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SMonitoring is necessary to ensure the integrity of the Response Action Outcome. A completed Response Action

Outcome Statement and Report (BWSC104) will be submitted to DEP.
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be submitted to DEP.
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Outcome Statement and Report (BWSC104) will be submitted to DEP.

c. The requirements of a Class C Response Action Outcome have been met. Further Operation, Maintenance or
Monitoring of the remedial action is necessary to ensure that conditions are maintained andlor that further progress is
made toward a Permanent Solution. A completed Response Action Outcome Statement and Report (BWSC104) will
be submitted to DEP.

S19. Submit a Revised Phase V Inspection & Monitoring Report and Completion Statement, pursuant to 310 CMR 40.0894.

S20. Submit a Post-Response Action Outcome Inspection & Monitoring Report, pursuant to 310 CMR 40.0897.
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FORM & PHASE I COMPLETION STATEMENT - 2691
Pursuant to 310 CMR 40.0484 (Subpart D) and 40.0800 (Subpart H)

C. LSP SIGNATURE AND STAMP:
I attest under the pains and penalties of perjury that I have personally examined and am familiar with this transmittal form,
including any and all documents accompanying this submittal. In my professional opinion and judgment based upon application
of (i) the standard of care in 309 CMR 4.02(1), (ii) the applicable provisions of 309 CMR 4.02(2) and (3), and 309 CMR 4.03(2), and
(iii) the provisions of 309 CMR 4.03(3), to the best of my knowledge, information and belief,

> if Section B indicates that a Phase I, Phase It, Phase Ill, Phase IV or Phase V Completion Statement is being submitted, the
response action(s) that is (are) the subject of this submittal (i) has (have) been developed and implemented in accordance with
the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000, (ii) is (are) appropriate and reasonable to accomplish the
purposes of such response action(s) as set forth in the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000, and (iii)
corrmply(ies) with the identified provisions of all orders, permits, and approvals identified in this submittal;

> if Section 8 indicates that a Phase II Scope of Work or a Phase IV Remedy Implementation Plan is being submitted, the
response action(s) that is (are) the subject of this submittal (i) has (have) been developed in accordance with the applicable
provisions of M.G.L. c. 21E and 310 CMR 40.0000, (ii) is (are) appropriate and reasonable to accomplish the purposes of such
response action(s) as set forth in the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000, and (iii) comply(ies) with the
identified provisions of all orders, permits, and approvals identified in this submittal;

> if Section B indicates that an As-Built Construction Report, Phase V Inspection and Monitoring Report, or a Remedy
Operation Status is being submitted, the response action(s) that is (are) the subject of this submittal (i) is (are) being
implemented in accordance with the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000, (ii) is (are) appropriate and
reasonable to accomplish the purposes of such response action(s) as set forth in the applicable provisions of M.G.L. c. 21E and
310 CMR 40.0000, and (iii) comply(ies) with the identified provisions of all orders, permits, and approvals identified in this
submittal.

I am aware that significant penalties may result, including, but not limited to, possible fines and imprisonment, if I submit
information which I know to be false, inaccurate or materially incomplete.

1. LSP #: 4488

2. First Name: Ronald 3. Last Name: Richards

4. Telephone: (617) 589-5499 5. Ext.: 6. FAX: (617) 589-2160

7. Signature: gu_

8. Date: 9. LSP Stamp: OF

(mm/ddlyyyy) g RONALD
CH.RICHARDS i

$ No. 448,
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Massachusetts Department of Environmental Protection
Bureau of Waste Site Cleanup BWSC108

COMPREHENSIVE RESPONSE ACTION TRANSMITTAL Release Tracking Number

FORM & PHASE I COMPLETION STATEMENT - 2691
,..-,.. Pursuant to 310 CMR 40.0484 (Subpart D) and 40.0800 (Subpart H)

D. PERSON UNDERTAKING RESPONSE ACTIONS:

1. Check all that apply: Li a. change in contact name O b. change of address w c. change in the person
undertaking response actions

2. Name of Organization: City of Lawrence - Office of Planning & Development

3. Contact First Name: Thomas 4. Last Name: Schiavone

5. Street: 147 Haverhill Street 6. Title: Lawrence Gateway Project Director

7. Cityfown: Lawrence 8. State: MA 9. ZIPCode: 01840-1515

10. Telephone: (978) 794-5891 11. Ext.,: 12 12. FAX: (978) 683-4894

E. RELATIONSHIP TO SITE OF PERSON UNDERTAKING RESPONSE ACTIONS:

nV 1. RP or PRP [ a. Owner I] b. Operator ] c. Generator O d. Transporter

-- e. Other RP or PRP Specify:

[ 2. Fiduciary, Secured Lender or Municipality with Exempt Status (as defined by M.G.L. c. 21E, s. 2)

O 3. Agency or Public Utility on a Right of Way (as defined by M.G.L. c. 21E, s. 5(j))

S4. Any Other Person Undertaking Response Actions Specify Relationship:

F. REQUIRED ATTACHMENT AND SUBMFITALS:

1. Check here if the Response Action(s) on which this opinion is based, if any, are (were) subject to any order(s), permit(s)
I and/or approval(s) issued by DEP or EPA. If the box is checked, you MUST attach a statement identifying the applicable

provisions thereof.

2. Check here to certify that the Chief Municipal Officer and the Local Board of Health have been notified of the submittal of
any Phase Reports to DEP.

o 3. Check here to certify that the Chief Municipal Officer and the Local Board of Health have been notified of the availability of a
Phase Ill Remedial Action Plan.

H 4. Check here to certify that the Chief Municipal Officer and the Local Board of Health have been notified of the availability of a
Phase IV Remedy Implementation Plan.

Oi 5. Check here to certify that the Chief Municipal Officer and the Local Board of Health have been notified of any field work
involving the implementation of a Phase IV Remedial Action.

j 6. Check here if any non-updatable information provided on this form is incorrect, e.g. Site Name. Send corrections to the
DEP Regional Office.

S7. Check here to certify that the LSP Opinion containing the material facts, data, and other information is attached.

Revised: 04/22/2004 Page 4 of 5
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Massachusetts Department of Environmental Protection
Bureau of Waste Site Cleanup

COMPREHENSIVE RESPONSE ACTION TRANSMITTAL
FORM & PHASE I COMPLETION STATEMENT

BWSC108

Release Tracking Number

- 2691

- _ - Pursuant to 310 CMR 40,0484 (Subpart D) and 40.0800 (Subpart H)

G. CERTIFICATION OF PERSON UNDERTAKING RESPONSE ACTIONS:

1. 1, Thomas Schiavone , attest under the pains and penalties of perjury (i) that I have personally
examined and am familiar with the information contained in this submittal, including any and all documents accompanying this
transmittal form, (ii) that, based on my inquiry of those individuals immediately responsible for obtaining the information, the
material information contained in this submittal is, to the best of my knowledge and belief, true, accurate and complete, and (iii)
that I am fully authorized to make this attestation on behalf of the entity legally responsible for this submittal. I/the person or
entity on whose be his submittal is madetis aware that there are significant penalties, including, but not limited to,
possible fines f rnitting false, inaccurate, or incomplete information.
2. 7fBy: u I_ _____ _ _ .. _.__ "3. Title: Lawrence Gateway Project I

Signature

4 For City of Lawrence - Office of Planning & Development .Date: 2
(Name of person or entity recorded in Section D) (mrmddyyyy)

1. Check here if the address of the person providing certification is different from address recorded in Section D.

7. Street:

8. Cityf/Town: 9. State: 10. ZIP Code:

11. Telephone: 12. Ext.: 13. FAX:

YOU ARE SUBJECT TO AN ANNUAL COMPLIANCE ASSURANCE FEE OF UP TO $10,000 PER
BILLABLE YEAR FOR THIS DISPOSAL SITE. YOU MUST LEGIBLY COMPLETE ALL RELEVANT
SECTIONS OF THIS FORM OR DEP MAY RETURN THE DOCUMENT AS INCOMPLETE. IF YOU

SUBMIT AN INCOMPLETE FORM, YOU MAY BE PENALIZED FOR MISSING A REQUIRED DEADINE.

Date Stamp (DEP USE ONLY:)

ReI: 042/20 PaeIf

I i
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List of Acronyms (continued)

MADEP Massachusetts Department of Environmental Protection
MCP Massachusetts Contingency Plan
M&E Metcalf & Eddy
MEK methyl ethyl ketone
MHD Massachusetts Highway Department
MIBK methyl isobutyl ketone
MS/MSD Matrix Spike/Matrix Spike Duplicate

NFA No Further Action

OHM Oil and/or Hazardous Materials

OPM Oxford Paper Mill

PAH polycyclic aromatic hydrocarbons
PARCCS Precision, Accuracy, Representativeness, Comparability, Completeness, and

Sensitivity
PCB polychlorinated biphenyls
PHC petroleum hydrocarbons
PID Photoionization Detector
PLM Polarized Light Microscopy
PPE Personal Protective Equipment
ppm parts per million

PVC polyvinyl chloride

QA / QC Quality Assurance / Quality Control

RPD Relative Percent Difference
RTN Release Tracking Number

SAP Sampling and Analysis Plan
SOW Scope of Work
SVOCs semi-volatile organic compounds
S&W Stone & Webster Massachusetts, Inc.

TBA Targeted Brownfields Assessment
TCLP Toxicity Characteristic Leaching Procedure
THF tetrahydrofuran
TPH total petroleum hydrocarbon
UIJCL Upper Concentration Limit
UST Underground Storage Tank

VOC volatile organic compounds
VPH volatile petroleum hydrocarbons
XRF X-ray Fluorescence
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1.0 INTRODUCTION

The purpose of this report is to provide the Massachusetts Department of Environmental
Protection (MADEP) with a Phase H - Comprehensive Site Assessment (CSA) report for areas
north of the raceway at the Oxford Paper Mill (OPM) in Lawrence, Massachusetts. For this
report, the area north of the raceway refers to both the wedge area and the North area (See Figure
3). The Oxford Paper Mill has been assigned release-tracking number (RTN) 3-2691 by the
MADEP. Comprehensive Response Actions were conducted by Stone & Webster
Massachusetts, Inc. (Stone & Webster or S&W), A Shaw Group Company, in accordance with
the Massachusetts Contingency Plan (MCP), 310 CMR 40.0800, on behalf of the City of
Lawrence, the owner of the Oxford Paper Mill property. The general site location is depicted on
Figure 1 (Site Locus Map). Figure 2 shows the complete Oxford Paper Mill Site, including the
areas north and south of the raceway. Figure 3 shows only the entire area north of the raceway,
the area that this Phase II - CSA report is focused on.

This report provides a summary of known conditions on the north side of the Site and will be a
bridge to use as required to address additional site activities.

2.0 BACKGROUND

2.1 General Information

The former Oxford Paper Mill (OPM) Site, Release Tracking Number 3-2691, is located on
approximately three acres of land in Lawrence, Massachusetts, immediately northwest of the
intersection of Canal Street and the Spicket River (refer to the Site Locus Map attached as Figure
1). A small portion of the OPM is also located north of Canal Street on the eastern bank of the
Spicket River (an urban surface water body that abuts the OPM). The OPM is transected by a
raceway, which discharges to the Spicket River. All nine buildings (Building Nos. 1, 2, 3, 4, 5,
6, 13, IA, and 28) that once occupied the south side of the OPM have been demolished.
Buildings north of the raceway were demolished in the 1970s. The OPM is surrounded by either
a wooden stockade or chain-linked fence. Oxford Paper ceased operations at the Site in the mid-
1970s. The City of Lawrence took ownership of the property in 1983.

Properties surrounding the OPM are used for commercial, institutional, and industrial purposes.
GenCorp, Inc. (GenCorp), the Everett Mills property, and Union Street are west of the Site. Canal
Street and the North Canal are south of the OPM beyond which are other historic mill buildings.
The Spicket River is north and east of the Site. The Lawrence General Hospital is beyond the
Spicket River to the north. The Everett Mills property is currently used for commercial purposes.
The GenCorp facility, which was formerly occupied by Bolta Products and used for manufacturing
rubber and plastic products, is currently vacant. The GenCorp facility was used most recently for
manufacturing plastics and vinyl coated fabrics; polyvinyl chloride, resins; methyl isobutyl ketone
(MIBK), methyl ethyl ketone (MEK), and tetrahydrofuran (THF) were used as part of these
manufacturing operations.
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Based on a review of the Massachusetts Geographic Information System (GIS) map (Lawrence)
(refer to Figure 4), the OPM is not within an Interim Wellhead Protection Area (IWPA) or Zone II.
Mr. Madden at the Lawrence Water Department indicated that the City of Lawrence obtains its
water from the Merrimack River. Water is drawn from one well in the Merrimack River; this well
is located in the river at the foot of Ames Street (i.e., at the intersection of Ames Street, Water
Street, and Riverside Drive), approximately one and one-half miles west and cross gradient of the
OPM. The city's reservoir is approximately one and one-half miles northeast of the OPM on Ames
Hill. According to Mr. Madden, several car washes and only one residence have private water
supply wells in the city. The closest private well is at a car wash approximately one mile from the
OPM. Based on a review of Massachusetts Surface Water Quality Standards (314 CMR 4.00), the
Spicket and Merrimack Rivers are Class B surface water bodies (i.e., designated as habitat for fish,
other aquatic life, and wildlife, and for primary and secondary contact recreation).

According to the Federal Emergency Management Agency, Flood Insurance Rate Map (FIRM) for
the City of Lawrence, Massachusetts (Community Panel Number 250087 0002B), the northwestern
portion of the OPM is within Zone A17 (i.e., an area of 100-year flood) and portions of the north
and southeastern areas of the Site are within Zone B (i.e., an area between the limits of the 100-year
and 500-year flood).

Site Subject Area - North of Raceway (Wedge Area and North Area)

The area north of the raceway (the Site) is in an area of commercial development within
downtown Lawrence, Massachusetts. The property does not contain any buildings or structures
and is unpaved. The area north of the raceway contains vegetation that includes trees around the
outer perimeter and tall grass throughout the interior portion. The Site is bounded to the north
and east by the Spicket River, to the west by commercial property (the O'Gara Building), and to
the south by the raceway. Access to the property is partially restricted by fencing along the
western boundary. However, the Site can be accessed from the Spicket River or via an exit of the
O'Gara Building. A Site Plan for the area north of the raceway is presented in Figure 3. The
property will be used in the future as a passive park.

2.2 Ownership History and Historic Paper Mill Activities

HMM Associates conducted a preliminary site assessment in 1992, which summarized the
history of the OPM. The following information is drawn from the HMM report (HMM, 1992).
The HMM report states that paper making had been conducted on the Site for 135 years, first
under the name Russell Paper Company, then Champion International, Oxford, Ethyl, and finally
Pleasant Valley Paper Mills. Operations ceased completely in 1974. The City of Lawrence took
ownership of the OPM in 1983.

Pulping of the wood chips was done by the "soda and sulphite" chemical process, which
produced a foul odor (HMM, 1992) and typically used a base (lime or sodium hydroxide) plus
sulfurous acid (HSO3). Another pulping process, called the kraft chemical pulping process, uses
sodium hydroxide (NaOH) and sodium sulfide (Na2S), and may have also been used at the
Oxford Site. The process was most likely conducted in steel digesters under steam pressure.
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Some papers were coated with clay, which was stored in silos that were once present on the
property. Buildings identified on the Sanborn maps include the "soda pulp mill", the "chemical
mill" (No. 15), a machine building, (No. 3), and a building containing "beating engines" and a
"rotary bleacher" (No. 6). Bleaching of pulp may have been done using chlorine or hypochlorite.
An open coal bin, boiler room, and "black ash room" are also identified on some Sanbomrn maps.
Note that building numbers, arrangements, and uses changed over the years according to the
Sanborn maps.

Contaminants that may be present on the Site due to former paper mill operations include
polycyclic aromatic hydrocarbons (PAHls) from coal, coal ash, and other combustion operations;
chlorinated organic compounds that may have been formed during pulp bleaching operations;
and sulfides from chemical pulp residues. The chlorinated organic compounds and sulfides
would most likely have been released to surface water and air, as opposed to soil, because they
are associated with mill operations that involved water discharges (to the raceway most likely)
and air emissions (sulfur compounds and other volatile organic compounds (VOCs) from stacks
and process tanks). In addition, underground storage tanks containing fuel oils and therefore,
petroleum hydrocarbons (PHCs) may be present in soil and groundwater. Transformers
containing polychlorinated biphenyls (PCBs) have historically been present on-site.

2.3 Environmental Compliance and Permit History

Since the Site is within the 100 year floodplain of the Spicket River (i.e., it is considered to be
Bordering Land Subject to Flooding), a Notice of Intent (a written notice filed by any person
intending to remove, fill, dredge, or alter an Area Subject to Protection under the Wetlands
Protection Act) has been filed by MHD with the Lawrence Conservation Commission.

IMHD has been given a National Pollutant Discharge Elimination System (NPDES) permit for
dewatering activities that are being conducted as part of the demolition activities associated with the
area south of the raceway. However, since groundwater exists at 15 to 20 feet below grade for areas
north of the raceway, its not expected to be collected or treated.

2.4 Regulatory History

A Notice of Responsibility (NOR) was issued to the City of Lawrence on May 15, 1989; the
NOR indicated that contaminant conditions at the former OPM render the Site a "Location To Be
Investigated" (LTBI). According to an October 23, 1989 letter from DEP to the City of
Lawrence, the Emergency Response Branch concluded that no further emergency response
actions at the Site were necessary at the time and the case was referred to the Site Management
Branch. The Site was first listed as an LTBI on DEP's "List of Confirmed Disposal Sites and
locations to be Investigated" on January 15, 1990. As a Transition Site under the Massachusetts
Contingency Plan (MCP), the August 2, 1996 deadline for submittal of a Licensed Site
Professional (LSP) Evaluation Opinion, as specified in the MCP (310 CMR 40.0610(3)(b)),
applied to the Site. Neither one of the submittals listed in 310 CMR 40.0610(5)(a) through (c)
(i.e., an LSP Evaluation Opinion, statement pursuant to 310 CMR 40.0610(4)(b), or Response
Action Outcome Statement) nor a Tier Classification Submittal was submitted to DEP by this
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deadline. As such, the Site was categorically classified as a Tier IB disposal Site on August 2,
1996.

On November 23, 1999, the Site was Tier Classified by Mr. Kevin Scully, LSP of Stone &
Webster. The numerical ranking for the Site was 558, and a Tier 1A Pennrmit Application Submittal
was sent to DEP on November 29, 1999 for administrative and technical review. A Site visit was
conducted by MADEP on February 3, 2000. During this meeting and subsequence discussions with
Mr. Kevin Scully and Ms. Ann Roche of MHD, Mr. Larry Mach of MADEP indicated that the Site
would be classified Tier lB. On March 3, 2000, MADEP classified the Site as a Tier IB (Permit #
W008661).

2.5 Soil and Groundwater Categories

For screening purposes only, the analytical results have been compared to applicable MCP
Standards throughout this report. A Method 3 Risk Characterization for this portion of the Site
has been performed and is discussed in Section 8.0. Soil and groundwater categories have been
developed by MADEP to facilitate the characterization of site risk where releases have occurred.
Appropriate categories for this site have been identified in accordance with 310 CMR 40.0990.

2.5.1 Soil Categorization

Soil categorization is described in Section 40.0933 of the MCP. Three criteria are assessed to
identify the soil category: accessibility, frequency of use, and intensity of use. Accessibility is
determined by identifying how close to the surface oil and hazardous material (OHM) is located
mand whether there are physical barriers such as pavement preventing access to it. At this site,
surface soils are considered "accessible" and subsurface soils are considered "potentially
accessible". Frequency of use describes how often a receptor has access to or use of the disposal
site. Intensity of site use is an indication of the likelihood of contacting or disturbing the soil in a
manner, which will increase exposures to OHM.

Soil contamination is present at depths less than three feet below the surface and access to the
Site by children is currently not restricted. However, children would not be found at the Site
with high frequency. Based on these considerations, and in accordance with the MCP soil
category selection matrix. Under the MCP (310 CMR 40.0933) soil is categorized as S-1, S-2, or
S-3, based on the current and reasonably foreseeable site activities and uses as identified in the
MCP. For the purpose of soil categorization, the potential for exposure is described by a
qualitative analysis of the accessibility of the soil in combination with information about the Site
activities and uses. The criteria contained in the MCP (310 CMR 40.0933) were used to describe
exposure potential at the Site. Site soils can be classified as S-2, unpaved soil within the
property, 0 to 15 feet deep.

Since the Site may undergo future development as a park, the S-1 category is applicable to soils
on the Site in the future. It is anticipated that the Site will be used for a passive park area, and
hence have a low intensity of use. The frequency of use is also expected to be low, which could
potentially allow for classification as S-2. However, because the City of Lawrence does not plan
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to regulate the frequency of use, the more protective classification of S-1 has been selected as
more appropriate for evaluating future risk.

2.5.2 Groundwater Categorization

As described in 310 CMR 40.0932, MADEP has identified three groundwater quality categories
under the MCP, each reflective of a type of risk that may be posed by OHM in groundwater.
Different combinations of these criteria are applicable at sites depending upon the groundwater
resource characteristics.

The GW-1 category is applicable to locations where groundwater is, or may in the future be, a
drinking water source. Based on a review of the MADEP Bureau of Waste Site Cleanup Site
Scoring Map (refer to Figure 4), the Site is not located within a designated Zone II, Interim
Wellhead Protection Area, a Potentially Productive Aquifer, or the Zone A of a Class A Surface
Water Body. In addition, the Site and surrounding areas are serviced by municipal water and is
not indicated to be within 500 feet of any private wells. Therefore, a MCP GW- 1 Groundwater
Category classification is not considered applicable to the Site.

The GW-2 category applies to locations where OHM may volatilize from the groundwater and
migrate into an occupied structure. Since no currently occupied buildings exist on-site and an
AUL will prevent future building construction, the current and future classification of Site
groundwater in the GW-2 (as defined in 310 CMR 40.0932(2) is not considered applicable.

The GW-3 category is intended to protect environmental receptors in surface water, which may
be exposed to OHM when groundwater discharges to surface water. As is the case at all sites,
the GW-3 groundwater category is applicable. The Spicket River, which abuts the Site, is a
potential surface water receiving body for site related groundwater. Therefore, completion of an
exposure pathway between contaminants in groundwater and this nearby surface water body is
considered possible. Consequently, consistent with the requirements of 310 CMR 40.0932(2),
where all groundwater is assumed to eventually discharge to surface waters, the groundwater at
the Site is classified as a GW-3 Groundwater Category.

In summary, based on the above soil and groundwater categorizations, applicable MCP
Categories are S-1 and S-2 for soil and GW-3 for groundwater.

2.6 Results of Previous Investigations

The following are the results of previous investigations for the areas north and south of the
raceway.

Briggs Associates, Inc., 1984

In December 1984, Briggs Associates, Inc. (Briggs) completed an Environmental Site
Investigation of the former OPM property in accordance with Massachusetts General Laws
(M.G.L.) Chapter 21 E. The study consisted of a Site reconnaissance, a review of information at
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the Lawrence Fire Department regarding storage tanks on the property, excavation of five
shallow (to a maximum depth of 7 feet below ground surface) test pits (TP- 1 B thorough TP-
5B), and collection and analysis of soil samples for volatile organic compounds (VOCs),
RCRA-8 metals, and oil and grease. Briggs concluded that, "RCRA metals, oil and grease, and
volatile organics concentration were all within limits not to represent an issue," and "all
factors indicate that the area is environmentally acceptable."

Eckenfelder, Inc. 1984 through 1992

Eckenfelder, Inc. conducted investigations of the GenCorp, Inc. Site between 1984 and 1992.
These studies were conducted in phases (i.e., Phase I-A, Phase I-B, Phase II, Phase III-A, Phase II-
13, Phase IV-A, Phase IV-B, and Phase IV-C). Eckenfelder's Phase IV investigations, which were
completed between September 1990 and December 1992, included sampling and analysis of soil
and groundwater on the former OPM Site. The scope and results of their work on the former OPM
Site are presented below.

Eckenfelder's Phase IV groundwater investigation program included: installation of monitoring
wells on both the GenCorp, Inc. and former OPM property; collection of two rounds of
groundwater samples from existing wells; collection of a third round of groundwater samples from
a limited number of wells; and collection of surface and subsurface soil samples. The following
paragraphs summarize soil and groundwater analytical results for the Oxford Paper property.
Figures 2 and 3 show the locations of monitoring wells installed by GenCorp on the north side of
the OPM property. These monitoring wells were decommissioned in 1997.

Soil

With the exception of 0.12 mg/kg of methylene chloride in surface soil sample G-19 (south side),
no VOCs were detected in soil. Low levels of SVOCs (i.e., benzo(a)anthracene,
benzo(b)fluoranthene, bis-(2-ethylhexyl) phthalate, di-n-butyl phthalate, chrysene, fluoranthene,
and pyrene) were detected in soil at various depths. PHCs were detected in three subsurface soil
samples (B-16XD (north side), B-22 (north side), and B-18 (south side)) at concentrations ranging
from 13 to 1720 mg/kg. PCBs (Aroclor 1254) were detected in two surface soil samples, G-19
(south side) and G-22 (north side) at 0.165 and 0.34 ig/kg, respectively. Mercury was detected in
surface soil at one location (i.e., B-19 (south side)) at a concentration of 43 mg/kg. Lead and zinc
were detected in surface soil sample G-18 (south side) at 230 and 200 g/kg, respectively. Phenols
were also detected in soil sample G-18 at 59.5 mg/kg.

Groundwater

VOCs (i.e., benzene, chloroform, ethylbenzene, toluene, 2-chloro-ethyl vinyl ether, MIBK, MEK,

acetone, THF) were detected at low concentrations in groundwater during Eckenfelder's Phase IV
investigation.
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Analytical results indicated the presence of low levels of PCBs in three wells (B-I 8D (south side),
B-20D (north side), and B-22D (north side)) on the former OPM Site at concentrations close to the
detection limit (concentrations ranged from 0.5 to 2.9 pig/L). Data validation concluded that the
PCBs values for these wells were false positives. No PCBs were detected in deep bedrock wells or
in wells along the downgradient perimeter of the former OPM Site.

Elevated levels of several metals (arsenic, chromium, mercury, lead) were detected in groundwater.
Arsenic was detected in wells B-16D (north side) and B-22D (north side) at 212 and 370 gg/L,
respectively. Analytical results indicated the presence of mercury in monitoring well B-19 (south
side) at 440 pg/L and lead in monitoring well B-16D (north side) at 16 gg/L

Phenanthrene was detected in groundwater collected from monitoring well B-22S (north side) at a
concentration of 70 jig/L. Pesticides (beta BHC) were detected in B-22D (north side) at a
concentration of 0.09 pg/L.

Based on the results of this study, Eckenfelder, Inc. concluded that the shallow VOC plume
emanating from the GenCorp, Inc. property has decreased in size and no longer extends onto the
former OPM property.

Eckenfelder, Inc., 1994

In October 1994, Eckenfelder, Inc. collected groundwater samples from 20 existing monitoring
wells located on and around the Oxford Site (both north and south sides). The samples were
analyzed for VOCs, PCBs, arsenic, chromium, mercury, and zinc. .Low to non-detectable levels of
VOCs were present in groundwater. PCBs were not detected in any of the groundwater samples.
Concentrations of arsenic, chromium, mercury, and zinc were consistent with previous sampling
results.

Eckenfelder, Inc., 1995

In May 1995, Eckenfelder, Inc. collected surface water samples from locations within the Spieket
River, North Canal, and raceway. The samples were analyzed for VOCs via U.S. EPA Method
8240 and tetrahydrofuran (THF). With the exception of 1.1 jg/L of 1,2-dichloroethene (1,2-DCE)
in the Spicket River at General Street (SW-1) and 2.7 gg/L of carbon disulfide in the raceway
(SW- 11), no VOCs were detected in the surface water samples collected.

Eckenfelder, Inc. 1997

Groundwater

Prior to March of 2003, groundwater at the Oxford Site was last sampled in November of 1996,
during a sampling event done by Eckenfelder for GenCorp (Eckenfelder, Inc. - Oxford Paper
Site Supplemental Groundwater Quality Report, 1997). The wells were sampled just prior to
being decommissioned in 1997. During the November 1996 sampling event, wells north of the
raceway were sampled and analyzed for VOCs, SVOCs, PCBs, priority pollutant metals, cyanide,

Office of Planning & Development - City of Lawrence Page 7
Oxford Paper Mill - Areas North of the Raceway

S tone &~ Webstear MOass#lna# cft
Phase II Com rehensi 

t



,a .Wpohtor Aenvv enrli ii code Tn,. Pe6ave Tn p j t A oeaemnn

and diesel range organics or petroleum hydrocarbons. Low levels of toluene (between 3.5 ptg/L
in B-21S and 17 pg/L in B-16S) were detected the groundwater samples. Methylene chloride
was sporadically detected at levels below 2 pg/L (in B-21S, B-22S, and B-22D), and was also
detected in field and trip blanks at similar levels. No data validation was conducted and it is not
known whether the methylene chloride detections would have been eliminated due to blank
contamination; however, it is considered likely.

13-21 S contained PAH contamination, acenaphthene, fluorene, and 2-methylnaphthalene, at
concentrations of 3.1, 4.8, and 2.8 pig/L, respectively. Diethyl phthalate was detected in B-22XD
at a level of 1.0 gg/L. B-16D and B-21S contained diesel range organics or petroleum
hydrocarbons in concentrations of 0.28 and 0.73 mg/L. No PCBs were detected in any of the
samples. All well locations are depicted in Figures 2 and 3.

The concentrations of organic contaminants detected in the November 1996 sampling event are
very low and sporadic, and are not suggestive of a significant groundwater impact at the Site.

2.7 Previous Assessment of Storage Tanks, Drums, and Containers

Information on the status of storage tanks, drums and containers is provided in various letters and
reports regarding the area north of the raceway and is summarized below.

According to a review of City of Lawrence Fire Department records by Briggs Associates, Inc. in
the 1984 study, no aboveground storage tanks were present at the OPM. However, the records
indicated that one 20,000-gallon and three 30,000-gallon underground storage tanks (USTs) were
present at the Site. The license for these tanks was issued on July 6, 1953. Fire Department
records also indicated that gasoline was stored in two 300-gallon USTs. One tank was installed
in 1921 and the other one was installed in 1928; both were removed on July 23, 1968.

A March 19, 1992 letter from Mr. Robert J. Devaney, Jr., Director of Environmental Engineering
at GenCorp to the City of Lawrence Community Development Department summarizes the
results of CDM's December 1985 report titled "Final Technical Memo Report #3 - Oxford Paper
Site." The letter indicates that the presence of three 30,000-gallon tanks at the Site was
confirmed in April 1989.

The May 15, 1989 NOR letter from MADEP to the City of Lawrence indicates that based' on
IvMADEP's review of a July 25, 1967 plan of the Site, seven fuel oil storage tanks were located on
the property (three 30,000-gallon, one 20,000-gallon, one 10,000-gallon, and two 1,000-gallon
tanks). The letter indicates that these tanks were abandoned in 1976. According to the letter, two
o:f the tanks (one 20,000-gallon and one 1,000-gallon) were located on April 19, 1989 and were
scheduled to be removed; no leakage was observed from the 20,000-gallon tank.

A Commonwealth of Massachusetts, Department of Public Safety, Division of Fire Prevention,
Permit for Removal and Transportation to Approved Tank Yard was obtained for the 20,000-
gallon tank on April 18, 1989. The tank was removed on April 19, 1989 and transported off-Site
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to John C. Tombarello & Sons of Lawrence, Massachusetts. The permit indicates that the tank
was accepted at this location on June 9, 1989.

The 1,000-gallon tank was excavated on April 20, 1989. This 1,000-gallon tank was removed
from the location of a supposed 10,000-gallon fuel oil tank shown on a historical map of the Site.
According to a Commonwealth of Massachusetts, Department of Public Safety, Division of Fire
Prevention, Permit for Removal and Transportation to Approved Tank Yard, the tank was
transported off-Site to John C. Tombarello & Sons of Lawrence, Massachusetts. The permit
indicates that the tank was accepted at this location on June 9, 1989.

An April 23, 1991 letter from Eckenfelder, Inc. to Mr. Robert J. Devaney, Jr., Director of
Environmental Engineering at GenCorp indicates that GenCorp responded to the 1988 oil release
to the Spicket River by assisting with UST location, identification, and removal on the former
OPM property. The letter also indicates that subsequent excavations conducted by the City of
Lawrence confirmed the presence of several large diameter USTs, which contained petroleum
residuals of unknown composition.

According to information gathered, as part of HMM's Preliminary Site Assessment in 1992, five
underground storage tanks were identified on the Site to the north of the raceway. Two of these
tanks (one 500-gallon and one 1,000-gallon) were removed by Clean Harbors in 1988. Records
maintained by the City of Lawrence Fire Department indicate that one 1,000-gallon tank was
removed in 1989. The remaining USTs were each 30,000-gallons. The contents of the tanks
were sampled by Clean Harbors in 1988; analytical results indicated that petroleum was stored in
the tanks. Clean Harbors reportedly removed the contents of two of the USTs. According to
records at the City of Lawrence Fire Department, the contents of the third tank had solidified.

Enpro, Inc. removed the three 30,000-gallon fuel oil USTs in November 2000. Analytical data
showed no exceedances at MCP reportable levels. Based on the above information, it appears
that there are no remaining underground storage tanks in the North area of the former OPM Site.
Figure 3 shows areas north of the raceway where former USTs were once located.

2.8 Geophysical Investigation

A geophysical survey was conducted on March 7, 8, and 11, 2002 by Hager GeoScience,
focusing on the area north of the raceway and up to the Spicket River. The report produced by
Hager GeoScience is reproduced in Appendix A. Two techniques, electromagnetics (EM)
conductivity and Ground Penetrating Radar (GPR), were used. The purpose of the survey was to
identify and locate subsurface voids and obstructions that could pose hazards for environmental
sampling with a drill rig or test pits. Due to the nature of the Site, there were many obstructions
that interfered with the data collection, consequently leaving gaps in the data. Among the
subsurface obstructions were heavy gauge steel plates, I-beams, a large roll of chain link fence,
bricks, rebar, and vegetation.

EM is commonly used to delineate boundaries between native/natural ground material and
anthropogenic material (fill, construction materials, disturbed native/natural material, and tanks).
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The method relies on the ability of the EM to detect significant differences in conductivity
between these media, using either in-phase or quadrature-phase conductivity responses to an
induced electromagnetic field. In-phase responses are useful in discerning metallic objects, while
quadrature-phase responses are useful in determining variations in ground conductivity.

At the Oxford Paper Mill site north of the raceway, the in- and quadrature-phase EM surveys
indicated that there were no large buried metal objects (this indication was also confirmed by
GPR results). Metal objects detected during the EM survey were all correlated to surficial debris
such as steel plates and chain link fence that were annotated during the data collection. The
survey was able to discern many rectilinear features, which seemed to correlate with historic
buildings. In general, these buildings tend to run parallel to the raceway, within 30 feet of the
raceway north wall. One building, however, ran north towards the Spicket River, across the
center of the Site. These EM responses are suggestive of remnant foundation walls and debris
filled foundations. Because of vegetation, the southern extent of these remnant foundation walls
was not determined due to the inability to access this area with the EM equipment.

The EM method of investigation did not detect any voids large enough to be resolved by the 5-
foot traverse spacing. At the Oxford Paper Mill, this was an issue in several areas because of the
amnount of metal on the ground, and in particular the steel/concrete slab overlying the foundation
of the western end of the former chemical mill (Building No. 15).

The GPR method measures the time it takes for a radar wave pulse to travel to and from a

discontinuity (such as a foundation wall) that has reflected the wave. The travel times are then
converted to depths based on the composition of the material through which the waves travel.
This conversion factor is based on site soils. In the case of the Oxford Paper Mill, borehole data
(former wells B-16 and B-22, from former site assessments), handbook tables and experience
were used. The transverse spacing of the GPR unit was also smaller (2 feet) than the EM
traverses, thereby giving better definition and three-dimensional imaging.

The results of the GPR survey were very similar to the EM survey in that they revealed remnant
building structures, which predominantly paralleled the raceway and one structure, which was
oriented north to south across the Site. In addition, the GPR survey was also able to discern the
presence of a linear feature between the engine room and the center of Building No. 19 (boiler
room), a couple of locations where floors have collapsed or partially collapsed into basements,
and one area where voids (buried rooms) were possible. This buried foom area is roughly the
area of the west end of the chemical mill, which was not discemable using EM method because
of the I-beam and concrete floor structure at grade.

2.9 Asbestos Air Monitoring

Due to the presence of asbestos in surface soils, real-time air monitoring for asbestos was
conducted during test pit excavation and soil boring activities. Real time asbestos-containing
material (ACM) air monitoring results from the March of 2003 site investigation did not exceed
action levels. Appendix B presents the real-time ACM air monitoring data. An asbestos air-
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monitoring plan and action levels were established for the project through consultation with the
EPA and MADEP and the following table depicts this information:

Location Freuency of Sampnle Exposure Limit Action Level Response Action

- Upgrade to Level C
- Initiate / modify engineering

controls
Personal Daily 0.1 Fcc 0.1 f/cc - Determine source of elevated

fiber
- Continue to monitor work
area

Work Area Background and Clearance 0.1 f/cc ;0. I f/cC - Same as above

Work Area Daily, 2 downwind and I upwind
Perimeter (GenCorp and O'Gara) 0.1 f/c 0.1 f/cc - Stop work and notify MADEP

Note: f/cc = fibers per cc

In addition, equipment operators were required to wash equipment parts that contacted soil
before leaving the Site. Wash water was discharged into a small, shallow test pit lined with
geotextile fabric, to trap any ACM fibers present. Upon demobilization from the Site, the
geotextile fabric was drummed and was disposed off-site as ACM waste.

2.10 Tier Classification

The Oxford Paper Mill property has undergone a succession of environmental investigations
beginning in 1984. The site is a listed MCP disposal site, Release Tracking Number 3-2691.
The Site first came to MADEP's attention in 1989, after a release of petroleum product to the
Spicket River. The site was a transition site that was classified as a default Tier 1 B site in 1996,
because required MCP submittals were not filed with the MADEP. The Site was classified as
Tier 1A by Stone & Webster (S&W) for the City of Lawrence in November 1999. After a site
visit and subsequent discussions, MADEP re-classified the Site as Tier 1 B, which is the current
site status.

3.0 PHASE II-COMPREHENSIVE SITE ASSESSMENT ACTIVITIES

The purpose of the Phase II CSA field program was to fill data gaps necessary to characterize the
source, extent, and migration pathways of OHM, and the risk or harm posed to health, safety,
public welfare, or the environment. In accordance with 310 CMR 40.0800 of the MCP,
Comprehensive Response Actions, Metcalf & Eddy prepared a Scope of Work (SOW) for the
May 2002 site Targeted Brownfields Assessment (OBA) which covered the wedge area. - The
Scope of Work was issued after all the components of the work plan were agreed upon by the
EPA, City of Lawrence, and the MADEP. After Metcalf & Eddy received all_ comments,_-the
iii[ Scope of Work-was submitted to all parties in May 2002. Upon completion of the May

2002 Scope of Work, it was further agreed that data from this investigation would be supplied to
Stone & Webster for use in preparing MCP submittals for the Site. The SOW prepared for the
May 2002 TBA was completed by Metcalf & Eddy. Metcalf & Eddy worked as a subcontractor
to Stone & Webster Massachusetts to conduct site work in March 2003 for the North Area.
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The field activities for the May 2002 and March 2003 site investigations are summarized below
and detailed in the following sections.

May 2002 - Wedge Area (Metcalf & Eddy)

* Advancement of test pits at twelve locations within the area north of the raceway
(specifically the wedge area) that will be graded for park and bridge construction.
Sixteen test pits were planned (refer to Figure 5), but not all were advanced due to
accessibility and/or health and safety concerns;

* Collection of soil samples from 0 to 1 foot, and at approximate two-foot intervals
thereafter to the bottom of each test pit, for PCB analysis in the mobile laboratory.
Samples were collected to an approximate depth of fifteen feet or until the test pit was
terminated based on physical or health and safety issues;

* Collection of soil samples from the surface (0 to approximately 1 foot) interval from
each test pit for analysis in the mobile laboratory for arsenic, chromium, and lead;

* Selection of a portion of the mobile laboratory soil samples for confirmatory analysis
for PCBs and metals by the fixed laboratory,

* Collection of composite soil samples from selected test pits for analysis in an off-site
laboratory for the following: Extractable Petroleum Hydrocarbons (EPH), TCLP
metals, sulfide reactivity, and priority pollutant metals (plus barium and vanadium).
Composites samples were created by combining soils at different depths within the
selected test pits, selected to represent surface soils (typically the first two intervals,
i.e., 0 to 1 foot plus 1 to 3 feet) and subsurface soils (typically three feet to bottom of
test pit). The test pits were selected to provide a representative spacing along the area
north of the raceway that was under investigation;

* Collection of selected samples for asbestos analysis, and one water sample from a test
pit for EPH and PCB analysis, based on field observations;

* Conducted geophysical investigations for subsurface anomalies; and

* Investigation-Derived Waste (IDW) management

March 2003 - North of Wedge Area (North Area) - Metcalf & Eddy / Stone & Webster

* Obtain surface and subsurface soil data sufficient for use in a Method 3 Risk
Characterization through ten soil borings (refer to Figure 3);

* Evaluate groundwater to confirm the current understanding of the Site, based on
sampling conducted by GenCorp that indicates groundwater contamination is not
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present. Installation of five new monitoring wells at the new soil boring locations
throughout areas north of the raceway;

* Further investigate subsurface geophysical anomalies found during the May 2002 site
investigation that could represent pathways for migration or sources of contamination;

* Investigate areas where USTs were formerly located to rule out the possibility of
subsurface petroleum releases;

* Characterize the subsurface to a depth of approximately fifteen feet (where possible)
to allow development of a plan for remediating the Site consistent with its intended
future use;

* Land surveying of all new sample and monitoring well locations, groundwater
elevation survey; and

* Investigation-Derived Waste (IDW) management

The major site contaminants, and recommended analyses for the field investigation of the area
north of the raceway, are summarized below:

PCBs. PCBs are the primary site contaminants, due to transformer spills and leaks and other
possible sources, such as leaks from pulp and paper processing equipment. Analysis for PCBs is
recommended for TSCA compliance, MCP risk characterization, and off-site disposal
characterization.

The types of Aroclors most likely to be encountered at the Site based on historical data and the
TBA data are Aroclor 1242 and Aroclor 1248. Aroclors 1254 and 1260 may also be
encountered. The Aroclors lighter than 1242 are not considered as likely to be present.

Asbestos. Suspected ACM was visually observed during the TBA, and the observations were
confirmed by laboratory analysis of soil samples. The November 2002 surface soil sampling
event supplemented and confirmed the TBA results.

Petroleum Hydrocarbons. While UST leaks have not been documented, soils were sampled
and analyzed for EPH by the MADEP method. The EPH soil data is needed for off-site disposal
characterization, and the target PAH analytes from the EPH analysis (see below) also serve to
characterize soil for disposal and MCP risk characterization. TPH concentrations in soil were
elevated at one subsurface soil location north of the raceway (former Boring B-16, see Figure 2),
and a sheen was observed in TP-7 during the TBA investigation, suggesting there may have been
an on-site petroleum release.

It is not considered necessary to analyze soils for VPH and VOCs because there are no
documented releases of volatile constituents on the Site. However, groundwater samples were
analyzed for VPH, due to the proximity of potential upgradient sources.
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PAHs. PAHs are likely to be present in soils, most likely due to coal and coal ash, and possibly
petroleum releases. PAHs were widely detected at levels above reportable concentrations during
the TBA. Phenanthrene was detected in groundwater at one location, according to the tier
classification. PAH compounds were quantified via the EPH analysis. If related solely to coal
and coal ash, the soil PAH concentrations may be determined to be "background" as defined in
the MCP. It is understood that GenCorp is performing an assessment of area-wide background
levels of PAHs for its property and the OPM property. PAH soil results were evaluated in light
of the background assessment and for disposal purposes.

Metals. Heavy metals may be associated with coal ash, but the high level of mercury at one
location is suggestive of a more concentrated source, possibly a release from mercury-containing
manometers, gauges, or switches that may have been used at the former paper mill. Analysis for
metals (priority pollutant list plus barium and vanadium at a minimum) was recommended. The
addition of barium is recommended because it is a RCRA metal, and because it has MCP Method
1 Standards. Vanadium also has MCP Method 1 Standards.

Sulfide Reactivity. As noted previously, sulfides were used at the paper mill and there is a
possibility that sulfide-reactive materials are present on Site. However, soil samples were
analyzed for sulfide reactivity during the TBA and sulfide reactivity was not detected. For the
March 2003 site investigation, soil samples were not analyzed for sulfide reactivity.

Other Analytes. VOCs and SVOCs other then PAHs in soil were detected in some samples at
low levels, according to the data presented in the tier classification, and are not judged to be
significant site contaminants. There was one detection of a pesticide in groundwater, beta BHC,
at a low level (0.09 pjg/L) during one previous groundwater sampling event. Pesticides are not
known to have been used or stored at the property. Further analysis for pesticides is not
considered to be necessary.

A description of the field investigation processes performed are summarized as follows:

31 Health and Safety

S&W developed and implemented a worker Health and Safety Plan for the work performed on
the north side of the raceway (wedge and North Area) at the Oxford Paper Mill in Lawrence, MA
(S&W, updated 2002). Also, Metcalf & Eddy's Health and Safety Plan was followed by on-site
workers. On-site personnel read and signed the Health and Safety Plan before performing work
on the north side of the Oxford Paper Mill. Due to the asbestos found throughout the areas north
of the raceway, all work was conducted in Level C personal protective equipment (PPE) and no
action levels were reached. Asbestos air monitoring was conducted during all investigative
activities north of the raceway. Refer to Section 2.9 for a summary and Appendix B for real-time
data.
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3.2 Test Pit Excavations and Sampling

In May of 2002, Metcalf & Eddy completed a test pit investigation of an area north of the raceway
known as the wedge area, which was conducted as part of a Targeted Brownfields Assessment
(TBA). The test pit investigation concluded that soils were primarily contaminated with PCBs,
asbestos, PAHs and certain metals.

Samples were collected to an approximate depth of fifteen feet below ground surface (bgs) or until
the test pit was terminated based on physical or health and safety issues. PCB analysis was
conducted by both mobile and fixed laboratory procedures. PCB analysis was conducted by the
mobile laboratory for one to two foot samples collected from each of the twelve test pits. The
mobile laboratory results indicated the presence of low levels of PCBs (1 to 15 mg/kg) throughout
the wedge area soils. The fixed laboratory sample results did not confirm the mobile laboratory
results in all cases. It was determined that the mobile laboratory sample results provided a
conservative measurement of the PCBs present, because the mobile laboratory sample results were
nearly always greater than the fixed laboratory sample results. Since the PCB concentrations do not
show a pattern with either depth or test pit location, segregation of PCB-contaminated wedge
material from uncontaminated material is not believed to be feasible. The concentrations do not
differ over a wide range, and are uniformly less than 50 mg/kg.

]Based on the site knowledge of the Region 1 PCB coordinator and GenCorp representatives, initial
releases of PCBs at the Oxford Site are believed to have occurred before 1978. Disposal of pre-
1978 wastes that have PCB concentrations less than 50 mg/kg is not regulated under TSCA.
However, the PCB concentrations in the wedge area soils are greater than what can be accepted by
Massachusetts landfills and/or recycling facilities (2 mg/kg or less). PCB contamination of wedge
area soils is believed to have originated from demolition activities that occurred north of the
raceway before and after 1978.

Soil samples and bulk waste samples were collected for asbestos analysis, based on field team
observations of suspect ACM and asbestos warning tape. The presence of asbestos in soils was
confirmed by laboratory analysis at nine of twelve test pit locations. Soil asbestos concentrations
rnmged from less than one percent (detectable) to several percent, and bulk ACM was also
discovered at several locations. ACM was not visually observed at all locations, and it is
considered likely that it is present throughout soils of the wedge area, even though some soils
oantained concentrations less than one percent. Wedge area test pit logs are presented in Appendix
C. Figure 5 represents the locations of all wedge area test pit excavations.

Surface soil samples at each test pit location were screened for arsenic, lead, and chromium in a
mobile laboratory using an XRF (X-ray Fluorescence) instrument. The samples were initially
screened for these metals due to their presence in the groundwater from investigations conducted by
Eckenfelder between 1984 and 1992. Samples from each of the test pit locations were also sent to a
fixed laboratory for a wider range of metal analysis. For wedge area soils from test pits located
fuirthest east, arsenic concentrations are elevated relative to samples from other areas. The elevated
arsenic concentrations (>60 mg/kg) may be partially due to the presence of coal ash in that area. A
"black ash room" and "boiler room" were formerly located in this area. Metals detected in the soil
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are believed to primarily originate from ash. TCLP extraction and analysis did not reveal
concentrations of leachable metals in excess of toxicity characteristic regulatory levels (See Table
5-4).

The primary petroleum hydrocarbon fraction present in wedge area soils is the aromatic fraction
with target PAH compounds. The presence of PAHs is consistent with field observations of coal
and wood ash, coal chips, asphalt, and partially burned timbers. The PAHs found in wedge area
soils are likely to be predominantly from asphalt, coal, coal ash, and wood ash, but petroleum
and/or creosote releases cannot be definitely excluded as contributors to the PAH contamination.
The highest total PAH concentrations (>1 00 mg/kg) were detected around the vicinity of the former
"black ash" room.

As defined by the Massachusetts hazardous waste regulations (310 CMR 30.000), a waste exhibits
hazardous characteristics if it is ignitable, corrosive, reactive, or toxic. Based on visual and
laboratory evidence, it was confirmed that the wedge area soils that were sampled were non-
corrosive and non-reactive. No soil borings or monitoring well installations occurred during this
wedge area investigation.

In March of 2003, Metcalf & Eddy/S&W conducted an investigation of the North Area (north of
raceway and wedge area) to determine the nature and extent of contamination for the area. Test pits
(TP-A through TP-J) were advanced to evaluate and characterize the type of fill and obstructions
present A total of ten test pits were excavated and advanced to approximately fifteen feet bgs
throughout the North Area. The objectives of the test pits were divided into four general categories;
1) evaluate geophysical anomalies that were discovered during the TBA investigation in 2002
(Metcalf & Eddy), 2) determine the extent and depth of fill (excavting to fifteen feet deep), 3)
characterize the type of fill across the site with particular attention to the amount of asbestos, and 4)
investigate former UST graves. North area test pit logs are presented in Appendix D. Figure 3
represents the locations of all the north of wedge area test pit excavations. Soil samples for
chemical analysis were not collected, because the purpose of the test pits was to visually
characterize the subsurface and to help identify locations for the soil borings. Only asbestos bulk
samples were sent to a certified laboratory for analysis.

The reason for the geophysical anomaly (pipeline that appears to run from the engine room to a
stack) identified in the EM survey and GPR survey during the TBA investigation in 2002 (Metcalf
& Eddy) was not discovered during the March 2003 Metcalf & Eddy/S&W investigation. This
anomaly was not reached due to the brick and concrete obstructions that were two feet thick. The
lateral extent of fill was undetermined due to the inability to access the slopes to the Spicket River.
All ten test pits contained fill and building debris. Most of the test pits contained large quantities of
debris and building walls, foundations, and floors. No native soil was found in any test pit, since
the test pits cover a significant portion of the site (test pits from March 2003 and May 2002), it is
reasonable to estimate that the entire Site has been filled to a depth of fifteen feet or more. During
test pits activities in the former UST graves, field observations did not indicate the presence of
petroleum contamination in any of the soils. Also during test pit investigations, bulk samples of
asbestos looking material were taken and later confirmed to be positive.
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3.3 Soil Boring Advancement and Soil Sampling

As part of the Phase I CSA, ten soil borings were advanced utilizing a truck-mounted drill rig
during Metcalf & Eddy/S&W March of 2003 investigation. Ten locations were chosen for soil
borings based on the test pit results, previous investigations, and historical information. The
locations of the soil borings are depicted on Figure 3. The soil borings were divided into five
groupings: upgradient of the former Site buildings (SB-1), downgradient of the former Site
buildings (SB-10), in the area of the former USTs (SBs 2, 3, 8, and 9), in the vicinity of the
former soda pulp mill (SB-4), and in the vicinity of wedge area TP-7 (SBs 5, 6, and 7) where a
sheen had been observed on the water in TP-7 during Metcalf & Eddy's 2002 investigation. Due
to the difficult nature of drilling at the Site (because of subsurface obstructions), attempts to
reach the target depth were generally limited to no more than three attempts at each location,
although a fourth attempt was made for SB-6. Soil borings MW-1 (SB-1), SB-2, MW-3 (SB-3),
SB-4, MW-5 (SB-5), MW-6 (SB-6), SB-7, SB-8, SB-9, and MW-10 (SB-10) were advanced
from March 10 through March 14, 2003 and March 17, 2003. A truck-mounted drill rig
equipped with 4 inch inside diameter hollow stem augers was used to advance the borings. The
ten soil borings were advanced to depths ranging from 9.5 to 20 feet bgs. The ten soil borings
were performed according to the protocols outlined in MADEP Publication #WSC-310-91. A
soil description and boring log for each boring is provided in Appendix E.

The soil borings were designed to collect data for a Method 3 Risk Characterization and, in
particular, to determine the extent of PCB contamination. One sample set was collected from
each depth at each boring location: shallow (0 to 1 foot bgs), intermediate (1 to 9 feet bgs), and
deep (9 to 15 feet bgs). Each sample set was collected from a two-foot split-spoon within the
sample interval and analyzed for MA-EPH, MCP-regulated metals (the thirteen priority pollutant
metals plus barium and vanadium), and PCBs. Additionally, PCB samples were collected, and
frozen, from the remaining two-foot split-spoon sections that were not part of the sample set for
that interval. If the samples sent to the laboratory tested positive for PCBs, then the samples that
were frozen would be analyzed for PCBs as well to determine the vertical extent of
contamination. For soil borings completed as monitoring wells, the deep-zone sample was
collected at the water table.

Due to the nature of the Site (buried foundations filled with debris from the demolition of the
former buildings), more than half of the borings required two or more attempts to reach target
depth; however, only two of the ten borings hit shallow refusals after 3 tries. Native soils were
encountered in borings SB-1, SB-3, SB-5, and SB-6 at approximately 15 to 20 feet bgs. The
other borings were not advanced completely through the fill, and were completed at depths
ranging from 9.5 to 17 feet bgs. The thickness of the fill appears to be a minimum of fifteen feet
throughout the area north of the raceway.

The borings encountered predominantly the same materials found during the test-pitting phase of
the March of 2003 investigation with the exception of SB-10/MW-10, the downgradient
monitoring well. While advancing SB-10, a thick petroleum oil was found in the soil at a depth
of approximately 9.5 to 16.5 feet. The petroleum appeared to be a heavy weight fuel oil, which
alter installation of a monitoring well screened from 5.5 to 17.5 feet, did not penetrate the sand
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pack of the well even 48 hours after the well had been constructed. Ten days later, during which
the Spicket River had risen nearly 8 feet, water was detected in MW-10 at a depth of 12.6 feet
bgs, though no NAPL was measured.

3.4 Monitoring Well Construction

Groundwater monitoring wells were installed in five soil borings, SB-1 (MW-1), SB-3 (MW-3),
SB-5 (MW-5), SB-6 (MW-6), and SB-10 (MW-10). The monitoring wells were constructed
using two-inch schedule-40 flush jointed PVC. Each well was screened across the water table
with a ten-foot (12.5 feet in the case of MW-10) section of 20-slot PVC well screen and brought
to two to three feet above grade surface (ags) with a solid PVC riser that was capped with a
locking expansion cap and housed in a four-inch padlocked steel stand-pipe.

The well construction consisted of a sand pack in the annular space around the PVC completed to
approximately two feet above the top of the well screen, approximately one to two feet of
hydrated bentonite, and an additional six-inches of sand. Cuttings from the boring, and
additional sand, were used to backfill the remaining annulus. Monitoring wells MW-1 and MW-
3, and MW-10 were typical overburden monitoring well installations. MW-5 and MW-6,
constructed by the same method as the other wells, were both situated so that the bentonite plug
straddled a 12-inch concrete/brick floor that was penetrated during drilling, effectively isolating
the groundwater from the water running off the former foundation floors of the buildings.
Monitoring Well Construction Logs are presented in Appendix F.

3.5 Monitoring Well Development

Following well construction, Metcalf & Eddy/S&W developed the five installed monitoring
wells MW-1, MW-3, MW-5, MW-6, and MW-10 using the procedures outlined in the EPA's
Low Flow Groundwater Sampling Procedure (EPA, 1996a). The monitoring wells were
developed with the use of a peristaltic pump powered by a 12-volt battery. The purpose of the
development process was to remove the fine sediments that may have entered the well screen and
to bring the well into hydraulic connection with the aquifer. At a minimum, three well volumes
were removed from the well casing prior to considering well development activities complete. A
well volume was determined to contain approximately 0.16 gallons of water per linear foot of
well casing. After the wells were purged to remove the majority of sediments, low flow
development was used. Temperature, pH, conductivity, turbidity, and salinity were recorded and
development was continued until parameters had stabilized. All development water was
containerized within 55-gallon drums for off-site disposal. Monitoring well development records
are presented in Table 3-1. Depth to water on March 18, 2003 ranged from 15.7 to 17.1 feet bgs.
Eight (8) days later, on March 26, 2003, the water level of the Spicket River had risen 8 feet,
causing the water levels in the wells to rise to 12.6 from 15.8 feet bgs.

3.6 Groundwater Purging and Sampling
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Groundwater sampling was conducted two weeks after monitoring well installation and
development were completed. Groundwater samples were collected from the five installed
monitoring wells (MW-1, MW-3, MW-5, MW-6, and MW-10) using the EPA's low flow
protocol. The purge water was monitored for pH, temperature, specific conductivity, dissolved
oxygen, ORP, and turbidity throughout the purge cycle. Upon stabilization of these in-situ
parameters, a groundwater sample was collected from the monitoring well. Groundwater
parameters collected during low flow sampling are included in Table 3-2. The groundwater
samples were collected on March 26 and March 27, 2003. Groundwater samples were sent to a
certified laboratory and analyzed for MA-EPH, MA-VPH, metals, and PCBs. Analytical results
are discussed in Section 5.2. During sampling, MW-1 exhibited a sulfur odor after
approximately a 2 hour of purging, and MW-10 a slight petroleum odor. While no NAPL was
noted in MW-10, PID readings at the well cap registered a sustained 60 ppm after removing the
expansion plug from the PVC riser.

3.7 Wellhead Surveying and Water Level Ganging

As part of Phase II CSA activities, Metcalf & Eddy / Stone & Webster surveyed the new
monitoring well locations. The top of the PVC casing was surveyed to within ± 0.01 foot
vertically using a surveyor's level and rod. The relative elevations of the top of the PVC casing
and depth to groundwater measured in the separate gauging rounds are provided in Table 3-3.
Depth to groundwater measurements were taken on two separate occasions, March 18 and March
26, 2003 (refer to Section 4.5).

3.8 Laboratory Analytical Methods & QA / QC

As part of Phase II CSA activities, soil samples were analyzed for EPH, priority pollutant metals
(plus barium and vanadium), PCBs, and asbestos. Soil samples were analyzed using MADEP
Method for EPH, EPA SW-846 Methods 6010B and 7471A for metals, EPA SW-846 Method
8082 for PCBs, and polarized light microscopy (PLM) for asbestos. Groundwater samples were
analyzed for EPH, priority pollutant metals (plus barium and vanadium), PCBs, and VPH.
Groundwater samples were analyzed using MADEP Method for EPH, EPA SW-846 Methods
6010B and 7471A for metals, EPA SW-846 Method 8082 for PCBs, and MADEP Method for
VPH. MCP analytical methods were not used (with the exception of VPH and EPH) because the
MCP methods were not fully promulgated during the time of the investigations. SW-846
methods were used for PCBs and total metal analyses.

Quality control (QC) samples were collected and submitted for laboratory analysis to monitor
and evaluate laboratory and sampling performance. The field QC samples collected included trip
blanks, field duplicates, and matrix spike/matrix spike duplicate samples. Generally, field QC
samples (field duplicates and MS/MSD) were submitted at a frequency of one per 20 field
samples. Trip blanks were also submitted with VPH aqueous samples. The types and numbers
of field QC samples collected exceed the MCP requirements for Presumptive Certainty as
presented in Quality Assurance and Quality Control Guidelines for the Acquisition and
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Reporting of Analytical Data in Support of Response Actions Conducted Under the
Massachusetts Contingency Plan (MCP), Final, 22 May 2003.

3.9 Sample Handling / Preservation

Following sample collection, all samples were placed in coolers containing ice and maintained at
a temperature of 40C (+20C). Water samples collected for metals analysis were placed in plastic
bottles preserved with nitric acid. Samples were not filtered in the field. All samples were
delivered to the lab with a Chain of Custody form.

3.10 Decontamination Procedures

Sampling equipment that required decontamination included the split-spoon sampler, auger
flights including the cutting head, peristaltic pumps used for well development/purging activities,
and the water level indicators. Due to the asbestos concerns, vehicle decontamination was
conducted on all vehicles prior to leaving the Site. Disposable plastic spoons and Ziploc® bags
were used for composite sample collection. The disposable equipment was discarded after each
use, and therefore no decontamination was necessary.

The split spoon samplers were decontaminated as follows:

IL. Alconox bath to remove soils adhering to equipment;
2. Potable water rinse;
3. Methanol rinse; and
4. Distilled water rinse.

Auger flights including the cutting head were decontaminated using a high-pressure water spray.
The peristaltic pumps used to develop the wells were decontaminated by pumping liquid alconox
(detergent) through the pump and then subsequently recirculating the pump in a bucket of potable
water for approximately 3 to 5 minutes. The tubing used in the development of the monitoring
wells was dedicated to the well and was left in the wells following development activities.
Subsequently, the tubing was used to purge the monitoring wells prior to sampling.

The water level indicator was decontaminated following gauging of the individual wells by using
a paper towel and spraying with distilled water.

'ThIe excavator used for digging the test pits and the drill rigs used for the soil borings and
monitoring well installations were decontaminated using a high-pressure water spray. A
decontamination pad was placed under each vehicle, which captured all of the decontamination
water prior to being drummed.

3.11 Investigative Derived Wastes

Soil cuttings, development water, purge water, decontamination water, and geotextile fabric were
drhunmed during Phase II assessment activities. The geotextile fabric was used to collect ACM
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contaminated water/debris during vehicle and equipment washings. A total of five 55-gallon
drums, two drums containing purge and development water from MW-1, MW-3, MW-5, and
MW-6, one drum containing soil cuttings, and purge and development water from MW-10 (oil
product encountered in MW-10), and two drums containing decontamination water and asbestos
padding were transported off-site on November 25, 2003. The hazardous waste manifest records
are presented in Appendix G. The drums were disposed of in accordance with state and federal
regulations under hazardous waste manifests.

4.0 GEOLOGY AND HYDROGEOLOGY

4.1 Regional Geology

Based on the soil survey for the northern part of Essex County, Massachusetts, the overlying
surficial deposits consist primarily of loamy soils formed in compact glacial till. Two drumlins
are located nearby the Site, including Prospect Hill to the northeast and a smaller hill located to
the northwest. The thickness of glacial till is often on the order of 15 to 20 feet, although
thicknesses of up 175 feet have been observed in the drumlin area (Eckenfelder, Inc., 1998).

According to the GenCorp Phase II Groundwater Model Report conducted by Eckenfelder, Inc.
in 1998, bedrock underlying the Oxford Paper Mill site lies within the Merrimack Belt
lithotectonic zone. Major faults further subdivide the Merrimack belt into individual tectonic
zones - each of which has a different and distinct lithology. Furthermore, the OPM site is
located north of the Clinton-Newbury fault, which is accompanied by a series of many smaller
faults and associated disrupted geologic strata. The bedrock lithology consists of a series of
meta-sedimentary rock types of the Berwick formation. The encountered bedrock lithology of
the OPM site is composed of phyllite, argillite, and quartzite with minor amounts of calcareous
metagraywacke and schist (Eckenfelder, Inc., 1998).

4.2 Site Specific Geology

The area north of the raceway is relatively flat with the eastern portion of the Site sloping
downward to the Spicket River. The average elevation of the Site is approximately 100 feet
above mean sea level (msl).

The soils onsite are part of Urban Land, which consists of nearly level to moderately steep areas
where the soils have been altered or obscured by urban works and structures. The soils onsite are
part of the Paxton-Woodbridge-Monatauk association where the area is nearly level to steep, well
drained and moderately well drained, loamy soils formed in compact glacial till (Soil Survey of
Essex County, Massachusetts Northern Part, 1981).

The geology on the north side of the OPM was assessed through a subsurface boring program
and test pits excavations as described in Sections 3.2 and 3.3. Based on observations of the test
pits and split spoon samples, the general geologic profile was found to consist primarily of an
assemblage of loamy and sandy soils. The mixture of varying sediment sizes indicates that the
materials are not well sorted, and are consistent with glacial till deposits. The soil borings also
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revealed similar conditions of varying amounts of loam, sand and gravel with coal ash, bricks,
and debris encountered throughout the area north of the raceway. Refer to Appendices C, D, and
E for test pit and soil boring logs.

Bedrock was not encountered on the north side of the OPM. Bedrock coring was not conducted
as part of the Phase II CSA. Soil borings were advanced from 0 to 24 feet bgs and test pits were
advanced from 0 to 15 bgs. Refer to Sections 3.2 and 3.3, as well as Appendices C, D, and E, for
drilling and excavation refusals encountered during the May 2002 and March 2003 site
investigations.

4.3 Regional Hydrologic Setting

The property lies between the Spicket River and the raceway that transects the OPM property.
Surface water run-off flows overland into these respective water bodies. The raceway flows into
the Spicket River and both flow to the east/southeast, and eventually into the Merrimack River.

No streams, rivers, drainage basins or ponds exist on the Site. The area north of the raceway
contains vegetation that includes trees around the outer perimeter and tall grass throughout the
interior portion. Wetland vegetation does not exist along the property boundaries or on the Site.

4.4 Regional Hydrogeology

Water bodies surround the Site to the east, north, and south. Regional groundwater flow is to the
south/southeast towards the Spicket and Merrimack River's and localized groundwater flow is
discussed further in Section 4.5.

4.5 Site Specific Hydrogeology

This section describes the hydraulic properties of the North Area of the OPM, specifically the
groundwater flow, horizontal hydraulic gradient, hydraulic conductivity, and the river's influence
on groundwater.

