective use of a portable field
gas-chromatograph (GC) during monitor weil installation, and

evaluate the potential of soil gas {vapors} as an off-site migration route.

In addition to the above stated objectives, results from the sail gas survey would be used to infer the
extent of Light Non-Aqueous Phase Liquid (LNAPL), if present. On August 23-25, 1990, soil gas
data were coliected from 17 vapor extraction points (VPs) located in the vicinity of the former tank
pit area, along the boundaries of the Osmose property and in the right-of-ways bordering Ellicott
Street. Figure 2, Soil Gas Survey Location Map, indicates the locations where soil gas was sampted.
As indicated on the location map, 3 vapor extraction points (VPs) were located atong the upgradient
(VP-15, VP-16, & VP-17), and downgradient (VP-5, VP-6 and VP-7) boundaries of the site as specified
in the Work Plan.

Soil gas collection was accomplished by driving a 1/4 inch diameter, hollow, stainiess steel probe
with a perforated point into the soil to a depth of 3 feet below grade and drawing a sample of soil
vapor. The volume of ambient air within the sampie probe was calculated and evacuated. Cnce
ambient air was evacuated, the soil gas was screened for VOC's using a Photovac Microtip
photoionization device. Charcoal sampling tubes were then connected 10 the staintess stee} probes
and a vacuum applied {(via a portable vacuum pump). A metered volume of soil gas was then drawn
through the charcoal tube. The fiowrate of the soil gas drawn through each tube was precisely
measured using a rotometer equipped with a needie valve to control flow. A stopwatch was utitized
to measure the sampling interval. Soil gas fiow rates and duration of pumping were carefully
recorded for each vapor extraction point. included in Appendix C is a summary of the sai gas
flowrates and pumping time intervals. The fiowrates far both volatile and semi-volatile samptes was

set at 1 liter per minute.
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Two (2) soil gas samples were extracted from each VP. The samples (carbon tubes) were sent to
the contract laboratory, GTEL Environmental Laboratories in Milford, NH for anatysis. As prescribed
by the laboratory, charcoal samples were not sent on ice to preciude condensation within the
sample tubes. One sample was analwéd for BTEX components which required a volume of 5 liters
of soil gas to be drawn through the charcoai tube. The second sample was analyzed by Moditied
NIOSH Method 1501 for Polynuctear Aromatic Hydrocarbons (PAHS). These samples required that
20 liters of soil gas be drawn through the charcoal tube.

Between each soil gas sampling location the stainiess steel probes were thoroughly decontaminated
with an Alconox and water solution, rinsed with clean water, then with methanot, and finally purged

with flame to remove moisture and trace volatiies. The probes were then allowed te cool.
A summary of the soil gas survey analytical resuits are presented in Section 4.2, Table 4-1.

In compliance with the Work Pian, several soil gas samples were obtained for quality control
purposes. The intent of the internal guality control pragram was to detect potential problems at
the source and, if necessary, trace the sampla anatytical pathways for introduction of contamination.
The quality control data generated in the field was used to monitor sampling technigue,
reproducibility and cleanliness. The quality control sampies included:

two blank samples,
one equipment blank,
one trip blank, and,

n one blind duplicate sample (VP-18).

All blanks and duplicates were sampled and analyzed for both BTEX and PAH components.

The purpose of the equipment biank was to assess the potentiat for carryover contamination on the
sample probes and within the tubing between the probe and the carbon sampiing tubes. These
blanks were obtained using the identicat probes and vacuum pump apparatus used to obtain the soil
gas samples, the only difference being that ambient air, rather than soit vapor, was drawn through
the tube. These blanks were subsequently handied and analyzed in a similar fashion to the soil vapor
samples. ‘




A trip blank sample was obtained 10 detect external sources {ie., ambient air} of contamination and
sampling tube cleanliness. The sample was prepared by breaking off the ends of the charcoal tube,
then immediately recapping them. The trip blank accompanied the soil vapor samples from the
point of sampling to the final laboratory analysis.

A blind duplicate was extracted at vapor point VP-6. The purpose of the blind duplicate was to
insure the precision of both field and {aboratory measurements. The biind dupticate (fabeted VP -
18) was handled and analyzed in a fashion identicat to that of the other samples.

3.3. _Surface Soil Grab Samples
At each soil vapor extraction point, a grab sample of soit was obtained from the surface. All grab

samples were collected using a clean stainless steel spade. The soil was placed into appropriate

glass containers. The samples were subsequently placed on ice and shipped ovemight 1o the

contract laboratory. All sampies were stored at the laboratory awaiting the results of the soit gas

survey. After review of the soil gas survey resuits, six of the soit samples were chosen for anatysis /T
of Priority Pollutant Metals [(PPM) Total Metats as per SW 846]. Three (3) of these soil samples

were analyzed from an area located downgradient of the presumed source area (VP-5, 8 and 13).

The remaining 3 soil samples were taken from areas focated upgradient from the presumed source

area (VP-15, 16, and 17).

Laboratory analytical reports from the soit grab sampling event are summarized in Section 4.3. Also

included is a discussion of the results.

3.4. Soil Borings/Monitor Weli Instatiation

3.4.1 Soil Boring Installation

To aid in the determination of the vertical and horizontat extent of adsorbed and dissolved phase
contamination, soil borings were compieted within the overburden. Seven (7) soit borings were
installed from October 1 through October 16, 1990 by Groundwater Technology utilizing a Mobile B-
61 hollow-stem auger drill rig. The locations of these borings were based upon a review of existing
groundwater gradient data and the resuits of the soit gas survey. Borings completed in this phase of

the investigation were located as foliows:

(] one (1) upgradient of the former tank pit (MW-8),

| three (3) downgradient of the former tank pit area (MW-9, MW-10, and MW-11).



two (2) borings instalied as a cluster located immediately downgradient of the
former tank pit area (CW-1 & CW-2)

one (1) soil boring within the bedding of an existing storm sewer jine (SB-1).

The 3 downgradient borings were placed within the right of ways bordering Ellicott Street. Sail
boring SB-1 was installed within the sewer bedding located just west of the centertine and beneath
Ellicott Street. Soil boring and monitor well locations are shown on Figure 3, Monitor Weit Location

Map.

Borings MW-8 and CW-1 were completed as described in Section 6.2.2 of the Work Plan. These
borings were advanced through the uppermost clay layer into the underlying sands and silts until an
aquitard (MW-8) or bedrock (CW-1) was reached. Boring CW-2 and SB-1 were also completed in
accordance with the Work Plan. Boring CW-2 was completed within the upper clay iayer adjacent to
CW-1, while §B-1 was completed within the sewer bedding tocated beneath Ellicott Street. A third
well in the cluster was proposed in the Work Plan. The third well in the cluster was proposed which
would be screened at an intermediate depth below the clay horizon to.a lower confining aquitard, if
present. This intermediate cluster well was not necessary due to the absence of a substantiat
aquitard between the upper ctay iayer and bedrock (refer to Section 4.1, Geotogic Evaluation).

Due to the unexpected dep{h to bedrock (63 feet} found at boring CW-1 and the lack of an
intermediate confining layer between the upper clay layer and bedrock, the criteria for determining
the depth of the remaining borings (MW-8, MW-10, and MW-11} presented in the Work Plan was
amended as follows:

Each boring was advanced through the upper ciay layer into the undentying sands
and silts to a minimum of 25 feet, unless an aquitard was intersected before that
depth.

Each boring was advanced until field screening resuits indicated non-detect soit
readings then continued 5 feet beyond that depth.

These amends were developed with Mr. Jerry Pietraszek of the NYS DEC during a telephone
conversation on the evening of October 3, 1990. The results of this conversation were also
discussed with Mr. Jaspal Watia, P.E., Senior Sanitary Engineer, NYS DEC. Mr. Walia indicated

these amendments were acceptabie.
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3.4.2_Subsurface Soll Sampling

During instaffation of the soil borings, subsurface soil samples were coltected. The objective of the
soll sampling program was to determine the lithology of the soils and the presence or absence of
any volatiles, semi-volatiles, and Inorganic compounds which may exist in the solt matrix and define
their vertical and horizontal distribution.

Soil samples were collected continuously at 2 foot intervals for each sol boring using standard sphit-
barrel sampling tubes. The soll samples were visually ciassified and field scresned for VOCs utllizing
a Photovac Microtip PID. A portable PID was used rather than a field gas chromatograph (GC)
based on the results of the modified SGS (refer to section 4.2). As described In Section 6.2.3 of the
Work Plan, the PID was used to determine which soil sample from above the water table in sach soll
boring would be sent to the laboratory for analysis. In addition, soil samples from below the
air/water interface were collected and sent fo; analysis. Presented in Table 3-1 below Is a summary

of the locations and depths from which the soil samples were taken.

TABLE 3-1

SUBSURFACE SOIL SAMPLE LOCATIONS
October 1-16, 1930

__ANALYSES =
WELL SAMPLE BTEX ~ PAR 1" PPM
LOCATION | DEPTH EPA 8020 | EPAB3IG | - -
MW-8 -4 X
16'-18'
MW-9 4'-¢'
10'-12'
30'-32'
6'-8'
10-12'
4'-6'
10'-12'
6-8'
8'-10'
30'-32'
62'-64’

Cw-2 6'-8'

SB-1 4'-6

BLIND 10'-12'
DUPLICATE"

X XXX X X X[X XX X[>x % x[x x
HNIX XX X X XX X[X xX|[X x x|

* = Blind duplicate sample of MW-11
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Laboratory reports of the soil analyses are included in the Laboratory Analyses from the Subsurface
Investigation Work Plan, January, 1991, previously published undey separate cover.

Soil boring logs are Included W Appendix D. A discussion of site geclogy Is inciuded in Section 4.1
of this report.

3.4.3 Monitor Well Installation

Each of the soil borings Instalted during this phase of the investigation was completed as a monitor
well with the exception of SB-1. The objective of completing the solt borings as monitor weils was
to allow for definition of any dissoived and/or separate phase contaminant plumes.

Each monitor well was constructed of 2 inch diameter fibergtass reinforced epoxy (FRP) weil screen
and casing with flush-threaded joints. FRP construction was chosen for chemical compatibility
reasons based upon review of the materials formerly stored in the USTs. This material assures the

collection of representative sampies of the groundwater in the formation surrounding the well,

With the exception of cluster welt CW-2, at each monitor weil location the screened interval was
placed within the sands and silts below the upper clay fayer (refer to Section 4.1, Geologic
Evaluation). At CW-2 the screened interval was within the upper clay layer. At CW-1 the screened
interval lies directly above the bedrock {63') and extends only 5 fest (58'-63' below grade). Each
well was completed with an appropriate sand pack extending approximately 2 feet above the well
screen followed by a 2 foot bentonite seal. The well was then grouted to the surface as specified in
the Work Plan. Each well was then finished at grade in a water-tight road box which was cemented
into place. Construction details of the individual monitor wells are presented in the Soil Boring
Logs, Appendix D. Screened intervais of each monitor well are summarized below in Tabie 3.2.

TABLE 3-2

MONITOR WELL SCREENED INTERVALS

MONITORING SCREENED INTERVAL *
WELL ID (feet below grade) .
Mw-8 16.0 - 21.0
MW-9 8.0 - 28.0
MW-10 11.0-25.0
MW-11 9.0 - 16.0
CW-1 57.0-62.0
CW-2 1.5-55
3-9




3.5. Groundwater Monitoring and Sampling

3.5.1 Monitor Well Development

Following installation, development of the monitor welts was performed by repetitive surging and
bailing, as described in Section 6.2.4 of the Work Plan. A dedicated tefion bailer was
decontaminated with an alconox sofution, rinsed with clean water, nitric acid soiution, distilled water,
methanal solution, and finally rinsed with distiiled water solution prior to balling each well. An H.F.
Scientffic field turbidity meter was calibrated using Formazin standards of 198, 18.8, and 2.0
Nephelometric Turbidity Units (NTUs). Due to the low recharge of groundwater, Groundwater
Technology field personnel were unabie to devetop the welis ta a level below 50 NTUs as specified
in the Work Plan. On October 31, 1990, Mr. Vincent Dondelinger of GTEL Environmental
Laboratories, Milford, NH (contract {aboratory) was consuited and confirmed that high turbidity
(>200 NTU's) would not effect any of the required laboratory anatyses as the samptes are
centrifuged prior to analysis. Groundwater Technology was informed by Mr. Jaspat Walia, P.E. and
Mr. Jerry Peterzack of the NYS DEC that the 50 NTU iimit for water analyses as specified in the
Work Plan was a guideline that could be waived by the contract laboratory i it could be determined
that the turbidity would not adversely affect the anatytical resuits.

On November 2, 1990, the wells were devefoped. Included in Appendix E is a summary of welt
development details, including the approximate number of gations removed from each well, the initiai
turbidity value prior to development (eqdilibrium), and the turbidity values recorded directly after weli
development.

All development water removed from the wells was stored in DOT approved 55 gallon drums on site
until sufficient quantities existed for proper treatment and disposat.

3.5.2 Groundwater Sample Collection

As outlined in Section 6.2.5 of the Work Plan, Groundwater Technoiogy originally praposed 3
sampling events. Two (2) abbreviated groundwater sampting events would be performed after the
initial 5 well sampling event. in each of these 2 abbreviated groundwater sampling events,
groundwater samples would be coilected from 1 upgradient and 2 downgradient monitor wells. The
purpose of these 2 additional sampling rounds was ta evaluate potential trends in contaminant levels
which could impact the exposure assessment portion of the proposed Risk Assessment {refer to
Section 6.0, Risk Assessment}. In December 1890, Envirologic Data (ELD), a Division of
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Groundwater Technology, contracted to perform the risk assessment, informed Groundwater
Technology that a more useful and representative data package would be obtained by sampling all 5
monitor wells 1 additional time rather than 3 monitor wells 2 additional times. Groundwater
Technology obtained permission from Mr. Walia to modify the groundwater sampiing events
accordingly to accommodate coltection of a more usefut data package. To specify the proper
QA/QC requirements for the modified sampling plan, Groundwater Technology contacted Mrs.
Maureen Serafini, Environmental Chemist for the NYS DEC. Mrs. Serafini approved of the
modifications and recommended that the additional groundwater samples be analyzed and validated
according to the NYS DEC Analytical Service Protocot (ASP), Category A. This recommendation
was agreed upon by Osmose and Groundwater Technology in order to obtain t set of ASP data in
the event that defensible data becomes necessary in the future.

The first groundwater sampling event was conducted on November 9, 1990. Prior to collecting
groundwater samples, Groundwater Technology's field technician purged each welt of approximatety
5 well volumes of water or until the well was bailed dry. A dedicated teflon bailer was used for this
purpose. Wells were bailed and sampled from the expected lowest hydrocarben concentrations to
the highest in order to minimize the pessibility of cross contamination. These procedures insured a
more representative groundwater sample at each well location. Decontamination procedures
between monitor wells were followed as described in Appendix D of the Work Plan. Water samplas
were collected from MW-8, MW-8, MW-10, MW-11, and CW-1 as described in Section 6.2.5,
Groundwater Sample Collection, and Appendix D, Project Specific QA/QC Plan, of the Work Plan.
Laboratory analyses conducted on water samples cotlected during the first sampling event included
BTEX by Modified Method 602, PAHs by EPA Method 610 and hardness. A water sampie collected
from CW-1 was analyzed for the Target Compound List {TCL) anatytes (organics and inorganics)
using non-CLP approved protocols. The TCL included the foltowing analyses:

] Base/Neutral/Acids (B/N/As)

(] Pesticides and PCBs by EPA Method 8080
= Volatile Organics by EPA Method 8240, and
] Inorganics (Total Metals).

In addition, water samples from 1 downgradient weit (MW-11) and 1 on-site well (CW-1) were
analyzed for Priority Pollutant Metals (PPM}. A chart summarizing the respective laboratory analyses
performed on groundwater samples from each monitor well is presented below as Tabie 3-3.

Field analyses of temperature, pH and conductivity were also performed on each of the water
samples. Collected samples were then packed in ice and mailed via overnight courier to GTEL. A
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summary of the analytical results and discussion are presented in Section 4.6 of this document.
Data validation was performed 1o satisfy the NYS BEC's reguirements for non-CLP methods
according to EPA SW-846 on ail sampiing events.

Laboratory reports and the Data Validation Reports have been forwarded to Osmose and the NYS
DEC under separate cover.

TABLE 3-3

FIRST GROUND WATER SAMPLING DETAILS
November, 1990

[ MONITOR | BTEX PAH. . |HARDNESS} ~ TCL PPM .
| WELL ID | EPAMod 602 | EPAB1O S '
MW-11 X X X X
MW-10 X X X
MW-9 X X X
MW-8 X X X X
CW-1 X X X X X
BLIND DUP. X X X X X
SMPL BLANK X X X
TRIP BLANK X X X X X
FIELD BLANK X X X X

The second groundwater sampling event was conducted on January 10 and 11, 199t. Based upon
Mrs. Serafinl's recommendations, groundwater samples were analyzed and reports gensrated which
conformed to NYS DEC ASP, Category A protocols.

Analytical methods prescribed by ASP, Category A differed from the pravious analyses (first
groundwater sampling event) in that EPA Method 8010/8020 (Purgeable Halocarbons/Aromatic
Volatile Organics) and EPA Method 8310 (PAHSs) are used rather than Modified EPA Method 602 and
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EPA Method 610, respectively. Table 3-4 below provides a summary of the respective ASP,
Category A laboratory analyses performed on groundwater samples collected from each monitor

well during the second groundwater sampling event.

TABLE 3-4

SECOND GROUND WATER SAMPLING DETAILS
ASP CATEGORY A
January, 1991

_MONITOR [VOLATILES|  PAH .. |RARDNESS|HALOCARBONS| TOTAL " |
CWELLID | EPAS020 | EPAB3IG | | ¢ EPABOTO | METALS
MW-11 X X X X X
MW-10 X X X X X
MW-9 X X X X X
MW-8 X X X X X
CW-1 X X X X X

BLIND DUP. X X X X X
FIELD BLANK X X X X X
EQUIP BLANK X X X X X

TRIP BLANK 2X 2X

Field analyses of temperature, pH, and conductivity were also performed on each of the water
samples. Samples were then packed in ice and mailed via overnight courier to GTEL. A summary
of the analytical results and field analyses is also presented in Section 4.6 of this document.
Laboratory reports and the data validation report are included under separate covers.
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3.5.3 Groundwater Elevation Survey

Prior to purging each well during both groundwater sampling events, each well was gauged to
determine depth to groundwater using an Electronic Interface Probe. The interface probe is capable
of gauging the depth to groundwater/product with an accuracy of +/-0.01 feet. Ail depth to water
data were converted to groundwater elevations using an arbitrary benchmark elevation of 100 feet.
This information was used to develop groundwater gradient maps and to compare data to previously
obtained values. A discussion of site hydrogeology, including groundwater gradient maps are
included in Section 4.4. of this report.

3.6 Sample Management and Quality Controt

The sample management and quality contral sampting performed during the implementation of this
work scope followed the approved Work Ptan as specified in Appendix D, Project Specific QA/QC
Plan. Proper chaln-of-custody procedures were empioyed throughout. The sampie preservation,

equipment decontamination and laboratory tracking ati followed the prescribed procedures.

The quality control sampling that was performed is shown in Table 3-5. The data validation reports,
provided under separate cover, indicate any deviations or problems encountered relating to the

sample handling and quality control for this work scope.



TABLE 3-5
QUALITY CONTROL SAMPLING SUMMARY

TASK/TYPE OF SAMPLE MATRIX ANALYSES NUMBER OF SAMPLES
MODIFIED SOIL GAS

SURVEY

Trip Blank i EPA 610, BTEX by 602

Blind Duplicate i EPA 610, BTEX by 602

Equipment Blank EPA 610, BTEX by 602

SURFACE SOIL GRAB

SAMPLING

Trip Blank Priority Pollutant Metals
Blind Duplicate Priority Pollutant Metals
Equipment Blank Priority Pollutant Matals

SUBSURFACE SOIL SAMPLING

Trip Blank Priority Pollutant Metals, EPA 8020,
EPA 8310

Blind Duplicate EPA 8310, BTEX by 8020

Equipment Blank Priority Pollutant Metals, EPA 8020,
EPA 8310

GROUNDWATER SAMPLING

FIRST ROUND

Trip Blank Gas. Hydrocarbons by 602, EPA 610,
Priority Pollutant Metals, Hardness

Blind Duplicate Gas. Hydrocarbons by 602, EPA 610,
Priority Pollutant Metals, Hardness

Equipment Blank Gas. Hydrocarbons by 602, EPA 610,
Priority Pollutant Metals, Hardness

SECOND ROUND

Trip Blank EPA 8010 and 8020

Blind Duplicate EPA 8010 and 8020, EPA 8310,
Priority Pollutant Metals

Equipment Blank EPA 8010 and 8020, EPA 8310,
Priority Pollutant Metals

Field Blank EPA 8010 and 8020, EPA 8310,
Priority Pollutant Metals




4.0 FIELD INVESTIGATION RESULTS
Presented in the following sections are the resuits of the field investigation. The field investigation
was developed to define the types of chemicat hazards existing at the Osmose facility, and their
vertical and horizontal distribution. Imperative to the discussion of the results of specific Work Plan
tasks is a general understanding of the site geology. The regional and site geology are therefore
discussed first, to be used as a reference for following sections. The remainder of the sections

follow in chronclogical order, as they occurred.

4.1 Geologic Evaluation

4.1.1 Regional Geology
Unconsolidated deposits in the region consist of glacial till, glaciat outwash, fine grained glaclal lake
deposits, recent swamp deposits, and altuvium. The glacial lake deposits are composed of fine

sand, silt and clay.

The bedrock in the area of investigation is the Onondaga Limestone. Structuratly, the Onondaga
Limestone dips gently to the south-sowthwest (Staubits and Miller, 1887) and has been encountered
at depths ranging from above surface elevation {(outcrops along Kensington Expressway) to 63 feet
below grads (this investigation). The upper surface is typically imegular and contains deeply incised
glacially carved channels, sink hoies and solution features.

4.1.2 Site Geology

As indicated in the well logs and Geologic Cross Sactions, (Figure 4), the site is underain by
approximately 63 feet of unconsolidated clay, siit, sand and gravel deposits which rest directly upon
the Onondaga Limestane. These deposits are faifty typical of glacial deposits of the area, and
exhibit varied permeability. The area of highest relative permeability is the fill material (focated in the
upper few feet of section) and the native sand and gravel deposits. An upper clay horizon with an
upper boundary located approximately 5 feet betlow grade, provides the least permeabie zone
observed. This upper clay, composed primarily of extremety iow permeabiiity glaciat take deposits,
was encountered in all wells drilled and ranges in thickness from approximately 4 to 8 feet. The
glacial ilake deposits grade downward to coarser grained glacial outwash deposits at approximately
10 feet below grade (refer to well iogs of CW-1, MW-1, MW-2, and MW-7). The well log from CW-1
indicates that stratification within the glacial outwash occurs throughout the section to the total
depth of 63 feet. interstratification of glacial take and outwash deposits was encountered between
10 and 15 feet in MW-10 and between 20 and 25 feet in MW-8. The contacts, based on the weli

logs, are clearly marked with correlation lines in the cross sactions, Figure 4.
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4.2 Modified Soil Gas Survey Results

The initial field work step at the Osmose'site was the performance of a modified soil gas survey.
The results of the modified SGS are summarized below n Table 4-1 and presented on Figure 5.
Only 1 of the 18 soil vapor samples, VP-12, contained detectable levels of volatite hydrocarbon
vapors. Vapor point VP-12 which measured 19 mg/m3 was located in the right-of-way on the east
side of Ellicott Street adjacent to P & R Wire Forming, inc.

SGS data cotlected from the farthest downgradient vapor extraction points, VP-12, VP-13, and VP-14,
compares well with PID readings collected during the instailiation of MW-11. tnspection of the soil
boring well log for MW-11 (included in Appendix D), indicated that no VOCs were detected during
monitor well instaliation. Similady, taboratary analyses from soil samples coliected during MW-11
installation (refer to Table 4-4, Section 4.5) indicate non-detectable levels of BTEX and 0.072 mg/kg
total PAH (at 4’ - 6’ below grade) were identified. Soils containing this iow level of semi-volatile
PAHs would not be expected to be detscted using soil gas survey techniques.

A good correlation exists if SGS results from VP-5, VP-8, VP-9,VP-10 and VP-11 are compared with
the drilling logs and soils analysis from soits collected during instaitation of MW-8 and MW-10. Soil
gas results, laboratory analysis of scil samples taken from soit sampias 10 a depth of 32’ below
grade, and PID readings recorded during monitor well installation indicates non-detectable levels of
BTEX and VOCs. The same soil samples indicated iow levels (0.006 - 0.024 mg/kg) of PAHs, which
again would not be detected using a soil gas survey.

Soil gas samples from vapor points VP-4, VP-6 and VP-7, which are located between downgradient
monitor well MW-3 and on-site wells CW-1, MW-3, MW-5, and MW-5, and MW-7 indicated non-
detectable levels of BTEX and PAHs. These results are justifiable based on the vapor paoints location
between MW-9, which generally exthibited non-detectable contaminant levels as described above,
and inspection of the drilling logs from the wells just downgradient of the former tank pit installed in
June, 1989 (MW-3, MW-5 and MW-7).
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MODIFIED SOIL GAS SURVEY ANALYTICAL SUMMARY

TABLE 4-1

(MG/M3)

VEP BENZENE |TOLUENE |ETHYL-  IXYLENES |- BTEX '] TOTAL--

| . |BENZENE |(tota) | - | PAHs .~
VP-1 ND ND ND ND ND NA
VP-2 ND ND ND ND ND ND
VP-3 ND ND ND ND ND ND
VP-4 ND ND ND ND ND ND
VP-§ ND ND ND ND ND ND
VP-6 ND ND ND ND ND ND
VP-7 ND ND ND ND ND NA
VP-8 ND ND ND ND ND NA
VP-9 ND ND ND ND ND NA
VP-10 ND ND ND ND ND ND
VP-11 ND ND ND ND ND NA
VP-12 ND 4 5 10.3 19 NA
VP-13 ND ND ND ND ND NA
VP-14 ND ND ND ND ND NA
VP-15 ND ND ND ND ND ND
VP-16 ND ND ND ND ND ND
VP-17 ND ND ND ND ND NA
VP-18* ND ND ND ND ND ND

EQUIP BLANK ND ND ND ND ND ND

TRIP BLANK ND ND ND ND ND ND

* = Blind duplicate of YP-6

ND = Not detected by analytical method

NA = Not analyzed
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Soil gas samples from VP-1, VP-2 and VP-3, iocated immediately downgradient from the former tank
pit also showed non-detectable levels of BTEX and total PAHs. These results correlate well with the

non-detectable levels of BTEX which were reported on soil samples taken from CW-1 and CW-2 at
6'- 8' below grade.

Based upon the limited results from the volatile compound analysis, sight soif gas sampies were
chosen for analysis of the semi-volatite PAHs; two upgradient locations (VP-15, VP-16), three
downgradient locations (VP-5, VP-6 and VP-10) and three jocations adjacent to the former tank pit
(VP-2, VP-3, VP4). A blind dupficate of VP-6 {labeled VP-18} was atso analyzed for PAHs for
QA/QC purposes along with an equipment blank and trip blank. No PAHs wera detected in any of
the samples analyzed. '

Drilling logs from monitor wells MW-3, MW-5, and MW-7 (previously instalied), indicated P!D levels
from 0 - 1 ppmv from soils abave the groundwater table. However, P{D measurements taken from
soil samples collected below the water table showed that the most highly impacted soils were
encountered at 9 feet below grade at or below the contact with a continuous clay layer (soil boring
logs from monitor wells MW-3, MW-5, and MW-7 are included in Appendix D). The clay was
observed in all wells drilled and appears of sufficient thickness to provide a physicat barrier to vapor
migration.

In summary, the results of the soil vapor gas survey show that:

» Hydrocarbon vapors were not present across Ellicott Street (east of sita) with the
exception of VP-12. The levels at VP 12 are not believed to be assoclated with the
Osmose site.

a Hydrocarbon vapors were not present in the right-of ways bordering Ellicott Street.

a Hydrocarbon vapors were not present upgradient (west) of the Osmose facility.

] Contaminants in the area of MW-8 (refer to Section 4.5, Subsutface Sait Sampling
Results) were not volatile enough to be detected by the vapor points VP-15 and VP-
16.

] A physical barrier (clay layer) may be preventing contaminant vapors from reaching

the surface in some areas where they exist on site.

[ Soil gas (vapors) do not exist at sufficient levels to be considered as an exposure
pathway, and
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] Soil gas was not preseni in sufficient quantity to warrant the use of a field gas
chromatograph (GC) rather than a portabie PID fitted with a 10.2 eV famp during
drilling activities.

In conjunction with the modified SGS, grab samples of surface soils were cotlected to test for

inorganic metals in the surface soils. The tesuits of the surface grab sampie analyses is presented
in the following section.
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4.3 Surface Soil Results

Surface soil grab samples were collected at each vapor extraction point tocation (which was not
paved over with asphalt or paured concrete) and sent o GTEL Environmental Laboratories in
Milford, NH. After review of the laboratory resuits of the modified SGS, selected soil samples weate
authorized for analysis. Soil grab samples were analyzed for pricrity poliutant metais according to
Test Methods for Evaluating Solid Waste, SW-846.

Samples authorized for analysis included:

] three (3) upgradient locations (VP-15, VP-16, VP-17)
three (3) downgradient iocations (VP-5, VP-8, ¥P-13)
one (1) blind duplicate of VP-13 {labeled YP-19)
one (1) trip blank
one (1) field blank

A summary of the soil grab sampie analytical resuits showing the ievels of priority potiutant metats

detected at each vapor point is presented in Table 4-2.

To evaluate possible inorganic indicators of contamination, the analytical resulis were compared to
background levels of inorganic elements in Eastemn U.S. soits. Typical average background values
and their ranges are summarized in Table 4-3. Based on the average typical background
concentrations, all metals tested at ali sampled locations are within averaga ranges, with the
exception of lead at VP-5 (810 mg/kg), YP-8 (610 mg/kg) and VP-15 (820 mg/kg} and zinc at VP-15
(860 mg/kg) and VP - 17(450 mg/kg). VP-15 and VP-17 are iocated upgradient (west) of the
Osmose facility in an area where a former public garage existed (Buffalo Base Zone Map No. 26,
September, 1933). The area is currently an abandoned fot which is sometimes used for parking.
Given the former land uses in the vicinity of the property, these lead and zinc values are not
considered out of the ordinary.

Further discussion of the surface soil grab sampling results is included with the Subsurface Soil

Sampling Results in Section 4.5.




TABLE 4-2

SURFACE SOIL GRAB SAMPLE
ANALYTICAL RESULTS SUMMARY

_.PRIORITY POLLUTANT METALS (mg/kg) . = - c

METAL | vP-5 VP-8 ‘I VP-13 | VP-15 | VP16 | VP-17 | VP-18 | TRIP | FIELD

bbb | BLANK | BLANK
Antimony ND ND ND Nfs ND ND ND ND ND
Arsenic 17 36 4.1 18 3.9 3.0 3.8 ND ND
Beryllium ND ND ND ND ND ND ND ND ND
Cadmium 1.2 1.1 ND 2.5 ND 0.92 ND ND ND
Chromium 32 19 14 33 14 11 14 ND ND
Copper 41 64 52 73 30 27 53 ND ND
Lead 810 610 200 820 310 410 260 ND ND
Mercury 0.68 1.9 0.30 1.2 1.1 0.88 ND 1.3 ND
Nickel 11 18 22 21 ND 12 21 ND ND
Selenium 0.65 0.84 ND 1.1 ND ND 0.57 ND ND
Silver ND ND ND ND ND ND ND ND ND
Thalllum ND ND ND ND ND ND ND ND ND
Zinc 380 270 140 860 380 450 170 ND ND

ND = Not detected by analytical method
Priority Pollutant Metals as per Test Methods for Evaluating Solid Waste, SW-846
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TYPICAL METAL CONCENTRATIONS
IN EASTERN U.S. SOILS*

ELEMENT

RANGE (mg/kg) :

Aluminum
Arsenic **
Barium
Berrylium **
Boron
Cadmium **
Calcium
Chromium
Cobait
Copper

Iron

Lead
Lithium
Magnesium
Manganese
Mercury
Nickel
Palladium
Selenium **
Sodium
Strontium
Vanadium
Zinc

7,000 - 100,000
1-50
15 - 1,000
3-40
<10 - 150
<1-7.0
<100 - 160,000
1-100
<3-70
<t - 150
100 - >100,000
<7 - 300
<5 - 136
50 - 50,000
<2 - 7,000
0.0t -34
<3-700
Not Reported
0.01 -2
<200 - 15,000
<5 - 700
<5 - 300
<5 - 400

* Connor, Jon J., and Hanstord T. Shacklette; Background Geochemistry
of Some Rocks, Soils, Plants, And Vegstabies in the Contarminous

United States; United States Geological Survey, Professiona! Paper 574-F; 19

** Baker and Chesnin, 1975; Advances in Agronomy 27:305-374




4.4. Hydrogeologic Evaluation

4.4.1 Regional Hydrogeology

A review of hydrogeologic reports of the area determined that ;he groundwater circutates through a
regional flow system in a north, northwest direction from the Appalachian Uplands to the Erie-
Ontario Lowlands, where it discharges near Tonawanda Creek. The glacial depaosits recharge the
soluble limestone bedrock (ie., Onandaga Limestone) by percolation into joints, fractures and
solution channels. The zone of fracturing and solution that foliows the upper surface of the sotubte
limestone rocks has been observed to be in hydraulic continuity with the glacial deposits (LaSala,
1968). Local secondary flow systems exist which discharge to tributary streams.

The transmissivity of the glacial deposits ranges from very iow for the lake bed sediments and glacial
till to very high (600,000 gpd per foat) for the outwash sand and grave! deposits. The Onandaga
Limestone transmissivity varies greatly depending upon the amount of solution channels present.
Reported values range from 300 to 25,000 gpd per foat.

4.4.2 Site Hydrogeology

In order to construct a groundwater contour imap of the unconsolidated glacial aquifer, top of weit
casing elevations were surveyed in the field by a Groundwater Technology survey team. All
elevations were made relative to a setected arbitrary benchmark of 100G feet. Groundwater contour
maps for the two gauging dates (November, 1990 and January, t991) are included as Figures 6 and

7. The groundwater gradient in the shaliow overburden welis was towards the east.at approximately

O.SMdient is toward"s the e;;t due to the {ocal influence of a small broead V-shaped
knoll, just to the west of the site. The monitor well data suggests that the smail knoli and
associated glacial stratification in the subsurface is exerting hydraulic controls on the groundwater
gradient at the site.

The hydrogeclogic evaluation of the site suggests that a complex aquifer system exists beneath the
site. Groundwater levels in the upper portion of the overburden aquifer range from 7 to 9 feet below
grade. Groundwater in the deep averburden weli (CW-1) was encountered at approximately 26-27
feet below the surface, indicating that-a éteep vertical gradient exists within this unit. Possible
reasons for the downward verticat gradient observed in CW-1 include:

- Existence of a perched condition in arr upper aquiter




Unrestricted or partially restricted overburden aquifer groundwater drainage into the
bedrock (recharge zone). This condition may be due to extensive sotution channels
in the bedrock.

A low permeability zone through which CW-1 is screened.

Well construction differences.
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FIGURE 7
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Inspection of boring logs and tithologic cross-sections obtained from the United States Department
of Interior Geological Survey, Water Resources Division revealed similar groundwater elevation data.
Two (2) monitor wells located near the intersection of Best and Main Streets indicated groundwater
at approximately 15-26 feet below grade. Additional monitor wells iocated near the intersection of
North Hampton and Main streets indicated groundwater elevations from between approximately 5-15
feet below grade.

Due to the environmental nature of this investigation, all wells except CW-1 were screensd through
the upper portion of the unconsolidated glacial aquifer to evaluate separate phase and dissolved
phase BTEX and PAMs (refer to Monitor Weli Screened intervals; Table 3-2). Well CW-t was
constructed to assess vertical distribution of dissolved-phase PAH and evatuate the general chemical
characteristics of the groundwater at depth. Therefore, CW-t was screened onty through a five (5)
foot Interval at the base of the unconsolidated section. For this reason and because CW-1 was the
only well to penetrate the lower portion of the aquifer, thorocugh evatuation of the causes of the steep
vertical gradient could not be conducted.

A preliminary evaluation was performed by review of the stratification and texture of the sediments in

CW-1. This review determined the following:

[ A potential low permeable, 2 to 4 foot thick, clay tayer was observed at 32 feet in
CW-1. The lateral continuity of this layer is unknown.

[ The texture of the screened intervat in CW-1 deoes not appear to be of low
permeability .

Groundwater hardness (as CaCO,) was also evaluated to assess if there were any variations which
could be used to assess source areas of the groundwater encourntered in the individual wells. A
comparison of regional wells that penetrate the surficial unconsolidated deposits and those that
penetrate deep unconsolidated deposits (and the Onandaga Limestone) indicates that hardness may
exhibit considerable variations due to surface water infiftration (La Sala, 1968). The hardness values
obtained at the site (refer to Section 4.6, Table 4-12, Hardness in Groundwater) show a majority of
values which are midway between the expected range and therefore are largely inconctusive in
determining the groundwater source. The anomalously low vaiues determined for MW-8 (first
sampling event) and CW-1 (second sampling event), however, suggest that infittration of surface

water may be occurring at depth in portions of this aguifer.

A conclusion concerning the cause of the vertical gradient can not be determined at this time.
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4.5 Subsurface Soil Sampling Resiits

Soil boring samples were collected and anatyzed for PAHs by EPA Method 8310, and Aromatic
Volatile Organics by Modified EPA Method 8020 from ali boring locations. Soil samples at MW-8,
MW-9, and MW-10 were also analyzed for Priority Pollistant Metais {refer to Table 3-1, Subsuriace
Soil Sample Locations). Sample intervals from 2 to 64 feet were evaluated. Complete copies of the
laboratory analytical reports can be found in Laboratory Analysis from the Subsurface Investigation
Work Plan, January 1991, published under separate cover. A summary of the PAH and Aromatic
Volatile Organics analytical results are presented in Table 4-4.

Table 4-5 presents a summary of the taboratory results for the individuat constituent compounds
detected and the concentration of those analytes. tncluded is the analyte name, its relative

complexity (carbon#) and depth interval analyzed.




TABLE 4-4

SUBSURFACE SOIL ANALYTICAL SUMMARY

(MG/KG)
MONITOR SAMPLE TOTAL TOTAL | TOTAL. °
WELL ID INTERVAL PAH BTEX H-C
MW-8 24 500.9, ND 49
16'-18' 0.005 ND ND
MW-9 4-6' 0.006 ND ND
10'-12’ ND ND 4.4
30'-32' ND ND ND
MW-10 6'-8’ 0.042 ND ND
10'-12' 0.024 ND ND
MW-11 4'-¢' ©0.072 ND ND
10°-12' - ND ND ND
CW-1 6'-8' 106.42 ND 5.5
g8'-10' 397.55 4.4 170
30'-32' 0.182 ND 55
62'-64' 3.33 ND ND
CW-2 6'-8' 58.54 ND ND
SB-1 4'-¢' 0.026 ND ND
Blind Dup.* 10'-12' 0.25 ND ND

ND = Not detected by analytical method

PAH = Sum of Polynuclear Aromatic Hydrocasbons per EPA Method 8310

Total H-C = Sum of BTEX, Misc. Aliphatics (C4~C12}, and Misc.
Aromatics (C8~C10) per EPA Method 8020

* = Blind duplicate sample from MW-11
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TABLE 4-5

VOLATILE AND SEMI-VOLATILE HYDROCARBONS IN SOILS (ug/kg)
EPA Methods 8310 and 8020

i Fowit Foowetr ) CW-2 1 ' SBS1 L  MWES. EMW-8:. - MW<9 | MW-9 |MW=10
: B T -8 - ©30°-32"; : =@ | 0=4' - | @16'<18 g10-12 @68
Naphthalene ND 12000 ND ND ND
Acenaphthylene ND ND ND ND ND
1-Methylnaphthalene ND 1200 ND ND ND
2-Methyinaphthalene ND 4000 ND ND ND
Acenapthens ND 3200 ND ND ND
Fluorene 12 3200 ND ND ND
Phenanthrene 36 36000 ND ND ND
Anthracene 57 ND ND ND
Fluoranthene 21 ND ND ND

| Pyrane a4 ND ND 27

{Benzo{a}anthracene 4.4 . 1.8 7. ND 3.8
Chrysene ND ND \ ND ND
Benzo{b}flucranthene 3.1 . 1.5 . ND 49
Banzo{k)}fluoranthene 1.5 . 00 ND ND 2.0
Benzo{a)pyrene 9.3 97 3.1 . 1 18 . ND 46
Dibenzo{a.h}anthracene 20 ND . ND ND ND
Benzo{g.h.i}perylene 931 ND ND ND ND
indeno{1,2.3—d}pyrene 49 360 ND . A ND ND ND
Benzene Cs ND ND ND ND ND ND
Toluene C6 ND 250 ND ND ND ND
Ethyl benzens c6 | ND ND ND ND ND ND
Xylenes (total).-- 6/ ND 4200 ND ND ND ND
Misc -Aliphatics C4-C12 ND ND ND ND ND ND
Misc. Aromatics cs-c1o| 5500 170000 ND ND
"TOTAL SEMIVOLATILES : 106,729 | 397,548 ‘ 49 5. ND ND

/\\

ND = Not detectad by anaiylicai method
* = Carbon Number

*= = Blind duplicate sample from MW-11 @ 10°-12" below grade




4.5.1 Volatile Compounds

As indicated on Tables 44 and 4-5, at the 16 solt sampling iocafions, no BTEX compounds were
detected with the exception of cluster well CW-t at 8' - 10’ below grade (4.4 mg/kg). Table 4-5,
shows that toluene at 0.250 mg/kg and Xylenes (total} at 4.2 mg/kg were the volatile analytes
present. The BTEX was detected in the fine to medium sands and siits just below the clay layer
which extends from approximately 5-8 feet below grade. Benzene was not detected at any of the

sampling locations.

The volatile compounds detected are most likely as a result of either being in the {ow distitiation end
of the brushing grade creosote itself, in the hydrocarbon catrier used for creosote, or possibty, as
degradation products from the more complex aromatic hydrocarbons found in creosote.

Total hydrocarbons ranged from non-detectable (ND) in SB-1, MW-10, MW-11 and CW-2 to 170
mg/kg at CW-1 at 8' - 10’ below grade.

4.5.2 Semi-volatile Compounds

The highest levels of semi-volatite compounds were encountered from 2 to 4 feet betow grade in
MW-8 (500.0 mg/kg) and from 8 to 10 feet below grade in CW-t (397.5 mg/Kg). A soil sample
taken from MW-8 at 16’ - 18’ betow grade indicated that only low levels (0.005 mg/kg) of PAHs were

present at greater depths.

Non-detectable to low levels of 1otal PAHs (<75 pg/kq) were detected in monitor wells MW-9, MW-
10, MW-11, and soil boring SB-1. At cluster well CW-1 total PAH concentrations of 397.5 mg/kg
and 106.7 mg/kg were detected at 8'- 10’ and 6'- 8' below grade, respectively. At 30° - 32' below
grade the concentration of total PAHs drops to 0.18 mg/kg. At the soil sample coitected from 62' -
64’ below grade (directly above bedrock), concentrations increased to 3.3 mg/kg.

As shown in Table 4-5, anthracene, phenanthrene, pyrene, fluoranthene and naphthatene were
present in the highest relative concentrations. A manufacturers materials specification sheet for
creosote is included in Appendix F. Anthracene, phenanthrene, pyrene, fluoranthenas, and

naphthalene are all present in creosote at concentrations ranging from 0.5 - > 5.0 %.

The more complex PAHs (carbon numbers C18 - C22} are present in lower relative concentrations
than are the low (C10 - C13) and medium (C14 - C16) comptexity PAH analytes with the exception
of the soil sample collected from MW-8 at 2' - 4' below grade. Inspection of the manufacturers
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specifications indicates that low to medium complexity PAHs are present in higher concentrations in
the raw materials than the medium to high complexity PAHs.

4.5.3 Metals in Soils

As detailed in Table 3-1, Subsurface Soil Samples Locations (Section 3.4.2), sail samptes from
various depths at 3 soil boring iocations were analyzed for priority pollutant metais. Resuits of these
analyses are presented below in Table 4-6, Metals in Soils.

Comparison of the results from the PPM analyses and typical metals in soils ranges as dascribed by
Connor and Shackiette (Table 4-3, Section 4.2), indicates that for alt subsurface soils analyzed, all
concentrations reported fall within “typical* ranges for Eastern U. S. soils.

When compared with the results for the surface soil graby sampies, the following statements can be

made:

soils at depths contain lower concentrations of metals than surface grab samples,
and

lead and zinc, which exhibited slightly elevated lavels in setected surface soil grab
samples, are not present at elevated levels in any of the soit samples collected from
below grade.




TABLE 4-6

METALS IN SOILS (ug/kg)

Priority Pollutant Metals
Sample Date: October, 1990

ANALYTE

‘MW-8-|
@16'-18’

MW-9 | MW-9/
@4'-8" |@10'~12"

MW- 10
@e-¢

MW-10]
@10'-12

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

ND
2.2
ND
ND
5
7
8.7
ND
8.3
ND
ND
ND

52

ND ND
6.6 2.6
ND ND
ND ND
13 4.3
- 14 6
24 8.5
ND ND
17 4.2
ND ND
ND ND
ND ND

60 49

ND
16
0.43
ND
15
18
12
ND
19
ND
ND
ND
56

ND
1.1
ND
ND
4.6
6.4
9.9
ND
5.2
ND
ND
ND

66

ND = Not detected by analytical method




4.6 Groundwater Analytical Results

Two (2) groundwater sampling events occurred at the Osmose facility as described in Sections 3.5
of this report. The first groundwater sampling analysis was conducted using non-CLP iaboratory
protocols. Table 3-3, First Water Sampling Details, (located in Section 3.5) summarizes the
groundwater sampling dates, locations and laboratory analyses performed. Groundwater samples
from monitor wells MW-8, MW-3, MW-10, MW-11 and CW-1 were sent to GTEL for analysis of
volatiles by EPA Method 602, PAHSs by EPA Method 610, and hardness. In addition, a water sample
from CW-1 was also analyzed for the TCL anaiytes by non-CLP methods.

Complete copies of the laboratory anaiytical reports for the first sampling can be found in Laboratory
Analyses from the Subsurface Investigation Work Plan, January 1991, published under separate
cover. A summary of the results is presented below. Field analysis of pH, temperature, and
conductivity were also performed on each groundwater sampte and are presented in the following

paragraphs.

The second groundwater sampling event, which occurred on January 10 and tt, 1931 was
conducted using ASP, Category A protocols. Table 3-4, Second Groundwater Sampling Summary,
ASP, Category A, presented in Section 3.3.2.2 of this report summarizes the respective taboratory
analyses performed on groundwater samples collected from each monitor well. The results of the
analyses are presented below. Laboratory reports are presented in Laboratory Reports from the
Subsurface Investigation Work Pian, Second Groundwater Sampiing Event, ASP Category A, June,
1991, published under separate cover.

4.6.1 Volatile Compounds

GE I G G S G S N S coERCEs CmEm

Laboratory results of purgeable aromatics (BTEX and Totat Hydrocarbons) for the first groundwater
sampling event are summarized in Table 4-7, below. Total BTEX ranged from non-detectable levels
in upgradient monitor well MW-8, and downgradient wells MW-10, and MW-11 {reported values are
probable laboratory artifacts - refer to nonconformance summary, Laboratory Analyses from the
Subsurface Investigation Work Ptan, January 1991) to 300 ug/t in MW-Q. Total hydrocarbons (Total
H-C) concentrations similarly ranged from non-detectable fevels in MW-8, MW-10, and MW-11 to 770
g/l in MW-9.
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TABLE 4-7

FIRST GROUND WATER SAMPLING

PURGEABLE AROMATICS SUMMARY (ua/t)

PURGEABLE AROMATICS (MOD.EPA METHOD 602) -

MONITOR
WELL 1D

BENZENE

TOLUENE

-ETHYL-
BENZENE

- XYLENES |

(total)

-TOTAL - |-

BYEX

MW-8

0.2.‘

ND

ND

ND

0.2**

MW-9

150.

76

9

66

300

MW-10

0.2**

ND

ND

ND

0.2**

MW-11

0.7..

ND

ND

ND

o.7n .

CW-1

15°"

4.9

1.6

12

34

D-1*

0.7**

ND

ND

ND

0.7

ug/ =micrograms per liter
* Blind dupticate sample of MW-11

** Probable Laboratory artifact; see Sec 1.2 of Nonconformance Summary, GTi Data Vatidation Report, January, 1881

ND = Not detected by analytical method
Total H-C = Sum of BTEX, Misc. Aromatics (C8-C10j, and Misc. Aliphatics {C4~C12)
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Presented in Table 4-8 below is & summary of the results from the second groundwater sampling
event. Purgeable Halocarbons and Aromatic Votatite Organics by EPA Methods 8010 and 8020,
respectively, were run on grourxiwater sampies coliected during the second sampling event as
opposed to purgeable aromatics by Modified EPA Method 602 {which was run during the first
sampling event). Laboratory anaiytical methods varied from the first groundwater sampling event to
conform with the requirements of ASP, Category A protocois.

Total BTEX ranged from non-detectable levels in monitor wells MW-8 and MW-10 to 260 ug/l in
groundwater samples collected from monitor welt MW-3. Simitarly, Total H-C concentrations in the
collected groundwater samples ranged from non-detectable ievels in monitor wells MW- 8 and MW-
10 to 640 ug/! in monitor well MW-8. The aromatic volatite organics data (EPA Method 8020)
collected during the second groundwater samptling event correlated very weil with the BTEX and
Total H-C data reported from the first groundwater sampling event (Modified EPA Method 602).

In addition to the analysis of Aromatic Volatile Organics by EPA Method 8020, analysis of Purgeabie
Halocarbons was performed by EPA Method 8010. A summary of the total purgeabie hatocarbons is
also provided in Table 4-8, above. Non-detactabte levels of purgeabie hydrocarbons existed in
groundwater samples collected from monitor welts MW-8 (upgradient), MW-9 and MW-10
(immediately downgradient). ‘

Monitor well MW-11 (furthest monitor.we]l downgradient) indicated 0.84 ug/i of 1otal purgeable
hydrocarbons and a groundwater sampte from cluster well CW-1 indicated 4.3t ug/l. Presented
below is Table 4-9 which details the specific halocarbon analytes detected in these wells. In
addition, the results of the purgeable halocarbon analyses for the 5 QA/QC samples are also
reported on Table 4-9. Inspection of the QA/QC samples indicates that low levels of 1,1,1 -
Trichloroethane were found in trip blanks #t and #3, the field blank, and the equipment btank at
concentrations equivalent 1o the raported values for MW-11 and CW-1. Additionally, 1,2-
Dichloroethane was detected in Trip Blank #2. This indicates that these analytes are probably a

sampling or analytical artifact.
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TABLE 4-8

SECOND GROUND WATER SAMPLING .
PURGEABLE HALOCARBONS and ARCMATIC VOLATILE ORGANICS SUMMARY
Sample Date: January, 1991
MONITOR | PURGEABLE | -~ AROMATIC VOLATILE ORGANICS - - "
WELLID |HALOCARBONS] - ... by EPA8020 (ug/) S
1 oy | BENZENE | TOLUENE | ETHYL- | XYLENES | "JOTAL .

il TEPA 8010 b © | BENZENE | (otal) BTEX"
MW-8 ND ND ND ND ND ND
MW-9 ND 81* 90* . 14 74* 260*
MW-10 ND ND - ND . ND ND ND
MW-11 0.84 0.2 ND' ND ND 0.2
CW-1 4.31° 8.5 2.7 25
DW-1*"* ND - 82 14 76
TRIP BLANK-1 0.25 ND 0.8 ND ND
TRIP BLANK-2 0.62 0.2 0.7 ND ND
TRIP BLANK-3 2.6 ND 0.6 ND ND
FIELD BLANK 1.2 ND 0.6 ND ND
EQUIP BLANK 1.1 ND 0.6 ND ND

* = Blind duplicate sample ot MW-9

* Estimated concentration: see Nonconformance Summary, GT{ Data Validation Report
ug/l = micrograms per liter

Total H-C = Sum of BTEX, Misc. Aromatics (C8~C10), and Misc. Aliphatics {C4-C12)
ND = Not detscted by analytical method




TABLE 4-9

SECOND GROUNDWATER SAMPLING
PURGEABLE HALOCARBONS SUMMARY (ug/l)
EPA METHOD 8010
Sample Date: January, 1991
ANALYTE MONITOR WELLS Trip Trip Trip
MW-9 | MW-10 { MW-11 CW-1 Blank #1 { Blank #2 | Blank #3
Chloromethane ND ND ND ND ND ND ND
Bromomethane ND ND ND ND ND ND ND
Vinyl Chloride ND ND ND ND ND ND ND
Chloroethane ND ND ND ND ND ND ND
Methylene Chloride ND ND ND ND ND ND ND
1,1-Dichloroethene ND ND ND ND ND ND ND
1,1-Dichloroethane ND ND ND ND ND ND ND
trans-1,2-Dichloroethene ND ND ND ND ND ND ND
Chloroform ND ND ND ND ND ND ND
1,2-Dichloroethane ND ND ND 34 ND ND
1,1,1-Trichloroethane ND ND 0.84 0.25 ND 26
Carbon Tetrachloride ND ND ND ND ND ND ND
Bromodichloromethane ND ND ND ND ND ND ND
1,2-Dichioropropane ND ND ND ND ND ND ND
cis-1,3-Dichloropropene ND ND ND ND ND ND ND
Trichtoroethene ND ND ND ND ND ND ND
Dichtorodifluoromethane ND ND ND ND ND ND ND
1,1,2-Trichtoroethane ND ND ND ND ND ND ND
trans-1,3-Dichloropropene ND ND ND ND ND ND ND
2-Chloroethylvinyl Ether ND ND ND ND ND ND ND
Bromotorm ND ND ND ND ND ND ND
Tetrachlorosthene ND ND ND ND ND ND ND
1,1.2,2-Tetrachloroethane ND ND ND ND ND ND ND
Chiorobenzene ND ND ND ND ND ND ND
1,2-Dichlorobenzene ND ND ND ND ND ND ND
1,3-Dichlorobenzene ND ND ND ND ND ND ND
1,4-Dichlorobenzene ND ND ND ND ND ND ND
Trichlorofluoromethane ND ND ND ND ND ND ND




4.6.2 Semj-Volatile Compounds

in addition to volatile compounds, semi-volatile compounds in groundwater were also tested.
Laboratory results from the first groundwater sampling event for PAHs by EPA Method 610 are
presented in Table 4-10, below.

Total PAHs ranged from non-detectabte levels in monitor wells MW-9 and MW-10 to 79.74 ug/l in
cluster well CW-1.

PAH analytes detected in concentrations betow 1.0 ug/L included:

Fluorene (0.96 u/l)

Fluoranthene (0.86 u/#)
Benzo{a}anthrazene (0.16 u/b
Chrysene (0.17 u/l)
Benzo{6}fluoranthene (0.22 p/i) \,-~
Benzo{K}fluoranthene (0.11 u/b/"
Benzo{a}pyrene (0.22 u/l)
Dibenzo{a,h}anthracene (0.054 u/1)
Benzo{g,h,i}perylene (0.23 u/b)
Indeno{1,2,3-cd} pyrene (0.16 u/l)

Naphthalene (C-10), 2-Methyinaphthaiene (C-11), Anthracene (C-14) and 1-Methlynaphthalene (C-11)
were detected in the highest concentrations. Although the more comptex (C18-C22) PAH
compounds were detected more frequently than these tow to medium compiexity (C10-C14) PAHSs,
the lower complexity analytes exists in the groundwater at higher relative concentrations. This is
attributed to the lower complexity PAHs possessing higher solubility and lower Koc values, (refer to
Section 4.7, Contaminant Characteristics).

Presented in Table 4-11 below is a summary of PAHs in groundwater for the second groundwater
sampling event. Again, laboratory analytical methods varied from the first sampling event to
conform with the requirements of ASP, Category A protocots.




TABLE 4-10

FIRST GROUND WATER SAMPLING
POLYNUCLEAR AROMATIC HYDROCARBONS SUMMARY (ug/l)
EPA METHOD 610
Sample Date: November, 19380

CARBON S MONITOR WELL 1D

# MW-8 MW-9 MW-10 | . MW-11-
Naphthalene C10 ND ND ND NOD
Acenaphthylene Ci12 ND ND ND ND
1-Methylnaphthalene C11 ND ND ND ND
2-Methyinaphthalene C11 4.6 ND ND ND
Acenaphthens Ci2 ND ND ND ND
Fluorene C13 ND ND ND ND
Phenanthrene C14 ND -ND ND 1.1
Anthracene C1a ND ND ND ND
Fluoranthene C16 ND ND ND ND
Pyrene C16 ND ND

Benzo{a}anthracene Cc18 ND ND ND
Chrysene ci8 ND ND ND

Benzo{b}fluoranthene cz20 : ND ND
Benzo{k}fluoranthene C20 ND ND
Benzo{a}pyrene c20 ND ND
Dibenzo{a,h}anthracene Cc22 NO ND
Benzo{g,h,i}perylene ca2 ND ND
indeno{1,2,3-cd}pyrene Cc21 ND ND
TOTAL PAHSs 5. ND ND -

ug/l = Micrograms per liter
ND = Not detected by analytical method
* = Duplicate sarmple of MW-11
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TABLE 4-11

SECOND GROUNDWATER SAMPLING
POLYNUCLEAR AROMATIC HYDROCARBONS SUMMARY (ug/l)
EPA METHOD 8310

Sample Date: January, 1930

ughl = Micrograms per liter
ND = Not detected by analytical method

* = Duplicate sample of MW-11

ANALYTE CARBON MONITOR WELL ID Field Equip | ¢ 7
# MW-8 MW-9 MW-10 MW-11 CW-1 DW-1* Blank Blank
Naphthalene C10 ND 7.8 ND ND 160 6.6 ND ND 10
Acenaphthylene Cc12 ND ND ND ND ND ND ND ND P2
Acenaphthene Ci1 ND ND ND ND 5.9 ND ND ND 20
Fluorene C13 ND ND ND ND 1.3 ND ND ND  [5©
Phenanthrene Cla ND ND ND ND 13 ND ND ND [S©
Anthracene Ci4 ND ND ND ND ND ND ND ND So
Fluoranthens C16 ND ND ND ND 0.36 ND ND ND S e
Pyrene C16 ND ND ND ND 0.54 ND ND ND S e
Benzo{a}anthracene Ci8 ND ND “0.026: ND ~0.068 ND ND ND (OO
Chrysene ci8 ND ND ND ND ND ND ND ND ool
Benzo{b}fluoranthene Cc20 ND ND -.0.08 ND ~70705_- ND ND ND e
Benzo{k }fluoranthene C20 ND ND ND ND 7 0.028 ND ND ND S
Benzo{a}pyrene c20 ND ND -0:027 - ND S0047 ND ND ND N
Dibenzo{a,h}anthracene c22 ND ND ND ND ND ND ND ND -
Benzo{g,h,i}perylene Cc22 ND ND ND ND ND ND ND ND -
Indeno{1,2,3-cd}pyrene c21 ND ND ND ND ND ND ND ND ~D
TOTAL PAHs ‘ _ND 7.8 0.083 ND 169.59 6.8 ND ~ND




Total PAH concentrations in groundwater ranged from non-detectabte in monitor welts MW-8 and
MW-11 to 169.6 ug/| in cluster well CW-1. The low levels of PAHs detected in MW-11 during the first

sampling round were not confirmed by ASP during this sampiing event. Sixteen (16) PAH analytes
are reported by EPA Method 8310. Of these 16 analytes, 6 were not detected in any of the

groundwater samples, 6 were detected in only 1 groundwater sample, and 4 were detected in 2 AN
groundwater samples. ~ Cgl\?
Napthalene and Acenapthene were present in the highest concentrations. (160 u/l and 5.9u/i, X _\{\L
respectively). —

Presented in Table 4-12 below are ambient water quality standards and guidance vatues as
published by the NYS DEC, Division of Water in September, 1980 for taxic and non-conventionat
pollutants.

A comparison of these standards or guidance vatues, where provided, with the results of first

groundwater sampling events can be summarized as follows:

] MW-8 , MW-11 and cluster well CW-1 exceeded groundwater guidance values for
benzo {b}fiuoranthene, benzo{k}fiucranthene and benzo{a}pyrene.

(] Monitor wells MW-11 and CW-1 exceeded guidance fevels for benzo{a}anthracene.

] Cluster well CW-1 exceeded guidance values for chrysene and indeno(1,2,3-cd}
pyrene.

] MW-g exceeded groundwater standards tor benzene, toluene, ethyibenzene and

xylenes (total).
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TABLE 4-12

NYS DEC CLASS GA GROUNDWATER
GUIDANCE VALUES AND STANDARDS

(ug/l)
ANALYTE CARBON | NYSDEC{ NYSDEC ..
# STANDARD [GUIDANCE VALUE
Naphthalene c10 ([ ND
Acenaphthylene Cct12 NA ND
1-Methylnaphthalene (O3 NA NA
2-Methyinaphthalene C11 NA NA
Acenaphthene Ct2 20 NA
Fluorene C18 NA 50
Phenanthrene C14 NA 50
Anthracene Cia NA 50
Fluoranthene C16 NA 50
Pyrene C16 NA 50
Benzo{a}anthracene c18 NA 0.002
Chrysene Cc18 NA 0.002
Benzo{b}fluoranthene Cc20 NA 0.002
Benzo{k}fluoranthene C20 NA 0.002
Benzo{a}pyrene C20 NA NA
Dibenzo{a,h}anthracene c22 NA NA
Benzo{g,h,i}perylene ca2 NA NA
Indeno{1,2,3-cd}pyrene Cc21 ND 0.002
ug/t = Micrograms per liter
NA = Not Applicable
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When groundwater standards and guidance values are compared to the results of the second
sampling event (ASP Category A) the following observations can be made:
Ciuster well CW-1 exceeded the groundwater standard for napthaiene.

MW-10 and CW-1 exceeded guidance values for benzo{a}anthracene,
benzo{b}fiuoranthene, and benza{a}pyrene.

CW-1 exceeded groundwater guidance values for benzo{k}fiuoranthene.
MW-9 exceeded groundwater standards for each BTEX analyte.

Exceedances of groundwater standards of henzene, toluene and xylenes occurred in
CW-1, and

Water samples from MW-11 exceeded the benzene standard.

The following observations can be made comparing data between the first and second groundwater
sampling events:

= Napthalene was detected in the highest concentrations,

[ ] Medium to high compiexity PAHs were present in lower concentrations than iow
complexity PAHS,

11 of the 16 PAHs were either not detected or detected in only cluster weli CW-1 for
the first sampling event; 12 of the 16 for the second event, and

Acenaphthylene was not detected during either sampling event.

Base/Neutrals and Acid (B/N/A} in a water sample callected from CW-1 were aiso analyzed by EPA
Method 8270 as part of the TCL testing protocol. Laboratory reports have been previousty published
in the January, 1991 Laboratory Analyses from the Subsurface Investigation Work Ptan. Worth
noting, no phenclic compounds were detected. Phenolic compounds were not detected because
phenol comprises less than 0.1 % by weight of the manufacturers listed hazardous substances and
their presence would not be expected from brushing grade creosote or #2 fuel oil.

Toxicological profiles of the PAH anatytes are included in Appendix A, Risk Assessment.




4.6.3 Hardness

Hardness values from the first groundwater sampling ranged from 290 mg CaCO3/t in monitor well
MW-8 to 1,100 mg CaCOa3/I in cluster well CW-1. A hardness value of 1,000 mg CaCO3/i was
detected in MW-9. Monitor Weilt MW-10 and MW-11 contained values ranging from 460 tc 51¢ mg
CaCO3A.

Hardness values from the second groundwater sampling event ranged from 360 mg CaCO3/i at
cluster well CW-1 to 720 mg CaCO3/i at monitor well MW-8. Table 4-13 summarizes the hardness
results for both sampling events.

Comparative background hardness values for bedrock and stratified glacial deposits were obtained
from Groundwater Resources of the Erie-Niagara Basin, Water Resources Commission Basin
Planning Report ENB-3, 1968. Values ranged from below 140 mg CaCO3/! in aquifers producing
from glacla!l deposits, to above 1,000 mg CaC0,/t in some of the limestone aquifers of the region. A
comparison of regional wells that penetrate the surficial unconsolidated deposits and those that
penetrate deep unconsolidated deposits {(and the Onondaga Limestone) indicates that hardness may
exhibit considerable variations due to surface water infittration (LaSala, 1968).

As shown in Table 4-13, the hardness values obtained from the groundwater tested at this site vary
considerably.

4.6.4 Metals

As described in Section 3.5.2, 2 groundwater sampling events occurred. During the first event,
groundwater samples collected from on site cluster welt CW-1 and downgradient monitor well MW-
11 were analyzed for priority pollutant metals. In addition, 1 groundwater sampie was collected from
CW-1 and analyzed for TCL analytes which included Total Metals in Water. A summary of the
laboratory results are presented in Table 4-14, Priority Potiutant Metals in Water, First Sampling
Event and Table 4-15, Target Compound List, Total Metals in Water. Water quality standards and
guidance values, as published by the NYS DEC, Division of Water are included in the tables for

reference.




TABLE 4-13

HARDNESS IN GROUND WATER

(mgCaCO3/L)

MONITORING 1ST SAMPLING
WELL ID EVENT

2ND SAMPLING -
EVENT

MW-8 230
MW-9 1,000
MW-10 460
MW-11 510
CW-1 1,100
D-1° 500
DW-1** NA
SAMPLE BLANK <6.0
TRIP BLANK <5.0
FIELD BLANK ‘ NA
EQUIP. BLANK . NA

720
710
610
520
360
NA
710
NA
NA

NA = sample not collected/analyzed
* = Blind duplicate of MW-11
** = Blind duplicate of MW-8

TABLE 4-14

FIRST GROUND WATER SAMPLING
PRIORITY POLLUTANT METALS SUMMARY (ug/l)

EPA METHOD 6010

Sampling Date: November, 1990

ANALYTE

MONITOR WELLS

SAMPLE

MW-8

MW-9 | MW-10 | MW-11 | CW-1 { D-1"

BLANK

DEC* -
GUIDANCE

Antimony . NA

NA NA ND ND ND

ND

3

Arsenic NA

NA NA ND ND 6.3

ND

Beryllium NA

NA NA ND ND ND

ND

Cadmium NA

NA NA ND 6.7 ND

ND

Chromium NA

NA NA ND 19 ND

ND

Copper NA

NA NA ND ND ND

ND

Lead NA

NA NA 6.9 ND ND

ND

Mercury NA

NA NA ND ND ND

ND

Nickel NA

NA NA ND ND ND

ND

Sslenium NA

NA NA ND ND ND

ND

Silver " NA

NA NA ND ND ND

ND

Thaltium NA

NA NA ND ND ND

ND

Zing NA

NA NA 39 140 34

ND

* Blind duplicate sample of MW-11

NA = Not Analyzed

ND = Not Detected by analytical method

** = Class GAgroundwater




Laboratory reports from the first groundwater sampling event for PPM by EPA Method 6010
indicated levels of zinc ranging from 39 ug/t in the groundwater sample from monitor weit MW-11 to
140 ug/l in groundwater samples from cluster welt CW-t. Cadmium and chromium at 6.7 and 19

1g/l, respectively, were detected in samples coliected from on-site cluster welt CW-1. Groundwater
samples collected from monitor welt MW-11 indicated lead at 6.9 ug/l and zinc at 38 ug/i were

present. A blind duplicate sample of MW-11 did not confirm the presence of lead in monitor walt
MW-11. No other metals were detected. Eight (8) of the 13 metals tested were not detected. Of
the 5 metals detected, arsenic, cadmium, chromium, lead and zinc, none exceeded NYS DEC

groundwater standards or guidance vaiues.

Laboratory reports from the groundwater sampie coltected from ciuster weil CW-1 for analysis of
TCL analytes are summarized in Table 4-15 along with groundwater standards or guidance vaiues for
Class GA groundwater. The laboratory reports are included in Laboratory Anatyses from the
Subsurface Investigation Work Plan, January 1991. Of the 23 metals tested only iron, iead,
manganese and sodium exceeded groundwater standards for Class GA groundwater. Each of the
remaining analytes (which possess groundwater standards or guidance vaiues} were detected at
concentrations below those levetls. The presence of lead at lavels abave groundwater standards was
not confirmed by the results of the PPM analysis by EPA Method 6010 (see Table 4-14, above) or by
the results of the second groundwater sampling event performed in January, 18381, under ASP
Category A protocols (see below}.

The second groundwater sampling event occurred on January 10 and 11, 1981. Groundwater
samples were analyzed and reports generated which conformed to the NYS DEC ASP, Category A
protocols. Groundwater sampies were collected from monitor weils MW-8, MW-9, MW-10, MW-11,
and cluster well CW-1. Laboratory reports are included in Laboratory Reports from the Subsuiface
Investigation Work Plan, Second Groundwater Sampling Event, ASP Category A, June, 1991

published under separate cover. A summary of PPM results is summarized below in Tabie 4-16.

For all 13 metals analyzed, only iead and zinc were detected; both were detected at tevels below
groundwater standards.




TABLE 4-15

FIRST GROUNDWATER SAMPLING
TARGET COMPOUND LIST (TCL)
TOTAL METALS IN WATER (ug/l}
Sample Date: Novenber, 1990

ANALYTE METHOD CW-1_ .]. 'NY§ STD*. . {GUIDANCE*
Aluminum 6010 2300
Antimony 6010 ND 3
Arsenic 7060 ND 25
Barium 6010 270 1000
Beryllium 6010 ND 1100
Cadmium 6010 7.3 10
Calcium 6010 | 400000
Chromium 6010 t 50
Cobalt 6010 ND
Copper 6010 ND 200
Iron 6010 7900 500
Lead 7421 31 25
Magnesium 6010 | 16CC00 35000
Mangansse 6010 740 300
Mercury 7470 ND 2
Nickel 6010 ND
Potassium 6010 9200
Selenium 7740 ND 10
Silver 6010 NO 50
Sodium 6010 | 45000 20000
Thallium 6010 ND 4
Vanadium 6010 ND
Zinc 6010 140 300

ND = Not Detected by analytical method

* Class GA groundwater
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TABLE 4-16

SECOND GROUND WATER SAMPLING
PRIORITY POLLUTANT METALS SUMMARY (ug/l)
Sample Date: January, 1991

“ANALYTE "~ "MONITOR WELLS T "FIELD | EQUIP

e MW-8 | MW-9 [ MW-10 | MW-11 | €W-1 [ D-1* | BLANK | .BLANK®
Antimony ND ND ND ND ND ND ND NO
Arsenic ND ND ND ND ND ND NO NO
Beryllium ND ND ND ND ND ND ND ND
Cadmium ND ND ND ND ND ND NOD ND
Chromium ND ND ND ND ND ND NO NO
Copper ND ND ND ND ND ND ND NO
Lead 8.3 10.0 ND’ 8.2 ND 10.8 ND NO
Mercury ND ND ND ND ND ND ND NO
Nickel ND ND ND ND ND ND ND NO
Selenium ND ND ND ND ND ND NO ND
Silver ND ND ND ND ND ND ND NO
Thallium ND ND ND ND ND ND ND NO
Zinc 411 104 20.4 51.6 ND 80.3 ND NO
* Blind duplicate sample of MW-11
NA = Not Analyzed
ND = Not Detected by analytical method
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4.6.5 Conductivity, pH, and Temgerathre

A Groundwater Technology field engineer conducted a field analysis of pH4, conductivity, and
temperature of the collected groundwater sampies. Those field tests were performed as described
on Appendix D, Project Specific QA/QC Plan of the Work Pian (Sections 6.3 and 8.0). A Corning PS
15 pH meter was calibrated according to manutacturers instructions and a standard 7.0 pH buffer
solution. Specific conductance was measured wtilizing a Corning PS 17 conductivity meter
calibrated using a 1,000 Hmho KCi solution. A standard field thermometer was used to measure
temperature of the groundwater samples.

A summary of the field analyses is presented below in Table 4-17. The specific conductance values
reported for groundwater samples collected from MW-8 and CW-1 during the first sampling event
represent laboratory data (EPA Method 120.1) due to the malfunction of the fietd meter during
sampling activities. Laboratory results of conductance, reported as umhos/cm were converted 1o

1S for comparison purposes. Conductivity vaiues at the Osmose site were comparable to values
reported by the United States Department of Interior Geolagicat Survey for monitor wells instatied

along Main Street. The Geological Survéy listed condtictivity values from 240 uS from a monitor well

located at the corner of Main and Nornh Streets 10 2,600 4S at a well located at the corner of Main
and Best Streets. Details of welt construction were not availabis.

pH values ranged from 7.3 in monitor weli MW-3 to 8.2 in ciuster well CW-1. These values are

typical for limestone aquifers. Reported pht values for carbonate aquifers range from 7-8 pH units
(Freeze and Cherry, 1979).
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TABLE 4-17

CONDUCTIVITY, pH and TEMPERATURE

Sample Dates: November, 1880 / January, 1881

“FIELD " MONITOR WELL 1D T

TEST MW-8 MW-9 MW-10- 1 MW-11 -] CW-1" -
Conductivity (uS) 990/NS | >989/>999 | 112/138 122/125 990/134
pH 7.6/NS 7.717.3 7.5/7.4 7.6/7.5 7.7/8.2
Temperature (oF) 58/NS 58/50 58/56 57/52 48/46

NS = Not Sampled
58/50 = Results of First Field Test/Resuits of Second Field Tast

4-39




4.6.6 Pesticides and PCB’s
A groundwater sample collected during the first sampling event from cluster weil CW-1 was analyzed
for Organochliorine Pesticides and PCBs by EPA Method 8080 as part of the TCL analytes.

No pesticides or PCBs were detected in the groundgwater sampie.

Laboratory reports are included in the Labgratory Analyses from the Subsurtace Investigation Work
Plan, previously published under separate cover.

4.7 Contaminant Characteristics

Table 4-18, Chemical Characteristics of PAH Compounds, summarizes the physical properties
relating to environmental fate and transport of PAH analytes, the most prevalent compounds
detected on site. These physical properties include aquecus sclubility, vapor pressure, and the
organic carbon/water partition coefficient (K. ).

The vapor pressure of the compounds of concern range from 2.3 X 10™ mmHg for Naphthalene to
9.59 X 107" for Benzo{k}fluoranthene. Vatues for the medium to high complexity PAHs are so fow

as to preclude any significant vaporization. For comparison, the vapor pressure of water at 25° C is
24 mm Hg. ‘

The mobility of the compounds of concern in groundwater is also low. This is reflected in the low

solubility and high values of K, . A good correlation between the relative complexity and the

solubility and K, values exists. As can be seen in Table 4-18, as the complexity of-the PAH
—

compound increases, its K .. vatue increases and solubility decreases.
e e ey

e e
— -—

The mobility of a chemical in groundwater is a function of the partition coefficient, K, ,and the
fraction of organic carbon in the soit f,.. When K, exceeds 1, contamination will reside principatly in
the soil matrix, rather than in the groundwater, and its rate of migration will be retarded. Since f , is
in the range of 1-3% for most solis, K, for the chemicals of concern are 0.5 for Acenaphthene to 10°
for Indeno {1,2,3,-cd} pyrene. Acenaphthene was the only PAH analyte where K, was less than 1.

Evaluation of these properties conciudes that, with the exception of acenaphthene, the PAHs
detected at this site will be highly absorbed to seil and will be soluble at low concentrations in the
groundwater. This conceptuat model corrolates well with the distribution of PAHs found on site.
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TABLE 4-18

CHEMICAL CHARACTERISTICS OF PAH COMPOUNDS*

COMPOUND

COMPLEXITY .
(C#)

“soLusiuTY

@250C (ug/)

Koe

VAPOR PRESSURE
mm Hg-@250C"." -

Naphthalene
Acenaphthylene
1-Methylinaphthalene
2-Methylnaphthalene
Acenapthene

Fluorene
Phenanthrene
Anthracens
Fluoranthene

Pyrene
Benzo{a}anthracene
Chrysene
Benzo({b}fluoranthene
Benzo({k}flucranthene
Benzo{a}pyrene
Dibenzo{a,h}anthracens

Benzo{g.h,i}perylene

Indeno(1,2,3—cd}pyrene

c10
C12
ci1
C11
C12
C13
C14
C14
C16
C16
c18
Cc18
cao
Ca0
C20
Cc22
C22
C22

31,000
3,830
27,000
25,000
3,700
1,400
1,050
67
242
111
1t
3.3
1.2

4.0
1.5

62

1.37E+03
4.79E+03
NA
7.94E+03
1.78E+01
5.01E+03
1.67E+04
1.97E+04
4.17E+04
6.90E+04
1.38E+06
2.45E+05
5.50E+05
4.37E+06
8.81E+Q5
1.66E+08
7.76E+08
3.09E+07

2.3E-01
2.9E-2**
NA
NA
1.55E-3
1.0E-3**
6.8E-4
1.95E-4
1.0E-2 **
6.85E-7
1.1E-7
6.3E-9
5.7E-7 **
9.59E-11
5.5E-9
1.0E-10"*
1.01E-10

1.0E-10

* Groundwater Chemicals Desk Referencs,

Publishers, Inc., 1890,

NA = Information Not Available

** = Vapor Pressure @ 200C

Montgomery & Welkom, Lewie




5.0 SUMMARY OF CONTAMINANT DISTRIBUTION
5.1 Separate Phase

Separate phase hydrocarbons were encountered on site in the unconsolidated glacial aquifer. PVC
monitor wells MW-3, MW-5, and MW-7 (installed in June, 1989} are identified as the areas of
separate phase hydrocarbon impaction as evidenced by the intermittert occurrence of petroleum
product in these wells. Although these wells were historically instailed and constructed with PVC
and not part of the scope of work detailed in the Work Pian, they were monitored on a regular basis
by Osmose personnel. Weeklly gauging and bailing of separate phase product, when existing, was
conducted. Evacuated product and water is stored in drums until sufficient quantitias exist for
proper disposal. The horizontat distribution of separate phase product is ittustrated in Figure 8.
Note that the leading edge of the plume is not betieved to extend beyond the property boundaries.
Based on Figure 8, the estimated mass volume of light non-aqueous phase liquid (LNAPL) was
calculated to be between 75-150 gallons. This estimate was based on a true product thickness of
0.1 feet determined from baildown/recharge tests conducted on well MW-3 during January and
February 1991. Calculations were performed by estimating the total area of phase-separate
petroleum, and assuming a 60% formation reduction in apparent product thickness (observed in the
impacted well). A porosity value of 0.3 Was used for the formation constant {clayey sand), and ati
values were based on static groundwater tabte conditions {not effected by pumping).

To illustrate the separate phase product response to natural fluctuations in the water table, depth to
water and depth to product in MW-3 were gauged on a daily basis through the period from
September 1989 through September, 1990, {refer 10 Hydrograph, Figure 9). The hydrograph
illustrates the total vertical fluctuation of the product tayer. The stratigraphic saction, as determined
from the well log of MW-3, is depicted on the right side of the graph. -

During the monitoring period, the separate phase product layer fluctuated an average of two feet
vertically and came into continuous contact with the giacial lake (clay) deposits. As product
fluctuated through the clays, it became adsorbed into the clay matrix and a thinning of the layer
resulted (note recurrent thinning of product layer in Figure 9 during water table rise}. Because clay
rich soils typically adsorb greater than 60% of separate phase petroleum hydrocarbons, the
estimates obtained in the separate phase product volume calculations are considered iow. To date,
no separate phase petroleum has been encountered in any of the FRP wells installed (inctuding CW-

1).
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A sample of the LNAPL was coliected from MW-3 and MW-7 and its specific gravity calculated.
Specific gravity values of 0.9474 and 0.9878 were determined, respectively.

Dense, non-aqueous phase liquid (DNAPL) has been detected on an intermittent basis in PVC
monitor wells MW-3, MW-5, and MW-7. When detected, the DNAPL has been bailed out and stored
in 55 gallon drums until sufficient quantity exists for proper disposai. Due to the intermittent data,
and the nature of DNAPL migration, an estimate of the quantity of DNAPL present could not be

calculated.

The following sections discuss the distribution of the adsorbed and dissotved-phase contaminant
plumes as determined from the analyticat and fieid data obtained during drilling and sampiing

activities.

5.2 Adsorbed Phase

The vertical distribution of adsorbed hydrocarbons is illustrated in cross-section in Figure 10, Vertical
Hydrocarbon Distribution: Adsorbed Phase. Hydrocarbon compounds show a significant decrease
in concentration with depth. In weli CW-1, a slight increase in total PAH was detected between 62
and 64 feet below grade. The highest concentrations of PAH compounds were located at or just -
below the groundwater surface (6’ - 10’ below grade) with the exception of the discrete area arocund
monitor well MW-8 where the highest PAH levels were located at 2’ - 4' below grade. The area in
which MW-8 was installed is the location where a grave! bottomed coal bin existed until around
1960. W smose-which-includes -a-description. of the coal_bin_is_enclosed_ in Appendix E.
The coal bin was used for storage of anthracitic coal used to heat the facility prior to its conversion

to fuel oil. The PAHSs found in this area contained higher relative percentages (20%) of the more

complex (C18 - C22) analytes than found at other locations at the site (examples: CW-1 = 3% and

CW-2 = 6.4%).

Horizontally, elevated levels of PAHs in soits occur at the surface in the vicinity of MW-8, and in
proximity to the former tank pit. These soils contain moderate to high concentrations of PAHs (as

shown in Table 4-5; Section 4.5 of this report).

BTEX hydrocarbons were found at ciustér welt CW-1 (4.4 mg/kq) and nowhare else within the
investigation area.
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Low levels (<5 ug/kg) of total PAHs were found in soils in the right-of-way bordering the west side
of Ellicott Street. Similar results {<75 ug/kg total PAHs} were found tn the sails in the right of way
on the east side of Ellicott Street (at MW-11).

insufficient data exists to accurately caiculate the quantities (pounds/galions) of PAHs adsorbed to
the soils, however, a rough calculation indicates approximately 100-300 gations exists within the soil

matrix.

5.3 Dissolved Phase

Two (2) groundwater sampling events occurred as described in Section 3.5.2. During the first
event, dissolved BTEX was detected only in the tank pit area (CW-1 at 34 ug/t}, and downgradient of
the tank pit in MW-Q at 300 ug/t. BTEX was not detected in MW-8, MW-10 or MW-11. Similarly,
PAHs were not detected in MW-8 and MW-10. Low concentrations (5.0 ug/l and 1.6 ug/l) of total
PAHS were detected in monitor wells MW-8 and MW-11, respectively. Water samples from cluster
well CW-1 contained 79.7 ug/l total PAHs. The results of the first groundwater sampling event is
presented on Figure 8, Dissolved Hydrocarbon Distribution Map, First Sampling Event. The total

dissolved contaminant icad was calculated to be approximately 1 gailon.

The results of the second groundwater sampling event are presented in Figure 1t. As with the first
sampling event, BTEX was not detected in monitor weils MW-8 and MW-10. Monitor well MW-11
contained 0.2 ug/I BTEX (as benzene). BTEX concentrations in water samples coltected from MW-g
and CW-1 indicated 260 ug/l and 85 ug/t, respectively, both increasing from the first sampling event.

Total PAHs were not detected in water sampies from monitor wells MW-8 and MW-11 during the
second sampling event. Monitor wells MW-10 and MW-8 contained 0.08 u/l and 2.8 pg/! totai PAHs
respectively. Water samples from cluster welt CW-t were reported at 169.6 ug/! total PAHs, here

again, increasing from the first sampling event.

The total dissolved contaminant foad for the secand sampting event was caiculated to be tess than 1

gallon.

Comparison of the dissolved PAH tevels ta maximum sclubility concentrations, as presented in Table
4-18 (refer to Section 4.7), shows that mast of the PAH analyses are present at less than 5 % of

saturation levels. Anthracene, Benzo{b}fiuoranthene, and Benzo{k}fluoranthene were present at




8%, 18% and 20 % of their saturation levels, respectively, for the first sampiing event.
Benzo{g,h,i}perylene was present at .23 /I or 88% of saturation.

None of the PAH analyses detected in the second groundwater sampling event were detected above
5 % of saturation concentrations.

Purgeable haiocarbons were not detected in any of the groundwater sampiles analyzed. (Purgeabte
halocarbons detected are believed to be iaboratory artifacts).
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6.0 HUMAN HEALTH RISK ASSESSMENT

6.1 Introduction

This report has been prepared as part of the assessment of the Osmose Wood Preserving, inc. site
in Buffalo, New York. Specifically, this report applies accepted quantitative risk assessment
methodology to evaluate compounds of concern detected in on-site soils and groundwater, and
potential exposures to those compounds associated with hypothetical future exposure scenarios, in
order to characterize baseline risks associated with a no-action altemative. The rasults of this
baseline analysis have then been applied in conjunction with site-specific environmental conditions
to derive risk based clean-up objectives for on-site soits.

6.1.1 Risk Assessment and the Regulatory Process

Over the past ten years, the application of quantitative risk assessment methodology to evaiuate
issues pertaining to public health has become increasingty widespread. Whereas eartiest
applications of quantitative risk assessment were concerned with regutation of the use of chemical
products, the formalized four-step risk assessment process {hazard identification, dose-response
evaluation, exposure assessmernt, and risk characterization) now piays an integrat role in several
environmental regulatory programs, inciuding Superfund (CERCLA) and RCRA. For example, the
Baseline Risk Assessment for a Superfund site assesses potential risk associated with no further
remedial action, while risk assessment within RCRA can be applied to identify contaminant ievets
which meet requirements of being protective of public health and the environment. The use of risk
assessment, with its emphasis on estabtishing health-protective cleanup levets, becomes especially
critical when site conditions, technology, and/or economic factors preclude cleanup to pre-use or
background contaminant levels. Extensive efforts at the federal level have been directed toward
standardizing risk assessment methodology and its application, resuiting most recently in the 2-
volume Risk Assessment Guidance for Superfund (EPA, 1989a), to accompany the

Exposure Factors Handbook (EPA, 1983b) and the Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA (EPA, 1988b). Within the New York regulatory
community, quantitative risk assessment has been utilized in a manner generalty consistent with

developments at the federal level.
6.1.2 Baseline Risk Assessment

The purpose of the baseline risk assessment is to determine, for regulatory purposes, the potential
adverse health effects that may be caused by hazardous substance releases or threatened releases
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from a site. The baseline risk assessment is part of the overall regulatory evatuation process, the

purposes of which are to:

e provide an analysis of baseline risks and help determine the need for action at sites,

e provide a basis for determining teveis ot chemicals that can remain on-site and stiti be
protective of public health,

e provide a basis for comparing poterttial health impact of various remedial aiternatives, and

@ provide a process for evaluating and documenting potential public heaith threats at sites.

The risk assessment should also summarize uncertainties and methodologies which are relevant to
site-specific remedial decision making. This assessment uses EPA methodalogy for careinogenic and

noncarcinogenic risk assessment.

The risk assessment may be utilized in the remediat decision-making process ta:
1. assess the appropriateness of ‘no-action” remedial atternatives, and

2. provide the New York State Department of Environmental Conservation (NYS DEC) with
information upon which to base its decision whether additional response action is
necessary at the site.

The particular application of risk assessment in this report is to characterize baseline risks
associated with a no-action alternative. Results of the analysis wers then utilized in developing risk
based soil cleanup objectives.

6.2 Site Background

Osmose Wood Preserving, Inc. {Osmose) is located at 980 Ellicott Street, Buffalo, New York. The
site, which Osmose has occupied since approximately 1850, includes research and production
operations, as well as the executive and accounting offices for the company. Osmose manufactures
a variety of preservatives used in the treatmernt of wood and lumber products. Raw materiais
historically stored on site in underground storage tanks {USTs) include brushing grade creosote
(stored until 8/89), No. 2 Fuel Oil {untii 8/89}, mineral spirits {(until 1986}, an isopropyt alcohot and
diacetone mixture (until 1984), and coal tar {until 1964). Between 1910 and 1950 severai operations
were located either on or adjacent to the site, including several automotive repair shops, a florist, a
sheet metal works, a plumbing supptier, and a ietter service company (GTI, 1890- Subsurface
Investigation Work Plan for Osmose Wood Preserving, inc., Buffalo, N.Y., June 7, 1990).
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The Osmose site Is located In a mixed residential and commercial area. The only other
manufacturer in the immediate area is P&R Wire Forming, inc., located southeast of Osmose across
Ellicott Street. Bordering the site are residentlal neighborhoods to the north and east, commercial
operations on Main Street to the west, the Summer/Best Metro Rail subway station on Best Street
southwest of the site, and a Niagara Mohawk substation iocated on Best Street south of the Osmose
site (GTI, 1990).

The site, located approximately 1.25 mites east of the Niagara River and 1.75 miles northeast of Lake
Erie, is flat with a slight gradient to the southeast. Soil borings in the southern portion of the site
indicate that the uppermost 63 feet of unconsalidated materials are characterized as giacial iake
deposits, comprised primarily of stratified clays, silts, and fine sands. The bedrock beneath the
glacial material is the Onondaga Limestone, composed of a hard cherty Siturian dolostone. Gauging
data from the southern portion of the site in the unconsolidated glacial aquifer material indicate that
the local groundwater gradient is approximately 0.3 - G.4% to the east. The reglonal gradient is
expected to flow westward toward Lake Erie and the Niagara River (GTI, 1990). Additional
hydrogeological information for the site is located in Section 4.4.

As part of a program to upgrade thelr chemicat storage system, Osmose removed three

underground storage tanks (USTs} in August 1989 and replaced them with a state-of-the-art above-

ground system. Groundwater sampling during this upgrade program indicated the presence of

phase separated product which was immediately reported to the New York State Department of

Environmental Conservation (NYS DEC): The site was subsequently Included on the New York State

Registry of Inactive Hazardous Waste Disposal Sites (GTt, 1990). The source of compounds of

concern identified on site is presumably historical small Wﬂﬂg hllmg of t)be storage W@ )éw P
tanks and/or small leaks in the transfer piping. There-has been no indication of release from BN

storage tanks themselves. The primary receiving medium for released chemicats has bw

soil. Data coWnﬁminaﬁm of on-site groundwater.

e
o

o

Groundwater Technology Inc. {(GTi} has conducted additicnal site investigations to further
characterize the site. Results of these recent characterization studies are included in other sactions
of this site assessment report. In addition, GTt has instalied and is now operating a bicremediation
soil treatment cell (biocell) in the area of the former tank farm immediatety south of the primary
production and office building.

In this report three different areas are addressed relative to soll conditions and potertiat exposure to
compounds of concern in the soil. These areas include the bioremediation celt (biocell), on-site
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locations east and west of the bioceti (on-site), and off-site locations along Elticott Street adjacent to
the site (off-site). These three areas were selected to refiect potential exposure everts and exposure
conditions corresponding to distinct iocations. Relative to groundwater, exposure and risk
evaluations were conducted based on data from shailow monitoring wells. Deep groundwater
conditions were not addressed in the quartitative exposure and risk evaluations, because there is no

indication of either current or future exposure to this groundwater.

6.3 Analytical Data Review and Interpretation

Analytical data were generated for the Osmose site based on soil and groundwater samples
collected between August 199¢ and January 1991 from on-site areas immediatety south of the
existing building complex and from off-site areas immediately downgradient of the site along Eilicott
Street. Laboratory reports are published under separate cover and are summarized in Tables 6-1

through 6-7 in this section.

Soil

Data were collected for volatile organic compounds in soil gas from samptes coliected in August
1980 at on-site (VP-1 through VP-7} and off-site (VP-8 through VP-18) vapor point locations, and in
October 1990 at selected monitaring well boring locations. Results of anatyses indicated non-detect
values for all of the vapor point samples except for 19.3 mg/kg (ppm) total BTEX (banzene, toluene,
ethylbenzene, total xylenes) at VP-12 and 4.4 mg/kg total BTEX at CW-1 (8-10 feet) (Tables 6-1 and
6-2, Summary of Volatiles Data and Appendix A-1, Specific Sample Data}. Envirologic Data
concluded that volatile organic compour)ds are present in the soil only in scattered locations and at
very low concentrations; therefore, they were not selected for quantitative exposure and risk

assessment.

Analyses for inorganic compounds were conducted for soit samples collected in August 1990 at
vapor point locations and at selected monitoring well borings in October 1990. As indicated in Table
6-3, analytical results for metais in soit were compared to background ievels developed by Kingsbury
and Ray (1986). Maximum concentrations of all inorganic compounds were within background
ranges with the exception of zinc at four vapor point locations and lead at six vapor point locations.
Even thase values are probably not unusual for soils in an aroa of historical industrial usa. The
reported lead concentrations do not exceed the range of 500 to 1,000 mg/kg currently used as an
interim guidance for establishing tead cleanup leveis at Superiund sites (EPA, 1983c). Enviroiogic
Data concluded that concentrations reported for metais in the soil are generally low as compared

with background levels and that there are no site-related activities
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which might be a source of metat contaminants. Fer these reassns, metals were net selected fer

quantitative exposure and risk assessment.

Analyses for semi-volatile organic compounds were conducted for five composite samples from the
biocell in June 1990 and for sampies from selected on-site {non-biocell) and off-site monitaring well
locations in October 1890. A number of polynuciear aromatic hydracarbons (PAHs) were detected
in all of the biocell and on-site (non-biocet)) samples. Samples from off-site locations showed tow
concentrations of eight PAHs (Table 6-4, Summary of PAH data; Appendix A-1 , Specific Sample
Data). Based on the prevalence of PAHs in biocell and on-site samples, and occurrence of PAHs to
a lesser extent in off-site samples, 18 different PAHs were selected fer quantitative exposura and risk

assessment.

Groundwater

Several analyses for volatile organic compaounds in groundwater were performed. Results indicate
BTEX present in the shallow aquifer in one off-site well (MW-8) and one on-site well (MW-8).
Reported concentrations are below USEPA Drinking Water Standards {MCLs) for individuat BTEX
compounds in the on-site welt and for BTEX in the off-site welt. Rasults from monitoring wells in the
deep aquifer indicate one en-site well (CW-1} with concentrations of only benzene in excess of the
MCL. Two monitoring wells (MW-9 and CW-1) indicate concentrations of individuatl BTEX
compounds in excess of the more stringent NYS BEC Groundwater Standards. All groundwater
quality results are summarized in Table 6-5.

For the purposes of the quantitative, site-specific risk assessment, only future exposure 10 the
shallow groundwater is reasonable. No current exposures are occurring (see Section 6.5.2).

Therefore, only analytical data frem shallow monitoring wells are applied in this assessment.

Relative to total metals in groundwater, analyses of sampies coliected in Novembsr 1980 and
January 1991 indicated the presence of five metals in specific monitorihg wells at concentrations
below MCLs and NYS DEC Groundwater Standards (see Table 6-6, Summary of Metals in
Groundwater; Appendix A-1, Specific Sample Data). Inorganic compounds in groundwater are not
addressed quantitatively in this assessment.

Groundwater was tested for purgeable halocarbons in January 1991. Resuits are reported in
Appendix A-1 of this report. Detected cencentrations are of negtigibie significance, and are not
addressed in the quantitative assessment.



Groundwater was tested for pesticides and PCBs in November 1990. No compounds were
detected.

Groundwater samples were analyzed for polynuciear aromatic hydrocarbons (PAHs). Results
indicated non-detect levels in severat wells and iow concentrations in some shallow and deep
monitoring wells. Maximum concentrations of three carcinogenic PAHs were marginally greater than
their respective MCLs and five carcinogenic PAHs exceeded the NYS DEC Groundwater Standards
or Guidance Values (see Table 6-7). MCLs for non-carcinogenic PAHs are not availabte; NYS DEC
Groundwater Standards or Guidance Values were not exceeded, except for naphthaiene in
monitoring well CW-1. PAH resuits are summarized in Tabie 6.3-7; specific sample data is presented
in Appendix A-1. Three of the detected PAHSs in deep monitoring well CW-1 exceed their respective
U.S.-EPA drinking water standards {MCLs) for the November 1990 sampling event; but
concentrations detected in the subsequent analyses of this well for January were below their
respective standards. None of the concentrations detected in the shallow monitoring wells
exceeded their respective MCL vaiues. Envirologic Data conciuded that the data indicated restricted
occurrence of PAHSs in both on-site and off-site monitoring wells. PAH data for shaliow wells for
both November 1930 and January 199t sampling events was used in a quantitative assessment of
potential exposure to a hypothetical utitity repair waorker,

In summary, compounds of concern to be carried through the guantitative exposure and risk
assessments include 18 different PAH compounds for the hypothetical occupational exposure to soil,
in addition to 16 PAHs and BTEX compounds for hypothetical occupational exposure to shatiow
groundwater. Data points from five composite soil sampies for June 1990 analyses were included
for the biocell soil assessment, data from shallow (10 feet or less) samples from three on-site {non-
biocell) locations (MW-8, CW-1, and CW-2) were included for the on-site (non-biocell} soil
assessment, and data from shattow (10 feet or less) samples from three off-site jocations (MW-9,
MW-10, MW-11) were included for the off-site soil assessment. Relative to shallow groundwater,
data from four shallow wells (MW-8, MW-9, MW-10, MW-11) for the November 1990 and January
1991 sampling events were included for the shaliow groundwater assessment.

6.4 Hazard Identification

The toxicity assessment is the component of the risk assessment process which qualitatively and
quantitatively evaluates the patential for chemicali compounds ta induce adverse heaith effects in
exposed populations. The toxicity assessment incorporates a two-step analysis originally described
by the National Academy of Sciences and the EPA (NAS, 1983; EPA, 1986a): hazard identification
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Table 6-1
Summary Data tor Volatlles In Soll Gas

o : o Solf
Frequency
of Range
Chamical Detection (ug’kg)
Benzene 0/18 -
Toluene 1/18 4
Ethyl Benzene 118 5
Xylenes (total) 1/18 10.3
Table 8-2
Summary Data tor Volatlles In Soll
Frequency
of Range
Chemlcal Detection {ug’kg)
Benzene 0/16 --
Toluene 1718 0.25
Ethyl Benzens 0/15 -
Xylenes (total) 118 42
Misc. Aromatics {C4-C12) 0/16 -
Misc. Aromatics (C8-C10) 5/15 44-170
Table 6-3
Summary Data for Metals in Soll
Frequency Background
of Range Levels (1)
Chemical Detection (mg/kg) _(mg/kg)
Arsenlc 13/13 11-36J 0.1-40
Beryllium 26 0.43-42 NA
Cadmium 47 092-25 001-7
Chromium 13/13 43-33 50 - 170
Copper 12113 6-73 2-100
Lead 1213 9.7 - 810J 2-200
Mercury 677 03-18 <0.01-4.6
Nicke! 11/13 0.68-22 10- 40
Selenlum 47 057J- 1.1J 01-2
Zinc 13/13 20 - 860 10 - 300
(1) - Background levels dlted for U.S. solls {Kingsbury & Ray, 1686}
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Table 8-4

Summary Data for PAH's In Soll

Chemlcal

Frequency

Detection

of
{ug/kg)

" Frequency

of

Detection

Range
(ughkg)

Frequenc
of Range
{ug/kg) |

Deatection

NONCARCINOGENS
Acenaphthene
Anthracene
Benzo(g,h,i)perylene
Dibenzofuran
Fluoranthene
Fluorene
1-Methylnaphthalene
2-Methylnaphthene
Naphthalene
Phenanthrene
Pyrene

2-Nitroaniline

CARCINOGENS
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Banzo(k)fiuoranthene
Chrysene
Dibenzo(a,h)anthracene
Indeno(1,2,3-cd)pyrene

52000 - 280000
7500 J - 28000
ND
32000 - 150000
35000 - 58000
15000 - 60000
ND
22000 - 140000
10000 - 77000
37000 - 140000
26000 - 41000
36000

3898588 88§

ND - 40000
ND - 180000
ND - 13000
Not testec
- ND - 43¢0
ND - 29000
ND - 15000
ND - 30000
ND - 77000
ND - 62000
ND - 120000
Not tested

1.8- 17000
1.6 - 18000
1.5 - 14000
ND - 7600
ND - 18000
ND - 3700
ND - 10000

ND
ND
ND-6.3
Not tested
ND - 11
ND
ND
ND
ND
ND
ND-28
Not tested

J - Estimated Value
ND - Not Detected




Table 6-8
Summary Data for BTEX in Groundwater

S lnaddE L Broundwater - iz
Frequency NYS DEC NYS DEC
of Range Standard Guldance Value
Chemical Detection (ug/L) (ug/L} (ug/L)

Benzene NO
Toluene

Ethyl Banzene

Xylenss (total)

Misc. Aromatics (C4-C12)

Misc. Aromaties (C8-C10)

** MCL = Maximum Contaminant Levet (US-EPA Drinking Water Reguiation)
NYS DEC: Class GA Groundwater Standards and Guidance Values.
NA = Notavailable ‘

Table 6-8
Summary Data for Total Metals In Groundwater

Frequency . NY C
ot Standard Guldance Value
Chemical* Detection (ug/t) (ug/L)

Arsenic . 25
Cadmium 6.7 10
Chromlum 19 50
Lead 6.9-108 25
Zinc 20.4 - 140 300

* Only compounds detected at least once are inciuded in the summary.