On March 18th and March 26h 2003 synoptic water level gauging was conducted on the Site.
Table 3-3 presents the depth to groundwater and relative elevation of the water table as measured
during the March 18 and March 26, 2003 sampling events. Figures 6 and 7 depict groundwater
flow from contour maps from the March 18 and 26, 2003 gauging rounds respectively. The
hydraulic conductivity for the overburden zone for the region surrounding the Site ranges from
6.2 x 10-7 cm/sec to 1.7 x 10"2 cm/sec, with a geometric mean of 9.2 x 10

-4 cm/sec (Camp Dresser
&A McKee Inc., 2003).

According to the data obtained from water level gauging on March 18 and March 26, 2003, it is
apparent that groundwater flow is variable depending on the height of water in the Spicket River.
Groundwater flow across the Site, like groundwater elevation, appears to be affected by the
change of water level in the Spicket River. Measurements taken on March 18, prior to the
warming temperatures and snowmelt, indicate that the groundwater flow was to the north-
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northeast. Water levels measurements taken on March 26, 2003, after the eight-foot rise in the
Spicket River water level, indicate a total reversal of groundwater flow to the south-southwest.
Water table gradients between these two dates switched from 0.0096 NE to 0.0036 SW. These
dynamic water levels, along with a shallow to moderate gradient, suggest that groundwater flow
is somewhat variable, particularly during wet periods of the year.

5.0 ANALYTICAL RESULTS

Surface soil, subsurface soil, and groundwater samples, which have been collected from areas
north of the raceway (wedge area and North Area) at the Oxford Paper Mill in Lawrence, MA
between 2002 and 2003, are included in this Phase II Report. The results of previous
investigations conducted in areas north of the raceway are discussed in Section 2.6. Phase II
assessment activities were discussed in Section 3.0. The data collected from areas north of the
raceway since 2002 is summarized in the following sections. A summary of the nature and
extent of contamination of all the data included in this Phase HI is discussed in Section 6.0 and
Human Health and Environmental Risk Characterizations have been performed and a summary
of these is included in Section 8.0.

5.1 Soil Laboratory Analytical Results

.5.1.1 Surface Soil - Asbestos

in November 2002, S&W collected surface soil samples (0-1') in the area north of the wedge
(North Area) and the samples were analyzed for ACM. Twenty-three (23) samples were
collected using a grid-sampling plan within the North Area (refer to Figure 8). The primary
purpose of this effort was to provide supporting data for use in determining the engineering
controls, air monitoring requirements, and action levels that would be used during the March
2003 site investigation in order to limit the potential for exposure to ACM during test pit and soil
boring advancement. It was not known whether surface soils throughout the North Area would
contain detectable levels of ACM, although it was considered to be a possibility, given the results
of the wedge test pit investigations conducted by M&E in May 2002. Table 5-1 summarizes the
analytical results obtain by S&W through their sampling effort to determine potential exposures
to ACM in the North Area. These data are also presented with data obtained by S&W in August
of 2003. All samples were tested for the presence of asbestos (PLM Qualitative) and,
subsequently, each sample that was found positive from the qualitative analyses was then tested
quantitatively using EPA Region 1 protocol. The laboratory analytical reports from the
November 2002 asbestos sampling event are included in Appendix H.

In August of 2003, S&W collected twelve surface soil samples (0-1') along the perimeter
boundaries of the North Area and analyzed the twelve samples for ACM. The majority of the
samples were collected along the banks of the Spicket River (refer to Figure 8). The primary
purpose of this sampling effort was to provide supporting data for use in determining the
placement of a geotextile cap extending from the wedge area to the boundaries of the North Area.
Table 5-1 summarizes the analytical results obtain by S&W through their sampling efforts to
determine potential exposures to ACM in the North Area. These data are presented with data
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obtained by S&W in November of 2002. All samples were tested for the presence of asbestos
(PLM Qualitative) and, subsequently, each sample that was found positive from the qualitative
analyses was then tested quantitatively using EPA Region 1 protocol. The laboratory analytical
reports from the August 2003 asbestos sampling event are included in Appendix H.

5.1.2 Surface and Subsurface Soil

May 2002 - Metcalf & Eddy (Wedge Area)

Soils that were sampled and analyzed as part of the May 2002 test pit investigation (wedge area)
were found to be primarily contaminated with PCBs and asbestos, although certain metals and
PAHs were also detected. The types of Aroclors most likely to be encountered throughout the
OPM (both north and south of the raceway) are Aroclor 1242 and Aroclor 1248. Aroclor 1254
was detected in wedge area soils. Aroclor 1260 may also be encountered. PCB analytical results
from mobile and fixed laboratories for wedge area soils are presented in Table 5-2.

Suspected asbestos-containing material (ACM) was visually observed during the May 2002 test
pit investigation, and the observations were confirmed by laboratory analysis of soil samples.
The S&W November 2002 surface soil sampling event supplemented and confirmed these
results. ACM results from wedge area soils are presented in Table 5-3.

While underground storage tank (UST) leaks have not been documented, soils were sampled and
analyzed for Extractable Petroleum Hydrocarbons (EPH) by the MADEP method. The EPH soil
data is needed for off-site disposal characterization, and the target PAHl analytes from the EPH
analysis also serve to characterize soil for disposal and MCP risk characterization. During the
May 2002 site investigation, elevated total petroleum hydrocarbons (TPH) concentrations were
identified in one subsurface soil location north of the raceway (former Boring B-16, refer to
Figure 2), and a sheen was observed in water that accumulated in TP-7. The elevated
concentration of TPH and the sheen suggested that there may have been an on-site petroleum
release. EPH results from wedge area soils from composite samples are presented in Table 5-4.
The laboratory analytical reports for EPH from the May 2002 sampling event are included in
Appendix I.

PAHs are present in wedge area soils, most likely due to coal and coal ash, and possibly
petroleum releases. PAHs were widely detected at levels above reportable concentrations during
the May 2002 site investigation. Phenanthrene was detected in groundwater at one location,
according to historical data presented in the tier classification. New PAH results from wedge
area soils are presented in Table 5-4. The laboratory analytical reports for PAHs from the May
2002 sampling event are included in Appendix I.

Heavy metals may be associated with coal ash, but other sources, such as solid residuals from
former paper mill operations that may have remained on site when the mill was abandoned, are
also possible. Analysis for metals (priority pollutant list plus barium and vanadium) was
performed. Metal analytical results of composite samples from wedge area soils are presented in
Table 5-4. Metal analytical results from mobile and fixed laboratories for wedge area soils are
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presented in Table 5-5. The laboratory analytical reports for metals from the May 2002 sampling
event are included in Appendix I.

March 2003 - Metcalf & Eddy / Stone & Webster (North Area)

Ten soil borings were advanced as part of the March 2003 site investigation. Surface and
subsurface soil samples collected from the soil borings were analyzed for EPH, PCBs, and
priority pollutant metals (plus barium and vanadium). Results are presented in Table 5-6 and are
compared to S-1 reportable concentrations (RCS-1), MADEP background concentrations for
natural soil, and MADEP background concentrations for soil containing fill material. The S-1
reportable concentrations were used because the Site is "at or within 500 feet of a residential
dwelling, a residentially-zoned property, school, playground, recreational area or park" (310
CMR 40.0361(1)(a)1)).

The PAH compounds benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene,
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were detected in surface and subsurface
soils at concentrations exceeding the MCP reportable concentrations. PAHs were also widely
detected at levels above reportable concentrations during the May 2002 and March 2003 site
investigations (refer to Section 5.5 "Discussion of PAHs as Background). The laboratory
analytical reports for PAHs from the March 2003 sampling event are included in Appendix J.

Aroclor-1254 was detected at concentrations well below the MCP reportable concentration in
surface and subsurface soils collected from soil borings during the March 2003 site investigation.
PCBs are the primary Oxford site contaminants south of the raceway, due to transformer spills
and leaks and other possible sources, such as leaks from pulp and paper processing equipment.
The reported concentrations of Aroclor-1254 are consistent with the findings in the wedge area
from the May of 2002 site investigation. PCBs may have become located in wedge area soils via
minor releases or movement by human activities from areas south of the raceway, where the
major transformer leaks are known to have taken place. The laboratory analytical reports for
PCBs from the March 2003 sampling event are included in Appendix J.

The following metals were detected at concentrations exceeding MCP reportable concentrations
during the March 2003 site investigation; arsenic, beryllium, lead, and vanadium.

Reported arsenic concentrations for the March 2003 site investigation were elevated above
background at some locations, consistent with the May 2002 site investigation. The maximum
concentration of 49.1 mg/kg was reported at location SB-6 (0-1 foot bgs sample), compared to
the MADEP background concentration of 20 mg/kg and the RCS-1 value of 30 mg/kg. The
arsenic may be associated with the coal ash found on-site. However, for reasons similar to those
discussed above for PAHs, arsenic has been retained as a COPC in the risk characterization.
Beryllium concentrations were fairly uniform, ranging from 0.33 to 1.1 mg/kg in samples
collected in the March 2003 site investigation. These beryllium concentrations are consistent
with MADEP background values for natural soil and soil containing fill material (0.4 and 0.9
mg/kg respectively). Lead was listed as a contaminant of concern in the tier classification
submittal (S&W, November 1999) and S&W RAM Plan (S&W, October 2001) for the south side
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of the OPM and references a soil sample that exceeded the TCLP limit for lead (12 mg/L).
Results from May 2002 site investigation did not indicate that lead was present above the
reportable concentrations. For one soil sample from the March 2003 site investigation (surface
soil location SB-1, 0 to 1 foot bgs sample), lead was detected at 1,970 mg/kg. No lead TCLP for
this sample was performed. The RCS-1 value for lead is 300 mg/kg. Lead concentrations were
consistent with MADEP background concentrations in the other soil samples collected during the
March 2003 site investigation.

Vanadium concentrations in soil samples exceeded the RCS-1 value at locations SB-7 (7 to 9
feet) and SB-9 (5 to 7 feet) during the March 2003 site investigation, and also at Test Pit TP-6
(shallow sample) during the May 2002 site investigation. The source of vanadium is not known.
However, it is known that vanadium becomes concentrated in ash from oil-fired boilers, and it is
reported that workers who clean oil-fired boilers may be exposed to dust containing 6.1 to 12.7%
of vanadium (http://toxnet.nlm.nih.gov, Vanadium Compounds). The history of the Site
indicates that the boilers were likely switched from coal to oil at some point, as indicated by the
former presence of oil-containing USTs at various site locations (refer to Figure 3). In addition
to coal ash, it is possible that vanadium-containing oil ash has also become mixed with Site soils.
The laboratory analytical reports for metals from the March 2003 sampling event are included in
Appendix J.

5.2 Groundwater Laboratory Analytical Results

Groundwater samples were collected from monitoring wells MW-1, MW-3, MW-5, MW-6, and
MW-10. Groundwater samples were analyzed for VPH, EPH, priority pollutant metals (plus
barium and vanadium), and PCBs. Results are presented in Table 5-7 and are compared to the
GW-2 reportable concentrations (RCGW-2). The RCGW-2 values apply because the Site is not
located within a Current Drinking Water Source Area or Potential Drinking Water Source Area
(refer to Figure 4). The Site is not located within an Interim Wellhead Protection Area or Zone
II, and the closest private well is at a car wash approximately one mile from the Site. The
Lawrence Water Department has stated that the City of Lawrence obtains its water from the
Merrimack River.

No VPH compounds or PCBs were detected in groundwater samples collected during the March
of 2003 site investigation. However, the PCB laboratory quantitation limit (1.0 ig/L for each
Aroclor) was greater than the 0.3 pg/L MCP reportable concentration (RCGW-2). Hence, the
possibility that PCBs are present in groundwater at concentrations above the RCGW-2, but
below 1.0 tg/L, cannot be ruled out. However, PCB concentrations in soils north of the raceway
have been found to be beneath the clean-up goals, and it is considered unlikely that Site
groundwater contains dissolved PCBs at concentrations approaching the RCGW-2 value.
GienCorp investigative data confirms the absence of elevated levels of PCBs on the north side of
the OPM.

No individual EPH target analytes, which are PAHs were detected in groundwater samples.
Total concentrations of EPH in the Cg-Cs aliphatic and C 19 -C36 aliphatic fractions were well
below the MCP reportable concentrations (all were below 50 Rg/L).
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Metals were detected at concentrations below MCP reportable concentrations with the exception
of selenium in the sample collected from MW-3, and vanadium in the sample collected from
MW-6. Selenium was detected at 188 ggfL, exceeding the GW-2 reportable concentration of
80 jig/L. A possible source of the selenium in groundwater may be leaching from coal ash noted
at MW-3 (refer to boring log). The groundwater sample from MW-6 revealed the highest
concentration of vanadium at 3,710 Ig/L. Other detections were more than an order of
magnitude lower. The vanadium may be related to the soil vanadium concentrations discussed in
the previous section. The groundwater laboratory analytical reports from the March 2003
sampling event are included in Appendix J.

Groundwater monitoring wells were not installed during the May 2002 site investigation and,
therefore, the groundwater was not sampled. Prior to the March 2003 site investigation,
groundwater at the Site was most recently sampled in November 1996, during a sampling event
conducted by Eckenfelder for GenCorp (Eckenfelder, 1997). These wells were decommissioned
in 1997. The groundwater samples were analyzed for VOCs, SVOCs, PCBs, priority pollutant
metals, cyanide, and diesel range organics or petroleum hydrocarbons. Low levels of toluene
were detected in groundwater from B-16S (17 gg/L), B-21S (3.5 jg/L), and B-22S (11 pig/L).
Methylene chloride was sporadically detected at levels below 2 ig/L, and was also detected in
field and trip blanks at similar levels. It is not known whether the methylene chloride detections
would have been blank-qualified as non-detect during more rigorous data validation; however, it
is considered likely.

The PAHs acenaphthene, fluorene, and 2-methylnaphthalene were detected in B-21S at
concentrations of 3.1, 4.8, and 2.8 gg/L, respectively. Diethyl phthalate was detected in B-22XD
(a deep bedrock well) at a level of 1.0 pgfL. Diesel range organics or petroleum hydrocarbons
were detected in B-16D at 0.28 mg/L and in B-21S at 0.73 mg/L. No PCBs were detected in the
samples from the B-16 and B-22 clusters or B-21S. The decommissioned GenCorp monitoring
wells are presented in Figures 2 and 3. Results obtained during the March 2003 site investigation
are generally consistent with the Eckenfelder results.

5.3 Data Assessment

5.3.1 Introduction

The data collected from the areas north of the raceway in 2002 and 2003 (as described in Section
3.0) was intended for a Phase II Comprehensive Site Assessment including a Method 3 Human
Health and Environmental Risk Characterization. Data collected during previous site
investigations were not used as part of the risk characterization. M&E / S&W used the PARCCS
Parameters to assess the usability of the 2002 and 2003 data. PARCCS stands for precision,
accuracy, representativeness, comparability, completeness, and sensitivity. In order to evaluate
these parameters, field duplicates, and matrix spikes and matrix spike duplicates (MS/MSD)
were collected and analyzed, and analytical reports, including laboratory QA / QC
documentation, were reviewed.
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5.3.2 Soil Data Usability Assessment, Oxford Paper, Lawrence, MA - Samples Collected May
2002 - Wedge Area

See Table 5-8.

5.3.3 Soil Data Usability Assessment, Laboratory Project Number B0417, Oxford Paper,
Lawrence, MA - Samples Collected March 2003 - North Area

See Table 5-9.

5.3.4 Soil Data Usability Assessment, Laboratory Project Number B0428, Oxford Paper,
Lawrence, MA - Samples Collected March 2003 - North Area

See Table 5-10.

5.3.5 Groundwater Data Usability Assessment, Laboratory Project Number B0502, Oxford
Paper, Lawrence, MA - Samples Collected March 2003 - North Area

See Table 5-11.

5.3.6 Data Analysis

May 2002 Site Investigation (Wedge Area) - Metcalf & Eddy

No fixed laboratory data were rejected during the data validation process, and all data were
judged usable for use in the risk a characterization. Metcalf & Eddy conducted a limited
validation for the fixed laboratory data. On-site mobile laboratory results (PCBs, XRF metals
analyses) were used to help identify samples for fixed laboratory analysis and to help define the
extent of contamination, but they were not used in the risk characterization because they were not
subject to data validation. Some fixed laboratory results were qualified as estimated (flagged
with a J) to indicate that the reported concentration is estimated due to limitations identified in
the quality control review. Estimated values are usable for risk characterization. Some values
were estimated due to the field duplicate relative percent differences (RPDs) in excess of 50%.
Field duplicate RPDs outside of criteria are often due to highly inhomogeneous soil matrices,
which makes sample collection and homogenization very difficult. Some metals results were
qualified as a result of detection in laboratory blank samples. Laboratory reporting limits were
low enough to allow comparison to RCS-1 concentrations.

March 2003 Site Investigation (North of Wedge Area) - Metcalf & Eddy / Stone & Webster

Non-detect results for antimony were rejected in several soil samples due to very low matrix
spike recovery. Positive and non-detected mercury results were rejected in three soil samples due
to low percent recovery in Initial Calibration Verification (ICV) analysis. Sufficient acceptable
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results are available from other soil samples collected during the March 2003 site investigation,
and from the May 2002 site investigation, such that these rejections do not represent a serious
impact on project data quality. Rejected data are not usable for any purpose and are noted on the
data tables with the letter R, with no value associated with the R.

Other data qualifications were less severe and involved either estimating data (J flag) or
qualifications of results due to presence in laboratory blanks. All soil samples results, except for
rejected results, were judged usable for the risk characterization. Reporting limits were low
enough to allow comparison to RCS-1 concentrations. All data qualifications and validation was
performed by Metcalf & Eddy.

For groundwater samples, no results were rejected. The reporting limit attained by the laboratory
for the individual Aroclors in the groundwater samples (1.0 tg/L) was above the RCGW-2 value
of 0.3 pg/L. Hence, it is not possible to determine from the results whether the RCGW-2 value
for PCBs is exceeded in the groundwater samples collected. It is considered unlikely that PCBs
are present in the groundwater at concentrations approaching the RCGW-2 value, due to their
low solubility and the low levels of PCBs encountered in the soil north of the raceway.

Some reported values for VPH and certain metals in groundwater samples were qualified as not
detected, due to trip or laboratory blank contamination. No blank contamination was detected in
the PCB or EPH analyses for groundwater. Reported results for metals that were below the
laboratory's reporting limit, but above the instrument detection limit, were qualified as estimated
due to uncertainty in quantitation near the instrument detection limit. Some EPH fractions in
,certain groundwater samples were qualified as estimated due to low surrogate or MS / MSD
recoveries. Estimated values are usable for risk characterization.

5.3.7 LSP Opinion

Quality control samples were collected at the frequency required for presumptive certainty and
PARCCS criteria were met. There were no deviations from MCP methods. Therefore, the data
set may be used in support of MCP opinions.

5.4 Contaminants of Potential Concern (COPCs)

Based on the data collected during this Phase II Site Assessment and used in the Method 3
Human Health Risk Characterization, as well as data collected previously from areas north of the
raceway, the COPCs have been determined for each media for the north side of the Oxford Paper
Mill. The following table summarizes the COPCs in each media for the north side of the Oxford
Paper Mill.

Surface Soils Subsurface Soils Groundwater
EPH by MADEP

CrCs Aliphatics C-Cs Aliphatics Cg-is Aliphatics
C 9-C36 Aliphatics Cis-Cs~ Aliphatics I Cg-Cs Aliphatics
C1 I-C22 Ammatics C t-C 22 Aromatics

PAM
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2-Methylnaphthalene 2-Mcthylnaphthalene None
Acenaphthene Acenaphthene
Acenphthylene Acenphthylene
Anthracene Anthracene
Benzo(a)anthacene Benzo(a)antnhracene
Benzo(a)pyrene Benzo(a)pyrene
Benzo(b)fluoranthene Benzo(b)fluoranthene
Benzo(g,hi)pelene Bn(hi)ylene
Benzo(k)fluoranthene Benzo(k)fluoranthenc
Chrysene Chysene
Dibeazo(ah)anthracene Dibenzo(a,h)anthiacene
Fluoranthene Fluoranthene
Fluorene Fluorene
Indeno(1 2,3-cd)pyrene Indeno(1,2,3-cd)pyrene

Naphthalene Naphthalene
Phenanthrene Phenanthrene

Pyrene_ _PyreneVPH by MADEP

Not Tested Not Tested H b MEP None
PCBs

Aroclor- 1248 Arodor- 1248 None
Aroclor- 1254 Aroclor- 1254

Prio ity Pollutant Metals (Plus Barium and Vanad Am)
Antimony Antimony Arsenic
Arsenic Arsenic Barium
Barium Barium Beryllium

Beraium Beryllium Chromium
Cadmium Cadmium Nickel
Chromium Chromium Selenium
Copper Coper Vanadium
'Lead Lead Zinc
Mercury Mercury
Nickel Nickel
Selenium Sdenium
Silver Silver
T.hallium Thallium
Vanadium Vanadium
Zinc Zinc

Asbestos

"besent Present Not Tested

5.5 Discussion of PAHs as (Background

Concentrations of oil and or hazardous materials (OHM) that are attributable to l, al, coal ash, or
wood ash are exempt from reporting under the MCP (CMR 40.0317). In addition, fill material
cx)ntaining coal ash/wood ash may be defined an v i as "background" for the purposes of risk
assessment as described in 310 CMR 40.0006. PAHs were widely detected at levels above
reportable concentrations during the May 2002 site investigation. If related solely to coal ash or
wood ash associated with fill material, the soil PAH concentrations would meet the definition of
"background" as defined in the MCP. However, it is noted during the March 2003 site
investigation that some locations (SB-10, 0 to 1 foot; SB-6, 0 to 1 foot and 5 to 7 feet), the
concentrations of some PAHs detected in soil samples are higher than the corresponding
MADEP background levels for soil containing fill material. In addition, at location SB-10
petroleum odors were noted and viscous oil was visually observed at depth. Other sources of
PAHs, such as creosote-preserved timbers and ash from combustion of materials other than coal
and wood, are also present on site. Because PAH contamination in Site soils north of the
raceway is not likely to be due solely to coal ash and wood ash, and because the contribution of
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background materials to the elevated concentrations of PAHs cannot readily be determined, the
PAHs are not treated as meeting the MCP definition of"background". The risk characterization
(Appendix K) includes those PAHs that were detected above MADEP background levels for
natural soils, and does not screen contaminants of potential concern (COPCs) on the basis of
MADEP background concentrations for soil associated with fill material, or any other source of
background concentrations. GenCorp has conducted extensive studies on the area and has shown
elevated levels of PAHs are considered a background condition.

6.0 NATURE AND EXTENT OF CONTAMINATION

6.1 Soil

Metcalf & Eddy and Stone & Webster collected numerous samples for areas north of the raceway
during the May 2002 and March 2003 site investigations. Soil samples collected during these
investigations were from test pits and soil boring activities. Soil samples during the May 2002
site investigation were taken from test pits located along the entire wedge area (Figure 5). Soil
samples collected during the March 2003 site investigation were taken from soil borings located
north of the wedge area (Figure 3) and test pits. Asbestos bulk samples were taken from the
March 2003 test pit excavations for laboratory analysis. The following sections discuss the
nature and extent of the soil contamination for areas north of the raceway at the Oxford Paper
Mill. For discussion purposes, areas north of the raceway have been divided up into two separate
sections: the wedge area and north of the wedge area (North Area). For comparison purposes
only, the analytical results have been compared to applicable MCP Standards. Surface and
subsurface soil samples were compared RCS-1. Sample locations, which have concentrations
greater than applicable MCP Standards, are provided in Tables 5-1 through 5-7. This section is
not a risk assessment and the applicable MCP Standards are presented only for discussion
purposes. Method 3 Human Health and Environmental Risk Characterization are summarized in
Section 8.0.

6.1.1 Wedge Area

The wedge area extends along the entire length of the north side of the raceway within the
Oxford Paper Mill boundary, and ends approximately 30 feet from the north raceway wall. The
wedge area encompasses the southern portion of the area north of the raceway. Refer to Figure 3
for the location of the entire wedge area. Surface and subsurface soil samples were collected
from 12 different test pit locations along the entire wedge area and analyzed for PCBs, EPH,
priority pollutant metals (plus barium and vanadium), and asbestos. Test pits (sample locations)
in the wedge area are depicted on Figure 5. Laboratory analytical results for the wedge area
smunples compared to applicable MCP Standards are summarized on Tables 5-2 through 5-5
(surface and subsurface soil analytical).

6.1.1.1 Surface Soil (0 to 3 feet bgs)
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EPH carbon fraction ranges, PAHs, metals (namely arsenic), PCBs, and asbestos were detected
in some surface samples in the wedge area at concentrations above applicable MCP Standards.
The PAHs detected at concentrations greater than applicable MCP Standards were the following
seven analytes; benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene. The PAHs
detected above applicable MCP Standards were identified in five of the six surface soil samples
collected in the wedge area (refer to Table 5-4). PAH impacted surface soils are considered to be
located throughout the entire wedge area.

According to the laboratory results for composite samples, the concentrations of arsenic were
above applicable MCP Standards in two surface soil (0-3 feet bgs) samples (SS-4S and SS-6S)
located in the eastern portion of the wedge area (refer to Table 5-4). The concentrations of
arsenic from the mobile and fixed laboratory analyses indicate that arsenic is present above
applicable MCP Standards (30 mg/kg) throughout surface soils in the wedge area (refer to Table
5-5). Arsenic concentrations in wedge area soils detected above 30 mg/kg should be considered
a possible imminent hazard. Arsenic imminent hazard areas (0-1' bgs) exist in surface soils in
the eastern portion of the wedge area. Arsenic impacted surface soils are considered to be
located throughout the entire wedge area.

The concentrations of PCBs (Aroclor-1242, 1248, 1254, and 1260) from the mobile and fixed
laboratory analyses (refer to Table 5-2) indicate that PCBs are present above applicable MCP
Standards (2 mg/kg) throughout surface soils of the wedge area in 8 of the 12 test pits excavated.
Because the PCB concentrations do not show a pattern with either depth or test pit location,
segregation of PCB contaminated wedge material from uncontaminated material is not believed
to be feasible. Also, the concentrations do not vary over a large range, and are uniformly less
than 50 mg/kg. However, there are no PCB concentrations in wedge are soils detected above 10
mg/kg (0-1' bgs) to consider an imminent hazard. PCB impacted surface soils are considered to
be located throughout the entire wedge area.

The presence of asbestos in wedge area soils was confirmed in 9 of the 12 test pits (refer to Table
5-3). Soil asbestos ranged from less than 1 percent (but detectable) to 8 percent, and bulk ACM
was encountered. The samples collected for asbestos analysis were generally composite samples
over several depth intervals within each test pit. Suspect ACM was not visually observed at all
locations, it is considered likely that it is present in soils throughout the entire wedge area.
Suspect ACM was observed in test pits 3,4, 5, 6, 7, 11, 12, 14, and 16.

6'1.1.2 Subsurface Soil (> 3 feet bgs)

EPH carbon fraction ranges, PAils, metals (namely arsenic), PCBs, and asbestos were detected
in some subsurface samples in the wedge area at concentrations above applicable MCP
Standards. The PAHs detected at concentrations greater than applicable MCP Standards were
the following seven analytes; benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene. The PAHs
detected above applicable MCP Standards were identified in seven samples collected in
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subsurface soils throughout the entire wedge area. PAH impacted subsurface soils are considered
to be located throughout the entire wedge area.

According to the laboratory results for composite samples, the concentrations of arsenic were
above applicable MCP Standards in two subsurface soil (3-9 feet bgs) samples (SS-4D and SS-
6D) located in the eastern portion of the wedge area (refer to Table 5-4). Arsenic subsurface
samples (> 3 feet) were not analyzed by mobile or fixed laboratories. Arsenic impacted
subsurface soils are not considered to be located throughout the entire wedge area only in two
isolated areas along the eastern portion.

Subsurface samples analyzed for PCBs and asbestos reveal the same information for surface soils
as mentioned above under Section 6.1.1.1 - Surface Soils. PCBs and asbestos are believed to be
throughout this area.

6.1.2 North of Wedge Area

North of the wedge area (or North Area) encompasses the northern portion of the area north of
the raceway. Refer to Figure 3 for the location of the North Area. Surface and subsurface soil
samples were collected from ten different soil boring locations that covered areas of contaminant
concerns from the historical information for the entire North Area. Also, ten test pits were
excavated as part of the North Area (March 2003) site investigation. The primary goal of the test
pits was to provide subsurface information that was helpful in determining the location of the ten
soil borings in the North Area. Positive bulk asbestos samples were collected from the certain
test pits. Surface and subsurface samples were collected throughout the entire North Area and
manalyzed for PCBs, EPH, priority pollutant metals (plus barium and vanadium), and asbestos.
North Area soil borings and test pit locations in the North Area are depicted on Figure 3.
]Laboratory analytical results for the North Area samples compared to applicable MCP Standards
are summarized on Table 5-6 (surface and subsurface soil analytical).

6.1.2.1 Surface Soil (0 to 3 feet bgs)

EPH carbon fraction ranges, PAHs, metals (namely arsenic, beryllium, and lead), and asbestos
were detected in all surface samples in the North Area at concentrations above applicable MCP
S tandards. The PAHs detected at concentrations greater than applicable MCP Standards were
the following six analytes; benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene,
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene. The PAHs detected above applicable MCP
Standards were identified in all ten samples collected in surface soils throughout the North Area
(refer to Table 5-6). Therefore, PAH impacted surface soils are considered to be located
throughout the entire North Area. PAHs were also compared to MADEP background
concentrations for "natural soils" and "soil containing fill material." PAHs above background
were found throughout the Site.

Concentrations of metals were greater than applicable MCP Standards in surface soil samples in
the North Area. Arsenic was detected at concentrations above applicable MCP Standards (30
mg/kg) in I of 10 surface soil samples. The arsenic concentration above applicable MCP
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Standards in surface soil samples was detected in one sample (SB-6/0-1) located near the center
of the North Area. Arsenic was detected below applicable MCP Standards in the remaining
surface samples in the North Area. Arsenic concentration in SB-6/0-1 was detected above 40
mg/kg (0-1' bgs) and was therefore considered a possible imminent hazard. Arsenic impacted
surface soils are not considered to be located throughout the entire North Area.

Beryllium was detected at a concentration above applicable MCP Standards (0.7 mg/kg) in 8 of
10 surface soil samples. The concentration of beryllium above applicable MCP Standards was
detected in samples collected throughout the North Area (refer to Table 5-6). Beryllium
impacted surface soils are considered to be located throughout the entire North Area. Lead was
detected at concentrations above applicable MCP Standards in 1 of 10 surface soil samples. The
elevated concentrations of lead were detected in the northwest corner of the North Area (SB-1/0-
1). Lead impacted surface soils are not considered to be located throughout the entire North
Area. Other metals were not detected above applicable MCP Standards in surface soils.

PCBs were detected below applicable MCP Standards in all of the surface soil samples collected
from the North Area (refer to Table 5-6). Therefore, PCBs are not believed to be located
throughout this area. Asbestos is found throughout the Site. Additional information on asbestos
contamination in surface soils is provided in Section 5.1.1 - Surface Soil - Asbestos.

61.2.2 Subsurface Soil (> 3 feet)

IEPH carbon fraction ranges, PAHs, and metals (namely arsenic, beryllium, and vanadium) were
detected in all subsurface samples in the North Area at concentrations above applicable MCP
Standards. The PAHs detected at concentrations greater than applicable MCP Standards were
the following six analytes; benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene,
d(libenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene. The PAHs detected above applicable MCP
Standards were identified in ten samples collected in subsurface soil throughout the entire North
Area (refer to Table 5-6). PAH impacted surface soils are considered to be located throughout
the entire North Area. PAHs were also compared to MADEP background concentrations for
"natural soils" and "soil containing fill material." PAHs above background were found
throughout the Site.

Concentrations of metals were greater than applicable MCP Standards in subsurface soil samples
in the North Area. Arsenic was detected at concentrations above applicable MCP Standards (30
rrig/kg) in 3 of 20 subsurface soil samples. The arsenic concentration above applicable MCP
Standards in subsurface soil samples was detected in three samples (SB-4/5-7, SB-5/9-11, and
SB-6/5-7) in the North Area. Subsurface sample SB-4/5-7 is located in the western portion of
the North Area. SB-5/9-11 is located in the center of the North Area while SB-6/5-7 is located in
the eastern portion. Arsenic was detected below applicable MCP Standards in the remaining
subsurface samples in the North Area.

Beryllium was detected at a concentration above applicable MCP Standards (0.7 mg/kg) in 10 of
20 subsurface soil samples. The concentration of beryllium above applicable MCP Standards
was detected in samples collected throughout the North Area (refer to Table 5-6). Beryllium
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impacted subsurface soils are considered to be located throughout the entire North Area.
Vanadium was detected at concentrations above applicable MCP Standards in two of 20
subsurface soil samples. The vanadium concentration above MCP Standards in subsurface soil
samples was detected in two samples (SB-7/7-9 and SB-9/5-7) in the North Area. The elevated
concentrations of vanadium in subsurface soils were detected in the center to northern portions of
the North Area. Other metals were not detected above applicable MCP Standards in subsurface
soils.

PCBs were detected below MCP Standards in all of the subsurface soil samples collected from
the North Area. Soil samples were not collected and analyzed for asbestos from the subsurface
only from the surface.

6.2 Groundwater

Groundwater samples were collected in the North Area in an effort to determine if the
groundwater had been impacted by the contaminants detected in site soils. A total of 24
groundwater samples from five sample locations were collected from the North Area in the
March 2003 site investigation (Metcalf & Eddy / Stone & Webster). Groundwater samples were
not collected during the May 2002 site investigation of the wedge area. The following sections
discuss the nature and extent of groundwater contamination at the North Area.

For screening purposes, the analytical results have been compared to MCP reportable
concentration GW-2 Standards. All groundwater samples collected from the North Area were
manalyzed for PCBs, MADEP-VPH, MADEP-EPH, and priority pollutant metals (plus barium and
vanadium). Sample locations, which have concentrations greater than applicable MCP
Standards, are boxed and provided in Table 5-7. All analytical results are summarized and
compared to applicable MCP Standards in Table 5-7. Laboratory analytical reports from the
March 2003 site investigation are included in Appendix J. Sample locations are depicted on
Figure 3 (the entire area north of the raceway).

Selenium was detected at a concentration above applicable MCP Standards in one groundwater
sample (MW-3). This monitoring well was located in the northern portion of the North Area
where the former USTs were once located (refer to Figure 3).

Vanadium was also detected at a concentration above applicable MCP Standards in one
groundwater sample in MW-6, which is south of MW-3 and located near the former black ash
room (refer to Figure 3).

7.0 CONTAMINANT FATE AND TRANSPORT

7.1 Introduction

The previous section of this report discussed the nature & extent of contamination for the area
north of the raceway. Based on these data, contaminants of concern (COPCs) were identified for
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the Site. This section discusses how the contaminant concentration may change with time and
how the contaminants may move in the environment. The table in Section 5.4 presents a list of
the COPCs qualitatively evaluated in the Method 3 Risk Characterization, as provided in
Appendix K and discussed in Section 8.0. The principal contaminants detected in the area north
of the raceway consist of PCBs, PAHs, EPH carbon fractions, asbestos, and the metals arsenic
and beryllium. Other analytes were detected at concentrations above applicable MCP Standards.
These two metals, PCBs, PAHs, EPH carbon fractions, and asbestos were detected most
frequently in surface / subsurface soils and may have the potential to impact groundwater. As
such, the focus of this Fate & Transport section will be PCBs, PAHs, EPH carbon fractions,
asbestos and the metals, arsenic and beryllium.

7.2 Contaminant Transport Pathways

[The contaminants identified in the area north of the raceway have the potential to migrate
through groundwater, soil, air, and via surface water. The rate of groundwater flow, the direction
of groundwater flow, the physical properties of the contaminant, and the subsurface soil
conditions control the contaminant fate in groundwater. For contaminant migration in soil, the
physical properties of the contaminant, subsurface soil conditions, and the amount of
precipitation, control the transport characteristic of the contaminant. The volatility of the
compounds, which is described by the contaminants interaction with the soil matrix controls
vapor transport.

7.3 Fate and Transport Processes

The following sections provide a brief review of the major contaminant fate and transport
properties and processes that influence the mobility of contaminants in the environment. When
released into the environment, most organic chemicals undergo a variety of reactions or
processes that affect their transport potential and final fate. For example, given a significant
amount of time, all petroleum compounds will break down into carbon dioxide and water
(mineralization). Whereas, metals have a more limited set of processes that they undergo and are
typically controlled by the redox potential (Eh) and pH conditions of the soil/water. Processes
that may be important to areas north of the raceway include the following:

Solution/Dissolution
Sorption
Physical Transport Mechanism

7.3.1 Solution/Dissolution

Solution is the partitioning of a chemical between the non-aqueous and dissolved phases. The
degree to which a compound is soluble (i.e., solubility) is a function of various factors including
salinity, temperature, dissolved organic carbon, oxidation state/redox potential, pH, polarity, and
other factors. Solubility of organic compounds varies from sparingly soluble to infinitely soluble
(Lyman et al. 1982). Compounds considered to be very water-soluble generally have water
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solubilities greater than 1,000 milligrams per liter (mg/L). Compounds are considered to have
moderate water solubilities if their solubilities are between 100 and 1,000 mg/L. Low water
solubilities are generally less than 100 mg/L. The solubility data for the COPCs evaluated in this
section are presented in Table 7-1.

Based on the solubility data presented in Table 7-1, the PAHs present in soil/groundwater have
very low water solubility's. However, of the PAHls, naphthalene, 2-methylnaphthalene and
acenaphthene are slightly soluble. With respect to the metals, arsenic and beryllium similarly
have low water solubility's.

Arsenic can occur in -3, +1, +3, and +5 valence states. However, the important state of arsenic
is in the arsenate (+5), or the arsenite (+3) form. Dissolved arsenic species can be absorbed by
ferric hydroxides. Arsenic (+5), is more strongly sorbed than arsenic (+3). Ferric hydroxides are
stable over a wide Eh-pH range, thus limiting the mobility of arsenic (Fetter, 1999). Arsenic
tends to be mobile over a limited pHI/Eh range. Beryllium oxide or hydroxide occur in the +2
valence, and have a very low water solubility. Beryllium and other metals can be expected to
undergo cation exchange with clays, thus the mobility of beryllium in groundwater is limited
(Fetter, 1999).

Asbestos is not readily soluble. However, like metals, these layered silicates have been found in
aquifers as colloids (Fetter, 1999).

'With respect to the EPH carbon fractions the CjI-C22 aromatics are the most soluble of the three
Fractions. The other two fractions Cg-Cis Aliphatics and C19-C36 Aliphatics are considered
slightly soluble to immobile.

Based on the residual concentrations of COPCs in the soil and groundwater, the
Solution/Dissolution process is a limited transport mechanism for the metals, PAHs, asbestos and
EPH carbon fractions with the exception of naphthalene, 2-methylnaphthalene, and C1 -C22
aromatics.

7.3.2 Sorption/Retardation

Sorption is defined as the interaction of an organic or inorganic contaminant with a solid (Piwoni
and Keeley, 1996). Sorption processes can be classified as adsorption (adhesion to the solid's
surface) and absorption (penetration into the solid). The discussion below covers only the
adsorption processes, since absorption can only occur when the aquifer particles are sufficiently
porous so that the solute can diffuse into the particle and be absorbed with the interior structure
of the mineral. The site geology consists principally of fill underlain by glacial till deposits and
loamy sands and silt deposits. Due to the presence of fine-grained sediments encountered, the
absorption process is likely to retain site COPCs, and as such these contaminants are not likely to
migrate a significant distance.

Adsorption mechanisms are typically the dominant processes causing retention of large
molecular weight organic molecules and inorganic compounds. Adsorption may be a significant
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process in the fate and transport of contaminants, because it can retard the transport of COPCs.
Also, transformation reactions such as biodegradation are affected by the degree of adsorption.

Adsorption is defined as the interaction of a solute with sorption sites on a solid surface.
Adsorption is a function of various properties of a given contaminant and the nature of the
aqueous and solid media. Contaminant properties that influence sorption for the COPCs include
the amount of organic carbon in decimal percent (fraction of organic carbon (fj)) present in the
soil/sediment, water solubility, and the soil-water partition coefficient (K). Organic carbon data
was not obtained as part of the investigation. However, as described in EPA (1997), the organic
matter for loam varies between 0.52%-0.71%. The organic carbon is determined by dividing this
value by 1.724. Using the lower range, the organic carbon for the loamy soils encountered would
be approximately 0.3% or 0.003 in decimal percent.

The partitioning ability of the chemical to be sorbed to the host media (soil) or to be released to
the pore water (groundwater) is directly related to the chemical's KQ and the soil/sediment fe.
The distribution coefficient, K, for organic chemicals is calculated using the following equation:
Kd = foc*K. The soil-water partitioning coefficient for inorganic compounds is more complex
and is affected by numerous geochemical parameters and processes, including pH, sorption to
clays, organic matter, iron oxides, and other soil constituents; oxidation-reduction conditions,
major ion chemistry, and the chemical form (e.g., hydroxide, carbonate, or silicate) of the metal.
The number of significant influencing parameters, and differences in experimental methods,
results in as much as seven orders of magnitude variability in measured metal Ka values reported
in the literature.

Table 7-2 includes the KQ and the calculated Ka based on a TOC of 0.3% or in decimal percent,
0.003 for organic compounds. The source of the Ka data for inorganic compounds provided in
Table 7-2 is for arsenic (+3) and beryllium (+2) with an aqueous pH of 6.8. The distribution
coefficient for beryllium varies by 5 order from 2.8 L/kg at a pH of 4.9 to 466,000 L/kg at pH
8.0. The sorption for arsenic (+3) is based on the following Eh-pH dependent relationship:

Arsenic (+3) Log IK = 0.0322*pH + 1.24

Based on the IKc, o and Kd values presented in Table 7-2, the PAH compounds sorb readily to
site soils as noted by their high distribution coefficient numbers and do not readily migrate in soil
or groundwater. Exception to this are the PAHs, naphthalene, acenaphthene, fluorine, and 2-
mnethylnaphthalene. Additionally, the Cl -C22 aromatic hydrocarbon is the most mobile of the
three carbon fractions. As depicted in the table, arsenic may be mobile in site groundwater and
may leach from site soils based on their Kd values. However, as previously noted, metals
transport in the subsurface is dictated by many factors including soil Eh/pH conditions to name a
few.

The retardation factor of a compound can be determined based on the distribution coefficient, Kd,
of a compound, the net effective porosity of the soil, and the soil bulk density. Based on a dry
bulk density of 1.47 g/mL for a loamy soil (EPA 1997) and an estimated net effective porosity for
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a silty-sand of 20 percent (Fetter, 1994), the retardation factor for each compound was
determined. Retardation Factors are presented in Table 7-3 and were determined as follows:

Rf = 1 + (Pdn) x I

Where:
Rf = retardation factor, unitless
Pb = dry bulk density, g/mL
n = net effective porosity, as void fraction
K = IQK *fC (for organic compounds solely), mL/g
f, = fraction of organic carbon, decimal percent
IQ = partitioning coefficient mlJg

As indicated by the calculated retardation values, the heavy weight PAHs and PCBs are highly
retarded and bind to site soil as presented in Table 7-3. With the exception of naphthalene, the
PAHs are not anticipated to migrate any substantial distance in groundwater. Similarly, the
metals arsenic and especially beryllium would sorb to site soils. As noted previously, metals
transport are highly dependent on soil-water interactions such as Eh/pH, amount of ferric iron
present in the soil and the cation exchange capacity (CEC) of the soil.

As presented in Table 7-3, the COPCs solute velocity is presented. The relationship between
retardation and solute velocity is as follows. Assume groundwater flows at a rate of 0.5 ft/day,
sree Section 7.3.3, then a dissolved naphthalene front with a retardation factor of 29.67 would
migrate approximately 6 feet from the source in one year, whereas uncontaminated groundwater
without naphthalene would migrate 182.5 feet. The PAHs are essentially immobile and many of
the other COPCs migrated tenths of feet per year to several feet per year. Therefore, the
Sorption/Retardation process is a significant Fate & Transport mechanism in prohibiting the
migration of site contaminants.

73.3 Physical Transport Mechanisms

Other physical transport mechanisms that may be important to the site include the following:

molecular diffusion (diffusion),
advection,
dispersion,
physical transport

Diffusion is a physical process that occurs in subsurface environments. Diffusion will occur in
any environment that has a concentration gradient and tends to be more significant in low
permeable soils. The magnitude of the gradient determines the rate of the reaction. Under
normal conditions, areas of higher concentration move to areas of lower concentration since the
system wants to be in equilibrium. The difference between the high and low concentration is
related to the concentration gradient. This process tends to spread the contamination outward in
all directions from the source. Based on the residual concentration of COPCs in the subsurface
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soil and groundwater, diffusion is not likely to be a significant physical transport mechanism due
to the permeable nature of the fill and loam deposits.

Advection is a process where dissolved contaminants are carried along with bulk groundwater
flow. Many different advection transport models are used to describe the flow of groundwater
and contaminants through subsurface media. Factors affecting the advective transport include
contaminant concentration, hydraulic gradient, hydraulic conductivity, and effective porosity
(Fetter, 1994). The one-dimensional mass flux due to advection can be calculated using the
variables identified. The seepage velocity of the groundwater at the site-using maximum
determined values is approximately 0.5 ft/day. This was determined from the following equation
and estimated variables:

Vse = K*I/ne

Where:

Ve -.Seepage Velocity, ft/day
K= Hydraulic Conductivity of the subsurface soils, 3.8 x 10-3 cm/sec (Eckenfelder,

Inc., 1998)
I= Hydraulic Gradient, Unitless, 0.0098 (maximum)
n,- Net Effective Porosity, Unitless, 0.2 (typical)

Advection itself is a significant transport mechanism for this site, since groundwater migrates
approximately 180 ft/year. However, when retardation and dilution (via precipitation and
dispersion) are considered, the solute concentration would be considered negligible, and this
pathway is not considered important.

The mixing of contaminants through soil pore spaces in the subsurface is called mechanical
dispersion. There are three ideas associated with this type of fluid transport (Fetter, 1994). Fluid
will move faster through the center of pores than along the edges. Some fluid molecules may
travel along longer flow paths than others to go the same linear distance. Fluid will flow faster
through larger pores than smaller ones.

Considering the situations discussed above, not all fluid is traveling at the same velocity,
allowing mixing along the flow path, thereby causing some degree of dilution. Dispersion can
occur in the longitudinal or transverse direction. Many equations have been developed to
determine/represent dispersion coefficients.

Dispersion should not play a significant role since the Ko's and K values are fairly high,
contaminants will preferentially sorb to site soils, thereby reducing dispersion effects in a
transverse or vertical direction. As such, dispersion is not considered a significant fate &
transport process.

7.3.4 Volatilization
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Volatilization is a physical process that depends on the thermodynamic properties of a chemical
and the effects of environmental factors. VOC analytes are principally the compounds that are
subject to volatilization and are not COPCs at the site.

Volatilization may occur from groundwater into soil gas within the vadose "unsaturated" zone.
The rate of volatilization depends upon temperature, vapor pressure, and the difference in
concentration between the liquid and vapor phases. The emissions from a source can be
estimated with the use of Henry's Law constants, equilibrium chemistry, and other site-specific
factors. Henry's Law is used for dilute solutions and represents the ratio of the concentration in
the gas to the liquid concentration. Table 7-4 lists the Henry's Law constants for the site COPCs,
where available.

From the information presented in Table 7-4, the higher the Henry's Law constant the greater
likelihood that the compound will be present in the gas phase surrounding the liquid.
Temperature and the chemical composition of water significantly affect Henry's Law constant.

Henry's Law is proportionally related to the vapor pressure and molecular weight of the
compound and inversely proportional to the compound solubility. As depicted in Table 7-4,
PAHs and PCBs tend to have very low Henry's Law constants, and metals are considered to be
non-volatile. With the possible exception of 2-methylnaphthalene and the EPH carbon fraction
C9-C18 Aliphatics, all other COPCs are not considered volatile. Therefore, volatilization from
site COPCs is not expected to be a major transport process.

7.4 Fate and Transport Conclusions

In summary, residual concentrations of the COPCs are expected to degrade or remain in the
general area of the releases. The Fate and Transport evaluation has revealed that COPCs are not
expected to significantly migrate from site soils, groundwater, or volatilize from site soils.

8.0 METHOD 3 RISK CHARACTERIZATION

8.1 Introduction

A Method 3 Risk Characterization and Stage I Environmental Screening has been prepared for
the Site in order to establish whether a condition of No Significant Risk, as defined in the MCP,
exists for current and foreseeable future site uses. In accordance with the MCP, characterization
of the risk of harm to health, public safety, public welfare, and the environment associated with
concentrations of OHM in environmental media were evaluated in the risk characterization. The
complete Method 3 Risk Characterization and Stage I Environmental Screening are provided in
Appendix K.

The Method 3 Human Health Risk Characterization and Stage I Environmental Screening was
prepared by Metcalf & Eddy and are included as Appendix K.
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8.2 Human Health Risk Characterization

In accordance with the Massachusetts Contingency Plan, 310 CMR 40.0990, a Method 3 Human
Health Risk Characterization and Stage I Environmental Screening has been conducted for areas
north of the raceway of the Oxford Paper Mill using applicable soil and groundwater analytical
sampling data from the May 2002 and March 2003 site investigations. The raceway and the area
south of the raceway are being characterized and remediated separately. It is anticipated that the
wedge area soils will need to be removed from the northern portion of the property as part of a
bridge construction project being performed by the Massachusetts Highway Department (MHD).
However, since the design plans for the bridge have not been firmly established, all soils
(including the wedge area soils) have been assumed to remain within areas north of the raceway
for the purposes of this risk evaluation.

This risk characterization is intended to be an evaluation of baseline conditions at areas north of
the raceway and has been conducted in a manner consistent with the requirements of 310 CMR
40.0900, guidelines laid out in MADEP's Guidance for Disposal Site Risk Characterization
(MADEP, 1995 and 2002 technical updates), MADEP petroleum policies (MADEP, 2002) and
current risk assessment practices. Risk of harm to human health, welfare, safety, and the
aenvironment from potential exposures to the detected contaminants has been characterized to

provide information that will be used to select the appropriate Response Action Outcome (RAO)
pursuant to 310 CMR 40.1000.

8.2.1 Uses, Receptors, and Exposure Pathways

The risk evaluation assumes that an Activity and Use Limitation (AUL) will be placed on the
property to prevent future residential and/or commercial land use including the construction of
occupied buildings. Therefore, the risk characterization has not included these receptors or the
pathways by which these receptors may be exposed to site-related contaminants. In addition,
asbestos-contaminated soils exist on-site that, if contacted, would present a potential risk to
human receptors. It is assumed that contact with these soils will need to be prevented as part of
the AUL at the Site.

8.2.2 Current Site Activities and Uses

Persons who may currently be present at the Site include the following:

1. Adolescents trespassing onto the Site; and
2. Adolescent users of the Spicket River.

Direct exposures of human receptors to contaminants detected in surface soil is considered a
potentially complete exposure pathway under current Site conditions since contamination is
present at depths less than three feet below ground surface in unpaved areas. Therefore, direct
contact surface soil exposures (ingestion and dermal contact) and the inhalation of soil-derived
dust are evaluated as current exposure pathways for adolescent trespassers.

Office of Planning & Development - City of Lawrence Page 42
Oxford Paper Mill - Areas North of the Raceway

Stone 
& Webster 

Mass 

c

Phase 
II Com 

rehensi 

t



Sto ~ a~reo ?nenrn~t Im Ph Yu ca I nnrh V a f %a A ooaaom a

The potential for indirect exposures of human receptors to volatile contaminants detected in soil
and groundwater through inhalation of impacted outdoor air is considered negligible under
current Site conditions due to dilution and dispersion of any released vapors in ambient air.

Based on the direction of groundwater flow across the Site, potential exposures of adolescent
receptors to contaminants in the surface waters of the Spicket River via dermal contact and
ingestion are possible. This assumption is consistent with MADEP's requirement that
groundwater shall be considered a potential source of discharge to surface water (310 CMR
40.0932(3)). Therefore, this pathway was evaluated in terms of impact of surface water
contaminants exposures on human health and the environment.

The Site is not located with a designated Zone II, Interim Wellhead Protection Area, a Potentially
Productive Aquifer, or the Zone A of a Class A Surface Water Body (refer to Figure 4).
Therefore, potential exposures of human receptors to contaminants in groundwater used directly
as a potable water supply or for irrigation purposes are considered highly unlikely.
Consequently, the use of Site groundwater as a source of potable water was not further evaluated.

8.2.3 Reasonably Foreseeable Site Activities and Uses

Under future foreseeable Site activities and uses, the most likely exposures to contaminants are
expected to occur during subsurface excavations through contaminated soils. Principal receptors
are expected to be workers involved in grading areas north of the raceway as part of MHD's
bridge construction, or in trenching activities for the installation of utility connections.
Excavation and construction activities for a proposed geotextile cap over areas north of the
wedge area would most likely pose an exposure pathway for workers to on-site subsurface
contaminants.

The most likely pathways and routes of exposure to contaminants for workers during these
invasive activities are direct dermal contact, incidental ingestion and inhalation of fugitive dusts
and volatiles from contaminated soils as a result of subsurface activities. It is also possible for
these workers to come in contact with contaminants detected in shallow groundwater during
excavations, resulting in exposure through incidental ingestion, and dermal contact.

Future excavation/construction work could result in the movement and mixing of subsurface
contaminants with surficial contaminants and subsequent exposures to future receptors. Should
the Site be developed as a park, young child and adult users could potentially be exposed to
contaminants in soil (following movement of these soils to the surface during excavation
activities) through dermal contact, incidental ingestion and inhalation of fugitive dusts entrained
from friable soils. In addition, exposures to surface water in the Spicket River, via direct dermal
contact and incidental ingestion, are possible under future Site use and have been evaluated as
part of the exposure scenario. Since dilution and dispersion of the low levels of vapors migrating
from soil and groundwater into ambient air are not expected to mitigate any significant exposures
through inhalation, this pathway was not evaluated further. Should the Site not undergo
development in the future as a park, future adolescent trespassers may be exposed by the same
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pathways as current adolescent trespassers except for ACM. The Site is fenced and excludes
trespassers.

8.3 Method 3 Human Health Risk Characterization Conclusions

The Method 3 Human Health Risk Characterization concluded that under current site activities
and uses, potential exposures to Contaminants of Potential Concern (COPCs) in soil and surface
water (as estimated based on groundwater discharge to the Spicket River, and a dilution factor of
10) pose no significant risk of harm to current adolescent trespassers.

Under future foreseeable site activities and uses, potential direct contact exposures of COPCs in
soil pose a significant risk of harm to human health. Significant risk of harm is posed to: (1) the
future hypothetical young child user; and (2) the future hypothetical adult user. The risks are
primnarily attributable to the presence of carcinogenic PAHs and arsenic in soil. Future exposures
to construction/utility workers or adolescent trespassers pose no significant risk to harm to
health. Note that the assessment of future risk includes data for all soils currently present at the
Site north of the raceway, including those in the wedge area. Removal of wedge area soils was
not assumed in estimating future risk. Because wedge area soils and soils north of the wedge
area are similar with respect to contaminant concentrations, the evaluation of future risk would
not likely change, were the wedge area soils to be excluded from the evaluation.

The Method 3 Human Health Risk Characterization also concluded that risk of harm to safety
and public welfare is not significant under both current and future foreseeable site conditions.
Also since the water Exposure Point Concentrations, modeled from groundwater contaminant
concentrations, do not exceed Ambient Water Quality Criteria for aquatic receptors, it is
concluded that the Site does not pose a significant risk to the environment.

8.4 Stage I Environmental Screening

The following observations about the Site and its environs may be made:

* The Site is not located within a one-half mile radius of or adjacent to an inland Area of Critical
Environmental Concern (MADEP Bureau of Waste Site Cleanup Site Scoring Map; Figure 4)

* The U.S. EPA Region 1 List of Priority Wetlands/Water Bodies in New England does not
indicate the presence of specific priority wetlands/water bodies at or in the vicinity of the Site.

* The Massachusetts Natural Heritage Atlas does not show High Priority Sites of Rare Species
Habitats and Exemplary Natural Communities or Estimated Habitats of Rare Wetlands
Wildlife and Certified Vernal Pools within a one-half mile radius of the Site.

* The MADEP Bureau of Waste Site Cleanup Site Scoring Map (Figure 4) indicates that the
closest surface water body (Spicket River) is located immediately adjacent to the Site.

Office of Planning & Development - City of Lawrence Page 44
Oxford Paper Mill- Areas North of the Raceway

Stone & Webster Mass.achtetq cn Phase II Com rehensi it A rnt



r . pPhnce TI Fnmnrehncie Z Aecpevmpn

Based on the review of available data and the aforementioned observations, the potential media
of concern for ecological receptors were identified as on-site surface soils and surface water (as
impacted by groundwater discharge).

8.4.1 Terrestrial Receptors

The principal exposure pathway for terrestrial receptors includes contact with COPCs in on-site
surface soils. However, given the small size (<2.0 acres) of undeveloped impacted property on
the Site and the limited vegetated cover (i.e., lack of suitable habitat), the Site appears to qualify
for exclusion from assessment of risk of harm to terrestrial life under MCP guidance (MADEP,
1995).

8.4.2 Aquatic Receptors

For discharge of groundwater to surface water, the most likely environmental receptors are
aquatic organisms living in the Spicket River. Terrestrial organisms may drink from the river;
however, this is likely to occur from multiple locations along the river and other water bodies in
the area. Potential exposure point concentrations (EPCs) for aquatic life in the Spicket River
were modeled using average groundwater concentrations and conservative dispersion modeling
(i.e., MADEP default 10-fold dilution factor).

8.5 Stage I Environmental Screening Conclusions

Risk of harm to the aquatic organisms was evaluated by comparison of the modeled surface
water EPCs to Massachusetts Ambient Water Quality Criteria provided by MADEP (MADEP,
1994). COPC EPCs are below the corresponding AWQCs, and thus pose no significant risk of
harm to aquatic receptors.

Based on the findings of the above Stage I Environmental Screening, current and future
foreseeable site conditions pose no significant risk of harm to the environment, as defined in 310
CMR 40.09. In addition, a Stage II Environmental Risk Characterization (as defined in 310
CMR 40.0995(4)) is not indicated.

9.0 POTENTIAL SOURCES OF CONTAMINATION

Based on a review of the site history, site visits, field observations and analytical data, it appears
that the possible sources of COPCs for areas north of the raceway are due mostly to the former
paper mill operations. Contaminants include polycyclic aromatic hydrocarbons (PAHs) from
coal, coal ash, and other combustion operations; chlorinated organic compounds that may have
fbrmed during pulp bleaching operations; and sulfides from chemical pulp residues. The
chlorinated organic compounds and sulfides would most likely have been released to surface
water and air, as opposed to soil, because they are associated with mill operations that involved
water discharges (to the raceway most likely) and air emissions (sulfur compounds and other
volatile organic compounds (VOCs) from stacks and process tanks). In addition, underground
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storage tanks containing fuel oils and transformers containing polychlorinated biphenyls (PCBs)
have historically been present on-site.

10.0 SUMMARY/CONCLUSIONS

A Phase II - CSA has been performed by Stone & Webster for areas north of the raceway at the
Oxford Paper Mill. The Oxford Paper Mill is located off of Canal Street in Lawrence,
Massachusetts (refer to Figure 1).

Soil (surface and subsurface), and groundwater samples have been collected over a two-year span
(2002 to 2003) by the Metcalf & Eddy and Stone & Webster. The majority of contamination
found in areas north of the raceway at the Oxford Paper Mill is PAHs, PCBs, asbestos and metals
in soil and metals in groundwater. PAHs are not considered background in areas north of the
raceway due to the detection of some PAHs in soil samples at concentrations greater than the
corresponding MADEP background levels for fill material (refer to Section 5.5). The sample
results have been used to perform a Method 3 Risk Characterization.

The Risk Characterization (included in Section 8.0) concluded the following:

SA condition of no significant risk to human health does exist for current site activities and that
a condition of no significant risk to human health does not exist for future activities.

SThe Risk Characterization also concluded that a condition of no significant risk to safety and
public welfare does exist for both the current and future foreseeable site conditions.

SIn final, the Risk Characterization concluded that a condition of no significant risk to the
environment does exist. A condition of no significant risk has not been achieved for future
activities and therefore additional remediation must occur or an AUL must be placed on the
property for restricted future use.

The human health risk characterization conclusions are based on limits to site use for current and
future residential development through the implementation of an Activity and Use Limitation
(AUL). Remedial actions and/or additional restrictions in the AUL are required to address
potential risks to the users for areas north of the raceway at the Oxford Paper Mill to meet a
condition of No Significant Risk. A Phase III - Identification, Evaluation, and Selection of
Comprehensive Remedial Action Alternatives will be submitted in accordance with 310 CMR
40.0850 to address the potential risks to human health and the environment.

The Stage I Environmental Screening (included in Section 8.0) concluded the following:

* Since surface water EPCs, modeled from groundwater contaminant concentrations, do not
exceed AWQCs for aquatic receptors, it is concluded that the Site does not pose a significant
risk to the environment.
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11.0 LIMITATIONS

This report was prepared for the use of the City of Lawrence. The observations made and results
presented in this report are believed to be representative of current conditions at the time of Stone
& Webster's assessment. Any additional information regarding Site conditions or past/current
Site use should be brought to Stone & Webster's attention so it may be addressed and
incorporated in the Site study. This information could potentially result in modification of Stone
& Webster's conclusions and recommendations.

Stone & Webster is not responsible for the accuracy and veracity of information provided to us by
outside parties with respect to areas north of the raceway at the Oxford Paper Mill and adjacent
properties. This report presents the opinions of Stone & Webster Massachusetts, Inc., with the
respect to the environmental conditions of areas north of the raceway at the Oxford Paper Mill.
The actual determination of compliance of present or former operators of areas north of the
raceway at the Oxford Paper Mill with federal or state regulations can only be made by the
appropriate regulatory agencies. The opinions rendered herein are not intended to imply a
warranty or a guarantee and are based solely upon areas north of the raceway at the Oxford Paper
Mill conditions at the time of our investigation.

Chemical analyses were performed for certain parameters during this assessment. The parameters
selected were based upon site knowledge and potential sources. However, chemical constituents
not searched for during the studies may be present in soil and/or groundwater at areas north of the
raceway at the Oxford Paper Mill. Chemical conditions reported reflect conditions only at the
locations tested at the time of testing and within the limitations of the methods used. Such
conditions can vary rapidly from area to area and from time to time. No warranty is expressed or
implied that chemical conditions other than those reported do not exist within areas north of the
raceway at the Oxford Paper Mill.

Negative findings at a test location do not guarantee that the soil or groundwater at a greater
depth is free of contaminants because geologic and/or hydrologic conditions may be present that
prevents upward diffusion of contaminants from deeper horizons. Additionally, positive findings
at a sample location can arise from soil contamination only and do not confirm that the
underlying groundwater has been impacted.
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NRS SCORING MAP DATA SOURCES

AQUIFERS: USGS-WRDIMassGIS, 1:48,000.
Automated by MassGIS from the USGS Water
Resources Div. Hydrologic Atlas series manuscripts. The
definitions of high and medium yield vary among basins.
Source dates 1977-1988.

SOLE SOURCE AQUIFERS: US EPNAMA
DEP/MassGIS, various scales. They are defined by EPA
as aquifers that are the 'sole or principal source' of
drinking water for a given aquifer service area. Last
updated May 1996.

NON POTENTIAL DRINKING WATER SOURCE
AREAS: DEP-BWSC (Bureau of Waste Site Cleanup).
Those portions of high and medium yield aquifers, which
may not be considered as areas of groundwater
conducive to the locations of public water supplies.
Please refer to the MCP guidelines for the definitions of
these areas.

DEP APPROVED ZONE I1's: MA DEP, 1:25,000. As
stated in 310 CMR 22.02 'that area of an aquifer which
contributes water to a well under the most severe
pumping and recharge conditions that can be realisticaily
anticipated.' Digitized from data provided to DEP in
approved hydrologic engineering reports. Data is
updated continuously.

INTERIM WELLHEAD PROTECTION AREAS: DEP-
DWS (Division of Water Supply), 1:25,000. These
polygons represent an interim Zone 11 for a groundwater
source until an actual one is approved by t e DEP
Division of Water Supply. The radius of an iWv7'A :Lries
according to the approved pumping rate. Updated in
parallel with the Public Water Supplies data.

PUBLIC WATER SUPPLIES: DEP-DWS, 1:25,000.
Community and non-community surface and withdrawal
points were field collected using Global Positioning
System receivers. The attributes were added from the
DEP Division of Water Supply database. Continuously
updated.

HYDROGRAPHY: USGS/MassGIS. 1:25,000 USGS
Digital Line Graph (DLG) data modified by MassGIS.
Approximately 40% of the data was provided by USGS
and MassGIS created the remainder to USGS
specifications. Source dates 1977-1997.

DRAINAGE BASINS: USGS-WRDIMassGIS, 1:24,000.
Automated by MassGIS from USGS Water Resources
Division manuscripts with approximately 2400
sub-basins as interpreted from 1:24,000 USGS
quadrangle contour lines. 1987-1993.

WETLANDS: Umass Amherst RMP/MassGIS, 1:25,000.
Includes nonforested wetlands extracted from the
1971-1991 Land Use datalayer, which was
photointerpreted from summer CIR photography.
Interpretation was not done in stereo. Also includes, in
most areas, forested wetlands from USGS Digital Line
Graph (DLG) data.

PROTECTED OPEN SPACE: EOEA (Executive Office
of Environmental Affairs) MassGIS, 1:25,000. Includes
federal, state, county, municipal, non-profit and
protected private conservation and outdoor recreation
lands. Ongoing updates.

ACECs: DEM, 1:25,000. Areas of Critical Envircnmentai
Concern are areas designated by the Secretary of ECEA
as having a number of valuable environmental features
coexisting. Projects in ACECs are subject to the highest
standards of review and performance. Last updated
October 1996.

ROADS: USGS/MassGIS/MHD, 1:100,000. MassGIS
extractec roads from the USGS Transportation DLG
files. MA Highway Dept. updated roads through, 1C999.
MassGIS and MA DEP GIS group further edited this
layer. Numbered routes are part of the state, U.S. or
Interstate highway systems.

POLITICAL BOUNDARIES: MassGISiUSGS, 1:25,C000.
This datalayer was digitized by MassGiS from mylar
USGS quads. Source date is approximately 1985.

DEP PERMITTED SOLID WASTE FACILITIES: DEP-
DSW (Division of Solid Waste), 1-25000. Includes only
facilities regulated since 1971. Data includes sanitary
landfills, transfer stations and recycling or composting
facilities. Facility boundaries were compiled or
approximate facility point locations drafted onto USGS
quadrangles and automated by the DEP Division of Solid
Waste. Last updated 1997.

NHESP ESTIMATED HABITATS OF RARE
WETLANDS WILDLIFE: Polygons show estimatea
habitats for all processed occurrences of rare wetlands
wildlife. Data collected by Natural Heritage &
Endangered Species Program and compiled at 1:24,000
or 1:25,000 scale. For use with Wetlands Protection Act
Only. Effective 1999 - 2001.

NHESP CERTIFIED VERNAL POOLS: Points show all
vemrnal pools certified by NHESPMADFW (Fisheries and
Wildlife) as of June 30, 1999. Data compiled at 1:24,000
or 1:25,000 scale. Effective 1999 - 2001.

Last revised: 2000
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I ale 3-3 - ILAW ,FI. MA - YJH PAIt l M L 2 - FI-LD SUHVEY
- -.-.---- I ..-. I - -

Quantative Qualatvel

oHor Anmgle Rod Stadia (FL) Stadia Shot Dist OW deph OW Elev. GW depth GW Elev. DifShot Hoc.LAngle Rod Stadia (FL)levation below (1) below (It) t0

(Az./ngle) (tL) High Low Difference (It.) (it.)) t 20op pvc (8/ 20

0 * 4.76 - - - - Transit Station 1 100.58

1 0 5.34 5.83 4.85 0.98 98 SE cm Oara BIdg 10oo
2 96 7.82 8.41 7.23 1.18 118 ci fL bidge/Spcket 97.52
3 118 4.92 5.35 4.51 0.84 84 rnw-1 pvc (grade 7.08) 100.42 16.31 84.11 17.88 82.54
4 125 6,06 6.56 5.59 0.97 97 lp-h 99.28
5 124 7.00 7.66 6.19 1.67 167 S8-2 98.34
6 126 5.60 6.50 4.70 1.80 180 rMw-3 pvc (grade7.34) 99.74 1498 84.76 18.08 81.66
7 128 6.41 7.24 6.54 1.70 170 tp- l 98.93
8 1311 4.88 5.87 4.16 1.51 151 SB-6/1 100.46
9 1,28 5.66 6.40 4.90 1.50 150 58-/2 99.68

10 13:.5 4.64 5.42 3.87 155 155 S-83 "100.7
11 134.5 5.26 6.14 4.43 1.71 171 S8-9/1 100.08
12 116 5.23 6.11 4.38 1.73 173 sb-9/2 100.11
13 131 6.66 7.60 5.78 1.82 182 sb-9/3 99.68
14 145 528 5.11 4.42 0.69 69 sb-7/1 100.06
15 145.5 5.00 5.85 4.13 1.72 172 sb-7/2 100.84
16 150 5.30 6.14 4.47 1.67 167 sb-7/3 100.04

17 158 6.20 7.04 5.28 1.76 176 tp-g 99.14
18 148 2.28 2.88 1.73 1.15 115 mw-5 pvc (grade 4.38) 103.06 18.81 84.25 20.03 83.03
19 150.5 4.94 5.55 4.37 1.18 118 SE-5/1 100.4

20 143 4.64 5.20 4.13 1.07 107 ip-t 100.7
21 159 5.00 5,95 4.12 1.83 183 mw-6 pvc (grade 5.40) 100.34 16.2 84.14 17.72 82.62

22 165 6.36 7.15 5.63 1.52 152 sb-6/1 98.98

23 162.5 6.66 7.44 5.86 1.58 158 sb-6/2 98.68

24 160 6.86 7.82 6.00 1.82 182 sb-6/S 98.48

25 163 5.66 6.84 4.52 2.32 232 mw-10 pvc (grade 8.0) 99.68 14.98 84.7 19 80.68

25 161.5 8.31 9,42 7.20 2.22 222 tp-e 97.03 +

27 143 6.50 6.56 4.38 218 218 1p-j 99.84

28 167 10,76 12.12 9.50 2.62 262 cd fLt bridge/raceway 94.58

29 163 5.00 5.65 4.33 1.32 132 tp-d 100.34
30 195 3.23 3.76 2.68 1.085 108 ci archkaceway 102.11

31 172.5 5.12 5.46 4.77 0.69 69 p-c 100.22
32 209 4.14 4.24 4.03 0.21 21 tp-b 101.2
33 299 3.92 4.07 3.78 0.29 29 tp-a 101.42
34 1618 4.36 4.45 4.28 0.17 17 sb-4/1 100.98

35 199 4.60 4.62 4.58 0.04 4 sb-4/2 100.74

36 324 -2.00 89 well 24 107.34
37 357 1.54 1.92 1.16 0.76 76 well 12s 103.8

38 99.5 7.82 8,38 7.20 1.18 118 tie round l It bridge/spi 97.2

39 95 1939 19.91 18.83 1.08 108 Spickt elev 1600 green 85.95 Rver at 1600 85.95
fail .,___ __t__W

40 96 7.69 8.17 17.23 0.94 94 pt spicel ne cm 97.65

41 107.5 7.51 7.89 7.17 0.72 72 pl east 97.83
42 130 5.90 6.18 5.60 0.58 58 pl so. east OrnCm 99.44
43I 830 cl ate - see below 105.34

erence between
of steet case

and top pvc

024

0.26

0.2

0.5

0.25

-q I. W1 c_ na -. see__below__1__4

gate transit
x 100.58 100.58

18 -------------------------

76.2' .76 762 4.67

95.91

4.67/762'= 0.061286 slope
*18.9

1.16' rise
elevation at gate = 100.58+1.16 = 101.74

II

T



Table 5-1 - November 2002IAugust 2003 ACM Soil Sampling Events Results

Sample Number* Reported Value (%)

1 Not Detected
2 Not Detected
3 Less than 1.0
4 1.3
5 Not Detected
6 1.2
7 1.8
8 Less than 1.0
9 Not Detected

10 1.3
11 Not Detected
12 Not Detected
13 Not Detected
14 Less than 1.0
15 Less than 1.0
16 1.3
17 Less than 1.0
18 1.4
19 Not Detected
20 1.3
21 Not Detected
22 1.3
23 Not Detected
24 Less than 1.0
25 Not Detected
26 Less than 1.0
27 Less than 1.0
28 2.9
29 Less than 1.0
30 Less than 1.0
31 1.5
32 Less than 1.0
33 Not Detected
34 Not Detected
35 Less than 1.0

* Refer to Figure 8 for the corresponding asbestos sampling locations (November 2002/August 2003)



Mobile Labob nt Difference for Detections"
C

- N PCBs (mg/ke and OEME Fixed Labs

m Aroclor Aroclor oclor Aroclor Aroclor
1254 1242 1242 1260 1248

3A 1U 2U NC NC NCo
KA 1 U 2U NC NC NC
B 1U 2 U NC NC NC
C I U 1U NC NC NC
D 1 U 1 U NC NC NC
E 0.6 1 U NC NC NC
F 1 U 1U NC NC NC
G I 1U 1 U NC NC NC
H 1 U 1 U NC NC NC

4A 1U 1U NO N Nc4A 1 0 NC NC NC

B 0.9 1 U NC NC NC
C 2.8 1 U NC NC NC
KC - - NC NO NC

5 A 2 U 3 U NC NC NC
KA 2U 3U NC NC NC

6A 1.5 U 2 U NC NC NC
B 1.5U 8U NC NC NC
C 1.5 U 4 U NC NC NC
D 2U 2U NC NC NC
E 2U 4 U NC NC NC

7 A 1 U 2 U NC Nc NC
B 2U 5 U NC NC NC

C 2 U 2 U NC NC NC

D 2 U 3 U NC NC NC
E 2U 3U NC NC NC

8 A 1 U 2 U Nc NC Nc

B 1 U 1 U NC NO NC

C 2 U 2U NC NC NC

D 2U 4U NC NC NC

E 3 U 5U NC NC NC

F 3U 5 U NC NC NC

G 2U 2U NC NC NC

10A I U 1 U NC NC NC
B 2 U 2U NC NC NC

C 1U 1 U NC NC NC

KC 1 U 1 U NC NC NC

D 3 U 5 U NC NC NC

E 1 U 1 U NC NC NC

F 1 U 1U NO NC NC

G 1 U 1U NC NC NC

H 10U 10 U NO NC NC

11A 1U 1U NC NO NC
B 2.1 4U NC NC NC

C 2 U 2U NC NC NC

D 3 U 4 U NC NC NC

E 2U 2U NC NC NC

F 1 U 1 U NC NC NC

1U
1U
1 U

1 U NC
1 U NC

1 U NC

NC

NC
NC
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Table 5-3. Oxford Paper Mill Site: Asbestos Analytical Results

Asbestos

Estimated Volume Percet

.
S Chrysoille Amuoste Crocidolte

3 A - - - -

KA - - -
8 - - - -

5 AB C2 <1 2 35
4 - - - -

E - - - -

C - - - -

AC 4 <1 2 6

2 1 2 5

A - - - -

6 - - - -

C - - - -

O4 1 3 8

E 2 1 2 7

7 A - - - -

6 8 - - - -

B (Bulk) 3 30 ND 33

E 2 -.

8 A - - -

B - - - -

C - - -

D - - - -

F -.-
G - - - -

1 A - - -

B - - - -

C - - -

D - - - -

A - 1- -

F - - - -

H_ - - -

10 A - - - -

B - -

C - - - -

O - - - -

F - - - -

A <1 <1 <1 <1
DF Comse ND <1 

2 - - -

B - -

F <1 <1 <1 <1

G <1 <t <1 <1

B (Blk 3 0 NO

H <1 <1 <1 <1

ABCompos ID ND ND IND
14 A - - -

B - - - -

C <1 ND ND <1

D <1 <1 ND <1
E <1 <1 ND <1

F <1 <I ND <1

G <1 <1 <1 <1

AB Composite <1 1 <1 116 A - - -

B - - --

C

D--

AD <I < ND <i

E(Bu ) ND ND ND 0

ASFCoanposite 3i 1O '1 I
16 A- -

0 .0 1 NO 1

JABputr~m ND ND ND NO

Notes:

KA = field dupcate

Bulk = sample of
bulk suspect ACM,

not"o

<1 = ACM present,
but concentration is
less Utsn 1 percent

ND = rnoldetected

- = not sampled for ACM

Page 1 of 1
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TABLE 5-4 NOTES:

1. Hydrocarbon ranges are adjusted to exclude the concentration of target and QC (surrogate) analytes.

** - Values shown for standards are in the same units as the analytical data.
S- Total Target PAHs calculated by summing all detected concentrations, and including one-half the detection

limit for target PAHs that were not detected. Note that units are mg/kg (not ug/kg, as for individual analytes).

MADEP Criteria
MCP Reportable Concentrations, 310 CMR 40.0000 Subpart P Massachusetts Oil and Hazardous Material List
"-" indicates no MCP Reportable Concentration available
The MCP reportable concentrations are shown for comparison purposes only.

It bgs - feet below ground surface
FD - Indicates Field Duplicate
J - Quantitation is approximate due to limitations identified in the quality control review.
U - Analyte was not detected. Value reported is the sample-specific detection limit
UJ - Sample-specific detection limit is approximate due to limitations identified in the quality control review.

[ Bold - indicates value greater than applicable MCP reportable concentration
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TABLE 5-6 NOTES:

1. Hydroccarbon ranges are adjusted to exclude the concentration of target and QC (surrogate) analytes.

** - Vdlues shown for standards are in the same units as the analytical data.

MADEP Criteria
MCP R eportable Concentrations, 310 CMR 40.0000 Subpart P Massachusetts Oil and Hazardous Material List
Background Values: MADEP, May 23, 2002. Technical Update: Background Levels of Polycyclic
Aromatic Hydrocarbons and Metals in SoiL
"--" indicates no MCP Reportable Concentration or background value available
The MCP reportable concentrations and background values are shown for comparison purposes only.

ft bgs - feet below ground surface
FD - Indicates Field Duplicate
J - Quwntitation is approximate due to limitations identified in the quality control review.
U - Arialyte was not detected. Value reported is the sample-specific detection limiL
UJ - Sample-specific detection limit is approximate due to limitations identified in the quality control review.

I l Box - indicates value greater than applicable MCP reportable concentration
fo l ic indicates that the detection limit exceeds the applicable MCP reportable concentration.
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Table 5-7. Summary Of Analytical Data For Groulndwater
Former Oxford Paper Mill - March 2003

LOCATIONNAMEI MW-1 MW. 3 I MW-5 MW-5 MW4 MW-tO MCP Rqeprtable
M&E SAMPLE IDm MW. MW-3 MW-S KMW-S MW4 MW-O10 Cancentradom

DATE RECEIVED BY LAB: 3=27, 3757Z 31Z73 3273 327M3 3/273 **
DEPTH TO WATER FROM GROUND SURFACE 14.S' 14-3 l8 14.8' 15' 4.'

COMENTS FDGW-2

PCS. - EPA RW44 Method 1102 (nol.
Anrkclr-1016
Amelor-1221

Arocor-1242
Amcar-1248
Aroclor-1254
Amelr-1260

dLld t'1li 1.trnr110~l lnil~l 1nvnnnr1u1r'ra reI~'IJ M4Ani

Cs- Alphalics (1)
C A lai c (1)

CrCM Armalics (1)

MrBBE
Benme
Toluene

m- and p-Xylens

o-XYene
Naphtialou

.as.at.anusr FaIKULsUYsfaspuanusasZMme -flv

Cr1CsAlpatics (1)
CitC Aliphatics (1)
,C= Armatics (1)

Bemo(a)anrracene
Benza(a)pyrcan
Baz(b)euaramb

Bensogonuarasc.DBentzo athene

Phornthn-Ia)-

Plunmans

Armcnic

2-NMethybapinhatene

Priority Polkstan Metal Plus Bariumaml VanadiumfurS,

Barbum

~Srlumn
Cadmium
Chrnium

Lead

Mercury

Silver

Nickl
Seleaken

Thanium
Vanadium*n....

1.0 U
1.0 U
1.0 &

i.0 U

LI U
i.e (

100 U
20 U
40 U

1.5 U
5 U

15 U

is's
5us

5 Umsu
20 U
10 U
IOU

r-cJvwn-a-

30 UJ
45
85 U

5s
5 U
5 U
5 u
5 U
SU
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U

3.4 UJ
3.0 U

76.8 J
0.50 U
0.70 U

1.1 J
4.0 U
4.0 U

0,12 U
1.1 1LI JI

9.0 U
2.0 U
3.0 U
1.2 J
7.0 U

L9 U1.0 v
iJe U

1.0 v

1.0 U
i.0 U

too U
20U
45 U

S U
5U

15 U
5 U
20 U
10 U
10 U

35
44

85 U

soSU
SUs

5 U
5 U

S's

5 U
5 11
5 U
5 U
5 U
5 U

5 U
5 U
5 U
5 U
5 U
5 U

6.7 UJ
4.2 J

83.4 J
0-50 U
070 U

1.01
4JD U4.0 U
4to U

0.14 U
4.0 J

3.0 U

158
70'U

6.8 UJ
7.9 J

34.2 J
0.50 U
0.70 U

1.0 J2131

lilt UJ
4.0 U

0.13 U
2.6 i
9.0 U
2.0 U
3.0 U

0.70 U
189 1

4.3 UJ
4.8 1

81.6
0.71 J
0.70 U
0.97 J
4.5 UJ
4.0 U

0.13 U
20.3
16.0 1
2.0 U

11.1 1
15.9J

i.e (1
1.0 UI.e U
LO U

LO u
1.0 v1.0 &
I.0 U£.0 U

100 U

20 U

46 U

15 U
5 U

15 U
5 U
20"U

10U
10U

40 J

49 J

Is's

85 U

su
5 U
;iU
5 U
5 U
5 U
5 U
5 U
5 U
5 U

5 U
5 U
5 U
5 U
5U5 U

7.1 UJ
11.0 J
44.0 J
0 50 U
0.70 U
0.60 U0 oU

4.0 U

0.12 U
5.6 J

12.1 J

23.0 U

7TuU

1.0 U
1.0 U
10 U
1.0
J.0 U
1.0 &

i0 U

46 U

15 U
5 U

15 U
5 U
20 U
to U
30 U

44
45
85 U

5sU
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U

4.7 UJ
4.4 J

14.7 UJ
0.50 U

.70 U
0.5 J1
4.0 U
4.0 U

0.14 U
0.94 J
9.0 U
2.0 U
3.0 U

15.0 1J
7.0 U

300
400

30.000
50
10

2.,oo

100,0
30

10
I

to80

1010W
7

2.,000
90o
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TABLE 5-8

Soil Data Usability Assessment
Oxford Paper, Lawrence, Massachusetts
Initial TBA Samples Collected May 2002

*PARCCS Parameter

Precision
:Field duplicates
:MSIMSDs

Field duplicates and
MS/MSDs were
collected at a rate of 1I
per 20 samples for all
matrices sampled.

1

Accuracy
:Holding times
:Surrogate Recovery
:Matrix Spike Recovery
:LCS Recovery
:Calibration
Verification
9 PE Samples

Data Usability Assessment

Field Duplicates: Results did not meet acceptance criteria for relative percent difference
(<50%) in field duplicate samples 10D and KIOD for the following analytes: arsenic,
C 19-C36 aliphatics, C 114222 aromatics, unadjusted C 11-4222 aromatics, acenaphthene,
fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene, dibenzo(a,h)anthracene.
Lack of field duplicate comparability is likely attributable to the extremely variable soil
tmatrix. Results were flagged as estimated (J, UJ).

MS/MSD: Laboratory duplicate results criteria (%RPD < 20) were not met for arsenic in

soil sample 10D. Positive results were flagged as estimated (J).

All criteria were met for internal standards.

Holding times: All criteria met.

Surrogate Recovery: All criteria met.

Matrix Spike Recovery: EPH compounds for soil samples that did not meet acceptance
criteria (40-140% recovery) in the matrix spike included fluoranthene and pyrene. Metals
for soil samples that did not meet acceptance criteria included antimony. Positive results
were flagged as estimated (J).

LCS Recovery: The following compounds did not meet acceptance criteria of 40-140%
recovery: naphthalene. Results were flagged as estimated (J, UJ).

Calibration Verification: All criteria were met for initial and continuing calibrations.

PE Samples: Based on project quality objectives and the approved FTWP, PE samples
were not used.

Representativeness For field duplicate and MSIMSD discussion refer to APrecision@ above.
:Field duplicates

:MS/MSD Approved FTWP: Sample locations were selected based on historical information and an

:Approved FTWP EPA-approved Field Task Work Plan that detailed sample collection methods, sample
preservation, and proposed analytical methods.

Completeness Completeness: No data was rejected during the data validation process and the data

:Data completeness collected is useable for project objectives.
goal was 100%

Comparability Analytical Methods: The methodologies selected for analysis of samples by the directly-
:Analytical Methods subcontracted laboratory were consistent with standard EPA or MADEP methods.
:Detection Limits
:Units of Concentration Detection Limits: Detection limits were appropriate to allow comparison to published

I



*1
Regulatory Limits, such as Massachusetts S-I or S-2 soil standards.

Units of Concentration: Reported concentration units were standard for the industry.

Sensitivity Field blanks: Based on project quality objectives and the approved FTWP, field blanks
9 Field Blanks were not collected.
:Instrument Blanks
:Method Blanks Instrument Blanks: A variety of analytes were qualified based on detection in blank
:Low-level Calibration samples as follows: selenium, TCLP barium, TCLP lead, TCLP selenium.
Checks

Method Blanks: All criteria were met for internal standards.

Low-level Calibration Checks: All criteria were met for initial and continuing calibrations
and for internal standards.

* - Precision, accuracy, representativeness, completeness, comparability, and sensitivity
: - The noted method was used.

9 - The noted method was not used.

A



TABLE 5-9

Soil Data Usability Assessment
Laboratory Project Number B0417

Oxford Paper, Lawrence, Massachusetts
SSI Samples Collected March 2003

*PARCCS Parameters Data Usability Assessment

Precision Field Duplicates: The compounds that did not meet acceptance criteria (RPD <50%) in
:Field duplicates field duplicate samples SD-10/9-11 and KSD-10/9-11 included: acenaphthene,
:MS/MSDs acenaphtylene, benzo(b)fluoranthene, fluoranthene, and pyrene. Results in these 2

samples were flagged as estimated (J, UJ). All criteria were met for PCB and priority
Field duplicates and pollutant metals field duplicates.
MS/MSDs were collected
at a rate of I per 20 MS/MSD: All criteria were met for PCB and EPH MS/MSDs.
samples for all matrices
sampled. Priority pollutant metals analytes that did not meet acceptance criteria (%RPD <20) in

the laboratory duplicate included: antimony, arsenic, copper, nickel, lead, and
vanadium. Positive results in all samples were flagged as estimated (J). Due to other
actions however (see below), some antimony results were rejected (R) due to severely
low matrix spike recovery.

Accuracy Holding times: All criteria met
:Holding times
:Surrogate Recovery Surrogate Recovery: EPH surrogate compounds that did not meet acceptance criteria
:Matrix Spike Recovery (%R of 40-140%) for chlorooctadecone impacted the following samples: SB-8/7-9, SB-
:LCS Recovery 8/7-9RE. C9-C18 and C19-C36 aliphatic results were flagged as estimated (J, UJ).

:LCSroVeri PCB surrogate compounds that did not meet acceptance criteria (%R of 29-155% for
:Calibration Verification decachlorobiphenyl (DCB) impacted the following samples: SB-8/0-1, SB-8/7-9, SB-
9 PE Samples 9/5-7, SB-10/0-I. No action was needed though, because the other 3 surrogates met

criteria. Surrogate criteria are not applicable for priority pollutant metals analysis.

Matrix Spike Recovery: The priority pollutant metals analyses that did not meet
acceptance criteria (%R of 75-125%) in MS sample SB-I/0-1 included: antimony and
lead. All antimony results were estimated (J) or rejected (R) due to severely low matrix
spike recovery. Priority pollutant metals analytes that did not meet acceptance criteria
(%RPD < 20) in the laboratory duplicate included: antimony, arsenic, copper, nickel,
lead, and vanadiunm. Positive results in all samples were flagged as estimated (J).

LCS Recovery: Not applicable.

Calibration Verification: All initial and continuing calibration criteria was met for EPH
and priority pollutant metals. However, the laboratory did not follow method
requirements for calculation of the EPH range continuing calibration factors. No action
was taken since the individual calibration factors were all < 25% RPD. The following
analytes failed to meet continuing calibration criteria (%D # 15): Aroclor- 1254, Aroclor-
1260. Results in affected samples were flagged as estimated (J, UJ).

PE Samples: Based on project quality objectives and the approved FTWP, PE samples
were not used.

Representativeness For field duplicate and MS/MSD discussion refer to APrecision@ above.



:Field duplicates
:MS/MSD Approved FTWP: Sample locations were selected based on historical information and

:Approved FTWP an EPA-approved Field Task Work Plan that detailed sample collection methods,
sample preservation, and proposed analytical methods.

Completeness Completeness: Some antimony results were rejected (R) due to severely low matrix

:Data completeness goal spike recovery.
was 100%

Comparability Analytical Methods: The methodologies selected for analysis of samples by the

:Analytical Methods directly-subcontracted laboratory were consistent with standard EPA or MADEP

:Detection Limits ethods.
:Units of Concentration:Units of Concentration Detection Limits: Detection limits were appropriate to allow comparison to published

Regulatory Limits, such as Massachusetts S-I or S-2 soil standards.

Units of Concentration: Reported concentration units were standard for the industry.

Sensitivity Field blanks: Based on project quality objectives and the approved FTWP, field blanks
9 Field Blanks were not collected.
:Instrument Blanks
:Method Blanks Instrument Blanks: The following analytes were blank qualified due to detection in

:Low-level calibration blank samples: antimony, cadmium, copper, mercury, silver, and thallium. No blank

checks contamination was detected in the PCB and EPH analyses.

Method Blanks: ICP serial dilution criteria (10% difference) were not met for barium,
lead, nickel and zinc. Positive results in all samples were flagged as estimated (J).
Laboratory duplicates are not required in EPH and PCB analyses.

Low-level Calibration Checks: All initial and continuing calibration criteria was met
for EPH and priority pollutant metals. However, the laboratory did not follow method
requirements for calculation of the EPH range continuing calibration factors. No action
was taken since the individual calibration factors were all < 25% RPD. The following
analytes failed to meet continuing calibration criteria (%D #15): Aroclor- 1254, Aroclor-
1260. Results in affected samples were flagged as estimated (J, UJ).

* - Precision, accuracy, representativeness, completeness, comparability, and sensitivity

: - The noted method was used.
9 - The noted method was not used.



TABLE 5-10

Soil Data Usability Assessment
Laboratory Project Number B0428

Oxford Paper, Lawrence, Massachusetts
SSI Samples Collected March 2003

*PARCCS Parameters Data Usability Assessment

Precision Field Duplicates: Not applicable; soil field duplicate for SSI is included in related data
:Field duplicates package, Laboratory Project Number B0417.

:MS/MSDs
MS/MSD: The following EPH analytes did not meet the MS/MSD acceptance criteria

Field duplicates and in SBA413-15: C9-C18 aliphatics. The result was estimated (J).
MS/MSDs were collected
at a rate of 1 per 20 Priority pollutant metals analytes that did not meet acceptance criteria (%RPD <20) in
samples for all matrices soil sample SB-6/0-1 included: antimony, nickel, and vanadium. Results in affected

sampled. samples were flagged as estimated (J, UJ). Laboratory duplicates are not analyzed in
EPH and PCB analyses.

Accuracy Holding times: Sample SB-6/0-I, SB-6/5-7, and KSB-6/14-16 underwent EPH
:Holding times extraction one day outside of the holding time of seven days. The positive and

:Surrogate Recovery nondetect EPH results for these samples were qualified as estimated (J and UJ,

:Matrix Spike Recovery respectively) due to the extraction hold time exceedence.

:LCS Recovery Surrogate Recovery: PCB surrogate compounds that did not meet acceptance criteria
:Calibration Verification (%R of 29-155%) for decachlorobiphenyl (DCB) impacted the following samples: SB-
9 PE Samples 6/5-7, SB-7/7-9, SB-4/5-7. No action was needed because the other 3 surrogates were

within criteria. Surrogate criteria are not applicable for priority pollutant metals
analysis.

Matrix Spike Recovery: The following analytes did not meet the %R criteria of 75-
125% for the Matrix Spike: antimony, arsenic, and zinc. Positive results were
estimated. Non-detects for antimony were rejected or estimated in certain samples
based on professional judgment. The %R criteria were not met for C9-C 18 aliphatics in
SB-4/13-15; result was flagged as estimated (J).

LCS Recovery: The priority pollutant metals that did not meet LCS acceptance criteria
included: chromium and selenium. Results in affected samples were flagged as
estimated (J, UJ).

Calibration Verification: All initial and continuing calibration criteria were met for
EPH. Continuing calibration criteria (%D # 15%) were not met for Aroclor-1260; non
detect results were flagged as estimated (UJ) in affected samples. Results that did not
meet Initial Calibration Verification (ICV) criteria (%R between 90 and 110%)
included mercury; results for affected samples were rejected.

PE Samples: Based on project quality objectives and the approved FTWP, PE samples
were not used.

Representativeness For field duplicate and MS/MSD discussion refer to APrecisionG above.

:Field duplicates I-



:MS/MSD Approved FTWP: Sample locations were selected based on historical information and

:Approved FTWP an EPA-approved Field Task Work Plan that detailed sample collection methods,
sample preservation, and proposed analytical methods.

Completeness Completeness: Mercury results were rejected in SB-4/0-1, SB-4/5-7, and SB-4/13-15
: Data completeness goal due to initial calibration verification (ICV) analysis results that failed to meet the %
was 100% recovery criterion of 90 to 110%.

Antimony results were rejected in KSB-6/14-16, SB-5/0-1, SB-5/14-16, and SB-7/0-1
due to matrix spike recovery outside criteria.

Comparability Analytical Methods: The methodologies selected for analysis of samples by the
:Analytical Methods directly-subcontracted laboratory were consistent with standard EPA or MADEP

:Detection Limits methods-
:Units of Concentration:Units of Concentration Detection Limits: Detection limits were appropriate to allow comparison to published

Regulatory Limits, such as Massachusetts S-I or S-2 soil standards.

Units of Concentration: Reported concentration units were standard for the industry.

Sensitivity Field blanks: Based on project quality objectives and the approved FTWP, field blanks
9 Field Blanks were not collected.
:Instrumnent Blanks
:Method Blanks Instrument Blanks: The following analytes were detected in blank samples and were
:Low-level calibration qualified accordingly: antimony, beryllium, cadmium, copper, mercury, and silver.
checks

Method Blanks: ICP serial dilution analysis produced percent differences (%D) that
exceeded acceptance criteria of< 10% for arsenic, barium, chromium, lead, nickel, and
zinc. The positive results for lead, nickel, and zinc were qualified as estimated (J) in all
samples.

Low-level Calibration Checks: All initial and continuing calibration criteria were met
for EPH. Continuing calibration criteria (%D #15%) were not met for Aroclor-1260;
non- detect results were flagged as estimated (UJ) in affected samples. Results that did
not meet Initial Calibration Verification (ICV) criteria (%R between 90 and 110%)
included mercury; results for affected samples were rejected.

* - Precision, accuracy, representativeness, completeness, comparability, and sensitivity

: - The noted method was used.
9 - The noted method was not used.



TABLE 5-11

Groundwater Data Usability Assessment
Laboratory Project Number B0502

Oxford Paper, Lawrence, Massachusetts
SSI Samples Collected March 2003

*PARCCS Parameters Data Usability Assessment

Precision Field Duplicates: All criteria met
:Field duplicates
:MS/MSDs MS/MSD: The EPH compounds for the groundwater MS/MSD sample MW-1 that did

not meet acceptance criteria (%R of 40-140%) included C9-C18 aliphatics. The result
Field duplicates and was flagged as estimated (J) in MW-1. All criteria were met for PCB, VPH, and
MS/MSDs were collected priority pollutant metals MS/MSDs.
at a rate of 1 per 20
samples for all matrices All criteria were met for internal standards, the Inductively Coupled Plasma (ICP)
sampled. Interference Check Sample, and Laboratory Duplicates.

Accuracy Holding times: All criteria met.
:Holding times
:Surrogate Recovery Surrogate Recovery: The EPH surrogate compounds that did not meet the acceptance
:Matrix Spike Recovery criteria (%R of 40-140%) included chlorooctadecane in sample MW-6. Results for C9-
:LCS Recovery C18 aliphatics and C19-C36 aliphatics in MW-6 were flagged as estimated (J).

:LCSroVer Surrogate criteria were met for PCB and VPH analysis. Surrogate criteria are not
:Calbration Verification s applicable for priority pollutant metals analysis.9 PE Samples

Matrix Spike Recovery: The EPH compounds for the groundwater sample MW- 1 that
did not meet acceptance criteria (%R of 40-140%) included C9-C 18 aliphatics. Result
for MW-1 was flagged as estimated (J). All criteria were met for PCB, VPH, and
priority pollutant metals MS/MSDs.

LCS Recovery: Not applicable.

Calibration Verification: All initial and continuing calibration criteria were met for
EPH, VPH and priority pollutant metals. Continuing calibration criteria were not met
for the PCB Aroclor-1260 in lab blank and LCS samples only (not field samples); no
action required.

PE Samples: Based on project quality objectives and the approved FTWP, PE samples
were not used.

Representativeness For field duplicate and MS/MSD discussion refer to APrecisionG above.
:Field duplicates
:MS/MSD Approved FTWP: Sample locations were selected based on historical information and
:Approved FTWP an EPA-approved Field Task Work Plan that detailed sample collection methods,

sample preservation, and proposed analytical methods.

Completeness Completeness: No data was rejected during the data validation process and the data
:Data completeness goal collected is useable for project objectives.
was 100%

Comparability Analytical Methods: The methodologies selected for analysis of samples by the



:Analytical Methods directly-subcontracted laboratory were consistent with standard EPA or MADEP

:Detection Limits methods.
:Units of Concentration:Units of Concentration Detection Limits: Reporting limits for Aroclors (1 ppb) were higher than the RCGW-2

(0.3 ppb). No Aroclor detections were reported in the groundwater samples.

Units of Concentration: Reported concentration units were standard for the industry.

Sensitivity Field blanks: Based on project quality objectives and the approved FTWP, field blanks
9 Field Blanks were not collected.
:Instrument Blanks
:Method Blanks Instrument Blanks: Blank contaminants were detected in the trip blank and the

:Low-level calibration laboratory blanks, resulting in qualification as not detected for the following analytes in

checks affected samples: C9-C0lO Aromatics, antimony, barium, and copper. No blank
contamination was detected in the PCB or EPH analyses.

Method Blanks: All criteria were met for internal standards, the Inductively Coupled
Plasma (ICP) Interference Check Sample, and Laboratory Duplicates.

Low-level Calibration Checks: All initial and continuing calibration criteria were met
for EPH, VPH and priority pollutant metals. Continuing calibration criteria were not
met for the PCB Aroclor-1260 in two lab QC samples. Field samples were not affected.

* - Precision, accuracy, representativeness, completeness, comparability, and sensitivity
: - The noted method was used.

9 - The noted method was not used.



Table 7-1

Solubility of Site Contaminants

PHASE II - COMPREHENSIVE SITE ASSESSMENT
FOR AREAS NORTH OF THE RACEWAY

OXFORD PAPER MILL
LAWRENCE, MASSACHUSETTS

MADEP RTN 3-2691

Contaminants of Concern Maximum Solubility
(mg[l)

Extractable Petroleum Hydrocarbons
C1i-C22 Aromatics 5.8
C9-C1 Aliphatics 0.01

C19-Cw Aliphatics Considered Immobile
Target EPH Parameters/Semi-Volatiles

2-Methylnapthalene 25.4
A.enaphthene 3.88
Blenzo(a)anthracene 0.0140
Benzo(a)pyrene 0.0038
Benzo(b)fluoranthene 0.0140
Benzo(g,h,i)perylene 0.0003
Benzo(k)fluoranthene 0.0043
Crysene 0.0060
Dibenzo(a,h)anthracene 0.0025
Fluoranthene 0.2750
Fluorene 1.9800
Indeno(1,2,3-cd)pyrene 0.0005
Naphthalene 31.7000
Phenanthrene 1.2900

Pyrene 0.1350

Asbestos NS

Metals
Arsenic NS
eryllium <1

PCBS
Aroclor-1248 0.05
Aroclor-1254 0.012

Legend -

NS - Not Soluble - Based on pH and Eh conditions and metals speciation

Sources
EPA 1997 -A One-Dimensional Finite Difference Vadose Zone Leaching Model (VLEACH)
DEP 2002 - Characterizing Risks Posed by Petroleum Contaminated Sites, Policy # WSC-02-411

Solubil.xls
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- . EXECUTIVE SUMMARY

In March 2002, Hager GeoScience, Inc. (HGI) of Woburn, Massachusetts performed a
geophysical investigation for Metcalf & Eddy (M&E) of Wakefield, Massachusetts at the former
Oxford Mill site in Lawrence, Massachusetts. The priimay objectives of the survey were to
establish whether foundations associated With the site's historical structures still existed and to
delineate the spatial location and dimensions of subsurface voids.

The geophysical study was designed to acquire a distribution of subsurface data suitable. for
mapping the spatial extent of former subterranean structures and voids. To meet the primary
objectives of the survey, the two geophysical meth6ds of electromagnetic (EM) conductivity'and
ground penetrating radar (GPR) profiling were employed. The results of the EM conductivity
survey revealed two different types of conductivity anomalies: i) broad rectilinear zones of high
conductivity delineated by fairly linear boundaries; and ii) scattered point-like targets. Most of
the latter anomalies correlate well with the locations of visible surface metal and other debris.
The broad, rectilinear anomalies are suggestive, of -remnant building foundations that may be
associated with the former Boiler (Building 19), Black Ash, and Tank Rooris. One oval-shaped
EM anomaly, not associated with surface metal, is a chndidate for further investigation. GPR
records show this anomaly to be caused by buried debris.

EM and GPR data did not show large areas of potential vdids.
razed basements have been identified.

Areas of soil collapse or former

'I
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1.0 INTRODUCTION

In March 2002, Hager GeoScience, Inc. (HGI) of Woburn, Massachusetts performed a
geophysical investigation for Metcalf & Eddy (M&E) of Wakefield, Massachusetts at the former
.Oxford Mill site in Lawrence, Massachusetts. The primary objectives of the survey were to
establish whether foundations associated with the site's historical structures still existed nd to
delineate the spatial locqtion and dimensions of subsurface voids.

The study site is bordered to the north and east by the Sliicket River, to the south by Canal
Street, and to the east by an existing industrial facility. The surface topography gradually dips
southward toward the old raceway, except for a north-south trending bermlocated in the north-
central part of the survey area. .Localized patches of vegetation and both metallic and non-
metallic debris were scattered over the site. Based on borehole diia provided by M&E, the site
stratigraphy consists of a.fine sand fill of variable thickness underlain by alluvial -sands ,and
glacial till above competent phyllitic bedrock.

The area of investigation, which was determined by M&E representatives, is shown.in Figure 1.
The corner of the existing O'Gara Building was chosen as the ON, OE grid coordinate, thereby
rendering all data acquired as east and south of the coordinate origin. The area of investigation
contained large quantities 6f surface obstructions, which created gaps in the spatial data and
produced large anomalies in both.EM and GPR records. These obstructions included piles of
bricks, I-beams, heavy gauge steel plates, concrete blocks containing rebar, a large roll of chain-
link fencing, and thick clusters of bamboo-like vegetation.

2.0 TECHNICAL APPROACH

The geophysical .study at the Oxford Mill Site was designed to acquire a distribution of data
silitable for mapping the spatial extent of.historical subsurface structures and existirig,voids. To
meet the primary objectives of the survey, the two geophysical methods of electromagnetic (EM)
conductivity and ground penetrating radar (GPR) were used. Brief descriptions of these two
methods are given below, with'more detailed information about these techniques and their.
limitations provided in Section 5.0.

The technique of EM profiling is routinely used to delineate boundaries between natural and
building construction materials. Th6 success of this method is contingent on its ability to
delineate the significant conductivity contrast between these .two types of media. The EM
method also measures both the in- and quadrature-phase (conductivity) responses of buried
objects to an induced electromagnetic field, which is useful for discriminating between the
signatures of netallic objects and variations in giound conductivity, respectively.

Hager GeoScience, Inc.
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The GPR method is amenable to the interrogation and mapping of discontinuous subsurface
interfaces, such as subsurface voids and base of foundations. GPR data are collected in two-way
travel time; in which the time for the input radar wave pulse to travel to a discontinuity and
reflect back to the surface is measured. Information about radar wave propagation velocities,
determined through calibration (e,g; from borehole logs) or from other sources, must-be used to
convert travel times to depth estimates. When acquiredat closely ipaced intervals (i.e. 2 feet or
less), GPR transects may also be used to construct three-dimensional images of the subsurface
that help the interpreter infer localized trends.

- .= 1

3.0 DATA ACQUISITION AND REDUCTION

3.1 EM Terrain Conductivity Investigation -

The EM survey was performed using a Geophysical Survey Systems, Inc. (GSSI) GEM-300
multi-frequency electromagnetic profiler. EM data were collected on March 7 and 8, 2002 in
continuous mode at frequencies of 330, 2550, 5010, 7530, 10050, 12030 and 15030 Hz. Profiles U
were acquired in north-south and east-westorientations at an interline spacing of 5 feet
Following data acquisition, Magmapper@ software was used to incorporate survey geometry into
the raw datii files and to prepare preliminary contour maps. Final contour plots were produced I
using SURFER® for Windows software.

3.2 Ground Penetrating Radar Investigation
I.-

The GPR survey was ierformed using a GSSI SIR System 2000 digital GPR unit and a 400-MHz .
antenna. GPR data were collected on March 7, 8, and 11, 2002. The acquisition window was set
at 150 nanoseconds (ns), enabling the recording of backscattered energy from approximately 20
feet below grade. Line spacing for the north-south profiles was 2 feet where.surface conditions. ,
permitted. GPR data were collected in survey wheel mode, where the antenna is towed behind
the operator ati.the end of a 100-fodt control cable and a calibrated-wheel measures changes in. .

spatial location. . -

Following acquisition, data were downloaded and processed using GSSI's RADAN for Windows
NT®. Raw data were pre-processed prior to analysis to help mitigate the detrimental effects of
difficult ground conditions, radio frequency interference, and reflections from surface structures
and buried debiis. Pre.processing steps included the application of band pass filters, horizontal
stacking, background removal, deconvolution, and.gain adjustments. As planned,.sufficient data U
point density permitted the use of GSSI's 3-D modeling program and, consequently, facilitated
interpretation of target anomalies.

Hager GeoScience, Inc.
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4.0 RESULTS AND DISCUSSION

The EM and GPR survey results for the Oxford Mill investigation have been reduced and
registered onto the site base plan provided by M&E. The CAD file presented with this report has
a UCS grid with the. origin defined by the south corner of the-existing O'Qara Building. GPR
data are also presented as images extracted fromn the three-dimensional model created from the:"

, survey data.

Preliminary rsults were presented in PowerPoint format at ameeting at.the M&E offices. on
March 27, 2001. Final report plates were discussed at a second meeting at the HGI office 'ontt
April 10, 2001. Appendix'B contains pre-survey photographs takertn.during a site visit on
February 12, 2002.'-.

4.1 EM Investigation ' .-

Plates 1 and 2 present the results of multi-frequency EM ground conductivity profiling. In-phase
data at the 7530 Hz frequency (Plate 1) revealed two types of conductivity anomalies: i) broad
zones of moderate conductivity delineated by fairly rectilinear boundaries; and ii) scattered
point-like targets. The 7530 Hz, Quadrature-phase .component data (Plate 2) again reveal both
rectilinear and point-like targets at spatial locations that correlate well with those delineated in.
Plate 1. Results at other interrogating frequencies are similar to the results presented for 7530
Hz.

The point-like anomalies noted above correspond well with the locations and typical signatiures
of the visible surface metal and the other debris observed during data acquisition. Accordingly,
the type of debris associated with each of these anomalies has been annotated on the plates.
Significant sources of point-like anomalies in both the in- and quadrature-phase data include

. piles of fence material and thick metal plates, a metal-filled.bennrm, and other smaller metallic
Sobjects. An isolated anomaly at coordinates 190E, 73S does not correspond with known surface
debris. GPR data confirm a debris-style anomaly at this location, while discounting large buried
metal.

The spatial locations and dimensions of rectilinear anomalies correspond well with those of
structures noted in historical site records. More precisely, the EM conductivity data suggest the
existence of remnant building foundations associated with the Boiler (Building 19), Black Ash,
and Tank Rooms.. Significantly, the lack of quadrature-phase conductivity sigpnatures at the

Sformer locations of the Coad! Bin and Chemical Mill suggest that associated structures have beenr-
removed. In addition, the elevated, north-south trending conductivity anomaly in the western
part of the grid may be related to a former railway bed; however, the EM data suggest that the
metal railway ties have been removed.

Hager GeoScience, Inc.
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Voids large enough to be resolved with the EM traverse spacing of 5 feet were not observed.
Smaller voids or voids located beneath concrete Slabs and metal plates cannot be detected by the
EM method. .

A I iY00. i
.h,6 'IA fl LUYqI I5LEuLUU . . ' "" . - ,..Svt gato n

A three-dimensional model of the study area was constructed from the GPR data. Plates 3
through 7 illustrate "Z-slices" representing re-contoured data from horizontal slices through.the ;.

model at various depths. Examples of actual model z-slices and x-slices (vertical N-S profiles)
are presented in Appendix A.

The Z-slice images (Plates 3-7) show the buried foundation- outlines, concrete slabs, and the
spatial distribution of surface and subsurface debris. Different color transforms are used to
emphasize the various features. The GPR model shows that the Boiler Room features occupy
the central portion of the study area, extending from the southern limitf northward to about 12N.
The southern edge of the study area contains the remains of the Boiler, Chemical Mill, Black
Ash, and Tank Rooms.

In addition to the foundation outlines, a linear. feature that may be. a utility passes through
coordinates 244E, 49S and 148E, 108S... most likely from the Boiler Room-to the Engine Room.
This linear feature can be seen in Plates 4-7.

. +

Large voids were not detected by the GPR survey; however, areas of potential collapse next to or
under slabs are identified in Plate 8. These areas are most likely the collapsed basements of
razed buildings filled with the building debris and containing loopsly packed material.

4.3 Data Registration

SAll the plates. show the survey results plotted on the M&E-proided site base plan. These data.
were registered to the site plan using the south corner of the existing O'Gara Building. On the
basis of the survey control and the anomalies-noted in the geophysical data, the other buildings
shown on the site plan appear to be located 20 to 30 feet west of their correct location.
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5.0 DESCRIPTION OF THE GEOPHYSICAL METHODS

5.1 Ground Penetrating Radar

5.1.1 The Method . .

The principles of ground penetrating radar (GPR) are similar as thatof weather radar, but GPRI transmits electromagnetic energy into the ground which is reflected back to the surface from
interfaces between materials.of contrasting electrical (dielectric and conductivity) and physical
properties. -In general, the greater the contrast between two materials in the subsurface, the'
stronger will be the GPR reflection. The depth penetration of the GPR signal depends on the
properties of the subsurface materials and the frequency of the antewa used to collect radar daia.
A "rule of thumb" is that the lower the antenna frequency, the deeper the signal penetrationi. the
caveat is, however, a loss of signal resolution. .

S HGI collects GPR data using a Geophysical Survey Systems (GSSI) SIR System 2 or 2000 digital
S ground penetrating radar unit, which consists of a computer connected to a transmit/receive

antenna. Radar data are collected in point, continuous, or survey wheel mode while moving theI antenna across the ground, and are displayed in color on the computer monitor and
simultaneously recorded on a hard drive for later processing and interpretation using proprietary
RADAN® for Windows software. Hard copies of the data may be printd&l in the field on a
thermal printer .

5.1.2 Data Analysis and Interpretation .

I The horizontal scale of the GPR record shows distance along the survey traverse. In the
continuous data collection mode, the horizontal scale on each GPR record is determined by the

Santenna speed. When a survey wheel is used, as at this site, the GPR record is automatically
marked at specified intervals along the traverse. The vertical scale of.the radar records is
determined by the recording interval, which represents the maximum recorded .two-way travel

. time. The conversion of two-way travel timq to depth depends on the site-specifi. propagation
velocity of the GPR signal. In the absence of site-specific stratigraphic information, propagation
velocities are estimated from handbook values or experience at similar sites.1
The size, shape, and amplitude of GPR refleptions are used to interpret GPR data. Metal objects

. such as USTs or ittilities produce reflections with high amplitude and distinctive .hyperbolic
shapes in GPR records when traverses are made perlendicUlar to their long axes. Clay or
concrete pipes and boulders may produce radar signatitres of similar shape but lower amplitude.

SBoundaries between saturated and unsaturated materials, sand and clay, and bedrock and
Soverbu.rden, gpnerally also produce strong reflections.

Hager GeoScience, Inc.
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5.13 Limitations

GPR signal penetration is site specific, determined by the dielectric properties of local soil and
fill materials. GPR signals propagate well ifi resistive materials such as-sand ndd ~~vel;
however, soils cbntaining clay, ash- or cinder-laden fill, or fill saturated with brackish or

S.otherwise conductive groundwater cause GPR sign4l attenuation and loss of target resolution
(i.e., limited defection of small objects). Concrete cotitaining rebar or iesh also inhibits signal 1
penetration.. ,

Interpreted depths of objects detected using GPR are based on on-site' calibration, handbook I
values, and/or estimated GPR signal propagation velocities from similar sites. GPR velocities
and depth estimates may vary if the mediim of investigation or soil water content is not uniform
throughout the site. (Ele&tromagnetic waves do not travel as fast through water as air, soothe 4

distance to a reflector below the water table may appear farther than in actuality.)

Utilities are interpreted on the basis of reflectors of similar size and depth that show a linear
trend, but GPR cannot unambiguously determine that all such reflectors are related. Fiberglass

S USTs or utilities composed of plastic or clay may be difficult to detect, as well' as objects
underneath reinforced concrete pads. . -

Changes in the speed at which the GPR antenna is moved between stations causes slight
variations in distance interpolations, and hence in interpreted object positions.

The GPR antenna produces a cone-shaped signal pattern that emanates approximately 45 degrees
from horizontal fore and aft of the antenna- Therefore, buried objects may be detected before
the antenna is located.directly over them, and GPR anomalies may appear larger than actual

target dimensions. . . . - - . I

GPR is an interpretive method, based on the subjective identification of reflection patterns that I
may not uni4luely identify a subsurface thrget. Borings, test'pits, o site utility plans must verify I
the results.

5.2 EM Terrain Conductivity

5.2.1'Description of the Method . .

The EM technique operates on the principle that secondary electric and magnetic currents can be

induced, in metal objects and conductive bodies, such as USTs, utilities, and leachate, when an
electric field is applied. This instrumentation measures the secondary'magnetic field-strength
relative to the primary magnetic field and converts it directly into a conductivity value. Both the

Hager GeoScience, Inc
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quadrature-phase (conductivity).and in-phase components of the secondary electric field areU measured and values plotted in parts per million (ppm). In general, the quadrature-phase
(conductivity) data provide information about soil and groundwater conditions, while the in-.
phase data provide information about metal objects. The instrument response is more affected

S by near surface than by deeper materiaL

We collect terrain conductivity data using a GSSI GEM-300 multi-frequency electromagneticU profiler. The GEM-300 is fildprogrammable to oerate at simultaneous; multiple frequencies..
between 325 and 19975 Hz .The GEM sensor contains a transmitter and receiver coil separated
by about 5.5 feet, and. a third "bucking coil" that removes the primary field from'the receiver
coil. All coils are molded into a single board in a fixed geometry.- .

A. removable signal-processing console is.. attached to the Soard, from which data -are3 downloaded to a computer and prqcessed The GEM-300 is capable of deiecting undergrQamd
targets and features to a depth of 26 tfeet.

52.2 Data Analysis and Interpretation

Terrain conductivity surveys are commonly used to determine the lateral extent of fill and detect
buried metal objects, utilities, Wu conductive leachate plumes. Typically, terrain conductivity
values measured on fill materials are irregular and highly variable over short distances due to
metal and the heterogeneous mnidterials in'the subsurface. The edge offill materials is marked by
a change to smoothly varying terain conductivity values that represent pative soils.

At sites free of metal objects and-other cultural interference, the soil lithology and/or the
conductivity of the ground water control the terrain conductivity measured at a particular
location. In the presence of metal, conductivity values are often negative ("polarity reversals")

I and highly irregular Hovyever, the exact identification of objects cannot be determined from the
terrain conductivity data alone. The in-phase component helps confirm the location of metal
objects when correlated with conductivity data. Irregular or high positive. or negative in-phase
.values may be caused by metal objects arid help define their lateral extent.

5.2.3 Limitations

I EM conductivity values are influenced by proximity to aboveground metal objects, such as
fences, vehicles, or buildings. Magnetic fields produced along overhead -power lines also
interfere with terrain conductivity readings.

SThe shape and amplitude of conductivity and in-phase anomalies do not uniquely describe a
Sburied object pr material. Rather, they are influenced by the orientation of EM survey lines and

the buried object(s) relative to north, and the orientation of the EM sensor relative to this buried

Hager GeoScience, Inc.
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object(s). To better locate the source(s) of EM conductivity and in-phase anomalies, data are
frequently collected in two perpendicular directions.

High ambient conductivity readings (from a conductivity plume, sludge, or naturally occurring
geologic condition) may. mask anoialous conductivity values caused by metal objects,
Evaluating the in-phase component of the data minimizeslthis effect

* Closely spaced buried utilities may produce anomalies that interfere with each other. Hence, in.
areas where; numerous utilities are present, the observed anomaly may result from an
interference pattern and may not uniquely describe the location of a specific utility. Further,
anomalies often appear larger than the object that proddces them.

Smaller utilities, or utilities constructed from reififorced concrete, may be masked by larger
utilities constructed of metal. Nonmetallic fill such as un-reinforced concrete rubble arid utilities
constru ted from PVC, clay, or un-reinforced concrete may not be detected.
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APPENDIX B. SITE VISIT PHOTOS
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Appendix B

Asbesto:t-Air Monitoring Results During . -
March 2003 Site iavestigatio
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March 05, 2003

DOH ELAPI 11626

Mr. Les Tyrala
Shaw Environmental & Infrastructure
100 Technology Center Drive
Stoughton, MA 02072

Re: Client Accountf 14965 Logn# L90677

Dear Mr. Tyrl:

Enclosed are the analytical results of the samples received by our laboratory March 04, 2003.

Results in this report are based on the sampling data provided by the client. Unless otherwise requested,
all samples will be discarded sixty days from the date of this report.

Please contact your client service representative, Nancy Ackerman at (888) 577-5227, extension 305,
if you require additional information regarding this report.

Thank you for using Galson Laboratories.

Sincerely,

Galson Laboratories

Pamela A. Weaver

Asbestos Section Supervisor

Endosure(s)

page I of 3



Galson
Laboratories
6601 JXtVS. I. E Syracuss NY 13057

LABORATORY ANALYSIS REPORT

Client
Site
Project No.

: Shaw Environmental & Infrastructure
: Oxford Paper Mill-Lawrence,MA
: 608134 05000000

Date Sampled
Date Received
Date Analyzed

: 03-MAR-03
: 04-MAR-03

: 04-MAR-03

Account No.: 14965
Login No. : L90677

Total Fiber Count

Sample ID
G150292
0150232
0150233
0150215
0150163
G150166-BLANK

LabID
L90677-2
L90677-3
L90677-4
L90677-5
L90677-6
L90677-7

Fibers/
Fields

0/100

1/100
2.5/100
1.5/100

12.51100
0/100

Fibers/

'13
mm2

<13
<13
<13
<13

15.9
<13

Fibers/
Filter
<5000
<5000
<5000
<5000

6122
<5000

Air

Vylume (cc)
780,000
776,000
789,000
715,000

720,000
NA

Fibers/
cc

<0.006
<0.006
<0.006
<0.007
0.009

NA

CMMfN Field sampling was not performed by GALSON Laboratories.
Results are based on the sampling data provided by the client.

Sample Matrix : Air Submitted by : SKS
Analytical Method : NIOSH 7400; PCX Approved by : SKS
Limit of Quantitation : 10 Fibers/ 100 Fields Date : 04-MAR-03
Microscope field area : 0.00785 mm2 QC by:
Filter collection area: 385 mn2 NYSDOH # : 11626

< -Less Than
NA -Not Applicable
mm2 -Square millimeters

> -Greater Than
cc -Cubic Centimeters

ND -Not Detected
NS -Not Specified

Intralaboratory & Interlaboratory relative standard deviation
records are on file and can be provided upon request.

page 2 of 3



Galson
Laboratories
6680f irGvelff. £ S racus4NfY 13057

LABORATORY ANALYSIS REPORT

Client
Site
Project No.

Date Sampled
Date Received
Date Analyzed

Shaw Environmental & Infrastructure
Oxford Paper Mill-Lawrence,MA
608134 05000000

03-MAR-03
04-MAR-03
04-MAR-03

Account No.: 14965
Login No. : L90677

Bulk Asbestos Analysis

LabD Color %Ask.

1 Off White 65TP-E

%/Type
TyneA .4Ath.b Tn.2 Jm..k. T Other Fibers

CH ND NA ND NA 20 CE

COMfTTSw Field sampling was not performed by GALSON Laboratories.
Results are based on the sampling data provided by the client.
This report should not be reproduced, except in full, without the written
approval of Galson Laboratories.

Analytical Method : Polarized light microscopy/
dispersion staining.
EPA 40 CFR Ch. 1 (7-1-87 Ed.)
Part 763, Subpart F, App. A.

Submitted by : SW
Approved by : SW
Date : 04-MAR-03 QC by:

NYSDOH I : 11626

Trace(< 1%)
Cellulose
Fibrous Glass
Synthetic

AC- Actinolite
AN- Amosite
AN- Anthophyllite
CH- Chrysotile

CR- Crocidolite
TM- Tresolite

NA- Not Applicable
NS- Not Specified
ND- Not Detected
> - Greater than

ResuLts relate only to items analyzed, and may not be used to claim product endorsement by
NVLAJP or any US government agency. Laboratory accredited under NYS ELAP(#11626) and
NVLAP(#101375-0). Measurement uncertainty records based on interlab analysis are on file,
and tire available upon request.

page 3 of 3
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March 05, 2003

DOH ELAP# 11626

Mr. Les Tyrala
Shaw Environmental & Infrastructure
100 Techndology Center Drive
Stoughton, MA 02072

Re: Client Account# 14965 Login L90703

Dear Mr. Tyrala:

Enclosed are the analytical results of the samples received by our laboratory March 05, 2003.

Results In this report are based on the sampling data provided by the client. Unless otherwise requested,
all samples will be discarded sixty days from the date of this report.

Please contact your client service representative., Nancy Ackerman at (888) 577-5227, extension 305,
if you require additional Information regarding this report.

Thank you for using Galson Laboratories.

Sincerely,

Galson Laboratories

Pamela A. Weaver
Asbestos Section Supervisor

Endosure(s)

page 1 of 2
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Galson
Laboratories
6601 PJkvxe Ad E SyrMuNY 13057

LABORATORY ANALYSIS REPORT

Client
Site
Project No.

Date Sampled
Date Received
Date Analyzed

: Shaw Environmental & Infrastructure
: Lawrence, MA-Oxford Paper Mill
: 60813405000000

: 04-MAR-03
: 05-MAR-03
: 05-MAR-03

Account No.: 14965
Login No. : L90703

total riber Count

_amleID
0150394
0150371
0150219
0150211
0150482
G150417-BLANK 2

Lab I
L90703-1
L90703-2
L90703-3
L90703-4
L90703-5
L90703-6

Fibers/
Fields

1/100
1.5/100

0/100

13/100
11.5/100

01100

Fibers/

<132
<13
<13
<13
16.6
14.6

<13

Fibers/

Filter
<5000
<5000
<5000
6391
5621

<5000

Air

Volume (cc)
902,000
906, 000
919,000
877,000

891,000
NA

C EgTSl Field sampling was not performed by GALSON Laboratories.
Results are based on the sampling data provided by the client.

Sample Matrix : Air 4 Submitted by : SW
Analytical Method : NIOSH 7400; PCM Approved by : SW
Limit of Quantitation : 10 Fibers/ 100 Fields Date : 05-MAR-03
Microscope field area : 0.00785 m.2 QC by:
Filter collection area: 385 mn2 NYSDOH # : 11626

< -Less Than
NA -Not Applicable
ma2 -Square millimeters

> -Greater Than
cc -Cubic Centimeters

ND -Not Detected
NS -Not Specified

Intralaboratory & Interlaboratory relative standard deviation
records are on file and can be provided upon request.

page 2 of 2

Fibers/
cc

<0.006
<0.006

<0.005
0.007
0.006

NA
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March 07, 2003

DOH ELAPI 11626

Mr. Ls Tyrala
Shaw Environmental & Infrastrucre
100 Technology Center Drive
Stoughton, MA 02072

Re: Client Account# 14965 Logint L90739

Dear Mr. Tyrala:

Enclosed are the analytical results of the samples received by our laboratory March 06, 2003.

Results in this report are based on the sampling data provided by the client. Unless otherwise requested,
all samples will be discarded sixty days from the date of this report.

Please contact your client service representative, Nancy Ackerman at (888) 577-5227, extension 305.
If you require additional Information regarding this report.

Thank you for using Galson Laboratories.

Sincerely.

Galson Laboratories

Pamela A. Weaver
Asbestos Section Supervisor

Enclosure(s)

page 1 of 2



Galson
Laboratories
6601F iAtt it. E SyrasNY 13057

LABORATORY ANALYSIS REPORT

Client
Site
Project No.

Date Sampled
Date Received
Date Analyzed

: Shaw Environmental & Infrastructure
: Lawrence, MA-Oxford Paper Mill
: 60813405000000

05-MAR-03
06-MAR-03
06-MAR-03

Account No.: 14965
Login No. : L90739

Total Fiber Count

g ,Anole ID
G150171
0150167
0150420
0150430
0150428
G150196-BLANK 3

LabID
L90739-1
L90739-2
L90739-3
L90739-4
L90739-5

L90739-6

Fibers/

Fields
0/100
0/100

3.5/100
23/100

12.5/100
0/100

Fibers/

<132
<13
<13
<13
29.3
15.9

<13

Fibers/
Filter
<5000
<5000
<5000

11,281
6122

<5000

Air
Volume (ce)
880,000

869,000
898,000
851,000
861,000

NA

Fibers/
cc

<0.006
<0.006
<0.006
0.013

0.007
NA

COMMENTL Field sampling was not performed by GALSON Laboratories.
Results are based on the sampling data provided by the client.

Sample Matrix : Air
Analytical Method : NIOSH 7400; PC)M
Limit of Quantitation : 10 Fibers/ 100 Fields
Microscope field area : 0.00785 mm2
Filter collection area: 385 no2

Submitted by : SKS
Approved by : PAW
Date : 06-MAR-03
QC by:

NYSDON # : 11626

< -Less Than
NA -Not Applicable
man2 -Square millimeters

> -Greater Than
cc -Cubic Centimeters

ND -Not Detected
NS -Not Specified

Intralaboratory & Interlaboratory relative standard deviation
records are on file and can be provided upon request.

page 2 of 2
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March 13, 2003

DOH ELAP# 11626

Mr. Les Tyrah
Shaw Environmental & Infrastructure
100 Technology Center Drive
Stoughton, MA 02072

Re: Client Account# 14965 Login L90931

Dear M r. Tyrala:

Enclosed are the analytical results of the samples received by our laboratory March 12, 2003.

Results in this report are based on the sampling data provided by the client. Unless otherwise requested,
all samples will be discarded sixty days from the date of this report.

Please contact your client service representative, Nancy Ackennrman at (888) 577-5227, extension 305,
If you require additional Information regarding this report.

Thank you for using Galson Laboratories.

Sincerel,

Galson Laboratories

Pamela A. Weaver

Asbestos Section Supervisor

Enclosme(s)

page I of 2
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Galson
Laboratories
6601 OkvBe R. E SracuseNY 13057

LABORATORY ANALYSIS REPORT

Client
Site

: Shaw Environmental & Infrastructure
: Lawrence, MA Oxford Paper ill

Project No. : 60813405000000

Date Sampled
Date Received
Date Analyzed

: 11-MAR-03
: 12-MAR-03
: 12-MAR-03

Total Fiber Count

Bamale ID
(150170
;150228

(0150244
0150316
0150459
G150193-BLANK 5

L90931-1
L90931-2
L0931-3
L90931-4
L90931-5
L90931-6

Fibers/

il0/100
1/100
.5/100
1.5/100
1/100

1.5/100
0/100

Fibers/
m<13
<13
<13
<13
<13
<13
<13

Fibers/
Filter
<5000
<5000
<5000
<5000
<5000
<5000

Air

Volume (cc)
950,000
944,000
964,000
873,000
888,000

NA

QOUIL.S Field sampling was not performed by GALSON Laboratories.
Results are based on the sampling data provided by the client.

Sample Matrix : Air
Analytical Method : NIOSH 7400; PCM
Limit of Quantitation : 10 Fibers/ 100 Fields
Microscope field area : 0.00785 mm2'
Filter collection area: 385 mm2

Submitted by SKS
Approved by : PAW
Date : 12-MAR-03
QC by:

NYSDOH # : 11626

< -Less Than
HA -Not Applicable
m=n2 -Square millimeters

> -Greater Than
cc -Cubic Centimeters

ND -Not Detected
NS -Not Specified

Intralaboratory & Interlaboratory relative standard deviation
records are on file and can be provided upon request.

page 2 of 2

Account No.: 14965

Login No. : L90931

Fibers/
cc

<0.005
<0.005
<0.005
<0.006
<0.006
NA



I
I
I
I
I

March 26, 2003

DOH ELAPN 11626

Mr. Les Tyrala
Shaw Environmental & Infrastrcture
100 Technology Center Drive
Stoughton, MA 02072

Re: Client Account# 14965 Loginlt 91168 J
Dear Mr. Tyrala:

Enclosed are the analytical results of the samples received by our laboratory March 19, 2003.

Results In this report are based on the sampling data provided by the client. Unless otherwise requested,
all samples will be discarded sixty days from the date of this report.

Please contact your client service representative, Nancy Ackerman at (888) 577-5227, extension 305,
if you require additional Information regarding this report.

Thank you for using Galson Laboratories.

Sincerely,

Galson Laboratories

Pamela A. Weaver
Asbestos Section Supervisor

Enclosure(s)

page I of 2
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Galson
Laboratories

6601 IGkrBfv Mt E SyracuawNY 13057
LABORATORY ANALYSIS REPORT

Client : Shaw Environmental & Infrastructure
Site : Lawrenc, MA Oxford Paper Mill
Project No. : 608134 05000000

Date Sampled
Date Received
Date Analyzed

: 11-MAR-03 - 14-MAR-03
: 19-MAR-03
: 25-MAR-03

Account No.: 14965
Login No. : L91168

Bulk Asbestos Analysis

LbID CoQIor Ask. Tme
%/Type

%SAb.L _... _A TVe3 Other Fibers

Brown
Brown
Brown
Brown

CE
CZ; FG

CE;FG
CZ; FG

COMMENTS Field sampling was not performed by GALSON Laboratories.
Results are based on the sampling data provided by the client.
This report should not be reproduced, except in full, without the written
approval of Galson Laboratories.

Analytical Method : Polarized light mcroscopy/ Submitted by : SW
dispersion staining. Approved by : SW
EPA 40 CFR Ch. 1 (7-1-87 Ed.) Date : 25-MAR-03 QC by:
Part 763, Subpart F, App. A. NYSDOH # : 11626

Trace(< 1%)
Cellulose
Fibrous Glass
Synthetic

AC- Actinolite
AM- Amosite
AN- Anthophyllite
CH- Chrysotile

CR- Crocidolite
TM- Tremolite

NA- Not Applicable
NS- Not Specified
ND- Not Detected
> - Greater than

Results relate only to items analyzed, and may not be used to claim product endorsement by
NVLAP or any US government agency. Laboratory accredited under NYS ELAP(#11626) and
NVLAP(#101375-0). Measurement uncertainty records based on interlab analysis are on file,
and are available upon request.

page 2 of 2
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March 26. 2003

DOH ELAP 11626

Mr. LesTyrala
Shaw Environmental & Infrastructure
100 Technology Center Drive
Stoughton, MA 02072

Re: Client Account 14965 Login# L91175

Dear Mr. Tyrala:

Enclosed are the analytical results of the samples received by our laboratory March 19, 2003.

Results in this report are based on the sampling data provided by the client. Unless otherwise requested,
all samples will be discarded sixty days from the date of this report.

Please contact your client service representative, Nancy Ackerman at (888) 577-5227, extension 305,
if you require additional Information regarding this report.

Thank you for using Galson Laboratories. I
Sincerely,

Galsoa Laboratories

Pamela A. Weaver
Asbestos Section Supervisor

Enclosure(s)

page 1 of 2



Galson
Laboratories
6601 JdvfieAd E SYr anNY 13057

LABORATORY ANALYSIS REPORT

Client
Site
Project No.