** MCL & Maximum Contaminant Levet (US-EPA Brinking Water Megulation)
NYS DEC: Class GA Greundwater Standards and Guidance Values.

NA = Not available




Table 6-7
Summary Data for PAH's In Groundwater

T Groundwater .

Frequency
of Range Stendard Guldance Valus
Chemical* Detection (ug/L) (ug/) (ug/L}

NONCARCINOGENS

Acenaphthene 36-59 20
Anthracene 56 NA
Benzo(g,h,i)perylene 0.16 - 0.23 NA
Fluoranthene 0.2-0.86 NA
Fluorene 0.986-1.3 NA
1-Methyinaphthalene 4 NA
2-Methylnaphthene 46-59 NA
Naphthalene 7.2-160 10
Phenanthrene 0.71-1.8 NA
Pyrene .~ 029-15 NA

CARCINOGENS

Benzo(a)anthracene 0.026 - 0.16
Benzo(a)pyrene 0.027-0.22
Benzo(b)flucranthene 0.03-0.22
Benzo(k)flucranthene 0.028 - 0.11
Oibenzofa,h)anthracens 0.054
Indeno(1,2,3-cd)pyrene 0.055-0.16

* Only compounds detected atleast once are included in the summary.

** MCL = Maximum Contaminant Levet! {US-EPA Drinking Water Regulaton)
NYS DEC: Class GA Groundwater Standards and Guidance Values.

NA = Not avallable




and dose-response assessment. Hazard identification is the process of characterizing the nature
and strength of the evidence of causation between exposure to a chemical agent and the induction
of adverse health effects. Where health effects have been observed in humans or experimentat
animals, the dose-response assessment determines the quantitative retationship between the dose of
the agent and the incidence of adverse effects. The end resuit of the dose-response assessment is
the derivation of toxicity values which are used in the risk characterization step to predict the
likelihood of adverse effects in populations at site-specific exposure levels. in the toxicity
assessment, carcinogenic and noncarcinogenic endpaints are evaluated separately.

6.4.1 Noncarcinogenic Health Etfects

Evaluation of noncarcinogenic effects is based on comparison of an estimated daily exposure level
to an allowable daily exposure level, termed mast cften as the Reference Dose (RfD). The RiD is
based on the assumption that thresholds or protective mechanisms exist for noncarcinogenic effects
which must be overcome before adverse effects are observed. in general, the RiD is an estimate
(with uncertainty spanning perhaps an order of magnitude) of a daily exposure to the human
subpopulation (including sensitive subgroups) that is likely to be without an appreciable risk of
deleterious effects during a lifetime (HEASY, 1991). Typically, the RID is derived by applying one or
more "modifying” or "uncertainty” factors to a No-Observed-Adverse-Effect-Level (NOAEL) or Lowest-
Observed-Adverse-Effect-Level (LOAEL) from animal or human studies (HEAST, 1991). An RfD,
expressed in units of mg/kg-day, is specific to the chemical and exposure route for which it is
derived.

6.4.2 Carcinogenic Health Etfects

The assessment of carcinogenic effects involves assignment of a weight-of-evidence classification
based on evidence of carcinogenicity in humans and, where applicable, derivation of a toxicity value
based on human or animal data. Carcinogenesis is currently considered by EPA to be a
nonthreshold phenomenon. In other words, it is assumed that no dose of a carcinogenic agent is
without some risk of carcinogenic response, however smati. For chemicals classified as known
(Group A) or probable carcinogens (Group B1 and B2), a toxicity value for carcinogenic potency is
derived from the dose-response data. Where available, human epidemiociogical data of high quality
are preferable to animal data. if animat data are used, species which are metabolically or
physiologically most similar to humans are preferred. The 1oxicity value, caifed the Cancer Potency
Factor (CPF), is typically derived from the plot of the incidence of cancer versus the dose of the
substance, and is expressed in units of (mg/kg-day)’. Low-dose incidence of cancer is estimated
through the use of a mathematical model which extrapotates low-dose cancer incidence from high-
dose data. The EPA favors the linearized multi-stage model in cases where available scientific data
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do not indicate to the contrary. The cancer potency factor is considered to represent the upper 95th
percent confidence limit on the probability of a response per unit intake of a chemical over a lifetime.
in other words, there is a probability of only 5% that a carcinogenic response will be greater than the
estimate predicted by the mode! {EPA, 1989a}.

6.4.3 Site-Specific Application and Considerations

In this assessment, EPA cancer potency factors (CPFs} and Reference Doses (RfDs) as reported in
IRIS and HEAST, 1991 are utilized in the risk characterization step. Table 6-8 presents a susnmary of
carcinogenic and noncarcinogenic hazard identification and dose-response for the compounds
included in the quantitative evaluation. For noncarcinogenic compounds inciuded in the quantitative
risk assessment, oral RfDs were utitized for risk characterization. in the absence of any RfD values
for 1-methylnaphthalene and 2-methyinaphthalene, the oral RfD for napthalene was used as a
surrogate value for these compounds {EPA, 1889a). For the dermal exposure route, an adjustment
factor representing absorption efficiency is applied to the oral RfD so that both the exposure
estimates and the toxicity valuss are based on absorbed (rather than administered} dose (EPA,
1989a).

Compounds classified as carcinogens by the oral route were quantitatively evaluated as carcinogens
for oral, dermal, and inhalation exposure routes with oral CPFs utilized as the toxicity value. For the
dermal exposure route, an adjustment factor representing absorption efficiency is applied to the oral
CPF so that both the exposure astimates and the toxicity vaiues are based on absorbed (rather than
administered) dose (EPA, 1989a). Where agency derived toxicity values were unavaiable for certain
carcinogens detected at the Osmase site, Envirologic Data utitized a method which addresses the
compound relative to its chemical class, as welt as its U.S. EPA carcinogen classification. At the
Osmose site, polynuclear aromatic hydrocarbons (PAHSs) not referenced in 1RIS were evaluated
using this method to determine appropriate toxicity vatues. Specifically, carcinogenic PAHs were
evaluated individually based on the interim U.S. EPA orat cancer potency factor for benzo(ajpyrene,
and using estimates of relative potency for other potentiai carcinogenic PAHs as compared with
benzo(a)pyrene. The relative potency scheme developed by ICF-Clement (1988} in a study
conducted for the U.S. EPA was used in this assessmem. The relative potency approach was
developed by ICF-Clement Associates for the EPA as an alternative to the equipotency method {i.e.,
method whereby the degree of toxicity of each carcinogenic PAH is assumed to squai that of benzo-
a-pyrene). Utilizing assumptions of a two-stage mathematical dose-response model, the relative
potency approach generates a Toxicity Equivalence Factor (TEF) for each carcinogenic PAH, based
on its potency relative to B(a)P. This method assigns a TEF value of 1.0 to B{a)P. TEF values less
than 1.0 correspond to PAH compounds which are deemed less toxic than B(a}P, based on an
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assessment of bioassay data using a two-stage mathematical model. Likewise, TEF values greater
than 1.0 are associated with compounds which are more toxic than B{a]P. The reiative potency
approach accomodates the differing potencies of carcinogenic PAHs and, thus, is thought to
generate a more realistic estimate of risk as compared with use of the equipotency approach.

Table 6-8 presents a summary of the hazard identification and dose-response evaluation for
carcinogens and non-carcinogens included in the quantitative assessment.

6.5 Exposure Assessment

The purpose of the baseline exposure assessment is 10 develop a quantitative estimate of the
potential chemical-specific and exposure scenario-specific intakes of the chemicals of interest
identified at the Osmose site. The exposure assessment must consider current as well as potential
future exposure scenarios. In addition, the exposure models may rely on actual site monitoring
data, or in other instances rely on chemical concentrations calculated using predictive environmental
fate and transport models. The exposure assessment includes severat distinct steps that lead to the
final quantitative estimate of potentiat intake, as described below.

6.5.1 Methodology

The first step to perform an exposure assessment invoives a qualitative characterization of the
physical setting and potentially exposed poputations. important site characteristics, including
climate, geological setting, vegetation, ground water hydrclogy, and description of surface water,
have been previously presented in Section 6.2. in describing the potentially exposed populations it
is necessary to identify the location of current populations relative to the site, and to determine

current and future land use.

The second step of the exposure assessment Is to identify potentiai exposure pathways. A complete
exposure pathway consists of five elements:

® a source or chemical release fram a source,
® an environmental transport medium,

a point of potential human contact with the contaminated medium
(exposure point),

a potential receptor, and

a potential exposure route at the contact point.




Table 6-8: Health Criterla for Compounds of Potentlal Concern

Chiam

NONCARCINOGENS

Acenaphthene . HEAST, 1991
Anthracene . HEAST, 1891
Benzo(g,h |)perylene . Assumed
Fluoranthene . HEAST, 1891
Flucrene . HEAST, 1891
1-Methyinaphthalene . . Assumed
2-Methytnaphthene . Assumed
Naphthalene . HEAST, 1891
Phenanthrene - . Assumed
Pyrene . HEAST, 1981

Chemiosl
CARCINOGENS

Benzo(a)anthracene Caleulated”
Benzo(a)pyrene HEAST, 1891
Benzo(b)fiuoranthene . Calculated”
Benzo(k)fiuoranthene . Calculated®
Chrysene . Caleulated”
Dibenzofa,h)anthracene Caleulated®
Indeno(1,2,3-¢cd)pyrene Calculated”

EPA Classification: A - Human Carcinogen
B - Probable Human Carcinogen
B1 - Limited Human Envidence
B2 - Suffidlent Animal Evidence: Inadequats of no Human Evidence
C - Posslble Human Carcinogen
D - Not Classifiable as to Human Carcingenicity
Reference Dose: An estimate of the daily exposure of the human population 1o & toxicant
that is likely to be without any Incidence of deleterious effects.
Cancer Potency Factor: The value representing the quantitative relationship between the dose
of a chemical and the probability of inducing a carcinogenic efiect.
- = Compound has not been evaluated
* = Caloulated, based on the relative toxicity approach {{iCF Clement, 1368)




EPA identifies a pathway as complete if ail the elements of the exposure pathway listed are bresent.
A pathway Is considered "incompiete® if one or more of the required criteria Is lacking, such as a
situation where there is a source reteasing to air but there are no nearby receptors. EPA (1989a}
also recommends further evaluation and possible elimination of pathways which meet the above
criteria, based on site-specific information and conditions. Pathways may be eliminated based on
the magnitude and probability of the exposure and its potentiat impact relative to other exposure
pathways. After the complete exposure pathways are identified, these are described quantitatively in
the calculation of potential exposure point cancenteations (Section 6.5.4.1) arut the potential intake
models (Section 6.5.5).

The third step of the exposure assessment Is to quantify the exposure point concentrations (EPCs})
and to estimate the chemical-specific intake. The EPC is Qe chemical concentration that is
T—" IS S e e

representative of each exposure point location where exposure may occur. The EPCs are estimated

using monitoring data and/or chemical transport and environmental fate data.

The final component of the quantitative exposure assessment is 10 estimate potentiad chemical-
specific intakes, expressed as the mass of substance per unit body weight per unit time
(mg/kg/day). The estimated intakes are calculated using equations that include variables for:
exposure concentration,

contact rate,

exposure duration (years),

exposure frequency (days/year),

averaging tims,

body weight, and

relative absorption.

Some of the variables used in the exposure assessment, particutarty aVeraging times and relative
absorption, are dependent upon chemical-specific toxicity characteristics as well as site-specific
considerations. According to the EPA (1988a), intake variable values should be selected so that
although some intake variables may nct be at their individual maximum values, the combination of
all Intake variables resuits in an estimate of the Reasonable Maximum Exposute (RME) for that
pathway. The RME is defined as that level of exposure that is reasonably expected to occur at a
site. The RME is intended "to estimate a conservative exposure case (i.e., well above the average

case) that is still within the range of possible exposures® (EPA, 1989a).



The EPA provides recommendations for some exposure vatues. These recommendations may
represent ranges of values or a specific vaiue. Often, the recomimendations are based on
quantitative evaluations as well as professional judgment. For certain variables that have
documented ranges, the EPA recommends the 85 percent upper confidence limit.

6.5.2 Potentially Exposed Populations

The purpose of this section is ta characterize the Osmose site and immediate snvirons with respect
to characteristics of the human popuiations on and near the site. This evaluation focuses on those
characteristics that influence exposure at the site, and presents information that supports the
identification of exposure pathways as well as selection of appropriate values of specific intake
variables (EPA, 1989a).

In order to evaluate potential receptors on or near the Osmose site, it is necessary to determine the
location of current populations refative to the site. The land use around the Osmose site is primarity
residential, commercial, and vacant iots. Residential neighborhoods are located immediately
adjacent to the site; however, access to the site is restricted. In addition, there is no evidence that
occupational exposure currently exists on sita. Overall, there is no evidence for exposure under

current use conditions.

According to EPA Guidance, potentiat future fand use is to be considered. However, one need not
assume that residential use is possibie (EPA, 1389a). Generally, zoning requirements, established
land uses, and other relevant factors shouid be examined (EPA, 1989a). Currently, there are no
plans in place to develop the Osmose site for any purpose other than #ds present industrial use.
This conclusion is based on an Osmose Wood Preserving, Inc. corporate long-term development
study. (Personal communication with Michael Rider, Osmose Wood Preserving, Inc.}. Relative to
future exposures, utility and construction workers represent a potentially exposed poputation. The
extent of exposure would vary according to the activities of the workers and the location of their

activities.

6.5.3 Media-Specific Potentiat Exposure Pathways

The purpose of this section is to identify pctential compiete exposure pathways which may be
appropriate to address quantitatively. The fcllowing discussion of pathway selection is media
specific. The scope of the discussion is 1o initiaity kientify reasonabie potential exposure roiutes and
exposure points for the potentiatly exposed populations. Complete pathways are selected for
quantitative evaluation unless there is justification to eliminate a pathway from detailed analysis (EPA,
1989a). Complete pathways are described betow and summarized in Table 6-9.
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Table 6-9

Complete Exposure Pathways

Exposure Point Receptor Exposure Routes

biocell worker incidental ingestion;
dermal absorption,
inhalation of fugitive dust

on-site(non-biocell) incidental ingestion;
dermal absorption,
inhalation of fugitive dust

incidental ingestion;
dermal absorption,
inhalation of fugitive dust

shallow on- or off-site dermal absorption
groundwater :




6.5.3.1 Soil

PAHs are present in the soil in a specific area of the Osmose site, immediately south of the main
building complex presumably as a resutt of historical smali-scate spillage during tank filling and
transfer. Utility and construction workers may contact compounds of potential concem in soil at
several exposure points, both on and off the site. Potential contact with biocell soils is of particular
interest as a subset of on-site soil and is treated as a separate exposure point. Exposure routes
associated with the soil /worker pathway are dermal contact with contaminated soit, incidental
ingestion of soil, and inhalation of tugitive dust from the soil.

6.5.3.2 Groundwater

T S

wells (MW-9, MW-10, MW/-1'1),immedia1e!y downgradient of the site. Utility workers may be in

contact with compounds of potential concem in off-site shallow groundwater while setvicing
underground utility lines. The potential exposure route associated with the shaliow groundwater is

dermal contact.

Potential exposure to deep groundwater was not evaluated quantitatively in this assessment. Future
impact of soit contaminants to groundwater is considered to be minimat because storage tanks have
been removed from this location. Sampiing of deep grotndwater at well CW-t has indicated ievels
of benzene and naphthalene that exceed their respective NYS ambient groundwater standard or
guidance values; however, based on a well survey conducted for the area, there is no indication
that deep groundwater is currently used, or wili be used, in the vicinity of the site. Therefors, no
complete exposure pathway is anticipated for the deep groundwater.

6.5.4 Quantification of Exposure

6.5.4.1 Exposure Point Concentrations (EPC)

Exposure point concentrations (EPCs} are calcutated for each compound of potential concemn in
each medium at each representative exposure point iocation. EPCs are then input to intake modeis
for each exposure route of interest. The Risk Assessment Guidance for Superfund, EPA {19889a)
calls for the application of the arithmetic mean and the 95% upper confidence limit on the arithmatic
mean. This procedure has been used 1o calcuiate the EPCs used in this assessment.

The Risk Assessment Guidance for Superfund (EPA, 1989a} recommends that nondetected values
be considered with the detected resuits. A nondetected value means that the chemical was not
present at or above the detection fimit. The true concentration could be anywhere between zero
and just below the detection limit. A sample quantitation limit (SQL} is the tevel at which a
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chemical’s presence and concentration can reliably and accurately be measured. There is a higher
rate of false positive and false negative resuits in the concentration range between the detection limit
and the sample quantitation limit than for results above the quantitation Himit. If it Is likely that the
chemical is present in a sampie below the SQL, then a proxy concentration equivalent to one-haif
the SQL is used (EPA, 1989a). Proxy concentrations equivalent to one-half the SQL value were used
for off-site concentrations reported to be below the detection limit. Compound concentrations in the
biocell samples that were reported as estimated (J gualifier) were used at their reported value. For
those compound concentrations in the biocelt reported as undetected (U qualifier) but with a SQL,
proxy concentrations equivalent to one-haif the SQL were used.

The results of the exposure point concentration calculations for each complete exposure pathway
are discussed In the following sections. Estimated exposure point concentrations are summarized in
Tables 6-10 and 6-11.

6.5.4.1.1 Soil
Exposure point concentrations were developed for each soil exposure point of interast using the
following data points:

® Biocell: locations EC, SE, SW, NE, NW for June 1930 analyses;

® On-site (non-biocell): locations MW-8 (24'), CW-1 (6-8'), CW-1 (8-107), and CW-2 (6-8')
for October 1980 analyses;

Off-site: locations MW-9 (4-6'), MW-10 (6-8'), and MW-11 {4-6") for Octcber 1990
analyses.

The 95% upper confidence limit on the arithmetic mean was calculated for each of the three
receptor locations. Results of the calculations are presented in Table 6-10.

There are no site-specific data available on PAH concentrations in air for the Osmose site.
Therefore, exposure point concentrations of particie-entrained PAHs in ambient air were estimated
by using a model which combines the concentration of sach compound in the soil and the
concentration of the particles in the air within the respirabte size range of fess than or equat to 10
microns (PM,,). The concentration of each compound in scil was assumed to be the same as the
value used in calculating EPC values for direct exposure to soll. it was conservatively assumed that
100% of the PM,, fraction is composed of on-site soit partictes. A maximum respirable particle
concentration of 33 ug/m’ used in the modet is based on field measurements at several locations in
the Buffalo area in a three year period (NY State Department of Health, 1981, personat

communication).




BIOCELL

Table 6-10

Exposure Polnt Concentrations

(mg/kg)
SOIL

ON-SITE

OFF-SITE

Noncarcinogens

Acenaphthene
Anthracene
Dibenzoturan
Fluoranthene
Fluorens
2-Mathylnaphthene
Naphthalene
Phenanthrene
Pyrene

Carcinogens

Benzo(a)anthracene
Benzo(b)fluoranthene

226.875
23.708
152.445
58.000
60.000
111.226
62.614
117.955
40.448

Noncarcinogens

Acenaphthene
Anthracene
Benzo(g,h,!)perylens
Fiuoranthens
Fiuorsne
1-Methyinaphthalene
2-Methyinaphthene
Naphthatene
Phenanthrene
Pyrene

Carcinogens

8enzo(ajyanthracene
Benzo(a)pyrene
Benzo(b)flucranthene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene

Indeno(1,2,3-cd)pyrene

38.280
174.899
12.313
43.000
27.858
14.325
28.605
73.441
62.000
117.078

Chemicat. .
Noncarcinogens

Benzo(g,h.i)perylene
Fluoranthens

Pyrene

Carcinogens

Benzc(ajanthracene
Benzo(a)pyrene
Benzo(b)fiuoranthene

Benzo(k)fluoranthene

GROUNDWATER

* Maximum detected value Is used when the 85% Upper Canfidence Limit exceeds maximum detected vaiue




Table 6-11
Exposure Point Concentrations
Shaliow Groundwater
(mgiL)

Chemical. .-
Noncarcinogens

Benzens

Toluene
Ethylbenzene
Exylene
Acenophthene
Anthacene
Fluoranthene
Fluorene
1-Methyinophthalene
2-Methylnophthalene
Naphthalene
Phenanthrene
Pyrene

Carcinogens

Benzene 0.07690
Benzo(a)anthracene 0.00003
Benzo(a)pyrene 0.00005
Benzo(b)flucranthene 0.00005
Benzo(k)fluoranthene 0.00003
Benzo(g,h.i)perylene 0.00006
Dibenzo(a,h)anthracene 0.00002
Indeno(1,2,3-cd)pyrene 0.00004

*Based on the 95% Upper Confidence Lim!t for samples cofiected 11/9/80 and 1/11/81; MW-8,-9,-10,-11, DW-1




6.5.4.1.2 Groundwater

Exposure point concentrations for compounds of potential concem were developed for potential
dermal exposure to shallow groundwater by a wtilty repair man working both on-site and off-site.
The data points used for this calculation of EPC included shallow monitoring wetls (MW-8, MW-g,
MW-10, MW-11) for the November 1990 and the January 1991 sampling events. Resuits of the
calculations are presented in Tabie 6-11.

6.5.5 Intake Models

For the Osmose site baseline risk assessment, exposure intake models are used to estimate
potential occupational (on-site construcﬁon worker) intakes of PAHs in the soil via dermal expostire,
incidental ingestion, and inhalation. tn addition, an exposure model was developed to estimate
potential intake of VOCs and PAHSs in shallow groundwater via dermal exposure. in caiculating
potential carcinogenic risk, the chronic intake is modeled as the iifetime average daily dose (LADD)
and expressed in units of milligram of chemical per kilogram body weight per day (mg/kg/day).

The generic equation for estimating the LADD is as follows:

Dose = Chemical Concentration x Contact Rate x Exposure Frequency x Duration x 1/Body
Weight x 1/Averaging Time.

The chemical concentration is the average concentration of the chemical contacted over the
exposure duration. The contact rate is the amount of contaminated medium contacted per unit time,
such as milligrams of soil per day or cubic meters of air per day. The exposure frequency describes
the incidence or how often the exposure occurs, generally in terms of days per year, while the
exposure duration describes how long the exposure occurs, usually in terms of years. A body
weight is used which is representative of the average body weight over the exposure duration.
Finally, the estimated dose for potentially carcinogenic compounds is averaged over a lifetime. The
exposure parameters used for the potential exposure scenarios applicable to the Osmose site are
described in Tables 6-12 through 86-15 at the end of the intake Modeis discussion.

For calculation of noncarcinogenic risk, the average intake is modsled as the average daily dose
(ADD) and is expressed in units of milligrams of chemical per kilogram body weight per day
(mg/kg/day). The generic equation used for estimating ADD is:




Dose = Chemical Concentration x Contact Rate x Exposure Frequency x Duration x 1/Body Weight

6.5.5.1 Common Intake Parameters

There are several parameters in the exposure models that are constant regardiess of the pathway of
interest. Since these parameters are used repetitively throughout the baseline risk assessment,
these parameters are identified and the appropriate vaiues are discussed here. Several of the
parameters, such as body weights and averaging times, are well documented in the available
literature and require no site-specific considerations. On the other hand, some parameters such as
exposure frequency and exposure duration are site-specific and require professionat judgment.

The value for body weight is the average body weight over the period of the exposure (EPA, 1989d).
For pathways where intake rate:body weight ratios are relatively constant over a tifetime, it is
generally not necessary to provide body weights for specific age groups. For an adult body weight
value, the EPA Exposure Factors Handbook recommends an average ({for men and women
combined) of 70 kilograms (EPA, 1989b).

The averaging time selected for the exposure assessment depends on the type of toxic sffect being
assessed. For calculating potential carcinogenic risks, it is necessary to average the estimated
cumulative dose over a lifetime (EPA, 1989h; EPA, 1988a) or LADD. Although 70 years has been
widely used in the past, current data suggest that 75 years (=27,375 days) wouild be a more
appropriate average value (EPA, 1989b). This is based on life expectancy data published by the
U.S. Department of Commerce, which reported an average life expectancy for the total U.S.
population of 74.7 years.

The exposure duration describes how tong the patential exposure extends. The value for this
parameter is the same for severat pathways. For the occupationat scenarios, the potential exposure
duration is assumed to be 40 days during one year, which represents the approximate duration of a
construction project. This is an overestimated value, since it is unlikely that any one worker will be
on location for that length of time. For occupational exposure to shatiow groundwater, the exposure
duration is assumed to be 5 days, which approximates the duration of a utility repair on, or in close
proximity to, the site. These scenarios also assume that the daidly occupationat exposure for a
worker is 8 hours per day, which is the length of a standard working day. Again, this is a
conservative estimate since it is uikely that worker will be continuously exposed for the fult 8 hours.

In summary, the above values for average body weights, potential exposure durations, and
averaging times are common to ali the exposure modets developed In this assessment. The
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appropriate values for the Osmose site baseling risk assessment have been identified here,
precluding the need to discuss the parameters again in conjunction with specific exposure models.
Pathway-specific variables utilized in the imtake models are discussed in Sections 6.5.5.2 and 6.5.5.3.

6.5.5.2 Soil Exposure
Saoil exposures include inhalation of fugitive dust, dermal contact, and incidentat ingestion. The
intake model parameters unique to these exposure routes are discussed below.

6.5.5.2.1 Inhalation of Dust

Potential exposures to contaminants of concern in air may occur through inhalation of the
contaminant either in the vapor phase or adsorbed to entrained particutates. The tendency for a
chemical to exist in either phase is a function of its physical and chemical properties. PAKMs are
relatively insoluble in water, adsorb strongty to soils, and most PAHs have low vapor pressure. Littte
data are available regarding volatilization rates for PAHs from soil. In general, volatilization is
unlikely to be a significant transport process for PAHs {Callahan et al., 1978); thereforg, inhatation of
vapors from soil does not represent a significant exposure pathway. Inhalation exposure resulting
from contaminated soil would be iimited 1o potential inhalation of entrained particuiates.

Because the on-site area of concern is a paved parking lot, it is assumed that the only period of
potential inhalation exposure would be during construction activities.

Assuming that some fraction of atmosphericaity entrained PAHs exist in the particulate phass, a
critical issue with regard to potential exposure via inhalation is whether the patticies to which the
PAHs are adsorbed are within the respirable size range <10 microns (PM,, fraction). insufficient site-
specific information is available regarding the characteristics of PAH adsorptian relative 1o particte
size to make conclusions applicable to exposure modeling. in the absence of site-spacific
information, it is conservatively assumed that 100% of the respirabte particle fraction (PM,,) is
composed of on-site soil particles. it should be noted, however, that the 100% absorption value
used in this assessment represents a worst case scenario for this pathway.

The model used to estimate occupational expasure in this assessment is based on the PAH
concentrations found in the soil. A maximum respirable particle concentration used in the modet of
33 ug/ m® is based on field measurements at several locations in the Buffaio area in a three year
period (NY State Department of Health, 1991, personal communication}. The 3.S. EPA (1990) has
estimated the inhalation rate for occupational exposure at 1.88 cubic meters per hour (15 m® per
work day).
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Animal studies suggest that PAHs are readily absorbed through the lungs (Kotin et al., 1969; Vainio
et al, 1976). It Is estimated that 75% of inhaled compounds remain within the body; the remaining
25% of the inhaled compound Is assumed to be exhated from the body and, therefore, is not
available for absorption. It Is also estimated that of the total amount of inhaled compound available
for absorption, approximately 16% remains in the atveolar region of the iung and the remainder is

swallowed in the Gl tract.

6.5.5.2.2 Dermal Contact

In the absence of peer-reviewed, experimentally-verified research results regarding dermal
absorption of PAHs in soil, the relatively comprehensive data base on the dermal absorption of
tetrachlorodibenzodioxin (TCDD) is utilized as surrogate data in this analysis. The experimental data
regarding dermal absorption of PAHS in pure solution are interpreted in light of research resutts
which demonstrate that dermal absorption of TCDD in sotvent is significantly greater than dermal
absorption of TCDD bound to soit. The resulting absorption of PAHs is expressed as a relative
absorption coefficient consistent with methods for using absorption data for risk assessment
purposes (EPA, 19889d).

Based on the Poiger and Schiatter study {1980} on TCDD, the percent dose of TCDD found in the
liver after dermal administration of TCDD in a soil /water paste matrix was 1.7%, compared to 14.8%
found in the liver for pure TCDD dissolved in methanot. From these data, it is concluded that
binding of TCDD to soil reduces the dermal absorption to 11.5% (t.7/14.8) of the pure compound
absorption. The authors hypothesized that after the water from the water/soil paste in contact with
the skin evaporated, TCDD was totally immobilized on the soil particies. Therefore, the derived soil
inhibiting factor represents a conservative upper bound estimate for dermat contact with dry soil.
The soil matrix inhibition factor of 11.5% is appropriate for PAHSs.

The soil matrix inhibition factor of 11.5% was applied to the average absorption estimate for pure
PAHs of 6§0.0% for carcinogens and non-carcinogens. This conservative value for absorption was
selected following a review of research data. The range of percent dermal absorption for various
carcinogenic PAH compounds tested in several species is 8.01-40% (Kao et at., 1985; Sanders e al.,
1986; Heidelberger and Weiss, 1851} and 52% for non-carcinogenic PAHSs in one study by Young et
al. (1986). The absorption coefficient used in the dermal intake models is 0.058.

Soil Contact Rate
The soil contact rate, or the adherence factor, is a measure of the average amount of soil which

adheres to a given skin surface area for a given unit time. Typical units are milligrams of soil per
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square centimeter of skin per day. The amount of soit that may accumulate on the skin depends
upon the body part in contact with the soil, the soil type and moisture, and the activity resuiting in
contact with the soil. Several different values have been either used by the EPA in risk assessiment
or recommended in risk assessment guidance documents:

° EPA, 1984, “Risk Analysis of TCDD Contaminated Scils": upper range
estimate of 0.5 to 1.5 mg/cm*/day.

EPA, 1986a, "Development of Advisory Levels for Polychlorinated
Biphenyls (PCBs) Cleanup®: 1.0 mg/em?/day.

EPA, 19883, "Superfund Exposure Assessment Manual: Commercial
potting soil = 1.45 mg/cm?/day; clay mineral kaotin = 2.77
mg/cmz?/day.

The basis of reported soil adherence factors will be reviewed in order to select a value which, when
combined with the other expasure values, results in a reasonable maximum estimate (RME) of
exposure.

The values reported by EPA in the Superfund Exposure Assessment Manual (EPA, 19883} are based
on an unpublished 1979 memorandum of the Michigan Toxic Substance Control Commission.

Because no further information couid be obtained, these vatues are not considered appropriate.

Lepow et al. (1975) reported a soil contact rate of 0.5 mg/cmz/day. This study measured soll
accumulation on the hands of 22 children ages 2-6 that had been playing both outdoors and
indoors. "Soil from the hands of the children was collected by repeatediy pressing a preweighted
adhesive strip to a single area of the palm of the hand and dividing the weight of the collected dirt
by the surface area from which it was collected.

Roels et al. (1980) calculated a range of 0.42 mg/cm®/day to 1.78 mg/cmz/day as the soil
accumulation rate on the palms of the dominant hands of 11 year old chiidren who had previously
been playing in a school yard. A dilute nitric acid solution was used to rinse the hand. The total
amount of lead in the rinsate was determined and compared to the concentration of jead in the soil
from the play ground in order to calculate the total amount of soil rinsed from the hand. As with
Lepow et al. (1975}, the total amount of soil was divided by the surface area of the rinsed hand to
derive the range of contact rates. The average soit adherencs rate was 0.9 mg/cm?/day (Sedman,
1989).




Que Hee et al. (1985) quantified the amount of soil that adheres to the palm of the hand of an adult
for different soil particle sizes. The hand of an aduit was applied to a petri dish containing a
preweighted amount of dust. The hand was removed from the petri dish and nonadhering dust
remaining in the dish was weighed 1o calculate the amount of dust that adhered to the hand. The
average adherence rate was 31.0 mg per hand. For an assumed hand surface area of 160 cm? the
corresponding soil adherence rate is 0.2 mg/cm?.

in summary, three average soit accumuiation rates based on empiricat data are reported in the
published literature: 0.5 mg/cm’/day (Lepow et al., 1975); 0.9 mg/cm?/day (Roels et al., 1980); and
0.2 mg/cm?/day (Qee Hee et al., 1985). All three of these estimates are based on the amount of
soil accumulation on the palms of hands. Other skin surfaces are not likely to be in contact with soil
to the same extent as the palms of the hands. Based on the empiricat data and best professionat
judgment, a reasonable maximum estimate of the sail contact rate for high contact surface areas
(such as hands and feet) is 0.75 mg/cm?/day. This figure is approximately equal to the average of
the two highest of the three reported contact rates, Le., 0.5 mg/cm’/day and 0.9 mg/cm?/day.

For the lower contact body surface areas, such as legs and arms, a reasonable maximum estimate
of the soil contact rate is 0.4 mg/cm?/day. This vaiue is approximately equal to the average of the
two lower of the three reported contact rates, i.e., 0.5 mg/em?/day and 6.2 mg/cm?/day. These
contact rates represent reasonable maximumn estimates. It is consefvative to assume that soil wiil

accumulate at these rates for avary exposire event resulting in potential contact with outdoor soil.

Soil/Skin Contact Area and Total Soil Accumulation
In estimating exposures to surface soil, n is necessary to combine the soil contact rate with the
surface area of the skin in contact with the solt. Best professional judgement was used to
categorize the surface area as a high or a iow contact part and to identify the percentage of the
body part in contact with the soil. The total estimated so## accumulation is catculated by multiplying
the soil /skin contact area by the appropriate soit contact rate:

Total soil accumulation (mg/day} = exposed skin surface area {cm? x soil contact
rate (mg/cm?/day) :

Total estimated soil accumulation for adults is calculated assuming that the surface area potentially
in contact with soil consists of 100% of the hands and forearms.
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Relative to the current assessment, exposed surface areas of the skin for workers performing
outdoor activities was calculated for a worker not wearing gloves {(exposure to hands and forearms).

In this case total soil accumulation was calculated:

HANDS FOREARMS TOTAL SOIL ACCUMULATION
(840 cm? x 0.75 mg/cm?/day) + (1140 cm® x 0.4 mg/cm’/day) = 1086 mg/day.

The magnitude of potentially exposed surface areas is overestimated because not alt workers rolt up
their sleeves or otherwise expose their forearms.

In conclusion, the estimated total sofl accumulation rate is a reasonable maximum estimate. it is
likely that the accumulation rate and exposed surface areas on certain days will be lower than as
characterized by the assumptions utilized in this analysis.

6.5.5.2.3 Incidental Ingestion

Soil Ingestion Rate
The objective of this section is to discuss factors relevant to soit ingestion for aduits that occurs as a
result of normal mouthing or unintentionai hand-to-mouth activity. The cuirent aduit soit ingestion
rate recommended by EPA (1989c} is 100 mg/day. Most adults do not intentionally ingest soit.
Adult soil ingestion rates have been estimated based on studies of chitdren.
Paustenbach (1989a) evaluated the methods and resuits of a variety of studies which estimate child
soil ingestion rates and concluded that recent soll tracer studies provide the most accurate
estimates, particularly Calabrese et at. (1989). In consideration of studies estimating child soit
ingestion rates from 1977 to 1989, Paustenbach cited Calabrese et al. {1989) as the most rigorous
study which provided a likely estimate of child soi ingestion rate. This range was reported to be
25-50 mg/day for children.

The EPA has developed age-specific soil ingestion rates based on the results provided by several
researchers including Lepow et al. (1975}, Roels et al. (1980), and Kimbrough et al. (1984).
Generally, the adult ingestion rate has been estimated at approximatety 5% that of chiidren. More
recent studies suggest the adult soil ingestion rate may be lower than 50%. Preliminary direct
evidence that adult soil ingestion rates are significantly tower than that of children has been
described in detail by Gradient (1989). This evaluation described urinary arsenic ievels in Mill Creek
Montana residents before and after relocation. It was found that children had 15 times higher
arsenic intake levels than the adults. The excess levets of arsenic were attributed to differences to




intake of arsenic from soll ingestion, suggesting that the soil ingestion rate of oider children and
adults Is much less than one-half that of the younger child (Gradient, 1989).

LaGoy (1987) estimated an average soil Ingestion rate of 50 mg/day for aduits with frequent hand-
to-mouth contact (i.e., smokers) or those who are in direct contact with contaminated soit (i.e.,
gardeners). For the average adult, he estimated a soit ingestion rate of 25 mg/day.

For adults, Paustenbach (1989} evaluated ingestion of food contaminated with soit and incidentai
ingestion via poor personal hygiene as potential routes of soil ingestion exposure. He concluded
adult soll ingestion rates are likely to range from 2-6 mg/day.

Based on consideration of the cited child soil ingestion rates and values for adidts extrapolated from
these studies of children, this assessment uses an adult soit ingsstion rate of 25 mg/day. This value
is based on 50% of the maximum child value cited in recent sciertific literature, even though the
empirical data suggests a smaller percentage may be appropriate. This conservative adult soit
ingestion rate, in combination with the other exposure parameters, results in a reasonable maximum
estimate of potential exposure.

6.5.5.3 Groundwater Exposture ~ Utility Repair Worker

Repair work to the underground ttilities has occurred on site, and directly adjacent to the site on
Ellicott Street; and this type of activity could occur in the future. Because the water table occurs at
approximately 7 feet below grade on and adjacent 10 the site, it is reasonable to assume that a utility
repair worker may encounter groundwater. The potentiat groundwater exposure pathway evaluated
in this assessment is dermal contact. The exposure duration for this scenaric is 8 hours per day for

5 days during a single repair event. it is consklered uniikely that a specific individual would bs

exposed more frequently or for a ionger duration at or near this site. Other variables specific to this

exposure route are discussed betow.

Dermal exposure is determined by considering the chemical concentration in an environmentat
medium that is contacted, the body surface area contacted, and the duration of exposure. in
addition, the extent of potential toxicological impact to the receptar via dermai exposure is
dependent on the ability of the compound of potential concem to permeate the skin surface and be
absorbed into the blood.

it is important to recognize that the caiculated exposure from dermal contact is actually an absorbed
dose (i.e., Intake), not the amount of chemical that contacts the skin (EPA, 198%a). Application of
permeability constants (PC) in the exposure modet accounts for this distinction. Parmeability
constants reflect the movement of the chemical across the skin and into the body (EPA, 1983a).
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Dermal permeability constants for compounds of potentiai concem are estimated based on an
equation derived by Brown and Rossi (1989} that refates the octanol-water partition coeffictent (K,,,)
to dermal permeability:

P. = 0.1 [K,,>7°/(120 + K., ™)}

For this analysls, it was assumed that the exposed surface area consists of the hands and forearms
only. Although there may be occasions when workers stand in the water, it is likely that their feet
and legs will be protected. Therefore, it is reasonable to assume that the lower extremities are not
exposed. According to the Risk Assessment Guidance for Superfund (EPA, 1889a), it is not
necessary to use 95th percentile vatues for surface area to achieve reasonabie maxdmum exposure.
Rather, it is appropriate to select 50th percentite values, because surface area and body weight are
strongly correlated, and 50th percentile values are most representative of the surface area of
individuals of average weight (70 kg) {(EPA, 1989a). Estimates of exposure remain conservative,
because conservative assumptions are used to estimate dermal absorption {permeability constants),
and frequency and duration (EPA, 1988a). The surface area for hands and forearms of an aduit
male (50th percentile values) are 0.099 and 0.131 m?, respectively (EPA, 1888b).

6.5.5.4 Summary
The intake calculation models, with resulting estimates of Lifetime Average Daily Dose (LADD) and

Average Daily Dose (ADD), for the exposure pathways included in the quantitative svaluation are
shown in Tables 6-12 through 6-15.

6.6 Risk Characterization

Risk characterization is the finat step of the baseline health risk assessment. Results of the toxicity
and exposure assessments are combined 1o quantify potentiat carcinogenic and noncarcinogenic
health effects. The risks are then combined across exposure pathways to estimate a cumulative

potential risk for the receptor. tn order to put these risk estimates into proper perspective, a

discussion is also included on the assumptichs and uncertainties inherent in the risk assessment
methodology.




TABLE 6-12

CONSTRUCTION WORKER
INCIDENTAL INGESTION OF CHEMICALS IN SOIL

EQUATION

[1JADD = CS * IR * CF* 1/BW
[2] LADD = CS * IR " CF* EF " ED * 1/BW " VAT

SYMBOLS AND DESCRIPTIONS

UNITS

VALUES

REFERENCE

CS = Concentration In Soll {(85% UCL)
IR = Ingestion Rate

CF = Conversion Factor

EF = Exposure Frequency

ED = Exposure Duration

BW - Body Welght

AT = Averaging Time

ADD = Average Dally Dose

LADD = Ufetime Average Dally Dose

mg/kg
mg/day
kg/mg
days/year
years

kg

days
mg/kg-day
mg/kg-day

See Below
25
1.00E-06
40

1

70

27375

EQH1)
EQiZ]

BIOCELL ON-SITE
RESULTS EXPOSYRE  EXPOSURE
POINT POINT
CHEMICAL CONC. (mg/kg} SONC. (mg/kg.

OFF-SITE
EXPOSURE
POINT
CONC. (mg/kg)

BIOCELL
INTAKE

ON-SITE
INTAKE

OFF-SITE
INTAKE

NONCARCINOGENIC

Acenaphthene 226.875 38.28
Anthracene 23.708 174.899
Benzo(g,h.l)perylene . 12.313
Dibenzoturan 152.445 -
Fluoranthene 58 43.00
Fluorens 60 27.858
1-Methyinaphthene - 14.325
2-Methylnaphthene 28.605
Naphthalene 73.441
Phenanthrene 62.00
Pyrene 117.078

CARCINOGENIC
Benzo(a)anthracene
Benzo{a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenzo{a,h)anthracene
Indeno(1,2,3-cd)pyrense

ADD
8.10E-05
8.47E-06
5.44E-05
2.07E-05
2.14E-05
3.97€-05
2.24E-05
4.21E-05
1.44E-05

ADD
1.37E-05
6.25E-05
4.40E-06
1.54E-05
9.95E-06
5.12E-06
1.02E-05
2.62E-05
2.21E-05
4.18E-05

ADD

2.14E-08

3.93E-09

LADD
261E.12
3.13E-12
3.65€-12
1.57E-12




TABLE 6-13

CONSTRUCTION WORKER

DERMAL CONTACT WITH CHEMICALS IN SOIL

EQUATION

[1] ADD = CS " SA *AF * CF " 1/BW

[2) LADD = CS* SA*AF " CF* EF * ED * \/BW " 1/AT

SYMBOLS AND DESCRIPTIONS UNITS VALUES REFERENCE
CS = Concentration in Sofl (85% UCL) mg/kg See Below
SA = Soll Accumulation mg/day 1086
AF = Absorption Factor unitless 0.058
CF = Conversion Factor kg/mg 1.00E-06
EF = Exposure Frequency days/year 40
ED = Exposure Duration years 1
BW = Body Weight kg 70
AT = Averaging Time days 27375
ADF = Health Criterion Adjustment Factor unitless See Below
ADD = Average Daily Dose mg/kg-day Q1)
LADD = Lifetime Average Daily Dose mg/kg-day EQED)

BIOCELL ON-SITE OFF-SITE BIOCELL ON-SITE OFF-SITE
RESULTS EXPOSURE EXPOSURE EXPOSURE INTAKE INTAKE INTAKE

POINT POINT POINT
CHEMICAL CONC. (ma/kg) CONC. {mg/kg) CONC. (mghka)
NONCARCINOGENIC ADD ADD ADD
Acenaphthene 226.875 38.28 - 2.04E-04 3.44E-05 -
Anthracene 23.708 174.898 - 2.13E-05 1.57E-04 -
Benzo(g,h,i)perylene - 12.313 0.006 - 1.11E-05 5.40E-08
Dibenzotfuran 152.445 - - 1.37€-04 - -
Fluoranthene 58 43.00 0.011 5.22E-05 3.87E-05 9.9CE-09
Fluorene 60 27.858 - 5.40E-05 2.51E-05 -
1-Methyinaphthens - 14.325 - - 1.28E-05 -
2-Methylnaphthene 111.226 28.605 - 1.00E-04 2.57E-05 -
Naphthalene 62.614 73.441 - 5.63E-05 6.61E-05 -
Phenanthrene 117.855 62.00 - 1.06E-04 5.58E-05 -
Pyrene 40.449 117.079 0.028 3.64E-05 1.05E-04 2.52E-08
CARCINOGENIC LADD LADD LADD
Benzo(a)anthracene 10.8638 16.439 0.008 1.44E-C8 2.16E-08 6.57&-12
Benzo(a)pyrene - 17.005 0.006 - 2.24£-08 7.89E-12
Benzo(b)flucranthene 6.321 13.293 0.007 8.31£-08 1.75£-08 9.20E-12
Benzo(k)fluoranthene - 7.224 0.003 - 9.50E-09 3.84E-12
Chrysene - 14.429 - 1.90E-08 -
Dibenzo{a,h)anthracene - 3497 - - 4.60E-08
Indeno{1,2,3-cd)pyrene - 8.452 - - 1.24E-08
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TABLE 6-14

CONSTRUCTION WORKER
INHALATION OF FUGITIVE DUST

EQUATION

[1]ADD = CS* PM10O®IR " (FL + FS) * ED1* CF * 1/BW

[2] LADDIh = CS* PM10* IR * FL* ED1 *ED2* ED3* CF* 1/BW *1/AT

[3] LADDIn =CS*PM10*IR * FS* ED1 " ED2* ED3* CF* I/BW "1/AT

SYMBOLS AND DESCRIPTIONS UNITS VALUES REFERENCE
CS = Concentration in Soll (85% UCL) mg/kg See Below

PM10 = Particulate ug/m3 33

IR = Inhalation Rate m3/hr 1.88

FL = Fraction Retained In Lung unitdess 0.125

FS = Fraction Swallowed unitiess 0.625

ED1 = Exposure Duration hours/day

ED2 = Exposure Duration days

ED3 = Exposure Duration yr

CF = Conversion Factor . kg/ug

BW = Body Welght . kg

AT = Averaging Time days

ADD - Average Dally Dose mg/kg-day :E

LADDIn - Lifetime Average Dally Dose (Ingestion) mgrkg-day ‘EQ{3]"
LADDIh = Lifetime Average Dally Dose {Inhalation) mg/kg-day EQ(2]"

BIOCELL ON-SITE OFF-SITE _ BIOCELL ON-SITE OFF-SITE
RESULTS EXPOSURE EXPOSURE EXPOSURE INTAKE INTAKE INTAKE
POINT POINT POINT
CHEMICAL CONC. (mg/kg) CONC. (mg/kg) CONC. {ma/kg)

NONCARCINOGENIC ADD ADD

Acenaphthene 226.875 §.21E-06 2.04E-07 -
Anthracene 23.709 - 1.26E-07 9.3CE-07 -
Benzo(g,h,l)perylens - - 6.55€-08 3.19E-11
Dibenzotfuran 152.445 8.11E-07 - -
Fluoranthene 58 3.08E-07 2.29E-07 5.85E-11
Fluorene 60 3.18E-07 1.48E-07 -
1-Methylnaphthene - - - 7.62E-08

2-Mathylnaphthene 111.226 - 591E-07 1.52E-07

Naphthalene 62.614 3.33E-07 3.91E-07

Phenanthrene 117.855 6.27E-07 3.30E-07 -
Pyrens ~ 40.4438 2.15E-07 6.23€-07 1.48E-10

BIOCELL ON-SITE OFF-SITE
CARCINOGENIC LADDIh LADDIn LADDIh LADDiIn LADD/ LADDiIn
Benzo(ajanthracene 1.42E-11 7.08E-11]| 2.13€-11 1.06E-10| 6.48E-16 3.24E-14|
Benzo(a)pyrene - - 2.20E-11 1.1CE-10| 7.77E-16 3.89E-14
Benzo(b)fluoranthens 8.19E-12 4.09E-11] 1.72E-11 861E-1118.07E-15 4.53E-14
Benzo(k)fluoranthens - - 9.36E-12  4.68E-11|3.80E-15 1.94E-14
Chrysene - - - 1.87E-11 9.34E-11 - -
Dibanzo(a,h)anthracene - - - 4.53E-12 2.26E-11 -
Indeno(1,2,3-cd)pyrene - - - - 1.22E-11 6.12E-11 -




TABLE 8-15

UTILITY REPAIR WORKER

DERMAL CONTACT WITH GROUNDWATER

EQUATION

(/MDD = CW * SA*PC * ET* CF * 1/BW

[2JLADD = CW *SA*PC*ET" EFTED*CF "' 1/BW " 1/AT

SYMBOLS AND DESCRIPTIONS UNITS VALUES
CW = Concentration In Water mgA See Below
SA = Skin Area Avallable for Contact cm2 2300
PC =Permeability Constant cm/Mhr See Below
CF = Conversion Factor 1L/1000cm3 0.001
EF = Exposure Frequency days/year 5
ED = Exposure Duration years 1
ET = ExposurgTime hrs/day 8
BW = Body Weight kg 70
AT = Averaging Time days 27375
MDD = Maximum Dalily Dose mg/kg-day o HIE
LADD = Lifetime Average Dally Dose mg/kg-day pas vl
RESULTS
Exposure
Chemical Point Concentration

(mg/l) PC INTAKE
NONCARCINOGENIC MDD
Benzene ’ 0.0769 0.015467 3.94E-04
Toluene 0.0480 0.046485 5.86E-04
Ethylbenzene 0.0272 0.065754 4.70E-04
Xylene 0.0464 0.067671 8.25E-04
Acenaphthene 0.0009 0.093644 2.22E-05
Anthracene 0.0003 0.084772 7.47€E-06
Fluoranthene 0.0001 0.098807 2.60E-06
Fluorene 0.0001 0.091917 2.42E-06
1-methynaphthalene 0.0010 0.073738 1.84E-05
2-methynaphthalene 0.0044 0.073736 8.53E-05
Naphthalene 0.0035 0.073736 6.78E-05
Phenanthrene 0.0005 0.084857 1.25E-05
Pyrene 0.0003 0.088787 7.79E-06
CARCINOGENIC . LADD
Benzene 0.0769 0.019467 7.18E-08
Benzo{a)anthracene 0.00003 0.089261 1.43E-10
Benzo{a)pyrene 0.00005 0.099647 2.39E-10
Benzo(b)fluoranthense 0.00005 0.093858 2.40E-10
Benzo(k)flucranthene 0.00003 0.099911 1.44E-10
Benzo(g,h,l)perylene 0.00006 . 0.099955 2.88E-10
Dibenzo{a,h)anthracene 0.00002 0.099602 9.56E-11
Indeno(1,2,3-cd)pyrene 0.00004 . 0.099978 1.92E-10
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Potential carcinogenic risks of the chemicals of concem are estimated from daily intakes and
chemical-specific dose response information. The cancer potency factor applied by EPA for
regulatory purposes is the upper 95 percent confidence limit of the probability of a carcinogenic
response per unit intake over a lifetime of exposure. The low-dose carcinogenic risk equation used
by EPA for estimating risks for regulatory purposes is:

Risk = Lifetime Average Daily Dose (LADD) * Cancer potency factor

As outlined in the EPA Guidance, total upperbound cancer risk for each exposure pathway is
calculated by summing the substance-specific cancer risks (EPA, t9838a). in addition, for baseline
risk assessments, potential cancer risks from various exposure pathways are assumed 10 be additive
if the risks are for the same receptor and time period (EPA, 1988a). Since a construction worker
could theoretically face the “reasonable maximum exposure' (RME) by all three pathways, it is
appropriate to combine risks across exposure pathways at this site (EPA, 1389a). For the purposes
of this assessment, it was assumed that the criterion of acceptable total risk 1o a receptor is t x 107,

which falls within the range of aoo.ggﬂle risk (1 x 107 to 1 x 10° ) frequently cited by the U.S.EPA

(See discussion in Section 6.6.4}.