Date Sampled
Date Received
Date Analyzed

Shaw Environmental & Infrastructure
Lawrence,MA-Oxford Paper MKill
60813405000000

13-MAR-03 - 17-MAR-03
19-MAR-03
25-MAR-03

Account No.: 14965
Login No. : L91175

Eulk Asbestos Analysis

Lab I Color %IA.s. Te lAsb.

Brown
Brown
Brown

ND NA
ND NA

1-5 AM

%/Type
Tze 2 %Mb L O3er Fiber 

ND NA
ND NA

1-5 CH

TR CE;PG
TR CE;FG
TR CE

QCOMNTS Field sampling was not performed by GALSON Laboratories.
Results are based on the sampling data provided by the client.
This report should not be reproduced, except in full, without the written
approval of Galson Laboratories.

Analytical Method : Polarized light microscopy/ Submitted by : SW
dispersion staining. Approved by : SW
EPA 40 CFR Ch. 1 (7-1-87 Ed.) Date : 25-MAR-03 QC by:
Part 763, Subpart F, App. A. NYSDOH # : 11626

Trace(< 1%)
Cellulose
Fibrous Glass
Synthetic

AC- Actinolite
AM- Amosite
AN- Anthophyllite
CH- Chrysotile

CR- Crocidolite
TM- Tremolite

NA- Not Applicable
NS- Not Specified
ND- Not Detected
> - Greater than

Results relate only to items analyzed, and may not be used to claim product endorsement by
NVLAP or any US government agency. Laboratory accredited under NYS ELAP(#11626) and
NVLAP(#101375-0). Measurement uncertainty records based on interlab analysis are on file,
and are available upon request.

page 2 of 2
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Appendix C

Wedge Area Test Pit Logs
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Metcalf & Eddy

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Location/ID: Test Pit 3 Excavator: ENPRO Services

Date: May 15, 2002 M&E Geologist: B. Abraharns-Dematte

Coordinates: See separate figure Total Depth: 15 feet bgs I
I - ------ r--------

Topsoil, brown, sandy loam,
roots, grass, gravel, trace plastic.
Little tnoisture. [0 ppm on PID]

B Fill; olive-brown, fine saridy
(1-3 f) loam to sandy loam, trace coal

( chips, slag, bricks, metal and a
boulder. Fibrous material. Little
moisture. [0 ppm ort PID]

C Fill, olive, clayey-silt, blocky
(3-5 ft) structure, dense, little gravel,

trace coal chips and slag. Little
moisture. [0 ppm on PID)]

D Fill, blackish, mix of coal chips,
(5-7 ft) slag and sandy loam, some to

little gravel, .tirace of tan, fine to
medium sand found in pockets.
Littlemoisture. [0 ppm on PID]

E Same as 5-7 feet. [0 ppm on
(7-9 ft) PID]

F Same as -5-7 feet. [0 ppm on

(9-11 ft) .PID]

G Fill, tan-brown, fine sand, little

(11-13 ft) gravel, trace of coal chips. Little
moisture. [0 ppm on PID]

-I

Location ofTest Pit 3 - east side of work area

Horizon B - light blue fibrous like material.

o. View of open test pit.
Note olive-yellow layer (3 to 4 ft).

PID = Photo Ionization Detector (readings in parts per million-ppm)

I

A

(0-1 ft)

H

(13-15 fi)

Same as 11-13 feet. [0 ppm.on
PID]

SEnd oftest pit - target depth
reached.

o • .. °f. •.:
)) ..

t •

o...
0

-: . -.



SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon

Analyses and Results

:Test Pit 3 b . a •I I

PCBs:. 5-6 ppm.
Asbestos (A-B Composite) 3%"
ArMsnic: <60'ppm
Chromium: < 140"ppm
Lead- 108 ppm

.0-1 foot,
Horizon A

PCBs: .5-6 ppm 1-3 feet,
Asbestos: See A-B Composite above. Horizon B

PCBs: ND 3-5 feet,
Horizon C

PCBs: ND 5-7 feet,
Horizon I

PCBs: 2.6-4.6 ppm 7-9 feet,.
Horizon E

PCBs: ND . 9-11 feet,
H6rizon F

PCBs: ND 11-13 feet,
Horizon G

13-15 feet,
Horizon H

Not Sampled 0-1 foot,
Horizon A

1-3 fet
Horizon B

3-5 feet,
Horizon C

5-7 fqet,
Horizon D

7-9 feet,
Horizon E-

9-11 feet,
Horizon F

S11-13 feet,
Horizon G

13-15 feet,
Horizon H

".5

I

I

I

* I

UPCBs: ND



TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Location/ID: Test Pit 4 Excavator ENPRO Services

Date: May 13, 2002 M&E Geologist: B. Abrahams-Dematte

Coordinates: See septrate figur -". . . Total Depth: .5 V feet.bgs

A

(0-1 fIt)
Fill, brown, sandy loam, loose,
little bricks, trace rubber.
Mistre in sample likely due to
heavy precipitation. [0 ppm on .
PID]•

B Fill, brown, medium sandy loam,

(1-3 ft) some concrete, brick,'trace wire
and plywood. Slab and vertical
wall encountered, advanced pit 5
feet south. Little moisture.
[0 ppm on PID]

C - Fill, brick; concrete, some

(3-5 ft) medium to very coarse sand,
trace wire, metal grate, and 4-
inch steel pipe. Little moisture..
[O ppm on PID]

D Foundation reached at 5 Y2 feet.
(5-7 ft) Solid when pounded on by

excavator bucket. Southern wall
of test pit within 10 feet of
raceway.

E :End oftest pit due to proximity
(7-9 f) to raceway wall and concrete

slab to the north.

F

(9-1lt 1f)

G

(11-13 ft)

H

(13-15 ft)

-.

Horizon C - nofe bricks, pipe, metal grate

WuIMMMANmPIBMAHIM amut .:u" "I

Extaending pit 5 feet south due to.slib

South edgeof slab and vertical wall.
View is facing south.

PID = Photo Ionization Detector (readings in parts per million-ppm)

Metcalf & Eddy

P l I III I r I " I. " " I II

"*s



SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon
Analyses and Results

Test Pit4

PCBs:3-4 ppm. : 0-1 foot 4S composite ")1 foot,

Asbestos (A-C Composite): 6% Horizon A collected from Horizon A
Arsenic: 136 ppm Horizoris A and B
Chromium 653 ppm.
Lead: 241ppm . .4D composite . -

collected from -
PCBs: 3.9-4.9 ppm 1-3 feet, - Horizon C. o 1-3 feet,
See Asbestos A-C Composite Above Horizon B HorizonB

PCB: 7.8-9.8 ppm 3-5 feet, 3-5 feet,.
See Asbestos A-C Composite Above Hori7on-C Horizon C

End of Excavation, Not Sampled 5-7 feet, 5-7 feet
Horizon D Horizon D

Not Sampled 7-9 feet, 7-9 feet,
Horizon E Horizon E

Not Sampled . 9-11 feet, 9-11 feet,
Horizon F Horizon F

Not Sampled I. 1-13 feet, 11-13 feet,
Horizon G Horizon G

Not Sa mpled 13-15 feet 13-15 feet,

Horizon H Horizon H

I

,I

*1
i

I

. 1

I -
• . o%. . . • .

)

• ". .''' k



TEST PIT LOG
Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

[Loation/TD: Test Pit 5 Excavator. ENPRO Services

Date: May 15, 2002 . M&E Geologist: B. Abrahams-Dematte

Coordinates: See separate figure Total Depth: 1 feet bgs

A Topsoil and fill, brown, sandy

-1 ft .loam, ltbose, little bricks, grass. .
Red "DangerAsbestos' tape..
found hanging out of soil in
bucket. Little moisture.
[0 ppm on PID)].

B End of test pit due to presence of

(1-3 fi) asbestos warning tape,

C

(3-5 ft)

o " " - Horizon A'- "Danger Asbestos" tape in first bucket.

(5-7 ft)

(9-11ft)

G

(11-13 ft)

H

(13-15 ft)

PID = Photo Ionization Detector (readings in parts per million-ppm)

V

Metcalf & Eddy



SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon
Analyses and Results "

Test Pit 5, " , .- .

PCBs: 6-9 ppn 8-10 ppm (field duplicate) 0-i foot Not Sampled 0-1 foot,
Asbestos: 5% Horizon A Horizon A
Arsenic: 124 ppm -
Chromiin: 525 ppm .

Le2d:2253 ppin.. .

End ofExcavationm Not Sam pled 13 feet; " .. 1-3 feet
.. Horizon B Horizon B

Not Sampled 3-5 feet, 3-5 feet,
Horizon C Horizon C

Not Sampled 5-7 feet, 5-7 feet,
S Horizon D Horizon D

Not Sampled .. 7-9 feet, ' 7-9 feet,
Horizon E Horizon E

Not Sampled 9-11 feet, 9-11 feet,
Horizon F Horizon F

Npt Sampled --'  11-13 feet, , 11-13 feet,
Horizon G Hqrizon G

Not Sampled 13-15 feet, 13-15 feet,
Horizon H Horizon H

I

£

I

I

I
I
I



TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Metcalf & Eddy

Location/ID: Test Pit 6 Excavator- ENPRO Services

Date: May 13, 2002 M&E Geologist: B. Abrahams-Dematte

Coordinates: .See separate figure . Total Depth: 7 feet bs• ~~ ~ ~ oa Deph. I -e - -L" n| _l

A Fill, brown, medium to coarse

(0- ft) sand, som loam, loose, little
( ft brick (red and white) and

concrete. Moisture in samples .
likely due to precipitation..
[ppm on P11)D]

B Same as 0- I feet, plus trace ,

(1-3 ft) rebar and lead pipe. [0 ppm on
PID]

C Same as 0 -l feet, plus spigot

(3-5 ft) and valve, rebar, and various
Smetal and pipe. [0 ppm on PID]

D . Same as.0-1 feet, more pipe,

(5-7 ft) wood, and white/pinkisb
fibrous* like material, which
was.saturated. [0 ppm on PID].

E Same as 0-1 feet, plus steel

(7-9 ft) grating and wire. Slab
encountered at 7.0 feet (iaterial

, - sampled is possibly cave-in from
above). Slab included floor with
drain grates and north-south
trending drain pit.

F

(9-11I ft)

G

(11-13 ft)

H(

(13-15 ft)

End of test pit due to slab and
proximity to raceway wall.

*Lab analyses indicated the presence of
asbestos fibers

Horizon A-B - Note brick (possible floor)

Horizon C -Note bricks, pipe, rebar
and fibrous* material

.

Horizon E - location of concrete slab with steel grate
(possible slot drain - north-south trend)

PID = Photo Ionization Detector (readings in parts per million-ppm)

I.



SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon
Analyses and Results

Test Pit 6 •-

PCBs: 7-8 ppm
Asbestos (A-B Composite): 7%
Aisenic: 146 plim
Chromrnium: 361 ppm
Lead: 318 ppm

0-1 foot,
Horizon A

. .

PCBs:'10-15'ppm . 1-3fet .
See Asbestos A-B Composite above Horizon B

PCBs: 8-10 ppm 3-5 feet,
Asbestos: 8% Horizon C

PCBs: 4-5 ppm 5-7 feet,
Asbestos:-S% Horizon D

PCBs: 5-8 ppm 7-9 feet,
Asbestos: 7%1 Hoizon E

End of Excavation, Not Sampled 9-11 feet,
Horizon F

Not Sampled . 11-13 feet,
Horizon G

Not Sampled 13-15 feet,
Horizon H

6S composite
collected from
Horizons.A and B .

6D composite "
collected from
Horizons C, D, and E

I

I

I
'I
U
[
I

0-1 foot, -
Horizon A

1-3 feet,
Horizon B

3-5 feet,
Horizon C

5-7 feet,
Horizon D

7-9 feet,
Horizon E

9-11 feet,
Horizon F

.11-13 feet,
Horizon G

13-15 feet,
Horizon H

I



Metcalf & Eddy

Location/D: Test Pit 7 Excavator ENPRO Services

Date: May 15, 2002 M&E Geologist: B. Abrahams-Dematte

Co ordiniates: See separate fi2ure - Total Depth: . 9 feet bs

A

(0-1.ft)

SFill, brown,-medium sandy loam,
.and brick, trace coal chips, rebar,
and white fines. Slightly moist,
loosely packed. [0 ppm on PID]

B Fill, peppery mix of black sandy
6 . loam and white fines. Some

(-3t) bricks, concrete, pipes and rebar,
trace of tile and some fibrous
material* [0 ppm on PID]

C

(3-5 ft)

F

(9-11 f)

G

(11-13 ft)

H

(13-15 ft)

Fill, wood, brick, wire, rebar,
concrete. Little to trace black
sandy loam. White fines and
fibrous materials were moist to
wet. [0 ppm on PID]"

Same as 3-5 feet, plus less brick
and concrete and more fines.
Pipes in sidewalls of pit. [0 ppm
on PID]

Same as 5-7 feet, very saturated.
Water infiltrated at -8.5', sheen
on water. [0 ppm on PID] .

End of test pit due to slab at -9
feet, proximity to raceway wall
and water intrusion.

Slab at 9feet was encountered
within 15feet ofraceway.
Additional slabs were
encountered at more shallow
depths as the test pit was opened
away from the-raceway
(appeared to create steps up
from the raceway).

Horizon B - Note pink fibrous material* (white and
yellow varieties also found) similar to that encountered in

Test Pit 6

m ' i" s .,

Whitd fines - clay-like (possibly lime)

Water infiltration and sheen observed at ~8.5 feet. Water
pH = 12, indicating possibility that white fines are lime.

Source of sheen unknown.

PID = Photo Ionization Detector (readings in parts per million-ppm)
* Lab analyses indicated the presence of asbestos fibers

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

' i " i
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SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon

Analyses and Results Hi j. L

Test Pit 7

PCBs: 3-4 ppm 0-1 foot, NobSampled ." foot,

Arsenic: 75 ppm Horizon A Horizon A
Chromiun: 508 ppm
Lead: 126 pprh

PCBs: 8-10 ppm 1-3 feet,. '1-3 feet,

Bulk Asbestos Sample: 33% , Horizon B Horizon B

PCBs: 3-10 ppm 3-5 feet, 3-5 feet,N Horizon C Horizon C

PCBs: 10-15 ppm 5-7 feet, 5-7 feet,
Horizon D Horizon D

PCBs; 10-15 ppm 7-9 feet, ' 7-9 feet,
Horizon E . Horizon E

End of Excavation, Not Sampled 9-11 feet, 9-11 feet,

Horizon F Horizon F

Not Sampled i1-13 feet, " . '11-13 feet,
Horizon G .. Horizon G .

Not Sampled 13-15 feet, 13-15 feet,
Horizon H Horizon H

U
" -""

I

"*1i

-i

I
-U



Metcalf & Eddy

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Location/ID: Test Pit 8 Excavator ENPRO Services

May 13. 2002 M&E Geologist: B. Abrahams-Dematte

Coordinates: See separate figure Total Depth: 9 feet bgs

1- 1. --

Fill, brown, sandy loam, little
white fines -clay like (possibly
lime). Materials were moist'and
loosely packed. [0 ppm on PID]

B Fill, white fines-- clay like, trace
(1-3 ft brick ind concrete. [0 ppm on(1-3; ft) . ID on

PID]

C Same as 1-3 feet, plus trace
(35 black sandy material and pipe

) pieces. [0 ppm on PID]

D Same as 3-5 feet, plus trace coal
(-7 chips. [0 ppm on PID].
(5-? ft)

E . Fill, mix of bricks, roots, wood,

(7-9 ft) concrete,trace of white lime and
black sandy loam.. Slightly
moist.- [0 ppm on PID]

F

(9-l ift)

(l113 ft)

H

(13-15 ft)

End of test pit due to slab at 9
feet and proximity to raceway
wall.

Note: Samples labeled as Levels
F and G were also collected and
analyzed, but are most likely
cave in from above. These
samples were from the same as
Horizon E (7 to 9feet).

Mix of white fines material
and black sandy fill and brick.

Horizon B - mostly white fines (clay-like)

S " " Bottom of test pit. Dark area appears to be part of a brick
1 -1 wall adjacent to a deposit ofwhite fines.

PID = Photo Ionization Detector (readings in parts per million-ppm)

I Date:

A

(0-1 ft)



SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon
Analyses and Resutilts

Test Pit 8

PCBs: 2-3 ppm - -

Asbestos: No Samples Taken
Arsenic: < 60 ppm . - .
Chromium < 120 pipm
Lead- 6Q ppm . .

0-1 foot,
Horizon A

PCBs:. ND 1-3 feet,
Horizon B

PCBs: 4-5 ppm ,3-5 feet,
Horizon C

PCBs: 8-10 ppm 5-7 feet,
Horizon D .

PCBs: 8-10 ppm 7-9 feet,
SHorizonE

PCBs: 8-10 ppm 9-11 feet,
Horizon F

PCBs: 4-5 ppmr 11-13.feet, -

Horizon G

End of Excavation, Not Sampled 13-15 feet,
Horizon H

8• composite
collected from
Horizons A and B

SD composite
collected from
Horizons C, D E, F,
and G

II I I _______

I
I
I

1-3 feet,
Horizon B

3-5 feet,:'
Horizon C

5-7 feet,
Horizon D

7-9"feet,
Horizon E

9-11 feet,
Horizon F

11-13 feet,
Hohzon G

13-15 feet,
Horizon H

0-i foot,
)Horizon A

I



Metcalf & Eddy

Location/ID: Test Pit 9 Excavator ENPRO Services

Date: May 13, 2002 M&E deologist: B. Abrahams-Dematte

Coordinates: See separate figure 1Total Depth: <1 fet bgs
Toa Dph

White fines material.of 3-6
inches in thickness overlies a
concrete, brick and I-bei n slab.

Note: From visual inspections of
small openings in the slab, void
space was evident under the
area which may be separated by
vertical walls.

Upon further inspection, it
appeared that the slab is
supported to the south by the
raceway wall and to the north by.
a brick wall, and in the.center by
a reinforced concrete wall

An additional test pit (9A) was
excavated to further evaluate the
void space.

•i -

North (brick) wall and overlying slab (floor) at location
of Test Pit 9

Test Pit 9A between Test Pits 8 and 9 showing the void
space under.the surficial .slab at the location of Test Pit 9.

Note reinforced concrete wall (center of photo).

Void space under Test Pit 9 location, south of what

t D I appears to be a dividing wall.
PID = Photo Ionization Detector (readings in parts per million-ppm)

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

A

(0-1

B End of test pit due to slab at

(1-3 ft) surface. -

C . -

(3-5 f)

D

(5-7 f).

(7-9 ft)

F.

(9-1 i ft)

G

(11 .13 f )

-H

(13-15 ft).



Metcalf & Eddy

.1
TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

I

Location/ID: Test Pit 9A Excavator ENPRO Services
Date: May 162002 M&E Geologist: B. Abrahams-DematteDate: May 1'6,2002 M&E Geologist: B. Abrahams-Dematte

Coordinates: ' See separate figure STotal Depth: S6 feet bgs..

This additional test pit was excavated in the
area between the locations of Tesi Pits 8 and
9. The purpose of the additional test pit was..
to observe conditioris beneath the slab
encountered at the surface of Test Pit 9.

The presence'of vertical walls indicated that
the area under Test Pit 9 included possibly
two portions (or rooms) of a former structure.
Based on visual observations from a
distance, the southern portion of the test pit
(nearest the raceway) was mostly void. The
northern area was filled with the white
fines/claylike material (possibly lime).

Test pit ocated between 8 and 9 shows void.

Additional excavation reveals a dividing wall of
reinforced concrete. The space north of this wall was

partially filled, while the space south of the wall appeared
void.

AfL

South void space - view of the raceway well from the
inside of the void spade. Concrete slab on top.

South void space - concrete slab on top, note pipes.

I
I
I

I
r I

I

'I
I

i in * I i . i I II I i i i I• . b • • •

i "
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TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Location/ID: Test Pit 10 Excavator: ENPRO Services

B. Abranams-Dermatc I1
Coordinates: See separate figure Total Depth: 15 feet bgs

A

(oL ft).

Recent fill, tan, fine sand, little large
gravel, trace brick. Little moisture. [0
ppni onPID]

B Fill, black, sandy loam, little brick and
recent fill (see A) and trace of white

(1-3 ft) fines.. [0ppm on PID]

C . Fill,.mix of yellow-tan, dense, fine sand
and dark brown, densd fine sand with.

(3-5 ft) little-trace silt. Little-trace gravel,
roots, and wood. Intermittent horizons
of black sandy loam. Little moisture.
[0 ppm on PID]

D Fill, grey-brown/black, fine sand and
fine sandy loam. Contains coal chips,

(5-7ft) . ash, wood at little-trace levels. Little
large gravel, and trace cobbles. Water
at depth in hole from broken pipe.
[0 ppai on PID]

E Fill, mix of yellow-tan fine sand with
roots, and trace gravel and brick with

(7-9 ft) grey-tan, mottled, very fine sand and
silt with trace gravel. Convoluted

• black sandy horizons throughout Little.
moisture. [0 ppm on PID] .

F Same as 7-9 feeL .

(9-l1ft)

Fill, grey-black/brown very fine sand,
G little silt. Several gray-white lamina

(11-13 ) intermittent in soil. One lamina had
Smuscovite mica throughout

H

(13-15 f)

Fill, yellow-brown fine sand, with
similar materials from above.

End of test pit

horizon A - Clean fill.

Pipes along.west and south. Steel pipe (not seen in this
. . picture) runs along the east.

* -Water leaked into pit from broken pipe in west sidewall
[ - j II(right side of photo).

PID = Photo Ionization Detector (readings in parts per million-ppm)

Metcalf & Eddy

I iate: MayvIL 10, V004 ivi&rE Geologist:

. r. .• .+ . -.. ,
+ . .- .

• ° •



SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon
Analyses and Results

Test Pit 1l

PCBs: ND
Asbestos: No Sampids Taken
Arsenic: <60 ppm
Chromiunr < 100 ppm .
Lead: <40 ppm

0-1 foot, .
Horizon A.

PCBs: 3-4 ppm . 1-3 feet,
Horizon B

PCBs: ND 3-5 feet,
SHorizon C

PCBs: 10-12 ppm 57 feet, .
Horizon D

PCBs: ND 7-9 feet,
S Horizon E

PCBs. ND 9-11 feet,
SHorizon F

PCBs:ND . 11-13 feet,
S HorizonG

PCBs: ND 13-15 feet,
Horizon H

0OS composite
collected from
Horizons A and B

101) composite .
collected from
Horizons C: D, E, F.
G, and H

I

I
I

I

'I

* I

. ,



TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Location/ID: Ts Pit1 Excavator ENPRO Services

Date: May 16, 2002 M&E Geologist: B. Abrahams-Dematte

Coodinates: -See separate fi"ur Total Depth: .. 15 feetbgs i., fiurer

Fill, tan-yellow, fine-medium sand,
clean, little large gravel, roots. Topsoil
lost during site clepring. Little
moisture. [0.ppm on PID]

.B Fill, brown-black, fine sandy loam,
some-little brick and trace metal, and

(1-3 fi) trace coal chips, wood, and roots.
Metal: conduit, wire, angle irdn, rebar
and bolts. Little moisture. [0 ppm on
PID]

C Same as 1-3 feet plus concrete and
trace plastic, part of wood beam.

(3-.5 ft) [0 ppm on PID] -

D " Same as 1-3 feet plus trace glass and
moderate creosote 6dor. [0 ppm on

(5-7 ft) PID] .

E Same as 1-3 feet plus light creosote"
odor and milk crate. size piece of

(7-9 ft) machinery with wires. [0 ppm on PID]

F Large pump and piping along with
Ssandy loam fill with brick. Concrete

(9-11 ft) slab reached at 10 feet Some water
observed on top of concrete slab. Slab
thickness -8 inches. [0 ppm on PID]

G . After breaking through floor, which
was reinforced, materials included tan,

(11-13 ft) medium-coarse sand and gravel, Little
moisture. [0 ppm on PID]

Same as I 1-13 feet except sand is finer.

Note: subsurface structures included a

concrete slab 10 feet bgs and 25feet
north ofthe raceway. As the test pit
opened away from the raceway, a 12-
inch drain pipe was encountered. Then,
walls and more slabs were encountered
out to 35 feet north of the raceway
(rising in a step-like fashion).

Horizon F -Turbine pump and large pipe

Wall along-east side of test pit: Concrete slab on top was

not penetrable.

-r

Horizon H - view south of rising slabs (step-like)

PID == Photo Ionization Detector (readings in parts per million-ppm)

Metcalf & Eddy

A

(0-1

H

(13-15 ft)

'- .. •



SITE EOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon

Analyses and Results

resti II .I I -

PCBs: ND
Asbestos (A-C.Composite): present at < 1%
Arsnic: < 60 plim . .
Chromimn< 1.10 ppm
Lead: <40 pprm

0-1 foot,
Horizon A

PCBs: 10.1-12.1 ppm 1-3 feet,
Asbestos! See A-C Composite above Hor izon B--

PCBs: 4.5-5.5 ppm 3-5 feet,
Asbestos: See A-C Composite above Horizon C

?PCBs: 6-8 ppm . - 5-7 feet,
Asbestos (IDF Composite)i: 3% Horizoh D

PCBs: 3-4 ppm 7-9 feet,
Asbestos: See D-F Coinposite above - Horizon E

PCBs: ND 9-11 feet,
Asbestos: See D-F.Composite above Horizon P

End of EXcavatiofi, Not Sampled 11-13 feet, -

Horizon G

13-15. feet,
Horizon 11

Not Sampled 0-1 foot,
Horizon A

1-3 feet,
Horizon B

3-5 feet,
Horizon C

5-7 feet,
Horizoq D

7-9 feet,
Horizon E

9-11 feet,
Horizon F

11-13 feet,
Horizon G

13-15 feet,
Horizon H

I
I

'I

I
i

I

* I
I

Not Sampled

4
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TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

S Loc ation/ID: Test Pit 12 Excavator: ENPRO Services

Dale: May 14, 260 M&E Geologist: B. Abrahams-Dematte

S Coordinates: See separate figure Total Depth: iS feet bgs

I I I "

Fill, brown, fine sandy loam, clean,
some graiel. toots, trace boulders and
brick. Dry. 10 ppm on PID] .

B . P ill, brown-yellow coarse to very
coarse sand anrid gravel, trace roots; and

(1-3 ft) " brown, medium sand, little brick..
plastic, metal. Dry. [0 ppm on ?ID]

C Fill, dark brown fine sandy loam and
light tan medium sand, some fine sand,

(3-5 ft) brick, and cobble, little roots, trace
rebar and flesh colored tape. Brick post
with rebar also unearthed. [0 ppm on
PID]

r . Brown-black,coare sandy loam and
brick (in various stages'of decay), large

(5-7 fti) beam that smelled strohgly-of creosote,
and large wire. [PID= 31.7 ppm].

E Fill, brown; sahdy loam, sqme brick,
slight creosote od6r, trace wood. I-

(7-9 ft) beam at 8.5 ft. [PID = 27.7 ppm].

F Fill, brown, sand and gravel, some
brick, concrete and rebar, trace rubber.

(9-11 ft) [0 ppm on PID] . . .

G Same as 9-11 fet plui pipe and large
concrete slab. Little moisture. [0ppm

(11-13 ft) on PID]

Same as 1 -13 plus large wood beams,
various metal objects and little-trace
burnt looking asphalt shingles:.

End of Test Pit

Typical debris found in Test Pit 12. Beam had creosote
type odor.

Horizon G Void space underlying concrete slab.

r - Very moist fines with clay-like texture
J found at depth in test pit

PID =- Photo Ionization Detector (readings in parts per million-ppm)

Metcalf & Eddy

A

(0-1

H

(13-:15.11)



SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon

Analyses and Results

Test Pit 12

PCBs: ND
Asbestos (A-B Composite): ND
Arsenic: < 60 ppm .
Ciomium* < 120 ppm .
Lead: 40 ppm .. -

0-1 foot,
Horizon A

PCBs: ND 1-3 feet,
Horizon B

PCBs: ND 3-5 feet,
Asbestos: present at < I% Horizon C

PCBs: ND 5-7 feet,.
sbestos present at < 1% Horizon D

PCBs: ND - 7-9 feet,
Asbestos: present at< 1% Horizon E

PCBs: ND 9-11 feet.
Asbestost present at < 1% Horizon F

PCBs: 4-5.ppm 11-13 fet,
Asbestos: presentat < 1%* Horizon G -

PCBs: 3.1 ppm
Asbestos: present.at < 1% - -

13-15 feet,
Horizon H

12S composite
collected from
Horizons A and B

12D coiposite
collected from
Hflorizons C,.D, E, F,
G, and H .

I I I_______________ fr _________

I
I.

I
I'+

r

'I
I

0-1 foot,
Horizon

!-3 feiet,
Horizon B

3-5 feet,
Horizon C

5-7 feet,
Horizon D

7-9 feet,
Horizon E

9-11 feet,
Horizon F

11-13 feet.
Horizon G

13-15 feet.
Horizon H



Metcalf & Eddy

Location/ID: Test Pit 14 Excavator: ENPRO Services

Date: May 14, 2002 M&E Geologist: B. Abrahams-Dematte

Coordinates: See separate figure Total Depth; - 15 feet bg s

A

(0-1-ft)

Fill, brown, sandy loam, brick, gravel,
and roots. Little moisture. (0 ppm on
PIDP]

B Same as 0-1 feet, plus trace amounts of
wire,* wood, 2" pipe, and teramic -

(1-3 ft), pieces. Slightly moist. [0 ppm on PID]

C Same as 0-1 feet plus little concrete and
brick, trace asphalt and red "Danger -'

(3.-5 ft) Asbestos" tape. [Intact drum exposed
at this depth from test pit cave-in (left
in place)] [0 ppm on PID]

D Fill, brown, sandy loam, little-trace
bricks, long metal bar, ceramic pipe

(5-7 ft) pieces, trace roots, wood, gravel,
cobble and a small boilder, lens of
clean fine sand. Slightly moist-dry,
[0 ipm on PID]

E . Fill, brown, sandy loam, some fine
sandy loam, various metal bars and

(7-9 ft) rebar, little brick, trace cobble, roots
and asphalt Glass bottle. PID= 0

F Same as 7-9 feet, less metal and more .
wood. Little moisture. [0 ppm on

(9-11 fl) PID]

G Same as 7-9 feet, plus paper, cnrshed
metal container, and a half bucket of

(11-13 ft) concrete and rebar. Little moisture.
PID= 0

(13-15 ft)
End of test pit - unearthed a section of
pit wall containing more "Danger-
Asbestos" red tape. At-this point the
55-gallon drum was more visible on the
south wall (about 3 to 4feet bgs).

An intact brick wall also lined the west
side of the test pit.

Intact wall corner. Example of the size of some of the
building debris found.

-Brick wall on west side of test pit
4 .--. >-nmfa i w

55-Gallon drum (on side) intact in Wvail of test pit.
Approximately 3-4 feet deep. Note red "dahger -

asbestos" tape in wall of test pit.
PID - Photo Ionization Detector (readings in parts per million-ppm)

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

. :" . "..
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SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon

Analyses and Results

Test Pit 14

PCBs: 4-5 ppm
Asbestos (A-B Composite): 1%
Arsenic: < 60 ppm -
Chromiunm < 150 ppin '
Lead: 67 ppm --

PCBs: 2-3ppm . .
Asbestos: See A-B Composite Above

0-1 foot, .
Horizon A

1-3 feet,
.Horizon B

PCBs: t10-t ppm 3-5 feet,
Asbestos: present at < 1% Horizon C

PCBs: 1-2 ppm 5-7 feet,
Asbestos: present at < 1% Horizon D

PCBs: 1-2 ppm 7-9 feet,
Asbestos: present at <1% Horizon E

PCBs: 2-3 ppm 9-11 feet,
Asbestos: present at< 1% Horizon F

PCBs: 2-3 ppm .1-13 feet,
Asbestos: present at <1% Horizon G -

End of Excavation, Not Sampled 13-15 feet,
Horizon H

14S composite
collected from
Horizons A and B

1 4 D composite
collected from
Horizons C, D, E, F,
and G .

c

U "
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-I

I

|

t

r "
I

- 4

- .h..

r •



Metcalf & Eddy

Location/IaD Test Pit 16 Excavator ENPRO Services

Date: May 14, 2002 M&E Geologist: B:.Abrahams-Denmatte

Coordinates: See separate figure Total Depth: . 13 feet bs

A

(0-1 ft)

Fill, light brown, sandy loam,
and gravel, little brick androots.
Little moisture. -(0 ppm on PID]

B Same as 0-1 feet, plus rebar,

(1-3 0) concrete and a trace ofasphalt.
[0 ppm on PID]

C Same as 1-3 feet plus more

(3-5 ft) metal, little tile and asphalt, trace
plastic pipe. Little moisture. [0
ppm on PID]

D Same as 3-5 feet plus a piece of

(5-7 ft) fabric and co6mmingled steel
(possible drum), aluminum, and
fibrous material. Little moisture.
[0 ppm on PID]

E -

(7-9 t11)

(9-11 ft)

G

(11 -13 ft)

H

(13-15 fi)

End of test pit due to concerns of.
asbestos. Fibrous material
collected for analysis was later
determined to not cbntain
asbestos fibers (possibly glass
wool).

Horizon D -relatively clean looking fill.
ln r aln~llli. -¢.

Horizon ) - commingled fibrous material,
*steel, and aluminum.

nEW 2W

fCollecting sample from bucket from Horizon D.

PID = Photo Ionization Detector (readings in parts per million-ppm)

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts



SITE LOCATION
Oxford Paper Mills

Canal Street
Lawrence, MAMetcalf & Eddy

ANALYTICAL SUMMARY TABLE

Mobile Lab Horizon Direct Sub. Lab Horizon

Analyses'and Results

Test Pit 16 .

PCBs: 1-2 ppm
Asbestos (A-D Composite): present at <1%
ArSenic: < 60 ppm.
Chromium: <.160 ppm ,
Lead: 44 ppm

0-1 foot,
Horizon,

PtBs: 2-3 ppm 1-3.feet,
Asbestos: See A-D Compsite. above Horizon B

PCBs: 2-3 ppm 3-5 feet,
Asbestos: See A-D Composite above Horizon C

PCBs: 2-3 ppm 5 . . S-7 feet,
Asbestos: See A-D Comp6site above Horizon D

End of Excavation, Soil Not Sampled 7-9 feet,
Suspect Asbestos Bulk Sample Collected; Horizon E
no asbestos detected.

Not Sampled 9-11 feet,
Horizon F

Not Sampled 1-13 feet,
Horizon O

Not Sampled 13-15 feet.
Horizon H,

Not Sampled

• . . .

*..*

*

0-1 foot,
Horizon A

1-3 feet,.
Horizon B -

3-5 feet,
Horizon C

5-7 feet,
Horizon D .

7-9 feet, -
Horizon E

9-11 feet,
Horizon F

11-13 feet.
Horizon G -

13-15 feet,
Horizon H

I
*1 " :•""

*1m
•

TI

I

IL

4

11

. "



Metcalf & Eddy

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

S Location/ID: Test Trench A Excavator ENPRO Services

Date: Miay 16.2002 M&E Geologist: B. Abrahams-Dematte

S Coordinates: See separate figure .Total Depth Varies to 4 feet bgs

This trench was excavated to observe conditions just
S northeast of the raceway arch It was also the location - ,

. , of a previously identified'a.nomaly from ground ' N.
penetrating radar (located at 73S/190E on survey grid) .4

I The trench icluded fill materials such as brick,
3 concrete, 'wood, and pieces of railrbad tics. A large

concrete slab was encountered and two vertital wall
(east-west trend). The exact feature that caused the
anomaly on the geophysical survey was not identified,
but may have been the vertical walls. .

r..
Looking East - view of cbncrete slab and vertical wall

at ~3 ft below grade.

Debris found near surface (bricks and wire)

Concrete slab at 3 feet below surface.

P e-. -. ...

Looking West at vertical wall near surface.

LK!!P
Looking East at two vertical walls running parallel in

east/west trend (one wall same as shown above).



Metcalf & Eddy

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Location/ID: Test Trench B Excavator ENPRO Services

Date: May 16, 2002 M&E Geologist: B. Abrahams-DIematte

Coordinates: See separate figure Total Depth: Varies to 4 feet bgs

This trench was completed. in an east-west trend,.
approximately 75 nqrth of the raceway. .(oncrete
slabs and walls were encountered that appeared to be
"in place". Fill and coal were ehcountered in several
areas of the trench Features appeared to be pla.ed
symmetrically around brick fill.

| .-

Looking East across trench (abdut 150 feet in length)
From center downwards, note brick, coal, and fill.

This pattern was observed east and west of the brick
fill noted, with concrete walls separating each

. materiaL.

Black coal, with sandy texture, encountered between
an 8-inch concrete reinforced wall and a 12-foot

Sbuilding footing.

IEw.2;1 -i AM .- lilllBWW I&WVMilili
Center of trench (top center) was 90% bricks. Also

shown is an 8-inch concrete reinforced wall between
brick and black coal (lower left).

12-foot building footing. This object was-immovable and
impenetrable by the excavator bucket.

Yellow-green, oxidized looking material

I

I
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Appendix D

North Area Test Pit Logs
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Metcalf & Eddy

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Location/ID: Test Pit A Excavator ENPRO Services

Date: March 5, 2003 I M&E Geologist: B. Abrahams-Dematte

Coordinates: See separate figure Total Depth: 15 feet bgs

Located on the south west section of the site, just north
of former buildings 21 and 22. ..

Soils were sandy and somewhat cohisive compared to
other test pits. 'Bricks and other debris can be seen in the
south wall while the north wall contained much less
debris. Debris included brick, concrete, asphalt like
material, steel piping, wires, tar shingles, coal ash and
slag (7-8 ft), and a trace ofsuspected asbestos. t an and
grey mottled sands were found at 12 feet. Floor and
wall found at --5 ft on east side ofpit.

Example of burned tar shingle raemnants found at depths of 3
. plus.feet in pit.

Suspected asbestos piping, brick, and typical soils.

Asphalt Jike substances found throughout pit.

a~sm

Typical soils. Light colored material is suspected asbestos.

I1.
I

Profile of test pil showing bricks over sandy fill.



TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Metcalf & Eddy

Test Pit B . Excavator. ENPRO Services

Date: March 5, 2003 M&E Geologist: B. Abrahams-Dematte

Coordinates: See separate figure " Total Depth: 13 feet bgs*

Located southwest portion of site, north of Engine Room
building, which lies over thie raceway.

West side of pit ran into concrete floor at I and 7 feet
and was repeatedly lengthenea to the west where a depth
of -13 ft was reached, before persistent cave in halted
excavation. Top 2 feet were mostly soil, but rapidly
changed to brick, coal ash, wood, and steel. A 1.5 inch ..
pipe was noted at 4.5 feet (trending north-south): A .

layer of tar roofing tiles (apparently burnt/heated) was
found at -6 feet. The roofing tiles had a strong tar like
odor. A brick wall was visible on the east end of the pit

Soils at depth of I1-13 feet. Note mottled appearance.

View ofexcaation facing west. In foreground is concrete
flooring at 5 feet. On right side wall the overhang is a layer of

tar type roofing tiles, which also appear in other parts of the
pit. Brick appears to decrease around 8 feet.

Typical soils 5-7 feet of pit. Note brick wall top of picture.

Typical soils 7-1I feet. Note tiles and coal ashlsoil.mixture.

Tar type roof tiles subjected to fire and heat.

*Soil appeared consistent at 11 feet. Sidewall cave-in making it difficult to keep pit open, pit halted at -13 ft.

I

I

I-
I

1
1
*1

I
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TEST PIT LOG
Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Metcalf & Eddy

Located south central on site, north and northwest of
raceway arch.- -.

Test Pit C was originally dug trending east-west, but
refusal was encountered in the 17 foot long pit at a depth
of 5 feeL The flooring (wall?) was of brick construction
and solid (as determined from blows by the excavator
bucket). [As a side note, the O'Gara mill building that
abuts the site to the west has brick floors in parts of the
building.] Soils above the floor were typicalmedium
brow: loamy sand with brick, cement and metal parts.
Due to the refusal, the east end of Test Pit C was
extended to the south where a depth of 15 feet was
reached. Soils in this direction contained relatively no
brick, and little to trace amounts of coal slag. At depth,
the soil appeared to be clean medium textured sand with
an oninge/tan hue.

Wood, concrete, and coal ash typical of top 5 feet of soils,

.S

Typical soils and debris in found in first 2 feet.

'I,

NV.

Brick floor located at 5 feet in east/west section of pit.-
- - r i".. a.z nrr- m

Aluminum sheeting found in several pits including test
coo J Pits A and B.

View looking down into lest pit. Note unusual color of sand.

t

i J.. ,r

.



Metcalf & Eddy

Location/ID: Test Pit D Excavator ENPRO Services

Date: March 5, 2003 M&E Geologist B. Abrahams-Dematte

Coordinates: See separate figure Total Depth: 5feet bgs

Located south central on site, across raceway from the
Water Wheel (Building 6) on the south side of the
raceway. -

Test Pit D was extended -25 ft. east/west and another TS5
feet north/south before excavation ceased. The pit was
roughly 5 feet deep in the east/west direction and as

shalloW as 1 to 2 feet in the north/south direction. A
brick floor was the refusing layer (see note in Test Pit
SC), though some areas showed a concrete floor. .

The soils were typically debris laden, containing such
items as brick, rebar, cement, occasional scraps of iron
or steel machinery parts, wood, and some lime. In the
western end of the pit burnt timbers and blacker soils
were encountered. Though the blacker soils were likely
due to past fires, some ofthe soils may have contained
coal ash as well.*

Large pieces of concrete and brick found in this general area
were also found to the west during a previous investigation.

Soils from top 2 feet White material is lime.

SCenter ofpicture. Brick floor overlying cement floor
with rebar. This piece was not intict and rimoved.

SSimilar to pieces found in previous investigation pit
directly to the west. -

Horizon E - location of concrete slab with steel grate
(possible slot drain - north-south trend)

Near bottom of pit (-4 feet). Note unusually colored sands.
These chartreuse and olive colors are seen in many pits across

the site (including C, G, and J).

[

I

I
I
I

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts
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TEST PIT LOG

M EFormer Oxford Paper Mill
Metcalf & Eddy Canal Street

Lawrence, Massachusetts

Location/ID: iTest it E Excavator. ENPRO Services

Date: March 3, 2003 M&E Geologist: 13. Abrahams-Dematte

Coordinates: See separate figure Total Depth: 15 feet bgs

Located 6n the southeast'portion of the site,just west of
the ibot bridge leading to.the silos on the south side of -

the raceway. .

A lot of suspected asbestos containing materials (ACM)
were encountered in this pit. The initial hole grounded
out at -2.5 amil was subsequently extended to the east
wheje the depth increased to9 feet before reaching a
floor and then finally to depth at the eastern most end of
the pit. At the 2.5 foot level a vertical I-beam was
encountered, then at 9 feet drain grating was found, and
at depth as well as on the shallower end of the pit the
materials encountered were brick, plywood, concrete,
pipes, and various other metal objects. Unlike some
other pits, the debris appeared to be well mixed
throughout.

Vertical 1-bean located in center of pit. before expanding pit to
the 4=U

Concreted flor encountered in pit. Note 4 nch pipe in up
right of picture

Top 2 feet of soil. Note suspect ACM in center of picture.

Suspect ACM - typical of that found throughout the pit

Typical debris found throughout Test Pit E.



TEST PIT LOG

Former Oxford Piper Mill

Metcalf & Eddy Canal Street
Lawrence, Massachusetts

Location/ID: Test Pit F Excavator. ENPRO Services

SDate: March 4. 2003 M&E Geologist: B. Abrahams-De natte

SCoordinates: See separate fiure Total Depth: 4 feet bgs

Located approximately center on the site over the area .i

that was formerly die boiler room and cbal bin.

'Test Pit F achieved a maximum depth 9f4 feet,iunniing . ° ' t
into refual. The refusal apipeared to be a concrete floor
that is still intact and apparendtly expansive. From north
to south the floor was at 4 feet until.a brick wall was
reached on the souith end of the pit The floor then rost
to ~-1 foot from surface. East to'west the pit went -10
feet before reaching a brick wall and rising to-~l.5 feet
froM surface and eventually slopingup to- feit to
surface. No attempt was made to find the extent of the
floor because of the size of the excavation that would be
necessary to do so. a

Top 2 feet of pit is predominantly time, brick, and some soil.

.! • I

At -4 fect deep, the soil (lime fill) changes over to the more
typical medium to darkbrown aWd black fine to medium sand,

brick, coal chiplslagtash.

The coinbination of lime and brick (with little soilj is
extensive in this.area. The trench here. is20 feet long. A
perpendicular teriech 35 feet long (not pictured) shows die

same characteristics.

'T'" section of Test Pit F. The corner to the bottom left in this "
picture is point 200E,40S of the geophysical grid referred to in

previous geophysical work completed on site (M&E,
November 2002)..

f



TEST PIT LOG
Former Oxford Paper Mill

Metcalf & Eddy Canal Street
Lawrence, Massachusetts

Location/ID: Test Pit G Excavator: ENPRO Services

Date: March 4, 2003 ' M&E Geologist: B. Abrahams-Ddmatte

Coordinatest See separate figure - Total Depth: *I13 feet bgs

Located east central on the site, adjacent to the
southwest side of the large berma. This pit was in the area
north of the Black Ash Room and east of the Boiler
Room.

The debris found in this test pit appeared to be well A
sort:d and predominantly brick. Many of the bricks
unearthed were yell9w, though just as many red bricks
weri found. The soil part of the mix was medium to,
dark brown sand with little to trace loamy material.-
Some greyer soils were also noted. Other debrig found
in the pit included a crushed canister of some type, steel
plate, conduit size piping, rebar, various metal machine Top 2 feet of soiL Mostly brick.
parM, coal ash, and several large pieces of building.
Some black fluid was found to be leaking from a couple
of the conduit size pipes; however, PID screening did .
not indicate any volatile.compounds' Digging in this
area was particularly difficult. [As a side zinbte, drilling
in this area, which occurred after completion of test pits,
was unable to penetrate past -9 feet - see soil borings 7
and 9.1

Top section of pit Note odd colored soils found at various
locatiors at the site.

Several large in tact pieces of building found.

Typical debris found through Test Pit G,

Typical debris and metal parts.

* Continuous sidewall cave in prevented an open hole to 15 feet, however, 13-15 feet was reached by bucket of
excavator. Soils at this depth were the same as those immediately overlying them.



TEST PIT LOG

Metcalf & Eddy
Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

I Location/ID: Test Pit H Excavator ENPRO Services

Date. March 3, 2003 M&E Geologist: B. Abrahams-Dematte

Coordinates: See separate figure. .Total Depth: . 15 feet bgs

Located on the northwest corner of the site, south of foot
bridge that crosses the Spicket River to the hospital.

Except for a shallow layer (0 to 2 feet) of lime, brick,
concrete, and black loamy soil, the pit was devoid
(relatively) of brick and concrete. Rather the soils below
2 feetappeared to alternate between layers of black fine ..
to medium sand, slag, coal ash and chip; and layers of -
'clean' fine or fine to medium sand that were olive-gray
to yellow-brown With gravel and little io trace coal
chips. A reddish-brown sand and gravel was
encountered at/near depth along with a random piece of
2 inch steel pipe. Two walls were encountered in the pit
The first wall spanned the pit at- 0.5 ft below ground
surface. The second was parallel to the east side wall of
the test pit

Sidewall of Test Pit H, note bedded layers (arrow) of
light and dark soils (dark soils have smeared over some

of the lighter colored soils).

Concrete wall east side of pit (arrow), orientated
perpendicular to wall across pit (not shown).

Looking north: Note wall in foreground (arrow).:.

Example of mixed soils: black coal ashy soil and clean,
sand fill.

Sand and gravel found near depth in test pit.
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Metcalf & Eddy

Location/ID: Test Pit I Excavator ENPRO Services

Date: ' March 4, 2003 M&E Geologist: B. Abrahams-Dematte.

Coordinates: See separate figure Total Depth: 15 feet bgs

Located on northeast portion of site, south of former
20,000 gallon UST grave.

Test Pit I was one of the top three siuspect ACM
containing pits. Approximately a half dozen coated
pipes and many loose fragments o(suspect ACM were
dug out of the pit, which also contained brick, coal
ath'slag/chips, and concrete. Like Test PitH, there were
manry pockets of apparently 'clean' sand; several of
these pockets of sand appeared to coincide with buried
pipes. No major obstructions were encountered,
however, an 8 to 10 inch suspect 200299.0001. covered
pipe was found on the south side of the pit at 8 feet
below ground surface. The pipe was firmly in place and
could not be budged by the backhoe.

SuspectACM coated pipe. One of approximately a half
dozen suspect asbestos coated pipes found ii pit L.

An 8 to 10 inch suspected asbestos coated pipe was
found at 8 feet below ground surface on the south side of

the pit. The pipe trended east/west.

Top 2 feet, brown loamy sand and bricks. Note pipe on
right side of picture (arrow). Bricks and pipes increase
with depth. All other pipes covered in suspected ACM.

North/south trending 4 inch pipe. One of many pipes.

,. .. ..- . ,

Mixed soils. Pockets of 'clean' sands aremixed into
the matrix of dark brown to black soils containing coal

ash, chips, and slag.

TEST PIT LOG

Former Oxford Phper Mill
Canal Street
Lawrence, Massachusetts
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Metcalf & Eddy

TEST PIT LOG

Former Oxford Paper Mill
Canal Street
Lawrence, Massachusetts

Location/ID: Test Pit J Excavator ENPRO Services
Date: March 4, 2003 . M&E Geologist: B. Abrahams-Dematte

Coordinates: See separate figure Total Depth: 15 feet bgs

Located east central on the site, east of the large berm
*and north of MW-10.

Like all other test pits on site, this pit contains a
multitude of building demolition and the pervasive coal
ash and slag. The first couple of feet in the pit were
predominantly brick, after which a couple of wood
Sbeams were excavated, a particularly large one was
foundat 8 feet Cal ash and slag started to appear at 4
feet, the size of the slag increasing with depth. At
approximately 3 feet plastic bagsor possible geotextile
were found in the west wall (adjacent the berm) of the
pit. At 15 feet, the soil appeared to possibly be native
fine sand. A foundation was also found on the south
side of the pit at 2 feet below grade.

Typical debris from greater than 4 feet below ground
surface. Metal, wood, brick, ash, slag, etc...

Foiundation wall located 2 feet below ground surface on
south side of pit.

I -

Top 2 to 3 feet contained large amounts of brick.

Large pieces of coal slag found at 10 feet below grade.

Plastic bags or geotextile material found in sidewall of
pit at 2-3 fet below grade.

U
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METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200 .

CONTRACTOR: TDS, Inc.
DRILLER. Scott Lombard
INSPECTOR: William Abrahams-Dematte
START DATE:
FINISH DATE:

3/10/03
3/10/03

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: Yes
SAMPLING METHOD: Split-spoons
SIZE I.D.: 2 Inch
TOTAL DEPTH: 24 ft.

BORING

NUMBER

SB-I/MW- I

PAGE

I of 2

Rage Sample itcver PID' Water Interval . Stratigraphie
Depth No. (ft.) Blows (ft.) (ppm) Table (ft.) Sample Description Descrlption

0-1 75+

-- U - I - I .5

*5.5.05
*5

0.2

1.0

5

3 3-5 6 1.6 0
6

5.0 7
10

64 5-7 6 1.0 0
6

7.0 6 -

9-11

I3

3
3

-5

3

3
3
3

0

0

2

47 11-13 2.0 0
4

'13.0 5

4

8 I13-15 1.7 0
4

15.0 5
5
7

9 15-17 2.0 0
8 

17.0 10 .

17-19

.5
6

ater
able

-16.5'

0.0-0.8.
0.98-1.0

1.0-2.0

2.0-3.0

3.0-3.4
3.4-3.7
3.7-5.0

5.0-6.0
6.0-7.0

A - 4
7.0-7.6
7.6-9.0

Void
Dork.br Iwn SANDY LOAM. trace frst.

Void

Brown-black, LOAMY SAND, little coal

chip, trace coal ash. loose, dry.
Void

Fall in.
Brown-black, LOAMY FINE SAND, little-
trace pebble, trace coal ash, lok&e, dy.
Void

Brown, PFINE SAND, trace silt, brick, loose
slightly moist.

Void

Browwnlack, LOAMY FINE SAND, trace
coal chips, loose, slightly moist.

9.0-9.8 Saenk As 7.6-9.0 feet.
9.8-11,0 Brown and tan, FINE SAND, loose, dry.
11.0-11.4 Fall in.
1.4-13. Dark brown, FINE SAND, sligtly firm,

very slightly moist to dry..
13.0-133 Void

13.3-15.C Black/Brown, FINE SAND, very slightly
moist to dry. Color becomes light brown

at 14.1 fit
15.0-16. Brown, FINE SAND, very slightly mist

Sto dry.
16.2-17.0 Grey, FINE SAND, very slightly moist to.

Idry. Upper edges of capillary fringe.
17.0-17.2
172-18.0

Void

Grey, FINE SAND, wet.

Driller having trouble, augered to 18 feet

and sampled.

*PID calitrated with isobutylene. To read as benzene, multiply by 0.6 *5= Driller failed to keep count. Split-spoon went in readily.

FILL TO.
-5 FT.

NATIVE?
TO DEPTH

I 
T



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200

CONTRACTORl TDS, Inc.
DRILLER Scott Lombard
INSPECTOlR William Abrahams-Dematte
START DATE: -3/10/03
FINISH DATE:- 3/10/03

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: Yes
SAMPLING METHOD: Split-spoons
SIZE LD.: 2 Inch
TOTAL DEPTH: 24 ftL

BORING
NUMBER

SB-1/MW-1

PAGE

. 2 of 2

I

I

I
I
.1

I
I
I



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200

CONTRACTOR TDS, Inc.
DRILLER: Scott Lombard
INSPECTOR William Abrahams-Dematte
START DATE: 3/11/03
FINISH DATE: 3/11/03

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stemrn Auger
WELL INSTALLED: No
SAMPLING METHOD: Split-spoons
SIZE LD.: 2 Inch
TOTAL DEPTH: 15 ft.

BORING
NUMBER

SB -2

PAGE

I of I

Rage Sample Recover, PID' Water Interval . Sri ph
Depth .2 -ft. Blows _ (ft.) (lpm Table (&. Sample Desciptlen Description
S0.0

1.0
4-1 .

14

11
0.5

- - 4 - 1 - - 4 1 -

3.0

• 8 -'

4

7
3.
13
13

3 3-5 13 LI 0
9

5.0 8

13
4 .5-7 38 13 s

25
7.0 18

-9.0
7-91

94 1

22
19
17
14

18

15
12

1.4

1.2

12

100 for 4*- 7 11-13 Sf0.5

13.0
82

4 4S8 13-IS 0.7 s
9

15.0 I

040.5
0.5-0.7.
0.7.1.0
1.0-2.0
70-2.4
-4-3.0

Void

Icewood, gravel.
Brown, FINE SANDY LOAM. oots. loose.
Void

Same As 0.7-1.0 plus trace coal.
Yellow-brown. MEDIUM SAND,some fine
sand, white specs -ACM?

3.0-3.9 Void

3.94.5 Samne As 2.4-3.0 plus trace gravel wood,
codal slachip, dry.

4-5-5.0 BRICK

5.0-5.7
5.7-7.0

Void
BRICK, little to trace brown, fine sand, dy.

7.0-7.6 Void
7.6-8.1 Brown-dark brown, FDINE-MEDIUM SAND

trace silt, loose, dry.
8.1-8.6 BRICK
8.6-9.0 Same As 7.6-8.1 feet

9.0-9.8 Void
9.8-10.1 BRICK and GRANITE STONE.
10.1-10 . Brownrdblack, FINE SAND, and STONE

CHIPS
10.3-10.5 BRICK

10.5-11.0 Yellow-ian, MEDIUM SAND, little to tsace
pgavel and briclc.

Wa 1 .0-113 Void
S11.3-11.8 Same As 104-.11.0 fet,

plus, very slightly moist
11.8-13.0 Refusal.

illary 13.0-14.3 Void
i 143-14.8 Samne As 11.3-11,8

14.8-15.C Concret witho uart.

FILL FT
-15 FT.:

EOB

IS ft

ID calibrated i .To as mtpy by 0.6. I*ID calibrated with isobutyknc. To read as benzene, multiply by 0.6.



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781-246-5200

CONTRACTrOR: TDS, Inc.
DRILLER: Scott Lombard
INSPECTOR: William Abrahams-Dematte
START DATE: 3/10/03
FINISH DATE: . 3/10/03

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

BORING
NUMBER

SB-3/MW-3

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: Yes PAGE
SAMPLING METHOD: Split-spoons .

SIZE I.D.: 2 Inch . I of 2
TOTAL DEPTH: 22 ft.

t. t SeID WaterInterval
Depth NoM tI.) Bow (f.) (ppm) Table (ft.) Sampe Deron Descrpti

17
20

1.0 .0-. .5 BRICK and FINE SAND, t. si, loose, dry.
0.5-1.0 ,BRIC .

21 - 1.0.1.6 Void

2 1-3 24 4 0 1.6-2.0 Brown, FINE SAND, trace medium to ose
17 . . sand. brick, loose, dsy.

3.0 -14 2.0-3.0 Red, BRICX and grey FINE SAND, trace

4 pebble oose, dry.

S 3-S 6 0.9 0 3-0-4.1 Void
7 4. i-5.0 Brown/grey4-brown, BRICK and FINE to

5.0 4 MEDIUM sand, loose, dry.
6 5.0-6.5 Void -

4 5-7 7 0.5 s 6.5-7.0 BRICK4 5-7 0.5 1s-5

S 7.0-8.A Void

7.0 . 7 -8.4-9.0 Brown, FINE SAND, BRICK, COAL ASH,

7 COAL SIAG, loose, very slig ly moist

5 7-9 5 0.6 0 9.0-10.2' Void

5 10.2-10.1 Tan, FINE to MEDIUM SAND, little brick

9.0 5 trace glass and roo*. loose, v. sL Moist.
4 10.7-11.0 Grey, FINE to ME ~IM SAND, little bick,

6 9-11 4 0.. 0 - loo

6 11.0-11.8 Void

I1.0 7 11.8-12.2 Grey-brown, FINE to MEDIUM SAND, little

5 slty stone, brick, concrete, loose, dry.

511-13 1.2 2.2-12.5 Li tan, MEDIUM SAND, loose, dy.7 1-13- 12 0-
4 12.5-13.0 LighS brown, FDIE to MEDIUM SAND,

13.0 3 loose,dry.

13-15

.3

2
2

5

1.4

17

711219 15-17 21 1.0 0
25

17.0- 24.

17-19

25
100 fore"

Water

Table
-143

13.0-13.6 Void

13.6-13.j Yellow-buwa FINE to MEDIUM SAND.

13.9-14.2
14.2-15.0

15:0-16.4
16.0-16.4

16.4-16.7
16.7-17.0

little coal chip, loose, dry.

Brown, FINE SAND, sl. finn, v. sl. moist
Grey-brown, FINE SAND, ir. roots, sl. Firnm,

trace black spots, wet, mottled at deptqh.
Void
Grey-brown. FINE SAND
Grey-brown., MEDIUM SAND and GRAVEL

GRAVEL, little coarse sand.

17-17.5 Dark brown-black, MEDIUM SAND and

IGRAVEL, refusal.
*PID calibrated with isobutylene. To read as bemne, multiply by 0.6 *5 = Driller failed to keep count. Split-spoon went in readily.

V
NATIVE?

TO DEPh

1-

S0.0
1.0

U

I
I

"- "3

I
I

I
U
a

19.0

a

I

I I I I I I I 
I

FILL TO'



MENTCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200

CONrRACTOR: TDS, Inc.
DRILLER: Scott Lombard
INSPECTOR- William Abrahams-Dematte
START DATE* 3/10/03
FINISH DATE: 3/10/03 .

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: Yes
SAMPLING METHOD: Split-spoons
SIZE LD.: 2 Inch

.TOTAL DEPTH 22 ft.

BORING
NUMBER

SB-3/MW-3

PAGE

2 of 2



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200

CONTRACTOR- TDS, Inc.
DRILLER- Scott Lombard
INSPECTOR. William Abrahamns-Dematte.
START DATE: 3/17/03
FINISH DATE: 3/17/03

____ _ __ I

*PID calibrated with isobutylene. To read as benzene, multiply by 0.6.

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD- Hollow Stem Auger
WELL INSTALLED, No
SAMPLING METHOD. Split-spoons
SIZE LD).: 2 Inch
TOTAL DEPTH: .17 ft.

Brwn. FINE SANDY LOAM.

BRICK and CONCRETE.
Tan, FINE-MEDI JM SAND, litdc to
brick and gravel.
Void
Brown, FINE SAND, little medium to coarse
sand, trace pebble and concrete.

BRICK, little to Uace tan, medium sand and
brown fine to medum sand, coal ashchipslagR

Brown, FINE SAND, little to trace medium
an, trace coal sla and ash.

Void

Grey-oown, FINE SAND, some possibly

woodysubstance and coacrete, loose, dry.
Weathered CONCRETE, trt grey medium

sand, dry.
Void

Bron FINE-COARSE SAND, trace gravel,

oncret and brick, dry.
Grey, MEDIUM SAND, little fine sand, tUace

pave, dry.
Red-tan, FINE-MEDIUM SAND, trace gravel

Dark brown, FINE SAND.

Green-rty, FINE-MEDIUM SAND, tr. gray.
Dark brown-black, FINE SAND, little toa
silt, dry. Strong, wihred HC odor.

Black, FINE SAND, lite to tre sit.

Strong weathered HC odor;, bottom split-

spoon become lighter in color and odor
becomes less obvious. Top edge water table.

BORING
NUMBER

SB- 4

I

I
I.1
I

I
I

FILL TO
-17 FT.-

EOB -
17 ft.



MTCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
I(781)-246 -52 00

CONTRACTOR: TDS, Inc.
DRILLER. Scott Lombard
INSPEICTOR: William Abrahams-Dematte
START DATE:
FINISH DATE:

3/14/03

3/14/03

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: Yes
SAMPLING METHOD. Split-spoons
SIZE I.D.: 2 Inch
TOTAL DEPTH: 24 ft.

BORING
NUMBER

SB-5/MW-5

PAGE

1 of 2'

Range Sample Recover) I*Water I .. SiraDept No. (ft.) Blows (ft.) . (ppm) Table (. Sample Description Description

20

.*73
1.0:

" 00+ for 2'

2 1-3 0.15 , a

3.0 -.
13

3 3-5 7 08 0
7

5.0 21
23

4 5-7 0.6 0
8

7.0 -

43

5 7-9 1.6 0
13

9.0 12
33

6 9-11 50 1.1 0
-65

11.0
12.0 1719 i

7 11-13 0.4 0
13

14.0 8 B
4

8 13-15 2 1.9 0
2 T

16.0 3
4
4

9 15-17 E 2.0 0
- 5

&18.0 J6

10 17-19

1
2
2
2

2.5

.L

0.0-0.4

0.4-0.8

0o-1.0

White/grey, lime or coal ash; trace brown
line sandy loam, m st

BR ICK.
Brawn, FINE SAND. trace pebble.

1. 15 ISa eAs0.8-1.0
1.15-3.0 BRICI. Refsal met balt drilling move S ft.
3.0-4.2

4.24.5

4.54.7
4.74.9

4.9-5.0
5.0-6.4
6.4-6.6
6.6-7.0

Void
BRICK aM d Brown FINE SAND.
Black, FINE-MEDIUM SAND uexture.coal?

BRICK

Same As 4.5-4.7 feet.
Void

Red-brown, FINE SAND, moist, fall in.
Samn As 4.9-5.0 feet, plus trfe yellow

medium sand. dry.
7.0-7.4 Void
7.4-7.7 Red-black, with yellow spots, FINE SAND,

trce coal chips.
7.7-8.4 Tan, COARSE SAND to FINE GRAVEL

8.4-9.0 Black/orange (mottled) FINE to MEDIUM-

COARSE SAND, ac coal cips and slag,
moist - likely perched water table.

9.0-9.9
9.9-10.0

10.0-10.4
10.6-1 1.

Void

Black, (coal) sandy textured soil with brick.
Same As 8.4-9.0 feet., less black (coal) sand.
CONCRETE

I I.42.C AUGERED THROUGH REFUSAL
12.0-13.6 Void

13.6-14.0 Orange, FINE to MEDIUM SAND, little to
trace gravel (granite composition).

14.0-14.1 Void
14.1-15.0 Brown1grey/black, FINE SAND, si. moist

15.0-16.C Greyto 15.5 ft green to 16.0 ft, FINE SAND

very moist. .

16.0-18.1

18.0-20.(

"PID calibrated with isobuylene. To read as benzee, multiply by 0.6.

Brown-green to black-green, FINE SAND,

little silt .

Green-brown, FINE SAND, little-trace silt,

wet, marshy odor. -

FLL TO
--15s FT.

-S.

Native?
To Depth

4.

-14.



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200

CONTRACTOR: TDS, Inc.
DRILLER: Scott Lombard
I4SPECTOR- *William Abrahams-Deminatte
START DATE: 3/14/03
FINISH DATE: 3/14/03

SITE LOCATION
Oxford Paper Mill.
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: Yes
SAMPLIN(i METHOD: Split-spoons
SIZE I.D.: 2 Inch
TOTAL DEIPTH: 24 ft.

BORING
NUMBER

SB-5/MW--

Range Sample Recov PID Water laterv] Stratigraphic
Depth No. (ft.) Blows (ft.) (PPm) Tale t.) . Sample Description
20L-. 1I 20.0-20.5 Void NATIVE

125 .20-5-22.0 Dark bown, FINE SAND, little silt, eaceI l- 18-20 1.is 0.9.
16 pebble, wet (cemnter 0.5 ft. saturated), trace

22.0 30 . clay asdept. j,.
37 22.0-23. Void

1 230-22 0.6 1.3 23.4-24.0 Dark brown-black, COARSE SAND to12 20-22 0.6 1.3
31 GRAVEL, saturatedL Litte to trace fine sand

24.0 - 39 at top.
End of Boring

24 Fedt

*PID calm wi l yene To re as bcn tipy by 0.6-•PID clibrted with itobutylenC. To read as baieije multiply by 0.6.

I
I

'I

I



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200

CONTRACTOR- TDS, Inc.
DRILLER- Scott Lombard
INSPECTOR. William Abrahams-Dematte
START DATE:
FINISH DATE:

3/13/03
3/13/03

.9
8

0.7

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: Yes
SAMPLING METHOD: Split-spoons
SIZE i.D.: 2 Inch
TOTAL DEPTH: 22 ft.

1.0-0.4 Void -
1.4-1.0 Brown. FINE SANDYLOAM and BRICK.

12 .1 .0-2.2 Void .

33 2.2-2.4 SameAs 0.4-1.0S2 1-3 .0.8 0

37i 4-2.6 BRCK
30 39 " 14-3.0 Brown, FINE SAND, lime medium sd and

3 35 0.6 0 3.0-3.6 BklCK, little fine smnd, brown.

3- 3-5 0.6 0 I."
8 3.6-5.0 Refusial as concrete floor.

5.0 10 Refusal First attempt refused at 3.6 feet.

5 5.0-6.7 Void

4 5-7 03 s 6.7-7.0 Red-brown, FINE SAND, trace silt and brick

2 coal chips and asbestos found at depth.
7.0 2 Refusal Second attempt refused at7.0 feet.

9 7.0-7.4 Brown-dark brown, FINE SAND, little silt,

5 7-9 10 0.2 . asbectos, brick, wet.5 7-9 0.2 it

100+ . 7.4-9.0 Refusal at concrete floor.

9.0 - Reftsal Third attempt refied at 7-5 feet

10-12

II

16
14

3

7 12-14 0 - s

14.0 2

2I 2

8 4-16 I 2.0 .0
2

16.0 1

18.0

20.0

16-18

18-20

d

I.

I2.
5

11

19
20
26
.33

. t
Tabi-15

Anger - Fourth attempt augured 8.5-10 fet through
concrete floor. Began sampling at 10.0 feet.

10.0-11.5 Void

11.5-12.0 Grey-brown, FINE to COARSE SAND,
little angular gravel, brick, dr.

12.0-14.C NO RECOVERY.

14.0-15.C Brown, FINE SAND, very slightly moist

r 15.0-16. Brown-grey, FINE SAND, moist, very wet

e from 15.6-16.0.
14.0-165 Void

16.5-16.8 Brown, FINE SAND, trace silt, wet to moist

16.8-17.6 Gren-grey, FINE SAND, saturated.
17.6-17.8 Grey, FINE SAND, wet

17.8-18.C Black, FINE-MEDIUM SAND, little pea

-- gravel, marshy odor, wet

18.018.
18.6-18.8

1 8.8-20C

*PID calibrated with isobuiyle. To rad as b mulply by 0I I
*PID) calibrated with isoburylene. To read as benzcue, multiply by 0.6.

Void

Black, FINE SAND, wet
Black, VERY COARSE SAND and

ANGULAR GRAVEL, slight marshy odor,
loose, saturated.

BORING
NUMBER

SB-6/MW-6

PAGE

1 of 2

FILLTO

-15-16 FT.'I

v

NATIVE
TO DEPTH

Range Sample Recover PIDj * Water Ilterval Stratigraphic
Det No {ftL BlowsI ,ft. &ppm) TaC (ft.) Sample Desription Descipton

I 1

"m'



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200

CONTRACTOR: TDS, Inc.
DRILLER- Scott Lombard
INSPECTOR: William Abrahams-Dematte
START DATE:
FINISH DATE:

- 3/13/03
3/13/03

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHODIX Hollow Stem Auger
WELL INSTALLED: Yes
SAMPLING METHOD- Split-spoons
SIZE I.D.: 2 Inch
TOTAL DEPTH: 22 ft

BORING
NUMBER

SB-6/MW-6

PAGE
2 of 2

Raoge Sample Recov PID Water itrva Sradgraphbc
Ipth N ( (q Blows j(ft)j (pp Table.f .Saft)ie Description Deripti

20-22

21

55

27
23

7

0-

20.0-20.9

20.9-22.0
oid p

Same As 18.8-20.0 fea, plus brownishgrey
coloration at depth.

NATIVE

EOB"

-22 ft

*PIDcalibrated with iobuyln To cad as bcnzene, muliply by 0.6.-

I

.3

i_

i . L m

€ •



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(Qj)246-5200

CONTRACTOR: TDS, Inc.
DRILLER- Scott Lombard
INSPECTOR. William Abrahams-Dematte
START DATE: 3/13/03
FINISH DATE: 3/14/03

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: No
SAMPLING METHOD: Split-spoons
SIZE LD.: 2 Inch
TOTAL DFPTI: 9.5 ft.

Range Sample Recover PID* Water Ilter . -"StratIgrapb h
Det N (ft)I 4 Blows (ft) ( m) Table ( Sample Descripion upion

- as

8 -

5 7-9 0.7 as
10

9.0 7
13

6 9-11 I 00 03 ns

II.0

Table
79

.0-0.1

0.1-0.
D.6-1.0

1.0-1.8
1.8-3.0
2.4-3.0

3.0-4.6
4.6-4.9
4.9-5.0

5.0-6.7
6.7-7.0

Ice
BRICK and COAL ASH
BIRICK"
Void

BRICK, CONCRETE, COALi C d
brown FINE SANDY LOAMN.
Void

BRICK arid COAL ASH
R-bro n, FINE SAND. loose, dry.
Void
BRICK and WOOD.

7.0-83 Void
8.3-9.0 YELLOW BRICK (raner than the typical

red brick) and CONCRETE, trace wood,
little to trace fine to medimn sand.

Refusal First attempt refused at 9.0 ft.
9.0-9.5 CONCRETE
9.5-11.0 Refusal.
Refusal Second aLtmpt refused at 9.5 f .

A third attempt was made 3/17/03, but met
refusal at 9.0 feet too (on concrete floor).

FITO

EOB
93 ft.

*PID calibrat isobu . To d as multiply by 0.6.*PIDf calibrated with isobutylene. To reed as benzene, multiply by 0.6.

BORING
NUMBER

SB -7

PAGE

I of 1

I9 t -

33
46

1.0

3.0

3-5

29
Is
.13
Is

91

14

Is
5
25
4
A4

4 5-7I

3. 14-3-03.0



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200

CONTRACTOR- TDS, Inc.
DRILLEL Scott Lombard
INSPECTOR. William Abrahams-Dematte
START DATE: 3/11/03
FINISH DATE: 3/11/03

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: No -
SAMPLING METHOD: Split-spoons
SIZE I.D.: 2 Inch
TOTAL DEPTH: 9.5 f

BORING
NUMBER

SB -8

PAGE

1 ofl

Range Sample Recoverl ID* Water Interval . Stratigraphk

Depthj No. . (ft.) Blows (ft.) (pm T e . Sample Deucripion . scrp
0-1 6

6
710I

2 1-3 . 0.6 s
7

3.0 14

0.0-0A.4
04-0.6

0.6-1.0
1.0-2.4

2.4-3.0

Void

Vegetation
Brown, FINE SANDY LOAM, little brick.'
Void
Browniswn-grey, FINE SAND, fe silt,
icoal ash, and slam

7 3.0-4.6 Void
8 4.6-5.0 Brown, F&E SAND, Grey CONCRETE,3 3-5 04 sis

.... 11 and Yellow BRICK, with white grains of
5.0 ,9 unknown material, trace wood.

10

4 5-7 17 1-2 as
20

7.0 23
* '

5 7-9 1.0 us

9.0

6 9-L11 0.4 s

11.0

5.0-5.8
5.8-7.0

Void -

BRICK, some coal ashchips/slag, -trace
wood. loose, dry.

7,4-.0 Void
8.0-9.0 BRICK and CONCRETE, trace soil.
Refusal First attempt reftsed at 9.0 ft.X Refusal Second atteptrefused at 3.5 t

ater 9.0-9.4 BRICK .
Table 9.4-11.0 Refusal -

> 9' Refusal Third attempt refused at 9.5 ft

111TO
9.5 FT.

EOB
9,5 ft.

*PID calibrated with isobutylene. To read as benzene, multiply by 0.6. * Driller did not take counts for this split spoon.

I
I
I

.1

U
I

I
I
I
I
I

.r I

r



METCALF & EDDY
30 Harvard Mill Square
Wakefi~ld, MA 01880
I781) -246-520 0

CONTRACTOR: TDS, Inc.
DRILER- Scott Lombard
INSPECTOR" William Abrahams-Dematte
START DATE:
FINISH DATE:

3/11/03
3/12/03

SITE LOCATION
Oxford Paper Mill
Corner of Canal Street and Marston Street

SLawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: No
SAMPLING METHOD: Split-spoons
SIZE I.D.: 2 Inch
TOTAL DEPTH: 15 ft.

Depth
0.0
1.0

No.

R~age(ft.)
(ILI

Sample Re cver PID*
Blows (ft.) (psm)

6
8 -
52 -
26.

2 1-3 I26 m
18

3.0 48 ,-

17 ."

3 3-5 21 0.9 s.- 19 19

5.0 14 /
12

15
4 5-7 1.3 ns15

7.0 32
* 12

9
5 7-9 0.9 ns

- 15-

9.0 18
4

4"6 9-11 0.6 3.2
3

i1.0 8
5
5

7 11-13 2.0 6.2
6

13.0 . 6
7
6

8 IB-15 11 4.7
6

15.0 9

Water
Table

-. 9

Sample Descripties
0.0-0.4 Vpid
0.4 1.0 BRICK ar white sady LIM

1.0-1.6
1.6-3.0

Void
BRICK, uace soil and coal chips. Brown,
fine sand, trace silt at dewth.

3.0-4.1 Void
4.1-5.0 Same As 1.6-3.0 feet.

/5.0-5.7- Void

5.7-5.9 Fall in.

5.9-6.2 BRICK and Brown FINE SAND, trace silt
6.2-6.6 BRICK -
6.6-7.0 BRICK and CONCRETE, race soil.
7.0-.1 Void
8.1-8.4 Tan, MEDIUM SAND, GRAVEL, BRICK.
8.4-9.0 RED BRICK.
Refusal First attemwt refusted at 9.0 f

Refusal Second anempt refused at 3 ft.

ate
Table

~1' 1

9,0-10.4
10.4-11 .C

Void
Brown-yell V, OlNE P-AND, tre gravel,
brick at depth.

11.0-13.C Brown-yellow, FINE to MEDIUM SAND,
loose to slightly firm, small mottles at depth,
dry.

13.0-13.8 Void
13.8-15.C Brown-yellow, FINE SAND, litte to Irace

medium saiid, trace brick, trace coal chip at
*top of split-spoon, loose, dry..

6.

*PID calibrated with isobutylene. To read as benzene, multiply by 0.6.

Stradgraphic

Deseriotion

'FLL TO

15 FT.

- BORING
NUMBER

SB -9

I k" I r . . ... .. .. D .-- - .i I

1-0

laterval [

PAGE

I of I



METCALF & EDDY
30 Harvard Mill Square
Wakefield, MA 01880
(781)-246-5200

CONTRACTOR- TDS, Inc.
DRILLER: Scott Lombard
INSPECTOR. William Abrahams-Dematte
START D1)ATE: 3/12/03
FINISH DATE: 3/12/03

SITE LOCATION
Oxford Paper Mill

Corner of Canal Street and Marston Street
Lawrence, Massachusetts

DRILLING METHOD: Hollow Stem Auger
WELL INSTALLED: Yes
SAMPLING METHOD: Split-spoons
SIZE I.D.: 2 Inch
TOTAL DEPTH: 17 ft.

. BORING
NUMBER

SB-I0/IMW-I0

PAGE

I of I

Rage Sample jRecover PID Water Interval Straigrphi

Deph No. (t) Dimow (ft) ( pjm) Table ( Sample Descripdon Defription
0.0
1.0

2 1-3

3.0

0-1 10. , .
,1.0.

21 1
28

19
22

ii

.ns
D.0-02

02-0.7
D.7-1.0

-4
1.0-2.0

2.0-3.0

Ice
BRICK anil FINESANDY L( AM, dry.

Brown, FINE SAND, trace silt and medium

sand. little brick, loose. dry.

Void'

BRICK and CONCRETE.

S'l3.0-4.5 Void
8 3430. 4.47 Brown. MEDIUM SAND iMid BRICK.

3 3-5 0.5 0S. 7 .. . 4.7-5.0 Dark brown, FINE SAND, little to trace silt

5.0 6 . and slag, loose, very slightly moist

5-7

11

4
5

8
4

5 7-9 1.0 ms
16

9.0 18
14

6 9-11 8 0.6 I I.3
7

11.0 11
9

7 11-13 17 0.4 113
16.

13.0 8

7

8 13-15 6 2.0 78.4
6

15.0 7

10
5

9 15-17 2.0 131
S21 .

17.0 14

Water

Table
-6-7 ft.

*PID calibrated with isobutylene. To read as benzene, multiply by 0.6.

5.06.0
6.0-6.2

6.24.4-6A,

6.4-6.7.

6.74-6.9
6.9-7.0

Void

Yellow-orange, MEDIUM-VERY COARSE

SAND, some pebbis, loose, moist
Black, FINE SAND, tract silt and coal chips.

iight brown. SANDY SILT, trace clay,'moist
to wet
Pale green, FINE SAND, moist.

Same As 6.2-6.4 feest.
7.0-8.0 Void

8.-8.2 Dark brown, FINE SAND, trace brick, wet

8.2-8.5- Same As6.4-6.7 feet, plus lens of black sand,
8.5-9.0 Same As 6.7-6.9 feet, phlus a bed (8.7-8.8 fA)

of black, fine sand, little silt, trace pea gravel.

9.0-10.4 Void

10.4-10.7 Yellow STONE (ick and COARSE SAND.
10.7-11.0 Black FINE SAND and Gram STONE, HC odor

11.0-12.6 Void .
I 6-13:0 Black, FINE SAND, little medium sand, and

trace gravel. Very strong HC odor, outside of

split spoon coated in viscous oil.

13.0-14.0 Sludgy oil, mostly liquid, split-spoon coated.

14,0-14.5 Black, FINE-MEDIUM SAND, oil soaked.
14.5-15.9 Tan/greenish, FINE-MEDIUM SAND, oil .

coated at edges in contact with split-spoon.

15.0-16.1
16.1-163

163-16.8
16.8-17.0

Black oily sludge, mostly liquidy like 13-14'

Black FINE SAND and GRAVEL
Gray-black, FINE SAND, oily.
Tan, FINB-VC SAND, little gravel, not oily,

Fl. TO
-17 FT.

It

OB

17 ft

U
I
U
I
I

'I
I
I
I
U
U
U
IS

III P
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Appendix F

North Area Monitoring Well Construction Logs

I

I
I

I
I

I ..•

I



I

I
I
I

I
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I
I

I

I

I

I
I

TOPOF STEEL CAsInG.
TOP OF PVC iSER.

ACE CASIN:

DIA: r

yr; see

GENERALIZED . 6r:-

GEOLOGIC LOG
SEE BORING LOGS

METhOD DRRUED Holow Stn

AMr
METHOD DEVROPED Ovepary

TIME DEVELOPED: I bow

GROUND URACE -

C)DK'RETE

B0OTOM OF PROTECTIVE PIPE

PVC RISER CASd .

SCH.:40

DIAM.: 2-l.

BACit TYEm a, s e

TM OF ANNR.AR SEAL

*A1Qq"ASEAl-'TYPE ribaitchins

1;;tr.ERACK . .:

TOP OFVWEILSCREEN

sN.: -0

SLSIZE- Oi.h

FILTER PACK

IvRE ... ie wd
SIM.: I]

BOTTOM OF SCREEN
BOTTOM OF HOLE

DEPTH BGS

HEIGHT AGS

1.76'

.4 I

or

3'

12'

I ..I

13.4"

:4
(IAM.)

NGVD DATUM

MONITORING WELL INSTALLATION LOG
PROJECT: JOB NO WEll.NO

Oxford Paper Mil Lawrence, MA 200299-1-2 MW-1
DRILLING CONTRACTOR: C RDINATES:

TS. Inc. ._
BEGUN: GEOLOGIST: WATER LEVEL

3/10f2003 William Abrahams-Dematte (DepthElv.)
FINISHED: DRILLER Depth to water 14.15 FT on

3/10/2003 Scott Lobard 3/26/03

23A4'

23-4'

•.iCS.



MONITORING WELL INSTALLATION LOG
PROJECT: JOB NO. WELL NO.

Oxford Paper Mill, Lawrence. MA 200299-1-2 MW-3
DRILHNG CONTRACTOR COORDINATES:

TDS, Inc.
BEGUN: "GEOLOGIST: WATER LEVEL

3/10/2003 William Abrahams-Denatte (DepthIEv.)
FINISHED: DRIL.ER Depth to water 13.24 FT ona

3/10/2003 Scott Lombard 3/26/03

TOP OF SrEEL CASING

TorFPVC isnR F! AaCASM
H- v

- - S.. d

GENERALIZED . ...
GEODLOGIC LOG

-SEE WO LOGS

M-M D DRILLE. Holw Stem

-AM=

METHOD DEVELOPEl O eptrp

TIME DEVELOPED- 06 hour

GROUNDSACE

concRET

BOTITIM OF PROTECHVE PIE

PVC RISER CAS2:

Sc, 40

DLAM-: 2-k

BACIC.. TYPE m nd tm

TOP Of ANNULAR AL.

-ANNuuAR SEAL TYM ftonie CbMs

TOP OF FITER PACK

TOP OF WEU.SCREEN

"VC SCREEJ

X -.. ".

DIAM-- 2-a.

SLOFSIZE 0.0104m

FILTER PACK

TYPE* emic sand

SiZE R

4-
(DAM)

L

DEPTHBGS

HEIG AGS

. (FT)

T
;.1.8" ..

.1-a.
O' .

3.

r

10'

12.6'

22.6
226'

EDV. (FTW
NGVD DATUM

I
I
U
PI

.1"

.." I

I

I

I

BOTTOM OF SClEEN

BOTTOM OF HOLE

• . .



I
I
I
I
I
I

I
I
I,
I
I
I

I
II_
I

I

TOP OF PVC RSE.

GENERAUZLED
GEOLOGIC LOG

-SEDORULGS

METHOD DLED fw Stm

Amer

METOD DEVELOPED Ovapump ::

4.
TIME DEVELOPED I HOUR' - (DIAMJ

en poses to anibw Mcksc.

TOP OF STM CASING

-CASINO:. .
DIA: 5

7715: sen

, . GROUNDM UF ACE.

SCL 40

DIAM.t 24L

BACKFiR TYP- atve sndcoum

TOPANNIAR SEAL .-Bzm~f

TOP OF FILTER PACK

TOP OF WELL SCR E

PVC SCREEN:

S*c- 4 .

IDAM. 2-4

SLOT SIZE iLo-%

FILTER PACK

SIZE: I

DOFOM OF SCREEN

BOTTOM OF HOLE

DEFPH EGS

HEIGIHT AGS

23
1'

. O'

2.7'

l(p.

12'

13.6'

23.6

23.6'

1w:w

sV. ( )

HNGVD DATUM

MONITORING WELL INSTALLATION LOG
PROJECT: JOB NO. WELL NO.Oxford Paper Mill, Lawrence, MA 200299-1-2 MW-5
DRLUNO CONTRACTOR: COORDINATES:

TDS, Inc.
BEGUN: GEOLOGIST: WATER LEVEL

3/14/2003 William Abrahalm-Dematte (DetEev.)
DRUlIERk Depth to water 16.71 FT an

3/14/2003 Scatt Lombard 3/26/03

. J r

ii



MONITORING WELL INSTALLATION LOG
PROJECT: JOB NO. WELL NO.

Oxford Pal MIM, Lawrence MA 20o299-1-2 MW-6
DRILLING CONTRACTOR: COORDINATES:

TDS, Inc.

BEGUN: GEOLOGIST: WATER LEVEL
3/13/2003 William Abraham-Demanc (Dvth/lev.)

FINISHED: DRILLER Depth to wat 14.8 FT on

3/13/2003 Scott Lonimd 3126/03

TPOF STEEL CASING

TOP OF VC RISER

* ACE CAM~t

D(A.- rtIIF': Sad
GROUNDSURFACE. .

80TTOM OF PROTECTIVBPIPE

---- PVCRISERCASW

SCIL: 40

DIA: 2-

t- .- -- B FT HAd 

TOP OF ANNLR SEAL

TOP OF FILTER PACK

TOP OF WELL SCREEN

PVC SCREEN:

SQtL: 4
DiAM. 2-is.

SLOT SI 0.01-%m.

FILTER PACK

SIZE* #t

BOTTOM OF SCREEN

BOITOM OF HOLE

GENERLIZED
GEOJOGIC LOG -

-sEE BORING LOGS

METEOD DRDfLED HarDlw St:a

METHOD DEVEOPED Ovap

T4E DEVELD ED I.7S baow* (DIAM.)
Stopped svral times toallow sechara

DEPT BGS

HEIGHT AGS

1.7'
A'

. ;V-;.? ' ... .t

3.1'

.

12.6'

22.6'.

22W6' &&vim

ELEV. (FT)

NGVD DATUW

I
U
I

I

I

I
I

I

r.....n..- b~

j.

°



I

I
I
I.

I

I
I
I
I

I
1.

I

I

I
I

I

TOP OF rSTEEL CASING

TOP OF PVC RISER

o .ACE CASIN
DLL: $"

TYPE St

GENERAULZED . .

GEOL0.lC LOG
-SEE BORIN LOGS

MiETOD DEVEOPED Owrp:

TGME DEVELOPED 1S bot (DM)

sej vera times lo char PVC shavings

ex GROUND SURFACE. .

. 'CONCRETE

BOTOM OF PROTECIIVE IPE

PVC RIM CASNi

DIAM.: 2-ia.

BAnatuLTYPE- Mdsentcement

TOP OF ANNULAR SEAL

-04AR SEAL TYPE: Bentnite Chi

TOP OF FILTERPAC

Top OF uwE SCREEN

PVC SCREEN

DIAM.: 2-kz

SLOT SIZE. 00104

FILTER PACK

TYPE nmde sand

SiZE I1

.BOTTOM OF SCREEN

BOTTOM OF HOLE

DEPTH BGS

HEIGHT AGS

T2.6'

I.35'

I • . ,1

2.4

3'

4'

5,4'

ELEY. (FD

NGVD DATUlk

MONITORING WELL INSTALLATION LOG
PROJECT: JOB No. WELL NO.

S Oxford Paper Mill. Lawrence, MA 2002994I-2 MW-10
DRILLING CONTRACTOR: COORDINATES:

S ' TDS, Inc.
BEGUN: GEOLOGIST: WATER LEVEL

3/12(=2003 William Abrahams-Dematte. (DeptWEIcv.)
FINISHED DRILLER Depth to water 12.64 FT on

3/12/2003 Scott lonbard 3/26103

J

r" .

i*

17.9' -
1197.'
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Appendix G

Hazardous Waste Manifests for
March 2003 Site Investigation
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Wiii. Geeaosag

UNIFORM HAZARDOUS Generato? US EPA IDNo . Mani
WASTEMANIFEST pg
3. Generatos Name arnMg Ad ces -..

CfTYOFLA'A*"ENCE 7
$47 HAVYIRh. SIREET
LAW"CE'c MA 01840 .
4. ene tGaS phone( 0 ) 19 4 -G 1
5Transporte Company Name. . -
EWRO Si'csi im
7. Tmnspoter 2 C.ompany N .n"

- . .
- -~, A.?

6. US EPA ID Numnber

S&US EPA ID Numbr

9 fip"I Fadal Nam an &%.AfcMadVM a'i be ' r) - " --

-,'! :. r - _€ - , , W - W, ,_- '. ,

TAT IOULATWDL :

R %.. . . . . . . ...
a . " - . - .. " • - /

,.-'I ..i : -: +
R :  i " • :

"- = : : .r "- -

i",s."v

d. • . - . - . ,
- t - t
- 4 . *. +. . .

,,U a -I - U, ; "U" U" " .- ""A -S " "RO JO 07 " .003- 0

pf"P~rtipe., or use on efite (120h 4pewi t WL
.... 6 . , Information in the shadedaras "' "
4 , , , O - I S- : MA ruired by edra:a2.dlt1 :4 ..4; .= .

-:. Pi-;

4-

rS.

.2 _aawo :4= .
I.

m

-. "-Tx,.-

Dim !,15ts "

,? . - . -.1

F T'l. II

-ER coNTACT rNPRO
; g-4G.-24

.HOUI. ('t40 0 102
16. GENERATORS CERTFFCATK~t Ihereby declae tat the codent of t consignent a- lay md accurately decited atbe Pfts name and are dasited

packed. marked, and abeled; and ar in eR respects i prope crililorraport by highway aord o apct Iterntional and gommeflt gln.
it lam a lrge generafbr, Icertiy Vhal Iime a progam in paq Io redce the vohmaaad toidchy of waste generated to the degree I hive determined to be ecoomcally

a that hae aelected the practicble method of Irealment, storage, or poe currently avaeiable to me whic" nmizes thle present and future threat to human
an Ihoe onmert OK iIam mm quantiy genera, I have made a od taith eon to mi*nlze my geneaan and select jhe best waste mnagedert

method det Is available to me andthat I ca alOrd.Date

,) - ',,-
7 T. Transpotr I Acknowle of PiReceipt of W

I.

PfT~udName.
I Yi I C 0A ( ..L Yar A

10. 2 GAcknowlegeeofMcip fMhtrals

__:" , .. ' .- 7 7 -.. .,+] "

I . -

j.is-ti .
. Date

Month-Day Ysn'~
-. - I I I.

a .• . =. : , , ; .4Discrepancy lrdca pA - r -- - - ---- - -- - -. . . . ....... ..... ":. .2-.: . .-- .' + -: ... ... " r. - - ' ' . .. :

20. Faciiy Owner opera t etation of r Vof hazardous sna e wtalcoered by this manifest except as noted n teml9
n .. to. .D.. .. -.

Irpe am -W!Sgatre .Mot Datea
4 . , - = .Day - . -. t:- , -.

• .

oMSP4 20fe0
A en870922l (Rev -91Previous edeins ea ablet . 1 ..-.

0 - - -. 4 44

a .... -
--J r

P4peupd Nane6

44:

• o ..:

.,..;. ::..:

- . .
. " j'

:+

, - :- .: .



IFORM HAZARDOUS EPA ID No. Manifst Docunt No
WASTE MNIFEST 1
3. Generatort Name and Mailng Address

CMY OF IAWRENCE
147 HAVentL iRWET
LAV*IENCE MA Di140
4.enerinour*hone(270 0 4 - 801'
S. Transpotr 1 CompWny Name 6. US EPA 10 Number

ENPFoSrieonn. -A191Q16I81 110 7 1D 4
7.Transporter2CompanyName 8.US EPA ID Numt

e. Desionated Feality Name 0USEAI9.Ds~WFi'tNf 30 ~ ' . US GRANK) Nbmber . - -

____ ZI T JAoiibkflgifas- stage':

l,.US DOT i pqr g n om , Csa ,d IM -. '

%Q .NA2Mud.P-0-

4.

" I

.-

itGaars

S 5'?

Eb
N
E -

A
T %

A 3a
7-ilL

-: * -. .- . -' '
.. , " . .

-. . * .. . . .d--:' e,

Sl

. Information I the shaded areas
2 ismnotrequiredb Fderaw - 4

IIn
7 1

77U'
. .I

.. C+" C. hPROt I.4" '

16. GENERATORS CERTIFICATIONt I hereby decara fhe f r a thi ansgmw e Sly rmd accately deacrted aboe by mper ame and we clepsifld,
p aked,. marked d labeled. aind In a re-ft in propr c n Wr tsp by igh pAblW kt .m .. gmr ,r euaon

8 5 am araW I certt tatd I have a progrmIn plac to reduc t volum ad tdchy of waste genergd %-*degre I mhave determne to be ecnoicbheseleted the pracabloeoad ofeatment at or cluposamarey avable to mb nk**nTes th pent and ftre rea to wnan
St ewroanmVt; OR N I am na an qLaty gene dor, I have made a goo r t to m yf genaan ad sele toe b est managn

metod ~~t is iwa bl to meanda1ht auI Can e r d - , M . -:

'" / . ..V

FAkMe -K;,,- .4, dAD

-- I

ignah ure , Moard a. Ya

Mons Day .
I- A --

I Acowvdgemr of Reept d o batRd als

riSe r.:<.

Pied yped Nam. .

19. Discre ay indica i p -: : . -.. . .

20. Faciliy Owne or Operalor Certfiation of receip of hazardous mateias coveed by this rmaie excep as noted in itemt9R

y -N7iDate

PAdtTyped Natne..........Signature .- - Mone Day ~o~
Farm Approved OMB Nos 20604C90
EPA Form 870 2 *O -0"e OS e didnb s are abslafte

-Ar

. aM
Qtt:.

I I

I I I I A . i i

. L" - . ...

P -,-

I~~~ ~ Il -I" I. I I . .. I
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I
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. Date
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UNIFORM HAZARDOS nwaWs US EPA ID No. Manifest Document No,UNIFORM HAZARDOUS,' --:- ' e .. -- - - . i

WASTE MkNIFESf g 14 01 1  0 ibi
a. Generatos Name and Maiing Address -.

14 HAVE**NLL STREGY
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S Transponr I Company Name a US EPA ID Number

EN*PRO 5C*Vms. IMIA1011IIOITOI0I0I1
7. Transporter 2 Company Name .&USEPADNumber

-L j. -
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Appendix H

November 2002/August 2003 Soil ACM
Laboratory Analytical Reports
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AUGI 20 2003 15:56 FR SCILAB BOSTON 781 339 8139 TO 16175892160 P.82/04
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.7-S3 22 2003 09.53 FR SCILAB BOSTON 781 339 8139 TO 16175892160 P.02/05

$ Cl LAB

Stone & Webster Engineering
Corporation

I -: '..ste Tyrala

- .etnoogy Center Drive
Stoughton, MA 01721

SCILAB BOSTON, INC.
8 SCHOOL STREET

WEYMOUTN, MA 02189
TEL: (781) 337-9334 * FAX: (781) 337-7642

PLM Bulk Asbestos Report

Date Received 08/15/2003 SciLab Job No. 503081303
Date Examined 08/21/2003 P.O. # 608134.0500

Page 1 of 3
RE: 608134.0500; Lawrence - Oxford Paper Mill

Clia-nt No. I HGA
SS-24

Lab No. Asbestos Present
Yes503081303-01

Location: Oxford Paper Mill - North Area

Total % Asbestos
1

Description: Brown, Heterogeneous, Soil
Asbestos Types: Arnosite Trace, Chrysofile Trace.

Other Material: Cellulose 1. %, Non-fibrous 99 %

SS-26 503081303-02
Location: Oxford Paper Mill -North Area

Yes < 1.%

Description: Brown, Heterogeneous, Soil
I Asbestos Types: Chrysotile Trace

Other Material: Cellulose Trace, Non-fibrous 100. %

5 S-27 503081303-03.1 Yes< 1.%
Location: Oxford Paper Mill - North Area

3 Description: Brown, Heterogeneous, Soil
Asbestos Types: Chrysotile Trace

Other Material: Cellulose Trace, Non-fibrous 100. %

SS-27 503081303-03.2 Yes < 1.
Location: QC for sample SS-27

Description: Brown, Heterogeneous, Soil
Asbestos Types: Chrysotile Trace

Other Material: Cellulose Trace, Non-fibrous 100. %

SS-28 503081303-04
Location: Oxford Paper Mill -North Area

Yes 2.9%

Description: Brown,. Heterogeneous, Soil

Asbestos Types: Chrysotile 2.9 %
Other Material: Cellulose 5. %, Non-fibrous 92.1 %
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PUG 22 2003 09:54 FR SCILAB BOSTON 791 339 8139 TO 16175892160 P.0445

SQI LAB

Stone & Webster Engineering
Corporation

mr: Lester Tyrala
; C03 Technology Center Drive
Stoughton, MA 01721

SCILAB BOSTON, INC.
8 SCHOOL STREET

WEYMQUTH, MA 02189
TEL: (781) 337-9334 * FAX: (781) 337-7642

PLM Bulk Asbestos Report

Date Received 08/15/2003 SciLab Job No. 503081303
Date Examined 08/21/2003 P.O. # 608134.0500

Page 3 of 3
RE: 608134.0500; Lawrence - Oxford Paper Mill

'• 'oring Notes:
:) A!though ths sample was prepared, analyzed, and quantified per EPA Region I Protocol, it should be noted that this proloco

states that "this protocol is not meant o be used as a quantitative method".

Ana'yzed by: John A. Bums Date Analyzed: 03
'A.D.WSD80= no asso detct; NVA nvIle asbestos NA = not analyzed;. S= not analyzed/

;p:s.ive stop; PLM Bulk Asbest lnalysis by EPA 600/M4-482-020 per 40 OFR 763 (NVLAP Lab #102079.0);
Note: PLM is not consistently re e in detecting asbestos In floor coverings and similar non4drable organically
bound materials. TEM Is currently the only method that can be used to determine if this material can be
considered or treated as non-asbestos-containing in New York State (also see EPA Advisory for floor Ule, FR 59,
146, 38970, 8/1/94). National Institute of Standards and Technology Accreditation requirements mandate that this
rfport must not be reproduced except in full without the approval of the laboratory. This PLM report relates ONLY
tv the items tested.
Reviewed By-
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Appendix I

May 2002 Site Investigation Laboratory
Analytical Reports
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* Woods Hole Group
m Environmental Laboratories

ANALYTICAL REPORT

Prepared for:
Metcalf & Eddy
30 Harvard Mill Square
Wakefield, MA 01880-5371

Project:
ETR:
Report Date:

Oxford Paper, Lawrence, MA
0205050

June 04, 2002

Certifications and Accreditations
Massachusetts MAO30
Connecticut PH-0141

New Hampshire 220600B
'k Rhode Island 64

New Jersey 59015
Maine MAO30

New York 11627
Louisiana 03090

Army Corps of Engineers
Department of the Navy

This report shall not be reproduced except in full, without written approval from the laboratory.-

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whaile@whgrp.com

1/171
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CASE NARRATIVE
Woods Hole Group Environmental Laboratories

ETR: 0205050
Project: Oxford Paper, Lawrence, MA

All analyses were performed according to Woods Hole Group's documented Standard Operating Procedures
(SOPs), within holding time and with appropriate quality control measures except where noted. Blank correction of
results is not performed in the laboratory for any parameter. Soil/sediment samples are reported on a dry weight
basis unless otherwise noted.

Extractable Petroleum Hydrocarbons by GC/FID

I. The laboratory control sample (LCS), ES0516L3 had a low recovery of 37% for the compound Naphthalene,
which is below the 40% QC acceptance limit. Additionally, this LCS had a recovery of 25% for the non-target
compound n-Nonane (C9) and a recovery of 38% for the non-target compound n-Decane (C10), however, the
C9-CI8 Aliphatic range had a recovery of 64%, which is within QC acceptance limits. The matrix spike for
sample 10D (0205050-08) had acceptable recoveries for these compounds indicating that the problem was
confined to the laboratory control sample.

2. The Aromatic fraction for samples 6S (0205050-02) and 4D (020505-04) required 1:2 dilutions for all
compounds to be within the calibration range of the instrument

3. The matrix spike for sample 10D (0205050-08) had recoveries above the 140% QC acceptance limits for the
compounds Fluoranthene (163%) and Pyrene (168%). This may be due to matrix interference or sample
heterogeneity.

Total Metals

Samples associated with this data package were digested according to Method 3050 and analyzed by ICP/MS
(Method 6020) for antimony, arsenic, barium, beryllium, cadmium, chromium, copper, lead, nickel, selenium, silver,
thallium, vanadium and zinc. A separate Method 3050 digestion, with the addition of hydrochloric acid, was used
for the preparation of samples analyzed for antimony and silver. Mercury was determined by cold vapor atomic
dabsorption spectroscopy according to Method 7471.

Sample 101 (Lab ID 0205050-08) was digested and analyzed in duplicate with a matrix spike. All QC measures
were within acceptance criteria except for the following:

Antimony: The matrix spike recovery was 24%, which does not meet quality control criteria of 75%-125%.
This may be due to sample matrix interference. All results are flagged (N) to indicate this QC failure.
The laboratory control sample was within the vendor's acceptance limits. The recovery of a post-digest
spike was 98%.

Arsenic: The RPD between duplicates was 89% and exceeds the method acceptance criteria of 20%. This
may be due to sample non-homogeneity. All results are flagged (0) to indicate this QC failure.

i

F:UREPOR7TARRTEMPI ETEDDIO205050At

Woods Hole Group Environmental Laboratories 375 Paramount Drive, Suite 2, Raynham, MA 02767-5150 Ph: 508-822-9300
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TCLP Metals -. --

Samples associated with this data package were extracted by Method 131 1(TCLP). The extract was digested
according to Method 3010 and analyzed by ICP AES (Method 6010) for arsenic, barium, cadmium chromium, lead,
selenium and silver. The TCLP extract was analyzed for mercury by cold vapor atomic absorption spectroscopy
according to Method 7471L

Samples 4S (Lab ID 0205050-01), 8D (Lab ID 0205050-06) and SS (Lab ID 0205050-03) were analyzed by ICP MS
(Method 6020) due to matrix interference effects on the 6010B analysis resulting in elevated reporting limits.

Sample IOD (Lab ID 0205050-08) was digested and analyzed in duplicate with a matrix spike. All QC measures
were within acceptance criteria.

The enclosed results of analyses are representative of the samples as received by the laboratory. Woods Hole Group
makes no representations or certifications as to the method of sample collection, sample identification, or
transporting/handling procedures used prior to the receipt of samples by Woods Hole Group. To the best of my
knowledge, the information contained in this report is accurate and complete.

Approved by 4 A Date:
Woods Hole Group ntal Laboratories

F:UEPORTWARRTEMPMTEDIO2005QOr&

Woods Hole Grup Environmental Laboratories 375 Paramount Drive, Suite 2, Raynbam, MA 02767-5150 Ph: 508-822-9300

3/ri
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too. Surrogate Recovery
Extractable Petroleum Hydrocarbons by GC/FID
Client: Metcalf & Eddy Lab Code: M-MAO30
Project:

Case:

Oxford Paper, Lawrence, MA
N/A SDG: N/A

ETR: 0205050

Matrix: Soil

Client ID Lab ID

4S 020505041
6S 0205050-02
8S 0205050-03
4D 0205050-04
6D 0205050-05
8D 0205050-06
los 0205050-07
10D1) 0205050-08S

12S 0205050-09
12D 0205050-10
KIOD 0205050-11
14S 0205050-12
14D - 0205050-13
10D1) 0205050-08 DUP
10D1) 0205050-08 MS
Fractionation Check SohlutionFCS0520-1
Method Blhmk ES0516B3

Laboratory Control Sample ESOSI0516L3

5-alpha Androstane

98
79
78
90
67
97
83

94
109
100
108
82

83
101
121
131
95

106

ortho-Terphenyl

72
56
64
66
42
60
58

73
so
71
75
49
62
75
77
86
72
69

Biphenyl
86
94

83
91
88
87

85

85
86
92
90
89
88
88
89
81
90
87

2-Fluoroblpbenyl
84
85
82
83
81
82
83
83

. 85
89
88
81

84
87
87
83
89
86

Surrogate
5-alpha Anhostanc
ortho-Terphenyl

Biplenoyl
2-Fluomobiphenyl

QC Limits
40-140
40-140
40-140
40-140

N/A -Not Applicable

O722l2 213

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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- Laboratory Control $ample
Extractable Petroleum Hydrocarbons by GCIFID
Client: Metcalf & Eddy Lab Co
Project: Oxford Paper, Lawrence, MA ETit 0

Case: NIA SDG: N/A Lab ID:

Client ID: Laboratory Control Sample Associa

Matrix: Soil Concen

de: M-MAO30
205050
ES0516L3

ted Blank S05103
traton Units: pgK

Date Collected Date Received Date Extracted Percent Solid

N/A N/A 05/16/02 100 MLB

% Recovery
Parameter Cone. % Recovery Limitsl

-C. Aliphatics ' 19000 64 40-140

C,-C Aliphatics 39000 97 40-140
Naphthalene 1900 37 40-140
2-Methylnaphthalene 2300 45 40-140
Acenphthykmne 2600 53 40140
Acenaphthene 2700 54 40-140
Fluorene 3100 63 40-140
Phenanthrene 3500 69 40-140
Anthracene 3500 70 40-140
Fluoranthene 3600 72 40-140
Pyrene 3600 72 40-140
Benzo(a)anthracene 3500 69 40-140

Chrysene 3800 76 40-140
Benzo(b)fluoranthenc 3500 70 40-140
Bcnzo(k)fluoranthene 3600 73 40-140
Benzo(a)pyrene 3500 70 40-140
Indeno(1 3 yrene 6900 69 40-140
Dibenzo(a.,h)anthracene 3  6900 69 40-140
Benzo(g,h.i)perylene 3400 68 40-140

= Range concentration excludes the concentration of any surrogale(s) and/or internal standards eluting in that range.
= Values reported reflect their mt.

Acceptance a- Value outside of QC Linits.
Extraction Surrogate % Recovery Range (%) - N/A - Not Applicable
5-alpha Andrestane 106 40-140
ortho-Terph yl 69 40-140
Fractionation Surrogate
Biphenyl 87 - 40-140
2-Fluorobiphenyl 86 40-140

Concentrations reported as calculated values, which includes rounding foi significant figures. Percent recoveries and RPD values
are calculated from the unrounded result. rzz0 21 2

.

375 Paramount Drive, Suite 2, Raynham, Massachusets 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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Extraictable Petroleum Hydrocarbons by GC/FID

Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

Case f  N/A
Client ID: 10D
Matrix: Soil

SDG: N/A

Lab Code: M-MA030

ETRL 0205050
Lab ID: 020500S-08
Associated Blank- ESOS16B3

Concentration Units: pg/K

Date Collected Date Received Date Extracted Percent Solid Analyst

05/14/02 05/15/02 05/16/02 81.4 MLB

Extractable Petroleum Hydrocarbons
C,-C, Aliphatics '

C, C, Aliphatics '

C,-CX2 Aromatics .2

Unadjusted C.-C Aromatics'

Sample Result

3600 U
16000
33000
49000

Duplicate Result
3600 U

14000
35000
58000

RPD RPD Limit

N/A 50

14 50
5 50
17 50

Targeted PAH Analytes

Njihtalene
2-Methylnaphthalene
Acenaphthylene
A ernhtlh.,a

Hooen
Phenanthrcne
Antnracene
Fluoranthene
Pyne
Bemnm(a)anthracene
ChrseneBeno~z(b)flornthene
Bem()fluoranthene
Bemxa)vvrene
Indeqo(I.23-cdhyrene '
Dibenzo(a.b)anthracene *
Rem raghip-rylene

Sample Result

600U
600U
600U
600 U
600U

2000
630

2700
2600
1400
1900
1500
1000
1400
1600
1600
820

Duplicate Result

590 U
590 U
590 U
590 U
590 U

2700
930

3700
3600
1900
2500
2000
1300
1800
1900
1900
1000

= Range concentration excludes the concentration of any surrogatc(s) and/or internal standards eluting in that range.
S= C I-C22 Aromatic Hydrocarbons exclude the concentration of Target PAHl Analytes.
= Values reported reflect their sum.

Extraction Sturogate
5-alpha Andostane
ortho-Terphenyl
Fractionation Surrogate
Biphenyl
2-Fluorobiphenyl

% Recovery
101
75

Acceptance
Range (%)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specific level reported.
WNA - Not Applicable

40-140
40-140

Concentrations reported as calculated values, which includes roundi'g for significant figures. RPD values are reported based
on the unrounded calculated result sm2 I!29

375 Paramount Drive, Suite 2, Raynham. Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
7/171

RPD

N/A
N/A
N/A
N/A
N/A
28
38
31
31
30
27
28
25
27
19
19
20

RPD Limit

so
50
50
50
50
50
50
50
50
50
50
50
50
50
5O
50
50

50

e;FM*fP

cr p.,,w . s.e ,

5092 ,00



Matrix Spike
Extractable Petroleum Hydrocarbons by GC/FID

Metcalf & Eddy
Oxford Paper, Lawrence, MA

Client:
Project:

Case:
Client ID:
Matrix:

SDG: N/A

Lab Code: M-MAO30

ETR: 0205050

Lab ID: See Below

Associated Blad ES0516B3

Concentration Units: pgg

Date Collected Date Received Date Extracted Percent Solid Analyst

05/14/02 05/15/02 05/16/02 81.4 MLB

Lab ID: 0205050-08 0205050-08
Sample Matrix Spike % Recovery

Parameter Conc. Conc. % Recovery Limits
Naphthalene 600 U 4200 69 40-140
2-Methylnaphtbaleue 600 U 4400 74 40-140
Acenapbthylene 600 U 4600 76 40-140
Acenaphthene 600 U 4800 80 40-140
Fluorene 600 U 5000 83 -40-140
Phenanthrene 2000 8200 102 40-140
Anthracene 630 5900 88 40-140
Fluoranthene 2700 13000 163" 40-140
Pyrene 2600 13000 168" 40-140
Benzo(a)anthracene 1400 8600 121 40-140

ChsneR' 1900 9400 126 40-140
Beno )fluoranthene 1500 8400 114 40-140
BncL(k)feranthene 1000 7300 105 40-140
Benzo(aa)pyrenc 1400 800 111 40-140
Indeno(lH,2Dc pyree - 1600 11000 82 40-140
Dibeo(ah)anthracene' 1600 11000 82 40-140
Beg&i)eliene 820 6000 86 40-140
n-Nonane (C9) 600 U 3600 61 40-140
n-Decae (CI0) 600 U 4600 77 40-140
n-Dodecane (C12) 600 U 5500 92 40-140
n-Tetradecane (C14) 600 U 6400 107 40-140
n-Hexadecane (Cl 6) 600 U 7200 120 40-140
n-Octadecane (C 8) 600 U 7600 127 40-140
n-Nonadecane (C19) 600 U 7500 125 40-140
n-Eicosan, (C20) 600 U 7700 128 40-140
n-Docosane (C22) 600 U 7500 126 40-140
n-Teftacosane (C24) 600 U 7300 121 40-140
n-Hexacosane (C26) 600 U 6700 112 40-140
n-Octacosane (C28) 600 U 6000 100 40-140
n-Triacontane (C30) 600 U 5300 89 40-140
n-Hexatriacontane (C36) 600 U 4200 71 40-140

* = Range concentration excludes the concentration of any suUogate(s) and/or internal standards eluting in that range.
= Values reponed reflect their sumn

Exndoo Surogate % Revy Rage (%)
5-alpha Androstane 121 40-140
ortho-TerphMnyl 77 40-140
Fractionation Surrogate
Biphenyl
2-Fluorobiphenyl

a - Value outside of QC Limits.
U - The analyte was analyzed for but not detected at the sample
specific level reporte&
N/A - Not Applicable

40-140
40-140

Concentrations reported as calculated values, which includes rounding for significant figures. Percent recoveries and RPD values
are calculated from the unrounded result. 2M2 :21

N/A
10D
Soil U

U

375 Paramount Drive. Suite 2, Raynham. Massachusetts 02767, (508) 822-9300 Fax (508) 822-3288, whale@whgrp.com
I!
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Method Blank Summary
Extractable Petroleum Hydrocarbons by GC/FID

le Metcalf .& Eddy
Oxford Paper, Lawrence, MA
N/A SDG: N/A

cuet ID
Laboratory Control Sample

4S

8S
6D

8D
10S

10D
10D
10D
12S

12D
KI0D
14S

14D
6S

4D

Lab ID
ES05161.3
0205050-01
0205050-03
0205050-05
0205050-06
0205050-07
0205050-08
0205050-08 DUP
0205050-08 MS
0205050-09
0205050-10
0205050-11 i
0205050-12

0205050-13
0205050-02
0205050-04

Lab Code: M-MA030

ETR 0205050

Lab ID: ES0516B3

Date Analyzed: 05/21/02 19:35

Date/Time Analyzed
05/21/02 20:01
05/21/02 23:55
05/22/02 00.48
05/22/02 02:58
05/22/02 03:25
05/22/02 03:51
05/22/02 04:17
05/22/02 04:43

05/22/02 05:09
05/22/02 05:35

05/22/02 06:01
05/22/02 06:28
05/22/02 06:54

05/22/02 07:20
05/22/02 18-20
05/22/02 18:46

N/A - Not Applicable

OfrJ2 21:21

9/17

Client:
Project:
Case:

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com 21:ll



Extraetable retroleum tyorocarDuns vy Lx.irw

Client:
Project:

Case:
Client ID:
Matrix:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: N/A
4S
Soil

Lab Code: M-MAO30

ETIt 0205050
Lab ID: 0205050-01
Associated Blat ES0516B3
Concentration Units: pg/Kg

Date Date Date Percent Sample Date Final Dilution
Collected Received Extracted Solid Amount (g) Fraction Analyzed Volume (mlX Factor Analyst

Aromatic 05/21/02 1 1 MLB

05/13/02 05/15/02 05/16/02 79.8 10.14 Aromatic 02/02 1 1 LB
Aliphatic 05/21102 1 1 MLB

Extractable Petroleum Hydrocarbons (EPH)

C -C, Aliphatics ;
C,-C, Aliphatics'

C,,-C, Aromatics U

Unadjusted C.,-C,, Aromatics'

Result
3700 U
5200

240000

420000

-0,

Target PAIH Analytes Result

Naphthalene 620 ..

2-Methylnaphthalene 620 U

Acenaphthylene 620 U

Acenaphthene 1600

Fluoren 1600

Phenanthrene 17000

Anthracene 4100

Fluoranthene 30000

Pyrene 30000

Benzo(a)anthracene 16000

Chrysene 18000

,Beno(b)fluorantene 17000
Benzo(k)fluoranthcne 900

Benzo(a)pyrene 14000

Indeno(1,2,3-cd)pyrene' 13000
Dibenzo(ah)anthracene 13000

Benzo(g,h,i)perylene 8500

= Range concentration excludes the concentration of sogate(s) and/or inernal standards eluting in that range.
= CI 4C22 Aromatic Hydrocarbons exclude the concentration of Target PAH Analytes.

= Values reported reflect their sum.

Extraction Surrogate
5-alpha Andrestanc
ortho-Terphenyl
Fractionation Surrogate
Biphenyl
2-Fluorobiphenyl

% Recovery
98
72

Acceptance
Range (%)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

40-140
40-140

I
LI

375 Paramount Drive, Suite 2, Raynham. Massachusetts 02767, (508) 822-9300, Fax (308) 822-3288 whale@whgrP
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Extractable Petroleum Hydrocarbons by GC/FID

Lr*u

I

'= Range concentration excludes the concentration of any surrogate(s) and/or internal standards eluting in that range.
= C11-C22 Aromatic Hydrocarbons exclude the concentration of Target PAH Analytes.

= Values reported reflect their sun.

Acceptance U - The analyte was analyzed for but not detected at the sample
Extraction Suogate % Recovery Range (%) specific level repored.

U 5-alpha Androstane 79 40-140 N/A - Not Applicable
ortho-Terphbmyl 56 40-140
Fractination Surrogate
Biphenyl 94 40-140I2-Fluorobiphenyl 85 40-140

0541 02 2:tIt

375 Paramount Drive, Suite 2, Raynham, Massachusens 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com

111171

I I Client: Metcalf & Eddy b Code: M-MAO30
I) Project: Oxford Paper, Lawrence, MA i" : 0205050

f t Case: N/A SDG: N/A LabID:0205050-02

Client ID: 6S Associated Blank: ES0516B3
Matrix: Soil Concentration Units: pg/K

Date Date Date Percent Sample Date Final Dilution
Collected Received Extracted Solid Amount (g) Fraction Analyzed Volume (ml) Fictor Analyst

05/13/02 05/15/02 05/16/02 80.1 10.25 Aromatic 05/22/02 2 MLB
Aliphatic 05/22/02 1 1 MLB

Extractable Petroleum Hydrocarbons (EPH) Result

C,-C., Aliphatics' 3700 U 

C,,-C , Aliphatics' 57000

Ct-Cn, Aromatics 460000

Unadjusted C,-Cn Aromatics' 870000

Target PAIl Analytes Result

Naphthalene 2000 j
2-Methylnaphthalene 1400

Acenaphthylene 1200 U

Acenaphthene 6400 :-.

Fluorene 6300

Phenanthrene .. 58000

Anthracene 14000

Fluoranthene 74000
Pyrene 73000
Benzo(a)anthracene 35000

Chrysene 38000

Benzo(b)fluoranthene 35000

Benzo(k)fluoranthene 12000

Benzo(a)pyrene 24000 ?

Indeno(l,2,3-cd)pyrene ' 22000

Dibenzo(a,h)anthracne 22000

Benzo(g,h,perylene 13000



Extractable Petroleum Hydrocarbons by GC/FID

arnr
Client:
Project:

Case:
Client ID:
Matrix:

Metcalf iEddy
Oxford per, Lawrence, MA

N/A SDG: N/A
8S
Soil

&Lab Code: M-MA030

5ETR: 0205050
Lab ID: 0205050-03
Associated Blank ES0516B3
Concentration Units: pg/Kg

Date Date Date Percent Sample Date Final Dilution
Collected Received Extracted Solid Amount (g) Fraction Analyzed Volmne (ml Factor Analst

Aomatic 05/22/02 1 1 MLB
05/13/02 05/15/02 05/16/02 69.9 10.15 Aromatic 05 2 1 M

Aliphatic 05/22/02 1 1MLB
Extractable Petroleum Hydrocarbons (EPE) Result -lt -

C,-C,, Aliphatics'
C,,-C Aliphatics'

C,-Cn Aromatics 2

Unadjusted C,,-C , Aromatics 1

4200 U

9000
51000

83000

Target PAH Analytes Result

Naphthalene 700 U
2-Methylnaphthalene 700 U
Acenaphthylene 700 U

Acenaphthene - 700 U
Fluoene 700 U
Phenanthrene 4-3400 :-
Anthracene 1000
Fluoranthene 5600

Pyrene 5500
Benzo(a)anthracene 2900
Chrysene 3100
Benzo(b)fluoranthene 2300
Benzo(k)fluoranthene 2300
Benzo(a)pyrene 2400
Indeno(1,2,3-cd)pyrene 2300
Dibenzo(a,h)anthracene 2300
Benzo(g,hi)perylene 1400

' = Range concentration excludes the concentration of any surrogate(s) and/or internal standards eluting in that range.
= ClI -C22 Ammatic Hydrocarbons exclude the concentration of Target PAH Analyes.
= Values reported reflect their sum.

Acceptance
Surrogate % Recovery Range (%)

ndrostanc 78 40-140
phenyl 64 40-140
ion Surrogate

40-140
40-140iphenyl

U - The analyte was analyzed for but not detected at the sample
specific level reporte&
N/A - Not Applicable

C

os3z, ,:as L

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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Extraction
5-alpha A
ortho-Ter
Fractional
Biphenyl
2-Fluorob



I le*it~fie)
* Date

Date
Collected

05/13/02
19

Date
Received

05/15/02

Extractable Petroleum Hydrocarbons by GULin I

Client:
Project:

Metcalf & Eddy
Oxford Paper, Law

Case: N/A SDG:
Client ID: 4D
Matrix: Soil

Date Percent Sample
Extracted Solid Amount (g

05/16/02 79.5 10.00

Extractable Petroleum Hydrocarbon

C,-C,, Aliphatics'

C ,Cz, Aliphatics )

C,-C2 Aromatics .2

Unadjusted C,,-C;, Aromatics

Lab Code: M-MAO30

rence, MA ETR- 0205050

N/A. Lab ID: 205050-04
Associated Blank: ES0516B3
Concentration Units: pg/Kg

Date Final Dilution
) Fraction Analyzed Volume (mli) Factor Analyst

Aromatic 05/22/02 1 2 MLB
Aliphatic 05/22/02 1 1 MLB

; (EPH) Result

3800 U

34000 --y OTI --
360000

700000

Target PAH Analytes Result

Naphthalene 2400

2-Methylnaphthalene 1500

Acenaphthylene 1300 U
Acenaphthene 6200

Fluorene 5100
Phenanthrene 41000

Anthracene 11000

Fluoranthene 56000
Pyrene 56000

Benzo(a)anthracene 29000

Chrysene 28000

Benzo(b)fluoranthene 27000

Benzo(k)fluoranthene 16000

Benzo(a)pyrenc 21000

lndeno(1,2,3-cd)pyrene' 21000

Dib)enzo(a,h)anthracene 21000

Benzo(g,h,i)perylene 14000

= Range concentration excludes the concentration of any Isurrogate(s) and/or internal standards eluting in that range.
-CI -C22 Aromatic Hydrocarbons exclude the concentration of Target PAH Analytes.
= Values rorted reflect their sum.

Extraction Srrogae
5-alpha Andostane
ortho-Terphenyl
Fractionation Surrogate
Biphenyl
2-Fluorobiphenyl

% Recovery
90
66

Acceptance
Range (%)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

40-140
40-140

05122002 25: 19

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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Extractable Petroleum Hydrocarbons by utirw

I el Client: Metcalf & Eddy Lab Code: M-MAO30
S Project: Oxford Paper, Lawrence, MA ETR 0205050

Case: NIA SDG: NIA Lab ID: 0205050-05

Client ID: 6D Associated Blank: ES0516B3
Matrix: Soil Concentration Units: pg/Kg

Date Date Date Percent Sample Date Final Dilution
Collected Received Extracted Solid Amount (g) Fraction Analyzed Volume (ml) Factor AnalystAromatic 05/22/02 1 1 MLB
05/13/02 05/15/02 05/16/02 74.6 10.08 Aromatic 05/22/02 I 1 M

Aliphatic 05/22/02 1 1 MLB
Extractable Petroleum Hydrocarbons (EPH) Result

CC, Aliphatics' 4000 U

C,,-C, Aliphatics' 82000 \
C,-C Aromatics '2 320000

Unadjusted C,-C,; Aromatics' 590000

Target PAI Analytes Result

Naphthalene 1300

2-Methylnaphthalene 980

Acenaphthylene 660 U

Acenaphthene 5100

Fluozene 4500

Phenanthrene 38000

Anthracene 9200

Fluoranthene 44000

Pyrene 44000

Benzo(a)anthracene 21000

Chrysene 24000

Benzo(b)fluoranthene 23000
Benzo(k)fluoranthene 8800

Benzo(a)pyrene 16000

Indeno(12,3-cd)pyrene' 16000

Dibenzo(a,h)anthracene" 16000
Benzo(gh,i)perylene 10000

SRange concentration excludes the concentration of any smogate(s) and/or internal standards cluting in that range.
C I-C22 Aromatic Hydrocarbons exclude the concentration of Target PAH Analytes.

' Values reported reflect their su.

Extraction Srogate
5-alpha Androstane
ortho-Terphenyl
Fractionation Surrogate
Biphenyl
2-FlKorobiphenyl

% Recovery
67
42

Acceptance
Range (%)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

88 40-140
81 40-140

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrpcom0
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rn Date Date

Date
Collected

05/13/02
-r

Date
Received

05/15/02

Extragtable Petroleum Hydrocarbons by Uu/vtw

Client: Metcalf &
Project: Oxford Pa

Case: N/A
Client ID: 8D
Matrix: Soil

Date Percent
Extracted Solid

05/16/02- 72.5

Eddy
per, Lawrence, MA

DG: N/A

Sample
Amount (g) Fraction

10.39 Aromatic
10.39AlphaticAliphatic

Extractable Petroleum Hydrocarbons (EPI)

Date
Analyzed
05/22/02
05/22/02

C,-Ca Alipbatics'

C1 -C,3 Aliphatics '
C,-C, Aromatics

Unadjusted C,,-C Aromatics '

Result

15000
65000

250000
430000

Lab Code: M-MA030
ETRh 0205050

Lab ID: 005050-06

Associated Blank: ES0516B3
Concentration Units: pg/Kg

Final Dilution
Volume (ml) Factor Analyst

I NUB1 1I MLB
I I MLB

0Sn

Target PAB Analytes Result

Naphthalen 1300
2-Methylnaphthalene 790

Acenaphthylene 660 U

Acenaphthene 1000

Fluorene 840

Phenanthrene 20000

Anthracene 4300

Fluoranthene 28000

Pyrene 29000
Benzo(a)anthraccne 17000

Chyee 18000
Benzo(b)fluoranthene 22000

Bcnzo(k)fluoranthene 5500

Benzo(a)pyrene 13000

Indeno(1,23-cd)pyrene 12000
Dibenzo(a,h)anthracene ' 12000

Benzo(g,h,i)perylene 7400

= Range concentration excludes the concentration of any surrogate(s) and/or internal standards eluting in that range.
2 = CI -C22 Aromatic Hydrocarbons exclude the concentration of Target PAH Analytes.

Values reported reflect their sumt

Extraction Surrogate
5-alpha Andostane
ortho-Tearphenyl
Fractionation Suwogate
Biphenyl
2-Fluorobiphenyl

% Recovery
97
60

Acceptance
Range (%)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

87 40-140
82 40-140

oS/22JO 21:19

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@*whgrp.com
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Client:
Project:

Case:
Client ID:
Matrix:

Date
Extracted

05/16/02

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A
10S
Soil

Pe
S

SDG: NIA

icent
rcent
olid

84.4

Sample
Amount (4) Fraction

10.20 Aromatic
Apa10.20ticAliphatic

Extractable Petroleum Hydrocarbons (EPH)

C,C,, Aliphatics '

C,,-C., Aliphatics '

C,-C, Aromatics

Unadjusted C,,-C, Aromatics'

4:Date
Analyzed
05/22/02
05/22/02

Lab Code: M-MAO30

ETt 0205050
Lab ID: 0205050-07

Associated Bla ES0516B3

Concentration Units: pg/Kg
Final Dilution

Volume (ml Factor Analyst
1 1 MLB
1 1 MLB

Result

3500 U
43000
74000

110000

21110

Target PAH Analytes Result

Naphthalene 580 U

2-Methyloaphthalene .580 U

Acenaphthylene 580 U

Acenapthen 700

Fluorene 650

Phenantbrene 4400

Anthracene 1300

Fluoranthene 6300

Pyrene 6200

Benzo(a)anthracene 2700

Chrysene 3100

Benzo(b)fluoranthenc 2700
Benzo(k)fluoranthene 2100

Benzo(a)pyrene 2600
Indeno(1,2,3-cd)pyrene 2500

Dibenzo(a,h)anthracene 2500

Benzo(ghi)perylene 1500

' = Range conccwtation excludes the concentration of any uzrogate(s) and/or internal standards elting in that range.
= CI 1-C22 Aromatic Hydrocarbons exclude the concentration of Target PAH Analytes.
S= Values reported reflect their sum

Extraction Surrogate
5-alpha Androstane
ortho-Teapheyli
Fractionation Surrogate
Biphenyl
2-Fluorobiphenyl

% Recovery
83
58

Acceptance
Range (%)

40-140
40-140

U. - The analyte was analyzed for but not detected at the samnple
specific level reported.
N/A - Not Applicable

40-140
40-140

osE2021:9

16/i

Date
Collected

05/14/02

Date
. Date

Received

05/15/02 1 I

373 Paramomt Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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SplU

Date Date
Collected Received

- -... Quality Control Results
Extractable Petroleum Hydrocarbons by GC/FID
Client: Metcalf & Eddy Lab Co
Project: Oxford Paper, Lawrence, MA ETR: 0

Case: NIA SDG: N/A Lab ID:

Client ID: 10D Associa
Matrix: Soil Concen

Date Percent Sample Date Final
Extracted Solid Amount (g) Fraction Analyzed Volume (ml)

Aromatic
05/14/02 05115/02 05/16/02 81.4 10.33 Aromatic

Aliphatic
Extractable Petroleum Hydrocarbons (EPH)

05/22/02 1
05/22/02 1

Result

de: M-MAO30
205050

0205050-08 DUP

ted Blank- ES0516B3
tration Units: pg/Kg
Dilution
Factor Analyst

1 MLB
1. MLB

C,-C,, Aliphatics'

C,rC, Aliphatics '
3600

14000

C,-C, Aromatics '2  35000
Unadjusted C,,-C2 Aromatics ' 58000

Target PAH Analytes Result

Naphthalene 590 U

2-Methylnaphthalene 590 U
Acenaphthylene 590 U
Acenaphthene 590 U

Fluorene 590 U
Phenanthrene 2700 (,
Anthracene 930 /
Fluoranthene 3700

Pyrene 3600 a
Benzo(a)anthracene 1900

Chysen 2500

Benzo(b)fluoranthene 2000 Cf
Benzo(k)fluoranthene 1300
Benzo(a)pyrene 1800 f
Indeno(1,2,3-cd)pyrene' 1900 T

Dibenzo(a,h)anthracene 1900
Benzo(g,hi)perylene 1000

= Range concentration excludes the concentration of any surrogate(s) and/or internal standards eluting in that ranige.
= Cl 1-C22 Aromatic Hydrocarbons exclude the concentration of Target PAH Analytes.
= Values reported reflect their sum.

Extraction Suogate
5-alpha Andrstane
ortho-Terphenyl
Fractionation Surrogate
Biphenyl
2-Fluorobiphmenyl

% Recovery
101
75

Acceptance

age 40-140)
40-140
40-140

U - The analyte was analyzed for but not detected at the samplc
specific level reported.
N/A - Not Applicable

88 40-140
87 40-140

I
rsI

M22WZ 2 32

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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Extractable Petroleum Hydrocarbons by GC/FID

- ski

Client:
Project:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

I

Lab Code: M-MA030
ETR: 0205050

Lab ID: 0205050-08

Associated Blank: ES051 6B3
Concentration Units: pg/Kg

Date Final Dilution
Analyzed Volume (m Factor A
05/22/02 1 1 MLB
05122/02 1 1 MLB

Result

3600 U

16000

I Case: N/A SDG: N/A
Client ID: IOD
Matrix: Soil

Date Date Percent Sample
Received.Extracted Solid Amount (0 Fraction

05/15/02 05/16/02 81.4 10.22 Aronatic

Aliphatic
E xtractable Petroleum Hydrocarbons (EPB)

-C, Aliphatics

C, Aliphatics
e A1.2C ,

Unadjuste .-C-C Aromatics

A
Target PAH Anal nlt

Naphthalene 600 U
2-Methylnaphthalene 600 U
Acenaphthylene 600 U
Acenaphthene 600 U
Fluorene 600 U
Phenanthrene 2000
Anthracene 630
Fluoranthene 2700
Pyrene 2600
Benzo(a)anthracene 1400
Chrysene 1900
Benzo(b)fluoranth e 0
Benzo(k)fluor ene 100
Benzo(a)p e 1400
Indeno 3-cd)pyrene' 1600
Di a,h)anthracene' 1600

gh,i)perylene 820

*' = Range concentration excludes the concentration of any sunogate(s) and/or internal standards eluting in that range.
S= CI l-C22 Aromatic Hydrocarbons exclude the concentration of Target PAI Analytes.
=Values reported reflect their sum.

Extraction Sogate % Recovery Acceptance U - The analyte was analyzed for but not detected at the sunple
Extraction Surrogate % Recovery Range (%) secific level r rted.
5-alpha Andrestane 94 40-140 N l il l
otho-Terphenyl 73 40-140 A - Not A icable
Fractionation S:urrogate
Biphenyl 85 40-140

S2-Fluoobiphenyl 83 40-140

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767. (508) 822-9300, Far (508) 822-3288, whale@whgrp.com
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Date
Collected

05/14/02
4..