6.6.1 Carcinogenic Risk Estimates

The estimates for the potential carcinogenic risk evaluation for accupational exposure to soil and
groundwater are itemized for individuat chemicats by specific receptors and exposure pathways in
Tables 6-16 through 6-19. Specific estimates for each indicator compound were generated for
incidental ingestion of soil, dermal contact with sail, and inhatation of fugitive dust for hypothetical
biocell, on-site (non-biocell), and off-site construction workers. in addition, a cumulative potentiat
risk estimate was generated for each potential receptor by summing ths totat potential risk
(incidental soil ingestion, dermal contact, and inhalation). Table 6-20 summarizes these cumulative
cancer risk estimates. In the biocelt soit exposure scenario, total upper-bound risk estimates less
than the criterion of acceptable risk (1 x 10™) were calculated for all three exposure routes (i.e., they
represent acceptable levels of risk}. in addition, the cumulative risk estimate of 9.07 x 107 is
considerably less than the criterion of acceptable risk. For the on-site (non-biocell) soil exposure
scenario, total risk estimates less than 1 x 10™ were calculated for all three exposure routes and for
the cumulative risk. Likewise, in the off-site soil exposure scenario individual pathway risk and total
risk estimates were considerabty less than the criterion. The total risk estimate for the utility repair
worker exposure to groundwater is approximately 1 x 10, which is also considerably less than the
criterion of acceptable risk.




Table 6-16. BIOCELL: CANCER RISK ESTIMATES, FOR INDIVIDUAL CHEMICALS,
BY RECEPTOR AND EXPOSURE PATHWAY

fleceptor / Pathway  Chemical

LADD Cancer Potency Chemicai
(mg/kg-day) (mg/kg-day)-1 Risk

Totat Exposure
Pathway Risk

CONSTRUCTION WORKER
INCIDENTAL INGESTION OF CHEMICALS {N SOIL

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fiuoranthens
Benzo(k)fluoranthene
Chrysene

Dibenzo(a h)anthracens
indeno(1,2,3-cd)pyrene

CONSTRUCTION WORKER
DERMAL CONTACT WITH CHEMICALS IN SOIL

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Indeno(1,2,3-cd)pyrene

CONSTRUCTION WORKER
INHALATION OF FUGITIVE DUST

Benzo(ajanthracene
Benzo(a)pyrene
Benzo(b)fluoranthense
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Indeno(1,2,3-cd)pyrense

RISK = LADD * CPF

LADD = Lifetime Average Daily Dose (mg/kg-day}
CPF = Cancer Potency Factor (mg/kg-day)-1

ADF = Adjustment Factor applied to CPF, {CPFIADF)

5.71E-09 L7 9.70E-09

3.30E-08 1.6 5.28E-08

ADF
1.44E-08 1.7 0.5 4.89E-08

8.31E-08 1.6 05 2.66E-08

CPF (Inh) CPF (oral)
LACDIh  LADDIn (mg/kg-day)-1 ‘mg/kg-day)-1

1.42E-11  7.08E-11% 0.88 1.7 1.33E-10

8.18E-12 4.08E-11 0.85 16 7.24E-11
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Table 6-17. ON-SITE: CANCER RISK ESTIMATES, FOR INDIVIDUAL CHEMICALS,

BY RECEPTOR AND EXPOSURE PATHWAY

Receptor/Pathway  Chemlcal LADD Cancer Potency Chemical Total Exposure
(mg/kg-day) (mg/kg-day)-1 Risk Pethway Risk
CONSTRUCTION WORKER
INCIDENTAL INGESTION OF CHEMICALS IN SOIL
Benzo(a)anthracene 8.58E-09 1.7 1.46E-08
Benzo(a)pyrene 8.87E-08 11.5 1.02E-07
Benzo(b)fluoranthens 6.94E-08 1.6 1.11E-08
Benzo(k)fiucranthene 3.77E-09 0.76 2.87E-09
Chrysene 7.53E-08 0.05 3.76E-10
Dibenzo(a.h)anthracene 1.82E-09 12.77 2.33E-08
Indeno(1,2,3-cd)pyrene 4.93E-09 267 1.32E-08
1.67E-07
CONSTRUCTION WORKER
DERMAL CONTACT WITH CHEMICALS IN SOIL
ADF
Benzo(ajanthracene 2.16E-08 1.7 0.5 7.35E-08
Benzo(a)pyrene 2.24E-08 1.5 0.5 5.14E-07
Banzo(b)fluoranthene 1.75E-08 1.6 0.5 5.59E-08
Benzo(k)fluoranthene 9.50E-09 0.76 05 1.44E-08
Chrysene 1.90E-08 0.05 0.5 1.90E-09
Dibenzo(a,h)anthracene 4.60E-09 12.77 0.5 1.17E-07
lndeno(1,2,3-cd)pyrene 1.24E-08 2.67 0.5 6.64E-08
8.44E-07
CONSTRUCTION WORKER CPF (Inh)  CPF (oral)
INHALATION OF FUGITIVE DUST LADDIh  LADDIn (mg/kg-day)-1 .mg/kg-day)-1
Benzo(ajanthracene 2.13E-11  1.06E-10 0.88 1.7 2.00E-10
Benzo(a)pyrens 2.20E-11  1.10E-10 6.1 1.5 1.40E-09
Benzo(b)fluoranthene 1.72E-11  8.61E-11 0.85 1.6 1.52E-10
Benzo(k)fluoranthene 9.36E-12 4.68E-11 04 0.76 3.83E- 11
Chrysene 1.87E-11 9.34E-11 0.03 0.05 5.23E-12
Dibenzo(a,h)anthracene 4.83E-12 226E-11 6.8 12.77 3.20E-10
Indeno(1,2,3-cd)pyrene 1.22E-11  6.12E-11 1.4 2.67 1.81E-10
2.30E-08

RISK = LADD * CPF

LADD = Lifetime Average Dally Dose (mg/kg-day)
CPF = Cancer Potency Factor (mg/kg-day)-1

ADF = Adjustment Factor epplied to CPF, (CPF/IADF)
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Table 6-18. OFF-SITE: CANCER RISK ESTIMATES, FOR INDIVIDUAL CHEMICALS,
BY RECEPTOR AND EXPOSURE PATHWAY

Roceptor/ Pathway Chemical LADD Cancer Potency Chemical Total Exposure
(mg/kg-day) (mg/kg-day)-1 Risk Pathway Risk

CONSTRUCTION WORKER
INCIDENTAL INGESTICN OF CHEMICALS IN SOIL

Benzo(a)anthracens 2.61E-12 . . 4.44E-12

Benzo(a)pyrene 3.13E-12 3.60E-11
Benzo(b)fluoranthene 3.65E-12 . 5.84E-12
Benzo(k)fluoranthene 1.57E-12 1.19E-12

Chrysene - -
Dibenzo(a,h)anthracene

Indeno(1,2,3-cd)pyrens

4.75E-11

CONSTRUCTION WORKER
DERMAL CONTACT WITH CHEMICALS IN SOIL

Benzo(a)anthracene 6.57E-12 . . 2.24E-11
Beanzo(a)pyrene 7.89E-12 . 1.81E-10
Benzo(b)fluoranthene 9.20E-12 . . 2.95E-11
Benzo(k)fluoranthene 3.94E-12 . 6.00E-12
Chrysene - - -

Dibenzo(a h)anthracene

Indeno(1,2,3-cd)pyrene

2.38E-10

CONSTRUCTION WORKER CPF(Inh)  CPF (oral)
INHALATION OF FUGITIVE DUST LADDth  LADDIn (mg/kg-day)-1 mg/kg-day)-)

Benzo(a)anthracene 6.48E-15 3.24£-14 0.88 1.7 6.07E-14

Benzo(a)pyrens 7.77E-16 3.89E-14 6.1 116 4.84E-13
Benzo(b)fluoranthene 9.07E-15 4.53E-14 0.85 16 B.02E-14
Benzo(K)fluoranthene 3.89E-16 1.04E-14 0.4 0.76 1.63E-14

Chrysene - . 0.03 - -
Dibenzo(a,h)anthracene - - 6.8

Indeno(1,2,3-cd)pyrene - - t.4

6.51E-13

RISK = LADD * CPF

LADD = Lifetime Average Dally Dose (mg/Xxg-day)
CPF = Cancer Potency Factor (mg/kg-day)-1

ADF = Adjustment Factor applied to CPF, (CPF/ADF)




Table 6-18. UTILITY WORKER: CANCER RISK ESTIMATES, FOR INDIVIDUAL CHEMICALS,
BY RECEPTOR AND EXPOSURE PATHWAY

Receptor / Pathway Chemical LADD Cancer Potency ‘ Chemicail Total Exposure
(mg/kg-day) ~ (mg/kg-day)-t Risk Pathway Risk

UTILITY REPAIR WORKER
DERMAL CONTACT WITH GROUNDWATER

Benzene 7.19E-08 E 2.08E-09
Benzo{a)anthracene 1.43E-10 . . 4.86E-10
Benzo(a)pyrene 2.39E-10 . 5.5E-09
Benzo(b)fluoranthene 2.40E-10 . X 7.67E-10
Benzo(k)tluoranthene 1.44E-10 , 2.19E-10
Benzo(g,h,l)perylene 2.88E-10 X 1.46E-10
Dibenzo(a,h)anthracene 9.56E-11 5 2.44E-09
Indeno(1,2,3-cd)pyrene 1.92E-10 . 1.03E-09

RISK = LADD * CPF

LADD = Lifetime Average Dally Dose (mg/kg-day)

CPF = Cancer Potency Factor (mg/kg-day)-1

AF = AdJustment factor for reterence dese {to correspond to ebsorbed dose)




Table 6-20: CUMULATIVE CANCER RISK ESTIMATES FOR
INDIVIDUAL AND COMBINED RECEPTORS

Receptor Exposure Pathwsy Pathway Risk Contribution to Totsi Cumulative Risk
Risk

Construction Worker, Biocell 9.07E-08
Incldental Ingestion ot Soll .50E- 16.521%
Dermal Contact with Soll . 83.252%
Inhalation of Fugitive Dust . 0.226%

Construction Worker, On-Site (Non-Bioceli)
Incldental Ingestion of Soll t.67€-07 16.521%
Dermal Contact with Scll 8.44€-07 83.252%
Inhalation of Fugitive Dust 2.30E-08 0.227%

Construction Worker, Off-slte
Incldental Ingestion of Soll 4.75€-11 16.521%
Dermal Contact with Soil 2.38€-10 83.252%
inhalation of Fugitive Dust 6.51E-13 0.227%

Utility Repair Worker 1.27E-08
Dermal Contact With Groundwater




In summary, under the conservative assumptions and parameter values used in this assessment,
estimates of total risk for the hypothetical on-site bioceit receptor, the on-site {non-bioceil) receptor,
the hypothetical off-site worker, as well as the hypothetical utility repair worker exposed to
groundwater, are well below the criterion of acceptable risk (t x 10”°) by factors of approximately 10
to 10,000, representing a large “margin of safety” for any of these potential receptors.

6.6.2 Hazard Index Estimates

The potential for noncarcinogenic toxicity is not expressed as the probability of an individuai
suffering an adverse effect (EPA, 1989a). Rather noncarcinogenic effects are evaiuated by
comparing an exposure level over a specified time period with a reference dose derived for a similar
exposure period. This ratio of exposure to toxicity is caited a hazard quotient (EPA, 1989a).

The hazard quotient assumes that there is a level of exposure (i.e., the RID) below which adverse
health effects are unlikely (EPA, 1989a). i the exposure levels exceed this threshold (ratio > 1},
there is a greater likelihood for noncarcinogenic effects to occur (EPA, 1989a). it is important not to
interpret the ratios as probabilities. in addition, the likelihood of adverse effects does not increase
linearly as the RfD is approached or exceeded, because RfDs do not have equal accuracy or are not
based on the same severity of toxic effects (EPA, 1989a).

To assess the potential for noncarcinogénic effects posed by more than one chemical, it is
appropriate to calculate a hazard index which sums the hazard quotients. if the hazard index
eﬁ:@gs.pne,-the likelihood of adverse health. effects increases (EPA, 1989a).

In this baseline risk assessment, hazard quotients were catcutated for each chemical; and hazard
indices were estimated for each exposure pathway. To assess the overall potential for
noncarcinogenic effects, hazard indices posed by the exposure pathways {dermal contact,
incidental ingestion, and inhalation} were summed. The hazard index estimates for individual
chemicals, by receptor and exposure pathway, are shown in Tables 6-21 through 6-24. in addition,
total hazard index estimates by receptor are presented in Table 6-25. The total hazard index for the
hypothetical on-site biocell worker is approximately 1.1 x 10" ; for the on-site {non-biocell) worker is
approximately 4.6 x 10 and for the off-site worker is approximately 1.8 x 10°. Likewise, the total
hazard index for the hypothetical utitity repair worker exposed $0 groundwaler is approximately 6 x
102 All of these values indicate iittle likelihood for adverse noncarcinogenic effects to occur to any

of these hypothetical receptors.
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Table 6-21. BIOCELL: HAZARD INDEX ESTIMATES, FOR INDIVIOUAL CHEMICALS,
BY RECEPTOR AND EXPOSURE PATHWAY

Chemical Exposure Pathway
Receptor / Pathway Chemical ADD Hazard Hazard
(mg/kg-day) Quotient Index

CONSTRUCTION WORKER
INCIDENTAL INGESTION OF CHEMICALS iN SOIL

Acenaphthene 8.10E-05 . 1.35E-03
Anthracene 8.47E-06 g 2.82E-05
Benzo(g,h,i)perylene -
Dibenzofuran 5.44E-05 1.36E-02
Fluoranthene 2.07E-05 5.18E-04
Fluorene 2.14E-05 . 5.36E-04
1-Methylnaphthene - -

2-Methyinaphthene 3.97E-05 9.93E-03
Naphthalens 2.24E-05 5.59E-03
Phenanthrene 4.21E-05 0. 1.40E-04
Pyrene 1.44E-05 4.82E-04

3.22E-02
CONSTRUCTION WORKER
DERMAL CONTACT WITH CHEMICALS IN SOit.

Acenaphthene 2.04E-04 . 3.40E-03
Anthracens 2.13E-05 . 7.11E-05
Benzo(g,h.i)perylene -
Dibenzofuran 1.37E-04 3.43E-02
Fluoranthense 5.22E-05 1.30E-03
Fluorene 5.40E-05 X 1.35E-03
1-Methylnaphthene

2-Methylnaphthene 1.00E-04 . 2.50E-02
Naphthalens 5.63E-05 1.41E-02
Phenanthrene 1.06E-04 . 3.54E-04
Pyrene 3.64E-05 1.21E-03

8.11E-02

CONSTRUCTION WORKER
INHALATION OF FUGITIVE DUST

Acenaphthene 1.21E-06 . 2.01E-05
Anthracene 1.26E-07 . 4.20E-07
Benzo(g.h.i)perylense - -

Dibenzofuran 8.11E-07 2.03E-04
Fluoranthene 3.08E-07 7.71E-06
Fluorene 3.19E-07 7.98E-06
1-Methylnaphthene - - -

2-Methylnaphthene 5.91E-07 X : 1.48E-04
Naphthalene 3.33E-07 ' 8.32E-05
Phenanthrens’ 6.27E-07 . 2.09E-08
Pyrene 2.15E-07 7.17E-06

4, 79E-04

Hazard Quotient = ADD / ADI
ADD = Average Dally Dose (mg/kg-day)
AD! = Acceptable Dally Intake (Retetence Dose) (mg/kg-day)




Table 6-22. ON-SITE: HAZARD INDEX ESTIMATES, FOR INDIVIDUAL CHEMICALS,
BY RECEPTOR AND EXPOSURE PATHWAY

Chemical Exposure Pathway
Receptor / Pathway Chemical ADD Hazard Hezard
(mg/kg-day) Quotient Index

CONSTRUCTION WORKER
INCIDENTAL INGESTION OF CHEMICALS IN SOIL

Acenaphthene 1.37E-05
Anthracene 6.25E-05
Benzo(g,h,)perylene 4.40E-06
Dibenzoturan -
Fluoranthene 1.54E-05
Fluorene 9.85E-06
1-Methylnaphthene 5.12E-06
2-Methyinaphthene 1.02E-05
Naphthalene 2.62E-05
Phenanthrene 2.21E-05
Pyrene 4.18E-05
1.31E-02
CONSTRUCTION WORKER
DERMAL CONTACT WITH CHEMICALS IN SOIL

Acenaphthene 3.44E-05
Anthracene 1.67E-04
Benzo(g.h,))perylene 1.11E-05
Dibenzoturan -

Fluoranthene 3.87E-05
Fluorene 2.51E-05
1-Methylnaphthene 1.28E-05
2-Methylnaphthene 2.57E-05
Naphthalene 6.61E-05
Phenanthrene 5.58E-05
Pyrene 1.05E-04

CONSTRUCTION WORKER
INHALATION OF FUGITIVE DUST

Acenaphthene 2.04E-07
Anthracene 9.30E-07
Benzo(g.h,i)perylene 6.55E-08
Oibenzotfuran -

Fluoranthene 2.29E-07
Fluorene 1.48E-07
1-Methylnaphthene 7.62E-08
2-Methylnaphthene 1.562E-07
Naphthalene 3.81E-07
Phenanthrene 3.30E-07
Pyrene 6.23E-07

Hazard Quotlent = ADD / ADI
ADD = Average Dally Dose (mg/kg-day}
ADI = Acceptable Dally Intake (Reference Dase) (mg/kg-day)




Table 6-23. OFF-SITE: HAZARD INDEX ESTIMATES, FOR INDIVIDUAL CHEMICALS,
BY RECEPTOR AND EXPOSURE PATHWAY

Chemical Exposure Pathway

Receptor / Pathwey Chemical ADD AD} Hazard Hazard
(mg/kg-day) Quotient Index

CONSTRUCTION WORKER
INCIDENTAL INGESTION OF CHEMICALS IN SOIL

Acenaphthene - - - -
Anthracene - - - -
Benzo(g,h.i)perylene 2.14E-09 Q.03 7.14E-08
Dibenzoturan -
Flucranthene 3.93E-09 0.04 9.82E-08
Fluorene - -
1-Methylnaphthens - - -
2-Methylnaphthene - - . -
Naphthalens - - - -
Phenanthrene - - - -
Pyrene 1.00E-08 0.03 3.33E-07
5.03E-07
CONSTRUCTION WORKER
DERMAL CONTACT WITH CHEMICALS IN SOiL.

Acenaphthene - - -
Anthracene - -
Banzo(g,h.i)perylene 5.40E-09 0.03 1.80E-07
Dibenzofuran - .
Fluoranthene 9.90E-08 0.04 2.47E-07
Fluorene - -
1-Methylnaphthene - -

2-Msthylnaphthene - - -
Naphthalene - - -
Phenanthrene - -
Pyrene 2.52E-08 0.03 8.40E-07

1.27E-06

CONSTRUCTION WORKER
INHALATION OF FUGITIVE DUST

Acenaphthene - - -
Anthracene -
Benzo(g,h,i)perylene 3.18E-11 0.03 1.06E-09
Dibenzoturan -
Fluoranthene 5.85E-11 0.04 1.46E-08
Fluorene -
1-Methylnaphthene - - -
2-Methylnaphthene - - -
Naphthalene - - -
Phenanthrene - - -
Pyrene 1.4SE-10 0.03 4.96E-09
7.48E-09

Hazard Quotlent= ADD / ADI
ADD = Average Dally Dose (mg/kg-day)
ADI = Acceptable Dally Intake (Reterence Dose} (mg/kg-day)
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Table 6-24. UTILITY WORKER: HAZARD INDEX ESTIMATES, FOR INDIVIDUAL CHEMICALS,

BY RECEPTOR AND EXPOSURE PATHWAY

Receptor / Pathway Chemical MDO
(mg/kg-day)

Chemical
Hazard
Quotisnt

Exposure Pathway
Hazard
Index

UTILITY REPAIR WORKER
DERMAL CONTACT WiTH GROUNDWATER

Benzene 3.84E-04
Toluense 5.86E-04
Ethylbenzene 4.70E-04
Xylene 8.25E-04
Acenaphthene 2.22E-05
Anthracene 7.47E-06
Fluoranthene 2.60E-06
Fluorene 2.42E-06
1-methynaphthalene 1.84E-05
2-methynaphthalene 8.53E-05
Naphthalene 6.78E-05
Phenanthrene 1.25E-05
Pyrene ' 7.79E-06

A eA A ek oA A A A A A A A —a

Hazard Quotlent = MDD / ADI

MDD = Maximum Dally Dose (mg/kg-day)

ADI| = Acceptable Dally Intake (Reterence Dose) (mg/kg-day)

AF = AdJustment factor for reference dose (to correspond to absorbed dose)

8.37E-03
2.93E-03
4.70E-03

. 4.13E-04
. 3.69E-04

2.48E-05
6.49E-05
6.04E-05
4.85E-03
2.13E-02
1.70E-02
4.16E-05
2.60E-04




Table 6-25: TOTAL HAZARD INDEX ESTIMATES BY RECEPTOR

Receptor Exposure Pathway Contribution to Total Hazard
Total Hazard Index Index

Construction Worker, Biocell 1.14E-01
Incidental Ingestion of Soil 3.22E-02 28.283%
Dermal Contact with Soll 8.11E-02 71.285%
Inhalation of Fugitive Dust 4. 79E-04 0.421%

Construction Worker, On-Site (Non-Bioceti) 4.62E-02
Incidental Ingestion of Soil 1.31E-02 28.293%
Dermal Contact with Soil 3.29E-02 71.285%
Iinhalation of Fugitive Dust 1.95E-04 0.421%

Ceamei

~

Construction Worker, Off-site
Incidental Ingestion of Soil 28.293%
Dermal Contact with Soil 71.285%
Inhalation of Fugitive Dust 0.421%

W

Utility Repsir Worker
Dermal Contact With Groundwater




6.6.3 Uncertainties and Overestimation of Potential Risks

An important facet of the method and use of human heaith risk assessment concems the recognition
of uncertainties and limitations inherent in the process (EPA, 198%a) which arise in connection with
dose-response models, animal 1o human extrapolation, chemical fate and transport,modeis of
potential exposure, and site-specific receptor characteristics. from a regulatory perspective, these
uncertainties and limitations are deait with by developing and employing assumptions which typicaity
overestimate the magnitude of many variables. When these variables are combined by the additive

and multiplicative processes of risk assessment, potential risks are often overestimated.

Factors which contribute significantly to uncertainty and tikely overestimation of patentiat risks
associated with the Osmose site are discussed below.

® For the purpose of this assessment, it was conservativety assumed that the
current measured concentrations of the chemicals remain constant ovar
time. In actuality, natural degradation processes are likely to resuit in
reduced concentrations over time. Furthermore, these is no known
continuing source of contamination on site. it is conservative to assume that
concentrations of compounds of potential concemn will remain constant over
time.

For this assessment, sampling data reported at or below the detection limit were used in
calculating exposure point concentrations. it was assumed that the values for BMDLs
were one-half the detection limit. {n actuality, the values may be less than the values
used in this assessment.

In this assessment, the 95% upper confidence limit of the arithmetic mean or
the maximum detected value, whichever is lower, has been applied as the
aexposure point concentration. Theoretically, use of this statistic is intended
to account for uncertainty in the representativeness of environmentai
sampling results. Considering the biased distribution of sampiing tocations
at the Osmose site, the arithmetic mean itself is likely to be most
representative of the reasonable maximum potential exposure point
concentration. Therefore, use of the 95% UCL or maximum valtues for
aexposure point concentrations is conservative.

In this assessment, intake models were developed for hypotheticai
exposures and, for the most part, utilized values for specific exposure
parameters which are not based on research into tifestyle and work habits
specific to workers at the Osmose site (e.g., exposure frequency, hygienic
practice, outdoor activity pattems). in all cases, actual intakes are not likely
to be greater than estimated, and they may be substantially reduced or
altogether eliminated by actual personal practices.




6.6.4 Comparable And Acceptable Risk

EPA (19889a) requires risk estimates to be evaluated “in the context of decisions to be made about
selection of remedies®, including discussion of the site-specific potential cancer risks relative to the
NCP range of 10™ to 10°. This evaluation is appropriate and necessary for site-specific risk

management decisions which must consider comparable and acceptable leveis of risk.

Based on review of 132 federal regulatory agency decisions, Travis et al., (1987) reported that, when
preregulatory risks were less than t x 10°, no action was taken. When risks exceeded 4 x 10,
action was always taken. In a subsequent study of post-regulatory risk levels astabiished for pubtic
exposure to 36 chemicals, Travis and Hattemer-Frey (1988} found that 30% of regulatory actions
were associated with public heaith risks greater than 1 x 10™.

Federal agencies have accepted risks greater than 10 for occupationat exposures (i.e., smalil
populations). @‘r_ffir_nagl_g,:thg Us. . ngrgmi Qc_:gn(hg_g 'suggested that a lifetime occupationat .,
cancer rigk of 1 x 107 be considered the benchmark for significant ,risk,@q@qig etal1987) )
Ultimately, acceptable risk will be defined by the population experiencing the risk, as public opinion
and priorities are reflected in regulatory policy. The U.S. Court of Appeals for the District of
Columbia has suggested that risks considered acceptable for everyday activities may provide a basis
for setting acceptable risk levels for regulatory purposes {Travis and Hattemer-Frey, 1988}. Studies
of voluntary risk _iqdigatg__that_ris_tis‘(irl thg order of 1 3;_10'2 (car accident) are commonly accepted
(Crouch and V\mson 1982). S T

6.7 Development of Acceptable Soii Concentrations

The goal of the risk assessment process is to provide a framework which witl assist in site-specific
remedial decision-making as specified in EPA Guidance (1888b). One specific objective of the risk
assessment process includes providing a basis for determining.fevels of chemicats which can remain
on-site and still be adequately protective of public heaith. The use of risk assessment for
determining public-health protective cleanup levels is practiced by federat and state regutatory
agencies, and is especially criticat when site conditions, technology, and/or economic factors must
be considered in the decision-making process.

The quantitative process for determining ciean-up levels which are protective of public health
involves a reversal of the baseline risk assessment equation (Risk = intake x Toxicity). Rather than
developing a risk estimate for a given contaminant concentration in a particutar environmental

medium, a predetermined risk level is assigned and the risk equation is soived for contaminant
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concentration. For sites which have unacceptable risk levets based on average exposure point
concentrations, remediation of selected areas may be desirable in order to reducs site-wide risks to
acceptable levels. A contaminant concentration may thus be developed which, when achieved, will
result in acceptable public heaith risk levels. Post-remediation sampling and analysis thus targets

this risk-specific concentration.

In this assessment, a residual chemicat concentration in soil, termed an Acceptabie Soit
Concentration (ASC) was developed for PAHs. [n determining residuat levels of PAHs which would
not pose a threat to public heatth, it was necessary to make certain assumptions regarding toxicity,
exposure, and acceptability of risk. Assumptions which were employed in developing an ASC are
documented in the following paragraphs and presented in Tables 6-26 and 6-27. Since carcinogenic
and noncarcinogenic health effects were svaiuated in the baseline risk assessment, separate ASCs
were calculated for each of these health endpoints.

In calculating the carcinogenic ASC, it is necessary to select a limit of acceptable risk. Based on
review of 132 federal regulatory agency decisions, Travis et al., (1987) reported that, when
preregulatory risks were loss than 1 x 10°, no action was taken. When risks exceeded 4 x 107,
action was always taken. In a subsequent study of post-regulatory risk levels established for public
exposure to 36 chemicals, Travis and Hattemer-Frey (1988} found that 30% of regulatory actions
were associated with public heaith risks greater than 1 x 10™. Federal agencies have accepted risks
greater than 10 for occupationat exposures (i.e., small populations). For examplie, the U.S.
Supreme Court has suggested that a lifetime occupationat cancer risk of 1 x 10° be considered the
benchmark for significant risk (Rodricks et al., 1987). On the basis of this precedent, an acceptable

risk level of one in one hundred thousand. (1. ,x.1_Q',5),was.se{egt,ed | for .lthis‘assess_meqt;"

/—--

The ASC was developed to be protective of reasonably anticipated exposures 1o soil for identified
receptors. Theoretically, all exposure routes would be inctuded in the development of the ASC.
However, since inhalation exposures cafcutated in the baseline risk assessment contributed
insignificantly to total risk and hazard index, the dust inhalation exposue route was eliminated from
ASC calculations. The ASC therefore refiects combined exposure for the occupationat construction
worker for the dermal contact and incidental ingestion pathways. Exposure model assumptions
utilized in the baseline risk assessment intake were utilized to calculate each ASC; equations were

solved for soil concentration.

From the list of PAHs detected in biocslt, on-site and off-site soit, one carcinogenic PAH
n(benzo(a)pyrene) and one noncarcinogenic PAH (naphthatene) were selected as representative
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Table 8-26
Calculation of Acceptable Soli Concentration

Occupatlonal Construction Worker: Combined Dermal Contact and Scll Ingestion Exposurss

Carclnogenic

EQUATION

ASC = ARL " BW " AT/ (CPF " EF " ED* CF (IR + {SA * AF)))

SYMBOLS AND DESCRIPTIONS

UNITS

VALUES

ASC = Acceptable Soll Concentration
IR = Ingestion Rate

SA = Soll Accumulation

AF = Absorption Factor

CF = Conversion Factor

EF = Exposure Frequency

ED = Exposure Duration

BW = Body Weight

AT = Averaging Time

CPF = Cancer Potency Factor (Benzo(a)pyiene oral
ARL = Acceptable Risk Level

mg/kg
mg/day
mg/day
unitless
kg/mg
daysfyear
years

kg

days
{mg/kg/day)- 1
unitiess

See Below
25

1086
0.058
0.00000 1
40

1

70

27375
11.5

0.00001 =iy |

$

RESULTS

Concentration

473.45




Table 8-27

Calculation of Acceptable Soll Concentration

Occupational Construction Worker: Combined Dsrmai Contact and Soll Ingestion Exposures
Noncarcinogenic

EQUATION
ASC = ADI* BW /CF * (IR + (SA * AF})

SYMBOLS AND DESCRIPTIONS UNITS VALUES
ASC = Acceptable Soll Concentration mg/kg See Below
IR = Ingestion Rate mg/day 25

SA = Soll Accumulation mg/day 1086

AF = Absorption Factor unitess 0.058

CF = Conversion Factor kg/mg 0.000001
BW = Body Weight kg 70

ADI = Acceptable Dally Intake (NW) (mgrkg/day) 0.004

RESULTS

Concentration

3182.25




indicator compounds. These two PAHs have the most stringent available EPA heaith criteria (Cancer
Potency Factor and Reference Dose) (HEAST, 1991). Consistent with the baseline risk assessment,
the oral Cancer Potency Factor of 11.6 (mg.kg/day)”’ was selected as the health criterion for
benzo(a)pyrene; the RfD of 0.004 mg/kg/day for naphthalene was utilized as the Acceptable Dose
(AD). Table 6-26 presents the combined intake models for dermai contact and incidental ingestion
of soil at the Osmose site. Assuming an acceptable risk level of 1 x 10° (one in one hundred
thousand), the calculation indicated that a total PAH concentration of 473 ppm, as 100%
benzo(a)pyrene, is protective of human heaith at this risk level. In fact, at the Osmose site,

analytical data indicate that B{a}P comprises on 21% of all carcinogenic PAHs (based on maximum
values detected) and only 2.6% of alt PAHs (see Table 6-4). An ASC of 473 ppm Is, thergfore, in alt

likelihood, protective of worker exposure at this site at the 1-in-a-million risk ievet.

Table 6-27 presents a similar analysis for non-carcinogenic health effects end points. The calcutation
indicates that a total PAH concentration of over 3000 ppm in soit on the Osmose site is health-
protective. This calculation assumes that ail PAHs detected are naphthalene, or a PAH with
equivalent toxicity. In fact, Table 6-4 indicates that naphthalene comprises oniy 12.6% of aft non-
carcinogenic PAHs and only t1% of total PAHs. An ASC of 3000 ppm is, thergfore, protective of site

workers for any non-carcinogenic health effects endpoints.

6.8 Summary and Conclusions

This report applies accepted quantitative risk assessment methodotogy to evaluate compounds of
potential concern detected in on-site scits and groundwater, and potentiat exposures to those
compounds associated with hypotheticat future exposure scenarios, in order to characterize baselina
risks associated with a no-action altemnative. The results of this baseiine anatysis have then bean
applied in conjunction with site-specific environmental conditions to derive risk based clean-up

objectives for on-site soils.

In this report three different areas are addressed relative to soil conditions and potentiat exposure to
compounds of concern in the soil. These areas inciude the bioremediation celt (biocell), on-site
locations east and west of the biocell (on-site), and off-site locations along Ellicott Street adjacent to
the site (off-site). These three areas were selected to refiect potential exposure events and exposure
conditions corresponding to distinct jocations. Relative to groundwater, exposure and risk
evaluations were conducted based on data from shallow monitoring wells. Deep groundwater
conditions were not addressed in the quantitative expostige and risk evaluations, because there Is no

indication of elther current or future exposure to this groundwater.
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Analytical data were generated for the Osmose site based on soif and groundwater samples
collected between August 1990 and January 1991 from on-site areas immediately south of the
existing building complex and from off-site areas immediately downgradient of the site along Eliicott
Street.

Compounds of concern to be carmed through the quantitative exposure and risk assessments
include 18 different PAH compounds for the hypothetical occupational exposure to soil, in addition
to 16 PAHs and BTEX compounds for hypothetical accupational exposure to shatiow groundwater.
In this assessment, EPA cancer potency factors (CPFs) and Reference Doses (RfDs) as reported in
IRIS and HEAST, 1991 are utilized in the risk characterization step. Table 6-8 presents a swnmary of
carcinogenic and noncarcinogenic hazard identification and dose-response for the compounds

included in the gquantitative evaiuation.

In order to evaluate potential receptors on or near the Osmose site, it is necessary to determine the
location of current populations relative to the site. The land use around the Osmose site is primarity
residential, commercial, and vacant lots. Residential neighborhoods are located immediately
adjacent to the site; however, access to the site is restricted. in addition, there is no evidence that
occupational exposure currently exists on sita. QOverall, there is no evidence for exposure under
current use conditions. Currently, there are no pians in place to develop the Osmose site for any
purpose other than its present industrial use. Relative to future exposures, utility and consteuction
workers represent a potentially exposed poputation. The extert of exposure would vary according
to the activities of the workers and the tocation of their activities.

PAHs are present in the soil in a specific area of the Osmose site, immediately south of the main
building complex, presumably as a resuit of historical small-scale spillage during tank filling and
transfer. Utility and construction workers may contact compounds on concern in soif at severat
exposure points, both on and off the site. Potential contact with biocell sails is of particular interest
as a subset of on-site soil and is treated as a separate exposure point. Exposure routes associated
with the soil/worker pathway are dermal contact with contaminated soif, incidental ingestion of soil,
and inhalation of fugitive dust from the socil. Low concentration_igtiotatile organics (BTEX) and
.~~PAHs were deAt‘e‘c;gqnin shallow groundwater welis (MW-9, MW-10, MW-11) i;nmediate!y

R Yoy

downgradient of the site. Utility warkers friay be in contact with compounds of concern In off-site

shallow groundwater while sefvicing underground utility lines. The potential exposure route
associated with the shallow groundwater is demmal contact. The intake calculation models, with
resulting estimates of Lifetime Average Daily Dose (LADD) and Average Daily Dose (ADD), for the
exposure pathways included in the quantitative evaluation are shown in Tables 6-12 through 6-15.
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Under the conservative assumptions and parameter vaiues used in this assessment, estimates of
total carcinogenic risk for the hypathetical on-site biocell receptor, the on-site (non-blocell} receptor,
the hypothetical off-site worker, as welil as the hypothetical utility repair worker exposed to
groundwater, are well below the criterion of acceptabie risk (1 x 10°) by factors of approximately 10
to 10,000, representing a large "margin of safety” for any of these potential receptors.

Relative to evaluation of noncarcinogenic effects, hazard guotients were calculated for each
chemical; and hazard indices were estimated for each exposure pathway. To assess the overali
potential for noncarcinogenic effects, hazard indices posed by the exposure pathways (dermai
contact, Incidental ingestion, and inhalation) were summed. The hazard index estimatas for
individual chemicals, by receptor and exposure pathway, are shown in Tables 6-21 through 6-24. In
addition, total hazard index estimates by receptor are presented in Table 6-25. The totat hazard
index for the hypothetical on-site biocell worker is approximately 1.t x 10" ; for the on-site {non-
biocell) warker is approximately 4.6 x 10%; and for the off-site worker is approximatety 1.8 x 10-.
Likewise, the total hazard index for the hypothetical utility repair worker exposed to groundwater is
approximately 6 x 10 All of these values indicate little likelihood for adverse noncarcinogenic
effects to occur to any of these hypothetical receptors.

In this assessment, a residual chemical concentration in soil, termed an Acceptable Soit
Concentration (ASC) was developed for PAHs. Since carcinogenic and noncarcinogenic heaith
effects were evaluated in the baseline risk assessment, separate ASCs were calculated for each of
these health endpoints. On the basis of decision-making precedent by federal reguiatory agencies,
an acceptable risk level of one in one hundred thousand (1 x 10°) was selected for this assassment.
Because inhalation exposures calculated in the baseline risk assessment contributed insignificantly
to total risk and hazard index, the dust inhalation exposure route was eiliminated from ASC
calculations. The ASC therefore refiects combined exposure for the occupational construction
worker for the dermal contact and incidental ingestion pathways. Exposure model assumptions
utilized in the baseline risk assessment intake were utilized to calculated each ASC; equations were
solved for soil concentration. From the list of PAHs detected In biocell, on-site, and off-site soil, one
carcinogenic PAH (benzo(a)pyrene) and one noncarcinogenic PAH (naphthalene) were selected as
representative indicator compounds. These two PAHs have the most stringent available EPA heaith
criteria (Cancer Potency Factor and Reference Dose) (HEAST, 1991). Assuming an acceptable risk
level of 1 x 10”° (one In one hundred thousand), the catculation indicated that a total PAH
concentration of 473 ppm, as 100% benzo(a)pyrene, is protective of human heaith at this risk {evel.
Relative to the ACL analysis for non-carcinogenic health efiects end points, the calculation indicates
that a total PAH concentration of aver 3000 ppm in soit on the Osmose site is heaith-protective.




7.0 CONCLUSIONS
7.1 _Remediation Goals and Objectives
The objective of this section is 10 present remediation goals and objectives for each specific media
as described in the Risk Assessment (Section 6.0). These goais represent ciosure criteria that are
protective of short and long term adverse heailth and environmentat impacts. The following specific
medias have remediation goats and objectives proposed:

Soils contained within the blocell {Bioceii Soils)
On-site, non-biocell soils (On-site soils)
Off-site, downgradient soiis {(Off-site sails), and
On-and Off-site groundwater (Groundwater)

Separate phase product

Separate ASCs were developed for carcinogenic and non-carcinogenic PAHSs in soits. (refer 10 Risk
Assessment, Section 6.0). From the list of PAHs detected in biocell, on-site, and off-site sails, the
following ASCs were found to possess acceptable risks:

m  Total Carcinogenic PAHs: 473 ppm

m  Total Noncarcinogenic PAHSs: 3182 ppm

The above ASC's were conservatively developed by assuming ait PAHs possess the carcinogenic

characteristics of benzo{a}pyrene and the noncarcinogenic hazard index for naphthaiene.

7.1.1 Biocell Soils
Based upon the results of the Risk Assessment, Osmose proposes to operate the bioceil unti total

/BAHWthg soils are at, or below 473.mg/kg. At the time when each individual composite soit Y
sample from each of the 5 sampling locations possesses total PAH concentrations below 473 ppm,

a petition for closure will be submitted.

7.1.2 On-site Soils

Only one location at the Osmose site contained adsorbed PAH ievels in exceedance of the 473 ppm
upper bound for acceptable risk as determined by the Risk Assessment. This lacation was in the
area of the former coal bin (MW-8) from 2’ - 4’ below grade where 500.9 mg/kg total PAHs were
found. A soil boring Is proposed downgradient (east) of M-8 ta collect data which will provide




evidence that these PAHs are not associated with the former UST system (two discrete areas). Soil
samples will be collected and anatyzed using standard taboratory protocois.

7.1.3 Off-site Soils

Current data exists which shows total PAH leveis in off-site sails ranges between non-detectable to
71.8 ug/kg. These levels are far betow the 473 mg/kg tevel which represents the conservative upper
bound for acceptable carcinogenic risk. No remedial action, therefore, Is proposed for off-site soiis.

7.1.4 Groundwater

The Risk Assessment addressed potentiat risks associated with exposure to PAHs in on- and off-site
groundwater. The existing total carcinogenic risk estimate for groundwater is approximatety t X 10?,
which is considerabley less than the criterion for acceptable risk. Likewise, the totat hazard index for
noncarcinogenic risks is approximately 6 X 107 {far betow unity) which represents acceptabie risks.

No remedial action for on- or off-site groundwater is proposed. Quarterty monitoring and sampling
of wells MW-8, MW-9, MW-10, MW-11 and cluster well CW-1 for PAH and BTEX analytes by standard
lab protocols is proposed to monitor groundwater qisality over time. One soil boring, completed as
an FRP monitor well will be instalted in the overburden wast of the Osmose facility to monitor
upgradient water quality. The boring will be placed so as to aiso provide additionat soils information
which will help delineate adsorbed PAH levels in the area surrounding MW-8. Details of manitor well
location and installation will be provided under separate cover. |

7.1.5 Separate Phase

Separte phase LNAPL and an intermittert DNAPL have been detected in on site PVC monitor wells
MW-3, MW-5 and MW-7. Due to the intermittent nature, and typicai thickness of the product
layers(- 0.1'), manual gauging and bailing twice per week from the existing monitor wells is
proposed. Recovered product wilt be stared in DOT approved 55 gation drums until sufficient
quantities exist for proper disposat. Hf the product layer(s} persist, an automatic product recovery
system will be Installed.

In addition, delineation of the separate phase product plume will be addressed by the installation of

downgradient of existing monitor wells MW-3 and MW-5. The well will be completed in the shallow
overburden and will be gauged on a twice weekly basis.
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SolL-

Samples Taken at Vapor Point Locations

Volatlia:
mgkg:.

Toluene .
Ethyl Benzene 1.9 5.0
Xylenes (total) 2.2 10.3
BTEX (total) 6.5 19.0

* All other vapor point analyses were non-detect.

Toluene

Xylenes (total)

BTEX (total)

Misc. Aromatics (C8-C10)
Total Hydrocarbons




Soll~
Samples Taken at Vapor Point Locations

markg

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Zinc

Samples from Monitoring Well Locations

METALS  Delestio
mglkg Limit

Arsenic
Beryllium
Chromium
Copper
Lead
Nickel
Zinc

¢ Detection Limit Multiplier = 8.00.

d Detaction Limit Multiplier = 8.94.

s The reported value was determined by the Method of Standard Additon.

+ The correlation coefficient for the Mathod of Standard Addition is less than 0.895.

a Test Methods for Evaluating Solid Waste, SW-846, Third Edition, Revision ), US EPA November 1986;
digestion by EPA Method 3050 (ICP and Furnace). Resuits are reported on a dry weight basis.
Various multipliers have also been used. .




Soll PAH Concentrations

Oft-Site Soil*

Acsnaphthene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fiucranthens
Benzo(g,h,i)perylens
Benzo(k)fluoranthene
Chrysene

Dibenzo(a hjanthracene
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
1-Methylnaphthalene
2-Methylnaphthere
Naphthalene
Phenanthrene

Pyrene

A A AN ANANANANANNA

AAANAANAAAA
A AANAAAANANNANMAMAMAMAMAMAMAMANANANI

A A A A ANANANANANAAANAMNMNMNMAMAANARA
A A ANANANANANAANANNANNANANANANMAA

AAANAANNMNAAA

Detection Limit Multiplier

On-Site Soil *

Acenaphthens < 73
Anthracene 27 27000
Benzo(a)anthracene . 1.8 . 80
Benzo(a)pyrene . 1.6 . . 450
Benzo(b)fluoranthene X 1.5 . 530
Benzo(g.h.i)perylene 3 . 280
Benzo(k)fluoranthene . 280
Chrysene 6.1 < . 1100
Dibenzo(a,h)anthracene 1.2 < . . 53
Fluoranthene 8.5 28000 5000
Fluorene 8.5 29000 1300
Indeno(1,2,3-cd)pyrene 1.7 360 . . 88
1-Methylnaphthalene 73 350
2-Methylnaphthene 73 30000 820
Naphthalens 73 8400 77000 2100
Phenanthrene 25 62000 8500
Pytene 11 15000 10000

A AAAAANAAAANAANA

Detection Limit Muitiplier 11.4 1.21 1.20 1.16 . 1.11 1.00

The detection limit multiplier indicates the adjustment made to the data and detection timits as a result of ditutions and percent solids.

* Cnly samples taken at depths less than 10 {est are carried through the exposure assessment
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GROUNDWATER DATA: VOLATILES

i EPAMethod 60%
Benzene 0.2 8 15.0 b 07 |b 02 1500 |b 02 IB 0.7
Ethyl Benzene 0.8 1.6 < 0.8 < 05 76.0 < 05 |< 05
Toluene 0.5 4.9 < 05 [« 08 9 < 08 |« 08
Xylenes (total) 1.7 12 < 1.7 < 1.7 66 < 1.7 < 1.7
BTEX (total) - 34 07 (b 02 300 b 02 b 0.7
Misc, Aliphatics (C4-C12) 15 70 < 15 < 18 < 15 < 15 |< 15
Misc. Aromatics (C8-C10 10 140 < 10 < 10 470 < 10 < 10
Total Hydrocarbons - 240 07 (b 02 770 b 02 |b 0.7
Dup. of MW-8

“EPA Méthod 8248

‘;_f:glau_les. i

/C PQL:

i}g/l : ugﬂ

Acetone 10.0 J 7.7
Benzens ) 5.0 10.0
Ethyl Benzene 5.0 U 5.0
Toluene 5.0 d 4.1
Xylenes (total) 5.0 6.0
BTEX (total)

~
.

Volatlles ‘| Detection 119
ugl’ S LimH BIAR
Benzene 0.2 X 49.0 0.2 X 810 (X 82.0 U 02 U 0.2
Ethyl Benzene 0.8 2.7 U 0.8 14.0 14.0 U 05 (U 0.5
Toluens 0.5 8.5 U 0.5 X 900 (X 1000 {U 08 (U 0.8
Xylenes (total) 1.7 25.0 V) 1.7 X 740 [X 76.0 U 1.7 U 1.7
BTEX (total) - X 85.0 0.2 X 2800 |[X 2700
Misc. Aliphatics (C4-C12 186 68.0 U 150 |U 150 U 15.0 Uy 150 U 15.0
Misc. Aromatics (C8-C10 10 400.0 51.0 380.0 3%00 |U 100 (U 100
Total Hydrocarbons - X 580.0 51.0 |[X 6400 |X 8600

Dup of MW-9

X - Estimated concentration. Exceeded the calibrated linear range of the instrument.

U - Analyzed for but not detectaed

b - See Nonconformance Section 1.2

B - Indicates that the analyte was found in the blank as welt as a sample. it indicates possible/probable blank contamination and
warns the data user to take appropriate action.

J - Estimated concentration

* CW-1 is a deep well. Only results from the shallow weils were carried threugh the exposure scenarios.



GROUNDWATER DATA: TOTAL METALS

gl O

Arsenic 5.0 < 5.0 < 5.0 8.3 < 5.0

Cadmium 5.0 < 5.0 6.7 < 8.0 < 50

Chromium 10.0 < 10.0 18.0 < 10.0 < 10

Lead 5.0 < 5.0 < 5.0 < 8.0 6.9

Zinc () 20.0 44 140.0 34.0 39
Dup of MW-11

METALS . | DotectioR - AHOOL

eg | ikimip DW-1 - 1o MW-9

Arsenic 50 B 48 j< 45 < 45 < 45 |< 45 {B 80
Cadmium 50 |< 50 < 50 }< 50 i< 50 |< 50 {< 50
Chromum | 100 {< 100 J< 100 {< 100 f< 100 |< 100 {< 10
Lead 5.0 10.8 100 < 15 82 (B 18 8.3
Zinc (c) 20.0 80.3 1040 }< 200 516 204 411

Dup of MW-9

B - indicates that the analyte was foun in the blank as welt as a samgle. it indicates possible/probabie biank contamination and
warns the data user to take appropriate action.