33000

49000 /



Extractable Petroleum Hydrocarbons by GC/FID

Client:
Project:

Metcalf &
Oxford P

Case: N/A
Client ID: KIOD
Matrix: Soil

Date Date Percent

Received Extracted Solid

05/15102 05/16/02 81.5
Extractable Petroleum H

C,-Cs Aliphatics '

C 9 C , Aliphatics

C,-C, Aromati cs,2
Unadjusted C,,-C,, Aroma

Eddy Lab Code: M-MA030
aper, Lawrence, MA ETi 0205050

SDG: N/A Lab ID: -02050511
Associated Blank: ES0516B3
Concentration Units: pg/Kg

Sample Date Final Dilution
Amount (g) Fraction Analed Volume ml Factor Analys

Aromatic 05/22/02 1 1 MLB
10.25

Aliphatic 05/22/02 I 1 MLB
ydrocarbons (EPH) Result

3600 U Opjo
AR00 US

tics '
60000 T

110000 4

Target PAIH Analytes Result

Naphthalene 600 UC

2-Methylnaphthalene 600 U

Acenaphthylene 600 U

Acenaphthene 780

Fluorene 800

Phenanthrene 5800

Anthracene i900

Fluoranthene 7900 $

Pyre 7500
Benzo(a)anthracene 4300

Chrysene 4400

Benzo(b)fluoranthene 4500

Benzo(k)fluoranthene 1500

Benzo(a)pyrene 3500 f
Indeno(,2,3-cd)pyrene ' 3300 f
Dibenzo(a,h)anthracene' 3300 JY
Benzo(ghi)perylene 2200 r

= Range cocentration excludes the concentration of any 5UOgatc(s) an or intemal standards cluting in that range.
= C I-C22 Aromatic Hydrocarbons exclude the concenuation of Target PAH Analytes.
= Values reported flct their sun
=Values reported reflect their sum.

Extraction Surogate
5-alpha Androsam
ortho-Terphenyl
Fractionation Surrogate
Biphenyl
2-Fluorobiphenyl

% Recovery
108
75

Acceptance
Range40-140

40-140
40-140

U - The analyte was analyzed for but not detected at the tample
specific level reported.
N/A - Not Applicable

90 40-140
88 40-140

DateDate
Collected

05/14/02

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288. whale@whgrp.com S2117
21117
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Extractable Petroleum Hydrocarbons by GC/FID
IL

Date
Collected

I 05114102

I
i
I
i

Date
Received

05/15/02

Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

Case: .N/A SDG: N/A
Client ID: 12S
Matrix: Soil

Date Percent Sample
Extracted Solid Amount (g) Fraction

Aromatic
05/16/02 91.0 10.12 Aromatic

Aliphatic
Extractable Petroleum Hydrocarbons (EPIH)

C-C,, Aliphatics I
C,,-C,3 Aliphatics'

Cr-Ca Aromatics '

Unadjusted C,,-C, Aromatics

k

Target PAH Analytes Result

Naphthalene 540 U

2-Methylnaphthalene 540 U

Acenaphthylene 540 U

Acenaphthene 540 U

Fluorene 540 U

Phenanthrene 660

Anthracene 540 U

Fluoranthene 100

Pyzene 1000

Bcnzo(a)anthracene 540 U

Chrysene 660

Benzo(b)fluoranthene 540 U

Benzo(k)fluoranthene 540 U

Benzo(a)pyrene 540 U
Indeno(1,2,3-cd)pyrene 690

Dibenzo(a)ant cene' 690

Benzo(g,h,i)perylene 540 U

= Range concentration excludes the concentration of any surrogate(s) and/or internal standards eluting in that range.

= CI I-C2 Aromatic Hydrocaibons exclude the concentration of Target PAH Analytes.

= Values nreponed reflect their sumn.

Extraction Surroate
5-alpha Andotane
ortho-Terphenyl
Fractionation Surrogate
Biphenyl
2-Fluorobiphenyl

% Recovery
109
80

Acceptance
Range (%/)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

40-140
40-140

0 25 21:29

375 Paramount Drive. Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale~whgrp.com
19/171

Lab Code: M-MAO30

ETR: 0205050
Lab ID: 0205050-09
Associated Blank: ES0516B3

Concentration Units: pg/Kg

Date Final Dilution
Analyzed Volume (mil Factor Analyst
05/22/02 1 1 MLB

05/22/02 1 1 MLB
Result

3300 U
4300 U

16000
20000



Extractable Petroleum Hydrocarbons by Ut/t1l

Date Date

Collected Received

05/14/02 05/15/02
I

Client:
Project:
Case:
Client ID:
Matrix:

Date
Extracted

05/16/02

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A
12D
Soil

Pe

8

SDG: N/A

rcent
rcent
olid

8.0

Sample-
Amount (g) Fraction

10.14 Aromatic
Aliphatic

4:Date
Analyzed
05/22/02
05/22/02

Lab Code: M-MAO30

ETR: 0205050
Lab ID: 0205050-10

Associated Blank: ES0516B3

Concentration Units: pg/Kg

Final Dilution
Vohunie (ml) Factor Analyst

I I MLB
1 1 MLB

'2

= Range concentration excludes the concentration of any surrTogate(s) and/or internal standards dluting in that range.
SCl 1422 Aromatic Hydrocarbons exclude the concetration of Tget PAH Anales
' Values reported reflect their sum

Extraction Suogate
5-alpha Androstanc
ortho-Terphenyl
Fractionation Surrogate
Biphenyl
2-Fluorobiphenyl

% Recovery
100
71

Acceptance
Range (%)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

92 40-140
89 40-140 I

05fl021:19

cornm

20/11

1

~1

375 Paramount Drive, Suite 2, Raynham, Massachuses 02767, (508) 822-9300 Fax (508) 822-3288, whale@whgrp

T 11W p"L a IV M

r

Extractable Petroleum Hydrocarbons (EPH) Result

CC, Aliphatics ' 3400 U

C,,-C, Aliphatics 11000

C,,-C Aromatics 90000

Unadjusted C1,-Cn Aromatics' 160000

Target PAH Analytes Result

Naphthalene 690

2-Methylnaphthalene 560 U

Acenaphthylene 560U

Acenaphthene 1200

Fluorene 1200

Phenanthrene 8000

Anthracene 2400

Fluoranthene 12000

PyrAC 12000
Benzo(a)anthracene 5400

Chrysene 5700

Benzo(b)fluoranthene 5700

Benzo(k)flooranthene .280-0

Benzo(a)pyrene 4700

Indeno(1,2,3-cd)pyrene' 4400

Dbenzo(a,h)anthracenec 4400

Bcnzo(g,h,i)perylene 3000



Extractable Petroleum Hydrocarbons by GC/FID

II' Client: Metcalf & Eddy Lab Code: M-MA030ii Project: Oxford Paper, Lawrence, MA ER: 0205050

Zf Case: N/A SDG: N/A Lab ID: 0205050-12

Client ID: 14S Associated Blant ES0516B3

Matrix: Soil Concentration Units: pg/Kg

Date Date Date Percent Sample Date Final Dilution
Collected Received Extracted Solid Amount () Fraction Analyzed Volume (ml) Factor Analyst

Aromatic 05/22/02 1 1 MLB
05/14102 05/15/02 05/16/02 83.6 10.08 05/22/02 1 1

Aliphatic 05/22/02 1 1 MLB
Extractable Petroleum Hydrocarbons (EPH) Result z

C,-C,, Aliphatics * 3600 U -

C,C 6 Aliphatics ' 12000

C,,-C Aromatics i. 260000
i Unajinctpad C -C Aromatics 470000

Target PAH Analytes Result

Naphthalene 20001

2-Methylnaphthalene 1100

Acenaphthylne 590 U

Acenaphthene 4200

Fluorene 4600

Phenanthrene 32000

Anthracene 7800

Fluoranthene 33000

Pyrene 33000

Benzo(a)anthracene 16000

Chrysene 16000

Benzo(b)fluorantbene 17000

Benzo(k)fluorantbene 6500

Benzo(a)pyrene 13000

lndeno(1,2,3-cd)pyrene '11000
Dibenzo(a,h)anthracene 11000

Benzo(g.h.i)perylene 7200

Range comcentration excludes the concentration of any surrogate(s) and/or internal standards eluting in that range-
Ci 1-C2 Aromatic Hydrocarbons exclude the concentration of Target PAH Analytes.

SValues reported reflect their sum.

Extraction Sunogte
5-alpha Anohstane
ordthTerphmnyl
Fractionation Surroac
Biphenyl
2-Fluorobiphenyl

% Recovery
82
49

Acceptance
Range (%)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

40-140
40-140

s522J021:19

22/171
375 Paramount Drive, Suite 2. Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrpcom
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Extractable Petroleum tyorocarDons Dy ".-Ir w

Date Date
Collected -Received

05/14/02 05/15/02

, - .. - -

'

'Range concentration excludes the concentration of any sunrogatc(s) and/for internal standards eluting in that range.
SCl I-C22 Aromatic Hydrocarbons xcldude the concentration of Target PAHl Analytes.

= Values reported reflect their suan

Extraction Surrogate
5-alpha Androstane
ortho-Terphenyl
Fractionation Surrogate
Biphenyl
2-Fluorobiphenyl

% Recovery
83
62

Acceptance
Range (.)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
spcific levd reported.
N/A - Not Applicable

88 40-140
84 40-140

375 Paramount Drive, Suite 2. Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
23/11
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Client: Metcalf & Eddy Lab Code: M-MAO30

Project: Oxford Paper, Lawrence, MA ETR: 0205050

Case: NWA SDG: N/A Lab ID: 0205050-13

Client )ID: 14D Associated Blank ESOs51 6B3

Matrix: Soil Concentration Units: pg/Kg
Date Percent Sample Date Final Dilution

Extacted Solid Amount (g) Fraction Analzd Volume Factor
05/16102 85.1 10.11 Armtc 0/22 1NB

Aliphatic 05/22/02 1 1 MLB
Extractable Petroleum Hydrocarbons (EPH) Result

C,-C,, Aliphatics 1 3500 U
cC,-C Alptics' 35000
C1 -C , Aromatics '2 97000

Unadjusted Cn,-C, Aromatics' 170000

Target,PA Analytes Result

Naphthalene 8001
2-Methyinaphthalene 580U

Acenaphthylene 580 U
Acenapthenc 1500
Fluorene 1500
Phenanthrene 9900

Anthracene 2900

Fluoranthene 13000

Pyrene 12000

Benzo(a)andthracene - 5700

Chrysene 5700
Benzo(b)fluonanthese 5300
Benzo(k)fluoranthene 2900

Benzo(a)pyrene 4700

Indeno(1,2,3-cd)pyrcue 4100

Dibenzo(a,h)anthracene' 4100

Benzo(g,hi)perylene 2700

052M 21:20

I



Quality Control Results
Extractable Petroleum Hydrocarbons by GC/FID

CrnzrV
Dae Dt
Date

Collectedl

N/A
=1Date

Received

N/A

Client:
Project:

Metealf & Eddy
Oxford Paper, Law

Case: N/A SDG:
Client ID: Method Blank
Matrix: Soil

Date Percent Sample
Extracted Solid Amount (g

05/16/02 100 10.00

Extractable Petroleum Hydrocarbon

C,-C,, Aliphatics '
C,,-C , Aliphatics

C,-C , Aromatics
Unadjusted C,,-C,~ Aromatics'

Lab Code: M-MAO30

rence, MA ETR: OZ05050

N/A Lab ID: ES0516B3
Associated Blank N/A
Concentration Units: pg/Kg

Date Final Dilution
) Fraction Analyzed Volume (ml) Factor Analyst

Aromatic 05/21/02 1 1 MLB
Aliphatic 05/21/02 1 1 MLB

s (EPH) Result

3000 U
4000 U

8500 U
8500 U

Target PAH Analytes Result

Napthalene 500 U
2-Methylnaphthalene 500 U
Acenaphthylene 500 U
AcCnaphthenc 500 U
Fhorene 500 U
Phenandthrene 500 U
Anthracene 500 U .
Fluoranthene 500 U

PyMc 500 U
Benzo(a)anfhracene 500 U
Chrysene 500 U
Benzo(b)flnoranthene 500 U
Benzo(k)fluoranthene 500 U
Benzo(a)pyrene 500 U
Indeno(l,2,3-cd)pyrene 500 U
Dbezo(a,h)anffthracne' 500 U
Benzo(gh,mperylene 500 U

' Range oMcentration excludes the concentration of any surogate(s) and/or internal standards eluting in that range.
SCl I-C22 Aromatic Hydrocarbons exclude the concestation of Target PAH Analytes.
= Values reported reflect their sum.

Extraction Surrogate
5-alpha Androstane
ortho-Teapcny
Fractionatic Surrogate
Biphenyl
2-Finombipbenyl

% Recovery
95
72

Acceptance
Range (%)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

90 40-140
89 40-140

~1

05f22JWO 21:2l

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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Quality Control Results
Extractable Petroleum Hydrocarbons by GC/FID

S Client: Metcalf & Eddy Lab Code: M-MAO30

I Project: Oxford Paper, Lawrence, MA ETR- OZS005050

Case: NIA SDG: NIA Lab ID: ES5O16L3

Client ID: Laboratory Control Sample Associated Blank ES0516B3
Matrix: Soil Concentration Units pg/K

Date Date Date Percent Sample Date - Final Dilution
Collected Received Extracted Solid Amount Fraction Analyzed Volume ml Factor Analyst

Aromatic 05/21102 1 1 MLB
N/A N/A 05116/02 100 10.00 Ar atic 05/21/02 1 1 MLB

Aliphatic OS/21102 1 1 MLB
Extractable Petroleum Hydrocarbons (EPH) Result

C-C,, Aliphatics ' 19000 S
C,,-C Aliphatics' 39000 S

C,-Cz Aromatics '  8500 U
Unadjusted C,,-Czz Aromatics' 55000

Target PAH Analytes Result

Naphthalene 1900 S

2-Methylnapbthalene 2300 S

Acenaphthylene 2600 S
Acenaphthene 2700 S

Fluorene 3100 S
Phenanthrene 3500 S

Anthracene 3500 S
Fluoranthene 3600 S

Pyrene 3600 S
Benzo(a)antiuacene 3500 S

Chrysene 3800 S

Benzo(b)fluoranthene 3500 S
Benzo(k)fluoranthene 3600 S
Benzo(a)pyrene 3500 S
hdeno(l,2,3-cd)pyrene 6900 S
Dibenzo(ah)anthracene' 6900 S
Bcnzo(g,h,i)perylene 3400 S

- Range concentration excludes the concentration of any surrogate(s) and/or internal standards eluting in that range.
= Cl -1422 Aromatic Hydrocarbons exclude the concentaion of Target PAH Analytes.
= Values reported reflect their sumr

Extraction Surogate
5-alpha Adrestan
ortho-Teqpenyl
Fractionation Surrogate
Biphenyl
2-Floorobiphenyl

% Recovery
106
69

87
86

Acceptance
Range (%)

40-140
40-140

U - The analyte was analyzed for but not detected at the sample
specif kM reponed.
S - Spike compound.
N/A - Not Applicable

40-140
40-140

e51200 21:20
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Extractable Petroleum Hydrocarbons by GCIFID

Metcalf & Eddy
f' P *- - -- -__ v _ 'L

Lab Code: M-MA30

vw; L D aREVt rroject: Oxford raper, Lawrence, MA ETR 0205050
C,7__ Case: N/A SDG: N/A Lab ID: FCS0520-1

Aromatic Analysis Date: 05/21/02 Aliphatic Analysis Date: 05/21/02

True Actual Percent QC
Parameter Value Value Recovery Limits
Naphthatne 50 37 74 40-140
2-Methylnaphthalene so50 36 72 40-140
Acenaphthylene 50 41 83 40-140
Acenaphthene 50 40 80 40-140
Fluorene 50 43 85 40-140
Phenanth.ene 50 43 86 40-140
Anthracene 50 45 90 40-140
Fluoranthene 50 42 85 40-140
Pyrne 50 42 84 40-140
Benz~oa)thracene 50 39 78 40-140
Chrysene 50 43 86 40-140
Benzo(bfluoranthene so0 37 74 40-140
Benzo)luoranthene 50 43 85 40-140
Benzo(a)pyrene 50 39 79 40-140
Indeno(1,!,3-cd)pyrenec 100 77 77 40-140
Dibenzo(a hb)anthracene 100 77 77 40-140
Benzo(gghiylene 50 38 77 40-140
n-Nonane (C9) 50 49 99 40-140
n-Decane (C10) 50 52 105 40-140
n-Dodecane (C12) 50 54 107 40-140
n-Tetradec-ane (C14) 50 59 117 40-140
n-Hexadecane (C 16) 50 63 126 40-140
n-Octadecane (C18) 50 65 . 130 40-140
n-Nonadecane (C 19) 50 64 128 40-140
n-Eicosane (C20) 50 66 131 40-140
n-Docosaxte (C22) 50 65 129 40-140
n-Tetracosanme (C24) 50 62 125 40-140
n-Hexacosamne (C26) 50 59 117 40-140
n-Octacosmane (C28) 50 53 106 40-140
n-Triaconane (C30) 50 48 96 40-140
n-Hexatriacontane (C36) 50 39 77 40-140

= Values reported reflect their sunm.
N/A - Not Applicable

Acceptmance
Extraction Surrogate % Recovery Range (%)
5-alpha Androstane 131 40-140
ortho-Terphenmyl 86 40-140
Fractionation Surrogate
Biphenyl 81 40-140
2-Fluorobipbenyl 83 40-140

Mn 2o40

375 Paramount Drive, Suite 2, Raynham, Massachusets 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
57/171
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Extraictable Petroleum Hydrocarbons by GC/FID

Client:
Project:

Case:
Client ID:
Matrix:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A
10D
Soil

SDG: N/A

Lab Code: M-MAO30

ETR. 0205050
Lab ID:-020500-08 MS

Associated Blank: ES0516B3

Concentration Units: pa/Kg

Date Date Date Percent Sample Date Final Dilution
Collected Received Extracted Solid Amount (g) Fraction Analyze Volume (ml Factor Analyst

Aromatic 05/22/02 1 1 MLB
05/14/02 05/15102 05/16/02 81.4 10.23 Aromatic 0522/02 1

Aliphatic 05/22/02 1 1 MLB
Extractable Petroleum Hydrocarbons (EPH) Result

C-C, Aliphatics ' 35000

C,,-C Aliphatics' 53000
C1 -C , Aromatics 59000
Unadjusted C,-C2 Aromatics' 180000

Target PAH Analytes Result

Naphthalene 4200. S
2-Methylnaphthalene 4400 S

Acenaphthylene 4600 S

Acenaphthene 4800 S I
Fluorene 5000 S

Phenanthene 8200 S

Anthracene 5900 S

Fluoranthene 13000 S

Pyrene 13000 S
Benzo(a)anthracene 8600. S
Chrysene 9400 S

Bczo(b)fluor4nthne 8400 S
Benzo(k)fluoranthee 7300 S
Benzo(a)pyrene 8000 S
Indeno(12,3-cd)pyrenec 11000 S

Dibenzo(a,h)antnrcene' 11000 S
Benzo(ghi)perylne 6000 S

= Range oncenutration excludes the oncentrafion of any surrogate(s) and/or internal standards eluating in that range.
S= ClI -C22 Aromatic Hydrocarbons exclude the concentration of Target PAN Analytes.
= Values reported reflect their s.um

Acceptance
Extraction Suroeate % Recovery Range (%)
5-alpha Andrestane 121 40-140
ortho-Terpbenyl 77 40-140
Fractionatio. Surrogate
Biphenyl
2-Fhoobiphenyl

S - Spike compound.
N/A - Not Applicable

40-140
40-140 I

05tnJ21 :32

.com
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'otal Metals

Client:
Project:

Case:
Client ID:
Matrix:
Percent Solid&

Metcalf & Eddy
Oxford Paper, Lawrence, MA

SDG: N/A
4S
Soil
79.8

Reporting
Result Qualifier L11

Lab Code: M-MAO30
ETR- 0205050
Lab ID: -0205050-01 . .

Concentration Units: m/Kg
Date Collected: 05/13/02
Date Received 05/15/02

Date Date Analylical
Dilution Analyzed Prepared Method

SAntim y 0.7 0.25 5 05/30/02 05/24/02 6020A LC
Arsenic 43 0.046 5 05/29/02 05/24/02 6020A. LMR
Barim 130 0.046 5 05/29/02 05/24/02 6020A LMR
Beryllium 048 0.046 5 05/29/02 05/24/02 6020A LMR

Cadmium 2.5 0.093 5 05/29/02 05/24/02 6020A LMR

chromium 32 0.093 5 05/29/02 03/24/02 6020A LIR
Copper 54 0.093 5 05/29/02 05/24/02 6020A LMR

Ld 180 0.23 5 05/29/02 05/24/02 6020A LIAR

Mercury 2.0 0.034 5 05/25/02 05/24/02 7471A CI
Nickel 79 0.23 5 05/29/02 05/24102 6020A LMR
Selenium 0.41 0.23 5 05/29/02 05M24/02 6020A LMAR
Silver 0.25 0.050 5 05/30/02 05/24/02 6020A LCP
Thallium 0.46 0.046 5 05/29/02 05/24/02 6020A LMR

Vanaian 350 0.093 5 05/29/02 05/24/02 6020A IMR
zinc 390 0.93 5 05/29/02 05/24/02 6020A IM

II

IN - Spike recovery outside control limits.
NA - Not Applicable

* -Duplicate outside control limits.

U
O"m 14 '"

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300. Fax (508) 822-3288 whale@whgrp.com

68/171

T
()p



Total Metals

Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

N/A SDG:

Client ID: 4D
Matrix Soil
Percent Solid: 79.5

NiA

%t 1jo-

Lab Code: M-MAO30
ETR: 0205050
Lab ID: 0205050-04

Concenition Units: mg/Kg

Date Collected: 05/13/02
Date Received: 05/15/02

Reporting Date Date Analytical

parameter Result Qualifier Limit Dilution Analyzed Prepared Method Analyst

Antony 1.0 0.20 5 05/3002 05/24/02 6020A LCP

Arsic 97 ,f 0.047 5 05/29/02 05/24/02 6020A LMR

Barium 18 0.047 5 05/29/02 05/24/02 6020A LMR

BrylWlum 0.5 0.047 5 05/29/02 05/24/02 6020A LMR

Cadmiun" 23 0.094 5 05/29/02 05/24/02 6020A LMR

Cromium ' 43 0.094 5 05/29/02 05/24/02 6020A LMR

Cop e 85 0.094 5 05/29/02 05/24/02 6020A LMR

Lead 255 0.23 5 05/29/02 05/24/02 6020A LMR

Mercury 31 0.037 5 05/25/02 05/24/02 7471A CJh

NickelU 0.23 5 05/29/02 05/24/02 6020A LMR

Selenium 08 0.23 5 05/29/02 05/24/02 6020A LAR

Silver 0.18 0.040 5 05/30/02 05/24/02 6020A LCP

lThallim 0.71 0.047 5 05129/02 05/24/02 6020A LMR

Vanadium 330 0.094 5 05/29/02 05/24/02 6020A LMR

Zinc 560 0.94 5 05/29/02 05/24/02 6020A LMR

N - Spike recovery outside control linits-
N/A - Not Applicable
U - Duplicate outside control limits.

nusones

Case:

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whaleWhgrp.com I4
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Total Metals

Ih
Client:
Project:
Case:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: NIA
Client ID: 6S S i~

Lab Code: M-MAO3O
ETt 0205050
Lab ID: 0205050-02
Concentration Units: mg/Kg
Date Collected 05/13/02

Maak: m '
Percent Solid& 80.1 Date Received: 051l5/02

Reporting Date Date Analytical

Parateter . Result Qualifier Imit Dilution Analyzed Prepared Method Analyst

Antimon 1.6 0-22 5 05/30/02 05/24/02 6020A LJCP
S sic 120 0.048 5 05/29/02 05/24/02 6020A LMR

Barium . 150 0.048 5 05/29/02 05/24/02 6020A LMR

0.62 0.048 5 05/29/02 05/24/02 6020A LMR

SCadmium 1.9 0.096 5 05/29/02 05/24/02 6020A LMR

Qratm 46 0.096 5 05/29/02 05/24/02 6020A LMR
Copper 91 0.096 5 05/29/02 05/24/02 6020A LMR

Lad 230 0.24 5 05/29/02 05/24/02 6020A IMR
5.3 0.059 10 05/25/02 05/2402 7471A CDI

Nicke 13 0.24 5 050/02 054/02 6020A LMR
Scieniu 0.76 0.24 5 05/29/02 05/24/02 6020A IMR
Sam 033 0.045 5 05/30/02 05/24/02 6020A LCP
Thaliwmn 13 0.048 5 05/29/02 05/24/02 6020A IMR
ifanaium 520 0.096 5 05/29/02 05f24/02 6020A IMR

Zc 300 0.96 5 05129/02 0524/02 6020A MR

1
I

I
I

IN - Spike recovery outside Control irmits.
N/A - Not Ap icable
n - Duplicf: outside control lnits.

I
I30' 4UM

70/171
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10a ivietals

Client
Project:
Case:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

NiA SDG: N/A
Client ID: 6D
Matrirx: Soil
Percent Solid: 74.6

Lab Code: M-MAO30
ETI 0205050
-Lab ID:- 0205050-05.
CoOcentrition Units: mg/Kg
Date Collected: 05/13/02

Date Received:- 05/15/02

Reporting. Date Date Analytial

Parameter Resum.t QualifiMer Lmit Dution Analyzed Prepared Method Analst
Antimony 3.8 4 0.21 5 05o30/2 05/24/02 6020A LCP
Arsenic 84 /, 0.060 5 0o52902 05/2402 6020A LIR
Barium 170 0.060 5 05/29/02 05/24/02 6020A IMR
Berllium 1.0 0.060 5 05/29,02 05/24/02 6020A ILR

Cadmium - 1.6 0.12 5 05/2902 05/24/02 6020A LIR
Chrovnmium - 50 0.12 5 05/29/02 05/24/02 6020A IAR

Coppr 72 0.12 5 05/29102 05/24/02 6020A IMR
Lead 210 0.30 5 0os29/02 os05/24/02 6020A IMR
MEcury 17 0.27 40 05/725/02 OR24/02 7471A CJH
Nickel 83 0-30 5 . 05/29/02 05/24/02 6020A LMR
Selenium L.4 0.30 5 05r0 OS/4M2 6020A LMR
Silver 0.89 0.042 5 05/30/02 05/24/02 6020A LC
Thallium 1.0 0.060 5 05/29/02 05/24/02 6020A LMR
Vanadium 360 0.12 S 0529/02 05/24/02 6020A LMR
Zinc 450 1.2 5 05/29/02 05/24/O 6020A LMR

N - Spike recovery outside control limits.
N/A - Not Applicable
a Duplicate outside control linmits.

amoc DDe

375 Paramount Drive, Suite 2, Raynham, Massaclmsetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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Total Metals

Client:
Project:

Case:
Client ID:
Matrix:
Percent Solid

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: N/A

8S
Soil i yo
69.9 d

Lab Codr M-MAO30.
ETh 0205050

- Lab ID: .8205050-03
Concentration Units: mg/Kg
Date Collected: 05/13/02

Date Received 05/15/02

Reporting Date Date Anlytial-

Parameter Result Qualifier Limit Dilution Analyzed Prepared Method Analyst

Anmony 0.34 0.28 5 05/30/02 0524/02 6020A .CP
Arsenic .4 0.057 5 05o29102 05/24/02 6020A - IAW

Barium 16 0.057 5 05/29/02 05/24/02 6020A LIR

Bylim 0.14 0.057 5 05/29/02 05/24/02 *6020A IR

Cadmium 0.16 0.11 5 05/29/02 .05/24/02 6020A LIMR

Chrormium 6.8 0.11 5 05/29/02 05/24/02 6020A LR

S12 0.11 5 05/29/02 05/24102 .6020A LMR

Lead 28 0.29 5 05/29/02 05/24/02 6020A LMR

Meury 0.35 0.042 5 05/25/02 05/24/02 7471A ClH

Ni&d 26 0.29 5 05/29/02 05/24/02 6020A LIR

Selenium 0.47 0.29 5 05/29/02 O24/02 6020A LIR

Silver 0.11 0.056 5 0S/30/02 05/24/02 6020A LP

Thallium 0.063 1 0.057 5 05/29/02 05/24/02 6020A 4IAR

Vanadium 80 0.11 5 05/29/02 05/24/02 6020A LIR

Zinc 35 1.1 5 05/29/02 05/24/02 6020A LIR

N - Spike recovery mtAside control limits
N/A - Not Applicable
n Duplicate outside control limits.

06SD W055

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@iwhgrp.com
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Total Metals

crrzr
Client:
Project:

Case:
Client ID:
Matrix:
Percent Solid

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N7A SDG: N/A
8D
Soil
72.5

Lab Code: M-MAO30
ETR- 020505
Lab ID:- 0205050-06

Concentation Units: m/Kg
Date Collecte& 05nl3/02
Date Rceive&- 05f15/02

Reporting Date Date Analytical

Parameter Resut Qualifier Limit Dilution Analyzed Prepared Method Analyst

Antimony 0.5 ( 0.25 5 0532 0524w02 6020A LCP

Anic 4.4 0.o45 5 05/29/02 05/242 6020A [MR
Baium 300 0.045 5 05/29102 05/24/02 6020A IMR

Beryllium . .S2 0.045 5 05/29102 05/2402 6020A LUR

Cadmium 0.090 5 05/29102 05/202 6020A LIR
u Cu m 13 0.090 5 05/29/02 05r242 6020A LIR

S 140 0.090 5 05/29102 052402 6020A LIR
Land 140 -0.22 5 058910 05tWO2 602A DIR
Mcury 1.6 0.033 5 05502 05f402 7471A CH
Nickel IS0.22 5 OS/2/02 054102 6020A LIR

slenim 0a . " 0.22 5 05/29/02 05UM 60A LMR
Silver , L13 0.049 5 05/3002 05/24/02 6020A LCP
Thallium 01 0.045 5 05/29)02 05/24/02 6020A LIR

SVanadium 27 0.090 5 05/29/02 05/24/02 6020A LMR
Zinc 300 0.90 5 05/29/02 05/24/02 6020A IMR

4

J - Below CRDL, Project DL, or RL but greater than or MDL
N - Spike recovery outside control limnits.
NIA - Not Applicable
3 - Duplicate outside control limits.

375 Paramount Drive, Suite 2. Raynham, Massachusems 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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E1/
Total Metals

Client:
Project:
Case:.

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: N/A
Client ID: o10S
Matrix: Soil
Percent Solid: 84.4

Reporting
Result Qualifier Limit

't 8j7

Lab Code: M-MA630
ETR- 0205050
Lab ID: '020S0507 -

Concentration Units: mg/Kg
Date Collected:- 05/14/02
Date Received 05/15/02

Date Date Analytical
Dilution Analyzed Prepared Methodp

I

I
I
I

I

'I

Parameter

Antiny 0.39 X J 0.22 5 05/30/02 05/24/02 6020A LCP
Arsenic 10 0.045 5 05/29/02 05/24/02 6020A LMR
Barium 45 0.045 5 05/29/02 05/24/02 6020A LMR
Beryium 0.34 0.045 5 05/29/02 05124/02 6020A LMR
Cadmium 0.24 0.090 5 05/29/02 05/24/02 6020A IAR
Chromium iS 0.090 5 05/29/02 05/24/02 6020A IAIR

opper 36 0.090 5 05/29/02 05/24A/02 6020A LMR
Lead 49 0.22 5 05/29/02 05/24/02. 6020A LMR
Mercury 0.14 0.0068 1 05/25/02 05/24/02 7471A CIIIJH
Nickel 14 0.22 5 05/29/02 05/24/02 6020A LMR
Secniun 0.22 0.22 5 05/29/02. 05/24/02 6020A IMR
Silver 0.090 0.045 5 05/30/02 05/24/02 6020A . LCP
Thallimwn 0.11 0.045 5 05/29/02 05/24/02 6020A ILMR
Vanadium 36 0.090 5 05/29/02 05/24/02 6020A LMR
Zinc 75 0.90 5 05/29/02 05/24/02 6020A IAMR

J - Below CRDL, Project DL, or RL nt greater than or = MDL
N - Spike recovery outside control limits.
N/A - Not Applicable
a - Duplicatt: outside control limits.

M 14:45

375 Paramount Drive. Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
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Total Metals

Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

Case: N/A
Client ID: 10D
Matrix: Soil
Percent Solid: 81.4

SDG: N/A

Lab Code: M-MAO30
ETR- 0205050
Lab ID: 0205050-08
Concentration nits mg/Kg
Date Collected: 05/14/02
Date Received: 05/15/02

Repostg
Result Quaifier Limit

0.33 K %T 0.16
15 0.041
29 0.041

6.44 0.041
0.13 0-081
is 0.081
32 0.081
44 . 020

0.11 0.0066
16 0.20

0.40 0.20
0.071 0.032
0.11 0.041
51 0.081
65 0.81

Date Date Analytical
Diltion Anayrd Prepared Method

5
5
5
5
5
5
55

I
5
5
5
5
5
5

05/30/02 05124/02
05/29/02 05/24/02
o05/2902 05/24/02
05 29/02 05/2402
05/29/02 05/24/02
05/29/02 05/24/02
05/29/02 05r24/02
05291/02 0524/02
05125/02 05/24/02
05/29/02 05/24/02
05/29/02 0524/02
05/002 05124/02
05/29/02 05/24/02
05/29/02 05/24/02
05/29/02 05/24/02

6020A
6020A
6020A
6020A
6020A
6020A
6020A
6020A
7471A
6020A
6020A
6020A
6020A
6020A
6020A

LP
IMR
IMR
IMR
IMR

Um

IMR
IMR

Ca
IMR
IMR
LP
IMR
IMR
LMR

N - Spike recovery outside control limits.
N/A - Not Applicable
n - Duplicate outside control limits.

34t -

611171

1

Parameter

Arsenic
Barium

Cadium

Cluomin

Copper
Lead
Mer-ury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

375 Paramount Drive, Suite 2. Raynham. Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whle@whgrp.com
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I

Parameter

I
I'
p

Total Metals

tqp
Client:
Project:
Case:
Client ID:
Matrix:
Percent Solid:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG- NIAKJD
Soil
8135

Reporting
Result Qualifier Lit

Lab Code- M-MAO30
ETR 02058

- Lab D. 0205050-11 -.. -

Concentration Units: ng/Kg
Date Collected: 05/14/02
Date Received: 4O5/15/02

Date Date Analytical

Dilution Analyzed Prepared MethWd Anu

&2 , 0.23 5 0530/02 05/24102 6020A LCP
Arsenic 7.7 f 0.048 5 os05/29/02 05124/02 6020A LMAR
Bani . 39 0.048 5 0/29/02 0/24/02 6020A LMR
Beryliun 0.59 0.048 5 0529102 05/24/02 6020A IJAR
Cadjuimn 0.14 0.096 5 0 s /29/02 05/24/02 6020A LMR
Clromium 19 0.096 5 05/o292 05/2M4/02 6020A LMR

CoMer33 0.096 5 0/29/02 0S24/02 6020A IMR
Lead 52 0.24 5 05/29/02 0524/02 6020A LMR

M 0.11 0.0063 I 05/25/02 05/24/02 7471A CH I

NickeW 19 0.24 5 0529/02 0524/02 6020A LMR
selenimn 037 e.24 5 05/2902 05/24/02 6020A LMR
Silver 0.095 0.045 5 0530 02 05/24/02 6020A LJCP
Thallium 0.13 0.048 5 05/29/02 05124/02 6020A LaR

Vanadium 83 0.096 5 05/29/02 05/24/02 6020A LMR
Zinc 75 0.96 5 05/29/02 05/24/02 6020A LMR

N - Spike rcovery outside control limits.
N/A -Not Applicable
a - Duplicate outside control limits.

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrpcom
73/171



Sotal Metals

Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

Case: NIA SDG:
Client ID: 12S
Matrirx: Soil
Percent Solid: 91.0

a
S

Lab Code: M-MAO30
ETRL 0205050
Lab ID: 0205050-09
Concentration Units: mgfKg

Date Collected: 05/14/02

Date Received. 05/15/02

SReporting Date Date
Result Qualifer Limt Dilution Analyzed Prepared

0.2 ) 0.20 5 05/30/02 05/24/02
9.3 0.030 5 05/o29/02 05/24/02
36 0.030 5 05/29/02 05f24/02

0.34 0.030 5 05/29/02 05/24/02
0.24 0.060 5 05/29/02 05/24/02
26 0.060 5 05/29/02 05/24/02

0.1473 0.0065 05/25/02 05/24/02
2619 0.15 5 05/29/02 05/24/02

O.22 0.15 5 05/2902 05/24/0209.04 0.150 5 05/29102 05flr2 M

0.16 0.030 5 05/29/02 05/24/02
21 0.060 5 05/29/02 05/24/02
38 0.60 5 05/29/02 05r24/02

Analytical
Method . Analyst

6020A
6020A
6020A
6020A
6020A
6020A
6020A
6020A
7471A
6020A
6020A
6020A
6020A
6020A
6020A

LCP

LMR

uIRIaI
Iam

CJI

UM
amLM
IMR

DIR

N - Spike recovery outside control limits.
NIA - Not Applicable
a - Duplicate outside control limits.

omoow goas

6411r

etnr

Parmeter
Antimnn

Arunic

CBamium

CAromiwn

Lead
Mercury
Nickel
sienium

Silver
Thaliumn
Vanadium
Zinc 

375 Paramount Drive, Suite Z Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com

y
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I
.1 i

I
at
I|
I
II

Total Metals

Client:
Project:
Case: N/A
Client ID: 121)
Matrix: Soil
Percent Solid: 88.0

Metcalf & Eddy
Oxford Paper, Lawrence, MA

SDG: NIA

6

Reporting

Lab Code: M-MA030
ETR 0205050
Lab ID: 0205050-10
Concentration Units: mg/Kg
Date Collected 05/14/02

Date Received- 05/15/02

Date Date Analytical

Parameter Result Qualifier Limit Dilutiom Analyzed Prepared Method Analyst

Antimony 0.56 , 0.22 5 05/30/02 05/24/02 6020A LCP
Arsenic 13 /I 0.041 5 05/29/02 05/24/02 6020A LMR

Barium 79 0.041 5 05/29102 03/24/02 6020A LMR
er 0.33 0.041 5 05/29102 05124/02 6020A LMR
Cad0.5iu 0.083 5 05/2902 05/24/02 6020A LMR

Chromium 21 0.083 5 05/29/02 05/24/02 6020A IMR
C30 0.083 5 05/292 05/24/02 6020A IMR

Lead 65 021 5 05/29/02 05/24/02 6020A LIMR

Mery 0.25 0.0057 1 05/25/02 05/24/02 7471A CIH

Nickel 25 0.21 5 0529/02 05/24/02 6020A IMR
Selenium 0.20 ( c 0O21 5 05/29/02 05/24/02 6020A LMR
Silver 0.079 0.043 5 05/3002 05/24/02 6020A LCP
Thalliumn 0.14 0.041 5 05/29/02 05/24/02 6020A IMR

Vanadium 80 0.083 5 05/29/02 05/24/02 6020A LMR

Zinc 100 0.83 5 05/29/02 05/24/02 6020A IMR

J - Below CRDIL, Project DL, or RL but greater than or = MDL
N - Spike recovey outside control limits.

I N/A - Not Applicable
S- Duplicate outside control linmts.

OSwnl 54

63/171
375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com 14-45



Total MVetals

Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

Case: NIA
Client ID): 145
Matrix: Soil
Percent Solid 83.6

SDG: NIA

6'

Lab Code- M-MA030
ETR 0205050
Lab ID: 10205050-12
Concentrtiou Units: mgK

Date Collecte&d 05/14102

Date Received: 05/15/02

Parameter

Antimony
Arsenic
Barium

Cadmium

Croppuer

Mermcy
Nicke

Selenium
Silver
Thanium
Vanadium
zinc

Result Qualifier
0.89
6.6
140
0.28
0.81
27
36
53

0.23
28

026
0.065
O.O97

20
130

' X

Reportng , Date Date Analytical
Limit DIlution Analyzed Prepared Method Analyst

0.19 5 O/01 05r/2 6020A 'IP
0.035 5 05/29/02 05/24M2 6020A ILR
0.035 5 05/29102 05/24/02 6020A m
0.035 5 05/29/02 05/24/02 6020A IMAR

0.070 5 05/29)02 05/24/02 6020A LMR
0.070 5 05/29/02 05/24/02 6020A IMR
0.070 5 05/29102 05/24/02 6020A LIR
0.1 5 05/29/02 05/o24/02 6020A UMR

0.0067 1 s05/25/02 05242 7471A CH
0.18 5 05o/292 05/24/02 6020A LM r'
0.18 5 05/o29/52 05/24/02 6020A LMR
0.038 5 05/3002 05/24/02 6020A LCP

0.035 5 05/29102 05/24/02 6020A IAR
0.070 5 05/29/02 0524/02 6020A L MR
0.70 5 05/29/02 05/24/02 6020A LMR

N - Spike recovery outside contro1 limnits.
N/A - Not Applicable

S- Duplicate outside control limits. I

com

I
375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgr

a.w



E 1

I
I

II

Lu

Total Metals

Client:
Project:
"C:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: N/A
Client ID: 14D
Matrix: Soil
Percent Solid 85.1

Reporting Date

Lab Code: .M-MAO30
ETR 020505o
Lab ID: 0205050-13
Concentration Units: mg/Kg
Date Collecte& 05/14/02

Date Received 05/15/02

Date Analytical
Parameter Result Qualifier Limit Diltion Analyzed Prepared Method Analyst

Antmy 3.0 0.18 5 05/30/02 0524/02 6020A LCP
Arsnic 7.5 , 3f 0.034 5 05/29/02 05/24/02 6020A LMR

Barium - 71 0.034 5 05/29/02 05/24/02 6020A LaMR
Ber0liun 932 0.034 5 05/29/02 05/24/02 6020A DIR
Cadmiwn 082 0.068 5 0529/02 05/24/02 6020A LIMR
Chromium 20 0.068 5 05/29/02 05/24/02 6020A LMIR

C 37 0.068 5 05/29/02 05/24/02 6020A LMR

Lead 70 0.17 5 05/29/02 05/24/02 6020A LIR
M e0.59 0.0061 1 05/25/02 05/24/02 7471A CjII
Nickel _. 19 0.17 5 05/29/02 05/2402 6020A LIAR
Selenium 0.23 0.17. 5 05/29/02 05124/02 6020A LMIR
Silver 0.11 0.037 5 05/30/02 05124/02 6020A LCP

Thallium 0.14 0.034 5 05/29/02 05/24/02 6020A LmIR

Vanadiumn 27 0.068 5 05/29/02 05/24/02 6020A LMR

Zinc 91 0.68 5 05/29/02 05/24/02 6020A LMR

IN - Spike recovery outside control limits.
N/A - Not Applicable
n - Duplicate outside control limits.

375 Parmouunt Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
651171
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TCLP Metals

Client:
Project

Case:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: NIA
Client ID: 4S
Matrix: Water

Reporting
Result Quaifler Limit

Lab Code: M-MA030
EaLR 02055O

- - LabrID- 02050I50-8
Concntio Units' lLN

% Date

14 Date

Date Date
Dilution Analyzed Prepared

Collected- 05/13/02
Received:- 0515/02

Anytia
Method Analyst

J

J
U
U
U

200
200
10
20

200
0.-50
200
200

I
I
I
I
1
1

100

05/24/02 05/23/02
05/24/02 05/23/02
05/24/02 05/23/02
05/24/02 05/23/02
05/24102 05/23/02
05/24/02 05/23/02
06/03/02 05/23/02
05/24/02 053/02

3 - Below CRDL, Project DL, or RL but greater than or = MDL
U -The analyte was analyzed for but not detected at the sample specific level reported.
N/A -Not Applicable I

I
375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com

116/1i

Parameter

Arsenmic
Bariuwn
Cadmium
Chromiwn
Lead
Mercury
Selauwn
Silver

U
.. .. a

I

94
440
13
11
29

0.27
120
150

6010B
6010B
6010B
6010B
6010B
7470A
6020A
6010B

DJL
DIL
DJL
DJL
DJL
DIL

LWR
DJL

.

.



I St, Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: NIA 

4D ' b'
Water

Lab Code: M-MAO30
ETR 0205050
Lab ID:- 0205050-04 -.. .
Concentration Units: pg/L
Date Collected: 05/13/02
Date Received: 05/15/02

Reporting
Result Qualifier Limit

130
120
2.0
11
29

0.12
41
20

J

U
J

U
U
U
J

200
200
10
20
200
0.50
400
20

Date Date Analytical
Dilution Analyzed Prepared Method

I

I
I
I
i

05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02

05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02

6010B
6010B
6010B

6010B
6010B
7470A
6010B
6010B

J - Below CRDL, Project DL, or RL but greater than or = MDL
U - The anal)te was analyzed for bn not detected at the sample specific level reported
NlA - Not Applicable

Client:
Project:

Case:.
Client ID:
Matrix:

Parameter

Arsenic
SBarium

Cadmfim

.Chrmium
Lead

Selenm
Silver

Anays

DJL
DJL
DJL

DIL
DJL

* DJL

0530 11:19

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
1151171

TCLP Metals



Iol
TCLP Metals

Client
Project:
Case:.

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: NIA

Client ID: 68
Matrix: Water

atI\kz

Lab Code: M-MA030 -
EM: 0205050
Lab ID: 0205050-02
Coacentration Units: pg/L
Date Collected: 05/13/02
Date Received: 0515/02

Result

220
70
2.0
9.8
29

0.12
54
20

Reporting

Qualifier Limit

S200

U 10
U 20
U 200
U 0.50

7 (4 400
J 20

Dilution

I1

I
I
1
I
I1

Date
Analyzed

05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24102

Date
Prepared

05/23102
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02

Analytical
Method

6010B
6010B
6010B
6010B
6010B
7470A
6010B
6010B

Analyst

DJL
DJL
DJL
DJL
DJL
DOLDJL
DJL
DJL

J - Below CRDL, Project DL., or RL but greatef tban or = MDL,
U - The analyte was analyzed for but not detected at the swmple specific level reported-
N/A - Not Applicable

375 Paramount Drive, Suite 2, Raynham, Massachusets 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com

11811/

Parameter

Arsenic
Barian

Cadniu

Mercury

Seulenimn
Silver

.



TCLP Metals

Metcalf & Eddy .
Oxford Paper, Lawrence, MA

N/A SDG: N/A .
6D
Water

Lab Code: M-MA030
ETR: 0205050
Lab ID: 0205050-05
Concentration Units: pg/L
Date Collected: 05/13/02
Date Received: 05/15/02

I Parameter
Arsenic
Barium

Cadmium
c maim

lead

vt

Reporting
Result

250
120
4.2
15
29

Date

Qualifier Limit Dflution Analyzed

200 I 05/24/02
/ 200 1 0o/24/02
1 10 1 05/24/02
J 20 I 05/24/02
U 200 1 05/24/02

Date Analytical
Prepared

05/23/02
05/23/02
05/23/02
05/23/02
05/23/02

Method

6010B
6010
6010B
6010B
6010B

Msc0.50 0.50 1 05/24/02 05/23/02 7470A DJIL

senium 52 400 1I 05/24/02 05/23/02 6010B DJL

Silver 29 20 1 05/24/02 0512302 6010B DJL

II

J - Below CRDL, Project DL, or RL but greater than or = MDL
U - The anudyte was analyzed for but not detected at the sample specific level reported.
N/A - Not Applicable

Client:
Project:
Case:
Client ID:
Matrix:

Analyst

DJL
DJL
DJL
DJL

DIL

950811:19

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
1171171
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TCLP Metals

Metcalf & Eddy
Oxford Paper, Lawrence,

SDG: NIA

Client:
Project:

Case:'
Client ID:
Matrix:

Reporting
Result Qualifier Limit

Lab Code: M-MAO30

MA ETR: 0205050
..- - - .LabfID:-020505"0-03

Concentration Units: pg/L
Date Collected: 05/13/02
Date Received: 05/15/02

Date Analytical
e pared Method An

Date
Dilution Analyzed Pr

Arsen
BaTiQ
Cadm
Chr

Mc-"
Selam
Silver

ic 29 J 200 1 05/24/02 05/23/02 6010B
m 180 J 3 200 1 05/24/02 05/23/02 6010B
irVn 2.0 U 10 1 05/24/02 05/23/02 6010B

i 9.8 U 20 1 05/24/02 05/23/02 6010B

29 U 200 1 05/24/02 05/23/02 6010B

y 0.27 U 0-50 I 05/24/02 05/23/02 7470A

lurm 120 U 200 100 06/03/02 05/23/02 6020A

170 J 200 10 05/24/02 05/73/02 6010B

IDJL
DJL

DILDJL

DJL

DIL
DJL

J - Below CRDL, Project DL, or RL but greater than or = MDL
U - The analyte was analyzed for but not detected at the sample specific level reported.
N/A - Not Applicable

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767 (508) 822-9300 Fax (508) 822-3288, whale@whgrp.com

120/171

I

N/A
&S
Water

Parameter

, .

\ 

silver

*alyd



TCLP Metals

Client
Project:

Case:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: N/A
Client ID: SD
Matrix: Water

Reporting

Result

27
450

Qualifier
U

w
Limit

200
200

Dilution

I

Lab Code: M-MA030
EIR 0205050
Lab ID:-020505046
Concentration Units: pg/L
Date Collected: 05/13/02

Date Received 05/15/02

Date
Analyzed

05/24/02
05/24/02

Date Analytical

Prepared

05/23/02
05123/02

Method

6010B
6010B

iu 2.0 U 10 1 05/24/02. 05/23/02 6010B
mium 9.8 U 20 1 05/24/02 05/23/02 6010B

230 200 1 05/24/02 05/23/02 6010B

ur 0.27 U 0.50 1 05/24/02 05/23/02 7470A
120 U 200 100 06/03/02 05/23/02 6020A
160 J 200 10 05/24/02 05/23/02 6010B

J - Below CRDIL, Project DL, or RL but greater than or = MDL
U - The analyte was analyzed for but not detected at the sample specific lvel reported.
N/A - Not Applicable

meter

ic
m

Para

Aren

Barin
Cadmv
Chr
Lead
mec
Selen
Silver

Analyst
DJL
DJL
DEL
DEL
DEL
DJL

LMR
DJL

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300 Fax (508) 822-3288, whale@whgrp.com
119/171
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I ULt' Metals

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: N/A
10S q1 I

Client:
Project:
Case:.
Client ID:
Matrix: ^qj V0

Lab Code&- M-MAO30
ETR- 0205050
SLab ID: 0205050.07
Concentrmion Units: pg/L
Date Collected: 05/14/02
Date Receive& 05/15/02

t

Reporting Date Date Aaall
Panrameter Result Qualifer Limit Dation Analyzed Prepared Method Analyst

Arsenic 27 U 200 1 05/24/02 05/23/02 6010B DJL

Baritun 430 200 I 05/24/02 05/23/02 60100 DJL

Cadmium 2.0 U 10 1 05/24/02 05/23/02 6010B DJL

Chromium 9.8 U 20 1 05o/24/02 05/23/02 6010B IJL
Lead 33 200 1 05/24/02 05/23/02 60108 DJL

MernMy 0.12 U 0.50 1 05/24/02 05/23/02 7470A DJL

Selenium 41 U 400 1 05/24/02 05/23/02 6010B DJLI

Silver 42 20 1 05/24/02 05/23/02 6010B DJL

J - Below CRDL, Project DL, or RL but greater than or = MDL
U - The analyte was analyzed for but not detected at the sample specific level repomrted.
N/A -Not Applicable

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whae@whg.cmi

110/
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Water
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TCLP Metals

anpA r4 Metcalf & Eddy
Oxford Paper, Lawrence, I

Client:
Prject
Case:.

Client ID:
Matrix:

SDG N/A

%1

Lab Code: M-MA030

ViA ER 02qs95050
-.. Lab ID:-205050-08.

Concentairation Units: pg/L
Date Collected: 05t14/02

Date Received: 05/15/02

Dilution

1I

1
I

I
1
I
I

Date Date Analytical
Analyzed Prepared Method Analyst

05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02

05/23/02 6010DB
05/23/02 6010B.
05123/02 6010B
05/23/02 6010B
05/23/02 6010B
05/23/02 7470A
05/23/02 6010DB
05/23/02 601013

DJL

DJL
DJL
DJL
DIL
DJL
DJL

DIL

J - Below CtDL, Project DL, or RL but greater than or= MDL
U - The analyte was analyzed for but not detected at the nsample specific level reported.
N/A -Not Applicable

N/A
10D
Water

Parameter

Arsenic
Barium
cadmium

Chromium

Lead

nleim
Silve

Result

27
360
2.0
9.8
42

0.12
41
27

Qualifier

U

UA

UU
U
If U

Reportilng
Leimift

200
200
10

20

030
400
20

0508 St 1:3

375 Paramount Drive, Suite 2, Raynham, Massachusetfs 02767, (508) 822-9300, Far (508) 822-3288, whale@w hgrp.com

109/171
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TCLP Metals

6
Metcalf & Eddy
Oxford Paper, Lawre

N/A SDG: N/A

K10DWaterWater

Client:
Project:

Ce:
Client ID:
Matrix:

Result

27
270
2.0
9.8
29

0.12
41
25

Reporting
Limit

200
200
10
20
200
0.50
400
20

MA

Lab Code: M-MA030
ETRh 0205050

ucc~ETan-----05
LabID:- 0205050-11 -- -- --

Concntatio Units pg/L
\t9s1 Date Colecte&: 05/14/02

Date Received: 05/15102

Dilation

I
I

I1

I
I
I

Date Date Analytical
Analyad Prpared Method Analyst

0524/02 05/2302 6010B DJL
05/24/02 05/22 6010B DR.
05/24/02 0512312 6010B DR.J
054/02 05/23/02 6010B DR.
05242 05/2302 6010B DJI.
054/02 05/23/02 - 7470A DJL
05/24/02 05/23/02 6010B DJL
05/24/02 05/2302 6010B DhL

U - The manalyte was analyzed for but nut detected at d sample specific level nreported.
N/A - Not Applicable

U
05Dm0O l)i

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Far (508) 822-3288, whale@whgrp.com
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Parameter

Arsenic
Barium
Cadmnium
Chenmdum
Lead
M!_
Selenium
Sher

.

Qatifier
U
bt.-
U
U
U
U
U



TCLP Metals

I Parameter

Arsenic
BariumU Cadmuhe

Chromn
'Lead

Selenium
Silver

I

'r

Client:
Project:

Case:
Client ID:
Matrix:

Result

27
480
2.4
9.8
65

0.12
41
1.9

Metcalf & Eddy
Oxford Paper, Lawrence, MA

NIA SDG: NIA

12S -
Water

Reporting

Quafler
U

J -

U

UU
U

Da Jte

Date

ULimit Dilution - Analyzed

200 I
200 1
10 1
20 I
200 I

0.50 1
400 1

05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02

05/24/02

Lab Code: M-MAO30
ETR: 0205050
Lab ID- 0205050.09

Concentration Units: pg/L
Date Collected: 05/14/02

Date Received 05/151/02

Date
Prepared

05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02

Analytical
Method

6010B
6010B
6010B
6010B
6010B
7470A
6010B
6010B

Analyst

DJL
DJL

DJL.

DJL
DJL
DJL
DJL
DJL

J - Below CRDL, Project DL, or RL but greater than or = MDL
U - The analyte was analyzed for but not detected at the sample specific level reported.

I N/A -Not Applicable

052f 11-20

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
112/171
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TCLP Metals

" .- '- . .

Metcalf & Eddy
Oxford Paper, Lawrence, MA

Client:
Project:
Case:
Client ID:
Matrix:

Result

28
460
7.5
10

31
0.12
64
46

SDG: NIA

Qualifier
J

J
J

U
T/,

Reporting
Unwit
200
200
10
20
200
0.50
400
20

Dilution
1
I
I
I
1
1
1
1

Lab Code: M-MAO30
ETR- 0205050
Lab ID: 020505010
Concentration Units: pg/L

Date Collectec- 0514/02

Date Received 05/15/02

Date

0524/0Analyzed2

05/24/02
05M14/02
05/24/02
05/24/02
05/24/02
05/24/02
05/24/02

-05/24/02

Date

Prepared

05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02
05/23/02

Analytical
Method

6010B
6010B.
6010B
6010B
6010B
7470A
6010B
6010B

AnaystAU
DJL
DIL
DJL
DJL
DJL
DJL
DJL
DJL

J - Below CRDL, Project DL, or EL but greater than or = MDL
U - Te analyte was analyzed for but not detected at the sample specific level reported.
N/A - Not Applicable

0 5 0 2 12 1

375 Paramount Drive, Suite 2. Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@jwhgrp.com111
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chromium
Lead
Ma
Selenium
Silver

I
.. .i

/,

I

N/A
12D
Water
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TCLP Metals

Metcalf & Eddy
Oxford Paper, Lawrence, MA

NIA SDG: N/A
14S
Water 11

Lab Code: M-MA030
ETR: 0205050

- Lab ID:-0205050-1I- ...........

Concentration Units: g/L
Date CoDlected 05/14/02

Date Received& 05/15/02

Client:
Project:

Case-
Client ID:
Matrix:

) F -
Reporting Date Date Analytical

Parameter Result Qualifier Limit Dilution Analyzed Prepared Method Analyst

Arsenic 29 J 200 I 05/24/02 05/23/02 6010DB DJL
Barium 890 200 1 05/24/02 05/2302 6010B. DR.
Cadmnim 16 10 1 05/24/02 05/23/02 6010B DJL
Chromiwn 13 1 20 1 05/24/02 0$/23/02 6010B DJL
Lead 91 200 1 05/24/02 05/23/02 6010B DJL
Memy 0.12 U 0.50 1 05/24/02 05/23/02 7470A DJL
Selenium 41 U 400 1 05/24/02 05/23/02 6010B DJL
Silver 34 20 1 05/24/02 0523/02 6010B DJL

J - Below CRDL, Project DL, or RL but greater than or = MDL
U - The analyte was analyzed for but not detected at the sample specific level reported
N/A - Not Applicable

osl ltl2

114117

b-0

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300. Fax (508) 822-3288. whale@whgrp.com
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r

if teClient:
Project:
Case:
Client ID:
Matrix:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A SDG: N/A
14D (7-
Water 1

Lab Code: M-MA030
ETR 0265050
Lab ID:0-20505013 -

Concentration Units: pg/L
Date Collected: 05/14/02
Date Receive& 05/15/02

Date

Diilntiou

1
I

i
I
I
1

I

Date Analytical
Analyzed Prepared

05/24/02 05/23/02
05/24/02 05/23/02
0524102 05aM/0
05/24/02 05/23/02
05/24/02 05/23/02
OS/24/02 05/23/02
05/24/02 05/23/02
05/24/02 05/23/02

Method

6010B
60108
6010B
6010B
6010B
7470A
6010B
6010B

DJIL
DJL
DJL
DIL
DJL
DJL
DIL
DJL

J - Below CRDL, Project DL, or RL but greater than or = MDL
U - The analyte was analyzed for but not detected at the sample specific level reported.
14/A - Not Applicable

4s0M 1t 23

113/1

!

Parameter

Arsenic
Barium
Cadmnium
Chromium
Lead

Selenium
Silver

Result

27
630
15
9.8
72

0.12
41
17

U "u

U

U
U
I

Reportlng .
U[mft

200
200
10
20
200
0.50
400
20

375 Paramount Drive, Suite 2. Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com

F

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whaie@whgrp.com
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Client:
Project:

Case:
Client ID:
Matrix:
Percent Solid:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A
4S
Soil
79.8

SDG: N/A

Lab Code: M-MA030
ETR 0205050
U ib ID:-0205050-01

Date Collected- 05/13/02
Date Received: 05/15/02

Reportta Date Analytical

Parameter Resaflt Qualifier Limit Diluation Analyzed Unit Method Analyst

Reactive Sulfide 25 U 25 1 05/24/02 mgy/Kg CL7/376.2 MP

N/A - Not Appikicable
U - The analyte was analyzed for but not detected at the sample specific level reportedL

nam me

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Far (508) 822-3288, whale@whgrp.com
154/171
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Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA -.

Case: N/A SDG: N/A
Client ID: 4D
Matrix: Soil
Percent Solid 793

Reporting Date

Lab Code: M-MA030
ET 02050504

Date Collecfe 05/13/02
Date Receive& @515/02

Analytical
Parameter. Resmlt Qualifier Limit Dilution Analyzed Usit Methed Analyst

Reactive Sulfide 25 U 25 1 05r24102 mpfKg Ch.71376.2 MP

N/A - Not Applicable
U - The mnalyte was analyzed for but not detected at the sample speic kvel repote&

I

375 Paramount Drive, Suite 2. Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288. whale@whgrp.com
157/
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Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

Case: N/A SDG: NIA
Client ID: 6S
Matrix: Soil
Percent Solid: 80.1

Reporting

Lab Code: M-MA030
ETR- 0205050

.Li IM.a 20-zos05sor-

/\/ Date CoUcted ICf& 13M02
Date Received& 5/15/02

Date Analyticald
Pmarameter Result Qualifier Limit Dilution Analyzed Unit Method Analyst

Reactive Sulfide 25 U 25 1 05/24/02 mng/Kg CL7/376.2 MP

N/A - Not Applicable
U - The analyte was analyzed for but not detected at the sample specific level reprted.

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Far (508) 822-3288, whale@whgrp.com
155/17'

- a--- --

Sfl9
ra

n



Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

Case: N/A SDG: NIA
Client ID: 6D
Matrix: Soil 1/

Percent Soli& 74.6

Lab Code: M-MA030
ELD 0205050-

Date Coflecte& 0513/02
Date Reccive& 0550

ResultParameter
Retive Sulfide 25

Qualifier
U

Reporting
Limit

25

Date
Dilution Analyzed

I 05/24/02

Unit

mg/Ig

Analtical
Method

CL7/376.2

U
I

Anlyt
MP

N/A - Not Applicable
U - The analyte was analyzed for but not detected at the sanmple specific level eported

I
375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, wvhale@whgrp.co I
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- -- 0 x

r IIP vlU
Client:
Project:

Case:
Client ID: -

Matrix:
Percent Solid&

Metcalf & Eddy
Oxford Paper, Lawrence, MA
N/A SDG: NIA
85
Soil
69.9

Lab Code: M-MA03O
ER 0205050
Ib ID:q20S0s0o --

/ Date Collectc& 0W13/02
Date Receiveck 65l5/02

Reporting Date Analytical
Parameter Result Qualifier Limit Dilution Analyzed Unit Method Analyst

Reactive Sifide 25 U 25 1 05/24/02 mg/Kg Ch7/376.2 MP

WA - Not Applicable
U - The analyte was analyzed for but not detected at the sample specific level repoted.U

375 Paramount Drive, Suite 2, Raynham, MassachuseM 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
156/17
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Client: Met
Project Oxf
Case: NIA
Client ID: SD
Matrix: Soil
Percent Solid: 72.5

calf & Eddy
ord Paper, Lawrence, MA

Result Qualifier

SDG: NIA

Reporting
Um a

Date
Dilution Analyzed

Lab Code: M-MAA30
ETR- O20505 6

Date Colected 05/102
Date Receive d 05/15/02

I Asytical
Unit Method Aalyst

Reactive Sulfide 25 U 25 1 05/24/02 mg/Kg CL71376l M

N/A - Not Applicable
U - The analyte was analyzed for but not detected at the sample specific level reported.

Parameter

I

I

amam Win

375 Paramount Drive, Suite 2, Raynham. Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
159/f
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I
I.

Result

25

calf & Eddy
ord Paper, Lawrence, MA

SDG: N/A

Qualifier

U

Reporting
Limit Dilution

25

Lab Code: M-MAW3
ETR 0205050
La IID: 2050504"7
Date Collected: 05114/02
Date Received& 05/15/02

Date
Analyzed

05/24/02

Unit

mng/Kg

Alyecal
Method Am

Ch.7/376.2

N/A - Not Applicable
U - The amalyte was analyzed for but not detected at the sample specific level reported.

375 Paramount Drive, Suite 2, Raynham, Massachusetr 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
160/171

Client: Met
Project: Oxf
Case: N/A
Client ID: los
Matrix: Soil
Percent Solid: 84.4

Parametw

Reactive Sui
dlyst

MPlfide I



.. ....

Client:
Project:
Case-
Client ID:)
Maurix:
Percent Solid:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

N/A
10D
Son
81.4

SDG: NIA

Lab Code: M-MA030
ETL 0205050
Lab ID. 02050508 . - -

Date CoUCcte& 05402
Date Received- 05/15/02

epor"tg Date Analytical

Parameter Result Qualiffer Limit Dilution Ausalyzed Unit Method Analyst

Reacdve Sulfide 25 U 25 1 05/24/02 mg/Kg CL7/3762 MP

NA - Not Applicable
U - The analyte was analyzed for but not detected at the sample specific level reported.

I
375 Paramounr Drive Sdte 2, Raynham, Massachusetts 02767, (508)822-9300, Fax (508) 822-3288, whale@whgrp.
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Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA
Case: NIA SDG- N/A
Client ID: KIOD
Matrix: Soil
Percent Solid& 81.5

Lab Code: M-MA030
ETR- 0205050
Lab ID: .0205050-W1I

Date Collected 05/14/02
Date Received: 05/15/02

Remisult Qualifier
Reporting
Umit

Date
Dilution Analyzed

AnalytIcal
Unit Method

N/A . Not Applicable
U - The anamlyte was analyzedfor but not detected at the samnple specific level reported.

375 Paramoum Drive Suite 2, Raynham, Massachusetts 02767. (508) 822-9300, Faxr (508) 822-3288, whale@4whgrp.com
164/171

Parameter Analyst

Reactive Sulfide 25 U 25 1 05/24/02 mg/Kg Ch.7/3762 M
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Client:
Project:
Case:
Client ID:
Matrix:
Percent Solid:&

Metcalf & Eddy
Oxford Paper, Lawrence, MA

NIA SDG: N/A
12S
Son
91

Reporting

I I

Date

Lab Code: M-MAO3O
ETR 0205050
Lab 1Dt 0205050-09
Date Collected 0514/02
Date Received: 05/15/02

Analyticsi

Parameter Result Qualifier Limit Dilution Analyzed Unit Method Analyst

Reactive Sulfide 25 U 25 I 0512402 mg/K Ch.7/376.2 MP

I
I

I
17

N/A -Not Applicable
U - The analyte was analyzed for but not detected at hie sample specific level reported.

-" I

375 Paramount Drtv Suite 2,. Raynam, Massachsetts 02767. (508) 822-9300. Fox (508) 822-3288, whale@whgrp.com
162/
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Reactive Slfde

Rectv z Slfde
Result

25

Qualifier

U

Reportlng
Imit

25

Date
Dilution Analyzed

S 05/24/02

Lab Code: M-MAO30
ETR 020505f
Lab ID 820505-10
Date Collected: 05/14/02
Date Received: 05/15/02

Unit

mg/K

Anlydcal
Method

CIL7/376.2

Anlyt
MP*

NIA - Not Applicable
U - The anal t was analyzed for but not detected at the sample specific level reporte&

Client Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

Case: N/A SDG: N/A
Client Ii 12D
Matrix: son v
Percent Solid 88

375 Paramount Drie, Suite 2, Raynham, Massachusetts 02767. (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
163/171
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Client: Metcalf & Eddy
Project: Oxford Paper, Lawrence, MA

Case: N/A SDG: N/A
ClientID: 14S
Matrix: Sol 8w
Percent Solid: 83.6

Lab Code: M-MA030
Em o
Lab ID- 02045012
Date Coected 0514102

Date Received& 05/15/02

Reporting
Result Qualifier LimitPUrmeter

Date
Dilution Analyzed

1 05/24/02

Analytical
Unit Method

mg/WKz Ch.71376.2

N/A - Not Applicable
U - The analyte was analyzed for but ot detected at the samnple specific vel reported.

I
375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Far (508) 822-3288, whale@whgrP.com5
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Client: Met
Project: Oxf
Case: N/A
Client ID: 14D
Matrix: Soil
Percent Solid: 85.1

calf & Eddy
ord Paper, Lawrence, MA

SDG: N/A

Lab Code: M-MA030
ETR: 0205050
Lab ID'0205050-13
Date Collected 05/14/02
Date Received:' 05/15/02

Reporting Date Analytical

Parameter Result Qualifier Limit Dilution Analyzed Unit Method Aunalyst

Rcdfive Sidfide 25 U 25 1 05/24/02 mg/Kg Ch.7/3762 MP

N/A - Not Applicable
U - The analyte was analyzed for but not detected at the sample specific level reported.

375 Paramount Drive, Suite 2, Raynham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com
166/171
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Extractable Petroleum Hydrocarbons by GC/FID

Metcalf & Eddy
Oxford Paper, Lawrence, MA

SDG: N/A

Lab Code: M-MAO30

ETR- 0205066
Lab ID: 0205066-01
Associated Blank: EW0520BI

Matrix: Water Concentration Units: pg/L

Date Date Date Sample Final Date Dilution
Collected Received Extracted Amount (ml) Volume (ml) Fraction Analyzed Factor Analyst

Aromatic 05/22/02 1 MLB
05/15/02 05/17/02 05/20/02 1000 1 Aromatic 05/22/02 MLB

Aliphatic 05/22/02 1 MLB
Extractable Petroleum Hydrocarbons (EPH) Result

Cr,-C,, Aliphatics ' 30 U

C19C, 6 Aliphatics 40 U

C,,-C, Aromatics * 85 U3 Unadjusted C,,-C Aromatics ' 110

3 Target PAHl Analytes Result

Naphthalene 6.2

2-Methyinaphthalene 5.0 U

Acenaphthylene 5.0 U
Acenaphthene 5.0 U1 Fluorne 5.0 U
Phenanthrene 16

Anthracene 5.0 U

SFluoranthene 6.9

Pyrene 6.0

Benzo(a)anthrancene 5.0 U

3 Chrysene 5.0 U
Benzo(b)fluoranthene 5.0 U

Benzo(k)fluoranthene 5.0 U

Benzo(a)pyrene 5.0 U

Indeno(1,2,3-cd)pyrene 3  5.0 U
Dibenzo(a,h)anthracene' 5.0 U

Benzo(gbi)perylene 5.0 U

SRange concentration excludes the concentration of any surrogate(s) and/or internal standards eluting in that range.
CI I-C22 Aromatic Hydrocarbons exclude the concentration of Target PAH Analytes.
Values reportid reflect their sum.

i Acceptance
traction Sunogate % Recovery Range (*%)
Ipha Androstane 109 40-140

ortho-Terphenyl 76 40-140
&actionation Surrogate

I phenyl
WFluorobiphenyl

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

40-140
40-140

U 0==l204

20/5Z

Client:
Project:

Case:
C'l t I-

N/A
7E te

375 Paramount Drive, Suite 2. Ravnham, Massachusetts 02767, (508) 822-9300, Fax (508) 822-3288, whale@whgrp.com



4k t
Client:
Project:

Metcalf & Eddy
Oxford Paper, Lawrence, MA

Case: NIA
Client ID: 7E water
Matrix: Water

SDG: N/A

Date Collected Date Received Date Extracted Date AnalyzedI

05/15/02 05/17/02 05/20/02 05/21/02

Sample
Amount (rl)

970

Parameter

Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Arodclor 1254
Aroclor 1260
Aroclor 1262
Aroclor 1268

Lab Code: M-MAO30
ETR: 0205066

Lab ID:- 0205066-01

Associated Blank: PWOS20BI

Concentration Units: pgIL

Final
Volume (ml) Dilution Factor

10 1

Result

Analyst

DMB

1.0 U
1.0 U
1.0 U
1.0 U
1.0 U
1.0 U
1.0 U
1.0 U
1.0 U

Surrogate
Tetrachloro-meta-xylene
Decachlorobiphenyl

% Recovery
90
70

Acceptance
Range (%)

30-150
30-150

U - The analyte was analyzed for but not detected at the sample
specific level reported.
N/A - Not Applicable

0t2202 11 3 j
375 Paramount Drive, Suite 2, Roynham, Massachusetns 02767, (508) 822-9300, Far (508) 822-3288, whale@whgrpcom
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EPHITPH
SAMPLE INFORMATION

ETR Number: O -ZOs );D

CERTIFICATION

Were all QA/QC procedures REQUIRED by the EPH Method followed?

Were all perfonnancelacceptance standards for dithe required QA/QC procedures achieved?

Were any significant modifications made to the EPH method, as specified in Section 113?

ds o *

Oles *

ne

S- £PH Meiod MAfod gations:
1. The fllowing soil exracion method may be used: PFE-Pressnrized Fluid Extracion Method 354$ SV846 Fwal Update III

12/196.
2. 3-Alpha-androstane is substiuted for the aliphatc etraction surrogae cdhloro-ocadecne.
3. Biphenyl is substitutedfor thefractionation surrogqte 2-bromonaphamlene.

* See Narrative poaton of report for details.

I anest under the pains andpenalties ofperusy that based upon my inquiry of those individuals immediatef responmblWe
for obtaining the information, the material contained in this report is, to the best of my knowledge and belief. accurate and
complet

SIGNATURE: 2/f - ,l )

PRINTED NAME: (4 F- S l

POSDATE: /A (o'"

D)ATE: fof D

Client:
__________ 1) )

Matrix: [] Aqueous Soil [Sediment I0 Other

Containers: P Satisfactory OBroken OLeaking

Aquous [J A [ pH 5 2 0 pn>2

Temperature: Received on ice m Received at 40 C (+ 2C) Other

Extraction Method: Water. -Liq/Liq (3520C) ] Sep Funnel (35 OC)
Soil: Sonication (3550) PFE (3545)

Comments:

. Woods Hole Group Esviromental Laboratories 37S Paramount Drive - Suite 2 - Rayabam, MA 02767 Tel. (50S) 822-9300

RPoTR-nTEMP ATE HcEATr.DOC 01054S EM? 591171
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Memorandum

PROJECT NO: 3S6000 06.00089 DATE: July 10, 2002
TO: kitfRWaper-SitRFilt(BTSA) OFFICE: Wakefield

FROM: S. Harvey COMPANY: Metcalf& Eddy, Inc.
REVIEWED BY: L. Krowitzjr'

CC: B. Weir, N. Thurber (memo only)

SUBJECT: Limited QC Review/Modified Tier II-Like Review
EPH, Priority Pollutant Metals, TCLP Metals, and/or Reactive Sulfide
Analytical Results
Woods Hole Group, Raynhamn, Massachusetts
ETR No. 0205050

On May 13 and 14, 2002, thirteen soil samples were collected at the Oxford Paper Brownfields
Targeted Site Assessment (BTSA) site, located in Lawrence, Massachusetts by Metcalf & Eddy,
Inc, (M&E) field personnel. The sampling was performed as part of the BTSA Response Action
Contract (RAC) Work Assignment (WA) #106-SIBZ-01ZZ. The samples were submitted to
Woods Hole Group, located in Raynham, Massachusetts for the analysis of Extractable
Petroleum Hydrocarbons (EPH) using the Massachusetts Department of Environmental
Protection (MADEP) Method for the Determination ofExtractable Petroleum Hydrocarbons
(EPH), January 1998; Priority Pollutant Metals using EPA SW-846 Methods 3050 and 6020;
Toxicity Characteristic Leaching Procedure (TCLP) Metals using SW-846 Methods 1311,
6010B, and 7471A; and/or Reactive Sulfide using SW-846 Method, Chapter 7, Section 7.3.4. All
samples were received by the laboratory on May 15, 2002. The data package was received in the
M&E office on June 6,2002.

M&E reviewed the data in accordance with the EPA-approved Final Field Task Work Plan for
the site, and the guidance received from EPA Work Assignment Manager, Mr. James Byme, in a
September 17, 1999 letter to formner M&E Work Assignment Manager, Barb Wyskowski. The
data review included:

* * Data Completeness
* - Preservation and Technical Holding Times

NA GC/MS and GC/ECD Instrument Performance Check
* * Initial and Continuing Calibrations

* Blank Analysis Results
* * Inductively Coupled Plasma (ICP) Interference Check Sample Results

* * Surrogate Compounds
* * Internal Standards

* Matrix Spike (MS) Recoveries



EPH, Priority Pollutant Metals, TCLP Metals, Reactive Sulfide

ETR No. 0205050
July 10, 2002

*S

*

*

NA

NA
NA

Page 2

Laboratory Duplicate Sample Results
Field Duplicate Sample Results
Laboratory Fortified Blank (LFB) and/or Laboratory Control Sample (LCS)
Results
Furnace Atomic Absorption Results
ICP Serial Dilution Analysis Results
Compound Quantitation and Reported Quantitation Limits
Semivolatile and Pesticide/PCB Cleanup
Performance Evaluation (PE) Sample Results

- All criteria met for this parameter
S Not applicable and/or no information was provided by the laboratory

Note: Worksheets are not included for parameters that have met criteria or for criteria that are
not applicable to the method and/or to the modified Tier U-like review.

Included in Attachment I is a copy of the chain-of-custody (COC) record. Included in Attachment
II are the result summary sheets, annotated with qualifiers, if necessary, as detailed in this
memorandum. Included in Attachment I are the data validation worksheets.

The Reactive Sulfide results are acceptable for use without qualification.

Blank Analysis Results

Priority Pollutant Metals

A review of laboratory blank analysis results indicates the presence of contamination for the
priority pollutant metals analytes in the samples listed below.

Analyte Max. Blank Action Affected Samples/Action
Cone. Level (BAL)
(pg/L) (mg/kg)*

chromium 0.019 0.0095 - None. All sample results are >BAL

selenium 0.25 0 125 Qualify the reported value as nondetect "U" in
priority pollutant metals sample 4S, 6D, 8S, SD,
10S, 10D, KIOD, 12S, 12D, 14S, and 14D.

silver 0.029 0.0145 None. All sample results are >BAL.

thallium 0.096 0.048 None. All sample results are >BAL

vanadium 0.068 0.034 None. All sample results are >BAL.

* The sample-specific preparation factors, dilutions, and percent solids were taken into account when

evaluating blank contamination.

J:/ne/brwnfld/oxford/data ivak/2505.soil ephmetals wpd



EPH, Priority Pollutant Metals, TCLP Metals, Reactive Sulfide
ETR No. 0205050
July 10, 2002

Page 3

The blank contamination validation actions include:

* concentration s blank action level; qualify the reported value as nondetect (U)
* concentration > blank action level; report the value unqualified.

TCLP Metals

A review of laboratory blank analysis results indicates the presence of contamination for the
TCLP metals analytes in the samples listed below.

Analyte Max. Blank Action Affected Samples/Action
Con. Level (BAL)(PgtL) 6 1 /L)

barium 130 650 Qualify the reported values as nondetect (U) in
TCLP Metals samples 4S, 4D, 6S, 6D, 8S, 8D,
10S, 10D, KIOD, 12S,12D, and 14D.

lead 44 220 Qualify the reported values as nondetect (U) in
TCLP Metals samples 10S, 10D, 12S, 12D, 14S,
and 14D.

selenium 60 300 Qualify the reported values as nondetect (U) in
I I I TCLP Metals samples 6S, 6D, 10D, and 12D.

The blank contamination validation actions include:

* concentration s blank action level; qualify the reported value as nondetect (U)
* concentration > blank action level; report the value unqualified.

Matrix Spike Recoveries

EPH

The EPH compounds for soil samples that did not meet acceptance criteria of 40-140 percent
recovery (%R) in matrix spike sanmple 10D, indicating possible matrix interference, are
summarized in the table below:

Compound Spiked Sample Matrix Spike Affected Samples/Action
Sample Result VoR
Result (pg/kg)

fluoranthene 13,000 2,700 163 Estimate (J) positive fluoranthene result in this

f _ _ I _ I I_ I~ sample.

J:./ne/brwnflds/oxford/data val/205050.soil.ephmetals wpd



EPH, Priority Pollutant Metals, TCLP Metals, Reactive Sulfide
ETR No. 0205050
SJuly 10, 2002

Page 4 1

Compound Spiked Sample Matrix Spike Affected Samples/Action
Sample Result %R
Result (pg/kg)

pyrene 13,000 2,600 168 Estimate (3) positive pyrene result in this

S 1 j 2 sample.

Priority Pollutant Metals

The low level priority pollutant metals analytes for soil samples that did not meet acceptance
criteria of 75-125 percent recovery (%R) in matrix spike sample 10D, indicating possible matrix
interference, are summarized in the table below:

Laboratory Duplicate Sample Results

Priority Pollutant Metals

The priority pollutant metals analyte that did not meet acceptance criteria of relative percent
difference (%/oRPD)<20 in soil sample 10D is summarized in the following table:

Field Duplicate Sample Results

Priority Pollutant Metals

The following table summarizes the priority pollutant metals analytes that did not meet
acceptance criterion for relative percent difference (RPD) of <50% in field duplicate samples
10D and KIOD:

J:/ne/brwnflds/oxforddata_val/0205050.soil ephmetals, wpd

Analyte Spiked Sample Matrix Spike Affected Samples/Action
Sample Result %R
Result (mg/kg)

antimony 1.1 0.33 24 Estimate (J) the positive antimony results
in all priority pollutant metals samples.
Samle results may be biased low.
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Analyte Sample Result Duplicate Sample %RPD Affected Samples/Action
(mg/kg) Result

arsenic 7.7 64% Estimate the positive arsenic result in all
priority pollutant metals samples. A bias
could not be determined.

The following table summarizes the EPH compounds that did not meet acceptance criterion for
relative percent difference (RPD) of<50% in field duplicate samples 10D and KIOD:

Compound Sample Duplicate %RPD Affected Samples/Action
Result Sample Result
(mg/kg) (mg/kg)

C1,-C3, aliphatic 14,000 4,800U NC Estimate (1) the positive CI,-C, aliphatic
result in field duplcate samples 10D and
estimate (IJ) the nondetect C,9C,
aliphatic result in field duplicate sample
KI OD. A bias could not be determined.

C,,-C , aromatics 35,000 60,000 53% Estimate (J) the positive C,,-Cn aromatic
result in field duplicate samples 10D and
KIOD. A bias could not be determined.

unadjusted C,,-C, 58,000 110,000 62% Estimate () the positive unadjusted C,-
aromatics C, aromatic result in field duplicate

samples 10D and KIOD. A bias could not
be determined.

acenaphthene 780 590U NC Estimate (J) the positive acenaphthene
result in field duplcate sample 10D and
estimate (UJ) the nondetect acenaphthene
result in field duplicate sample KI OD,. A
bias could not be determined.

fluorene 800 ' 590U NC Estimate (J) the positive acenaphthene
result in field duplcate sample 10D and
estimate (UJ) the nondetect acenaphthene
result in field duplicate sample K 10D. A
bias could not be determined.

phenanthrene 2,700 5,800 73% Estimate (1) the positive phenanthrene
result in field duplicate samples 10D and

. .. .. . KIOD. A bias could not be determined.

J:/nre/brwnflds/oxford/data_va/O2OSOSO.soitlephmerals.wpd
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ETR No. 0205050
July 10, 2002

Compound Sample Duplicate %RPD Affected Samples/Action
Result Sample Result
(mp/kg) (mg/kg)

anthracene 930 1,900 69% Estimate (3) the positive anthracene result
in field duplicate samples 10D and KIOD.
A bias could not be detennined

fluoranthene 3,700 7,900 72% Estimate (J) the positive fluoranthene
result in fiekl duplicate samples 10D and
Kl0D. A bias could not be determined.

pyrene 3,600 7,500 70% Estimate (3) the positive pyrene result in
field duplicate samples 10D and KIOD. A
bias could not be determined.

benzo(a) 1,900 4,300 77% Estimate (3) the positive benzo(a)
anthracene anthracene result in field duplicate samples

10D and KIOD. A bias could not be
determined.

chrysene 2,500 4,400 55% Estimate () the positive chrysene result in
field duplicate samples 10D and KI0D. A
bias could not be determined.

benzo(b) 2,000 4,500 77% Estimate (J) the positive benzo(b)
fluoranthene fluoranthecne result in field duplicate

samples 10D and Ki0D. A bias could not
be determined.

benzo(a) pyrene 1,800 3,500 64% Estimate (3) the positive benzo(a) pyrene
result in field duplicate samples 10D and
KIOD. A bias could not be determined.

indeno(1,2,3-cd) 1,900 3,300 54% Estimate () the positive indeno (1,2,3-cd)
pyrene pyrene result in field duplicate samples

10D and K0ID. A bias could not be
determined.

dibenzo(a,h) 1,900 3,300 54% Estimate (J) the positive dibezo(a,h)
anthracene anthracene result in field duplicate samples

410D and KIOD. A bias could not be
detennined.

The positive fluoranthene results in samples 10D and KI O0D were previously qualified as
estimated (J) due to poor matirx spike recovery. Therefore, no further action is taken on the

fluoranthene results due to poor field duplicate sample results.

J:/ne/brwnflds/oxford/dataval/O2500.soilephmetals.ivpd
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Laboratory Control Sample (LCS) Results

EPH

The following table summarizes the EPH compound that did not meet acceptance criteria of
percent recovery (%R) of 40-140%:

Compound %.R Affected Samples/Action

naphthalene 37% Estimate (J) positive result in samples 4D, 6S, 6D, 8D, 12D,
14S, and 14D. Estimate (UJ) the nondetect result in samples
4S, &S, 10S, 10D, KIOD, and 12S. Sample results may be
biased low.

Compound Quantitation and Reported Quantitation Limits

EmL

The laboratory performed a laboratory duplicate analysis on soil sample 10D. The laboratory
duplicate sample results were detected at higher concentrations for all but one EPH compound
than those concentrations detected in the original analysis of sample 10 OD. As a conservative
measure, the data validator chose to report the laboratory duplicate sample results instead of the
original analysis results of sample 10D.

Priority Pollutant Metals

The following table summarizes the priority pollutant metal- results that are less than the sample-
specific report limit (RL) but greater than the method detection limit (MDL) and were not
previously qualified as estimated (J) due to quality control parameters discussed above. The
listed results are qualified as estimated (J) due to uncertainty in the quantitation near the RL:

S Analyte Affected Samples/Action

selenium 8D, lOS, 12D

The positive selenium result in sample SD, 10S, and 12D were previously qualified as nondetect
(U) due to blank contamination. The results are further qualified as estimated, nondetect (UJ) due
to blank contamination and uncertainty in quantitation.

J:/rnelbrwnflds/oxford/dataval/0205050 .soilephmetals wpd
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TCLP Metals

The following table summarizes the TCLP metal results that are less than the reporting limit (RL)
but greater than the method detection limit (MDL) and were not previously qualified as estimated
(J) due to quality control parameters discussed above. The listed results are qualified as estimated
(J) due to uncertainty in the quantitation:

Analyte Affected Samples/Action

arsenic 4S, 4D, 8S, 12D, 14S

barium 4D, 6S, 6D, 8S

cadmimn 6D, 12S, 12D

chromium 4S, 4D, 6D, 12D, 14S

lead 10S, O10D, 12S, 121D, 14S, 14D

selenium 6S, 6D, 10D, 12D

silver 4S,4, 64D, S, S, 8D, 14D

The positive results for barium, lead, and selenium in all samples listed above werempreviously
qualified as nondetect (U) due to blank contamination. These results are further qualified as
estimated, nondetect (UJ) due to blank contamination and uncertainty in quantitation.

J:/ne/brwnfldsloxford/data vaO20505.soiLephmetals.wpd
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REGION I ORGANIC DATA VALIDATION

The fobllowing data package has been validated

Lab Name i 3 \ t 6
pz,*-ad~ojee-Ne. 2SO1t I

SDG No.
No. of Samles/Marix A

SOW/Method No. &
Sampling Daze(s) a 4o f2.a
Shipping Dasc(s) %*fe
Dam Rec'd by lab.

Trafflc Report Sample Nos. ' 4L (a. s(o if a1 1. /D /

* Trip Blank No.
Equipment Blank No.
Bottle Blank No.
Field Duplicate Nos. Z III / I)
PES Nos. rtr-c

The Retion I, EPA-NE Data Validation Functional Guidelines for Evaluatins Environmental Analyses,
revision was used to evaluate the data and/or approved modifications to the EPA-NE
Functional Guidelines were used to evaluate the data and are attached to this cover page: (attach modified
criteria from EPA approved QAPjP or amendment to QAPjP).

A Tier II or Tier II evaluation was used to validate the data (circle one). If a Tier II validation with a
partial Tier I was used, then identify samples, parameters, etc. that received partial Tier II validation

The data were evaluated based upon the following parameters:

l.-

O--

C--

C

Overall Evaluation of Data - Field Duplicates
Data Completeness (CSF Audit - Tier I) -- Sensitivity Check (.1/5)
Preservation & Technical Holding Times 4- PE Samples/Accuracy Check
GC/MS & GCIECD Instrument Performance Check- Target Compound Identification
Initial & Continuing Calibrations /Compound Quantitation and Reported
Blanks Quantitation Limits
Surrogate Compounds A# - TICs
Internal Standards p - Semivolatile and Pesticide/PCB Cleanup
Matrix Spike/Matrix Spike Duplicate - System Performance

i I
eJWuU e LftAIoUUM U U :UA LIL.

A - Acceptable Data
J - Numerical value associated with compound is an estimated quantity.
R - The data are rejected as unusable. The R replaces the numerical value or samnp qumantitation limit.
U - Compound not detected at that numerical sample quantitation limit.
UJ - The sample quantitation limit is an estimated quantity.
71TB3, BB, EB - Compound detected in aqueous trip blank, aqueous bottle blank, or aqueous equipment
blank associated with soillsediment samples.

V:didator's Name ,M_ v4< -Company Name -t,4& .1 Phone Number 2!a

Date Validation Started i((, 6 - Date Validation Completed 4

12/96

Reeec .o --L^r'. e
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Check if all criteria are met and no hard copy worksheet provided. Indicate NA if worksheet is not applicable
to analytical method. Note: there is no standard worksheet for System Performance, however, the validator
must docuent all system performance issues in the Data Validation Memorandum.

VQipWV worksheets:

VOAISV-Pest/PCB
VOAISV-Pest/PCB-I
VOA/SV-ll
VOA/SV-Ill
VOA/SV-IV
VOA/SV-Pest/PCB-V-A
VOA/SV-PestPCB-V-B
VOA-VI
SV-VI
VOA/SV-Vll
VOA/SV-Pest/PCB-VIII
VOA/SV-Pest/PCB-IX
VOAISV-Pest/PCB-X
VOA/SV-Pest/PCB-XI
VOA/SV-Pest/PCB-XII
VOA/SV-Pest/PCB-XIII
VOA/SV-XIV
VOA/SV-XV
TABLE II-WORKSHEET

COMPLETE SDG FILE (CSF) AUDIT
PRESERVATION AND HOLDING TIMES
GC/MS INSTRUMENT PERFORMANCE CHECK (TUNING)
INITIAL CALIBRATION
CONTINUING CALIBRATION
BLANK ANALYSIS
BLANK ANALYSIS
VOA SURROGATE SPIKE RECOVERIES
SV SURROGATE SPIKE RECOVERIES
INTERNAL STANDARD PERFORMANCE
MATRIX SPIKE/MATRIX SPIKE DUPLICATE
FIELD DUPLICATE PRECISION
SENSITIVITY CHECK
ACCURACY CHECK
TARGET COMPOUND IDENTIFICATION
SAMPLE QUANTITATION
TENTATIVELY IDENTIFIED COMPOUNDS
SEMIVOLATILE CLEANUP
OVERALL EVALUATION OF DATA

Pes, workshee ts :

VO -PestfPCB COMPLETE SDG FILE (CSF) AUDIT
VOA/SV- -I PRESERVATION AND HOLDING TIMES
Pest/PCB-llA GC/ECD INSTRUMENT PERFORMANCE CHECK-

RESOLUTION
B IIA OC/ECO INSTRUMENT PERFORMANCE CHECK-Pest/PCB-IIB GC/ECD INSTRUMENT PERFORMANCE CHECK-

RETENTION TIMES --
Pest/PCB-IIC " ECD INSTRUMENT PERFORMANCE CHECK-

AC CY CHECK OF INITIAL CALIBRATION
PesV/PCB-IID GC/ECD UMENT PERFORMANCE CHECK-

PESTICIDE D ATION
Pest/PCB-II INITIAL CALIBRA N
Pest/PCB-IV CONTINUING CALIB ON
VOA/SV-Pest/PCB-V-A BLANK ANALYSIS
VOA/SV-PestlPCB-V-B BLANK ANALYSIS
Pest/PCB-VI SURROGATE COMPOUNDS:

SPIKE RECOVERIES AND RETENTION E SHIFT
Pest/PCB-VII PESTICIDE CLEANUP
VOA/SV-Pest/PCB-VII. MATRIX SPIKE/MATRIX SPIKE DUPLICATE
VOA/SV-Pest/PCB-IX FIELD DUPLICATE PRECISION
VOA/SV-PestPCB-X SENSITIVITY CHECK
VOA/SV-Pest/PCB-XI ACC1ORACY CHECK
PestiPCB-XII COMIOUND IDENTIFICATION
VOA/SV-Pcrst/PCB-XII SAMPLE QUANTITATION
TABLE II-WORKSHEET OVERALL EVALUATION OF DATA

I certify that all criteria were met for the worksheets checked above.

Signature: ,4. ~ ,.

( o tfs1

4K-

Date:

12196

I

Name: 5#u d_. ,.
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Region I
Data Review Worksheet

Site Na re: 0P ,c_ eI.- ,,-.,k hsi
Reference Number:;t. o .. o

REGION I REVIEW OF INORGANIC
CONTRACT LABORATORY DATA PACKAGE

The hardeopied (laboratory name) Q M 6 re data package received at Region I has been
reviewed and the quality assurance and performance data summarize&d. The data review included:

- DO 05 O D SAS No. Sampling Date (s) 51t, , 1o.
;DG No. -Matrix . , Shipping Date (s) 5~ 1 Joo2.

No. of Samples 1, Date(s) rec'd by lab / tf52..

Traffic Report Numbers

Trip Blank No.:
Equipment Blank Number:
Field Duplicate Numbers:

SOW No.4 requires that specific analytical work be done and that associated reports be provided
by the laboratory to the Regions, EMSL-LV, and SMO. The general criteria used to determine the
performance were based on an examination of

6/ -Data Completeness -Field Duplicates
& -Holding Times C-Lab Control Sample Results

S-Calibrations 1  -Furnace AA results
S-Blanks -ICP Serial Dilution Results

-ICP Interference Check Results '-Detection Limit Results
S-Matrix Spike Recoveries -Sample Quantitation
-Laboratory Duplicates

Overafl Comments: Ap(p - 3 <O (o o-fr s6bA- hEi
5'Se Ac<. r.A , . , - . -

Definitions and Qualifiers:
A - Acceptable data
J - Approximate data due to quality control criteria
R - Reject data due to quality control criteria
U - Ana.te not detected

RvwrDe ,G( ( 4 -Z-

y 41, it1 " # a to loo0, 121$,2-0, I<'soo U4itq

} Ol) l g

Rehewer: Date:



Region I

Inorganic Data Review Worksheets

IV A. BLANK ANALYSIS RESULTS (Sections 1-3)

List the blank contamhaion in sections I and 2 below. A separate worksheet should be used for soil and
water blanks.

1. Laboratory Blanks Matrix: CO II.

DATE: ICBICCB# PREP BL ANALYTE CONC.iU

2. Equipment/Trip Blanks

DATE: EQUIP BL I ANALYTE CONC./UNrIT

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix, for every 20
samples, and for each digestion batch? No

B. Was a calibration blank run at the beginning of the run, and
every 10 samples or ery 2 hours whichever is more frequent? Yes or No

If no, the data may be affected Use professional judgment to determine the severity of the effect and
qualify the data accordingly. Discuss any actions below, and list the samples affected

U

ITS

zIE
M .0 

)

,6I4

I!

rf.

S
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1V B. BLANK ANALYSIS RESULTS (Secm -:

4. Blak Action

Ih Akcon Level for an a m Ls mnal to 5'X ti Inghest conam non of t~ amae on a any blan Use
X the absoium valu for my negare blank resht The Amon Level for wm have ten cancenamd

or dilmd should be natuiad by the rnummnilmon ctwr. No coseve esan ould be reco uniess
the co~namon of the a mne a the samwi xceIs the A ion Level iALs for that am . Soeaic acnons are
as follows:

Whe :he concemruon s er than the DL. zut :ess :han e Acnen .e:. -eon -ne samme
ncelmanon deecd wt a L

2. ha"noo samie =cemranon s treaTer =an :2e 4.-on ..e:::. -cr :: mamete :Dntranon
uinandiified

ELEMENT

-- 4-n-x
NL{X. CONC.

t.NrS

o ?! ,

o.qAL

o0, dD I_.
0°as.

11rst.__
...2 IE'N

U NOTE: Blanks analyzed during a soil case must be converted to mw/kg in order to compare them with the sample
results.

con. in ug/l X Volume dilued to (20oml'X IL X lOOO X Ime = mkg
Weight dicpsted (Igram) 1000ml [kg 1000ug3Multiplyiniig this result by S to arve at the Action Level gives a final result in mgkg which can then be compared

to sample results

I6 . ' t,*r

.LA:, CONC. i.7
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Region I
Inorgamnic Data Review Worksheets

VI. MATRIX SPIKE

TR# IOD Matrix: So I

1. Recovery Criteria

List the percent recoveries for analytes which did not meet the required criteria.

amount of spike added
spiked sample result
sample result

Cc- 5 41 ,-c

-acto
ANALYTE SSR SR S %R ACTION

. _,.____ U. 777 F'I 'I

Matrix Spike Actions apply to all samples of the same matrix

ACTIONS:

1. Ifthe sample cncentration exceed the spike concentration by a factor of 4 or more, no action
is taken.

2. If any analyte does not meet the %/oR criteria, follow the actions stated below:

PERCENT RECOVERY

< 30%

Positive Sample Results
Non-detected Results

2. Frequency Criteria

30%/-74% >125%

J
S A

Yes 
o No

Yes o No

A. Was a matrix spike prepared at the required frequency?
B. Was a post digestion spike analyzed for elements that did

not meet the required criteria for matrix spike recovery?

A separate worksheet should be filled out for each matrix spike pair.

*1a

S
SSR
SR

U

I
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Region I
Inorgamnc Data Review Worksheets

VIL LABORATORY DUPLICATES

list the cncentrations of any analyte not meeting the criteria for duplicate precision. For soil duplicates, calculate the CRDL
u mg/kg using the sample weight, volume and percent solids data for the sample. Indicate what criteria was used to evaluate
precision by circling either the RPDor CRDL for each element

Maix:4

CRDL SAMPLE # DIPLICATE #

EMN1DITE Ohb- RPD ACTION
WATER SOIL

-Z nw- -

Aluminum 200

Antimony 60

Arsenic 10
Barium 200

Beryllium 3

Cadmium 5

Calcium 5000

Chromium 10

Cobalt 50

Copper 25

Iron 100

Lead 5

Magnesium s0o
Manganese 15

Mercury 0.2

Nickel 40.

Potassium 5000

Selenium 5

Silver 10

Sodium 5000

Thallium 10
Vanadium 50

Zinc 20

Cyanide 10

Labotory duplicate actions should be applied to all other samples of the same matrix t)pe

ACTION:

1. Estimate (J) positive results for elements which have an RPD > 20% for waters and > 35% for soils.
2. If sample results are less than 5X the CRDL, estimate (J) positive results for elements whose absolute difference is >

CRDL (2X CRDL for soils). If both samples are non-detected, the RPD is not calculated (NC)



List the canc~zraions ofail analvtes m the field dulica pair. For soil dupicars micuiam the CRDL in mwkg usmg the
sampi t vaoime and peact solids ca for dhe sampi icate what crivum nwas use to evalase oreas av ctin
either the RPD or CRDL reach een

CRDL SAMPLE I DUPLICATE 1.Oifi

C48ML Ti

E. .L !s ACT16

"L.E N z o 2. 4, . n - . .. .EDCT

WATER

Anomonv t4487
"" se. .. I., to : J 7.7 ( TL+')_

-Arsauc .0 -7______________________

Barium ZOo !3
servusu.m 4 <, -
Cadmiun . .
Calcaim J v _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _

enpMmium to- 18 1 k-
Cob9t 30- -
cown so 6:iK " : ,... -
C opper 5 i. 3 53 i -:5. o
Iu j o to I -
Lead 5 D. bl.~' L ki -.

us - oo eo ,-
Manysim Ms

Maemy o. 0., 0: * "--
Nickel 40

' __. ____ __ _ _ ____._ _._ __..___ __ ,__ __ ___I__ __-.

s en s ou. .o.0 o 0 37 bl
silver to oopil.o '-

Sodia 5000 -Wpnin .. to 0 4 0,t 3

S...r. _ -. -I I . o

Vm,.,m. 500 5 °
_ _ _ __ ..__"- I_, __ "

-eam 5 ~ 0 'I " p!4..

Cyanide 10 A --.

Field duplicate aons should be applied to all oner samples of the-imatrix tpe.

ACTION:

I. Estimate (1) positive results far elements which have an RPD > 30% for watrs and > 50% for soils.
S Ifsample results am less than SX the CRDL stitae (J positive results for anahtes whoe absohue difference is >

2X CRDL (4X CRDL far soils), If both samples are non-detected, the RPD is not calculated £NC).

I

i
I
I
I

I

I
I
I
I

Region I
urganc Data Renew Woiks~s

VIL FIELD DUPLICATES
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X . 2iDUCTIFTLY COUPLED PLASMA IC7) SERIAL DLUTON ANALYSIS

:eraz znms wee seco-rmea Or mmr ad resuas ofe ailam same amuss aarec
m 0= :0% ofte onm un&imd airs s. -

ea-.ax iuam was ac Derormed Sr the -aownw:

.:ena unmws were rrmet uanaivucai eswis &di mact ame wtn = :0% r an l wte
:-cmn-am ns eamrer-an 50X :he IDL oero diiuman.

Recrt ad --mas eiow tar o nct mee me -ecnrec :aooratr : ra -er IC? ser-at niumcn anaivsis

%u. (o0)\ 7.. . -;--.J- 'D, , T, , " I - . .
, :.'. " . ,- - -

3an-'m

.m 5 0.0 , U1

Caic-um

C'aramum
Cocait I
COD=

Camo I I (I

.. 3..= I I i _ I I •

Lad I I I-Mapes=n __I ___

Nickel _ __ _ II
Potessium I I

silve I o I 2. .0 .o -----

Vana um 1 I - I i
Acin A s o

Acions annlv to all samoles of the same mat= ..

ACTIONS:

z. Esn.ate ) all Dosive results and U) all nacndetecas :he " D > 15'o.

Vim-i-re- I



Region I
Inorganic Data Review Worksheets

XII. SAMPLE QUANTITATION (continued)

List the positive sample results that were ported at cnc trtions less than 3WL and have not already
ben qualified. The positive results have been estimated (J) due to uncetainty in the quantitation aperthe
.1L-

Samples Affected

q! Lit 13 15 3 I aj142 V)

I jzeq,w

cd; Io D D

An

5e,



D R evw WorkeeData Review Worisneec
Site Namet tZO&Lt 000 boo LA

REGION I REVIEW OF INORGANIC
CONTRACT LABORATORY DATA PACKAGE

The harat w fauarv anij ame OM & a pacKae -eceve a Rem a i as De
evrwen anme cnautv assurance amnerformanata -ne ata revew macnde

.4 as
SDC No.
No. ofSammes

0?05650

. 34

SAS No.
Marstm

Samniiag Date s i
Shmiomg Date is)
Datmes I reei -y !au

T-ainc Reacc Nuracer

T:o 3lan.c Nc..
--umnent 3lanic Numer
F;e;d DuviicaeNumobers: jOb) Y oi>

SOW No. - reoui s that specific anai-ncai w-.ork be done and that associated reacrs be provided-
by the laboratory to the Regicons. EMSL-LV. and SMO. The general critenria used to determne be
peribformance were based on an examination of

-Data Completness
-Holding Tunes

1 -Calibrations
-Blanks

Y-ICP Intererence Check Results
/-Mautrix Spike Recoveries

,O/-Laboratory Duplicates

J-Field Duplicates
&,L)ab Control Sample Results
pD-Fumace AA results

-ICP Serial Dilution Results
-Deection Limit Results

4-Sample Quantitaion

Overall Comments: kc0(#L Iblo 4"&we1 k.4og.S6-

- _. LI-_ p A _ 64r _-i -M L. - f M& Utz -(VA f boo 1, ha9 e <e e t 95

SDeFmitiaas and Qualifiers:
A - Acceable data
J - ApproMMximate da ue to quality control oirea
R - Reject data due to quality control c--neria
C - Anahie co detected

Reviewer: Dare

1_islyq.
9... y

I 
IL 

, t0 

, r

I ' 1. - o' . I l l

Date: O96Reviewer:
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IV A. BLANK ANALYSIS RESULTS So s 1-'

:. -ne mK --.amm nmn D secais - 0 ' Oeiw A searam o-OSE shouid be used ,-r soi =a
waer oianis.

. Laboraory Bmanks

[CB/CCB"=

CLt'

?REP BL

Mzarix:

AN.Ar:

V

. EquipmenuTrip Blanks

EQUIP BL = ANALI5

CONC. -NTrS4L

I

UOo,
6Z., ;BO:J ,,i

DATE.

3. Frequency Requirements

A. Was a preparation blank analyzed for each marix, for evoery 20

samples, and for each digestio batch? e No
B. Was a calibration blank rnm at the beginning of the run, and

evey 10 samples or evpy 2 hours whichever is more frequent? - No

If no. the data may be affected. Use professional judgment to determine the seventy of the effect and
qualify the data accodingly. Discuss any accns below, and li the samples affectek

CONC.. UNISCONC. LY.1T'S

I
I

DATE:

DATE-:

, t



loargme D=a Revew Wokd ns

IV B. BLANK ANALYSIS RESULTS fSecna -1

4. Blnmk.Acio

Tie Aczon Lvefor a r anamiv zs anl m X the Inghes m- of dis anate M'o n many b ant Use
5)X the ah vaoin for ny ~ in rtsaiLsU T .AconLxve b1 P smai wibnch Iave bee
or diaed sookd be ran br the cmxumunid t innon facnr. No csve rest sholid rcmord Uniess
th: coc io of the aNt dhe sat c eseets the Action LUvel #AL) for that ate Spcdic cboUs are
as follows:

L %-bmen the conemzoon !s reer than the IDL -,a ,ess n he a-on ..-. L e~-o re samie

. When Zbe smvie mncennon is reaer bthan -he .non .re-. :cr-z ;amie .ontnon
uiduialified

-NIa -.-. ,
MA'X CONC.

o30

(Po

MLAX CONC
L..%"TS

t-?rs

?ioo

NOrE: Blanks anayzed duri ug a soil case must be converted to mgkg in order to compare the mwith the sample
iesuls.

com- in ug/4 X Vohnewdilwhmd t (200mi) X IL X 100 X Im = mgk

Weight cigested (lgram) 1000mi Ikg 1000ug
Multiplying this result by 5 to arrive at the Action Level gives a final result in mgikg which can then be compared

to flwn results

K. 9 4 f)4J)&1$0JoJA o4  loD,12 4;I V

I
UoD 1

ELEMENT

e--
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Region I
lnorgamnic Data Review Worksheets

XIII. SAMPLE QUANTITATION (contminued) t">Hot.
List the positive sample results that were reported at concetrau2 s less than and have not already
been qualified. The positive results have been estimated (3) due to uncertainty in the quantitaion near the
IDL.

Samples Affected

L , I3j

t$, go, u,g_. i , t ,

1 O I -4, I O 2

C)

a
4
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Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-1/0-1
Lab ID: B0417-O1A
Matrix: Soil, 87% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C'19 - C36 Aliphatics
C'I I - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2.-Fluorobiphenyl
2.-Bromonaphthalene

Results

15,000
150,000
120,000

ND
ND
ND

2,200
1,700
2,700

ND
ND

2,300
ND

4,900
ND
ND
ND

3,700
4,500

ND

Date Collected: 3/10/03
Date Received: 3/12103
Date Extracted: 3/17/03
Date Analyzed: 4/2103 F1. 4/2/03 F2
Dilution: 2.5

Reporting
Limits

8,300
11,000
23,000

1,400
1.400
1,400
1,400
1,400
1,400
1,400
1,400
1,400
1.400
1,400
1,400
1,400
1.400
1,400
1,400
1,400

QC Batch: MB-6143
65%
74%
90%
54%

ND- Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/OQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of I B0417-OIA
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-115-7
Lab ID: 80417-02A
Matrix: Soil, 79% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
C11 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
EhDibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrern-
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Results

ND
5,500

51.000

ND
ND
ND
820
590
920
ND
ND
880
ND

1,800
ND
ND
ND

1,400
1,700

ND

Date Collected: 3/10/03
Date Received: 3/12/03
Date Extracted: 3/17/03
Date Analyzed: 4/2/03 F1, 412103 F2
Dilution: 1

Reporting
Limits

3,500
4,700

10,000

590
590
590
590
590
590
590
590
590
590
590
590
590
590
590
590
590

Surrogate Recovery (%): QC Batch: MB-6143
Chlorooctadecane 57%
o-Terphenyl 65%
2-Fluorobiphenyl 102%
2-Bromonaphthalene 100%

ND= Not Detected

Except where noted in the Project Narrative, all QAIQC procedures required by the EPH method were
followed, and all performanceacceptance standards for the required QA/OC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of 1 B0417-02A
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Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-1/17-19
Lab ID: B0417-03A
Matrix: Soil, 80% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C119 - C36 Aliphatics
C11 I - C22 Aromatics

TarLet Analytes
Acenaphthene
Acenaphthylene
Anrithracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fhluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
oTerphenyl -
2-Fluorobiphenyl
2-13romonaphthalene

Results

5,800
9,400

25,000

Date Collected: 3/10103
Date Received: 3/12/03
Date Extracted: 3/17/03
Date Analyzed: 4/2/03 Fl, 4/2/03 F2
Dilution: 1

Reporting
Limits

3,600
4,800

10,000

600
600
600
600
600
600
600
600
600
600
600
600
600

600
600
600

QC Batch: MB-6143
S63%
89%
99%;
93%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QAOC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of I B0417-03A
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-3/0-1
Lab ID: B0417-04A
Matrix: Soil, 81% Solid
Concentration in: uglkg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
Cl1 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indenc A ,2,3-cd)pyrene
Naphtf;.ene
Phenanthrene
Pyrene
2-Methylnaphthalene

Results

4,300
270,000
110,000

ND
ND

580
1,300

950
1,700

ND
640

1,400
ND

2,800
ND
ND

740
1,800
2,600

ND

Date Collected: 3/10/03
Date Received: 3/12/03
Date Extracted: 3/17/03
Date Analyzed: 4/2/03 F1, 4/2103 F2
Dilution: I

Reporting
Limits

3,500
4,700
9,900

580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580

Surrogate Recovery (%): QC Batch: MB-6143
Chlorooctadecane 54%
o-Terphenyl 55%
2-Fluorobiphenyl 92,%
2-Bromonaphthalene 87%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and OC (surrogate) analytes.

Page 1 of 1 B0417-04A
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Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-3/7-9
Lab ID: B0417-05A
Matrix: Soil, 84% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
C11 - C22 Aromatics

Target Analytes
Acenaphthene
Aoenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Ditenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methyinaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Elromonaphthalene

Results

ND
ND

15,000

Date Collected: 3/10/03
Date Received: 3/12103
Date Extracted: 3/17/03
Date Analyzed: 413/03 Fl, 4/2/03 F2
Dilution: 1

Reporting
Limits

3,400
4,500

10,000

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
740
ND
ND
ND
ND

630
ND

560
560
560
560
560
560
560
560
560
560
560
560
560
560
560
560
560

s1I\o~

QC Batch: MB-6143
41%
40%

124'%
111%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
follrwed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exdude concentration of target and QC (surrogate) analytes.

Page 1 of 1
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Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-3113-15
Lab ID: B0417-06A
Matrix: Soil, 82% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
CI I - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Results

ND
14,000

ND

Date Collected: 3/10/03
Date Received: 3/12/03
Date Extracted: 3/17/03
Date Analyzed: 4/2/03 F1, 4/2/03 F2
Dilution: 1

Reporting
Limits

3,400
4,600
9,800

580
580-
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580

I

OC Batch: MB-6143
63%
67%
88%
88%

ND= Not Detected

Except where noted in the Project Narrative, ag QA/QC procedures required by the EPH method were
followed, and aN perfokwrmanceacceptance standards for the required QAIQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamiation
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of 1I B0417-06A
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Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcatf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-210-1
Lab ID: B0417-07A
Matrix: Soil, 75% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

09 - C18 Aliphatics
C19 - C36 Aliphatics
Cl1 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndJeno(1,2,3-cd)pyrene
Naphthalene
Phetnanthrene
P)FTene
2-Methylnaphthalene

Surrogate Recovery (%):
Chiorooctadecane
o-Terphenyt
2-Fluorobiphenyl
2-1Bromonaphthalene

Date Collected: 3/11/03
Date Received: 3/12103
Date Extracted: 3/17/03
Date Analyzed: 413/03 F1, 4/3/03 F2
Dilution: 1

Results

4,700
38,000
49,000

ND
ND
ND

1,300
1,100
1,800

ND
820

1,400
ND

2,700
ND
NDO
ND

1,500
2,600

ND

49%
53%
92%4
82%

Reporting
Limits

3,900
5,200

11,000

650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650

QC Batch: MB-6143

ND= Not Detected

Except where noted in the Project Narrative, aH QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
' from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of 1 B0417-07A
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-2/7-9
Lab ID: BO417-O8A
Matrix- Soil, 84% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics.
019 - C36 Aliphatics
C11 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Rluorobiphenyl
2-Bromonaphthalene

ND= Not Detected

Results

ND
13,000
34.000

ND
ND
ND

1,200
940

1,500
ND

610
1,300

ND
2,700

ND
ND
ND

1,600
2,500

ND

Date Collected: 3/11/03
Date Received: 3/12/03
Date Extracted: 3/17/03
Date Analyzed: 4/3/03 Fl, 4/3/03 F2
Dilution: 1

Reporting
Limits

3,400
4,600
9,700

SDO

QC Batch: MB-6143
56%
63%
99%
99%

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-2/11-13
Lab ID: 80417-09A
Matrix: Soil, 91% Solid
Concentration in: ug/kg, dry weight basis

EPH RangQes

C - C18 Aliphatics
C19 - C36 Aliphatics
C 11 - C22 Aromatics

Target Analytes
Aoanaphthene
Acenaphthytene
Anl hracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)ftuoranthene
Chiysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chkwooctadecane
o-Terphenyl
2-Ftorobiphenyt
2-Bromonaphthalene

Results

18,000
23,000
52,000

Date Collected: 3/11/03
Date Received: 3/12/03
Date Extracted: 3117/03
Date Analyzed: 4/3/03 Fl, 4/3/03 F2
Dilution: 1

Reporting
Limits

3.100
4,200
8,900

ND
ND
ND
710
ND
800
ND
ND
760
ND

1,800
ND
ND
ND

1,000
1,500

ND

520
520
520
520
520
520
520
520
520
520
520
520
520
520
520
520
520

I OS

QC Batch: MB-6143
59%
68%
96%
94%

ND = Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
foftwed, and all performancelacceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination

from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and OC (surrogate) analytes.

Page 1 of 1I B0417-09A
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Analysis Report: Extractable Petroleum Hydrocarbons

Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-810-1
Lab ID: B0417-10A
Matrix: Soil, 84% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
C11I - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2.3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Results

4,500
13,000
45,000

ND
ND
ND

1,400
1,100
1,900

ND
690

1,600
ND

3.100
ND
ND
ND

2,000
2,900

ND

Date Collected: 3/11/03
Date Received: 312/03
Date Extracted: 3/17103
Date Analyzed: 413/03 Fl, 413/03 F2
Dilution: 1

Reporting
Limits

3,500
4,700
9,900

580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580
580

Surrogate Recovery (%): QC Batch: MB-6143
Chlorooctadecane 50%
o-Terphenyl 57%
2-Fluorobiphenyl 9Q%
2-Bromonaphthalene 89%

ND= Not Detected

Except where noted in the Project Narrative, al QA/NQC procedures required by the EPH method were
followed, and all performance/acceptanrice standards for the required QAJQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination

from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and OC (surrogate) analytes.

Page 1 of 1I BO417-10A
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Analysis Report: Extractable Petroleum Hydrocarbons
Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-8/7-9
Lab ID: B0417-11A
Matrixbc Soil, 85% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges Results

Cg -018 Aliphatics
C19- C36 Aliphatics
C11I - C22 Aromatics

Tarqet Analvtes
Acenaphthene
Aoenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Bernzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dit'enzo(a,h)anthracene -

Fluoranthene
Fluorene
lndeno(1,2,3-cdipyrene
Naphthalene
Phenanthrene
Pyiene
2-Mlethylnaphthalene

Sunogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

ND 9,5
9,.00 -

96,000

1,900
ND

2,900
5,000
3,300
5,400
1,600
2,000
4.900

610
13,000

1,700
2,100
1,100

12,000
12,000

ND

Date Collected: 3/11/03
Date Received: 3/12103
Date Extracted: 3/17103
Date Analyzed: 4/3/03 Fl. 413/03 F2
Dilution: 1

Reporting
Limits

3,300
4,400
9,400

560
560
560
560
560
560
560
560
560
560
560
560
560
560
560
560
560

QC Batch: MB-6143
35%
40%
.88%
74%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
folkwed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination

fron the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc-
Analysis: MADEP EPH 98-1 Date Collected: 3111/03
Client ID: SB-8/7-9RE Date Received: 3/12/03
Lab ID: B0417-11ARE Date Extracted: 3/17/03
Matrix: Soil, 85% Solid Date Analyzed: 4/3103 F1
Concentration in: ug/kg, dry weight basis Dilution: 1

Reporting
EPH RanMes Results Limits

C1 -C,y( tiphaf\3 t0 XfDi

Surrogate Recovery (%):
Chlorooctadecane

QC Batch: MB-6143
36%

ND= Not Detected

Only the aliphatics fraction was reanalyzed to confirm low surrogate recovery

Except where noted in the Project Narrative, all QNAQC procedures required by the EPH method were
followed, and all performancelacceptance standards for the required QAQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-9/0-1
Lab ID: B0417-12A
Matrix: Soil, 70% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

CS - C18 Aliphatics
C19 - C36 Aliphatics
C11 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Di)enzo(a,h)anthracene
Fluoranthene
Fluorene
Jrl deno(1,2,3-cd)pyrene

rphT.h' lene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Results

26,000
30,000
66,000

ND
950

1,800
1,200

ND
1,900

ND
790

1,800
ND

4,200
ND
ND
ND

3,800
3,900

ND

Date Collected: 3/11103
Date Received: 3/12/03
Date Extracted: 3/17/03
Date Analyzed: 413/03 F1, 413/03 F2
Dilution: 1

Reporting
Limits

3,90
5,200

11,000

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660

61%
63%
98%
98%

QC Batch: MB-6143

ND= Not Detected

Except where noted in the Project Narrative, all QNQC procedures required by the EPH method were
foflowed, and aH performancelacceptance standards for the required QNQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and OC (surrogate) analytes.

Page 1 of 1i B0417-12A
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Analysis Report: Extractable Petroleum

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-915-7
Lab ID: B0417-13A
Matrix: Soil, 87% Solid
Concentration in: uglkg, dry weight basis

EPH Ranges

CS - C18 Aliphatics
C19 - C36 Aliphatics
CII - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Date Collected: 3/11103
Date Received: 3/12/03
Date Extracted: 317/03
Date Analyzed: 413/03 Fl, 413103 F2
Dilution: 1

Reporting
LimitsResults

5.000
17.000
58,000

640
ND

1,200
2,600
1,900
3,000

ND
1,200
2,600

ND
6,000

570
1.200

ND
4,400
5,600

ND

3,300
4,500
9,500

560
560
560
560
560
560
560
560
560
560
560
560
560
560
560
560
560

Surrogate Recovery (%): QC Batch: MB-6143
Chlorooctadecane 46%
o-Terphenyl 53%
2-Fluorobiphenyl 86.,
2-Bromonaphthalene 85%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QAQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-10/0D-1
Lab ID: B0417-14A
Matrix: Soil, 85% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C 19 - C36 Aliphatics
C 11 - C22 Aromatics

Target Analytes
Arenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Flukoranthene
Fluorene
Indeno(1,2,3-cd)p,;ne
Naphthalene
Phenanthrene
Pyrene
2-Methynaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-IBromonaphthalene

Date Collected: 3/12103
Date Received: 3/12/03
Date Extracted: 3/17/03
Date Analyzed: 4/3/03 F1, 4/3/03 F2
Dilution: 2.5

Reporting
LimitsResults

20,000
54,000

190,000

ND
ND

2,200
7,700
6,100

10,000
ND

3,700
7,800

ND
15,000

ND
-5,000

ND
8,100

15,000
ND

8,500
11,000
24,000

1,400
1,400
1,400
1.400
1,400
1,400
1,400
1,400
1,400
1,400
1,400
1,400
1,400
1,400
1,400
1,400
1,400

til ~(O3

QC Batch: MB-6143
56%
84%
91%
63%

ND = Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-10/9-1 1
Lab ID: B0417-15A
Matrix: Soil, 91% Solid
Concentration in: ug/fkg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
C1I - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chiorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Results

460,000
76,000

280,000

Date Collected: 3/12/03
Date Received: 3/12103
Date Extracted: 3/17103
Date Analyzed: 4/3/03 F1, 4/3/03 F2
Dilution: 1

Reporting
Limits

3,200
4,200
9,000

ND U
ND US
ND

910
800

1,200 13
ND
ND

1,000
ND

2,200 -r
2,100

ND
620

2,500
1,g900 3

960

aD
530
530
530
530
530
530
530
530
530
530
530
530
530
530
330
530
530

QC Batch: MB-6143
50%
59%

103%
64%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all perforrhance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Sectiori 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: KSB-10/9-11
Lab ID: B0417-16A
Matrix: Soil, 91% Solid
C oncentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
C11I - C22 Aromatics

T.arget Anatvtes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Be1mzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Nphthairne
Phetnaiiwi;ene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Results

380,000
60,000

280,000

1,200 "

1,900
ND
ND
ND
ND cC
ND
ND
ND
ND
ND LC)

2,100
ND
850

1,500
ND (11NO1,1001,100

Date Collected: 3/1203
Date Received: 3/12/03
Date Extracted: 3/17/03
Date Analyzed: 4/3/03 F1, 4/3/03 F2
Dilution: 1

Reporting
LUmits

3,200
4,30C-
9,200

540
540
540
540
540
540
540
540
540
540
540
540
540
540
540
540
540

V&\ bN

QC Batch: MB-6143
40%
54%

106%
70%

NED=- Not Detected

Except where noted in the Project Narrative, all QA/WQC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination

fromn the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report: Extractable Petroleum

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-10/13-15
Lab ID: 80417-17A
Matrix Soil, 85% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
C11 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methytnaphthalene

Results

150,000
32,000

140,000

Date Collected: 3/12103
Date Received: 3/12/03
Date Extracted: 3/17/03
Date Analyzed: 4/3/03 F1, 4/3/03 F2
Dilution: 1

Reporting
Limits

3,400
4,500
9,500

ND
970
ND
ND
ND
ND
ND
ND
ND
ND
ND

1.000
ND
ND
750
ND

2,000

560
560
560
560
560
560
560
560
560
560
560
560
560
560
560
560
560

Surrogate Recovery (%): QC Batch: MB46143
Chlorooctadecane 51%
o-Terphenyl 65%
2-Fluorobiphenyl 100%
2-Bromonaphthalene 80%

ND= Not Detected

Except where noted in the Project Narrative, al QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of 1 B0417-17A
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Analysis Report: Extractable Petroleum

Client: Metcatf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-9/13-15
Lab ID: B0417-18A
Matrix: Soil, 85% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges Results

Date Collected: 3/12/03
Date Received: 3/12/03
Date Extracted: 3/17103
Date Analyzed: 4/3/03 Fl, 413/03 F2
Dilution: 1

Reporting
Limits

C9 - C 18 Aliphatics
C19 - C36 Aliphatics
C11 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2.3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-M4ethylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Erornonaphthalene

6,000
ND
ND

3,400
S 4,500

9,600

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

570
570
570
570
570
570
570
570
570
570
570
570
570
570
570
570
570

QC Batch: MB-6143
67%
74%

S 97%4
90%

ND= Not Detected

Except where noted in the Project Narrative, all Q/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QO/QOC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
fromrn the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of 1 B0417-18A
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POtRM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Co

Lab Code: MITKEN Case No.: S

Matrix: (soil/water) SOIL

Sarple wt/vol: 30.4 (g/mL) G

t Moisture: 13 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL)

Inj ection Volume: 1.0 (uL)

GPC eleanup: - (Y/N) N pH:

CAS NO. C -MPOUD

CLIENT SAMPLE NO.
Ak SHEET

tract: SB-1/0-i1ntract:

AS No.: SDG No.: B0417

Lab Sample ID: B0417-01A

Lab File ID: E1E0184P

Date Received: 03/12/03

Date Extracted: 03/24/03

Date Analyzed: 03/27/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CCCERRATIO UNITS :
(ug/L or ug/Kg) UG/KG Q II()Q

ad-~U

FORM I PCB

C *-~' ~I

12674-11-2 ------Aroclor-1016 38 U
11104-28-2------Aroclor-1221 38 U
11141-16-5----- Aroclor-1232 38 U
53469-21-9----- Aroclor-1242 38 U
12672-29-6----- Aroclor-1248 38 U
11097-69-1------ Azoclor-1254 1800
11096-82-5----- Aroclor-1260 38 U 3



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKE CORPORATION C

Lab Code: MITKEM Case No. : S

Matrix: (soil/water) SOIL

Sample wt/vol: 30.4 (g/mL) G

t Moisture: 21 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SCrC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (YIN) N ps: __

CAS NO. COPOUND

I

Co\

FORM I PCB

0.:8

12674-11-2----- Aroclor-1016 42 U
11104-28-2----- Aroclor-1221 42 U
11141-16-5----- Aroclor-1232 42 U
53469-21-9----- Aroclor-1242 42 U
12672-29-6----- Aroclor-1248 42 U
11097-69-1-----Aroclor-1254 42 U
11096-82-5----- Aroclor-1260 42 U-

CTlT SAMPLE iNO.
A SHEET

SSB-1/5-7
ntract:

AS No.: SDG No.: B0417

Lab Sample ID: B0417-02A

Lab File ID: E1E0221F

Date Received: 03/12/03

Date Extracted:03/24/03

S Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CONCENTRATIC UNITS:
(ug/L or ug/Kg) UG / G Q



FORM 1
PCB ORGANICS NALYSIS DAT

Lab Name: MITKEM CORPORATION Con

Lab Code: MITKEM Case No.: SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.2 (g/mL) G

t Moisture: 20 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SCNC

Concentrated Extract Volume: 10000 (uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COIPOUND

CLIENT SAMPLE NO.
A SHERT

tract. SB-1/17-19

S No. SDG No.: B0417

Lab Sample ID: B0417-03A

Lab File ID: E1E0222F

Date Received: 03/12/03

Date Extracted: 03/24/03

Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CCXCENTRATIO UNITS:
(ug/L or ug/Kg) UG/KG Q

PFORM I PCB

03.9

12674-11-2 ------ Aroclor-1016 41 U
11104-28-2----- Aroclor-1221 41 U
11141-16-5 ------ Aroclor-1232 41 U
53469-21-9 ------ Aroclor-1242 41 U
12672-29-6----- Aroclor-1248 41 U
11097-69-1----- Aroclor-1254 41 U
11096-82-5----- Aroclor-1260 41 UT



ORKn 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Ca

Lab Code: MITKE Case No. : S

Matrix: (soil/water) SOIL

SampILe wt/vol: 30.4 (g/mL) G

t Mo:isture: 19 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concmentrated Extract Volume: 10000(uL

InJ ection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N T: -

CAS NO. COGOUND

CIEN SAMPLE NO.
A SHEET

tract: I SB-3/0-1

AS No.: SDG No.: B0417

Lab Sanple ID: B0417-04A

Lab File ID: EI0187P

Date Received: 03/12/03

Date Extracted: 03/24/03

) Date Analyzed: 03/27/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

C NCENTRATION UNITS:
(ug/L or ug/Kg) UG/KG Q l

PORM I PCB

12674-11-2----- Aroclor-1016 41 U
11104-28-2------Arolor-1221 41 U
11141-16-5 ------Aroclor-1232 41 U
53469-21-9----- Aroclor-1242 41 U
12672-29-6------ Atoclor-1248 41 U
11097-69-1----- Aroclor-1254 95
11096-82-5 ------ Aroclor-1260 41 7-

v w • !



FORM1
PCB IRGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Con

Lab Code: MITKEM Case No.: SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.7 (g/mL) G

* Moisture: 16 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000 (uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. CC-POUND

CaItrf SAMPLE NO.
A SHERT

tract. I SB-3/7-9

S No.: SDG No. : ' B0417

Lab Sample ID: B0417-05A

Lab File ID: E1E0188F

Date Received: 03/12/03

Date Extracted:03/24/03.

Date Analyzed: 03/27/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y.

COCEfLoRATIONt UNITS:
(ug/L or ug/Kg) UG/KG Q

FORM I PCB

12674-11-2 ------Aroclor-1016 39 U
11104-28-2----- Aroclor-1221 39 U
11141-16-5----- Aroclor-1232 39 U
53469-21-9----- Aroclor-1242 39 U
12672-29-6----- Aroclor-1248 39 U
11097-69-1----- Aroclor-1254 44
11096-82-5----- Aroclor-1260 39 U



FORM 1I
PCB ORGANICS ANALYSIS DAT

Lab NIme: MITKEM CORPORATION Col

Lab Oxde: MITKEM Case No. :S

Matrix: (soil/water) SOIL

Sample wt/vol: 30.3 (g/mL) G

t Moisture: 18 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL]

Injection Volume: 1.0 (uL)

GPC cleanup: (YIN) N pH:

CAS NO. CCHMPOUND

ClaM SAMPLE N0.
A SHERT

SB-3/13-15
ntract: _ _ _

AS No.: SDG No.: B0417

Lab Sample ID: B0417-06A

Lab File ID: EIE0189F

Date Received: 03/12/03

Date Extracted: 03/24/03

Date Analyzed: 03/27/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CONCNrATICK UNI :
(ug/L or ug/Kg) UG/KG Q

FORM I PCB

u42

12674-11-2----- Aroclor-1016 40 U
11104-28-2----- Aroclor-1221 40 U
11141-16-5----- Aroclor-1232 40 U
53469-21-9----- Aroclor-1242 40 U
12672-29-6----- Aroclor-1248 40 U
11097-69-1----- Aroclor-1254 40 US
11096-82-5----- Azoclor-1260 40 U T



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Co

Lab Code: MITTE Case No.: SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.3 (g/mL) G

t Moisture: 25 decanted: (Y/N) N

Extraction: (SepF/Cont/Snc) sOC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N - pH:

CAS NO. CPOUND

CLTENT SAMPLB NO.
A SHEET

tract: SB-2/0-1
ntract:I _
S No.: SDG No.: B0417

Lab Sample ID: B0417-07A

Lab File ID: EIE0190F

Date Received: 03/12/03

Date Extracted:03/24/03

S Date Analyzed: 03/27/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CONCENTRATION UNITS:
(ug/L or ug/Kg) U/KG Q

FORM I PCB

043

12674-11-2------Aroclor-1016 44 U
11104-28-2----- Aroclor-1221 44 U
11141-16-5 ------ Aroclor-1232 44 U
53469-t21-9----- Aroclor-1242 44 U
12672-29-6----- Aroclor-1248 44 U
11097-69-1----- Aroclor-1254 44 UT
11096-82-5----- Aroclor-1260 44 UT

L

r



PCRM 1
PCB ORGANICS ANALYSIS DAT]

Lab Name: MITKE ODRPORATI(ON Co

Lab Cbde: MITKEM Case No.: S2

Matrix: (soil/water) SOIL

Sample wt/vol: 30.4 (g/mL) G

t Moisture: 16 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uLt)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COMPOUD

t

rcA

CaET SAMPLE NO.
A SHEo.-

I SB-2/7-9
ntract:

S No.: SDG No.: B0417

Lab Sample ID: B0417-08A

Lab File ID: EIE0191F

Date Received: 03/12/03

Date Extracted: 03/24/03

Date Analyzed: 03/27/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y
O~g3 TATION UNITS-.

(uc L or u/Ks) us
(ug/L or ug/Kg) 1G//KG

FORM I PCB

(.4.
~ 'vi

12674-11-2----- Aroclor-1016 39 U
11104-28-2 ------ Aroclor-1221 39 U
11141-16-5 ------ Aroclor-1232 39 U
53469-21-9------Aroclor-1242 39 U
12672-29-6 ------ Aroclor-1248 39 U
11097-69-1 ------ Aroclor-1254 39 Ua
11096-82-5----- Aroclor-1260 39 US

) C'



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEN CORPORATION Cc

Lab Cbde: MITKE Case No.: S

Matrix: (soil/water) SOIL

Sample wt/vol: 3 0.4 (g/mL) G

t Moisture: 16 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COROUND

ChlENT SAMPLE NO.
A~ SHEsR________

rat: f SB-2/7-9ntract:

AS No.: SDG NO.: B0417

Lab Sample ID: B0417-08A

Lab File ID: EIE0191F

Date Received: 03/12/03

Date Extracted:03/24/03

S Date Analyzed: 03/27/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

COCMRJTI UNITS:
(ug/L or ug/Kg) tn/ G (0c

FORM I PCB

GB.* -

12674-11-2----- Aroclor-1016 39 U
11104-28-2------ Aroclor-1221 39 U
11141-16-5----- Aroclor-1232 39 U
53469-21-9-----Aroclor-1242 39 U
12672-29-6----- Aroclor-1248 39 U
11097-69-1----- Aroclor-1254 39 UJ
11096-82-5----- Aroclor-1260 39 UJ-

vl



FORM 1
PCB ORGANICS ANALYSIS DAT2

Lab Name: MITKEE CORPORATION Co

Lab Code: MITKM Case No.: SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.5 (g/mL) G

* Moisture: 15 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL)

Injectiion Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH: _

CAS NO.