* CW-1Is a deep well. Only results from the shailow welis were carried through the exposure scenarios. ‘
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GROUNDWATER DATA: POLYNUCLEAR AROMATIC HYDROCARBONS {PAHSs)

L EP A Method 616:

MW-11 W-10
Naphthalene 1.8 1< 1.8{< 1.8[< 1.8{< 2{< 1.8
1-Methylnaphthalene 1.8 4i< 1.8{< 1.8|< 1.8|< 2l< 1.8
2-Methylnaphthene 1.8 5.91< 1.8|< 1.8 4.6j< 2i< 1.8
Acenaphthene 1.8 3.6|< 1.8|< 1.8]< 1.8i< 2i< 1.8
Fluorene 0.21 0.86|< 0.21)|<« 0.21]< 0.21|< 0.23|< 0.21
Phenanthrene 0.64 1.8]< 0.64 11]< 0.64(< 0.71|< 0.64
Anthracene 0.66 5.6]< 0.66|< 0.65|< 0.66(< 0.73|< 0.66
Fluoranthense 0.21 0.86 0.29|< 0.21[< 0.21l< 0.23{< 0.21
Pyrene 0.27 1.5 0.55 0.29 0.29|< 0.3|< 0.27
Benzo(a)anthracene 0.013 0.16 0.08 0.04(< 0.013|< 0.014|<  0.013
Benzo(b)fluoranthene 0.018 0.22 0.098 0.049 0.06/< 0.02)< 0.018
Benzo(k)fluoranthene 0.017 0.1% 0.051 0.026 0.028(< 0.019)< 0.017
Benzo(a)pyrene 0.023 Q.22 0.12 0.054 0.061|< 0.026)< 0.023
Dibenzo(a,h)anthracene 0.03 0.054)< 0.03[< 0.03|<« 0.03|< 0.033]« 0.03
Benzo(g,h.i)perylene 0.076 0.23 0.12|< 0.078{< 0.076]< 0.084}< 0.076
Indeno(1,2,3-cd)pyrene 0.043 0.16 0.088|< 0.043|< 0.043|< 0.048)< 0.043

Dup-MW-11
B "EPA Mothod 8310
‘| Detection. § ChARET
"le'h:i-' : W10 | W
Naphthalene 1.8 7.8 6.6|U 1.8|U 1.8 160{U 1.8
1-Methylnaphthalene 1.8
2-Methylnaphthene 1.8
Acenaphthene 1.8 v 1.8|U 1.8|U 1.8(U 1.8 5.9|U 1.8
Fluorens 0.21 U 0.211U 0.21|U 0.21|U 0.21 1.3{U 0.21
Phenanthrene 0.64 U 0.64|U 0.64|U 0.64(U 0.64 1.3jU 0.64
Anthracene 0.66 U 0.66|U 0.66{U 0.66/U 0.66(U 0.66|U 0.66
Fluoranthene 0.21 9] 0.21|U 0.21{u 0.21|U 0.21 0.36|U 0.21
Pyrene 0.27 U 0.27|U 0.27{U 0.27|U 0.27 0.54|U 0.27
Benzo(a)anthracaene 0.013 U 0.013iU 0.013 0.026{U 0.013 0.068)U 0.013
Benzo(b)flucranthene 0.018 U 0.018jU 0.018 0.03{U 0.018 0.05|U 0.018
Benzo(k)fluoranthene 0.017 U 00171V 0.017|U 0.017|U 0.017 0.028j¢ 0017
Benzo(a)pyrene 0.023 U 0.0231U 0.023 0.027{V 0.023 0.047]0  0.023
Dibenzo(a,h)anthracene 0.03 4] 0.03)U 0.03|U 0.03|U 0.03jU 0.03|U 0.03
Benzo(g,h.l)perylene 0.076 |u 0.076(U 0.076|U 0.076|U 0.076|U 0.076}jU  0.076
Indeno(1,2,3-cd)pyrene 0.043 U 0.043tU 0.043{U 0.043|U 0.043{U 0.043jU  0.043
Dup-MW-9

U - Analyzed for but not detected

* CW-1 is a deep well. Only resuits from the shailow welis were carried through the exposure scenarios.



GROUNDWATER - BASE/NEUTRALS & ACIDS

Naphthalene
2-Methyinaphithalene
Acenaphthene
Dibenzofuran

GROUNDWATER - PURGEABLE HALOCARBONS

Purgeabie'Ha
ug/l .

1,2—Dieh|ordethane
1,1,1-Triclorosthane

Detection Limit Multiplier

Z = Estimated concentrations, Surrogate recovery ccuid not be accurately guatitated.

* CW-1is adeep well. Only results from the shatiow welis ware carried through the exposure scenarias.




POLYNUCLEAR AROMATIC HYDROCARBONS

1.0 INTRODUCTION

Polynuclear Aromatic Hydrocarbons (PAHs) are a class of organic chemicals which consist of carbon and

hydrogen. The structure of these chemicals incorporates two of moié fused benzene rings in linear,

angular or cluster arrangements. PAHs in the environment are a result of both natural and anthropogenic

sources. Most of the direct releases of PAHs into the environment are 1o the atmosphere. incomplete

combustion or uncontrolied emissions of PAHS from residential burning of wood resuits in the largest

release of PAHs to the atmosphere (IARC, 1983). PAHSs can enter surface water through almospheric
deposition, from discharges of industrial effluents and municipal wastewater, and {rom improper disposal
of used motor oil. Depending on the source and impacted media in the envircnment, human exposuie

routes may include inhalation, ingestion and dermal contact (ATSDR, 1988¢).

1.1 Physical and Chemical Propertles

PAHs have a high affinity for organic matter and genera
for organic material increase with higher molecular weight. When present

lly exhibit a low water solubility. Water solubility

of PAHs decreases, and affinity

in soil or sediments, PAHs tend 10 remain bound to the soil particles and dissolve slowly into ground water

or the perched zone.

Henry's Law Constant, the ralio of a chemical in air and in waler at equilibrium, indicates the ability ot a

chemical to volatilize. The fow molecular weight PAHs have Henry's Law constants in the range of 107

{o 10" atm-m*/mol; medium molecular weight PAHs are in the 10°® range and high molecular weight PAHSs

have values in the range of 10°° to 10%. Compounds with values less than 10" exhibit a limited

volatilization while those compounds with a vaiue of 10”10 10" are associated with significant volatilization.

It is estimated that high molecular weight PAHs have atmospheric hatlf-tives of approximately 100 hours;
low molecular weight PAHs have atmospheric half-tives of around 18 hours. However, half-life values for
individual PAH compounds are highly variable and depend on environmental conditions (ATSDR, 1888¢).

Physical and chemical propefties of selected PAHs are presented in Tables 1 through 14,




TABLE 1

Physlical and Chemical Properties of
Anthracene

Property Value Reference

Molecular formula Ciute IARC,1983

Molecular weight 178.2 ' ATSDR,198Sc

Pure: coloriess solid ATSDR,19888¢
violet fluorescence

218°C ATSDR,1889¢

Metting point
Boiling point 342°C ATSDR,1888¢c

Appearance

Solubility
water insoluble ATSDR,1989¢

organic solvents benzene, carbon disulfide,
chloroform, ether, ethanol
methanol, toluene

Vapor pressure 1.7E6® mmH, @ 25° C ATSDR,1983¢

N

Henry's Law constant 8.6 E® ) ATSDR,1989¢

Density 125@ 27/4°C IARC,1983

K, = 4.45 ATSDR,1989¢c

o

1.4 B

Partition coefficients log
KOC

Flashpoint 250° F ' ATSDR,1989¢




TABLE 2

Physical and Chemical Properties of
Benzo[a]Anthracene

Property Value Reference

Molecular formula CigHya IARC, 1988

Molecular weight 228.29 ATSDR, 1988a

Appearance yellow-blue ATSDR, 1988a

fluorescence

Metting point 158-159° C ATSDR, 1988a

Boiling point 400° C ATSDR, 1888a

Solubility ATSDR, 1989c¢

water 9-14 mg/L

organic solvents hot ethano! and acetic acid
acetone and diethy! ether
benzene

~

Vapor pressure 2.2 E% mm Hg @ 20° C ATSDR, 1988a

Henry's Law constant 1 x E® atm-m”mol ATSDR, 1988a

Density 1274 @ 20° C ATSDR, 1988a

Kow = 4.1 g0 ATSDR, 1988a

Panition Coefficients
K.=2xE®




TABLE 3

Physical and Chemical Properties of
Benzo[b]Fluoranthene

Property value Reference

Molecular formula Cxhyz IARC,1983

Molecular weight 2523 |ARC,1983

Appearance cokorless solid ATSDR,1888¢

Meting point 168.3° C IARC,1983

Solubility
14 g/t ATSDR,1988¢

water
organic solvents benzene, acetone

1E"t0 1 E® ATSDR,1988¢
mm Hg @ 20°C

1.22 E* atm-m¥mol ATSOR,1988¢

Vapor pressure

Henry's Law constant

Partition coefficients Ko=tE® | ATSDR, 1988¢c




TABLE 4

Physical and Chemical Properties ot
Benzo[k]Fluoranthene

Property Value Reference

Molecular formula Caotiz IARC, 1883

Molecular weight 252.3 [ARC, 1983

Appearance pale-yellow solid |ARC, 1983

Melting point 215.7° C ATSDR, 1989¢

Boiling point 480° C ATSDR, 1989¢

Solubility ATSDR, 1889¢
water insoluble
organic solvents soluble in benzene,

acetic acid, ethanol

Vapor pressure 5§ EY mmHg @ 20°C ATSDR, 1989¢

Henry's Law constant 3.87 E® atm-m*/mol ATSDR, 1989¢

Partition coefficient Ko =115 E® ATSDR, 1989c¢




TABLE §

Physical and Chemical Properties ot

Benzo{a]Pyrene

Property

Value

Reference

Molecular formula
Molecular weight
Appearance
Melting point
Boiling point
Solubility

water
organic solvents

Vapor pressure
Henry's Law constant
Density

Partition coefficients

C?OHI2

2523

pale-yeliow

178-179.3° C

4385° C

3.8 E® gL

sparingly soluble in methanot,
ethanol: soluble in benzene,
toluene and ether

56 E¥* mmHg

4.9 EY atm-m¥mol

IARC,1983
IARC,1983
ATSDR,1989a
ATSDR,1889a
ATSDR,1989a

ATSDR,1989a

ATSOR,1889a
ATSDR,1989%a
ATSDR,1889a

ATSDR,198%a




TABLE 6

Physical and Chemical Properties ot

Chrysene

Propeny

Value

Reference

Molecular formula
Molecular weight

Appearance

Metting point
Boiling point
Solubility

water
organic solvents

Vapor pressure
Henry's Law constant
Density

Parition coefficients

Cishhe
228.3

colorless with blue
fluorescence

255-256° C

448° C

1.5-2.2 g/l

slightly soluble in acetone,
carbon disuffide, diethyl ether,
ethanol, soluble in benzene

~

63 E®* mmHg @ 20°C

1.05 E® atm-m¥mol

IARC,1983
IARC,1983

ATSDR,1988b

ATSDR,1988b
ATSDR,1888b

ATSDR,1888b

ATSDR,1888b
ATSDR,1888b
ATSDR,1988b

ATSDR,1888b




TABLE 7

Physical and Chemical Properties of
Dibenzo[a,h]Anthracene

Property Value Reference
Molecular formula CHu IARC,1983
Molecular weight 278.4 ATSDR,1988d
Appearance Colorless ATSDR,1988d
Melting point 262° C Eller, 1984
Boiling point 268-270° C ATSDR,1988d
Solubility ATSDR,1988d
water 0.5 g/l
organic solvents slightly soluble in ethyl

alcohol; soluble in acetone,

benzene, toluene and xylene. Weast, 1988
Vapor pressure 1E"mmHg @ 20°C. - ATSDR,1988d
Henry's Law constant 7.3 E* alm-m*/mol ATSDR,1988d
Density 1.282 ATSDR,1888d
Parition coefficients Ko = 6.8 E" ATSDR,1988d

K.=33E%




TABLE 8

Physlcal and Chemical Properties of

Fluoranthene

Propeny

Value

Reference

Molecular formula
Molecular weight
Appearance
Melting point
Boiling point
Solubility

water
organic solvents

Vapor pressure
Henry's Law constant
Density

Partition Coefficients

CHHW

202.26

pale yellow

111°C

375°C

0.20-0.26 mg/L @ 25°C

alcohol, ether, benzene,
acetic aci

0.01 mmHG @ 20°C
6.5 E'® atm -m/mol
1252 @ 4°C

l0g Kou= 490
log K= 4.58

IARC,1883
IARC,1983
ATSDR,188%¢
ATSDR,198%¢
ATSDR,188%

IARC,1983

ATSDR,188%¢
ATSDR,188%¢C
ATSOR,1888¢

ATSDR,188%c




TABLE 8

Physical and Chemical Properties of
Fluorene

Propenty

Value

Reference

Molecular formula
Molecular weight
Appearance
Melting point
Boiling point
Solubility

water
organic solvents

Vapor pressure
Henry's Law constant
Density

Partition Coefficients

CisHie

166.2

white flakes

116-117° C

295°C

1.68-1.98 mg/L
acetone, benzene,
carbon tetrachloride,
ethanol

10 mm Hg @ 146°C

6.4 E® atm -m*mol

K. 15E™
K. 7.3 E®

oc

IARC, 1883
IARC, 1983
IARC, 15883
IARC, 1983
IARC, 1983

IARC, 1883

IARC, 1983

ATSDR,1889¢

ATSDR,198¢c¢




TABLE 10

Physical and Chemical Propertles of
Indeno[1,2,3-cd]pyrene

Property

value Reference

Molecular formula
Molecular weight

Appearance

Metlting point
Boiling point
Solubility

water

organic sotvents
Vapor pressure

Henry's Law constant

Partition coefficients

Cxtha JARC,1983
276.3 Eller, 1984

Yellow 1o greenish-yellow ATSDR,1988¢
fluorescence

163.6° C |ARC, 1983

530° C ATSDR,1988c
ATSDR,13889c¢

Insoluble in water

Soluble IARC, 1983

1 E mmHg @ 20°C Mabey, 1982

6.95 £ alm-m*mol ATSDR,1989¢

K, =38E® Mabey, 1982
K,=16E®




TABLE 11

Physical and Chemical Properties of

2:Methylnaphthalene

Propenty

Value

Reference

Molecular formula
Molecular weight
Appearance
Melting point
Boiling point

Solubility
water
organic solvents

Density

CyHyg

142.2

solid @ 25° C
34.6°C

241° C

insoluble @ 20° C
soluble in ethanol

ether, benzene

1.0058 @ 20° C

ATSDR, 1988b
ATSDR, 1989b
ATSDR, 1989b
ATSDR, 1983b
ATSDR, 1888b

ATSDR, 1989b

ATSDR, 198Sb




TABLE 12

Physical and Chemical Properties of

Naphthalene

Propeny

Value

Refarence

Molecular formula
Molecular weight
Appearance
Metting point
Boiling point
Solubility

water

organic solvents

ether, acetone

Vapor Pressure

Henry's Law constant

Density

Partition coefficients

Bioconcentration Factors
Rainbow trout, bluegill

sunfish

CioHs
128.16
white solid
805°C
218°C

31.7mgll @ 20°C
benzene, ethanol,

0.087 mmHg @ 25° C

4 6x10™ atm-m*/mol

1.145@ 20° C

13

ATSDR,1988b
ATSDR,1889b
ATSDR,1989b
ATSDR,1988b
ATSDR,1888b

ATSDR,1888b

ATSDR,168%b
ATSDR,1388b
ATSDR,1888b

ATSDR,188%b

ATSDR,1988b




TABLE 13
Physical and Chemical Properties of
Phenanthrene
Property Reference Value
Molecular formula CiHy {ARC,1983
Molecular weight 1782 IARC,1983
ATSDR,198%¢

Appearance
Melting point
Boiling point
Solubility

water
organic solvents

Vapor pressure

Henry's Law constant

Density

Partition coefficients

colorless crystals
100° C
340°C

1.6 mg/L

henzene, carbon disulfide
carbon tetrachloride

9.8 E®torr@ 25°C

~

226 E™

14

ATSDR,1889¢
ATSDR,198%¢

ATSDR,1889¢

ATSOR,1985¢
ATSDR,1989¢
ATSDR,1988¢

ATSDR,1888¢



TABLE 14

Physical and Chemical Properties of
Pyrene

Property Value Reference

Molecular formula CigHie IARC,1983

Molecular weight 2023 IARC,1983

Appearance pale yellow ATSDR,1989¢

Melting point 156° C ATSDR,1988¢

Boiling point 385° C IARC,1983

Solubility ATSDR,1988c¢
water insoluble

organic solvents benzene, carbon disulfide,
diethyl ether, ethanol

Vapor pressure 25 E®* mmHg @ 25°C ATSDR,1989¢C

Henry's Law constant 51E% ATSDR,1989¢

Density 1271 @ 23°C ATSDR,1889¢

K,, = 7.6 E' ATSDR,1989¢

Parition coetficients
K, =238E™




1.2 Environmental Fate
PAHs may be present in air, water, sediment and soil. In each of these media, environmental fate

processes are dependent upon the inherent chemical properties associated with each PAH. Because there
are limited data regarding the environmental fate anc transpor of specific PAHSs, this section will consider

the behavior of PAHs as a group.

In the atmosphere, PAHSs are either sorbed {o particulates of exist in the gaseous phase. They are subject
to short and long distance transport and are removed by both wet and dry deposition. The size of
particulale material to which a PAH is sorbed determines the atmospheric residence time and lransport
distance. In urban environments, PAHs are typicaily sorbed o soot particles of submicron diameter and,
therefore, may be subject to long range transport. In contrast, PAHs sorbed to large particles tend to

depostt shortly after release to the atmosphere.

PAHs in the atmosphere can react with ozone, nilfogen oxides, sutfur dioxide and peroxyacelyinirate.
Reaction products may include diones, nitro- and dinitro- PAH and sulfonic acids. The photooxidation of
PAHs may result in the formation of mutagenic compounds including quinones, phenols and dihydrodiols.
The rate of oxidation is dependent upon the physical and chemical propedies of the adsorbent. The

atmospheric half-lives of these products are usually less than 30 days.

Degradation of PAHs in soil occurs primarily via microbial decomposition. The rate and exient of this
process is characterized by several environmental factors. These factors include the presence of microbial

populations, soil pH, temperature, oxygen concentration, soil type, moisture, nutrients and substrate

metabolites.

In water, PAHs can volatilize, pholodegrade, oxidize, biodegrade, bind to particulates or accumuiate in
aquatic organisms (ATSDR, 1989¢}. in aquatic systems, PAHs tend to bind strongly to sediment or
paricles that are suspended in the water column. PAHs with higher molecular weights exhidi increasing
affinity to soil and sediment. in sediments, PAHs can biodegrade or accumulate in aquatic organisms.

The most important processes resulting in the degradation of PAH in water are photooixidation , chemical
oxidation and biodegradation by aguatic Microorganisms. Many factors influence the rate and extent of
photodegradation; including water depth, turbidity, and temperature. Under aerobic conditions, PAH can
be metabolized by microbes such as aquatic bacteria and fungi, whereas under anaerobic conditions
degradation is extremely slow. Other removal processes from water include: volatilization o the
almosphere, binding to particulates or sediments, of accumulation or sorplion onto aqualic biota.

Henry's Law states that the ratio of the chemical in air and water are at equilibrium and indicates e ability
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of a chemical to volatilize. The low molecular weight PAH's have Henry's Law constants in the range of

107 to 10°® atm-m¥mole; medium molecular weight inthe 10 range, and high molecular weight PAH have

values in the range of 10 to 10, Compounds with values less than 10° volatilize 10 a limited extent, while

those compounds with a value of 107 1o 10 are associated with significant volatilization. H is estimated

that high molecular weight PAH's have atmospheric hatf-lives around 100 hours and low molecular wight

PAH half-lives are around 18 hours. However, the half-life values are highly variable and depend on the

environmental conditions (ATSOR, 1983¢;).

1.3 Toxlcity to Aquatic Species
Polycyclic aromatic hydrocarbons are ubiguitous chemicals

{oxic to aquatic organisms because they are only sparin
are several orders of magnitude higher than

that are normally not considered to be acutely
gly soluble in water. In general, PAH

concentrations that are acutely toxic 10 aguatic organisms
concentrations found in even the most heavily poliuted waters, excepting circumstances of oil spilis (Neft,

1979). The LC,,values reported by Eisler {1987) for several species of aquatic organisms demanstrate

this trend (Table 156). Sediments from heavily polluted areas, however, may contain PAH concentrations

similar o those which are acutely toxic, but their limited bicavailabitity in sediments apparently renders them

substantially less toxic than PAHs in aqueous solution (Neft, 1979).

ally in their loxicity to aquatic organisms. Acute {oxicity to aguatic organisms has been
demonstrated primarily for the small PAHs (up to three rings) and only at relatively high concentrations

(Neff, 1979; Korn et al., 1979; Cairns and Nebeker, 1882; DeGraeve et al., 1982; Eastmond et al.,, 1984,
1984: Lee and Nicol, 1978a; Lee and Nicol,

PAHs vary substanti

Edmisten and Bantle, 1382; Giddings, 197¢. Govers et al.,
1978b: Sabourin, 1982; Soto et al., 1975 Holcombe et al., 1983). Acute toxicity appears {0 increase with

molecular weight within that group; however, when the molecular weight reaches that of the three-fing

ent to the solubility in water is required (o elicit acute toxicity

compounds, an aqueous concentration equival
weight has been demonstrated for

(LCy) (Neff, 1879). The acute toxicity of PAHs with a higher molecular
but only by using a carrier solvent at concentrations above the solubility of the PAH in

some compounds,
the higher molecular weight, less soluble,

water. At concentrations less than the aqueous solubility fimit,
compounds have not been shown to be acutely toxic (Neft, 1978). However, most of these studies were
carried out under gold fluorescent lights 10 avoid photodegradation of the parent compound, and possible
photoinduced toxicity was not observed. For this reason, most work on PAH effects has focused on chronic
{oxicity, since many of the homelogous series are potentially mutagenic and carcinogenic 1o organisms,

including fish (Schultz and Schultz, 1982; Black, 1983a; Black, 1983b; Baumann et at.,, 1882).




LC,, VALUES FOR PAHs IN AQUATIC ORGANISMS

Specles

Sandworm
(Neanthes arenaceodentata)

Grass shrimp
(Paleomonetes pugio)

Amphipod
(Gammarus pseudolimnaeus)

Amphipod
(Elasmopus pectenicrus)

Dungeness crab
(Cancer magister)
Mosquito Fish

(Gambusia affinis)

Sheepshead minnow
(Cyprinodon variegatus)

Coho salmon, fry
(Oncorhyncus kisutch)

Rainbow trout
(Salmo gairdnen)

Bluegill sunfish
(Leopomis macrochirus)

Cladoceran
(Daphnia magna)

* Assay type not reported

Sources: Eisler, 1987; EPA, 1880

Table 1§

PAH

Benzo(a)pyrene
Chrysene
Fluoranthene
Fluorene

Naphthalene
Dimethylnaphthalenes
Trimethylnaphthalenes
Phenanthrene

Fluorene

~ Naphthalene

2-Methylnaphthalene

Fluorene

Naphthalense

Naphthalene
1-Methylnaphthalene
2-Methylnaphthalene
Naphthalene
Fiuorene
Naphthalene
Fluorene

fiuoranthene

{luoranthene

18

Concentration
(mgn)*

>1.0
>1.0
0.5
1.0
3.8
2.6
2.0
0.6

3.2

0.8

3.98
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Sensitivity to phototoxicity also may vary within a single species. In some preliminary screening studies
with Daphnia magna, time to toxicity was examined for 3-methyicholanthrene (3-MC), B[alP,
dimethythbenz[a]anthracene (DMBA} and anthracens in paired experiments. DMBA was more phototoxic

than B{a)P, while B{a]P was more of equally as loxic as 3-MC, and both were more toxic than amhracene

(Landrum et al., 1987; Leversee, 1984).

Compounds with carcinogenic potential typically require enzymatic transformation to the active intermediate
metabolites by means of the mixed function oxidase (MFQ) system {(Knutzen, 1987). Consequently, the
presence of a MFQ system appéars to be a prerequisite for an organism (o develop cancer from PAH
exposure. It follows that organisms with high MFO activity should be most susceplidle, and that the lack
of this enzyme system should conter protection against cancer. The highest MFO activity has been found
in fish, whereas the activity in mussels and snails typically is very low {(Knuizen, 1987). Although
neoplasms have been observed in mussels chronically exposed to peiroleum,

the most serious effect from PAHs will be accumulation in these 0rganisms. PAH concentration in mussels

and snails may reach three orders of magnitude higher concentrations than the normal levels (Knutzen,

1987).

Huggett et al. (1987) discussed the distribution of abnormailties in fish in relation to sediment contamination
levels in the Elizabeth River in Virginia. Fishery surveys were conducted during October, November and
December of 1983 at 11 stations along the river. Depressions in biomass, total numbers of individuals and
abundance of selected species occurred at the more conlaminated stations. There was also a great
increase in the rate of structural abnormaiities. Eleven percent of hogchokers (Trnectes maculatus) and
30% of toadiishes (Opsanus tav) collected in the most contaminated areas showed fin efosion. The
incidence of cataracts in spot {Leiostomus xanthurus), croaker {(Micropogonias unoulatus}y and weaklish
(Cynoscion regalis) was 10, 18 and 21%, respectively, in the contaminated zone. PAH residues of 60 ug/g
(60 mg/kg) were attained from oysters at the most contaminated station after a nine-week exposure period.

Fish collected from this area showed the highest incidences of abnormalities.

In many cases, aquatic organisms from PAH conlaminated environments exhibit a higher incidence of
tumors and hyperplastic diseases than those from nonpoliuted environments. Neoplasms in several
species of fish have been produced experimentally with 3-methylcholanthrene, acetylaminotiuorene, B{alP
and 7.12-dimethylbenzo(a)anthracens, with tumors evident within 3 to 12 months after exposure {Couch
and Harshbarger, 1985; Hendricks et al.. 1985). Under laboralory conditions, liver heoplasms were induced
in two species of miNNows (Poedliopsis pp.} by repeated shont-lemm exposures (6 hours once a week for
5 weeks) 10 an aqueous suspension of 5 mg/iL. 7.12-dimethylbenzo(ajanthracene. About 44% of the fish
surviving this first treatment developed hepaloceliular neoplasms within six 1o nine months atter exposure

(Schuttz and Schultz, 1982). Eastern mudminnows (Umbra pygmaea) which were kept in water containing
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up to 700 ug/ PAH for 11 days showed increased frequencies of chromosomal aberrations in gills: 30%

vs. 8% in controls (Prein et al., 1878).

The state of Fiorida has set its suface quality standards based on U.S. EPA water quality criteria. The
Florida standard for Class | (potable surface water} is 0.0028 ug/L. This is based on the EPA Ifetime
cancer risk of 10, and accounts for both human ingestion of water and ingestion of aquatic organisms.
The Florida standard for Class |l and i waters is 0.0311 ugh., and is based on EPA estimates made for
consumption of aquatic organisms only, again assuming a lifetime cancer fisk of 10°. U.S. EPA {1880Db)
concluded that there is insufficient data {0 regulate individual PAHS, and therefore total PAHs are the
subject of the standards. The EPA standards are based on the assumption that each compound is as
potent as Bfa]P and the carcinogenic effect of the compounds is propoftional to the sum of theis
concentrations (U.S. EPA, 1980b). Since they are based on EPA criteria, the state of Florida standards
also refer 1o total PAHs. Florida provides additional standards fof two individual PAHs based on other data,
such as organoleptic data which suggests thal centain concentrations of PAHs may taint water or fish flesh,
The fluoranthene standard is 42 ug/L for Class | and 54 ugh for Class i and Hi, while the acenaphthene
standard is 20 ug/L for Class |, Class Ii and I} (Chapter 17-302, FAC; proposed 1830).

1.4 Toxicokinetics
Factors which influence the toxicokinetics of PAHSs include solubility, particulate adsorption and

biotransformation. The oral and inhalation uptake of PAHs is well studied in experimental animals,but no
human studies are available. Human dermal studies have demonsirated evidence of PAH absorption, but
due 1o high variability in urinary metaboiites, no absorption rates have been estimated. The distribution and
metabolism of several PAHs has been well studied in animals and is highly dependent upon the specific
chemical properties of the PAH. The urinary elimination of PAH is generally rapid but may vary according

10 the route of administration and the absorbed dose.

1.4.1 Absorption

Absorption of PAHs has been studied predominantly in rodents. PAHs can be taken inlo the body via
inhalation, ingestion, or skin contact, atthough the compounds typically are poorly absorbed from the
gastrointestinal tract (Eisler, 1987). PAHs are readily absorbed following inhalation exposure to PAH
vapors or PAHs attached to dust and other particles. Due to the production of PAH's through combustion
processes, exposure 1o PAHS in soil may occur in areas where coal, wood, gasoline and other products
historically have been burned. The following are descriptive summaries of the available studies for each

absormption route: inhalation, ingestion and dermal.
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1.4.1.1 Animal Studles
Absorption Following Inhalation

Many animal studies are available regarding the absorption of B{a)P following inhalalion exposure, though
the specific route of administration was of variable relevance. Sun et al. {1982) administered B{a)P vapor
at a concentration of 0.6 ug/L of B{a)P adsorbed on Ga,0, particies (at a concentration of 1 ug/k). After
30 minutes of exposure, the fraction deposited in the lung was approximately 20% for Ga,0, and
approximately 10% for the pure hydrocarbon aerosol. B{a}P excretion was monitored for over two weeks,
at which time nearly all the B(a)P had been recovered, indicating complete absorption and glimination of
the initially instilled hydrocarbon. Significant differences in the clearance of Ga,0, adsorbed and pure
B(a)P suggestedthata substantiat amount of B(a}P coated on Ga,0, particles was removed from the lungs
by mucociliary clearance and subsequent ingestion. The B(a)P tetained by the lungs was removed by
absorption into the blood stream. The association of B(a}P with the particles increased the deposition of
B(a)P in the lung and increased the relative amount of B(a)P that was cleared by mucocciiiary action and
subsequently ingested. Hence, there was an increase in the absomtion of B(a)P in the alimentary tract,
which increased the dose of B{a}P and is metabolites to the stomach, liver and kidneys relative to that

observed for pure B{a)P vapor.

The size of the particles on which B(a)P is adsorbed affects the pulmonary abserption and elimination of
this chemical. For example, the elimination of B{a)P {rom the lungs was studied following intratracheal
administration of pure B(a)P crystals in comparison with B{a)P ccated on carbon particles in two size
ranges (0.1-1.0 um and 15-30 um, Cresia el al., 1976}. Whereas, 50% of the pure B(a)P crystals was
eliminated from the lungs within 1.5 hours and 95% within 24 hourts, the B(a}P adsorbed to the small
carbon particles look 36 hours 1o clear 50% of the initial dose. Pulmonary elution was slower with the

larger carbon particle size (approximately 4-5 days).

Intratracheal administration of B{a)P (0.001 mg/kg) to rats resutied in rapid absorption. Concentrations in
the liver reached a maximum of 21% of the administered dose within 10 minutes of installation. Prasence
of B(a)P and its metabolites in other tissues and the bile was also indicative of its absomplion. Similar
results were also reponted for guinea pigs and hamsters following intratracheal exposuse (Weyand and

Bevan, 1986; Weyand and Bevan, 1987; Weyand and Bevan, 1988}.

Nasal instillation of B(a)P (0.13 mg/kg} to hamsters resulted in the metabolism of B(a)P in the nasal cavity.
A large fraction of the metabolites was recovered from the epithelial surface, indicating that B(a)P was first
absorbed in the mucosa, metabolized, and returned to the mucus (Dahl el al., 1985).

Monkeys and dogs received nasal instillation of 8(a)P at doses of 0.16-0.21 mg/xQ. B(a)P metabolites were
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detected in the nasal cavity, but only to a limied extent in the blood and excrata of either species during
the 48 hours after exposure. These results indicate that there was aither little or a very slow rate of direct
transfer of B(a)P or its metabolites into the biood by this route (Petridou-Fisher et al., 1988).

Approximately 50% of the B(a)P that was instilied intratracheally in hamsters was metabelized in the nasal
tissues. The metabolites producedin the hamster nose included tetrols, 9,10-dihydroldiols, 4,5-dihydrodiols,
7.8-dihydrodiols, quinones, 3-phencls, and S-phenais. A prevalence of quinone production was not
observed in hamsters as # was in rats (Dahi et al., 1985). In vitro metabolism of B(a)P in the eithmoid
turbinates of dogs resulted in a prevalence of phenol metabolites. However, small quantities of quinones

and dihydrodiols also were identified (Bond et al., 1988).

The absorption and elimination of B(a)P from ral and mouse lungs are very rapid. Eighty-five percent of
a single intratracheal instillation of 2.5 mg/kg B(a)P was cleared from the lungs of a mouse after 24 hours
(Schnizlein et al., 1887). Inthe rat lung, 40% of a B(a)P dose was cleared within five minutes, ang¢ >%4%
was cleared within six hours {(Weyand and Bevan, 1986). in the laiter study, a large fraction of the
administered dose was excreted in the bile. in general, the rate of B{a)P excretion into bile declined as
the dose increased. Excreted metabolites included thioether (62.5%;), giucuronide (22.8%) and suliate
(7.4%) conjugates, as well as free B(a)P (3.8%). Significant species ditferences i pulmonary absorption
are apparent, based on the fact that only 10% of an inratracheal dose of B(a)P was excreied in the urine
and feces of dogs and monkeys after 48 hours (Petridou-Fisher et at., 1988).

The effect o dose on the pulmonary clearance of B(a)P in the rat was studied by intratracheal instillation
of ['“C}-B(a)P (16, 90, and 6400 pg of hydrocarbon). Clearance was determined o be biphasic with a fast
component (half-life < 1 day) and a slow component (half-life 2 1 day). As dose increased (16-6400 ug
B(a)P), an increased percentage (Irom 88 10 99.76%) was cleared with a hatf-fife < 1 day and a decreased
percentage was cleared (from 11 10 0.24%) with a half-ite = 1 day {Medinsky and Kampcik, 1985). The

slower component half-life is cleary subject to saturation at the high dose levels.

Absorption Following Ingestion
Gastrointestinal absorption of B(a)P has been studied in the rat. B{a}P was administered 0 rats by gavage

(0.04 umol, 0.4 umol, 4.0 umol.). Total excretion of the dose in the feces averaged 74-79% at 48 hours
vs. 85% at 168 hours following administration (indicaling appsoximately 15-26% absorption). Only 1-3%
of the administered dose was excreted in the urine. The amount of parent compound which was excreted
decreased as the dose increased {Hecht et al., 1974). B(a)P was absorbed in Sprague-Dawley fails
{ollowing oral administration and was detected in the liver, lung and kidney (Yamazaki et al., 1987).

Oral absorption of benzo(a)anihracene in rals was reporied lo be rapid and efficient. Levels of
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benzo(a)anthracene in the bloed, liver, and brain reached a maximum within 1-2 hours after administration

(Modica et al., 1882).

imestinal absorption of chrysene was not quantitied, but the extent of absorplion In rats was dependent on
the oral dose of chrysene and the vehicle of administration. Approximately 25-41% of the chrysene dose
absorption) was recovered in the feces within 72 hours alter

(indicating approximately 59-75%
reported an excretion of 79% of the chrysene

administration in olive oil (Modica et al., 1982). Chang (1943)
dose (21% absorption) in the feces following dietary (500 mg/kg) and gavage {200 mg/kg) administration.

Administration of dibenzanthracene (DBA) in the diet (250 mg) or by stomach tube {200 mg) resulted in

greater than 90% of the dose being excreted (indicating approximately 10% absomtion) in the feces of

white rats (Chang, 1943). As with chrysene, absorption of DBA was nol quantified directly.
Chang (1943) studied the intestinal absorption of PAHs administered 1o rats by gastric intubation in starch
solution. The data indicated that different agents were absorbed o ditferent extents and that no more than

50% of the dose given of the carcinogenic substances tested was absorbed. The percent of material found

in the feces relative to the amount administered was chrysene, 85%; dibenz{a,h)anthracens, 95%;

penzo(a)pyrene, 57%. 3-methylcholanthrene, 68% (maximum 43% absorption). In contrast, the non-

carcinogenic agent, phenanthrene, was almost completely absorbed.

hich were administered radiolabeled naphthalene, the amount of label recovered in 24 hours was
akke, 1985). in rats, Summer

inrats w
77 10 93% in urine and 6 10 7% in feces, indicating over 90% absorption (8

etal. (1979) found a dose-dependent increase in urinary mercapturic acid excretion following gavage doses

of naphthalene approximately 39, 32, and 26% of each dose, respectively, with 24 hours.

3-MC or B(a)P was given in the diet of lactating rats, rabbits and ewes and the excretion of materials via

the milk was determined (West and Horlon, 1976). In rats, 0.19% of the lotal dose was excreted via the
milk within four hours. In rabbits, only 0.003% was excreled in 24 hours and in ewes, 0.01% was excreted
by seven days. Almost all of the material fed to sheep was recovered from the feces, indicating very little

absorption via the intestine.

In general, PAHs absormption following the ingestion of contaminated food ot drinking water depends on the

vehicle of administration. The extent of PAHs absorption is enhanced when they are solubilized in a

vehicle that is itself readily absorbed, such as oils.




Absorption Following Demal Contact
Evidence regarding PAH distribution in animals tollowing dermal exposure Is limited. AlRhough the
compounds may penetrate the skin, very little is distributed to tissues by this route of exposure. Only 1.3
% of an applied dose of anthracene (9.3 pg/cr?) was detected in tissues of rats at six days after
administration (Yang et al., 1986). Animal studies with dimethylbenzanthracene (DMBA) suggest that
absorption and distribution of many PAHs compounds through the skin is 1ot extensive (ATSDR, 1980}

Percutaneous absorption of B{a)P in mice was reported after monitoring the appearance of B(a)P in sxcreta
and at the site of application. Disappearance of the applied dose from the application site was 6% and
40% at 1 and 24 hours following administration, respectively. Within seven days after exposure, 93% of
the applied dose was recovered in the {eces (Sanders et al., 1986).

The percutaneous absorption of anthracene inrats (9.3 ug/cm’) resulted in approximately 52% of the dose
being absorbed in a dose-dependent manner within 6 days. Ditfusion of anthracene through the skin

(stratum corneum) was dependent upon the amount of anthracene on the skin surface as well as the

surface area to which the anthracene was applied (Yang et al., 1986).

Metabolism of chrysene at relatively high rates in mouse \skin provides evidence of its dermal uptake
(Hodgson, 1983; Weston et al., 1985). DBA also was absorbed dermally, but not to the extent reported
for B(a)P. Sanders et al. (1986) applied DBA (5.4, 56, 515 pg/e?) and B(ajP (1.25-125 pg/crv) to the
shaved nucha! area. The presence of PAHs in the skin at the appiication site, in excreta, and in exhaled
air were monitored. At 24 hours after the maximum dose of DBA was applied, 67.2% of the dose was

recovered from the application site, 25.4% from the body tissues, and 7.4% from excrela (approximately

30% absorption). Under similar conditions with B(a)P, 17.4% 36.6%, and 46.8% of the dose was recovered

from the application site, tissue, and excreta, respectively (approximately 80% absorption). Ths amount

which was absorbed did not increase linearly with the dose due 1o an apparent saturation of the uptake
process. The authors suggested that the ditference in dermal uptake among the PAHs may be atinbutable
to the lower rate of DBA metabolism relative to B{a)P and decreased rate of metabolite transfer (Sanders

et al., 1986).

Monitoring the removal of compounds from the epidermis is indicative of the compound's dermal

absorption. The haff-life of B(a)P and its metabolites in the epidermis was approximately ¢ hours (Melikian

et al., 1987). Recovery of B(a}P was 99-100% throughout the period of the experiment (8 hours}, indicating

the volatilization of B(a)P from the skin was not a confounding factor (Meukian et al., 1887). In contrast,

removal of one of s metabolites, 7,8<iihydroxy-9,10-epoxy-7.8,9,10-2etrahydro-8(a)P (anti-BPDE), {rom

the epidermis was slower, suggesting that the stralum comeum, the cutermost layer of skin which consists
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of several layers of inactive, karatinized cells surrounded by extracellular lipids, may act as a resarvoir that

can retain and slowly release topically applied lipophilic substances such as B(a)P, but which is penetrated
rapidly by more polar metabolites.

Thus, PAHs may be absorbed through the skin of animals to a variable extent, and contact with soil or

water contaminated with PAHs may result in systemic exposure to these compounds, based on the limited

available information.

1.4.1.2 Human Studles

Absorption Following inhalation
No quantitative studies were found regarding the absorption of PAHs in humans following inhalation

exposure. However, absorption of PAHS {ollowing inhalation can be inferred {rom the presence of urinary
metabolites of PAHs inworkers following exposure to these compounds in an aluminum plant (Beecher and

The high concentration of PAHs in the occupational setting did not correspond to the
the urine in this study. The autheors suggested

er may not be bicavailable, and that the dose-

Bjorseth, 1883).
amount of PAHs deposited, metabolized and excreted in

that PAHs which are adsorbed to airbome particulate matt
uptake relationship may not be linear over the PAH concentration range.

N

Absorption Foliowing Ingestion

No quantitative studies were found regarding the absorption of PAHs in humans following oral exposure.

Absomption Following Dermal Contact

PAHs may be absorbed through the skin of humans.
hour periods on two consecutive days yielded evidence of PAH absorption (Storer et al.,

Application of 2% crude coal tar {o the skin of

humans for eight
1984). Phenanthrene, anthracene, pyrene, and fluoranthene were detected in the blood, but B(a}P was

not detected: thus, absorption of PAHS in crude coal tar was variable and dependent on the chemical

species. This variability in blood concentration was atiributed to differences in the rate of percutaneous

absorption, rapid tissue deposition after absorption, or metabolic conjugation with subsequent rapid urinary
excretion. An in vitro study using human skin found that the extent of permeation after 24 hours was
established as 3% of an applied dose of “C-B(a)P applied at 10 ug/cn? (Kao et al., 1989).

ainted on the skin of mice was determined to be similar
The concentrations in the skin, as detected by
solution of the hydrocarbons.

The relative rate of dermal penetration of B(a)A p
to that of benzo(a)pyrene (Bock and Burnham, 1960).
fluorometry, reached a maximum 2 hours after topical application of a 1%
The permeation rate for B(a)P in the mouse for a 24 hour exposure has peen reported as 10% {Kao et al,,
1985) and 40% (Sanders et al., 1986) of an applied dose of 10 pg/cm® and 1.25 10 125 pg/en? of [C-

B(a)P, respectively. Evidence of dermal absorption in animals is found in the carcinogenicty studies
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summarized in IARC (1973).

The skin penetration of an applied dosse of ('‘C) B(a)P {10 pg/cny) was determined in several mammaiian
species under in vitro conditions (Kao et al., 1985). Dorsat skin from marmose!, guinea pig, rabbit, rat, and
mouse were used for the permeaticn experiments. The mouse showed the highest permeation at 10% {24
hours), followed by the rat, rabbit, and mammoset {110 3%); the guinea pig exhibited the lowest permeation

at 0.1%.

The dermal uptake of DB(ah)A was studied in mice (Heidelberger and Weiss, 1951). in these
investigations, a single application of “C-DB(a,h)A (0.2 pmol) dissotved in benzene was applied to the
shaved skin of the sacral region of mice. The sites of application were then dissected and fractionated.
An average of 8% of the applied dose was absorbed after 2 days. This rate of dermal absorption was
significantly lower than that determined tor B(a)P following apptication of an equivalent dose (Heideberger

and Weiss, 1851).

1.4.2 Distribution and Retention
Distribution of Bfa]P in the rat foliowing inhalation indicates that the highest concentrations occur in the

lungs, liver, kidney and gastrointestinal tract. Bla]P was concentrated in the protein fractions of the tiver,
lungs and kidney of orally dosed rais. Significant biolrahsformation of PAHs occurs in the liver, lung and

kidney. The liver plays the major role in biotransformation of PAHs. The biotransformation may lead to-

the formation of more reactive metabolites {ATSDR, 1989a).

Orally administered PAHs may cross the placenta. PAHs (1.53-1.6 ug/gjwere detected in the fetuses of
pregnant rats administered an oral dose of 200 mgkg of a PAH mixture (ATSDR, 1989a).

1.4.3 Metabolism

in mammals, the cytochrome mixed-function oxidase (MFO} system, a portion of which is represented by
aryl hydrocarbon hydroxylase (AHH), is responsible for initiating the metabofism of various iipophilic organic
compounds, including PAHs. The relevant eHect of this system is 1o convert poorly water soluble, lipophilic
materials into more water soluble congeners and thereby increase the rate of excretion (Eisler, 1887,

Williams and Burson, 1985).

The activity of this enzyme system is readily induced by exposure to PAHs and other chemicals and is
found in most mammalian tissues, akhough predominantly in the liver. The MFO system is invoived in the
metabolism of endogenous substances {(€.g. Sieroids) and the detoxification of many xenobiotics.
Paradoxically, however, some PAHS are transtormed by this system to inlermediate metabolites which have
been identified as more toxic, mutagenic, teratogenic, of carcinogenic agents than the parent compound
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(U.S. EPA, 1980a; Eisler, 1987). Metabolic activation by the MFQ system appears to be a necessary
prerequisite for PAH-induced carcinogenesis and mutagenesis {Neff,1979).

The MFO system, specifically AHH, can convert PAHs 1o various oxygenated/hydroxylated derivatives

including phenols, quinones, dihydrodiols, and epoxides. These oxygenated metabolites may be converted

further 1o less toxic products such as water soluble conjugates of glutathione, glucoronides and sulfates.
As noted previously, the MFO system may also activate PAHSs to produce carcinogenic metabolites (Eisler,

1987: DiGiovanni, 1889; Yang, 1988).

Since PAHs are composed of aromatic rings with little else 1o metabolize, hydroxylation by the MFO system

is the first step in the biological action of PAH metabolism to more water soluble {orms that can be readily

excreted. In the process, highly electrophilic and unstable arene oxides, epoxides in particular, may by

generated. Arene epoxides can bing covalently to celiular macromolecules such as DNA, RNA and
Covalent interaction with DNA appears to be critical to the initiation of PAH-induced

proteins.
However, the simple or initial epoxide metabolites are not the ultimate carcinogens

carcinogenesis.
(Williams and Burson, 1985; DiGiovanni, 1989).

Another component ot the drug metabolizing enzyme system, epoxide hydrolase, can transiom arens
epoxides to dihydrodiols, which are precursors of biclogically active diol epoxides. These secondary diol
epoxides have been shown to be mere potently mutagenic and carcinogenic than the primary metabolites

because they form DNA adducls which are more resistant to DNA-repair processes {Williams and Burson,

1985 Eisler, 1987; Jerina et al., 1886).

In paricular, the "bay region” diol epoxides (i.e., epoxides formed at the juncture of two angularly lused

rings) (Mohammad, 1984), have been implicated as reactive products in PAH carcinogenesis (Eisler, 1987,

Jerina et al., 1986). PAHs that possess a bay region that is metabolized o a diol epoxide desivative are

very reactive. Carcinogenesis studies in vive and mutagenesis and transfommation assays in vitro indicate

that the biclogic effects of the parent compound can be mimicked by ireating the respective animal or cell
line with metabolites of PAH-containing diol epoxides in the bay region (Zedeck, 1980).

1.4.4 Excretion
Elimination is generally rapid following all routes of exposure 1o PAHs. Asingle intratracheal instillation of

2.5 mg/kg in the lung resutted in clearance of 85% of the administered dose after 24 hours. Rats eliminate

a large fraction of the administered dose in the bile foilowing inhalation exposure. After 6 hours, 53% was
tinal contents of rats without a cannula, and 74% in rats with a cannuia

chrysene excreted 90% in the teces (ATSDR, 1989¢).

excreted into the intestine and intes
(ATSDR, 1989c). Rats dosed orally with
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1.8 Toxicity of Selected PAHS
In the ‘ollowing sections, chemical-specitic discussions for the PAHs of interest are presented, including

physical and chemical propenties, genotoxicity, animal toxicity, and human toxicity. PAHs classitied as
carcinogens are presented first, {ollowed by PAHs which are classified as noncarginogens or have not been
classitied as to carcinogenicity. In addition, Table 16 presents carcinogenic welght-of-evidence
determinations by IARC and EPA, as available; Table 17 Hists Federal and State of Florida Regulations,
Standards and Guidelines for PAHs as a compound class, anc for individgual PAHs, as availabls.

2.0 BENZ[a]JANTHRACENE

Benzo[a]thracene (B[a]A) is not produced or used commercially. it is formed during incomplete combustion
and is a major component of the total PAHSs found in the environment (ATSDR, 1988a). Physical and

chemical properties of B[a]P are listed in Tabie 2.

2.1 Genotoxiclty
B[a]JA has been examined for potential genotoxic eflects in a variety of short-lerm bioassays. The

metabolism of BlaJA is an essential event in producing genoloxic effects in both in vitro and in vivo
ems. B[a)A tested positive for genotoxicity in the host-mediated gene mutation assay
1979, Poirier and de Serres, 1979).

biological test syst
with Salmonella typhimurium strain TA1535 (Simmon et al.,

Rosenkranz and Poirier (1973} reported no genotoxic res;‘aon\se with the microsomal-mediated Ames assay.
Results were also negative for DNA damage in E. coli and mutations In Saccharomyces cerevisiae
(Rosenkranz and Poirier, 1979; Simmon, 1879). B(alA exhibited mutagenic potential (Barfknecht et al.,

1982: Rocchi et al., 1980) and produced DNA damage in cultured animai and human cells (Martin et al.,

1978).

2.2 Animal ToxicHy
Oral absorption of B[a]A in rats was reporied 1o be rapid and efticient. Levels of benzo(a)anthracene in

the blood, liver, and brain reached @ maximum within 1-2 hours after administration (Modica et al., 1882).
Crally administered benzo(a)anihracene is distributed rapidly and widely in the rat (Bartosek et al., 1984).

Maximum concentrations in weli-perused tissues, like the liver, biood and brain, were achieved within 1-2
hours after administration. Maximum levels in lesser perfused lissues, like adipose and mammary tissue,
were reached in 3-4 hours. Al 72 hours after oral administration, 8[a]A had the grealest alfinity fof adipose

tissue, sequentially followed by mammary gland, brain, liver, and blood.

enelration of B[aJA painted on {he skin of mice was determined o be simiar
The concentrations in the skin, as detected by

The relative rate of dermal p
{o that of benzofalpyrene (Bock and Burnham, 1960).
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d a maximum 2 hours after topical application of a 1% soltion of BlaJA. The
permeation rate for benzo[a]pyrens in the mouse for a 24-hour exposure has been reported as 10% (Kao
ot al., 1985) and 40% (Sanders et al., 1986) of an applied dose of 10 pg/cm? and 1.25 to 125 pg/em? of
(“C)benzo[a]pyrene, respectively. Evidence of dermal absorption in animals is found in the carcinogenicity

fluorometry, reache

studies summarized in IARC (1973}.

The metabolism of Bfa]A in human and animal systems apparently proceeds via the biotransiormation

pathways established for benzo[ajpyrene (Cooper et al., 1983, Levin et al., 1982, Sims 1982, Thakker et

al., 1982).

The induction of preneoplastic hepatocyles, known as GGT foci, in animals has been correlated with cancer

promotion. A one day intragastric administration of 200 mg/kg of benzo(a)anthracene 10 partially

hepatectomized rats followed by a diet containing 2-acetylaminofiuorene and carbon tetrachloride induced

GGT foci (Tsude and Farber, 1980}

The ability to induce aldehyde dehydrogenase (ADH)in animals has also been correlated with carcinogenic
potency. Rats intragastricaily administered 100 mg/kg/day of benzo(ajanthracene for four days exhibited
cytosolic ADH induction (Torronen et at., 1981). Exposure to benzo(ajanthracene also increased the

relative liver weights by 19%, (Torronen et al., 1981).

effects have been observed in mice following subchronic weekly subcutaneous injections of
Hoch-Ligeti, 1841). This treatment resutted in gross changes in the
in stem cellé, an accumulation of iron, reduced lymphoid celis and

Lymphoid
benzo(a)anthracene for 40 weeks (

lymphoid system including an increase
dilated lymph sinuses. Spleen weight in reated mice was significantly lower than that observed in controls

(Hoch-Ligeti, 1941).

Many, but not all, 4,5 and 6 ring PAH compounds exhibit carcinogenic activity, but only a few unsubstituted

hydrocarbons with 7 rings or greater are tumorigenic of carcinogenic (Neti, 1978, U.S. EPA, 1980b; Dipple,

1985). The unsubstituted PAHs with less than four condensed rings that have been tested have not shown

tumorigenic activity. Of the six possible arrangememnts with four benzene rings, only two of these

compounds are active: benzojcjphenanthrene and benzofalanthracene.

Certain PAHs, including benzo{a)anthracene, have been shown 1o be carcinogenic in animals following

exposure by the oral route. Mice acutely administered 2 mg benzofajanthracene by gavage for two days

exhibited increased incidences (80% and 85%j of hepatomas and pulmonary adenomas after 568 days of

observation (Klein, 1963). No malignant tumors were observed in this study. However, a single gavage

administration of 0.5 mg benzo[ajanthracene produced ne tumors in mice after 68 weeks. Multiple gavage
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administration resufted in the occurrence of forestomach papiliomas in 7% of the animals compared to none

in the controls (Bock and King, 1859).

Two subchronic studies in which B[aJA was administered by gavage provide evidence of its carcinogenic
potential. Mice that received intermittent doses of 1.5 mg/kg/day BlajA for 5 weeks (Klein, 1963} or for
unspecified intermediate lengths of time (Bock and King, 1958} exhibited significantly elevated incidences
of hepatomas and lung adenomas following up to 60 days of cbservation (Kiein, 1963). Neither of these
studies were adequately reported; they did not inciude complete histopathology, adequate treatment
durations, large enough sampie sizes of statistical analysis. In addition, the authors did not report whether
Bla]A produced malignant tumors. Although these studies are inconclusive because of methodological
limitations, they do provide some qualitative evidence for the potentiat carcinogenicity of Bfa}A by ihe orai

route.

Results of fumor inttiatiorvpromotion studies indicate that benzo{a)anthracens is a complete carcinogen

(ATSDR, 1989c).

Benzo(a)anthracene applied 1o the shaved backs of Swiss mice was reported to suppress sebaceous
glands (Bock and Mund, 1958). However, controls were not employed, therefore, it is not possible to
determine if the effects seen were due to the solvent and/or.the application procedures.

Benz(a)anthracene and its 5 metabolically possible transdihydrodiols were tested for carcinogenicily in
newborn Swiss-Webster mice (Wislocki et al., 1878) and for skin tumor-initiating activity in mice and
mutagenicity in Chinese hamster V-79 cells (Staga et al., 1978). Ineach case, the trans-3,4-dihydroxy-3,4-
dihydrobenz(a)anthracene was the most active derivative compared to the parent substance of to any of
the other possible derivatives. Also, the corresponding diol-epoxide, trans-3a, 43-gihydoxy-1a, 2a-epoxy-
1,2,3 4-tetrahydrobenz(a)anthracene was found o be a more effective lumor indiator than was the 3,4-
dihydrodiolbenz(a)anthracene (Slaga et al., 1978). All of these resuls suppport the hypothesis that the
bay-region diol-epoxide deriv atives of banz(a)anthracenas are carcinogens. The 3,4-dihydrodiol derivative
of 7,12-dimethylbenz(a)anthracene was a mo/e potent initiator of skin tumors in mice than the paremnt

substance, 7.12-dimethylbenz(a)anthracene {Siaga et al., 1979).

IARC (1983) has classified Bfa]A as 2 Group 2A carcinogen. A 2A ranking indicates that there is limited
evidence of carcinogenicity to humans. EPA has classified B[a}A as a B2 carcinogen (probable human

carcinogen).

2.3 Human Toxicity
No studies regarding human toxicity were located in the literature.
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3.0 BENZO[bJFLUORANTHENE

Benzolb]fluoranthene (B[b]F) is a coloriess solid at room temperature {|ARC, 1983). B{DbJF is not
produced or used commercially; it occurs as a product of conbustion (JARC, 1983). Physical and
chemical properties of B{b]F ase listed in Table 3.

3.1 Genotoxicity
The genotoxicity of B[D]F has been avaluated in in vitro studies. Mutagenic activity was indicated in an

investigation involving Salmonesiia typhimurium in the presence of an exogenous rat-liver extract
(LaVoie et al.,, 1979). However, negative results were obtained from other similar studies {(Hermann,
1981: Mossanda et al., 1979). The data in these studies are inadequate to support a postive or
negative determination for B[b}F mutagenicity (ATSDR, 1988c}).

3.2 Animal Toxicity
The metabolism of B[b]F has been investigated in vitro using hgpatic S9 preparations (Amin et al.,

1982). The general biotransformation pathways established for benzofalpyrene are also active on BibjF

(Cooper et al., 1983, Levin et al, 1982, Grover, 1986).

Many, but not all, 4, 5 and 6 ring PAH compounds exhibit earcinogenic activity, but only a few
unsubstituted hydrocarbons with 7 rings of greater are tumorigenic or carcinogenic (Neff, 1878, u.s.
EPA, 1980b; Dipple, 1985). The group of unsubstituted 5 and 6 ring PAH, which include B[bjF, are

clearly the most potent of the series.

Benzo(b)fluoranthene has been shown (o be carcinogenic to animals by the dermal route (ATSDR, 1989¢;
U.S. EPA, 1980b). Papillomas and carcinomas were observed by Wynder and Hofiman, (1958Db) alter the
dermal application of B[b]F to mice. Habs et al. (1980) also reported that dermal applicalion of B(b}F

produced a significant carcinogenkc esponse.

No studies on the carcinogenicity of B{b}F in animals following inhalation exposure were found in the
available Iterature. However, BipjF has been shown 10 cause respiralory tract umors in rals foliowing
intratracheal instillation (Deutsch-Wenzei et al.,, 1983). In this experiment, B[bJF was prepared in sokition
with trioctanoin and motten beeswax and injected into the lef lobe of the lungs of female Osbome-Mendel
rats. The mixture congealed into a pellet from which the test compound diffused over time into the
surrounding tissue. Doses of 0,0.1,0.3, of 1.0 mg B[bjF were administered, eliciting 0/35, 1/35, 3/35, or
13/35 lung tumor-bearing animais per group, respectively. Tumors were epidermold carcinomas or
pleomorphic sarcomas. This experiment indicates that B[bjF is a moderately active respiratory {ract

carcinogen.




IARC (1983) has classified B[b}F in Group 2A (limited evidencs of carcinogenicity to humans). EPA has

classilied B[b]F as a group 82 carcinogen {probable human carcinogen).

3.3 Human Toxlcity
Detectable levels of PAHs, including 8[bjF, were reported in the lung and adjoining tissue of patients with

bronchial carcinoma in concentrations ranging from 0.9 ng/g 10 15,000 ng/g (Tomingas et al, 1878). No

other studies regarding human toxicity of B[b]F were located in the literature.
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4.0 BENZO[KJFLUORANTHENE

Benzo(k)fluoroanthene (B[k]F} is a pale yellow solid at room temperalure. There is no production of KNOWR

use of this compound. [t occurs ubiquitously as a product of incomplete combustion (IARC, 1983).

Physical and chemical properties of B{k}F are listed in Tabie 4.

4.1 GenotoxIchy
Conflicting resutts have been reported for genotoxic effects of B{k]F (ATSDR, 1989¢c}. Weyand et al.,

(1987) reported positive results for DNA binding in a mouse skin test system.

4.2 Animal Toxlclty
Chronic dermal application of benzo(k)fluoranthene to Swiss

were observed in 10% of animals treated with a higher concsntration of B
crease in tumor incidence was observed in NMRI mice painted

mice resulted in no tumors, but skin papillomas
[k]F (Wynder and Hofimann,

1959b). In another study, no significant in

with up t0 9.2 ug benzo(k)fluoranthene for a lifetime; no effect on mortality was noted (Habs et al., 1980).

crease in tumor incidence was observed in mice receiveing 30-1000 pg B{k}F followed
1990). However, in the absence of a promoter, BIk]F did not induce tumors

A dose-related in

by TPA promotion (ATSDR,
and is, therefore, not considered a complete carclnogenﬂlA\RC. 1983).

IARC (1983) has classified B[k]F in Group 2B, sutficient evidence of carcinogenicity in animals.

4.3 Human Toxlcity

Autopsies performed on cancer-free patient
trillion; ng/kg) in fat samples. Several PAHs were detected, including B{kJF (Cbana et al., 1981).

s found fotal PAH levels ranging from 11 10 2,700 pp! (pafis per
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5.0 BENZO[a]PYRENE

Benzo[a]pyrene, Bfa]P, is the mosl well studied of the several hundred chemically related compounds
belonging 1o the generai class of PAHs (IARC, 1883}. Environmental sources of 8{a}P are both natural and
man made. B[a]P occurs ubiquitously in products of incomplete combustion. It is found in mainstream and

sidestream cigarette smoke, in vehicle exhaust, and in some cooked foods. There is no commercial

production or use of this compound (IARC, 1983). Physical and chemical properies of Bfa]P are listed in
Table 5.

5.1 Genotoxicity
There is sufficient evidence from short-term in vivo and in vitro genetic toxicology tests 1o demonstrate that

B[a)P is a genotoxic agent when metabolically activialed. This evidence indicates that B{a}P interacts with
mammalian gonads and germ cell DNA and induces-such end poinis as unscheduled DNA synthesis (Sega,
1979), chromosomal aberrations (Basler and Rohrborn, 1878}, and morphological abnormalities {Wyrobek
et al., 1981). However, Bla]P is present as a component of the total content of PAHs in the environment.

How interactions among various PAHs atfect their potential for human genotoxicity is uncefain.

Positive mutagenic activity has been reporied in the mouse spot test {Davidson and Dawson, 1977) and

the somatic mutation and sex-linked recessive lethal mutation assays with Drosophila melanogaster (Fahmy

and Fahmy, 1980; Nguyen et al., 1879; Vogel et al., 1983). However, negative results have been reported
in similar studies with Drosophila (Valencia and Houtchens, 1981; Zijistra and Vogel, 1984). Mixed results
have been reported for aneuploidy studies with Drosophila melanogaster via feeding {Vogel et al., 1883,

Valencia et al., 1984, Fabian and Matoltsy, 1946).

B[a)P requires metabolic activiation in order to exert its mutagenic and carcinogenic effects. The indtial
steps in the proposed mechanism of action of B{a}P-induced carcinogenesis involve metabolic {ormation
of bay-region diol epoxides followed by covalent interaction of these reactive metabolites with DNA

(Conney, 1982).

In some recent experiments, i has been determined that cerain derivatives of Bla}P can be mutagenic

without being metabolicaity activated (Pitts et al., 1978). Atmospheric particuiale matter was mutagenic

without further metabolic activation and it was suggested that PAHs in the atmosphere could react with

sult in formation of directly-acting mutagenic substances. PAHs were exposed (o

gaseous agents to re
In each case, derivatives of B[a]P were

nitrogen dioxide and nitric acid, ozone or peroxyacetyl nitrate.

formed that were mutagenic in the Ames assay without requiring metabolic activation.

EPA has concluded that B{a]P is an animal carcinogen and has classified # in Group B2, a probable human
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carcinogen. |ARC (1983) has classitied Bla}P in Group 28.

5.2 Animal Toxiehty
The biological fate and mechanisms of absorption of inhaled B{a]P adsorbed on particles were studied in

the rat (Sun et al., 1982). A [*H}-benzo[ajpyrene radiolabeled concentration of 0.6 g/l adsorbed on
ultrafine Ga,0, particles (diam -0.1 uml) was administered to rats as an aerosol. A parallel study was
conducted with a pure [*H]-Bla}P aerosol (no carrigr) at @ concentration of 1 pg/L. Total exposure time for
both groups was 30 minutes. The amount of aerosol panticies deposited in the lung after termination of
exposure was -20% for Ga,0, (comesponding 10 3% [PH}-B{a)P) and -10% for the puré hydrocarbon
aerosol. These values represent the percentage of the total inhaled mass that was deposited in the lungs.
The excretion of hydrocarbon was monitored for over 2 weeks at which time a nearly quaniitative recovery
of radicalabel was obtained, indicating complete absorption of the indially deposited hydrocarbon.
Consistent with administration of B{a]P by other routes, inhaled hydrocarbon was excreted predominantly
in the feces (34% for B[a}P on Ga,0, particles and 86% for the pure aerosol). Significant ditferences in

the clearance times of Ga,0, adsorbed and pure Bla}P strongly suggested that a substantial amount of

Bla]P coated on Ga,0, particles was cleared from the lungs by mucociliary clearance and subsequent

a)P aerosol particles retained by the lungs were cleared by absorption into the blood
P not only increased respiratory tract clearance, but aiso increased the

ingestion. The pure B

stream. Particle association of Bla]
ive dose of this compound as reflected by higher tissue concentrations relative to the pure aerosol

gttect

exposure experiments. Similar observations have been reported by other workers (Creasia et al., 1876,

Tornquist et al., 1985).

[a}P was studied in the rat. '“C-tabeled Bja}P (0.04 umol, 0.4 pmo! and

The gastrointesinal absorption ot B
s administered to rats by gavage (Hecht et al., 1879). Absorption of

4.0pmol), dissolved in peanut oil, wa
mined by measuring radioactivity in feces and urine. Total excretion of label in feces

hydrocarbon was deter
from 0 to 168 hours; excretion in urine was significantly

averaged 74% to 79% from 0 to 48 hours and 85%
The role of metabolism in the excretion of B{a)P was brietly

less (1% to 3% of administered dose).
se increased (13%, 7.8%. and 5.6%

explored. The amount of unchanged Bla}P excreted decreased as 4o

respectively) for the three doses studied.

{ C-B[a]P was studied in adult Swiss wWebster mice (Sanders sf al., 1986).

The percutaneous absorption 0
) and by analysis of residual

Absorption was measured by analyzing radioactivity in excreta (feces and urine
label at the site of application. Dissapearance of radiolabel from the application site was rapid: 6% (of an

applied dose) in 1 hour and 40% in 24 hours. After 7 days, 93% of the radioactivity was recovered in

excreta, mostly in the feces.

The skin penetration of an applied dose of {“C] Bla}P (10 pg/cm?) was determined in several mammalian
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species under in vitro conditions (Kao et al., 1883). Dorsal skin from marmoset, guinea pig, rabblt, rat, and

permeation experiments. The mouse showed the highest permeation at 10% (24

mouse were used for the
(1% to 3%); the guinea pig exhibited the lowest

hours), followed by the rat, rabbit, and marmoset

permeation at 0.4%. The authors (Kao et al., 1985) suggested that first-pass cutaneous metabolism was

in determining the extent of B{a}P penetration through the skin. They consider that, in

an important factor
us absorption of B{a]P.

addttion to diffusion, metlabolic pathways play & decisive role in the percutaneo

ributed primarily to the protein
er, lung and Kidney, with concentrations gradually increasing with time (Yamazaki et al,
o, of the administered dose at three

aintained approximately 10% of the

B[a]P which was'oréﬂy administered to rats al a dosage of 4 ug/kg was dist

fractions of the liv
1987). In contrast, the lipid fractions of these tissues accounted for 70
hours, but subsequently decreased rapidly. The nucleic acid fractionm

administered dose throughout.the experiment. The authors concluded that protein binding of B[a}P in the

mutagenicity and carcinogenicity of B[a]P and is

jung and kidney may contribute 1o the cytotoxicity,
while the liver has high detoxification potential

metabolites, since these organs have low metabolic activity,

and can expedite the excretion of these toxic products.

The metabolism of B[a]P is complex and includes the formation of a proposed carcinogen, B[a]P 7,8-diol-
e metabolites of B[a]P generated under specific situations (i.8.,

9,10-epoxide. The formation of other react
h these pathways have not been shown

free-radical intermediates) has also been demonstrated, althoug

to be relevant to the in vivo toxicity of Bla]P.

prerequisite for hepatobiliary excretion and elimination through the feces,

regardless of the route of administration. The - rate-determining step in the biliary excretion of Bfa]P

avenously has been shown to be metabolism and not biliary transport (Schlede et al.,
ered B[a}P would be expected

Metabolism of Bfa]P is a

administered intr
1970). Because of the “first-pass” metabolism in the liver, orally administ

1o show an enhanced rate of excretion relative to other administration routes.

Bfa]P may be 1atal to mice following ingestion, and death in animals has been reported following parenteral
exposure to @ number of PAH. Lethality and decreased longevity have been reporied in
llowing subchronic oral exposure to 120 mg/kg body weight B{a]P and
in "responsive” mice following a single intraperitoneal dose of 500 mg/kg body weight B[a)P (Robinson et

al., 1975). No LD values have been reported for experimental animals exposed by the oral of dermal
s been reported for experimental animals exposed 1o B[a]P by
llowing intraperitoneal injection. The LDy

(non-oral)
"nonresponsive” strains of mice {o

routes of exposure, nor have LC, value

inhalation. The acute lethality ot B[a]P has been investigated fo
for B[a]P administered intraperitoneally to mice is 250 mg/kg body weight (Gerarde, 1960; Salamane,

1981).
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Acute intragastric administration of 50 of 150 mg/kg/day B{a]P resuited in suppressed carboxylesterase
activity in the intestinal mucosa {Nousianen et al., 1984). In the same study B[a}P was also a2 moderate
inducer of hepatic carboxylesterase activity in rats intragastrically administered 50 mg/kg/day for 4 days.
Enzyme alteration in the absence of other signs of gastrointestinal toxicity was not considered an adverse
heatth eHect, but may precede the onset of more serious effects. Given the selectivity of PAHSs for rapidily
proliterating tissues such as gastrointestinal mucosa, oral exposure 1o PAHs at higher doses could tead
to adverse gastrointestinal effects (ATSDR, 1988¢).

The results of two oral studies in mice (Mackenzie and Angevine, 1981; Rigdon and Neal, 1965) and one
in rats (Rigdon and Rennels, 1964) indicate that B[a]P induces reproductive toxicity in animals. The
incidence and severity of these effects depends on the strain, method of agministration and dose leveis
used. In a two-generation study, B{a]P administered by gavage to pregnant CD-1 mice decreased the
percentage of pregnant femaies at parturition and produced & high incidence of sterility in the progeny
(Mackenzie and Angevine, 1981}. In contrast, benzo(a)pyrene administered in the diet caused no adverse
effects of pregnancy in female rates (Rigdon and Neal, 1965), but reduced the incidence of pregnancy in
female rats (Rigdon and Renngls, 1864). Based on these studies, the LOAEL for BlajP-induced
reproductive toxicity in parental mice was 160 mg/kg/day and the LOAEL for these effects in the progeny
of exposed animals was 10 mg/kg/day (Mackenzie and Angevine, 1981). No NOAEL was identified.

Three animal studies were reviewed that evaluated the developmental efiects of Bla}P on inbred strains
of rats and mice. The data from these studies indicate that prenatal exposure to B[a]P produced reduced
mean pup weight during postnatal development and a high incidence of sterility in the F1 progeny of mice
(Mackenzie and Angevine, 1981). Using aromatic hydrocarbon (Ah)-responsive and non-responsive strains
of mice, the increased incidence of stiliborns, resorptions and malformations observed were directly related
{o the matemal and/or embryonal genotype (Legraverend et al., 1984). In rats, effects were reported

following B[aJP treatment during gestation {Sheveleva, 1378).

There are repors of immunotoxicity of PAHs following dermal, intrapertoneal and subcutaneous tnjection
in animals. The carcinogenic PAHs as a group have an immunosuppressive effect; in general, the degree
of immunosuppression is comelated with carcinogenic poiency (ATSDR, 1889¢). B{a}P markedly inhibits
the immune system in mice, especially T.cell dependent antibody production by lymphacytes exposed either
in vive or in vitro (Blanton et al., 1984, Lyte and Bick, 1985). Bfa]P exerts an inhibitory effect on antibody
production through alterations in the normal functioning of macrophages, T-cells and B-cells {(Blanton et
al., 1988). In contrast B{a]P has no effect on most cellutar immune responses prior to the appearance of

tumors (Dean et al., 1983), afthough Bla}P exposure does inhibit interleukin-2 dependent proliteration

(Myers et al., 1988).




Immunotoxicity of Bfa)P following intraperitoneal and subcutaneous injection has been studied. Bla}P-
ppression was reported in male B6CF 1 mice (Lyte and Bick, 1985} and in the ofispring
Urso and Gengozian, 1980). Subcutaneous injections
of B[a)P in female B6C3F1 mice produced a dose-related suppression of antibody production to both T-cell-

independent and T-cell-dependent antigens (White and Holsapple, 1984). Repods conceming the
not be found in the availabie

induced immune su
of C3H/Ant mice treated intraperitoneally with B[a]P

immunotoxicity of Bfa]P following inhalation, oral, or dermal exposure could

literature.

Benzo(a)pyrene is active as & tumor initiator using initiatiorvpromotion protocols. Topical application of a

single initiation dose ot B(a]P to the backs of mice {ollowed by promotion with TPA or croton oil resulted
in an enhanced incidence (80-82%) of skin papillomas (Cavalieri 8t al. 1988b, ses Table 2-3; Hofimann

and Wynder 1866). Ten doses ot Bla]P (0.1 mg/dose) topically applied to the backs of Swiss mice followed

by promotion with ¢roton oil {for 20 weeks) resulted in the development of skin tumors (Hoffmann et al.

1972).

The induction of preneoplastic hepatocyles, known as GGT foci, in animals has been cofrelated with cancer

promotion. A one day intragastric administration of 200 ma/kg of Bfa)P lo partiaily hepatectomized rats

foliowed by a diet containing 2-acetylaminotiuorene and carbon tetrachloride induced GGT foci (Tsuda and

Farber, 1980).

on the inducibility of the enzyme aryl hydrocarbon

Toxic effects of B[a]P in animals depends greatly
(activity of Ah locus). Oral administration of 120

hydroxylase, or the genetic constitution of the species
]P per day in the diet produced aplastic anemia and death within four weeks in

mg/kg body weight Bla
roup developed bone manow cell

poorly inducible mouse strains, whereas the poorly inducible g
However, highly inducible mouse strains (those which experienced enzyme activation)

irreqularities.
erence in toxic response is a result of a more

remained heatth for at least six months (IARC, 1883). The diff

efficient detoxification mechanism in highly inducible mice than in less inducible mice.

Rats intragastrically administered 100 mg/kg/day of Bfa]P for 4 days exhibited cytosolic ADH induction
(Torronen et al., 1881). Exposure 1o B[a]P also increased the relative fiver weights by 27% (Torronen et

al., 1981). However, intragastric administration of 51.4 mg/kg/day Bla}P 1o partially hepatectomized rats

had no effect on the extent of liver regeneration (Gerschbein, 1973).

B[a]P is @ moderately potent experimental skin carcinogen, and 1 is often used as positive control in

bioassays of other agents. B[a]P was first
1933; Cook, 1933), although mixiures of PAHs that include B{a]P suc
as early as 1918 (Yamagiwa and Ichikawa, 1818).

reported to induce skin tumors in mice in 1933 (Cook et al.,
h as coal tar were shown to be dermal

carcinogens in animails B[a}P is active both as a
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*complete” carcinogen and as initiator using intiation/promotion prolocols. In its role as a positive control,
Bla)P is usually administered at a single dose level, so that quantitative evaluation of dose-response

relationships is not possible.

Subchronic (19-20 weeks) topical application of a B{a]P solution to the backs of mics resulted in a dose-
related development of skin papillomas and squamous celt carcinomas (Cavalieri et al. 1988D; Shubik and
Pora 1857). In mice, the tumorigenic dose of B{a]P is influenced by the solvent used for delivery. Graded

concentrations of B[a]P dissolved in decalin of a solution of n-dodecane and decalin were topically

administered to the backs of mice for 50 woeks (Bingham and Falk, 1869). Use of the n-dodecane and
decalin solvent mixture signiticantly enhanced the polency of Bla]P at lower doses in comparison with
decalin alone. Malignant tumors appeared in 249 of the animals at 0.00002% (0.0054 mg/kg/day) BfajP

in godecane and decalin solvent. in contrast, a 42% skin tumor incidence was not observed until 0.02%

(4.8 mg/kg/day) of B{a]P in decalm alone was apptied. The method of application was not specified,

sample sizes were small and no decalin solvent controls were included; however decalin is not considered

10 be carcinogenic. In this same study, subchronic (50 week) dermal application of Ba]P dissoived in the
co-carcinogens 1-dodecanol of 1-phenyldedecane produced skin {umors in animals exposed 10 0.05%
B[a]P in either solvent. The tumor incidence varied depending on the solvent concentration; however, the
eriod was reduced only when 1-godecancl was the solvent (Bingham and Falk, 1968).

N

latency p

Mammary tumors have also been observed following intermediate duration oral exposure o B[a}P in rats.
Eight weekly oral doses of 6.25 mg B[a}P (12.5 mg/kg) administered to rats resulted in a 67% increase in
the incidence of mammary tumors in temale rats after 90 weeks of observation (McCormick, 1981). A 30%

incidence in these tumors was observed in the control animals.

Studies in experimental animats have demonstrated the ability of B{a]P to induce skin tumors jotlowing long-
term dermal exposure. Mice receiving doses of 1.7 pg/day and above applied to their skin developed an

excess of skin tumors following long-lerm exposure (Habs et al.,, 1980).

5.3 Human Toxicity
Dermal absorption of Bfa]P through human skin {leg skin) was determined under in vitro conditions (Kao

et al., 1985). The extent of permeation after 24 hours was established as 3% of an applied doss of ['“C}

benzolalpyrene (10 pg/er).

Autopsies performed on cancer- -free patients found total PAH levels ranging from 11 to 2,700 ppt {paris per
trillion; ng/kg) in fat samples. Several PAHs were detected, including BlajP (Obana et al., 1981).

Delectable levels of PAHs were reported in the lung and adjoining tissue of patients with bronchial
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carcinoma in concentrations fanging from 0.9 ng/g {0 15,000 ng/g (Tomingas et al., 1976). Of the PAHs
detected, B{a]P was found in the highest concentrations in samples taken from carcinomas.

No studies have been able 0 conclusively demonstrate carcinogenicity of B{a}P in humans. Epidemioiogic

studies, however, have shown an increased morality due o lung cancer from inhalation exposure to coke

oven emissions, roefing-tar emissions, and cigarette smoke. Skin cancer has also been reported among
workers exposed dermally to shale oils; scrotal cancer has been reported among chimney sweeps (ATSODR,
198%a). These mixtures contain many potentiatly carcinogenic PAHS including tumor promoters, initiators,
and cocarcinogens such as coal tar pitch and creosote. Bla)P is known 10 be present in these mixtures,
but due to the complexity of the mixture and presence of other carcinogens, the percent contribution of

B[a]P ot the toxic effects observed has not been quantilied.

EPA has concluded that B[a]P is an animal carcinogen and has classified t in Group B2, a probable human
carcinogen. IARC (1983) has classified Ba}P in Group 2B.
6.0 CHRYSENE

Chrysene is formed from the incomplete combustion of fossil fuels os other organic matter. It is a

component of coal tar pitch which is used in industry as*a Binder for electrodes, and of creosote which is

used to preserve wood (ATSDR, 1888b). Physical and chemical properties of chrysene are listed in Table

6.

6.1 Genotoxicity
The genotoxicity of chrysene has been extensively studied. As with other PAH compounds, genotoxic

action is dependent upon metabolic activation, either exogenously supplied or endogenously present

(ATSDR, 1988Db).

The 1,2-dihydrodiol, a metabolic product of chrysene, is active as a tumor initiator on mouse skin. The 1,2-
diol and 1,2 diol-3,4-epoxide are mutagenic in bacterial and mammalian cells (IARC, 1983). Additionally,

the 1.2-diol-3,4-epoxide has been showrn 1o form DNA adducts in hamster celis treated with chrysene

(IARC, 1983).

In the presence of an exogenous metabolic system, chrysene was mutagenic to Salmonella typhimudaum.

in one study of mice and hamsters, chrysene induced sister chromatid exchange and chromosomal
aberrations. Several other studies, howevef, have produced conflicting resulls regarding mutagenicity in

mammalian cells (ATSDR, 1983¢).




6.2 Animal Toxicity
The LD, for mice administered chrysene intraperitoneally was found o be >320 mg/kg body weight

(ATSDR, 1988b).

In a study by Modica et al. (1982}, intestinal absorption of chrysene was not quantified, but its extent of
absorption in rats was dependent on the oral dose and the vehicle of administration. Approximately
25-41% of the chrysene dose {22.8 mg/kg in olive oil) was recovered in the feces within 72 hours after
administration (Modica et al., 1882). Chang (1943} reported an excretion of 79% of the chrysene dose in
the feces following dietary (500 mg/kg) and gavage {200 mg/kg) administration.

Metabolism of chrysene at relatively high rates in mouse skin provides evidence of its dermal upiake

(Hodgson, 1983; Weston et al., 1985).

Orally administered chrysene ts distributed rapidly and widely in the rat (Bartosek et al., 1984). Maximum
concentrations in well-perfused tissues, like the liver, blood and brain, were achieved within 1-2 hours after
administration. Maximum levels in lesser well-perfused tissues, like adipose and mammary tissue, were

reached in 3-4 hours.

The extent of liver regeneration, which is indicative of the ability to induce a proliferative response, has
been examined following acute oral exposure ¢ vyarious PAHs. Partially hepatectomized rats fed a diet
containing 514 mg/kg/day chrysene exhibited equivocal results; in one trial a significant increase in liver

regeneration was noted, while in another trial no increase in liver regeneration on liver-to-body weight ratio

was observed (Gershbein, 1975}

Intiating doses of chrysene foliowed by promotion with TPA or croton resin induced a dose-related
papilloma incidence in mice (Levin et al., 1978; Siaga et al., 1880; Van Duuren et al., 1968, Wood et al.,
1979). Ten daily treatments of chrysena to Swiss mice followed by TPA promotion {for 20 weeks), resulled

in an enhanced incidence of papilomas and carcinomas (61%) compared to the control group {Hecht et

al., 1974, Scrioner, 1973).

Chrysene has been classified by EPA in Group B2, a probable human carcinogen based on animal studies

(HEAST, 1990).

6.3 Human Toxicity
No studies regarding the toxicity of chrysens 10 humans were located in the literature.
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7.0 DIBENZ[a,n]JANTHRACENE

Dibenz{a,hjanthracene (OB[a,hjA) is not produced or used commercially. R is a colorless solid at room

temperature and has a mehing point of 268-270°C. ltis formed as a result of incomplete combustion,

and i found in cigarette smoke and coal tar. Physical and chemical properties of DB[a,h]A are listed in

Table 7.

7.1 Genotoxicity

The genotoxicity of DB[a,h]A has be
urvival assays measuring DNA damage that used DNA-repair-

proficientdeficient strains of bacteria. Unscheduled DNA synthesis was observed in both human
epithelial and Hela ceii cuttures, but none were noted in rodent cell cutures. DBia,h]A was mutagenic

in Saimonella typhimunum and cultured mammalian cells in the presence of an exogenous metabolic
it was positive in rodent cell ransformation assays. Only one study

en demonstrated in varous in vitro genelic assays. DB[ah]A was

positive in in vitro differential s

activation system. Generally,
showed that it was mutagenic to a human epithelial-like cell line (ATSDR, 1887¢).

There is sufficient evidence, predominantly from in vitro assays, {o indicate that DB[a.h}A is a genotoxic

agent when metabolically activated to the dihydrodiol and oxide forms. However, the absence of

information on the ability of DB[a,h}A to reach and interact'mh mammalian germ cells makes # ditficutt

to state whether this chemical is genotoxic in humans (ATSDR, 1887e}.

7.2 Animal Toxlcity
Administration of DB[a,h}A in the diet (250 mg) or by stomach tube {200 mg) resulted in grealer than

90% of the dose being excreted in the feces of white rats (Chang, 1843}, absorption was not

quantified.

Sanders et al. (1986) applied DB{a,h]A (5.4, 56, 515 ug/cn?) to the shaved backs of mice. The

presence of PAHs inthe skin at the application site, in excreta, and in exhaled air were monitored. Al
A was applied, 67.2% of the dose was recovered from the

{rom excreta. The amount absorbed gid not

24 hours after the maximum dose of DB[a,h}

application site, 25.4% from body tissues, and 7.4%

increase linearly with the dose due 10 an apparent saturation of the uptaks process.

DB[a h]A and several other PAHS, orally administered to rats, were widely distributed to several tissues

(Daniel et al., 1967). Maximum tissue concentrations were not reached until 10 hours after administration,
with highest tissue concentrations were in the liver and kidneys, followed by adrenal glands, ovaries, blood,

and fat. Soon after administration, large quantities of DB[a,h}A were found in the liver and kidneys. The

elimination rate fromthese organs was rapid. At 3-4 days after administration, the PAH compounds wers
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distributed only in the adrenal glands, mesenteric lymph nodes, ovaries and fat, where they were detected
for several months after treatment. Generally ali of the administered PAHs behaved similarly (Daniel et
al., 1967). Thus, following oral intubation, these PAHs were absorbed into the lymph, distributed via the
blood, and concentrated in liver and kidney from which they were excreted via bile and urtine; Small
amounts were retained in only a few tissues for long periods of time. Since fumors in rats are induced
following single doses of orally administered PAHs, the amount of PAHs absorbed {rom the inlestinal tract

may be sufficient to exert s biclogical efiects.

D8[a,hjA undergoes metabolic transformations in animals 1o reactive intermediates responsible for its
toxicity. No information on biotransformation of BD{a,h}A in humans is available. In animals, DB[a,h}A is
metabolized to a bay-region 3,4-dihydrodiol-1,2-epoxide derivative which is thought to be responsible tor

its genotoxic and carcinogenic activity.

Dibenzo(a,hjanthracene is a symmetrical hydrocarbon and possesses two bay regions. Testing of the bay-
region 3,4-dihydrodiol derivative along with other dihydrodiol derivatives for tumor-indiating activity on
mouse skin and for tumorigenicity in newborn mice led 1o the conclusion that the bay-region diol-epoxide
derivative of this symmetrical polycyclic aromatic hydrocarbon Is carcinogenic (Buening et al., 1879). In
view of all the data presented, the theory that the carcinogepic activity of most, # not all, polycyclic aromatic
hydrocarbons are due to the metabolically-derived bay-re‘gio\n diol-epoxide derivatives appears very sound.

Also supportive of this theory is the finding that K-region epoxides are less tumorigenic than the parent

compound (Grover et al., 1975).

DBla,h]A injected su beutaneously weekly for 40 weeks and pyrene incorporated in the diet were associated
with pale, soft and enlarged livers that showed evidence of fatty degeneration and iron deposition (Hoch-

Ligeti, 1941; White and White, 1939).

Acute topical application of various PAHs has been reporied {o suppress or destroy sebaceous glands in
mouse skin (Bock and Mund, 1858). DB[a,h}A applied to the shaved backs of Swiss mice was feporled

{o suppress sebaceous glands (Bock and Mund, 1858). However, controls were hot employed; therelore,

it is not possible to determine if the effects seen were due lo the solvent and/or the application procedures.

The immunosuppressive effects of DB[a,hjA were studied in both AHH-inducible mice (C5781/6) and

AHH-noninducible mice (DB[a,hjA/2N} by intraperitoneal and oral administration (Lubet et al., 1984).

Immunosuppression occurred in both strains following intraperitoneal administration and was more

pronounced in the C57B1/6 mice than in the DB[a,h}A/2N mice. However, the DB{a,hjA/2N mice were moi8

tible to immunosuppression follu.aing oral adminisiration. These results suggest that PAHs are

suscep
whereas in

rapidly metabolized and excreted following oral administration in AHH-inducible mics,
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noninducible mice the PAHs are absorbed and distributed o target organs. Based on these rasults, the
authors concluded that AHH inducibility plays an imponant role in the immunosuppressive activity of PAHs.
DB[a,h]A at a daily dose of 5 mg given subcutaneously from the first day of pregnancy, resutted in fetal

death and resorption, and may aisc have affected the subsequent fertility of the dams {Wolte and Bryan,

1939).

DB[a,h)A has demonstrated tumor initiation activity using a standard initiatiorvprometion protocal (Slaga et

al., 1980). DB{a,h]A has been reported to intiate skin development in a dose-response relationship at

doses as low as 0.02ug administered ence {Kiein, 1960) or 0.028 g followed by promotion with TPA (for

25 weeks) (Buening et al., 1979).

Many, but not all, 4, 5 and & ring PAH compounds exhibit carcinogenic activity, but only a few unsubstituted
hydrocarbons with 7 fings or greater are tumorigenic of carcinogenic (Neff, 1979; U.S. EPA, 1980b; Dipple,
1985). The unsubstituted 5 and 6 ring PAHs, which include DBla,h]A, are the most potent of the seriss.

The induction of preneoplastic hepatocytes, known as GGT foci, in animals has been correlated with cancer
promotion. A one day intragastric administration of 200 mgi&g of DB[a,h]jA 1o partially hepatectomized rats
followed by a diet containing 2-acetylaminofiuorene and carbon tetrachloride induced GGT foci (Tsuda and

Farber, 1980).

The extent of liver regeneration, which is indicative of the ability 1o induce a proliferative response, has
been examined following acute oral exposure {o various PAHSs. Partially hepatectomized rats were fed diets

containing various PAH for 10 days. Diets containing 51.4 mg/kg/day DB{a,hjA proguced no increase in

the liver-lo-body weight ratio (Gershbein, 1975).

Several subchronic studies that investigated the carcinogenicity of DB[a,hJA in animals following oral
exposure via the diet or drinking water were locates. Mammary carcinoma was observed in 5% of the
female BALB/c mice dosed with 0.5% DB{a,h}A after 15 weeks, however, no control group was included

(Biancitiori and Caschera, 1962). Mice (strain unspecilied) receiving DB[a,h}A in the diet for five {0 seven

months developed forestomach tumors in 32% of the animals surviving at one year (Larinow and Soboleva,

1938). None of these studies was adequately reported; they did not pedorm appropriate histopathologic

evaluations, treatment or study durations and sample size were inadequats.

Forestomach papillomas were found in mice after a single oral dose of DBla,h}A {Bsrenblum and Haran,
1955). In other studies, mice that received DB[a,h]A emulsions developed iung adenomas and papillomas
and squamous celt carcinomas of the forestomach (Lorenz and Steward, 1948; Snell and Stewart, 1962;
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Snell and Stewart, 1963).

There is experimental evidence that DB{a,hjA can cause tumors in mice following oral administration, lung
tumors in rats and hamsters following intratracheal instiliation, angd skin cancer following dermal application
(Kennaway and Heiger, 1930). DB[a,h}A was the lirst chemicaily pure substance shown to induce cancer.

As part of a study of the carcinogenicity of tobacco and its constituents Wynder and Hoftman, (1959)
several PAHs, including DB[a,h]A, were tested as caicinogens on mouse skin. Groups of 20 female Swiss
mice received concentrations of 0.001, 0.01, or 0.1% DB{a,h]A dissolved in acetone three times a week
throughout their lifetimes. No soivent control groups were feporied; howevex, since no papillomas or
carcinomas were obtained for several of the PAHS tested, a solvent control group would most likely have
been negative as well. Incidences of papillomas and carcinomas at the site of application were dose
related at the two lowest doses. The decrease in tumor rate at the highest dose tested probably refiects
DB[a,h]A's toxicity and the resutting decreased survival observed. Reductions in tumor latency period were
also found 1o be dose related. The lowest concentration at which DB8[a,h}A elicited tumors was 0.001%,
which is approximately equal to a dose of 2.8 x 10 mg/kg (1.2 x 102 mg/kg/day).

DB[a,h]A is classified as a probable carcinogen by EPA (Group B2), and in Group 2B by IARC {1883).

7.3 Human Toxlcity
No studies regarding the toxicity of DB{a hjA were located.
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8.0 INDENO[1,2,3-cd]PYRENE

indeno(1,2,3-cd]pyrene (IndP) exists as a yellow to greenish yellow solid at room temperature. It
occurs with other PAHs in the environment from anthropogenic soumces and from incomplete

combustion. Physical and chemical propetties of indP are listed in Tabie 10.

8.1 Genotoxicity
indP tested positive for gene mutation

(ATSDR, 1989¢).

in activated test systems with bacteria {S. tymphinurium)

8.2 Animal Toxichy

Results of tumor initia
dermal exposure (ATSDR, 1989¢). However, IndP is not a complete carcinegen.

tiorvpromotion studies indicate that IndP is carcinogenic in rats and mice fotlowing

Chronic dermal
tumors. However, when acetons was used as the solvent, a dose-relaled increase in tumor incidence

was observed after 9 months (Hoffman and Wynder, 1966). Indeno(1,2,3-cd)pyrens was observed 10
have tumor initiating activity at repeated doses of 250 ug {10 applications), foillowed by promotion with
croton oil (Hoffmann and Wynder, 1966). A pronounced dose-response relationship has been exhibited

in an initiation-promotion bioassay when TPA was employed as the promoling agent (Rice et al., 1885).
P in acelone o the backs of mice for a lifetime resulted

application of IngdP in gioxane to mice did not produce an increased incidence of skin

Chronic topical appiication of up 10 8.2 ug of Ind
in no tumor induction (Habs et al., 1980). Thus, the expression of IndP-induced carcinogenicity

appears to vary with the solvent employed for delivery.

indP has been classified by EPA in Group B2, a probable human carcinogen, based on sufficient

evidence from animal studies (EPA, 19813},

8.3 Human Toxiclty
No studies regarding human toxicity of IndP were located in the literature.
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9.0 ANTHRACENE

Anthracene is present in coal tar, gasoline, and cigaretie smoka. Anthracene was aiso commercially
produced in the U.S. until 1983 for use in dyes (IARC, 1983). Physical and chemical properties of

anthracene are listed in Table 1.

9.1 Genotoxicity
The majority of mutagenicity test resulls for anthracene are negative, atihough positive resuits have

been reported in at least one in vitro test. Anthracene was mutagenic in Salmonella typhimurium, and

positive results were obtained in several in vitro mammalian cell sysiems {ATSOR, 1989¢).

Anthracene is generally considered inactive as a tumor inttiating agent (ATSDR, 1890j.

9.2 Animal Toxicity
The percutaneous absorption of anthracene in rats (8.3 ug/cm¥’) resulted in approximatiey 52% of the

dose being absorbed in a dose-dependent manner. Diffusion of anthracene through the skin {stratum
corneum) depended on the amount of anthracene on the skin surface (Yang et al., 19886).

Acute intragastric administration of 100 mg/kg/day of aqthracene to rats resulted in a 13% increase in
carboxylesterase activity ot the intestinal mucosa (Nousiainen et al, 1884). Enzyme aiteration in the
absence of other signs of gastrointestinal {oxicity was not considered an adverse health effect, but may
precede the onset of more serious effects. Given the selectivity of PAHSs for rapidly profiferaling tissues
such as gastrointestinal mucosa, oral expc . . lo PAHs at higher doses could lead to adverse

gastrointestinal effects (ATSDR, 1883¢}.

The ability to induce aldehyde dehydrogenase (ADH) in animals has been correlated with carcinogenic

potential. Rats intragastrically administesed 100 mg/kg/day of anthracene for four days exhibiled
cytosolic ADH induction (Torronen et al., 1981). However, the authors concluded that anthracene is a

poor ADH inducer (Torronen &t al., 1881).

Rats intragastrically administered 100 mg/kg/day anthracene for 4 days gid not exhibit induction ot
hepatic carboxylesterase activity {Nousianen et al., 1984). A single injection of anthracene had no

adverse effect on the kidneys of mice (Shubik and Pora, 1857).

The extent of liver regeneration, which is indicative of the ability to induce a proliferative response, also

has been examined following acute oral exposure 10 various PAHs. Partially hepatectomized rats were

fed diets containing various PAHSs for 10 days. Administration of 514 mg/kg/day anthracene had no
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effect on the extent of liver regeneration. Diels containing 180 mg/kg/day anthracens produced no

increase in the liver-to-body weight ratio (Gershbein, 1978).

phoid effects have been observed in mice following subchronic weekly subcutaneous injections of
Hoch-Ligeti, 1941). This treatment resulted in gross changes in the lymphoid

Lym
anthracene for 40 weeks (

system including an increase in stém cells, an accumulation of iron, reduced lymphoid cells and dilated

tymph sinuses. Spleen weight in treated mice was signiticantly lower than that observed in contiols

(Hoch-Ligeti, 1841).

Chronic oral administration of a total dose of 4.5 gram anthracene in the diet 10 BD1 or B111 rats for
78 weeks did not produce tumors (Druckrey and Schmahl, 1953). Thus, the results of this singte study

suggest that anthracene is noncarcinogenic in animals following chronic oral exposure.

Anthracene was tested for carcinogenicity in mice by dermal application and in the mouse skin
initiation-promotion assay. The results did not demonstrate a carcinogenic effect or a cances initiating
activity (IARC, 1983). Anthracene was tested for carcinogenicity in rats by oral, subcutaneous,

intraperitoneal, and intrapuimonary administration, and in rabbits by implantation into the brain or eyes

(IARC, 1983). These studies, efther produced no evidence of carcinogenicity or were inadequate for

evaluating carcinogenic propedties.

The intraperitoneal LDy, for the mouse is greater than 430 mg/kg body weight (Salamone, 1981). The
ID,, or skin imitant activity, for the mouse is 6.6 x 10* mmvear (IARC, 1983}

EPA has placed anthracene in Group D, not classified as to carcinogenicity.

9.3 Human Toxicity
Autopsies performed on cancer-iree patients found total PAH levels ranging from 11 10 2,700 ppt {parts

per trillion; ng/kg) in fat samples. Several PAHs were detected, including anthracene (Cbana et at.,

1981).

PAHs may be absorbed through the skin of humans. Application of 2% crude coal tar to the skin of
humans for eight hour periods on two consecutive days yielded evidence of PAH absorption (Storer et

al., 1984). Anthracene was detected in the blood, but absorption of PAHSs in crude coal tar was

variable and dependent on the chemical species.

Anthracene has been associated with gastrointestinal toxicity in humans. Humans who consumed laxatives

containing anthracene for prolonged periods {anthracene concentration not specified) were found to have
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an increased incidence (73.4%) of melanosis of the coton and rectum in comparison to patients {26.6%)

who did not consume the anthracene-containing laxatives {Badiali et al., 1985). Given the selectivity of

PAHs for rapidly prolierating tissues, such as gastrointestinal mucosa, ofal exposure o PAHs by humans

may result in adverse gastrointestinal effects (ATSDR, 1988c¢).

50



10.0 FLUORANTHENE

Fluoranthene is a pale yellow solid at room temperature. Fluoranthens is present in crude oil, coal tar,

gasoline, and cigarette smoke (JARC, 1983). Physical and chemical properties of fluoranthense are

listed in Table 8.

10.1 GenotoxIcity
Contlicting resutts have been reported {or genotoxic effects of tluoranthene (ATSDR, 1989¢).

Fluoranthene is among the PAHS generally considered inactive as tumor initiating agents (ATSDR,

1989¢).

10.2 Animal Toxiclty
The oral LDy, for the rat is 2 000 mg/kg; the dermal LDy, fof rabbits is 3,180 mg/kg (IARC, 1883).

When added at a concentration of 1 pmovml in dimethyl sulfoxide 1o mouse ascites sarcoma cells in

culture, the growth rate was inhibited 38% (IARC, 1983). Following incubation of fluoranthene with a
preparation, the 2 3-dihydrodicl metabolite was detected and tested for mutagenicity. It was

lla typhimunum in the presence of an exogenous melabolic system

rat-liver

found 1o be mutagenic in Saimone
and positive for mutagenicity in vitro in human lymphobilastoid celis (ARC, 1883). Intwo
carcinogenicity tests by skin application to mice, 1luorantheﬁe did not produce a tumorigenic response.
However, fluoranthene administered 10 mice by skin application together with Bla}P yielded twice as
many tumors as the control group which was administered B(a)P alone (IARC,1983). These dala

suggest that fluoranthene is an incomplete carcinogen, but which may be capable of synergistic effects
(e.g., tumor development) when combined with B(a)P.

IARC (1983) has classified fiuoranthene in Group 3; not classitiable as to its carcinogenicity to humans.

EPA has placed fluoranthene in Group D (EPA, 1881).

10.3 Human Toxiclty
PAHs are absorbed through the skin of humans. Application of 2
eriods on two consecutive days yielded evidence of PAH dermal absorption (Storer et

o, crude coal tar to the skin of humans

for eight hour p
al., 1984). Fluoranthene was detected in the blood, but dermal absorption of PAHs from crude coal tar

was variable and dependent on the chemical species.

Genotoxic effects in human cells have been reported for fluoranthene. This PAH was reporied to be

mutagenic in human lymphoblasts in an in vitro lest system with an exogenous melabolic activation

system (Barfknecht et al., 1982); however, negative results were obtained in a second fest without

metabolic activation {(Rocchi et al., 1880; Crespi et al., 1985).
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Detectable levels ©
patients with
al., 1976).

{ PAHs, which include tluoranthens, were teported in the lung and adjoining tissue of

bronchial carcinoma in concentrations ranging from 0.9 ng/g to 15,000 ng/g (Tomingas et
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11.0 FLUORENE

nment as a result of incomplete combustion; it is also found in {ossil fusls.

Fluorene occurs in the enviro
in mainstream cigarette smoke, and in vehicle exhaust

It has been detected in coal tar (up to 1.6%).
(IARC, 1983). Physical and chemical properties of flucrene aré listed in Table S.

11.1 Genotoxicity
Fluorene tested negative for gene mutation in the Ames assay,
n vitro tests in mammalian cells jor DNA damage (unscheduled systhesis) were

with and without activation (ATSDR,

1989¢c). Results of i
also negative (IARC, 1983).

11.2 Animal Toxicity

tion of fluorene had no adverse effect on the kidneys of mice (Shubik and Porta, 1857).

A single injec

Fluorene is among the PAHS generally considered inactive as tumor initiating agents (ATSDR, 1983c¢).

The extent of liver regeneration, which is indicative of the ability 10 induce a proliferative response, has
been examined following acute oral exposure to various PAHs. Partially hepatectomized rats were fed diets

containing various PAHSs for 10 days. Administra
eneration (Gershbein, 1875).

tion of 180 mq/kg/day of tluorene resulted in a statistically

significant increase in the extent of liver reg

n of fluorene 1o rats for six months at a concentration approximately

Subchronic dietary administratio
Il carcinoma of the kidney and

equivalent to 8.6 mag/kg/day produced increased incidences of squamous ¢ce

uterus (9% and 9%, respectively). However, control animals exhibited a 5% increase In the incidence of

11% increass in the incidence of pituitary adenoma, and 5
(Morris et al., 1960). The presence of tumors in control animals render these

kidney adenoma, % increase in the incidence

of granulocytic leukemia
results difficult to interpret.

EPA has placed flucrene in Group D, not classified as to carcinogencity (EPA, 1991).

11.3 Human ToxIclty
No studies regarding toxicity of fluorene in hum
12.0 2-METHYLNAPHTHALENE

ans were located in the lterature.

milar to naphthalene, and has been identified in the

2-Methylnaphthalene is a PAH which is structurally si
plants. It is often used as a component in siow-

waste water of coking operations and {extile processing

release insecticides, mole repellents, and in combination with the production ot naphthalens (Clayton &
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Clayton, 1981). Physical and chemical properties of 2-methylnaphthalene are listed Table tt.

12.1 Genotoxicity
No studies were located regarding the genotoxicity of 2-methylnaphthalene.

12.2 Animal Toxicity
Few toxicological and chemical data are available for this compound. In a study by Grillin et al. (1981),

mice were administered a single intraperitoneal dose of 1,000 mg/kg 2-methyinaphthalene which resulted
in 20-40% mortality. In this same study, a single intraperitoneal injection of 100 mg/kg produced slight
exfoliation of the bronchial epithelium and 400 mg/kg resulted in marked to complete exfoliation ol bronchial
epithelium (ATSOR, 1989b). These results sugges! that respiratory effects may be of concern.

When either naphthalene or 2- Methy%naphmalene was- apphed dermally in combination with B[a}P, there
was an inhibitory effect on the induction of skin tumors in {emale mice (Schmenz et al., 1978). These
investigators also reporied that a mixture containing naphthalene (0.02%), 2- methyinaphthatene (0.02%)
and 10 other methylated and ethylated naphthalenes (each at 0.02%; also appeared to inhibit the
development of Bfa]P-induced skin tumors. The authors suggesied that it is likely that certain naphthalenes
compete with B[a]P for the same enzyme sites, resulting in alteration of the B{a}P metabolic pathway and

decreased production of the active BfajP metabolite. Dermak application of the naphthalene mixture did

not induce tumors in the absence of Bfa]P. The results of these studies were not analyzed statistically.

2-methylnaphthalene has not been evaluated by EPA for carcinogenicity.

12.3 Human Toxiclty
Very little information is available on human heaith effects of 2-methinaphthalens. Ciinical eflects are

based on ingestion and inhalation exposure 10 mothballs. Effects include headache, restiessness, lethargy,
convulsions, coma, nausea, vomiting, hepatocelluiar injury and hemoglobinusia (RIS, 1989). No exposure

concentration or duration of exposure associated with these elfects was reporied. 2-Methylnaphthaiene

is not a skin irritant or photosensitizer (Clayton & Claylon, 1881).




13.0 NAPHTHALENE

s. It is derived from petroleum cracking, coke oven

emissions, and the carbonization of bituminous coal (Clayton & Clayton, 1981). It is flammabie in both solid
and liquid form. Naphthalene is ysed extensively as araw material and as an intermediate in the chemical,
plastics, and dye industres. Htis also used as an intermediate in the production ot insecticides, fungicides,
lacquers, varnishes, and as a moth repellant. As a medicinal agent, it has been applied as an antiseptic,
-~theiminthic, and dusting powder in skin diseases (Clayton & Clayton. 1881). Physical and chemigal

properties of naphthalene are listed in Table 12.

Naphthalene is a white solid with the odor of mothball

13.1 Genotoxiclty
Naphthalene has tested negative in
mammalian test systems (ATSOR, 1388b).

in vitro studies, including several strains of bacteria and in various

13.2 Animal Toxicity

In rats administered radio-
in urine and 6 to 7% in feces (Bakke, 1885).

\abeled naphthalene, the amount of label recovered in 24 hours was 77 10 93%
In rats, Summer et al{1979) found a dose-dependent
increase in urinary mersapuAic acid excrelion following navags 22383 < napninalens g 38, 7T ara 2vo

_corresponging tothe eliminaticn oi approximately 39,32, and 26% of each dose, respectively, within
g

24 hours.

The metabolismof naphthaiene is complex. While there are a lew reports which have clearly demonsirated

the presence of a variety of metabolites iollowing the oral administration of naphthalene to various animal
species, much of the information regarding naphthalene me'abolism has come from studies using

intraperitoneal administration and in vitro assays. Key metaboldes in humans and other species are 2-

naphthoguinones, which have been shown to cause hemolysis (Mackell et al., 1951); 1,2-naphthoquinones,
which have been impiicated in cataract formation (Rees and Pirie, 1967), and 3-giutathione adducts {arising
from naphthalene-1,2-oxides), which are believed to be involved in pulmonary toxicity following

intraperitonea! administration {(Buckpitt et al., 1984).

In nonhuman primate studies, Rozman ét al. (1982) reported that rhesus monkeys given naphthalene at
oral doses up to 200 mg/kg did not excrete naphthalene as premercapluric of mercapturic acid conjugates
in urine or feces. In a similar study, Summer &t al. {(1879) found that chimpanzees orally administered
naphthalene at 200 mg/kg did not excrele naphthalene as mercapturic acids in urine. These data suggest

that mercapturic acid conjugation is of little importance in nonhuman primates.

Animal studies indicate that oral doses of naphthalene at 300 to 500 mg/kg/day are lethat to mice (Plasterer
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et al., 1985), but rats (Yamauchi et al., 1986) and rabbits (Rossa and Pau, 1988) tolerated dosas up 1o

1,000 mg/kg.

In a study to determine the lethal dose of naphthalene in rats, Fai and Nachreiner {1985} reported that
upon 4-hour exposure 10 78 ppm (the highest level that couid be generated m thels inhalation chambers),

no deaths occumred, no adverse clinical signs were observed during of 14 days after exposure, and no

gross pathologic lestons were observed al necropsy.

in rats, no significant respiratory oxicity was seen foliowing administration of naphihalene at coses up 1o
750 mg/kg/day for 9 weeks (Germansky and Jamall, 1988). In this study, dosages were increased from
100 to 750 mgkg/day. a time-weighted averaged exposure of 450 mg/kg/day was calculated by the
authors. Shopp et al. (1984) reported increased hung weights in female mice administered naphthaiene

at 267 mg/kg/day for 14 days; however ihese effects were not seen in either sex at 133 mg/kg/day for 80

days.

Few hematoiogic changes have been reported in animals, and standard laboratory animals do not appear

1o be sensitive to the hemolytic effects of naphthalene. In CD-1 mice, naphihalene at doses up o 267
meq/kg/day tor 14 days or up to 133 mg/g/day lor 30 days.did not result in hemolytic anemia (Shopp et at.,
1984). Observas hematciogic efiects in this study incldded decreased prothrombin time and an increase
in eosinophits in the 14-cay siudy and increasad nermoglebin and eosinophils in the 90-day study. The
clinical signiticance o ihese coser alions is rot Deag.  The aulherss conciuded that the CD-1 mouse is not
an appropriate mockd fof i‘terz'x;mm‘aneméa. Hemohtic anemia was :'eponec' oy Zuelzer and Apt (1949)
in a dog recexing a single 1,528 mg/kpday dose of naptithatene in food and in ancther dog receiving
approximately 283 mg'kg/day dose for 7 days bod, The resufis of this study suggest that the dog may
be a suitable model to test the hemolytic effects of naphthalens. Because an acceptable study using an
appropriate animal model has ot been located, an MRL for oral exposuré 10 naphthalene has not been

calculated.

There is limited evidence of hepatic effects in laboratory animals. A 39% increase in liver weight and
modest elevations in tissue activities of aniline hydroxylase and lipid peroxidase were observedin male rats
treated with naphthaiene at 1,000 mg/kg/day for 10 days (Rao and Pandya, 1981). Male rats
demonstrated an elevation in hepatic lipid peroxides at naphthalene doses of 1,000 mg/kg/day for 18 days
(Yamauchi et al., 1986). Similarly, Germansky and Jamail {1988} reported {hat in rals administered
increasing doses of naphthalene up {0 750 mg/kg/day, hepatic lipid peroxidase aclivity was doubled at the
end of 9 weeks of treatment. No effects on liver weight were observed in mice receiving naphthalene at

doses up to 267 mg/kg/day for 14 days or 133 mg/kg/day for 90 days (Shopp et al., 1984).
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Renal effects have not been conclusively observed in animals exposed 1o naphthalens. Foliowing 10 days

of oral exposure of rats to naphthalene at 1,000 mg/kg/day, no changes were noted in kidney waeight of
in the activities of alkaline phosphatase, aniline hydroxylass, or lipid peroxidase (Rao and Pandya, 1981).
Shopp et al. (1984) reported that no changes were observed in the kidney weights of mice administered

naphthalene at doses up 1o 267 mg/kg/day for 14 days of 133 mg/kg/day for 90 days.

Oral exposure of pregnant rabbils to naphthalene at dosages up 1o 400 mg/kg/day, using methyicetiulose

as the vehicle, resufted in no apparent adverse reproductive effects (PRI, 1886). When administered in
corn oil to pregnant mice, however, a dosage of 300 mg/kg/day resulted in a decrease in the number of
. ltis not clear whether the observed differences in response are

live pups per litter (Plasterer et al., 1985)
crease in the absorption of naphthalene when & is

attributable to species differences of a possible in
administered in corn oil. Shopp et al. (1984) did not observe any effect on testicular weights of mice

administered naphthalene at doses up to 267 mg/kg/day for 14 days of 133 mg/kg/day for 90 days.

ing study in rats receiving naphthalene at about 41 mg/kg/day, Schmahl (1955) reporied
(Based on tumor data presented for another chemical in the repod, it is
phthalene-treated rats. However, O

In a two-year feed

that no tumors developed.
assumed that at least hepatic and uterine tissue were examined in na

specific lissues were mentioned for naphthalene-treated réis).

Mice treated with naphthalene at oral doses as high as 267 mg/kg/day for 14 days showed no efiects on
esralises, bone marrow stem cell number, or

humoral immune responses, delayed type nypersensitivily res:
bone marrow DNA systhesis. Thymic weights were reduced approximateiy 40% in males and splenic

weights were reduced approximately 20% in females. None of these effecls were noted a! the next bwer
dose of 53 mg/kg/day. At doses of 133 mg/kg/day for 13 weeks, naphthalene had no effect on immune
function (Shopp et al., 1984). The only change noted was a 25%, cacrease in splenic weight in females,
which is of questionable biological significance.

When either naphthalene or 2-methylnaphthalene was applied dermally in combination with (B[a]P), there

was an inhibitory effect on the induction of skin tumors in {emale mice (Schmeltz et al,, 1978). These
investigators also reported that a mixture containing naphthalene (0.02%}), 2-methyinaphthalene (0.02%}
and 10 other methylated and ethylated naphthalenes (each at 0.02%) also appeared to inhibit the
development of BfajP-induced skin tumors. The authors suggested that it is likely that certain naphthaienes

compete with B[a]P for the same enzyme sites, resulting in alteration of the B{a}P metabolic pathway and
-lite. Dermal application of the naphthalene mixture did

decreased production of the active B[a]P met..:..
not induce tumors in the absence of B{aJP. T: resulis of these studies were not analyzed statistically.

EPA has placed naphthalene in Group D, not uiassified as 10 carcinogencity.
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13.3 Human Tox!city
Inhalation has been associated with many efiacts, including headache, nausea, vomiting, abdominal pain,

malaise, confusion, mild anemia, jaundice and rena! disease (ATSDR, 1983b}. Many of these effects,
however, are confounded by the simuttaneous exposure {0 other agents.

Anemias are the most frequently reported cases of naphthalene poisoning in humans (ATSDR, 1989).
Acute hemolytic anemia was observed in 21 infants exposed 1o woolen clothes or biankets treated with
mothballs. Symptoms include high serum bilirubin values, Heinz bodies, and fragmentation of the red biood
cells (ATSOR, 1989). Inhalation was the assumed route of exposure because there was littie or no direct
skin contact. Anemia has also been reported by individuals exposed to large numbers of mothbails in their
homes. The air concentration in one of the homes was measured at 20 ppb {ATSDR, 1988). Other
inhalation effects include respiratory tract irsitation, headache, nausea, and profuse perspiration depending
on the concentration and duration (Clayton & Clayton, 1881). Optic neuntis, corneal ulceration and

cataracts have also been observed in workers exposed i industry.

Human deaths have occurred following ingestion of mothballs. A 30 years old female died after swaliowing
40 mothballs and a 17 year old male died after swailowing an unknown amount (ATSDR, 1989). Fromthe
autopsy of the female, 25 moihballs were recovered and # is estimated {hat the exposure levet was 574
mg/kg (ATSDR, 1889). Other severe effects from ingest_ion include gastroenteric distress, tremors, and
convulsions (Clayton & Clayton, 1981). Heinz bodies‘apbear and the serum may become a yelowish-
brown color. Neurological effects from ingestion include confusion, listlessness and lethargy, and vertigo
(ATSDR, 1989). Muscle twitching, convuisions, decreased responses 10 painful stimuli and coma have aiso

been reported al extreme exposure levols.

PAlls generally have been defected al iow concehtrations in surveys of human adipose tissue and other
biclogical media, presumably because the compounds are fairy rapidly metabolized (ATSDR, 1989¢c). The
U.S. EPA National Human Adipose Tissue Survey (U.S. EPA, 18890) found that, in 46 composite samples
of adipos= tissue examined in 1982, napmhélene was detected in 42% of the samples.

The human lung does not appear o be a target organ for naphthalene. N reperts of human puimonary
toxicity after inhalation, oral or dermal exposure to the chemical were found. However, some studies have
shown that the intraperitoneal administration of naphthatene {125 1o 400 mg/kg) caused pulmonary necrosis
of Clara cells in some strains of mice (Tong et al., 1981, 1982; Warren et al., 1982). Clara celis are rich
in cytochrome P-450 enzymes and thus may be capable of producing cytotoxic metabolites of naphthalens.
Because Clara cell damage has only been seperied to occur in cerain strains of mice following
intraperitoneal administration, the relationship of this ettect to potential human health effects is not evident.

Inhalation has been associated with many effects, including headache, nausea, vomiting, abdominal pain,
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malaise, confusion, mild anemia, jaundice and renal disease (ATSDR, 1983b). Many of these effects,

however, are confounded dy the simuttaneous exposure to other agemnts.

Anemias are the most frequently reported cases of naphthalene poisoning in humans (ATSDR, 1989b).

Acute hemolytic anemia was observed In 21 infants expesed 1o woolen clothes or blankets treated with

mothballs. Symptoms include high serum bilirubin values, Heinz bodies, and fragmentation of the red blood
cells (ATSDR, 1989b). Inhalation was ihe assumed route of exposure because there was little or no direct
skin contact. Anemia has also been reported by individuals exposed {o large numbers of mothballs in their
ion in one of the homes was measured al 20 ppb (ATSDR, 1988b). Other
piratory {ract irritation, headache, nausea, and profuse pesspiration depending
(Clayton & Clayton, 1881}. Optic neuritis, cofneal ulceration and

homes. The air concentrat
inhalation effects include res

on the concentration and duration
cataracts have also been observed in workers exposed in industry.)

Human deaths have occurred following ingestion of mothballs. A 30 year old female died after swallowing

lls and a 17 year old male died after swallowing an unknown amount (ATSOR, 1989¢). From

40 mothba
exposure level was 574

y of the female, 24 mothballs were recovered and it is estimated thal the
Other severe effects from ingestion include gastroenteric distress, lremors, and

convulsions (Clayton & Clayton, 1981). Heinz bodies appear and the serum may become a yellowish-
prown color. Neurological effects from ingestion include confusion, listlessness and lethargy, and vertigo
(ATSDR, 1989¢). Muscle twitching, convuisions, decreased responses {o painful stimuli and coma have

also been reported at extreme exposure levels.

the autops
ma/kg (ATSDR, 1889c¢).




14.0 PHENANTHRENE

Phenanthrene is a solid at room temperature. It is not produced commerciaily but is present In crude
oil, coal tar, gasoline, and cigarette smoke (tARC, 1983). Physical and chemical properties of

phenanthrene are listed in Table 13.

14.1 Genotoxiclty
The maijority of mutagenicity {est resuits {or phenanthrene are negative, although positive resuils have

been reported for this chemical in at least one in vitro test. Phenanthrene was mutagenic in Saimonella
typhimurium, and positive results were obtained in several in vitro mammatian cell systems {ATSOR,

1983¢).

Phenanthrene is among the PAHs generally considered inactive as tumor initiating agents (ATSDR,

1989c¢).

14.2 Animal Toxlcity
The intraperitoneal LD, in mice fof phenanthrene is 700 mg/kg body weight (Gerarde, 1960; Salamone

et al., 1981).

[N

Rats exposed intragastrically to 100 ma/kg/day of phenanthrene exhibited a 30% increase in
carboxylesterase activity of the intestinal mucosa {Nousiainen et al., 1884). Enzyme alteration in the
absence of other signs of gastrointesiinal toxicity was not considered an adverse health effect, but may

precede the onset of more serious effects. Given the selectivity of PAHSs for rapidly proliferating tissues
such as gastrointestinal mucosa, oral exposure 1o PAHS at higher doses could lead to adverse

gastrointestinal effects (ATSDR, 1889c¢).

The ability to induce aldehyde dehydrogenase (ADH) in animals has been correlated with carcinogenic
potency. Rats intragastrically administered 100 mg/kg/day of phenanthiene for four days exhibited
cytosolic ADH induction (Torrenen et al., 1981). However, the authors concluded that phenanthvene,
which has been characterized as a non-carcinogen, is a poor ADH inducer {Torronen et al., 1981).

The extent of liver regeneration, which is indicative of the ability to induce a proliferative response, also
has been examined following acute oral exposure 10 various PAHs. Paftially hepatectomized rals were
fed diets containing various PAHSs for 10 days. Administration of 514 mg/kg/day phenanthracene had
no effect on the extent of liver regeneration. Diets containing 180 mg/kg/day phenanthrene produced
no increase in the liver-to-body weight ratio (Gershbein, 1975).




EPA has placed phenanthrene in Group D, not classified as ‘o carcinogenicity.

14.3 Human Toxicity
PAHs are absorbed through the skin of humans. Application of 2%
humans for eight hour periods on two consecutive days yielded evidence of PAH absorption (St

al., 1984). Phenanthrene was detected in the blcod, but absomption of PAHs in crude coal lar was

variable and dependent on the chemical species.

cruds coal tar o the skin of
orer e

Quantitative studies were not found regarding the distribution, accumulation or excretion of PAHs in

humans. However, 1t appears that there is little tendency for
1975). PAHs generally have been detected at low

long-term bioaccumulation of PAHs in

human tissue (Lee et al., 1972; Ahokas et al.,
concentrations in surveys of human adipose tissue and other biological media, presumably because the
compounds are fairly rapidly metabolized (ATSDR, 1889¢). The U.S. EPA National Human Adipose

Tissue Survey (U.S. EPA, 1983b) found that, in 46 composite samples of adipose tissue examined in

1982, phenanthrene was present in 14% of the samples.




15.0 PYRENE

Pyrene is a colorless solid, and is formed as a result of incomplete combustion of fossil fuels. Kis

present in high concentrations in coal tar (IARC, 1983). Human exposuse to this compound is primardy
through smoking of tobacco, inhalation of polluted air, and by ingestion of food and water contaminated
by combustion byproducts (IARC, 1983). Physical and chemicat properties of pyrene are listed in Table

14.

15.1 GenotoxIcity
The majority of mutagenicity test results for pyrene are negative, although positive results have been

reported for this chemical in at least one in vitro test. Pyrene was mutagenic in Salmonella

typhimurium, and positive results were obtained in several in vitro mammalian cell systems (ATSDR,

1989c).

Pyrene is among the PAHSs generally considered inactive as umor inkiating agents (ATSDR, 1988c).

15.2 Animal Toxiclty
Oral LD, values for the mouse and rat are 800 and 2,700 mg/kg, respeclively. The inhalation LC,, for

rat is 170 mg/m® (RTECS, 1987). o

The intraperitoneal LDy, in mice {or pyrene is 680 mg/kg body weight (Gerarde, 1960, Salamone et al.,
1981).

Dilated tubules were observed in the kidneys of mice administered pyrene in the dist for 25 days
(Rigdon and Giannukos, 1964}, the toxicological significance of this eflect is not known. Additional
effects in the rat from inhalation were hepatic, putmonary, and intragastric pathologic changes, pius a
decrease in the humber of some blood components neutrophils, leukocytes, and erythrocytes) {Clayton
& Clayton, 1981). Application of pyrene (5 umol to 5 mmo! in ethanol) to guinea pig skin produced a
strongly phototoxic response following 20 hours of exposure (HSDB, 198%¢).

Mice chronically administered a 10% pyrene solution throughout their lifetimes did not develop skin
tumors (Wynder and Hoffman, 1958). However, prolonged dermal exposure of mice {0 0.5% pyrene in
decalin:n-dodecane solvent produced a slightly elevated {15%} skin carcinoma incidencs; the level of
statistical significance was not provided {Horton and Christian, 1974).

15.3 Human Toxiclty
Autopsies performed on cancer-free patients found total PAH levels ranging from 11 to 2,700 ppt {parts
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per trillion; ng/kg) in fat sampies. Several PAHs were detected with pyrene being detected in the
highest concentrations (Obana et al., 1881). A similar study done en liver tissue from cancer-{ree
patients reported levels ranging trom 6 to 500 ppt of the same PAH. As in the fat samples, pyrene
appeared in the highest concentrations in the liver, but the concentrations were less than in fat (Obana

et al., 1981).

Pyrene is absorbed through the skin of humans. Pyrene was detected in the blood after application of
09, crude coal tar to the skin of humans for eight hour periods on two consecutive days {Storer et al.,

1984).

The U.S. EPA National Human Adipose Tissue Susvey (U.S. EPA, 1988b) found that, in 46 composite

samples of adipose tissue examined in 1982, pyrene was not detected.




TABLE 16
Carclnogen Classlfication of Selected PAHS

Compound

1A

Acenaphthylene
Anthracene
Benzo(a)anthracene _. .

Benzo(b)fluoranthene « ...

Benzo(g,h,i)fluoranthene
Benzo(j)fluoranthene
Benzo(k)fluoranthene __.
Benzo(a)fiuorene
Benzo(b)flurorene
Benzo(c)tiurorene
Benzo(g,h,i)perylene
Benzo(c)phenanthrene
Benzo(a)pyrene __ -
Benzo(e)pyrene
Chrysens _.. .
Dibenzo{a,c)anthracene
Dibenzo(a,h)anthracene.
Dibenzo(a,e)fluoranthene
Dibenzo(a,e)pyrene
Dibenzo(a,e)pyrene
Dibenzo(a,h)pyrene
Dibenzo(a,)pyrene
Dibenzo(a,l)pyrene
Fluoranthene

Fluorene
Indeno(1,2.3-cd)pyrene
Naphthalene
Phenanthrene

Pyrene

IARC Group:

oA-Limited evidence of carcinogenicity to humans.
oB-Sutficient evidence in animals and inadequate data in humans.

3. Cannot be classified as 1o its carcinogenicity 10 humans.

EPA Group B2- Probable human carcinogen; sutlicient evidence from animal studies and insufficient
evidence from human epidemiologic studies.

Group D- Not classified as to human carcinogenicity.




TABLE 17

Regulatlons, Standards and Guldelines for Polynuclear Aromatic Hydrocarbons®

EPA Ambient Water Criteria’ HSDB, 1989¢
Organism and water consumption 2.8 ng/L for 1x10° risk
Organism consumption only 31.1 ng/L. for 1x10° risk

OSHA-TLV
Coal tar volatiles 0.02 mg/m’ OSHA, 1989
Naphthalene 50 mg/m’ OSHA, 1989
Benzo(a)pyrene 0.2 mg/m* OSHA, 1989

FDER, 1990

State of Florida Surface Water Quality Standards®

Class | (potable) waters
Organism and water consumption 2.8 mg/L for 10°® risk

Class Il and lll waters

Organism consumption 31.1 mg/k for 10° risk

* Guidelines presented here are for PAHs as a dlass.

16.0 DOSE RESPONSE ASSESSMENT FOR PAHS

Dose-Response Assessment is the process of characterizing the quantitative
a chemical or agent and the incidence of an adverse

NRC, 1983). The end resuit of the dose-
of the incidence of the adverse etfect

relationship between the doss of
health effect in exposed populations (
response assessment is a probability estimate
as a function of human expesure to the chemical.
evaluated separately. This section focuses on poth the carcinogenic and

Any given adverse health effect is

noncarcinogenic dose-response relationships for PAHSs.

16.1 Noncarcinogenic PAHs



Evaluation of noncarcinogenic effects is based on a comparison of an estimated daily
exposure level to an allowable daily exposure level, often represented by the U.S.
EPA Reference Dose (RiD). in general, the RID is an estimate (with uncertainty
spanning up to three orders of magnitude) of a daily dose to the human subpopulation
(including sensitive subgroups) that is likely 10 result in negligible risk of deleterious
effects during a lifetime of exposure (HEAST, 1989). The RID is based on the
assumption that a threshold exists which must be overcome before adverse effects
are observed. The safety factor (or uncertainty factor) used in the derivation of an
RID generally consists of multiples of 10, each factor representing an area of
uncertainty in the available data. The safety tactors are applied to the No Observed
Adverse Effect Level (NOAEL} or Lowest Observed Adverse Effect Level {LOAEL).
The NOAEL is an experimentatty determined dose betow which there was no
statistically or biologically significant indication of the toxic effect of concern. The
LOAEL, however, is the lowest experimentally determined dose at which sffects were
observed. In cases where the NOAEL has not been demonstrated experimentally, the
LOAEL is used. A factor of 10 may be applied to the NOAEL to account for
ditferences in responsiveness between humans and animals in prolonged exposure
studies and an additional factor of 10 may be used to account for variability in
susceptibility among individuals in the human population. Typically, a factor of 10 also
is applied if the LOAEL, rather than the NQAEL is used.

For pyrene, the RiD has been establiched at 3E-02 mg/kg/day (U.S. EPA, 1980;
personal communication). A study b, ..S. EPA (1989d) found nephropathy and
decreased kidney weight in mice given 75 mg/kg/day by gavage for 13 weeks. This
study led to the establishment of the NOAEL at 75 mg/kg/day.

The RID for anthracene is 3E-01 mg/kg/day (U;S. EPA, 1990; personal
communication). This value was derived from a study by U.S. EPA (1986b) in which
mice were given 1,000 mg/kg/day by gavage for 90 days. This is the highest dose
that has been tested and, since no adverse etfects were reported, 1,000 mg/kg/day

was established as the NOEL.




An RID of 4E-02 mg/kg/day has been established for flucranthens (U.S. EPA, 1980,
) based on a study by U.S. EPA (1988). Nephropathy,

personal communication
and clinical effects were observed in

increased relative liver weights, hematological
this study when mice were administered 125 mg/kg/day or 250 mg/kg/day by gavage.

From this study, the NOAEL of 125 mg/kg/day and the LOAEL of 250 mg/kg/day were

established.

The RID for fluorene is 4E-02 mg/kg/day (U.S. EPA, 1990; personal communication).
This value was derived from a study by U.S. EPA (1989c) in which mice were
administered 125 mg/kg/day of 250 mg/kg/day by gavage for 13 weeks. Adverse
effects of such treatment were decreased red blood celi counts and packed csill

volume and hemoglobin. This study led to the establishment of the NOAEL at 125

mg/kg/day and the LOAEL of 250 mg/kg/day.

The RfD for naphthalene has been established at 4E-03 mg/kg/day (U.S. EPA, 1880,

personal communication). This value was derived from studies by Schmahi (1955)

and U.S. EPA (1988) in which rats were given 10-20 mg/day in the diet for 6

days/week for approximately 700 days (converted to 41 mg/kg/day). The rats were

observed to have ocular and internal lesions at this dose, but not at 4 mg/kg/day.

16.2 Carcinogenic PAHs

The assessment of carcinogenic
mical is a human or animal carcinogen or both based on human

efects is a weight-of-evidence determination of

whether or not a che
data. Carcinogenesis is currently considered by the U.S. EPAto be a

it is assumed that no dose of a carcinogenic agent is
icals classified as known

or animal
nonthreshold phenomenon (i.e.,
without some risk of carcinogenic response). For chem
human (Group A) or probable human {Group B1 and B2) carcinogens, a toxicity value
(in this case a cancer potency factar) is derived from the plot of the incidence of
cancer versus the dose of the substance, and is expressed in units of (mg/kg-day) .

Low-dose incidence of cancer is estimated through the use of a mathematical model

which extrapolates low-dose cancer incidence from high-dose experimentaily
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determined data. The U.S. EPA uses a linearized multi-stage {(LMS) modet to
calculate the CPF. The selection and applicability of the modeiing output from the
LMS for health-based risk assessment is based on three assumptions: 1) human and
animal physiclogical response is equal, 2) the dose-response curve is linear in the low
dose region and passes through the origin (i.e., non-threshold), and 3) the value which
represents the upper 85 % confidence limit on the data is a de minimis risk (i.e., there
is a probability of 5% that a carcinogenic response will be higher than the estimate
predicted by the model (U.S. EPA, 1983).

16.3 Route-Specific Cancer Potencles for B(a)P
Currently, cancer potency factors have been developed for only B(a)P. The following
sections summarize the derivation of the cancer potency estimate for B(a)P. These

values are considered interim, and are under review by EPA.

16.3.1 Orel Cancer Potency
U.S. EPA based its present oral B[a}P potency. tactor on @ study published by Neal

and Rigdon in 1967 (U.S. EPA, 1984). Because of an unconventional study design in
which there were differing lengths of exposure time and study duration among the
study groups, only the data from low dose exposufes were used by U.S. EPA in the
potency estimate. The Carcinogen Assessment Group of U.S. EPA is now
reevaluating this study using statistical techniques that will allow the incorporation of
all the Neal and Rigdon data in a final potency estimate.- The cuirent U.S. EPA oral
cancer potency factor for B(a)P is 11.5 (mg/kg-day)”; this cancer potency factor was

also utilized to assess dermal exposure.

Neal and Rigdon (1967) fed doses of 0 to 250 ppm Bfa]P in food to male and female
CFW-Swiss mice. Treatment groups varied from 8 to 73 animals. U.S. EPA assumed
the average weight of a Swiss mouse was .035 kg and the average daily intake of
food was approximately 4.55 g/day. These values result in a dose rate of 0 10 32.5
mg/kg-day. Exposure durations ranged from 1 to 197 days and total duration of the
study for individual treatment groups ranged from 88 to 300 days. Papillomas and
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carcinomas of the forestomach were observed in mice consuming 20 or moreé ppm
B(a)P; results were combined for the determination of total tumor incidence. No

distinction was made between benign and malignant neoplasms in the calculation of

the carcinogenic potency factor.

16.3.2 Inhalation Cancer Potency
The U.S. EPA based its inhalation B(a)P potency factor of 6.11 (mg/kg-day)"' on the
in which male hamsters developed respiratory tumors

study by Thyssen ét al. (1881}
P in an aercsol of NaCl solution (U.S. EPA, 1984,

following administration of Bla)

Thyssen et al., 1981).

Syrian golden hamsters were exposed to levels of 0, 2.2 9.5 or 45 mg/m® B(a)P for
4.5 hours/day for 10 weeks followed by 3 hours/day (7 days/week) for up to 675 days.

No animals in the low dose group developed respiratory tumors. The mid-dose (9.5
mg/m®) and high-dose groups (45 mg/m°) exhibited respiratory tract tumors in the

nasal cavity, larynx, and trachea. Other tumors thought to be dose-related because of

mucociliary particle clearance include those found in the pharynx, esophagus and

forestomach. :
REFERENCES

Ahokas, J.T. et al. 1975, Biochem. Biophys. Res. Comon. 63:635; cited in U.S. EPA,

1980.

ATSDR (Agency for Toxic Substances and Disease Registry). 1988a. Toxicological
Profile for Benz(a)Anthracene - DRAFT. U.S. Public Health Service.

ATSDR (Agency for Toxic Substances and Disease Registry). 1988b. Toxicological
Profile for Chrysene - DRAFT. U.S. Public Health Service.

ATSDR (Agency for Toxic Substances and Disease Registry). 1988¢. Toxicological
Profile for Benzo(b)Fluoranthene - DRAFT. U.S. Public Health Service.

ATSDR (Agency for Toxic Substances and Disease Registry). 1988d. Toxicological
Profile for Dibenz(a,h)Anthracene - DRAFT. U.S. Public Health Service.

ATSDR (Agency for Toxic Substances and Disease Registry). 1989a. Toxicological
Profile for Benzo(a)Pyrene - DRAFT. U.S. Public Health Service.

69




ATSDR (Agency for Toxic Substances and Disease Registry). 1983b. Toxicological
Profile for Naphthalene and 2-Methyinaphthalene - DRAFT. U.S. Public Health

Service.

ATSDR (Agency for Toxic Substances and Disease Registry). 1983c. Toxicological
Profile for Polycyclic Aromatic Hydrocarbons-DRAFT. U.S. Public Health Service.

Badiali, D. et al. 1985. Dis. Colon Pectum 28:241; cited in ATSDR, 1889¢.

Bakke. 1985; cited in ATSDR, 1988b.
Barfknecht, T.R. et al. 1982. Dev. Toxicol. Environ. Sci. 10:277; cited in ATSDR, 1989c¢.

Bartosek, I. et al. 1984. Toxicol. Lett. 23:333; cited in ATSDR, 1989c¢.

Basler and Rohrborn. 1978; cited in ATSDR, 1989%a.

Baumann, P.C. et al. 1982. Hepatic tumor rates and polynuclear aromatic hydrocarbon
levels in two populations of brown bulihead (Ictalurus nebulosus). In: Cook, M., et al.
(eds.). Polynuclear Aromatic Hydrocarbons. Physical and Biological Chemistry, 6th
International Symposium, cited in Landrum et al., 1987.

Berenblum, . and H. Haran. 1955. Cancer Res. 15:510.
Biancifiori, C. and F. Caschera. 1962. Br. J. Cancer 16:722; cited in ATSDR, 1889¢.

Bingham, E. and H.L. Falk. 1868. Arch Environ Health 19:779-783,; cited in ATSDR,
1988c.

Black, J.J. 1983. Epidermal hyperpiasia and neoplasia in brown bullhead {/ctalurus
nebuiosus) in response to repeated applications of a PAH containing extract of
polluted river sediment. in. Coock, M. eta al. (eds.). Polynuclear Aromatic
Hydrocarbons, Physical and Biological Chemistry, 6th International Symposium, cited
in Landrum et al., 1987.

Black, J.J. 1983. J. Great Lakes Aes. 9:326; cited in Landrum et al., 1987.

Blanton, R.J. et al. 1986. Con. Res. 46:2735; cited in ATSDR, 1988c¢.

Blanton, R.J. et al. 1988. Toxicol. Appl. Pharmacol. 93:267; cited in ATSDR, 1889c.
Bock, F.G. and D.W. King. 1959. J. Nat. Cancer Inst. 23:833; cited in ATSDR, 1989c.
Bock, F.G. and M. Burnham. 1960. Cancer Res. 21:510-515; cited in ATSDR, 1987a.
Bock, F.G. and R. Mund. 1958. Cancer Res. 18:887; cited in ATSDR, 1889¢c.

70




Buckpitt et al. 1984, cited in ATSDR, 1989b.

Buening, M.K. etal. 1979. Cancer Res. 39:5063-5068; cited in ATSDR, 1888c; Zedeck,

1980.

Cairns, M.A. and A.V. Necoker. 1982. Arch. Environ. Contam. Toxicol. 11:703; cited in
Landrum et al., 1987.

Cavalieri, E. et al. 1988b. J Cancer Res Clin Oncol 114:10-15; cited in ATSDR, 1989c.

Chang, L.H. 1943. J. Biol. Chem. 151:83; cited in ATSDR, 1989c; Zedeck, 1980.

Clayton, G.D. and F.E. Clayton. 1981. Patty's Industrial Hygiene and Toxicology. John
Wiley and Sons, New York, NY.

Conney. 1982; cited in ATSDR, 198%9a.

Cook et al. 1933; cited in ATSDR, 198%a.

Cooper, C.S. et al. 1983. In: Bridges, J.W., and Chasse, L.F., eds., Progress in Drug
Metabolism, Vol. 7, New York, John Wiley and Sons. pp. 295-395; cited in ATSDR,

1988a, 1987D.

Couch, J.A. and J.C. Harshbarger. 1985 J. Environ. Sci. Heatth, Part C, Environ. Carcin.
Rev. 3:63; cited in Eisler, 1987.

Creasia et al. 1976; cited in ATSDR, 198%a.

Crespi, C.L. et al. 1985. Mutat. Res. 157:71; cited in ATSDR, 1988c.
Daniel, P.M. et al. 1967. Nature 215:1142; cited in Zedeck, 1980.

Davidson and Dawson. 1877, cited in ATSDR, 198%a.

Dean, B.J. et al. 1983. Clin. Exp. immunol. 52:199; cited in ATSDR, 1888c.

DeGraeve, G.M. et al. 1882. Arch. Environ. Contam. Toxicol. 11:487, cited in Landrum
et al., 1987.

Deutsch-Wenzel et al. 1883, cited in ATSDR, 1988c.
DiGiovanni, J. 1989. Prog. Biol. Clin. Res. 298:167.

Dipple, A. 1985. "Polycyciic aromatic hydrocarbon carcinogenesis: an introduction.” In.
R.D. Harvey (ed.). Polycyclic Hydrocarbons and Carcinogenesis. AGS Symp. Ser.
283. Amer. Chem. Soc., Washington, D.C.: cited in Eisler, 1887.




H. and D. Schmahl. 1955. Die Naturwissenschasfen 42:159; cited in ATSDR,

Druckrey,
1988c.

Eastmond et al. 1984, cited in ATSDR, 13880.

Edmisten, G.E. and J.A. Bantle. 1982. Bull. Environ. Contam. Toxicol. 29:392, cited in
Landrum et al., 1987.

Eisler, R. 1987. A Synoptic Review. Biological Report 85. Contam. Haz. Review Repoit
No. 11. U.S. Fish and Wildlife Servics, U.S. Department of the Interior, cited in

ATSDR, 1987d.
Fabian and Matoltsy. 1946, cited in ATSDR, 1989a.

Fahmy and Fahmy. 1880; cited in ATSDR, 1989a.
Fait and Nchreinen. 1985, cited in ATSDR, 1983Db.

Florida Administrative Code (FAC). 1990. Ch, 17-3.

Gerarde, H.W. 1960. Toxicology and Biochemistry of Aromatic Hydrocarbons. Elsevier
Monographs on Toxic Agents: 240: cited in ATSDR, 1989¢.

Germansky and Jamall. 1988, cited in ATSDR,.3|989b.

Gershbein, L.L. 1975. Res. Commun. Chem. Pathot. Pharmocol. 11:445; cited in
ATSDR, 1989c.

Giddings, J.M. 1979. Buil. Environ. Contam. Toxicol. 23:360; cited in Landrum et a.,
1987. '

Govers, H. et al. 1984. Chemosphere 13:227. cited in Landrum et al., 1987.

Griffin et al. 1981 & 1983; cited in ATSDR, 1889b.

Grover, P.L. et al. 1975. Br. J. Cancer 31:182; cited in ATSDR, 1883¢; Zedeck, 1980.

Habs, M. et al. 1980. Arch. Geschwulstiorsch 50:266; cited in ATSDR, 1989a, 1880.

HEAST. 1990. Health Effects Assessment Summary Tables. PB-90-921103. Otfice of
Solid Waste and Emergency Response, U.S. Environmental Protection Agency,

Washington, DC.

Hecht et al. 1979; cited in ATSDR, 198%a.

Hecht, S.S. et al. 1974. J. Natt. Cancer Inst. 53:1121,; cited in ATSDR, 188Sc.




Hendricks, J.D. et al. 1985. J. Nati. Cancer Inst. 74:838; cited in Eisler, 1987.
Hoch-Ligeti, C. 1941. Cancer Res. 1:484, cited in ATSDR, 1989c; U.S. EPA, 1980a.
Hodgson. 1983. Carcinogenesis 4:1639; cited in ATSDR, 13888c.

Hoffman and Wynder. 1976, cited in ATSDR, 1988c.

Hofiman, D. and E.L. Wynder. 1966. Z. Krebsforsch 68:137; cited in ATSDR, 198Sc.
Hoffman, D. et ai. 1972. JNCI 49:1165-1175; cited in ATSDR, 1983c¢.

Holcombe, G.W. et al. 1983. Ecotoxicol. Environ. Safety 7:400; cited in Landrum et al.,
1987.

Horton, A.W. and G.M. Christia_n-.. 1974. J Natt Cancer Inst 53:1017-1020; cited in
ATSDR, 19889c.

Huggett, R.H. et al. 1987. In: K L. Dickson et al. (eds.) Fate and Effects of Sediment
Bound Chemicals in Aquatic Systems: cited in Bender, 1988.

IARC. 1973. Vol. 3. Certain Polycyclic Aromatic Hydrocarbons and Heterocyclic
Compounds. |ARC, Lyon, France. pp. 46-48; cited in ATSDR, 1988a.

IARC. 1983. Vol. 32, Lyon, fFrance: International Agency for Research on Gancer, 303,
cited in ATSDR, 1988c.

IARC. 1989. Monographs on the Evaluation of the Carcinogenic Risk of Chemicats to
Humans. Vol. 32. Polynuclear Aromatic Hydrocarbons. Part 1. International Agency

for Research on Cancer, Lyon, France.

IRIS. 1989a. Benzo[a]Pyrene. integrated Risk information System Database. Office of
Research and Development, U.S. Environmental protection Agency, Washington, bC.

IRIS. 1989b. 2-Methylnaphthalene. Integrated Risk information System Database. Office
of Research and Development, U.S. Environmental protection Agency, Washington,

DC.
Jerina, D.M. et al. 1986. Adv. Exp. Med. Biol. 197:11.

Kao, J.K. et al. 1985. Toxicol. Appl. Pharmacol. 81:502-516; cited in ATSDR, 18883,
1987c.

Kennaway, E.L. and |. Heiger. 1930. Brit. Med. J. 1:1044-1046, cited in ATSDR, 1988d.

Klein, M. 1960. Cancer Res 20:1179; cited in ATSDR, 1988c.

73




Klein, M. 1963. Cancer Res. 23:1701; cited in ATSDR, 1389c¢; Zedeck, 1980.

Knutzen, J. 1987. Norweigian Inst. for Water Research Rpt. No. E-87700;
NTIS/DE88752845, 1988.

Korn, S. et al. 1979. Environ. Toxicol. 21:521; cited in Landrum et al., 1987.

Landrum, P.F. et al. 1987. Photoinduced toxicity of polycyclic aromatic hydrocarbons to
aquatic organisms. In: J.H. Vandermeulin and S.E. Hrudey (eds.}. Oil In Freshwater:
Chemistry, Biclogy, Countermeasure Technclogy. Pergamon Press, NY.

Larinow, L.T. and N.G. Scboleva. 1938. Vestn. Rent Genot. Radiol. 20:276; cited in
ATSDR, 198Sc.

Lee, R.F. etal. 1972. Mar. Biol. 17:201-208; cited in ATSDR, 1887d; U.S. EPA, 1880a.
Lee, W.Y. and J.A.C. Nichol, 1978a. Mar. Biol. 48:215; cited in Landrum et al., 1987.

Lee, W.Y. and J.A.C. Nichol, 1978b. Bull. Environ. Contam. Toxicol. 20.233, cited in
Landrum et al., 1987,

Legraverend, C. et al. 1884. Teratology 29:35-47; cited in ATSDR, 1989c.

Leversee, G.J. 1984. Personal Communication, Keene State Coliege, Keene, New
Hampshire; cited in Landrum et al., 1987.

Levin, W. et al. 1978. Cancer Res. 38:1831; cited in ATSDR, 1988c.
Levin, W. et al. 1982. Dng Metab. Rev. 13:555-580; cited in ATSDR, 1988a, 1987b.

Lorenz, E. and H.L. Stewart. 1948. JNCI 9:173.

Lubet, R.A. et al. 1984. In: Cooke, M. and A.J. Dennis (eds.). Mechanisms, Methods
and Metabolism: Polynuciear Aromatic Hydrocarbons. 8th international Symp. Battele
Press, Columbus; cited in ATSDR, 1989¢.

Lyte and Bick. 1985; cited in ATSDR, 1989a.

Lyte, M. and P.H. Bick. 1985. Mech. Age Develop. 30:333; cited in ATSDR, 1989c.

Mabey et al. 1982; cited in ATSDR, 1983b.

Mackell et al. 1951; cited in ATSDR, 19890.

:Agascgenzie. K.M. and D.M. Angevine. 1981. Biol Reprod 24:183-191; cited in ATSDR,
c.

74




McCormick, D. 1981. JNCi 66:559-564, cited in ATSDR, 1988c.

Modica, R. et al. 1982. J. Chromatogr. 24:352; cited in ATSDR, 1888c.
Mohammad, S.N. 1984. Indian J. Biochem. Biophys. 21.260.

Morris, H.P. et al. 1960. J. Natl. Cancer Inst. 24:149; cited in ATSDR, 1988c.
Myers, M.J. et al. 1988. Int. J. immunopharmacol. 10:177; cited in ATSDR, 1988c.

Neff, JM. 1979. Polycyclic Aromatic Hydrocarbons in the Aguatic Environment -
Sources, Fates and Biological Effects. Applied Science Publishers, Ltd, London; cited
in Eisler, 1987; Mix, 1984, ATSDR, 1989c; Landrum et al., 1987.

Nousiainen, U. et al. 1984. Toxicology 32:243: cited in ATSDR, 1988c.

Obana, H. et al. 1981. Bull. Environ. Contam. Toxicot. 27:23; cited in ATSDR, 1983c.

Pitts et al. 1978; cited in Zedeck, 1980.

Plasterer et al. 1985; cited in ATSDR, 1388b.

Prein, A.E. et al. 1978. Sci. Total Environ. 9.'287;\cited in Eisler, 1987.
PRI. 1986: cited in ATSDR, 19890.

Rao and Pandya. 1986; cited in ATSDR, 1989b.

Rees and Piri. 1967, cited in ATSDR, 198%9b.

Rice, J.E. et al. 1985. In: Cooks, M. and A.J. Dennis (eds.). Polynuclear aromatic
hydrocarbons: Mechanisms, metabolism, methods and metabolism. 8th International

Symp. Battelle Press, Columbus, Ohio; cited in ATSDR, 1883¢.

Rigdon, R.H. and E.G. Rennels. 1964, _Experimentia 20:224-226; cited in ATSDR,
1989c.

Rigdon, R.H. and J. Neal. 1965. JNCI 34:297-305; cited in ATSDR, 1988c.

Rigdon, R.H. and N.J. Giannukos. 1964. Arch. Pathol. 77:198; cited in ATSDR, 1988¢.

Robinson et al. 1975; cited in ATSDR, 1889a.

Rocchi, P. et al. 19880. Carcinogenesis 1:765; cited in ATSDR, 1988c.

Rossa and Pau. 1888, cited in ATSDR, 1989b.

75



Rozman et al. 1982; cited in ATSDR, 1989b.

RTECS. 1987. Registry of Toxic Effects of Chemical Substances. Doris V. Sweet (ed.)
U.S. Department of Heaith and Human Services, Washington, DC.

Sabourin, T.D. 1982. Aquat. Tox. 2:301; cited in Landrum et al.,, 1987.
Salamone, M.F. et al. 1981. Prog. Mutat. res. 1:686; cited in ATSDR, 1988c, 1887c.

Sanders, C.L. et al. 1986. J. Environ. Pathol. Toxicol. Oncol. 7:25; cited in ATSDR,
1988a, 1987¢, 1990.

Schlede et al. 1970; cited in ATSDR, 1889a.

Schmahl, D. 1955. Testing of naphthalene and anthracene as carcinogenic agents in
the rat. Krebsforsch. 60:697-719 (Ger.); cited in U.S. EPA, 1988.

Schmeltz et al. 1978; cited in ATSDR, 13890.

Schmeltz, I. 1978. Bioassays of Naphthalene and Alkyl Naphthalenes for Carcinogenic
Activity. Relation to Tobacco Carcinogenesis. In: Carcinogenesis, Vol. 3: Polynuciear
Aromatic Hydrocarbons, P. Jones and l. Freudenthal, Editors. Raven Press, NY.

Schultz, M.E. and R.J. Schuitz. 1982. Environ. Rés.\27:337; cited in Landrum et at., 1887
and Eisler, 1987.

Scribner, J.D. 1973. J. Natl. Gancer Inst. 50:1717; cited in ATSDR, 1988c.
Sega. 1979; cited in ATSDR, 1989a.

Shevaleva, G.A. 1978. J. Natl. Cancer Insi. 62:893-900; cited in ATSDR, 1989c.
Shopp et al. 1984; cited in ATSDR, 1988b.

Shubik, P. and G. D. Porta. 1857. American Medicat Assoc. Arch. of Pathology
64:691-703; cited in ATSDR, 1989c.

Sims, P. 1982. Adv. Exp. Med. Biol. 136:487-500; cited in ATSDR, 1888a.
Slaga et al. 1978; cited in Zedeck, 1980,

Slaga et al. 1979; cited in Zedeck, 1980.
Slaga, T.J. etal. 1980. EPA 600/9-80-057b; cited in ATSDR, 1989c.

Slaga, T.J. et al. 1980a. Cancer Res 40:1981-1984; cited in ATSDR, 1988c.

76




Snell, K.C. and H.L. Stewan. 1962. JNCI 28:1043.
Snell, K.C. and H.L. Stewan. 1963. Acta Un. int. Cancer 19:692.

Soto, C. et al. 1975. Can. J. Bot. 53:118, cited in Landrum st al., 1987.

Storer, J.S. et al. 1984. Arch. Dermatol. 120:874; cited in ATSDR, 18839c.

Summer et al. 1979; cited in ATSDR, 198%b.

Sun et al. 1982; cited in ATSDR, 198%a.
Thakker, D.R. et al. 1982. J. Biol. Chem. 257:5103-5110; cited in ATSDR, 1988a.

Tomingas, R. et al. 1976. Cancer Left. 1:189; cited in ATSDR, 1988c¢.

Tong et al. 1981 cited in ATSDR, 1988b.

Tornquist et al. 1985; cited in ATSDR, 19888a.

Torronen, R. et al. 1881. Chem. Biol. Interact. 36:33; cited in ATSDR, 1889c.
Tsuda, H. and E. Farber. 1980. Int. J. Cancer 28:137; cited in ATSDR, 1989¢.

U.S. Environmental Protection Agency (EPA). 1980a. Ambient Water Quality Criteria for
Fluoranthene. Environmental Criteria and Assessment Office, Cincinnati, OH. EPA

440/5-80-065.

U.S. EPA (U.S. Environmental Protection Agency). 1980b. Ambient Water Quality Criteria
for Polynuclear Aromatic Hydrocarbons. U.S. Environ. Protection Agency. Rep.

440/5-80-068.

U.S. EPA (U.S. Environmentat Protection Agency). 1886b. Drinking water crifena
document for polycyclic aromatic hydrocarbons (PAHs). Cincinnati, OH. September
1986 U.S. Environmental Protection Agency, Environmental Criteria and Assessment

Office; cited in ATSDR, 13883c.

U.S. EPA (U.S. Environmentat Protection Agency). 1989a. Mouse oral subchronic study
with acenapthene. Study conducted by Hazelton Laboratories, Inc., for the Office of

Solid Waste, Washington, DC; cited in U.S. EPA, 1980.

U.S. EPA (U.S. Environmental Protection Agency). 1989b. National Human Adipose
Tissue Survey Broad Survey Analysis! Population estimates from fiscal year 1982
species. Office of Toxic Substances. Washington, D.C. EPA 560/5-80-001.




U.S. EPA (U.S. Environmental Protection Agency). 1381, Letter from Dr. P. Hurst,
Coordinator, Superfund Health Risk Technology Support Center, U.S. EPA 10 Dr1. S.
Motamedi, Florida DER re: Carcinogenic information for PAHs. January 19, 1991,

Urso and Gengozian. 1980; cited in ATSDR, 198%a.

Valencia and Houtchens. 1981; cited in ATSDR, 188%a.

Valencia et al. 1984; cited in ATSDR, 198%a.

Van Duuren, B.L. et al. 1966. J. Natt. Cancer Inst. 37:518; cited in ATSDR, 1989c.

Vogel et al. 1983; cited in ATSDR, 198%a.
Warren et al. 1982; cited in ATSDR, 1888b.

Weast, R.C. (ed). 1988. CRC Handbook of Chemistry and Physics. CRC Press, inc.,
Boca Raton, FL.

Weston, et al. 1985. Chem. Biol. Interact 54:223; cited in ATSDR, 1883¢c.

Weyand, E.H. and D.R. Bevan. 1987. Drug Metab. Dispos. 15:442; cited in ATSDR,
198%a. C

White and Holsapple. 1984; cited in ATSDR, 1989a.
White, J. and A. White. 1839. J. Biol. Chem. 131:149; cited in ATSDR, 1989c.

Williams, P.L. and J.L. Burson (eds.). 1985. Industrial Toxicology; Safety and Heaith
Applications in the Workplace. Van Nostrand Reinhold, New York.

Wislocki et al. 1978; cited in Zedeck, 1980.

Wolfe. J.M. and W.R. Bryan. 1939. An. J. Cancer 36:359; cited in ATSDR, 1989¢.
Wood, AW. et al. 1979. Cancer Res. 39:4069; cited in ATSDR, 1989c.

Wynder, E.L. and D. Hoffman. 1959. Cancer 12:1079-1086; cited in ATSDR, 19884,
1990.

Wynder, E.L. and D. Hoﬁman. 1950b. Cancer 12:1194; cited in ATSDR, 1989¢.
Wyrobek et al. 1981; cited in ATSDR, 1989a.

Yamagiwa and Ichikawa. 1918; cited in ATSDR, 1989a.

Yamauchi et al. 1986; cited in ATSDR, 19830.

78




vamazaki, H. et al. 1987 Toxicol. Environ. Chem. 1571, cited in ATSDR, 1889c.
Yang, J.J. et al. 1986. Toxicol. Ind. Health 2:79; cited in ATSDR, 1989c.

Yang, S.K. 1988. Bochem. Pharmacol. 37(1).61.

Zedeck, M.S. 1980. J of Environ Path and Tox 3:537-567.

Zijlstra and Vogel. 1984; cited in ATSDR, 1398%a.

Zuelzer and Apt. 1949; cited in ATSDR, 1388Db.




EDE% GROUNDWATER
. _J TECHNOLOGY, INC.




. i : Facl . | ] Lo L M 5 Vo R Pt s - 1Y [

o

,:1*;'". ‘_‘

@ PROJECTNAME 0S MD%E// BureaLo
GROUNDWATER PROJECTNUMBER A[11Q - 590 - 0220
TECHNOLOGY, INC. DATEOFSAMPLING ___&/2 %/90
CONTAMINANTS - Brexk
- PRA'S

“RESULTS OF VAPOR MONITORING
QORI .

IONIZATIONDETECTOR EXPLOSIMETER  |RADIATION

READING READING MONITOR

READING LOCATION PURPOSE INITIALS

10.2eVPID | 11.7eéVPID| %LEL % 0O, mR/Mr
Ml(ﬁoflp :

PA(%\QG, Lot NeAL ‘ M(/Q
0 o

O "

E)\Dc,ét/t/

D NIGORITY o NVP- |

" #
N VieaTY o Vp-|




[ : ;e . §
R e 1l 4 . B - 'y Ea ECE

h ".

PROJECTNAME OSMOSBE / ROEFALD
PROJECT NUMBER oMo s470 _o02z0

<
GROUNDWATER
TECHNOLOGY, INC.

DATE OF SAMPLING & ,/ 24 /90 |

CONTAMINANTS - BSTEX
- PNA

o ot} ] | b

RESULTS OF VAPOR MONITORING

10 EXPLOSIMETER  |RADIATION
NIZATIONDETECTOR | 'monion .‘

READING READING
READING LOCATION PURPOSE INITIAL

St icin - | o

10.2eVPID | 11.76VPID} %LEL % O, mR/hr

Viciolty ofF \/Q——Z,‘

\Jl(.,u)\f‘('o(- \/‘?’Z/

o § et § i S L ()

Vicawviy of Np-3

\}JL\«J&T( oF\JP’S

J1e 10017 oF VP-32




PROJECTNAME COMOE” /BDFFALO
PROJECTNUMBER o110 S470

DATE OF SAMPLING o /1 /92"
CONTAMINANTS DiEX = PNA

GROUNDWATER
TECHNOLOGY, INC.

A B ok AT T P 2e 3. SR
P
¥

&

AALUIBDRATED M(c(ﬁo‘ﬁ? @ 9:(5

RESULTS OF VAPOR MONITORING

S e —

IONIZATIONDETECTOR EXPLOSIMETER  |RADIATION

READING READING MONITOR
READING LOCATION INITIALS

10.2eVPID|11.7eVPID| “%LEL % O, mR/hr

0.0

O1-o
0 05}‘

°©| 0o 9P
ool oofo®
{

‘QO
o0




. : PROJECTNAME Oaosr / BOrEALD
@ GROUNDWATER PROJECTNUMBER OHIO - =470 = OZOD
TECHNOLOGY, INC. DATE OF SAMPLING 10 /3 [90 A
CONTAMINANTS clEocvoTE , T2 FgEL oI | < sy

4
!

gexzasyamee ¥ o ¥ aay

RESULTS OF VAPOR MONITORING

IONIZATIONDETECTOR EXPLOSIMETER  |RADIATION
READING READING gg:gﬁg !
TIME LOCATION PURPOSE INITIALS| B
FID |10.2eVPID|11.7eVPID| %LEL % 0, mR/hr 1
rMicEoTIP 1
E. DO O.0 : Uiy oE G-l e MLS E
& 45 oo ) "
%; oo O. O ” t e ,
o7 O-O p ‘ “ |
N4y o0 « % ‘ i
gist o.o e ‘
4.0t -0 ’
5:47. o-0 « ‘
{
94 8 o0 oo Vicunty o &w -l «
Yo o. 0 " « i
{o: 6o 0.2 “
10215 o. O o b
i{:3%0 O-©
lZ: 4g ' - 0 1 t
j:40 -0 "
Z " ‘o 2 3 D it o
%;40 /. & L '
5 [0 0.0 '
1.0 [ &) ¢ ‘e
i




PROJECTNAME 06/’1065}/ BoEFEALO
PROJECTNUMBER e S0 eze s

DATE OFSAMPLING ____10 / </90o

CONTAMINANTS CREOTE- Bz FopL Ol ]

GROUNDWATER
TECHNOLOGY, INC.

RESULTS OF VAPOR MONITORING

" |IONIZATIONDETECTOR EXPLOSIMETER  |RADIATION
READING MONITOR

READING LOGATION PURPOSE INITIALS

READING

10.2eVPID | 11.76VPID| % LEL % 0, mR/hr

o, U CIITYY et o owl -2

0.
0.0

0-0
.0
0.




-, S —
(5 . . . .

>

GROUNDWATER
TECHNOLOGY, INC.

RESULTS OF VAPOR MONITORING

PROJECTNAME
PROJECTNUMBER
DATE OF SAMPLING
CONTAMINANTS

Oomosre / BOsFALO
7’
OO §470 020%,

10/t /90

CREOSOL  CAEOSOTE
Y 4

¥z F.O.

IONIZATIONDETECTOR EXPLOSIMETER
READING READING

10.2eVPID |11.7eVPID| <%LEL % O,

RADIATION
MONITOR

mRv/hr

READING LOCATION PURPOSE

INITIALS

MG

‘f

)/
1!
i

b

L N4




e e

[

PROJECT NAME OoMoag./ Bueearo

PROJECT NUMBER OWO -~ 5470 - ©02.0%

DATE OF SAMPLING & / [ / 9o
CONTAMINANTS (REOdoL , CRECSOTE |, # 2 rFo.

GROUNDWATER
TECHNOLOGY, INC.

RESULTS OF VAPOR MONITORING

RADIATION
MONITOR

READING LOCATION PURPOSE INFTIALS

IONIZATIONDETECTOR EXPLOSIMETER
READING READING

10.2eVPID |11.76VPID| %LEL % O, mR/hr

MLC’)

‘/




ID/L'

PROJECT NAME

O%MO"DF_I/EQ £FEALO

GROUNDWATER PROJECT NUMBER __ 2112 =479
TECHNOLOGY, INC. savpunG pate 10/ 1 /90
MINI-RAM SAMPLING LOG
TWA
TIME READING SA “TERES:- SAMPLE LOCATION

9:'{9 Vo Do) o o Mo~ &
(0:05 0-O O Mmw - %
[0:24 0.0 07T

o142 ) 0.3 (o

\0. 55 o, ©.2.9

1] - %0 4. % 6,29

2:15 0,29 O 0O

2. 50 0 .00 0,01

V. 24 0. %9 O .=/

LS 0.2l 0,40

DDLU 0.5 0. 44

10 5l 1. 0.50

I2330 0.0 0. 03

347 O. 0O 0.0

9: o0 0.0 0.05

Y15 T1.12 0.17




OCSMODE- / ROFFAL O

PROJECT NAME

@ GROUNDWATER PROJECT NUMBER __ox/o 5470 ozo®
TECHNOLOGY, INC SAMPLING DATE 10/ 2>/ 92
MINI-RAM SAMPLING LOG
' ™A |
TIME ‘READING SA T SAMPLE LOCATION
9:4] 4‘0 0.4 z@g 4 <V/r_u\)LTY o cwf-1
5147 o o 0.<5 YICimo| ) -
4:07_ e 0.0 .57 <
s:e? Al o0.67 "o, 14 i
5:13 & 0.0% 0.13 . §
Eal o) 0.0 0.99
b_/s/%a 7235 o 0. o .o Vi TY OF _@yl=7.
811D & o1 0.0 -
820 o o. o o. 7 a r
o= 0.09 °o. 2 o- 1! -
D214 o o. ol o1 "
oo 1.3 O. 21 L, 18 ‘
12:10 0,09 0. 1) 0.95 o
12 20 9] - ZZ l,2> v
200 0-77% o. 3% 1.2 8@ "
2,10 o 1| O. 15 5 3% " &




plin W ::T."W: R - DA S|y o
P X3 A .. i [T R AV . o
2 - i s kR - s e ;% e e e ‘r’?" -0 oy /BN
- - " - e
« g

PROJECT NAME OD>MODE / ROFFALOD
[@: GROUNDWATER PROJECT NUMBER _oulo 5470 ozo3

TECHNOLOGY, INC. SAMPLING DATE __lo/= /95

MINI-RAM SAMPLING LOG
TWA
TIME READING SA TV SAMPLE LOCATION 1
Z -5 /.2 .29 2.2\ MW - D '
3. Do % 0.22 7.5 ! ) 1
41 o o o- 15 L1975 N B
£ 20 1 o-09 T 2.80
g, 10 0.0 -0 -
2. 00 - 0.2 o .l o
1o/ /9o
7 o0 [.& C.O0D l.of
& 10 ! o.2) | . 2>
Q22 o.0 o_o | 6. 09
= 1.0 0. 5] [. D
(o 4o 4.3 ©.29 . 2,73
[|; 0O o.49 ©-28 Z.21
) [ 4 1.1/ 0. 99 . /. o>
112:14 0.0 O O
12294 0. ©-2t 295

e e A



]

MINI-RAM SAMPLING LOG

GROUNDWATER
TECHNOLOGY, INC.

PROJECT NAME

PROJECT NUMBER

SAMPLING DATE

O3 MODES / Bo FFACO

OIHIG S470_ 02075

/e /20

TIME

READING

SAMPLE LOCATION

)

mwd— [O

Sy

2 B0

SR

3D

o

4.
/S.’/}O

td




GROUNDWATER

| TECHNOLOGY, INC.

MINI-RAM SAMPLING LOG

PROJECT NAME @sm%a/ RorEAL0O

PROJECT NUMBER OlO 472 62075

SAMPLING DATE . 1o/ e /oo

TIME

READING

SAMPLE LOCATION

9 o

Vic ol (Y of D]

f

9 .45

[0:0pH

jo - V5T

127 20

1100

f ‘O

Y

200

215

2'%0

B-00

,;.%é“,, et L7 s s

-~

1 f:'.:;t%;mi 5?5;&3”& ‘




E% GROUNDWATER
|__| TECHNOLOGY, INC.




& /L"J/QIO
Dol VEAT DORVEY
K470 -ozZ10

i .
l /s

PNA BTex

SAV\?UU(’I
Locar ion

VYT
rakeat?

- Pip

Ke b6

FidiSH

Flow Rae

TR T

FipinH

FlLow RATE

P\ B4y Eour Bk

N /A

" No Taip DLank

Bizo

Zot@ | Y

332

SL@ 1 H

KN /A

" No VP-|

O (AM%VEL}T)
2.

10.9

I(”" o\ P-2.

78,4

M.5

Zor @t g
ot @t

A

o

23,4 %

@)

' Neo

Nes

2.2

\( eg/z_s

1.0

i

z. 20

| A408

44

ZowN @ 20.0

4
5
G
1
8
9

1.

ARy

2.0

4
'
|
'
\

1-3

i,

3
1.8

4. ¥

1.2

l i
l/

'
"

1

|

No. oF conTnprr.

SN‘\:NNNNNNN

oz
2129 .

T

3

4:5

5

A
B:

re

AL
28,
21

9:03

Z:4e

| 2oL @It am

BLpad Duf ¢

Yes <

VP&

200 @ 52,31 - :

onmn@2r00| 12.40 | 1L

|22 me@B00

fzBnm@zee

28 rind(@® Bo.o) | 1

ZBm@ 300

18 M @ 30.0 :

28 mia @ 20.0

28 M 300

N /A

SL@ | Y

Su/35

600
~ Smin %OO

- .§.MZ§2.9_

28w @3a0  Z240 | 2%

7 Mlb/so,o

/o0,

L dmm /s,
|
17w (3o

7,.1,,;/!6.0




U LI ] TeEcHNOLOGY, INC.

o
€3]
=
2
o]
)
o
S
©
|
a




<3

m

GROUNDWATER
TECHNOLOGY

Oivision of OVl Recovery Systemy, Inc.
’ Well Number _Muw -3 Drilling Log
Project OOMOSE LOQOD PRES, Owner _______ e __ | Sketch Map
Location BUF AL _ Ny Project Number [ 1O ~OO|~ (344
Date Drilled ._Q_LL’_IG__ ~ Total Depth of Hote _{ B.Q'- Diameter ————
Surface Elevation  __ ____ water Lovet, inttial_ B’ __ 2amea ____ '
Screen: Dia. 2:0% Length _ __LS_-Q_'_,____ Stot Size __. 020"
Casing:0la. _.2.0" Length ___ 3.0 vype ~—B¥C .
Driting Company  GTL___ . __ ___ Drifling Method Hooian Srem Puser) Notes
Driller L‘LMW/BE?N)‘M@V -logby JeMmiERL_

] $ g
Py T ” 23 = .
= g 2 g o Q Description/Soll Clasaification
£ w S €EE < (Color, Texture, Structuras)
[=% = z (z =3
® (R Z ®
o) E 3] S
. Pip
H-RO AD B
b~ O — ReAD [ - O.o-3,o' DA . DLACK FiNe — e SAND AND
i ,,’ H-CEMmaT [fIN
S PP, . - C_L/&lf, Some FINE —comnsE szp.veg) R =
| BWIUTON 1 T
-~ 5 - 3 T
] wew
3 Sl eAas e R _ ' _
3 =R 3.0-50" Menuwr, BRowN Pry SILT agp
[~ —— wew —~ 1 <c TRACE o= =
LL{ =]« || seresn I 7 N © NE Shwp.
S e O (IT "TISFeor So-7.0 DA e B(ou)l\\d&xfl&\/ MoTTueDd
— & 1! "|Zj- - - DQ\{ Ct_A—);
— f7 -— '- : .’ . -
8 2| saup
— 7 — i PAc - —_
- =l , '
[~ /0~ =1t ?S'O — "‘M' 106.0-12..0 tLiciiyr PRowAN weT ST AND
- — ] -
— /1 o B ~ ] TiNE sanbp,
— 2~ " |= S
34| | SR
—/% ¥ =] .
— S T e IN) !
L ¢ 100.0| L __.:_’__?9_' 1S.0-1"0.0 Dawre Blouwn) wer ke SAND
¢ ———1 AND ST .
b~ /7 — .
»—-/Y—.. - -
02100144 page of

© weMao




GROUNDWATER
TECHNOLOGY

Division of Oil Recovery Systama, Inc.

Drillin
. Well Number__Mu/-S g Log
- Project OSMAOSE W oD PRES. Owner — Sketch Map
Location .B_‘&EE&.EQ_I\_JL/.______ Project Numbar {303 - OO}~ | IWY
Date Drilled ,_Q/_Z_?_—ng_ — Total Depth of Hole 1B.0 _ Dismeter ———————
! .
Surface Elevation o= Waler Lavel, Inltial _é‘o___ 24:-hrs —— e
o
Screan: Dia. '_._;_3'_‘1”_ Length .___L‘é"_O_' ______ StotSize __:O20
Casing: Dia __-Z'..O_'/___; Length ___:3_19_,_ ceee—_Type . __ _PY¥C __
— ‘ ' Notes
Dritting Company _GT( __ Dritling Method HQWSIE&AIA&E‘@J ote
Orler FLHERN/BERNMARD. . togey _ Mg ____
° § o .
o T " 23 ~ \ . -
- 2 2 Q0 o Description/Soil Classification
£ - % 3 £E -y (Color, Texture, Structures)
) S 3z 8
o 20 a3
Roapaax {|PID
L D - - REWIEGL o 0.0-3.8 Dack Seown/ - Brrcsp DEY pyniE
7 Qe e T “‘,',p.v\ T MED GRAVE,
- | - L AMP =0 — CORMSE SAND,
—BeuTonne
- 2 — —
. g e Y
~3 7 = ersing q30-50 Licwr PEOtoN ~Clay AnD Sir
— 4 = LAE.LL,,\\ ] N
- (= S .
- = Ser _ : , DEN
[5‘ - 0.0 Srooal’ 5, VO Dprx Besioa) D"/ &
61|zl "l sawp T ST Aap Fivs sap,
. PACI<
e 7 — . . —
- 8 - N : « ]
_? i N g - —
— /O — R - o B ,
y = OrcoaA) 10-0.-/5.0" sscrwr Beoiun) JeT FrAare
il ot { =0 N soavo awn Sres
= ] 2. - -
—- 3. - -
— JY k- E -
— /5]~ |= - , _ ~
7 | LN 15.0-77.0 Litm7T BroOWA WET Fras
— ]| - 50 =
- /7d|- : Be _ - rMMED GWND/ SOri = ST
4 er
— /8_. _| | Boearey —
@ 30’
._./q_. -
— 20 —~
02100144 D mn -



GROUNDWATER
TECHNOLOGY

Division of Oil Recovery Systems, Inc

Well Number __/A{w/- 7 Dritling Log
-Profect OSmosE UWnon FRES.  Owner e __ | Sketch Map
Location é“ﬁf&écz_é/.,‘é______ Project Number _//0 - QO/ -~ /34
Date Drilled ,_é/é_?/c_??_ - Total Depth of Hole /3.2 Diameter _________
Surface Elevation __ _____ watsrLavet inttlal ___7- O 24.hra U
ScroerDia ' __Z2: 97 ength __ 507 Siot Size _ . O207 _ _
Casing Dia  _22:07 ___lengh ___3.07 Type . __APyC .
Drilling Company _<&.7. 7. _ Drifting Method /.Z’Qgcoxd_u_sray_"?gﬁ Notes

Oriller (224 CHERA) /BEENHARD togby Areveg

s &
$ 2 " e || &
=~ 2 2 a<Q o Description/Soll Classification
E =% 2 EE 5 (Color, Texture, Structures)
o © 4 ®
a 28 3
H Roavgox| (P! D
-0 - ; fjﬁu& = ] OO-5.0 /G HT Arown PrY Sier aan
b CEMEAYT
FBET™ N N
—~ 7 .
3 - ,h Jwew -
. - « CAS G L
S| 1= 0.0 HSPreody 506-9.0 npre Beowo And Gy
Al |=1- weL .
“ U ecreen T T MOTTAER CLAy, Trice o Sier Anp FoaE
= 7] 1=f. = SAwp.
— 7 ] «—| S
—| 21l sanp
/041" |- PAcCx | _ )
-— ’, 4
Y-l /0.0 200N 10.0-72.0"7 pres Brpowin CIE 7T Foase
= — —_— b
/ - SHAAMD AND Sl
—/2 . - = -
~A3 |-l I
-—/V—- : . - —
=54 -2 S 2eoN - sso-170°
— 2.0 O AT O prpe SEowr wET
— /6] X — * BXTOW, ol FnE S prp
/7 41 - [ |/ oF - '
. :/" Boung
/8| @ o -
—/7 — S
20 S
02100144 Pace ____ of L




’

N

<]

GROUNDWATER
-TECHNOLOGY -

Division of Oil Recovery Systems, Inc.

{s

Muﬂ -% : Drilling Log

[RRTR S L L = e

Well Number
Project COMOSE _ ____OWNer oo e . SkBICh‘Map
(
Location _ Y20 FFALC e = — — . Project Numbe e e ! ‘ »
oca (%) e o} 'r .- ’... / r_ 7
Date Drilled ,_I.Q_/_Llﬁ_o_ _ Total Depth of Hole £Z __ _Diameter _/0:S” ob _ //
Surface Elevation ——__ Water Level nitiat _ [ 2.5 2abes. . : Mmw -8 r\J
of ' ¢
Screen: Dia. __Z _______ Length _ .. ._.5.,_.“ — __ _Slot Size -_Q;QLQ_ } =
7 ' ' .
Casing: Dia. ;_ _ ___ .Llength ____[__LQ“ e __ . Type _f_ﬁ ‘?._ ——— ' -
Not - =7
Drilling Company  _. .GZQ _ . . .- .. .Driting Method _ ,/iéf\_ [ oies
oriter [, MOLHERN)  legoy . MLEG .
3 8 g
o © » - - .
ot 2 ] a ‘ Descriplion/Soil Classification
a - Z’ g E (Color, Texture, Struclures)
o ° N
o z 38 B0/ Iy
T
— O LOC KNG / 3.5 - :
] . - i i
|._ L—rr 0 PPk Do O z SLIGHTLY >'¢*~MPJ G?QE‘(/EQJ
R I £ ) | _ _ ' T ©AR2D
:5' 2 BesToliTe - Recod = ©. % =N ’SOME =—C
— 2 -1 | G| |- — CAEANTZC . SOME (o R EYE.
" ’\:\7_'\ s ::{(;rﬂ/‘\
— | F(LL — — ¢
i bl wpome)  Z-4 - SUAGEHETLY DA™MD gret- BRS
- — - - —
‘% : ,,r-—*--—'z_ 2 MED — Cor¥se <a0D. SomE
. — l F?P (\5“ | ] f/"'(— C-)QA\/E,L_ ) ﬁL(C—JH( OM
! L )1.5 ! / '
— o e - Troen 4 L DUGATLT DAMP, DK, BRN
- E— MED — corehE SaD  TRACE
- 5 B F. 2aod. momME ConklkSTGRAEL
0.7 i <_,,~:f\} = e ! — —
[ _ - ~ AAMD L TAR - AREY =54 LT
iy Seme CLAC w/ ST Pt iond.
= (0-1 | CLA( _O O“ o 8, \ , N o o0 ol
] < C ] spoo < Damp  Ren/ren /aRex mormieDd
L TLAY, DO oPoK. MeD. DTIFF
] ﬁ He— B oron iz FO.O Speond ,o'.-)L' Samp  RED-TRR | SLIGHTLY oL
SCA I '
- /4_ ASY CLay | No oPok . TTIFF,
;n-"‘""_/f/ )
U : ZAD . ‘
1] wHTENSS < 0 O sPoo0 12 — 14 T DAmP, gEDLILn - BED [ RETY /B
»-—f"b—ir“— - - — S LT FImE DARD ARD LAy
—t- _ . / _
2 Ml — _’_—_O.DID \ _O.OH;:‘S PARTIRGD MED STIFF ., No obae
T || FRPSSEN ¥ cmen 4o
13 ] T - ' PAMP —» SAT RED-geny /GREY 22
T— - CANTD B T SILT, B AT L LAY PACT RGOS, L\TTYEE
— i 7 ] DK, BRI MED — corESE <ap D, LobSE
. ; o-& o cat wolor
2o — 1 . SPee e = 18 5 sat. RED-maD FioE DAND,
— < .
— . c.0 PR Some =ILT, LooSE . S odql
~ T lesE p L — SPEER D TIO 1 o ar BLANCHED - mawat S - RS
— 27— - R F— MED. sAD. (LAT 3EAME
Clay 4 0.0 |9 Loese. Vo ebo
! ] S poory 2= 22 - SAT. RED-REN Fom SARD 10T0 {Re
— — cLay @ 21’
— ] 5 L Syeor? Z-Z"’ 24_/ 7 ORT. ReD-Bad. CLAY | p0Te VARYED
CLAY /F=mM SaND @ 23,5
02100144 Page of




GROUNDWATER
TECHNOLOGY

Division of Oil Recovery Syslems, Inc.

b

Well Number _Cw-/ Drilling Log
Project OFTOSE. __ _oweel - ______ | SketchMap ]
Location —5-\—')-?—@&9*- e . _Project Number _S470_ 0223 e / ///
Date Driled .. QA/_ZJ_QQ_ Total Denth of Hole _{pS" _ Diameter _1Q.5__2) __ - //\
Surlace Elevation _ _____ Water Level, Initiat ,_&._&‘__ 2dbs ‘ /‘J '
Screen: Dia. .__ 2~ ____Length _ ..._.ﬁi__ o —__Slotsize . . 2/0__ et C‘dal
Casing: Dia.  _ _Z__”_ —__.Llenglh __ _ 5_7“1_, o __Tye _FRPF
Drilling Company <gf.l‘:-_. _ .. ODriling Method  _ _ Ef,;{\_ o Notes
Driller _M‘M%’Q oo - .. ..Logby _'_HL_@’.)_____‘_« .

wpeeny H G

< oo o e -1 -

E 8 g
@ G » 2% 3 . . e
et 3 9 o Descriplion/Soil Classilication
= _ @ > € - (Color, Texture, Structures)
Q = ¢ pd 14 s
] 9§ w ’ Vi
o z 8 Bl
5 1 o.9 Spoor C-2' 1 PreT Tk GREV-BAS. E - SAND. T
— © | — s T eIt ey T g EL Noe ooRr, Fiem
I mae,
a N j £-M o = . S poor z.—-4 A/ A
| - - . AU =< LT
— 7 | Sand 7T ° —{ S pooe> 4t A A ARTO ‘A\)/‘VQ'\)/C’L"',( ST .
: \ ) ' (ArmTLE T LAY R A Sl T AT S T
i ; / . z =
] ‘ 4 H20 4 cpror -8 nawa, Reohisn.pens LAY uwi/ otenn o
- 4 | i g ST PALTIOG &, MED STIFT
- 2] C N FoTT ANk TekE
il 3l ooty & =40’ A A RTS SAT. REL - A , a/\"‘:ATi'Q
— = I = — ST e 5&/ <Teor G obof. AT
i 3
: i LA ! , N o = - v TS
— ) ey PARI SRR spooy I8 -z AR, REvsisr-GEETZM, F -1 AN,
i m A ADIE o, <oME-
— — - —4 =0 KoTED. oo =
L a o l\.:’) LPOCK |2 -;A‘/" CarT. GLET- B, [ sh,fdo, TRALE
-— }—~ ——y b
A ST, MoCE¢r E @ioRk , LoosE
- 7] i ) CO B 35—1 AT PR RPN - L o SanD, TrRALZ

i GHuT oo . SoME SREEN-T

T
[ P
EMBEDDEY Gesusl ((fES

AJa . w /T<r‘5-3

.
.
.

— — I
|
— 1T : F-r ! K - 44 — cpoor @ -zo BT GREY-T2A0-R2D, FoM 2D, tomMge
| - A ~ - / 4 - .
_ ‘ , A /& .5 toonEs A0
— 1l ] eanolg R Cuny, o T sea @
Sy S § I | £ v P, (5.5_1 Lpoon) ZO - 22 ;. =aT, gesv-BRR-REY oM Seed, TRME
s |E B T, TRACE CLAY. Er{RZEOLED ‘l!/TmE'
. IR | B S , TE crAVEL: Lo2SE
/( o oA 37 wpoor 22 - 240 sar, aeEY-mes-ReED, Frm S AOD, Somg
— o~ euy T ST AOD (LAY, EmBEeed W /TaneE
8 | S o FWE GeAVEL . MED. STIFF
= : o f L4
w T B[ 7] spee 2e-2es A/
A | b WL 0.2] speor> ze'-28': aeev-gen-Red, F-M SA0D, TRACE S
S ] TRACE CLAY., PRV, RNo ovok .
i ! /
20| 1| i 9 £ ] spoorm 280 20 SAT, GRET-ZRM- RED FINETAMD AWD
1 N l SILT SOME CLAT. MED STIFF S omer
RNt | A E XS 5 poord 2 -z BAT, GRET-BRS-CED, SiLT AND CLAY
|22 i S W/ 5.2 SEAM oF BLAK/ AHITE LoAgss
: ¥ , ., s @20, MED STIFF
7 | =l sporn 32739 NO. REcovelY
il P70 smor 24'- 30070 4T, 2R -BLACK | PO SAND. SEAY
R : HEAN OF Foc @RAVEL (B 2S5, ("
2 qo0
02100144 Page of



G| GROUNDWATER
TECHNOLOGY

Divislon of Oil Recovery Systems, Inc.

e Well Number (‘_v\/, ) (Co;)T/UUED) Drilling Log

AY
Project OsHoSE- L OWNer Sketch Map

‘e

Location __.)5_(2 FFA\LL __ __ __.._ Project Number ;
Date Drilled  ._ Kl/_;_/_ﬁo_ _ Totatl Depth of Hole _&_b._l-‘_ Diameter __,L_D_.__,__O_D‘
Surface Elevation !

Screen: Dia.  _ _ S . —__ _Slot Size

!
Casing: Dia.  _ _ . Length __ _ 5_ 7 e Type T 2L

e
Drilling Company _ 71 e = .. Driiing Method  _ . 1 /_/3_._ e s

Wl MoLHECK . Legny MUG. .

Drilles

?

Description/Soil Classification
(Color, Texture, Structures)

Depth (Feet)

e

| Construction

1 Well

Spoen ¢ B - mey o TAT. BLicr JeRe /e Fs Sa0D,

CITTLE 1T, TRACSE oAl ’A\)D—
, , F seavEL. V. loozme

speon L 35S —-40 <Nt RN L R ~ED.
2D B A0 1 ER ore lpacem D

TS AvEL @ 49,6,‘ NC o T :

40'=42" 1 war, TAN = BRIS | MED SAmD To <0,
O.7 " FarTE o8 ALAY THER (DARSE

CATy —Fuie GFauEl To 477 oot

yoce LELaV.

T spoon L

Spoen)’” 4z - 44 ;. s« TAw -ren M-C ';Ak:_P\ LoTTUE
T ogeaEs. No opek . Fiem

cat TAR- BN M- (O SAND, TRAE
£ oanod, No ones. Firm

sroors: 44 - 4

: / ’
“poChD 4o -48 1 AT TAw-TES, B-C < AT TRAC=
T E TAND . r\:o ool . Loartle

FoC GRAVEC . ' Rocw T eammmsTs (DoLoniT £). Tl
S AT T AN - el VARVED MED. SAND A
Co/\u GRAJEL, FIRM ., No e |

VREVED
Fel SAD 12 : TOBAT, TAL. ~Trn, M- zmbl’xema
SOt E FloE GreiveL. iR o o DR

F Geavel 5 2 = : TOSAT., TAR-ZRN F-t4  <Sand TEACE

CoOAKSE  SAD,

4

sA-r" T AnD /Q/QJQ} (Ej_ SA\)D_
SAT, The- GeE-Bus, MED. sAnD.

o4 ;_\ DRI FoR M o

LpPooNd 58'—00'; SaT TEN - GREY- 2R Ar//\
N

DEeord o~ (T 7 DAT,
r\QﬁA " !_)L)\Foﬁﬁ

=~ ° Ipe b~ L' AfA Te CZ- s’
— " “RC
ﬂrf;f:? sUSPECT o8 BED 2OC Kk | recD_EAra = 2 /Hmu 22
Do PRE<=EL. = TEO Psi
RpMm= Iboo
CORTIRVED CQ(MT\U\_}C.) BY Do M, ATVARCED
APPEDY . 4 i

spccw

TAR -GREN - BRAY | F =t 50D

TRED WD CPADE Sppe

C AV AE ol VE

L BEpROCK

02100144




*

T S © Well Numb
Him|C GROUNDWATER Pe . tm; erb
(I Tecevorocy, Inc. roject MumBer

Project: OSMOSE. / E))FF‘\_LO
/ H

Date Orilied (0/5 /‘)D 7.0. of Hole Lo Diometer 2.5
T.0.C. Water Oepth, Initiel NS

4 Siot Siza _O-010
RP

Length

Screen: 0Olam.

7 (4
Ccsing: Diam. :Z— ! Langth .S Type
)

Defliing Co. =T Oriting Method
Ortler 1YL oL ngen Log by viLa Sampling Method __S0L1T - S pooe

1
!
Y29 Dascription/Soil Clessification
E' (Coler, Texture, Structures)

o
Q
-

tion

Construc—

Well

-
)

2_pesonrey bom

24|
B s 11

**F; -

ARG

e e
T2 SEA—
SPLT Speon

| |
1

|

|

i g




| GROUNDWATER
B TECHNOLOGY

Division of Oil Recovery Syslems, Inc. 1~

Well Number_Mw-9 Drilling Log

Sketch Map

Project Number QUIQ_ 5470 Qro3 Qeg Muf - YeonT Y
Date Drilled ,,_JQAO_/E_O_ Total Depth of Hole Diametar lo__S_I_QQ__

’

Surface Elevation .__ ____ Water Level, initiat _ 3.5 __ 24-tus.

B 7
G TS s

L&

-
3,

/
Screen: Dia. Length _ . . 20 . __ .. Slot Size

/

Casing: Dia. . ' Lenglh _5 [ £/ o 1)

Dritling Company _QTL . . _ -_ _ Drilling Method

Driter __ M. MOWLHELN _ __ _ legwy . MLG

Description/Soil Classitication
(Golor, Texture, Structures)

Number

Depth (Feaet)
Construction

Well

¥
N

O |Gmphielog
—X
v)

}

- e

DamP —FMoisT Dr. DRV, STV FnE

/
SAauD. —> RED-Ber (LAY & [ 4
DIRERDEV W /TELACE BRICK FRAQMEN

1

TRAP—> Mo isT RS, TR SILTY LAy

ENBEIDED W/ TRACT oA SHE BAOP—>

Fuse G RAVEC . .
&Yy -
ThMP, Repizr-2RN CLAY m/(w? :
RRID  =il] PATIOGS.  SULIGHLT
MED, =7 1FF. N ObOS

MenTLEO,

LGt
6(}\(.4‘7(’:( REPDISH - TR (LAY

iy =T @ 7.0l stienly

tMorTLED . OCLATSS oAl ST PACT NG

Ne omol. ST F/L

> 8.5 A/A

E.53> 0.5, Mol > SAT. 2Ty Fuss
ARl ANRD CLATY,

KT

9.5 (5.0 T SAT. PiRKIne RO T a0y
AN TALT "L»T‘TLE C LAY
TAT. Poemd Zew FLSAOR SowmE Sl

TRACE CLAY. MED <7101
2= 14 A /A

; . CLAY T =
14 (o BAT. PKISE BAR, %“‘t{ ~A, ‘s)\c;
14 ; B .
FluE <sAmD T /S.s . wEns

, , < ANID.
e = 1R a7, QRETY BRA guog DAND 1RT1o
(LAYEY FINE wAnD @ /7.2
E55—20‘-’ S AT ?nm‘zsé'cﬂ.ef?-ﬁt-«)} CLAYEY FrIrne A
LiTmiee ST,
20'- 22" SAT, PIOKISH-BRN. VARUED FINE DAMR
. SILT ARR SILTY CLAT.
/
L -zd: pfa
z‘q("&(.ali SAT | Puskiati-aipd VARVED £ > M SAMD

#
[ ; foBILT ARD ST cLaY.

= s N NSE ARSI AT D AN
l: . i T L0 L TAT Pusk ek - DR, CLATEY Si0E SANLAND
- ; STAT I AL MED 2l PACTING .

02100144 Page o




GROUNDWATER
. TECHNOLOGY

Division of Oil Recovery Sysiems, inc. .
Well Number__M«- 9 (wm’.> Drilling Log

Sketch Map

.

Gz 0%
0.5 0D

. o . SN = =
Surtace Elevation __ __ __ Water Leve), initiat _ 2.5 _ 24 E#’?—- BT

i /
Screen:Dia. __Z_ _____tengn ___Z20 _ ____siotsice 0 T 5RAes . )
/ —“(

Casing: Dia.  _ _ Length _ _ _ _6_ —— e —— . Type
Drilling Company __%LL e e .= —_.._ Drilling Method .__H.%’\

Driller _~_ﬂ—_’49£‘m2_fi_l\>_ o legby . MG

Description/Soil Classification
(Color, Texture, Structures)

Depth (Feet)
Construction

Well

T Soradl AT
REY O F oM

SRR AN )] m_(

P LACED

Decinad

/ -
BooTiart o5 Do”inté ‘4// BeEeToa T
LAY SBellS To PREVELT

ek ) e T S AD

02100144




| GROUNDWATER
TECHNOLOGY

Division of Oil Recovery Systems, InC.

Well Number M- (O Drilling Log
Project O%IiO%E _ Sketch Map

Location _E)U_Ffé\LQ __________ Project Number Q)10 _S470 02073
/ . ——
Date Drilled v_LQ,[u_/j_O___ Total Depth of Hole 23 __ Diameter _[_0_'__5.C__-

! i
Surface Elevation __ ____ Water Level, tnitiat "~ | l 24-hrs. | i

e

i — . Slot Si

T e XERP L
o __._DrllingMethod __HODA T

e = Log by ___._M.{{_,CQ_.._ SN

.

|
|

Description/Soil Classification
(Color, Texture, Structures)

Depth (Feet)
Construction
raphic Log

3

MosT D B STy Flos 2AMD
i

s GRAUEL

EMBEDDED =/ LuTes

Dot
LUTTLE C LAY, WO ©7¢

A Ny ‘,:,_.,./o@v\xf:‘
LAmP MoTied MR

J rorce
CLaceY DiLT ED W/ TEACE

=
(mn@SE =033 )

N\aED
o cpo L

A/ BOT @orap ik

=AM oF DK 2D

NO 2CTcow.
DA:"\? Tk BROMS LEAM A/A e DTS OER
T 70 0TS RED - BRR CLAY Tencs
SiLF u\,"/l GEET SILT pALTAGS, O
=Dor ’
DAHF_ Piny R LAMOUOAT =D LAY
v/ siir pAakTioes To O3
L)l%'._\o'-_ BAoeT (LAY EY File ?-)\"‘Dj(.ﬂ‘r =

<Lt No fdboRr.
SAT Puok-BRN F SAND, S0ME iLT. wm/fes
RO . 200K
SAT, Paiox. E(’,\!c Zaoe SARD,
TRALE CLAT
3.8 — 14.0 ¢
SatT. Geey- BRN VARVED mMeD sand,
FU0E DAND AND CLAYEY F. DAL STIFF
ADD MO ODoR.,
sap, POK-BEY. CLATEY FuE DA
ALD SILT ccaasIocAL £ SARD pPARTINS

0
SAT, PImK . e CLATEY FrE S ASD A

) - -
Gezr BRY FARE Saob.

— /4 4 E oM SARD =
22. 8

: ' . 14
sl B E ’ ; <AD Te 26,2

Mb—> B & Aurl aTe

02100144 LLers £ Page of

UL TR O U i




<

GROUNDWATER
TECHNOLOGY

Division of Oil Recovery Systems, Inc.

Well Number_ =3 ~

<

Drilling Log

Project Qﬁfi@ﬁg/ﬁ OFFALO  Owrer oo .
Location IDUFFALO . _ Project Numbet . _ _ o .

Dale Drilled __[Q/J_uz ZSO_ Tatal Depth of Hole

t
Water Level, initiat __C_%-_—? L.24WNes, o

Surface Elevation  __ ___ _

Screen: Dia. N/A _—._..Length _ ._NZ/'-_ e w e Slot Size -&_Lé&___ -
Casing. Dia. . N/_/:\ . __ Length .._ _ .. - e -—.Type e e e
Drilling Company _E$RTH DinENSIcS Dritling Method _ M SA_ ...

Driller _.‘DAL‘@_ __.G@%Maf\ ... . .Logby __fﬂb&a_ e e e

Sketch Map ;
D) — TN B
— B
Mui-9
ar
e N —>

L orT v

Notes

= g E 3 by g Description/Soil Classification
'g _ @ S ’5:&” (Color, Texture, Structures)
o 35 z gﬂ/}
Q g &)
I's
- O (258 —Sj_ Spo0R O =77 TUGATLY DAMP Dk ZR —~ BLACK iy
\ FIVE SAnD | TEACE LAY (aMEUED OF
T 7] ASPHACT ) | 0TO RED/BRR/GREY MOTTEE
L_Z_ - | CLAY. WED, =TIFF @ (.5’
L ] 5,3,,5,,r_4,0_ L PoOOND é "f. LGHTLY BAR, ReD /&au/c/:ﬂzf HMeTTy
1 CLAY. HARD | o eonok.
4 ‘ ]
* A\ 8 .
/\J"“/A\ ,
5 SN — ‘ & W
o et 4| 4.7 |ecoeny A~ PAn D A/.‘\ INT O RED QLAY u/
o - TLALK vEIOS, cccaSSiomAL
— R SULT =2 Floe Sand PARTINGD.
. / ' ~ .
~ = . a.a.0| 72,567 <oop bHh -5 D) ReD - DAN CLAY ORIFOEM ALD
' ST FE.
L7 g «
L0 I
/ { . ‘
] &,4,5..{ 19 spoer B8 =10 sA RED-De.  Floe asud, ©OrotFeRkM
Ne ©DoK.,
— /7 < L
, ! /.
S 74771 derseny 101270 A /A
>—-/% —e - 4 , ,
s7.a1|| Coofteeerd 1T I4L A/A L LaTLe ST
— /(d— — 1 g ! I
s || 20 | speeN M -ie
-— r— - 7’ /
M.0- (4.5": s~T. RED-BAM | CLAYEY FINE SAND
— 18 — ] LITTLE =Y. o~ FoRn ’
/
] 7 tE-18.0 TMEIST R ED - B FawE SAND, TRACE
/
7o ] L ] ConRSE @mu:a.y(eoouvéb).
— - — — 1S.o'- ., ShT RED-BLY CLATEY FINE A P
— -— P——- —
p—— — ot —
b — —

Y]

n21nnsaa

™ o~



B! GROUNDWATER
TECHNOLOGY

Division of Oil Recovery Systems, Inc.

Well Number

»

e Drilling Log

Sketch Map

7

Project = =2t - e e e e e

Location _ E2uFFALD N Proiect Number 01/ 0_5470 ~2227
Date Drilled  _ I_D/_l__t_o[i)(_)_ Tatal Depth of Hale Diameter ._{2.3 29 _
Surface Elevation _.__ ____WaterLevel tnitial ._ ____ __24-hes. ____
Screen: Dia _._Z_‘i_ —_—
Casing: Dia. . 4 '.I_ .

Drilling Company _.E_éé';**_ _LIM‘-C:'J;_'OPD‘%ng Method __ _'{6.8_ ——

oriler _DALE. QRAMZA | | togny - MLG .

Description/Soil Classitication
(Color, Texture, Structures)

@«aphic Log
=

Depth (Feet)
Construction

Well

T
O
1

DaMpP DK, ZEN FIdZE Smab AOD
)
ST wire o 3 M es Tas F SAD

Teacz SiLT (& 1.5
C.eo— 2.7
PAM7 DK BAN SITY ENE SanD LITTLE

Cia~x =mBobBED ‘»i/ruca ‘o aRSE-

Saop.

2.7 -4.0 :
Dam . Bed- R /04/"*-’675 /@erEY
CUTTLE  FiE SA0]

MOTTLED C LAY,
thED, STIFF Lo opol.

DAMP KED—B-GL//‘(:‘K-&/QC-;E._ GreeT

< HT ST rFoTTLED CLA‘(L’:T =T,

W

LU T

TRACE F. TAMD.

C cE ST
CAMP Red-izRe QLAY TEA

PecAs oAl SILT  PARTIRNGS
No cor. =7ifF.

B B.13 . DAMP ReD-Bea CLATEY
= iLT LAMIRATED N/G&a‘( = CTY

CLAY PALTIRG.
E.>— 5. DA Q&D—&—U\’/@ﬁ’if
e G S Tl aTe moTTCLED CLAT.

9,5 - 0.0 <47, RESERR FIaoe

SALD. Lo Fogrt.
SAT. L= - BRA) O FodrA PO "2ad

TOME e LT, TRACE S LAY, FRA.
po oP e,
A A

aatr LED-HRN CLAYET F.o=AnD
RES-BELN | cravg
= AU L FRA

[lo — 1T.0:
FIROE- %kf\)b,w )
REN - e N CLAT

02100144 FEN. CLAYEY A SAMND.




@ GROUNDWATER

)
=
-
S,
-}
—_
o
Zz
T
>
&
=
L
L

|
[ ]

..

o o o o e e




APPENDIX E

WELL DEVELOPMENT DETAILS

MW-8 MW-9 MW-10

WATER REMOVED

(galions) 30 87 35

“TURBIDITY PRIOR

TO DEVELOPMENT 29 5.6 4.0
(NTUS)

" TURBIDITY AFTER

DEVELOPMENT

(NTUs)
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Coumarone
n-Cymene
Indene
Phencl!
O-Cresol
Benzonitrile
m-Cresol
Naphthalene
Thionaphthene
Quincline
2-Methy!naphthalene
lsoquinoline
1-Metnhylnapnthalene
4-indanol
2Methviguinoiing
Incole

iprenyl
1. 8.-Oimetnyinaphtnalene
2 3-Timetrvinapnthaiene
Acenapninene
Dibenzofuran

Fluorene

CREQSOTE COMPOUNDS

Formula

CgHe0

CioH14

Boiling
Point

174
177
182
181
180
191
202
218
222
243
241
238

245

Concentration
Range

A

A




Formula
1-Naphth'onitri|e C11H7N
3-Methyldiphenylene C13H100
2-Naphthonitrile Ci1H7N
9, 10-Dihydroanthracene C14H10
2-Methyifluorene Ci14H12
Diphenylene Su!fide C12H8S
Phenanthrene CiaH10
Anthracene C14H10
Acridene C13HgN
3-Methyiphenanthrene ) Ci13H12
Carbazole C12HgN
4, 5-Methylenephenanthrene CisH10
2-Methylanthracene ’ CigH12
9-Methylanthracene ' CigH12
2-Methylcarbazole Ci3H11IN
Fluoranthene CigH10
1, 2-3enzodiphenylene Ci1sH100
Pyrene CieH10
Benzofluorene Ci7H12
Chrysene
Unidentified Compounds in Distiltate
A = Compounds having a concentration less than 0.5%

B = Compounds having a concentration greater than 0.5% and less than 3.0%

C = Comoounds having a concentration greater than 3.0% and tess than 5.0%
D = Compounds having a concentration greater than 5.0%

Boiling
Point

Concentration
Range

297
298
304
305
318
332
340
342
346
350
352

353
360
361
363
382
385
393
413

448

A

B
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OSMOSE WOOD PRESERVING. INC.
980 ELLICOTTSTREET » BUFFALQO.NY 14200-2398
(716) 882-5905 FAX 716 B82-5139

IF’HYU?FF’Iﬁ
FtB @91 b

January 31, 1991

Mr. Bruce Ahrens

Groundwater Technology, Inc.
12 Walker Way

Albany, NY 12205

Dear Bruce:

We have discussed the prior use of the area of our property at
980 Ellicott Street in Buffala, New York. Please note that the area which
now has been penetrated by MW8 was formerly a coal din. It is situated on
the south wall of our boiler room. When it was in operation {prior to about
1960) this coal storage and feed area was about 2-4 feet below the present
grade and was covered by a shed type roof which attached to the building's

wall. The structure was about 15-20 feet square and had a dirt floor. There
was a screw conveyor in the pit to traﬁSport coal into the boiler room for

stoking.

We have checked our corporate files but cannot find any pictorial
record of the coal bin and feeding eguipment. Also the area adjacent to MWll
is the area where we photographed the asphalt piles ieft by National Fuel
Gas during their street excavations during the summer of 1990. To our knowledge
these piles still exist to the present.

Regards,

chael E R1der
Tant Manager

MER:¢c

QUALITY PRODUCTS AND SERVICES SINCE 1934
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