CLIENT SAMPLE N.A SHEBT

tract: SB-10/0-1
ntract:I

S No.: SDG NO.: B0417.

Lab Sample ID: B0417-14A

Lab File ID: 3130203?

Date Received: 03/12/03

Date Extracted:03/24/03.

Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

concurTIC UNITS:
(ug/L or ug/Kg) /UGI Q

FORM I PCB

12674-11-2 ------Aroclor-1016 38 U
11104-28-2----- Aroclor-1221 38 U
11141-16-5----- Aroclor-1232 38 U
53469-21-9----- Aroclor-1242 38 U
12672-29-6----- Aroclor-1248 38 U
11097-69-1----- Aroclor-1254 600
11096-82-5----- Aroclor-1260 38 u

COMPOUND

S116K



FORM 1I
PCB ORGANICS ANALYSIS DAT

Lab Name: MITEM CORPORATION Co

Lab Code: MITKE . Case No.: S

Matrix: (soil/water) SOIL

Sanple wt/vol: 30.4 (g/mnL) G

t Moisture: 9 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SNC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (YN) N pH:

CAS NO. CORPOUND

CIT SAMPLE NO.
A SHEET

tract: SB-10/9-11

AS No.: SDG No.: B0417

Lab Sample ID: B0417-15A

Lab File ID: E180223F

Date Received: 03/12/03

Date Extracted: 03/24/03

Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur cleanup: (Y/N) Y

CCoCENTRATIN UNITS:
(ug/L or ug/Eg) UG/KG Q

I

FPORM I PCB

GM

12674-11-2 ------Aroclor-1016 36 U
11104-28-2------Aroclor-1221 36 U
11141-16-5-----Aroclor-1232 36 U
53469-21-9----- Aroclor-1242 36 U
12672-29-6------Aroclor-1248 36 U
11097-69-1------Aroclor-1254 36 U
11096-82-5----- Aroclor-1260 36 UU

Ka



PFORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEN CORPORATION Coi

Lab Cbde: MITKEK Case No. : Si

Matrix: (soil/water) SOIL

Sample wt/vol: 30.7 (g/mL) G

% Moisture: 9 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SCNC

Conmcentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH: _

CAS No. cMPOUND

CLIENT SAMPLE NO.
A SHEET

ntract: 
KSB-10/9-11

AS No.: SDG NO. : B0417

Lab Sample ID: B0417-16A

Lab File ID: EIE0205F

Date Received: 03/12/03

Date Extracted:03/24/03

Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CCUT/LTRATICu UIUTS:
(Ug/L or ug/Kg) U/KG Q _

FORM I PCB

652

12674-11-2 ------Aroclor-1016 36 U
11104-28-2----- Aroclor-1221 36 U
11141-16-5----- Aroclor-1232 36 U
53469-21-9----- Aroclor-1242 36 U
12672-29-6----- Aroclor-1248 36 U
11097-69-1----- Aroclor-1254 36 U
11096-82-5----- Aroclor-1260 36 U T



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Ca

Lab Code: MITKE( Case No.: S

Matrix: (soil/water) SOIL

Sanple wt/vol: 30.2 (g/mL) G

t Moisture: 15 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL)

Injection volume: 1.0 (uL)

GPC Cleanup: (Y/N) N PH: __

CAS NO. CMPND

[

I

12674-11-2----- Aroclor-1016 39
11104-28-2----- Aroclor-1221 39
11141-16-5----- Azoclor-1232 39
53469-21-9----- Aroclor-1242 39
12672-29-6----- Aroclor-1248 39
11097-69-1------ Aroclor-1254 39
11096-82-5-----Aroclor-1260 39

U
U
U
U
U
U
U-_I

FORM I PCB

I

CIENT SAMPL NO.
A SHEeT

ract: SB-10/13-15
ntract:II

AS No.: SDG No.: B0417

Lab Sample ID: B0417-17A

Lab File ID: E1E0206F

Date Received: 03/12/03

Date Extracted:03/24/03

Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Claenup: (Y/N) Y

cugL or ugKg) l s:
(ug/L or ug/Kg) tYG/EG Q

a

W

II
I

I
I

I

.ZD-



PORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Co

Lab Code: MITKEM Case No.: S]

Matrix: (soil/water) SOIL

Sample wt/vol: 30.6 (g/mL) G

t Moisture: 15 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SNC

Concentrated Extract VoluTne: 10000 (uL

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH: __

CAS NO. COMPOUND

CLIENT SAMPLE NO.
A SHEET

tract: I SB-9/13-15

AS No.: SDG No.: B0417

Lab Sanple ID: B0417-18A

Lab File ID: EIE0207F

Date Received: 03/12/03

Date Extracted:03/24/03

Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CKNCELTRATI/ UNITS:
(ug/L or ug/Kg) 11/K Q gJX

12674-11-2----- Aroclor-1016 38
11104-28-2------ Aroclor-1221 38
11141-16-5----- Aroclor-1232 38
53469-21-9----- Aroclor-1242 38
12672-29-6----- Aroclor-1248 38
11097-69-1------ Aroclor-1254 38
11096-82-5----- Aroclor-1260 38

U
U
U
U
U
U
U--

FORM I PCB

05H



U.S. EPA - CLP

1
INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEM CORPORATION_

Lab Code: MITKEM

Matrix (soil/water):

Level (low/med):

%Solids:

Case No.:

SOL-

MED_

87.0-

Contract:

SAS No.:

Lab Sample ID:

Date Received:

EPA SAMPLE NO.

SB-I/0-

SDG No.: B0417-

B04I17-OIA____

03/12/03

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-5 Alhminum NR
7440-36-0 Antimony- 8.8 3 P-
440-38- 9.3 1P

7440-39-3 arinum 68.4 J P
7440-41-7 Beryllium- 0.98P
7440-43-9 - Cadminm I.2 P
7440-70-2.. CalciumnN
7440-47-3 Chromiu 5.2 P
7440-48-4 .CobahL NR
7440-50-8 &.Copper - 7.3.
7439-89-6. n NR
7439-92-1 T ead 1970 LAD P_
7439-95-4 - Magnesium _ NR
7439-96-5 Manganse NR
7439-97-6 Mercury 0.53 CV
7440-02-0 NickeL - 227 3P

7440-09-7 Possi . .• ... NR
7782-49-2, - ScleniumnL 0.45 U.
7440-22-4 Ser 87 P
7440-23-5 - Sodium NR
7440-284. Thallium - I -0 "st* . P
7440-62-2 Vanndhu 0.7 T T P
7440-66-6 Zinc - 792 0 p

Cyanide NR

MG/KG

/I 6/3

Color Before:

Color After

Comments:

Clarity Before:

Clarity After

FORM I - IN

Texture:

Artfacts.

SW846

0171C



FORM 1
PCB ORGA.S ANALYSIS DAT

Lab Wame: MITKEM CORPORATION Col

Lab code: MITKEN Case No. SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.3 (g/mL) G

t Moisture: 30 decanted: (Y/N) N

ExtraLCtion: (SepF/Cont/Sonc) SCNC

Coancmntrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COMPOUND

CELINT SAMPiLE NO.
A SHEBT

tract: f SB-9/0-1

%S No.: SDG No.: B0417

Lab Sample ID: B0417-12A

Lab File ID: E1E0201F

Date Received: 03/12/03

Date Extracted: 03/24/03

Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

concua of UNITS:
(ug/L or ug/Kg) UG/KG Q % (N

FORM I PCB

048

12674-11-2 ------Aroclor-1016 47 U
11104-28-2----- Aroclor-1221 47 U
.11141-16-5----- Aroclor-1232 47 U
53469-21-9----- Aroclor-1242 471 U
12672-29-6----- Aroclor-1248 47 U
11097-69-1-----Aroclor-1254 170
11096-82-5----- Aroclor-1260 47U--

4? ),\
L.) 1 C"



FORM 1 -.
PCB ORGANICS ANALYSIS DATA SHEET

Lab Name: MITKM CORPORATION Contract:

Lab Code: MITKEM Case No.: SAS No.:

Matrix: (soil/water) SOIL

Sample wt/vol: 30.3 (g/mL) G

t Moisture: 13 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO.
(caugL
(ug/LCCMPOUN

C1lMT SAMPLE ND.

SB-9/5-7

SDG No.: B0417

Lab Sample ID: B0417-13A

Lab File ID: E1E0202F

Date Received: 03/12/03

Date Extracted:03/24/03

Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

oRATI/ UNIT: Q
or ug/Kg) TGNG Q

FORM I PCB

C49

12674-11-2------ Aroclor-1016 38 U
11104-28-2----- Aroclor-1221 38 U
11141-16-5----- Aroclor-1232 38 U
53469-21-9----- Aroclor-1242 38 U
12672-29-6----- Aroclor-1248 38 U
11097-69-1----- Aroclor-1254 71
11096-82-5----- Aroclor-1260 38 U-



FORM1
PCB ORGANICS ANALYSIS DATJ

Lab Name: MITKEM CORPORATION Cox

Lab Code: MITKEM Case No.: SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.5 (g/mL) G

t Moisture: 15 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SCNC

Concentrated Extract Volume: 10000 (uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. CCPOUND

ChlEN SAMPLB NO.
L SHEBT

itET: SB-10/0-1
ntract:

%S No.: SDG No.: B0417

Lab Sample ID: B0417-14A

Lab File ID: E1l80203F

Date Received: 03/12/03

Date Extracted:03/24/03

S Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y!N) Y

CCNCfTRATION UNITS:
(ug/L or ug/Kg) UG/EG Q

FORM I PCB

12674-11-2------Aroclor-1016 38 U
11104-28-2----- Aroclor-1221 38 U
11141-16-5 ------ Aroclor-1232 38 U
53469-21-9----- Aroclor-1242 38 U
12672-29-6----- Aroclor-1248 38 U
11097-69-1----- Aroclor-1254 600
11096-82-5----- Aroclor-1260 38 U T

CK



FORM 1
PCB ORGANICS ANALYSIS DATA SHEET

Lab Name: MITEM CORPORATION Contract:

Lab Code: MITKEN Case No.: SAS No.:

Matrix: (soil/water) SOIL

Sample wt/vol: 30.4 (g/niL) G

t Moisture: 9 decanted: (Y/N) N D

Extraction: (SepF/Cont/Sonc) SCMC D

Concentrated Extract Volume: 10000(uL) D

Injection Volume: 1.0 (uL) D

GPC Cleanup: ir/N) N pH: _ S

cAs NO. CUPOUND (cucrg/L C(ug/L O

CI SAMPLE NO.

SB-10/9-11

SDG No.: B0417

Lab Sample ID: B0417-15A

Lab File ID: E180223F

)ate Received: 03/12/03

)ate Extracted:03/24/03

)ate Analyzed: 03/28/03

ilution Factor: 1.0

ulfur Cleanup: (Y/N) Y

aATION UNITS:
r ug/Kg) UG/KG 0

5

PORM I PCB

6 5:

I
I

(I{
C

I

12674-11-2----- Aroclor-1016 36 U
11104-28-2----- Aroclor-1221 36 U
11141-16-5------Aroclor-1232 36 U
53469-21-9----- Aroclor-1242 36 U
12672-29-6-----Aroclor-1248 36 U
11097-69-1------ Aroclor-1254 36 U
11096-82-5------Aroclor-1260 36 UZ



FORN 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKR C'RPORATION Con

Lab Code: MITKEN Case No. : S

Matrix: (soil/water) SOIL

sample wt/vol: 30.7 (g/mL) G

t Moisture: 9 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/IN) N pH:

CAS IN. CaoMPOD

CLIENT SAMPLE ND.
ASHEET

ract: KSB-10/9-11
tract: ________

S No.: SDG No.: B0417

Lab Sample ID: B0417-16A

Lab Pile ID: 1EB0205F

Date Received: 03/12/03

Date Extracted: 03/24/03

Date Analyzed: 03/28/03

Dilution Factor: 1.0

sulfur Cleanup: (Y/N) Y

CONCN2TRATION UNITS:
(ug/L or ug/Kg) UG/ G )Qd

oil

PORM I PCB

052

12674-11-2 ------Aroclor-1016 36 U
11104-28-2----- Aroclor-1221 36 U
11141-16-5----- Aroclor-1232 36 U
53469-21-9----- Aroclor-1242 ' 36 U
12672-29-6----- Aroclor-1248 36 U
11097-69-1----- Aroclor-1254 36 U
11096-82-5----- Aroclor-1260 36 U T



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKE CORPORATION Co

Lab Code: MITKEM Case No. : SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.2 (g/mL) G

t Moisture: 15 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SO C

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. C0MPOUND

D

12674-11-2 ------ Aroclor-1016
11104-28-2----- Aroclor-1221
11141-16-5----- Aroclor-1232
53469-21-9----- Aroclor-1242
12672-29-6----- Aroclor-1248
11097-69-1----- Aroclor-1254
11096-82-5----- Aroclor-1260

39
39
39
39
39
39
39

FORM I PCB

053

U
U
U
U
U
U
U F

CLENT SAMPLE NO.A SHEBT

itract: SB-10/13-15

S No.: SDG No. : B0417

Lab Sample ID: B0417-17A

Lab File ID: 1E0206F

Date Received: 03/12/03

Date Extracted:03/24/03

S Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleainup: (Y/N) Y

CONCTWRATION UNITS:
(ug/L or ug/g) UG/EG Q

U-<Ilic-,
I



FORM I
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Co

Lab code: MITKEM Case No.: Si

Matrix: (soil/water) SOIL

Sample wt/vol: 30.6 (g/mL) G.

t Moisture: 15 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL]

Injection Volume: 1. 0 (uL)

GPC Cleanup: (Y/N) N pH: __

CAS NO.

CLIENT SAMPLE NO.
AL SHEBT ___ ___

SSHET SB-9/13-15
ntract: _ I

AS No.: SDG No.: B0417

Lab Sanple ID: B0417-18A

Lab File ID: E1E0207F

Date Received: 03/12/03

Date Rxtracted:03/24/03

S Date Analyzed: 03/28/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CgNCTrAION UNITS:
(ug/L or ug/Kg) G/EG Q

FORM I PCB

O5~

12674-11-2----- Aroclor-1016 38 U
11104-28-2----- Aroclor-1221 38 U
11141-16-5----- Aroclor-1232 38 U
53469-21-9----- Aroclor-1242 38 U
12672-29-6----- Aroclor-1248 38 U
11097-69-1----- Aroclor-1254 38 U
11096-82-5----- Aroclor-1260 38 U --

COMPOUND

A 1 (0(6
A



U.S. EPA -CLP

I
INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEMCOPRPORATION_

Lab Code: MITKEM

Matrix (soil/water):

Level (low/med):

%Solids:

Case No.:

SOL

MED_

87.0

Contract:

SAS No.:

EPA SAMPLE NO.

SB-/0-1

_ SDG No.: B0417

Lab Sample ID:

Date Received:

B0417-01A_.

03112/03

Concentration Units (ug/L or mag/kg dry weight):

CAS No. Analyte Concentration C Q M

_429-90-5 - Ahunim NR
-7440-36-0 - Antimony - 8.8 P_
7440-38-2 Arsenie 9.3 -_ P_

7440-39-3 - arium _64 - 64P
-7440-41-7 - Beryllium_ 0.98 P
7440-43-9_ . Cadmim . - 1.2 P
7440-70-2 .Calum.. NR
7440-47-3. Chronmium 25 P
7440-48-4_Cobial NR
7440-50-8 Copper 7.3 P..
7439-89-6 Iro . NR

7439-92-1 Lad 1970 - P
7439-95-4 Magnesium R
7439-96-5 - Mangne NR
7439-97-6 Mercry 0.53 CV
7440-020 NickeL- 277 P
7440-09-7 Potassium. __ . NR

_7782-49-2.L.Selenium 0.45 U. P
7440-22-4 0.ilvr n087 P
7440-23-5.- Sodiumn NR
7440-284- Thallium I .0 - 3 " P

.7440-62-2 Vanadim 30.7 " P....
7440-66-6 i 7inc 792 ".y R

yanide C- NR

MG/KG

b/6/o3

Color Before:

Color After

Clarity Before:

Clarity After

Texture:

Comments-

FORM I - IN SW846

017Tf.



V,.. rA% - -r

I
INORGANIC ANALYSIS DATA SHEET

MITrKEMCORPORATION

Case No.:

SOLn-

ab Code: MITKEM

Matrix (soil/water):

el (lowlmexd):

EPA SAMZLE NO.

SI-S-7
Contract:

SAS No.: SDG No.: B0417-

Lab Sample ID:

Date Received:

%Solids:

I

I
Color Before:

1 or Aftr-

79.0

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Cont mtration C Q M

7429-90-5 - Ahunminmm - NR
-7440-36-0 - Antimony 7.I U 3 _. p
.7440-38-2 - Arsenic 9.5 P
-7440-39-3. Barium 47.8 1 P_
-7440-41-7 Beryllinm _0 AT _P-
7440-43-9 . Cadmimn_ 0.46 P
7440-70-2 - Calcium- NR

_7440-47-3 .Chmminum- 04 P_
-7440-48- - -Chalt NR
_7440-50-8 .Copper 49.8 P" P-
7439-89 .. iron NR

.7439-92-1 . Lad 208 L.LP.
37439-95-4.. Magnesium.. NR
37439-96-5 Manganese NR
-3439-97-6 Mercury .21 CV
7440-02-0 Nick 11.8 P _
-7440-09-7.- Potassium. NR

I77S2-49-2 Seleniumr _ 0.53 P

-7440-22-4- Silver_ -a3 F-U P.

.7440-23-5-.5 dimn NR
.-7440-28- ThhM ,?0=9-I-J f ..
_7440-62-2 _Vanaim_ 14.4P
_7440-66-6 Zin_ 115 1 X P

Cyanide . NR

Clarity Before:

Clarity After.

MG/KG

<.-y

Texture:

Artifacts:

U ts :

FORM I - IN

L Nane:

03112/03

B0417-02A

SW846

0
ON r-



U.S. EPA -CLP

I
INORGANIC ANALYSIS DATA SHEET

MITKEM_CORPORATION_

MITKEM

Matrix (soil/water):

Level (low/med):

% Solids:

Case No.:

SOL.

MED_

80.0

Contract:

SAS No.:

Lab Sample ID:

Date Received:

EPA SAMPLE NO.

SR-1/17-19

SDG No.: B0417.

B0417-03A__

03112/03-

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concenhation C Q M

7429-90-5 Aluminum- NR
7440-36-0 Antimony 0.2 *

7440-38-2 Arsanic 2 .3- 3" P[
-7440-39-3 - arium 9- P
_7440-41-7. Beyllium- 0.44- P_
7440-43-9. Cadminm 0.080 U,. I-" p
7440-70-2 - Calium ._NR
7440-47-3 CChromium.L 13.5 P

_7440-48-4 CobnILt NR
-7440-50-8 - Copper - -4.9 - P
7439-89-6. n NR
7439-92-1 In" .d 15 - PJ
7439-95-4-- Magnesiumn .. NR
743996-5 - Manganeset NR
7439-97.6 Mercury 0.018 U CV
7440-02- Nickel 9.4 P

-7440-09- i ."asium NR
7782-49-. elninm - 0.48 . I P

7440-224-.____ ilver 9 ___'- P
7440-23-5__ Sodinm N

-7440-28-0i Thinumu . *- 3* .P_

_7440-62-2 Vanadium - .7 % 4 P
7440-66-6 7.na 252 " " P

MG/KG

suo/o3

Color Before:

Color After: Clarity After:

Comments:

FORM I - IN

Lab Name:

Lab Code:

Texture:

Artifacts

SW846

0 7fq-



Ua. rYA - tULP

I
INORGANIC ANALYSIS DATA SHEET

MITKEM CORPORATION_

Case No.:

SOIL.

MED

b Code: MITKEM

Tiatrix (soillwaer):

,el (low/med):

Contract:

SAS No.:

EPA SAMPLE NO.

SB-3/0-1

_ SDG No.: B0417-

Lab Sample ID:

Date Received:

B0417-04A.

03/12/03

% Solids:

I

Clarity Before:

Clarity After

MG/KG

DDI)o

Texture:

Artifacts:

r

U ___

FORM I- IN SW846

L Name:

81.0

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Anat lec Concentration C Q M

7429-90- - AlMuinumn.N.
7440-36-0 Antimony - 4- P-

-7440-38-- Arsenic 14.8 sf" P-
7440-39-3 Barium 57 1 P V_ p-
7440-4 I1-7 - Beryllium_ __ 0.75 P

_7440-43-9 Oimumu 0.9 P
7440-70-2 Calcimn N
7440-47-3 Chromiumn 15.4 P_
7440-48-4 - Coah NR
7440-50-8..-_ Copper -,45.9i P
7439-89-6 - ron NR

-7439-92-1 l"d - 142 P
-7439-95-4 Magnesi m NR
7439-96-5 Manganese NR
7439-97-6 Mercuy - 0.9 CV

-7440-020- Nickel - - 36.2 - P
-7440-9-7- PotassiumN
7782-49-2 Selenium -0.47 U P

3440-22-4 Silver 0 11 U. P
7440-23-5 dmnd NR
440-284 Thallinm A4-f _VT J-4 P-

-7440-62-2 .Vanadium-1 P P-
-7440-6 6- Zinc 65.5 W P

Cyanide - NR

olor Before:
Ior After

1.t Of-

,



U.S-. PA - CL

I
INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEM_CORPORATION_

Lab Code: MITKEM

Matrix (soil/water):

Level (low/imed):

% Solids:

Case No.:

SOIL

MED

84.0

Contract:

SAS No.:

EPA SAMPLE NO.

SB-3n1-9

_ SDG No.: B0417_

Lab Sample ID:

Date Received:

130417-5OA _

03/12/03.

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyt.: Concentration C Q M

7429-90-5 Aluminum NR
7440-36-0 Antimony 0.36 (Q P
7440-38- Arsenic 131 _P-
7440-39-3 R 42.7 P
7440-41-7 - Rrylliu . 0.58- P_
7440-43-9 Cadmium 0.23 UI P.P
7440-70-2 iCalcimn NR
7440-47-3 Chromim 11.2 P
74404-4- Cobat NR
7440-50-8 COi pper i2.4 P
7439-89-6 Iron .- NR
7439-92-1 Lad 78-5 P
7439-954 Magnesium_ NR
7439-96-5 Manganre ] NR
7439-97-6 Mecury 0.18 CV
7440-02-04 NickeL 27.3 t _.P

:74404-09-7 Pouassinm _ NR
-7782-49-2 Selenim _ 0.53 - 4 P-
-7440-22-4 Silver 0.1 L P
7440-23-5 __4- _ SoiNR....__ Sodium U --_ NR
7440-28-0 Thallium II- T u p
7440-62-2 Vanadium 90.1 9 P
7440-66-6 Zinc 23.8 P

Cyanide ..... NR

MG/KG U

c 1/6/oS3

, Color Before:

Color After

Clarity Before:

Clarity After:

FORM I - IN

Texture:

Artifacts:

SW846

Itl

I Comments-



U.S. EPA - CLP

I
INORGANIC ANALYSIS DATA SHEET

MITKEMCORPORATION _

MITKEM

Matrix (soillwater):

I (low/md):

Case No.:

MEDC

Contract:

SAS No.:

Lab Sample ID:

Date Received:

EPA SAMPLE NO.

SB-3/13-5I

SDG No.: 80417_

B0417-06A....

03/12/03

SSolids:
MG/KG

8f03

I r Before:lor After

Clarity Before:

Clarity After*

I
FORMI -I IN

Lb Name:

b Code:

82.0 _

Concentration Units (ugfL or mg/kg dry weight):

CA. No. Analyte Concentration C Q M

7429-90-5 Alunum NR

.7440-.36-0 Antimony 0. 17 *A P_
7440-38-2 Arsenic- /2.5_ P

-7440-39-3 arium 12.9 P
-7440-41-7- Beryllium - 0 .44 P
-7440-43-9 Cadmium 0.085 ,T. " P
7440-70-2 . Calciumn NR

_7440-47-3 .Chmmium- 13.3 P
_7440-4&- ,.ohalt NR
_74400-- _ Copper 2.8 P
7439-89-6. Iron_ NR
7439-92-1- Led .4 P

.7439-95-4. Magnesium._ NR

.7439-96-.5 Manganes NR

.7439-97-6 Mercmy C0.016 C

.7440-02-0. Nickel 10.3- P
7440-09-7 Potasnum - NR

.7782-49- . Seleninum _ 0.46 U . P
_7440-22-4. Silver -0__ .16_
7440-23-5- SodinmN

.7440-280 Tht -9 4
-7440-62-2__ Vananim 26.1 - 5 P
_7440-66-6 ZinC 14.5 -' P.

C yanid . .. .N R

Texture:

Artifacts:

SWS46

f C If-



U.b. EPA - CLP

I
INORGANIC ANALYSIS DATA SHEET

jb Name: MITKEM CORPORATION

Lab Code: MfKEM

Matrix (soil/water):

Lavel (low/med):

% Solids:

Case No.:

SOIL

MED

75.0

Contract:

SAS No.:

Lab Sample ID:

Date Received:

-1 1
EPA SAMPLE NO.

SDG 3-No.2A 417 I

SDG No.: B041'L..

B0417-07A

03/12/03

Concentration Units (ug/L or mg/kg dry weight):

CAS No Analyte Concentration C Q M

7429-90-5 Alumiumnm NR
-7440-36-0-Antimony--0.81 .9?P-
7440-38-2 Ars ic_ 19.6 - / P-
7440-39-3 Rariunm 677.2 - P_7440-41-7_ .erwllim 0.73P
7440-43-9- Cadmium 0.40 L). P-
7440-70-2- ak*nm NR

_7440-47-3 'lChronmium 16.4 P-
-7440-48-4- Cobalt NR
_7440-50-8 .Copper To. 1 P_
-7439-89-6 Jron., NR
3439-92-1- Iead 87.2- 7 P

-7439-95-4- Magnesium- NR
-7439-96-5 Manganese. NR
-7439-97-6- Mercury - 1 1- CV
-7440-02-0) Nickel - 41.1 0,P-
-7440-09-7 Poumsn NR
-7782-49-2- Seenium 0.4 - U P
-7440-22-4- silver 0.12 I-, P
-7440-23-5- Sodimn"'/11. NR
_7440-28 . Thallium a "- sa " P-
_7440-62-2_ Vanadimn 148 - P-
-74-6- Z'n 667 jV P

Cyanide NR

MGKG I

Color Before:

Color After.

Comments:

Clarity Before:

Clarity After

FORM I -IN

[fo (-

Texture:

SW846



U.S. EPA - CLP

I
INORGANIC ANAL

Lab Name: MITKEM CORPORATION_.

b Code: MITKEM Case No.:

Matrix (soil/water): SOIL

vel (low/med): MED

I Solids: 84.0

Concentration Units (ug/L or mg/kg dry weight):

YSIS DATA SHEET

Contract:

SAS No.:

Lab Sample ID:

Date Received:

EPA SAMPLE NO.

SB-2/7-9

SDG No.: BD417

B0417-08A._

03/12/03_

MG/KG

I
I
I
I
I
I
I
I
I

12
I
I

Clarity Before:

Clarity After

FORM I - IN

, 116 1 0

Texture:

Artifacts:

SW846

CAS No. Analyte Concentration C Q M

,429-90-5- Aunmimnn N
_7440-36-0- Antimony - 0.72 -O . */
-7440-38-2 - Arsenic - 1R.9 P
7440-39-3. Barium 47 R -P_

_7440-41-7 13cryllinm_ 0.75 P
7440-43-9 Cadmium 0. T. P
7440-70-..2 Calcium -NR

-.7440-47-3 .Chmmium - 15.2 ] P
-7440-48-4 Cobat NR
_7440-50-. .Copper .5 .. P
.7439-89-6._ Ironc NR
7439-92-1-. -ld 163 - _ _ P-
7439-95-4- Magnesium_ . _NR
7439-96-53 Manganes_ NR

-7439-97-6 - Mercuy 0.31 CV
_7440-02-0 NicketL .... - .23.9 P
.7440-09-7_ Poas$inm . -N
'7782-49. Selenimhn_ 0.54 -- P_
7440-22-4 Silver 0.10

-7440--5 .n Sodinm . NR
_7440-28-0 .Thalinm 1,0 - P
3440-62-2 - -Vanadimn 95. 2 - P
_.7440.-66._ .zinc 37.1 - o p

Cyanide NR



U.S. EPA - CLP

1
INORGANIC ANALYSIS DATA SHEET

EPA SAMPLE NO.

SB:2/11-13

Lab Name: MrTKEM_CORPORATION

Lab Code: MITKEM

Matrix (soil/water):

Level (low/ned):

% Solids:

Case No.:

SOIL

MED_

910

Contract:

SAS No.:

Lab Sample ID:

Date Received:

SDG No.: B0417_

B0417-09A_

03/1203

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-. Alun num R

-7440-36- Antimony- -0.41 IL .. P
-7440-38-2 - Arsenic 7.0 ,P-
.7440-39-3 Barium 25.8 , P.-
744041-7 lBeryllium_ 0.44 P--

_7440-43-9 Cadmim 0 16 UT if P
7440-70-2 Calcium NIR
7440-47-3 Chromimn ... 10.9 P.
7440-489.4 CobalL NR
7440-50-8 .Copper 21.4 P-
7439-89_-6. Iron NR
7439-92-1- T -. d 30.0 " P-
7439-95-4- Magnesium. .. NRl
7439-96-5 Mngannese NR
7439-97-6 mercury 0.29 CV

440-02-0 Nickel 15.2 P
7440-09-7 Passium _ NR
7782-49-2 Selenium 0.48 U P
7440-22-4 Silver 0.11 U "P
7440-23-5 Sodium . NP
7440-28- Talium I -016 U P
7440-62- Vanadium 45.0 P
7440-66- Zinc 25.4 "

_Cyanide NR

Color Before:

Color After

Clarity Before:

Clarity After

Comments:

MG/KG

Textur:

SW46FORM I - IN

(i OS



U.0. r-r. - %AX

1
INORGANIC ANALYSIS DATA SHEET

MITKEM_CORPORATION_

EPA SAMPLE NO.

SB-8/0-
Contract:

r Code: MITKEM
atrix (soil/water):

e (low/meod):
% Solids:

I

I
Aor Before:

rAfter

Case No.:

SOIL-

MED

84.0

SAS No.: -_ SDG No.: B0417

Lab Sample ID:

Date Received:

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

.7429-90-5 Almninum. NR
7440-36 Antimony 0.73 U 7y*P
7440-38-2 Arsenic 16.6 Y P-
7440-39-3 Rarinum 3 .4 . P
7440-41-7- Beryllium.- 0.74 - P
744043-9. Cadmium. 0.51 . 0 P
7440-70-2 Calcium NR
7440-47-3 Chromium 1 4 P .
7440-4"- Cobt- NR
7440-504-8 o.p 9---.34.8- P_
7439-89-6 Iron NR
7439-92-1. Iad 911 _ * P-
7439-95-4 Magnesium _ NR
7439-96-5 Manganese-. NR
7439-97-6- Mercty- 0R CV

440-02-0- kel 362 --- P3
-440-09-7 ?drais- rNR
7782-49-2 Seleium_ 096 P
7440-22-4 .Silver _ - 0. 10 .. I P
7440-23-5- nn NR
7440-28-tL.Thallium -01-4 P-
7440-62-2 .Vanadium - 159 P
,440-66-6- Znc73 -

jCyanide NR

Clarity Before:

Clarity After

B0417-IOA.

03/12/03

MG/KG

s (03

Texture:

Artifacts:

r

FORM I - IN

b Name:

SW846

It& (L'



US. EPA - CLP

1
INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEMCORPORATION

Lab Code: MITKEM

Matrix (soil/water):

Level (low/med):

% Solids:

Case No.:

SOTL

MED

85.0

Contract:

SAS No.:

Lab Sample ID:

Date Received:

EPiA SAMPLE NO.

S SG No: B0417-9

SDG No.: B0417-

B0417-11 A

03112/03-

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analye . Concentration C Q M

7429-90-5 Alunununm NR
7440-364 Antimony on i P-

-7440-38-2- Avnic 12. P
-7440-39-3- arnn 645 - P.

440-41-7- Beryllium - 1.0 -- P-
7440-43-9. Cadnmium _0.62 P-

7440-70-2 Calcim NR

_7440-47=3 .Chromium 31.5 P
744-48-4 Cobal L NR ,

-7440-50- Copper- 6.7------ P_
7439-89-6 Iron NR
7439-92-1- Lead 91.9 ,_ . P

439-95-4.. Magnesium NR
7439-96-5 Manganese..- .NR
7439-97-6 Mercmy 0.95 C
7440-02.-0 Nickel 65.1 P-
-7440-09-7- Potasium N
_7782-49-2 Selnimn 0.50 .U_ P_
_7440-22-4_ Silver 0 .1 .U_ 044A- P-
-7440-23-5 .Sodium. ,-,n NR
-7440-28- Thlmn ). I F U. I p
-7440-62-2- Yanadium - 247 - f P.

_7440-66-6 7.ine 429 "t ,1 P

- Cyanide - NR 1

MG/KG I

I

5) b

Color Before:

Color After

Clarity Before:

Clarity After

Comments:

FORM I - IN

Texture:.

Artifacts:

SW846

1o I



u.b- tPA - CL

I1
INORGANIC ANALYSIS DATA SHEET EPA SAMPLE NO.

Lb Name: MITKEM CORPORATION Contract: S-90-1

b Code: MITKEM Case No.: SAS No.: SDG No.: B0417

Irix (soil/Vwater): SOILR Lab Sample ID: B0417-12A_

S(low/hd): MED Date Received: 03/12103

% Solids. 70.0

Concentration Units (ug/L or mg/kg dry weight): MG/KG

CAS No. Analyte Concentration C Q M

7429-90-5- Almniumm NRj440-36-0- Antimon - - 0.64 . P
7440-38-2- Arsenic 9.4 S -P
7440-39-3 Barinm 26.8 J P

S7440-41-7 kryllhnm 0,41 7 P
7440-43-9 Cadmium. 021 LA If P

_7440-70-2_ Calcium NR
I 440-47-3 .Chrmi.um 8 P

7440-48- Co a&ts -. NR

.144o-50 .Copper S.7 - X P
-7439-89-6- Iron NR
7439-92-1 L. nd IT2_ - 13.2 - T Y "P
.7439-95-4_ Magnesi.m. NR
7439-96-5- Manganese__ NRI7439-97-6 Mercury 02-8 CV
'44-02-0_ 1icket 11.8
, d-o .__ Polassium NR
f782-49-27 Slenium 16-21 M- P
7440-22-4 Silver 0.13 U

Tha - 7i

5d440-66-2 Vanadi 741
Zi4-3-5_ dn c 24........ .

_C -c2.__T~i _ - _

ynide NRI
olor Before: Clarity Before: Texture:

L ter Clarity Afwer Artifacts:

IM I -WFORMI1- IN S9W84

I
I

-j

6

gt
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U..>-. -.rA - ULP

1I
INORGANIC ANALYSIS DATA SHEET

EPA SAMPLE NO.

SB-9/5-7

Lab Name: MITKEM CORPORATION

Lab Code: MITKEM

Matrix (soil/water):

Lev (lowlned):

% Solids:

Case No.:

SOIL

MED

87.0

Contract:

SAS No.: __ SDG No.: 130417

Lab Sample ID:

Date Received:

B0417-13A_

03/12/03

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-t5 Alumimmnu. NR
7440-36-0 Antimony 0.59 U3 _l
7440-38-2 Arsenic 21 0 P-
7440-39-3 - Barium 93.6 - : 2 P
7440-41-7- Beryllium 0.61 P

_7440-43-9 Cadmium. 0.56 0 P
7440-70-2 . Calcium NR
7440-47-3 -Chromhimn_ 17.3 -P-

-7440-484 - -Cbalt N.
7440-50-8 Coper 7.5
7439-89-6 - Iron NR
7439-92-1 Iaad 91.6 "P-
7439-95-4 .Magnesimn.... NR
7439-96-3 - Manganese NR

7439-97-6 Mercury 1. 4 CV
-7440-02 4 Nicke 65.0 . P-
7440-09-7 - PntiN .. NRt ML.P

7782-49-2 Selenium 0.44 U P-
-7440-22-4 Silver - 0.098 IL P-
-7440.23-5- Sodium NR
_7440-2 - .Thallium A ST II P-
.7440-62-2 .Vanaiu 303 - - P..
-7440-66-6 Zinc 59.9 p

CyanideN

MG/KG

s)/&P3

Color Before:
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U.S. EPA - CLP

I
INORGANIC ANALYSIS DATA SHEET

MITKEM_CORPORATION

EPA SAMPLE NO.

SB-IO/0-1
Contract:

b Code: MITKEM

Matrix (soilA/water):

adw. (low/med):

SAS No.:Case No.:

SOIL

MED

Lab Sample ID:

Date Received:

SDG No.: B0417.

BO417-14A

03/12/03

% Solids:I
MG(KG

S/s
S4l/o3

Clarity Before:

3
FORM I - IN

((0

L Name:

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q I.

7429-90-5- Aluminum NR
7440-36-0 Jntimy - 7 p
-7440-38-2- Aenic 19.4 Z , P_
7440-39-3- Barnium al1 , P
7440-41-7 Beryllium 1.0 P_
7440-43-9. Cadmiumn . 4.7 P_
7440-70-2 Calcium . .NR

-7440-47-3 .Chromium. 86- P_
7440-484 .Cobalt NR
-440-50-8 _ -Copper - 43.3 _ . P_

_7439-9-6 Im N
7439-92-1 I =d 120 - "
7439-95.4 - Magnesiunm_ NR
.7439-96-5 Manganese ... NP
7439-97-6- Mercu 3.3_ CV

.7440-02-0- .N icke . 41.1 - ..

-3440-09-7- Potasimn NR
7782-49-2- 04 U P

-.7440-22-4- Silver -0.097 - VW-4 LP
-74404T3-5 AdnmN
.3440-62-2 .Vannim ___ 54.0 P-.

_74406-6 Zin_ _ 161 5 P_
-Cyanide NR

Texture:

SW846

SB foe:

W0or After



U.S. EPA - CLP

I
INORGANIC ANALYSIS DATA SHEET

EPA SAMPLE NO.

S SB-10/9-11

Lab Name: MITKEM CORPORATION

Lab Code: MITKEM

Matrix (soil/water):

Level 0ow/med):

% Solids:-

Case No.:

SOIL-

MED_

91.0

Contract:

SAS No.: _ SDG No.: B0417_

Lab Sample ID:

Date Received: 03/12/03 U

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Comtration C Q M

_7429-90-. Ahluninum NR
_7440-36-0. Antimony- _ T_____-- 0- * --
_7440-38-2- Arsnie 3.8_ P_
7440-39-3 Banurinum 34.4 P_
_440-41-7- Beryllin-0.77 P
7440-43-9.- Cadmium... 0.20 U P.
7440-70-2.- Calcinm NR
7440-47-3 Chromniu 26.2 P
7440-48-4 Noalt NR

_7440-50-. .Copper 16.1 P...
7439-89-6- iwon NR

_7439-92-1__ ad 1.0 X W- P-
_7439-95-4 Magnesinm- ..NR

7439-96-5 ann NR
7439-97.6 Meury 0.048 CV
7440-02-0 Licke t17.7 -

-7440-09-7- Pataim NR
7782-49-2 1 Selenium_. _ 0.41 U P
-7440-224-4Sil' .- 0.092 -U.

7440-23-5-. Thaiu CL t UP
-7440-2&4-O._.h~lflm (/-0:82: ++ 51 p

7440-62-2_ Vanadiumn.. 19.8 1 / P
7440-66-6 - 7jinc -. 242 . K. S P

cyanide N,

Color Before:

Color After

Clarity Before:

Clarity Alter
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MG/KG

Texture:

Artifacts:
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I
INORGANIC ANALYSIS DATA SHEET

EPA SAMPLE NOKS3-09-
MITKEM CORPORATION.

Cb Code: MITKEM

Itrix (soillwater):

i e (low/nd):

% Solids:

Case No.:

SOL

MED

910

SAS No.:

Lab Sample ID:

Date Received:

SDG No.: B0417

B0417-16A

03/1203

Concentration Units (ug/L or mgkg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-5.- Alwnuin.m NR
-440-36-0- Antimoy,"T~~"-i -P

-7440-38-2- Arsenic 4 4 44 P-
7440-39-3 Barium - 44.0 P-
-440-41-7- hryllium - 10 P-
-7440-43-9- -Cdm 0.25 P_
7440-70- iCalcium
7440-47-3 Chromium 1.3 P

-7440-48-4 .Cobalt NR
-7440-5 - 1Copp 9.7 - " P.
.7439-89-6.. ron NR
37439-92-1- L ed 20.4 - , P
-7439-95-4 Magnesium .NR
7439-96-5 Manganeset NR

-7439-97-6 Mer"c -0.04 - CV
-7440-024)0 NickeL 71. P
3440-09-7 Prassium, NR
.7782-49-2 Sele 0.42 U P
.7440-224 Silver d0.94U. P
-.7440-23-5- -Sodim NR
-440-284 T .m P-

-7440-62-2 .Vanadinm 3.9 - & / P_
-7440-66- Zine 05 3] ) IP

NR

Clarity Before:

Clarity After

FORM I - IN

MG/KG
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Texture:

Artifacts:
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U.,. rlA - Li

1
INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEM CORPORATION_

Lab Code: MITKEM Case No.:

Matrix (soil/water):

Level (low/med):

% Solids:

SOIL-

85.0

Contract:

SAS No.:

Lab Sample ID:

Date Received:

EPA SAMPLE NO.

SB-10/13-15

SDG No.: B0417

B0417-17A.

03/12/03

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-.. Alhum NR
7440-36-0 Antimony 0.73 U3 * -
7440-38-2 - Armenic. 4. P
7440-39-3 Rarium 34.8 P
7440-41-7 Beryllium -0.64 P
7440-43-9 Cadmium..... 0.12 UT P
7440-70-2 . Cacinm NR
7440-47-3 Chromium 17.6 P
7440-48- 4 -Cobalt NR
7440-50-8 Copper 7.5 P
7439-89-6& . Iron__ NR
7439-92-1- LnC.d 4.9 , P
7439-95-4 - Magnesium ...... NR

-7439-96-5 - Mngane. NR
7439-97-6 Meury 0.030 T3 CV
7440-02-0 NickeL 11.0P
7440-09-7 Potassium- NR
778249-2 . Selenium 0.46 UP
7440-22-4 :ilver- 0 1
_7440-23-5 - ni NR
_7440-28-0. Thallinm 1- ] t TT P_
_7440-62-2 Vanadinm 12.3_ 5 9 P_
7440-66-6 Zinc 15.6 " P

Cyanide N

MG/KG I

3J1(9(03

Color Before:

Color After

Clarity Before:

Clarity After

C aet

FORM I - IN

Texture:

SW846
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1
INORGANIC ANALYSIS DATA SHEET

lb Name: MITKEMCORPORATION_

b Code: MITKEMtrix (soil/water):

S(low/med):
% Solids:

I
blor Before:

jr After:

Case No.:

SOIL

MED

85.0_

Contract:

SAS No.:

EPA SAM!E NO.

SB-9/13-15

SDG No.: B0417

B0417-18A.-

03/12/03-

Lab Sample ID:

Date Received:

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

.7429-90-5 AluminumnL . NR
3.7440-36-0 Antimony 10.31 4 *- P
7440-38-2 Arsenic 8.2 P_/2

3440-39-3 manum 24.8 P
37440-41-7 JBryllinm 0.71 P
..7440-43-9 Cadmium 0.15 W tK - P
_.7440-70-2 Calcium NR

7440-47-3 Chromim 178 P_
.7440-48-4 -Cohals NIR

_7440-_50-8 Copper 6.5 / P
7439-89m-6-__rn JNR
7439-92-1 - Iad 10.1 P_
7439-95-4 - Magnesium._ NR
7439-96-5-__ Manganese_ ,NR
7439-97-6 - Me rcmry 0.10 CV

.7440-02-0 Nick 13.4 P
7440-09-7 Potassnnm ,NR
_7782-49-2__ Seldcniunm 0.43 U P
7440-224 Silver 0.096 U P
7440-23-._ Sodim_ NR
7440-28-0 liTm L P
7440-62-2 Vanadium 5
7440-66-6 - Zinc 17.8 P

Canide N

Clarity Before:

Clarity After

FORM I - IN

MG/KG

5 gsJ/405

Texture:

Artifacts:
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Memorandum

PROJECT NO:
TO:
FROM:
REVIEWED BY:
CC:

SUBJECT:

036200299.0001.00003 DATE: May 16,2003
Oxford Paper Mill File OFFICE: Wakefield
E. DeCola . COMPANY: Metcalf & Eddy, Inc.
D. Truini
B. Weir, N. Thurber, D. Laferte (memo only)

Limited QC Review/Modified Tier H-Like Review
PCB, EPH and Priority Pollutant Metals Analytical Results
Mitkem Corporation, Warwick, Rhode Island
Lab Project # B0417

On March 10, 11, and 12,2003, 18 soil samples were collected at the Oxford Paper Mill site,
located in Lawrence, Massachusetts by Shaw Environmental & Infrastructure, Inc. (Shaw) and
Metcalf & Eddy, Inc. (M&E) field personnel. The sampling was performed as part of Shaw's
contract with the City of Lawrence, MA and Shaw's contract with M&E (Shaw Project Number
608134, M&E Project Number 200299-0001).

The samples were submitted to Mitkem Corporation, located in Warwick, Rhode Island for the
analysis of Polychlorinated Biphenyls (PCB) using EPA SW-846 Method 8082, Extractable
Petroleum Hydrocarbons (EPH) using the MADEP Method for the Determination ofExtractable
Petrole mon Hydrocarbons (EPH) (January 1998), and Priority Pollutant Metals using EPA SW-
846 Meth d 610B and 7471A. All samples were received by the laboratory on March 12,2003.
The data package was received in the M&E office on April 9, 2003.

In accordance with M&E's contract with Shaw, and the EPA and MADEP-approved work plan
for the subject site dated January 2003, M&E reviewed the data using EPA Region I Tier II level
guidelines, as modified by M&EIEPA for the Targeted Brownfields Assessment Program (EPA
Response Action Contract, Work Assignment Number 106-SIBZ-0100). The data deliverables,
and the modified Tier U level data vali4ption guidelines used to evaluate the data, are also
consistent with MADEP's Presumptive Certainty guidelines for the usability of analytical data.
The data review included:

* Data Completeness
* * Preservation and Technical Holding Times

NA * GC/ECD Instrument Performance Checks
* Initial and Continuing Calibrations
* Blanks
* Surrogate Recoveries and Retention Time Shifts

J: WElBRWNFLDSiawrenceShawContrac WorklDa valO417metpceph.wpd



Priority Pollutant Metals, PCB, and EPH Page 2
May 16, 2003 Lab Project # B0417

* * Inductively Coupled Plasma (ICP) Interference Check Sample
NA * Internal Standards

SMatrix Spike/Matrix Spike Duplicate
* Laboratory Duplicates
* Field Duplicates
* ICP Serial Dilution Analysis Results

NA * Sensitivity Check
* * Performance Evaluation Samples/Accuracy Check

NA * Target Compound Identification
* Compound Quantitation and Reported Quantitation Limits

* * System Performance

* = All criteria met for this parameter
NA = Not applicable and/or no information was provided by the laboratory

Note: Worksheets are not included for parameters that have met criteria or for criteria that are
not applicable to the method and/or to the modified Tier I-like review.

Included in Attachment I is a copy of the chain-of-custody (COC) record. Included in Attachment
II are the result summary sheets, annotated with qualifiers, if necessary, as detailed in this
memorandum. Included in Attachment IlI are the data validation worksheets.

Data Completeness

Priority Pollutant Metals

The following items were missing or incorrectly reported.

1) The laboratory incorrectly identified sample KSB-1 0-/9-1 l(lab ID B0417-16A) as SB-10/9-11
in the EPH fraction.
2) Barium and vanadium were not reported for any soil samples as requested on the chain-of-
custody.
3) hspiked analytes were not reported in the ICSA Form 4 for metals.
A resubmital request was sent to Mitkem on April 28,2003 and a response was received on May
5, 2003 with the revised forms.

The data package was complete for PCB analysis.

Initial and Continuing Calibrations

All initial and continuing calibration criteria was met for EPH and priority pollutants metals.
However, it should be noted that the laboratory did not follow method requirements for

J:WEWRWFDSAfewreShawo mcrWorklWavaB0417mepcbep&wpd
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Priority Pollutant Metals, PCB, and EPH
May 16, 2003

SPage 3
Lab Project # B0417

calculation of the EPH range continuing calibration calibration factors. Per the MADEP method,
the range calibration factor is calculated by summation of the peak areas of all component
standards in each range fraction against the total mass injected. The laboratory calculated
calibration factors for each individual peak rather than a summation. No action was taken since
the individual calibration factors were all <25 relative percent difference.

PCB

The following table summarizes the continuing calibration (CC) analysis results that failed to
meet the CC criterion of percent difference (%D) <15. Note that the 3 peas used to quantitate
the PCB results were averaged to determine %D exceedances.

Instnmaent/Colhmn RTXCLP/ pest2 RTXCLPIpest2 RTXCLP/ pest2

Calibration Date CC 3/27/03 @ 12:47 CC 3/28/03 @ 00.34 CC 3/28/03 @11:05

Compound Average %D Average %D Average %D

Aroclor-1254 18 - -

Azoclor- 1260 - 17.6 17.7

Estimate (J and UJ) the Estimate (UJ) the nondetect Estimate (UJ) the nondetect
Associated Samples positive and nondetect Arocor-1260 results in all Aroclor-1260 results for

and Action. Aroclor-1254 results in samples except SB-1/5-7, samples SB-1/5-7, SB-I/7-
samples SB-1/0-1, SB- SB-1/17-19, and SB-10/9- 19 and SB-10/9-1 1. No
3/13-15, SB-2/0-1 and 11. action was taken for samples,
SB-2/7-9. No actions SB2411-13, SB-8/-1, SB-
were taken for samples 8/7-9, SB-9/0-1, SB-9/5-7,
SB-3/0-1 and SB-3/7-9 SB-iWO-I, KSB-10/9-11,
since Aroclor-1254 was SB-10/13-15, SB-9/13-15.
reported from the other
column in both
samples.

Blanks

Priority Pollutant Metals

A review of laboratory blank results indicates the presence of positive and negative laboratory
contamination for the analyte listed below.

Analyte Max. Cone. BAL Affected Samples/Action

I j Contann (
II -a-__(mp/g) .....

antimony 1.047 5.235 Qualify the reported value as "U" in all samples except
I j j -SB-1/01, SB-8_-9, SB-10/9-1, and KSB-10/9-11.

JWEBRMWFDScwrencShawonacWarklDa waiBOfl7metpcepkwpd Mercalf & Eddy, Inc.
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May 16,2003

. Page 4
Lab Project # B0417

Analyte Max. Conc. BAL Affected Samniples/Action
Contaminant (mg/kg)(mg/k) g)..

arsenic -0.355 -1.775 None. All sample results > BAL.

barium 0.923 4.615 None. All sample results >BAL

beryllium 0.056 0.28 None. All sample results >BAL

cadmium 0.147 0.735 Qualify the reported value as "U"' in all samples except
SB-10/0-1 and SB-I/0-L.

chrominu 0.096 0.48 None. All sample results >BAL

copper 0.86 4.3 Qualify the reported value as "U" in sample SB-3/1 3-15.

Mencrcury 0.033 0.17 Qualify the reported value as "U" in samples SB-10/9-11,
KSB-10/9-l I, SB-10/13-15 and SB-9/13-15.

silver 0.13 0.65 Qualify the reported value as "U" in samples SB- 1/5-7,
SB-l/17-19, and SB-3/13-f5.

-0.205 -1.025 Qualify "U" at the negative BAL in samples SB-I/0-1,
thallium and and SB-1/5-7, SB-1/17-19, SB-3/0-1, SB-3/13-15, SB-2/7-9,

0.155 0.78 SB-8/7-9, SB-10/0-I, SB-10/9-11, and KSB-10/9-I 1.

Replace the nondetect value with the negative BAL in
samples SB-8/0-1, SB-2/11-13, SB-2/0-1, SB-3/7-9, SB-
9/0-1, SB-9/5-7, SB-10/13-15, SB-9/13-15.

vanadmim 0.129 0.645 Nonon.il sample results >BAL

zinc 0.882 4.41A None. All sample results >BAL

BAL- Blank Action Level

The sample specific preparation factors, dilutions, and percent solids were taken into account when evaluating blank
contaminaion

Blank actions for analytes associated with positive blank contamination*

* concentration s BAL; report value on sunmary table as U.
* concentration> BAL; report value unqualified.

Blank actions for analytes associated with negative blank contamination and positive blank contamnination
where the negative IBALI is> positive BAL.

* .If the sample resul was positive and <negative BAL, the result was qualified as nondetect (U) and

the detection limit was raised to the negative BAL
* If the sample result was nodetct the detection limit was raised to the negative BAL
* If the sample result was > the positive and negative BALs, qualification of the data was not required.

.J:EVBRWNFLDSILarcecShawCORactWrlDaa_vUM0417mepceph. wpd Meredf& Fddy, Inc.
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No blank contamination was detected in the PCB and EPH analyses. However, it should be noted
that the laboratory blank corrected the EPH range results for contamination from the solid phase
extraction/fractionation cartridges.

Surrogate Recoveries and Retention Time Shifts

EPH

The EPH surrogate compounds that did not meet the acce :ance criterion of percent recovery
(%R) of 40-140% for chlorooctadecane are summarized in the following table:

Sample ID chlococtadecane Action
%

SB-8/7-9 35 Estimate(J and UJ) the positive and nondetect
C,-C, Aliphatic and C,,-C, Aliphatic resuls in
sample SB-87-9. These results may be biased
low.

SB-87-9RE 36 None. The results from SB-8/7-9 were reported.

PCB

The PCB surrogate compounds that did not meet the acceptance criterion of percent recovery
(%R) of29-155% for decachlorobiphenyl (DCB) are summarized in the following table:

Sample ID ZDCB Action
COSM I

SB-8/O-I 161 No action. Only I surrogate of 4 was outside of necovery
criteria.

SB-87-9 430 No action. Only I surrogate of 4 was outside of recovery
criteria

SB-9/5-7 404 No action. Only I surogate of 4 was outside of recovery
criteria

SB-10/0-1 310 No action. Only I surogate of 4 was outside of recovery
criteia

Surrogate criteria is not applicable for priority pollutant metals analysis.

J:WEIBRWNF D awc wConactWorklDatavalIBO417mercep. wpd MAem w& Eddy, Inc
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Field Duplicates

EPH

The compounds that did not meet acceptance criterion for relative percent difference (RPD) of :
50%, in field duplicate samples SB-10-9-11 and KSB-10/9-11 are summarized in the following
table:

Compound Sample Duplicate RPD Affected Samples/Action
Result Sample
(pg/kg) Result

acenaphthene 530 U 1200 NC Estimate (J/UJ) the positive and nondetect
result in field duplicate samples SB-10/9-1 and
KSB-10/9-11. A bias could not be detennined

acenaphthylene 530 U 1900 NC Estimate (J/UJ) the positive and nondetect
result in field duplicate samples SB-10/9-11 and
KSB-10/9-l 1. A bias could not be determined.

benzo(b)fluoranthene 1200 540 U NC Estimate (J/UJ) the positive and nodetect
result in field duplicate samples SB-10/9-1 I and
KSB- 0/9-11. A bias could not be (etermined.

fluoranthene 2200 540 U NC Estimate (J/UJ) the positive and nondetect
result in field duplicate samples SB-10/9-11 and
KSB-l09-11. A bias could notbe determined.

pyrene 1900 5- . NC Estimate (JA/UJ) the positive and nondetect
result in field duplicate samples SB-I 0/9-1 I and
KSB-1W9-l 1. A bias could not be determined.

NC- the RPD was not calculated due to the nondftct sample.

All criteria was met for PCB and priority pollutant metals field duplicates.

Matrix Spike/Matrix Spike Duplicate

All criteria was met for PCB and EPH matrix spike/matrix spike duplicates.

Priority Pollutant Metals

The priority pollutant metals analytes for soil samples that did not meet acceptance criteria of 75-
125 percent recovery (%R) in matrix spike sample SB-I/0- 1, indicating possible matrix
interl rence, are summarized in the table below:

J:Wu WNFzLaAwrvncevAawconna WormmaamO47mepcbqep wpd Mecalf & Eddy, Inc.
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Analyte Spiked Sample Matrix Spike Affected Samples/Action
Sample Result %R
Result (my/g)

antimony 8.64 8.77 -0.6 Estimate (J) the positive antimony results in all
samples except SB-8/7-9, SB-10/9-11, and
KSB-10/9- 1. I
Reject (R) the nondetect antimony results in
samples SB-8tf7-9, SB-10/9-1 1, and KSB-
10/9-11.

lead 90.06 196798 -82582 No action since the sample resmlt was >4x the
SI I I spike added.

The antimonyresults in all priority pollutant metals samples except SB-1/0-1, SB-8/7-9, SB-
10/9-11, and KSB-10/9-11 were previously qualified as nondetect due to laboratory blank.
contamination.

Laboratory Duplicates

Priority Pollutant Metals

The priority pollutant metals analyte that did not meet acceptance criteria of relative percent
difference (%RPD)<20 in soil sample SB-1/0-1 is summarized in the following table:

Analyte
*1 - - =

Sample Result
(mg/kg)

Duplicate
Sample Result

(mvike)

%RPD Affected Samples/Actiu, J"

antimony 8.77 0.15 U 200 Estimate (J) the positive
antimony reslts inall samples.

arsenic 9.29 6.86 30 Estimate (J) the positive arsenic
_results is all samples.

copper 373 26.5 33.6 Estimate (J) the positive copper
results in all samples.

nickel 22.7 173 26.9 Estnimate (J) the positive nickel
.._results in all samples.

lead 19673.98 59.00 188.4 Estimate (J) the positive lead
results in all sampkles.

vanadium 30.7331 23.5681 26.4 Estimate (J) the positive
vanadium results in all samples.

I

J.'WEBRWNFLDLamAawCaaWDaa_vodB0417mepcbephwpdM Mecoff & Eddy. I



Priority Pollutant Metals, PCB, and EPH
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No further actions were taken for antimony. The antimony results in all samples except SB-I/0-1,
SB-8/7-9, SB-10/9-11 and KSB-10/9-11 were previously qualified as nondetect due to laboratory
blank contamination. In addition, all antimony results were further estimated (J) or rejected (R)
due to severely low matrix spike recovery

The copper result in sample SB-3/13-15 was previously estimated for laboratory blank
contamination.

ICP Serial Dilation Analysis Results

Barium, lead, nickel and zinc did not meet serial dilution criteria of 10%, difference (11.6%,
11.8%, 11.5%, and 12.4%, respectively). Estimate (J) the positive zinc and barium results in all
samples due to serial dilution exceedence. No further actions were taken for lead and nickel since
these results were previously estimated for laboratory duplicate imprecision.

Laboratory duplicates are not required in EPH and PCB analysis.

Compound Quantitation and Reported Quantitation Limits

EPH

The following samples were diluted (dilution listed in parenthesis) based on results exceeding the
calibration range in the original sample analysis:

Sa:Ic Compounds from i hon AMb
SB-I/0-I al compounds (2.5x)

SB-1 0o- all comonds (2.5x)

Priority Pollutant Metals

The following table summarizes the priority pollutants metal results that are less than the
reporting limit (RL) but greater than the instrument detection limit (IDL) and were not previously
qualified as estimated (J) due to quality control parameters discussed above. The listed results are
qualified as estimated (J) due to uncertainty in the quantitation:

JIWE BR vOFDS rencch ontracWorDatavoAlB417mepcbepkwd

Anayte Affected SamlsAction

selenium SB-3/7-9, SB-2/7-9, SB4-8/01O, and SB-9/0-1

silver SB-/O-I, SB-1/5-7, SB-I/17-19, and SB-3/13-15.

thallium SB-I/0-I, SB-1/5-7, SB-1/17-19, SB-3/0-1, SB-3/1 3-IS, SB-
2/7-9, SB-8fl-9, SB-I/0-I, SB-10/9-l I, and KSB-l0/9-11.

Mercef& EddyInca



Priority Pollutant Metals, PCB, and EPH
May 16, 2003

Page 9
Lab Project # B0417

Affected Samples/Action

cadmimn SB-1/17-19, SB-3/7-9, SB-3/13-15, SB-2/11-13, SB-10/9-1 1,
SB-9/O-1, SB-10/13-15, and SB-9/13-15.

mercuy SB-10/13-15

The positive results for silver, thallium, mercury, and cadmium in all samples with the exception
of silver in SB-I/O-1 listed above were previously qualified as nondetect (U) due to blank
contamination. These results are further qualified as estimated, nondetect (UJ) due to blank
contamination and uncertaint -in quantitation.

All criteria was met for PCB analysis for compound quantitation and reported quantitation limits.

J:wa nmR ' wenc WorkSmonwcaO4J7m MI wpdp
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Da Vaaidsi Workdmhet Cover Page - Page 1 Referee No. L3S PS

REGION I ORGANIC DATA VAIDATION

The owing data pxkg has ben vaidaerL

aseProject No.4i Jf.. SH
SIX; No- K I
No. Of Sauples/Marix I

sownwasion N?. 4DE C4 ? W h90
Sampling Date(s) r' 10(D- - Lt *
Sbipping Date~s ',i %(vtC)p3
Date Rec'd by lab A-c h

Traffic Repprt Sample Nos. ,L-1 10 SB- i 1/5-'L 5 5- I

.Trip Blank No.
Equipment Blank No.
Bottle Blank No. -
Field DuplicateNos. ireZ-~j61 + ,?- ID/0,-0
PES Nos. -

The Region I. A-NE Data Validation Functional Guidelines for Evaluating Environmental Aalvse,
revision ] _ - was used to evaluate the data and/or approved modifications to the EPA-NE
Functional Guidelines were used to evaluate the data and are attached to this cover page: (attach modified
criteria from EPA approved QAPjP or amiendmem to QAPjP).

'ci )or Tier I evaluation was used to validate the data (circle one). If a Tier II validation with a
partial Tier m was used, then identify samples, parameters, etc. that received partial Tier Il validation

I 2 *A ri kL4 d
The data were evaluated based upon the following parameters:

- Overall Evaluation of Data
- Data Completeness (CSF Audit - Tier 1)
- Preservation & Technmical Holding Tmes
- GC/MS & GC/ECD Instrument Performance Check
- Initial & Continuing Calibrations
- Blanks
- Surogate Compounds
- Inerl Standards
- Matrix Spike/Marix Spike Duplicate

- Field Duplicates
- Sensitivity Check
- PE Samplesm/Accuracy Check
- Target Con ibu6nd Identification
- Compound Qu..asion and Reported

Quactitaion Limits
- TICs
- Semivolatle and Pesicide/PCB Cleanup
- System Performance

Region I Definitions and Qualifiers:

A -Acceptable Data
J - Numerical value associated with compound is an estimated quantity.
R - The data are rejected as unusable. The R replaces the nuinerical value or samplequaniatiton limit.
U -Compound nxot detected at that munerical sample quandration limit.
UJ - The sample quantitation limit is an estimated quantity.
TB, BB, EB - Comnpoumxi detected in aqueous trip blank, aqueous bottle blank, or aqueous equipment
blank associated with soillsediment samples.

Validator's Name Company Name Phone Number

Date Validation Started A - Date Validation Completed

12/96
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Check if all criteria are met and no hard copy worksheet provided. Indicate NA if worksheet is not applicable
to analytical method. Note: there is no standard worksheet for System Performance, however, the validator
must document all system performance issues in the Data Validation Memorandum.

VOA/SV worksheets:

VOA/SV-Pest/PCB
VOA/SV-PcaIPCB-I
VOA/SV-II
VOA/SV-III
VOAISV-IV
VOA/SV-Pest/PCB-V-A
VOA/SV-Pesz/PC]-V-B
VOA-VI
SV-VI
VOA/SV-VIIU
VOA/SV-Pest/PCB-VIII
VOA/SV-Pess/PCB-IX
VOA/SV-PesVPCB-X
VOA/SV-P0s/PCB-XI
VOA/SV-Pest/PB-XH
VOA/SV-Pes/PCB-XIII
VOA/SV-XIV
VOA/SV-XV
TABLE II-WORKSHEET

COMPLETE SDG FILE (CSF) AUDIT
PRESERVATION AND HOLDING TIMES
GC/MS INSTRUMENT PERFORMANCE CHECK (TUNING)
INITIAL CALIBRATION
CONTINUING CALIBRATION
BLANK ANALYSIS
BLANK ANALYSIS
VOA SURROGATE SPIKE RECOVERIES
SV SURROGATE SPIKE RECOVERIES
INTERNAL STANDARD PERFORMANCE
MATRIX SPIKE/MATRIX SPIKE DUPLICATE
FIELD DUPLICATE PRECISION
SENSITIVITY CHECK
ACCURACY CHECK
TARGET COMPOUND IDENTIFICATION
SAMPLE QUANTITATION
TENTATIVELY IDENTIFIED COMPOUNDS
SEMIVOLATILE CLEANUP
OVERALL EVALUATION OF DATA

Pest/PCB worksheets:

VOA/SV-Peu/PCB COM
VOA/SV-Pest/PCB-I PRES
Pest/PWCB-IIA GC/E

RESC
Pest/PCiB-IIB GCIE

RETE
Pest/PCB-HC GC/E

- ACC
PFIs/PCB-IID GC/E

- PEST
PestIB-m INITI
Pes/PCB-IV CON
VOA/SV-Pst/PCB-V-A BLA
VOA/SV-Pest/PCB-V-B BLAt
Pes/PCB VI SUR

SPIK]
Pest/PCWB-VII PEST
VOA/SV-PcsPCB-VIII MAT
VOA/SV-PWPCB-IX FIELU
VOA/SV-PcWrs/PCB-X SEN5
VOAISV-Pes/PCB-XI ACCI
PesPCB-XII COM
VOA/SV-Pes/PCB-XIII SAM
TABLE f-WORKSHEET OVE

I certify that all criteria were met for the

Sinture: Ai -1 '4

PLETE SDG FILE (CSP) AUDIT
ERVATION AND HOLDING TIMES
CD INSTRUMENT PERFORMANCE CHECK-
LUTION
CD INSTRUMENT PERFORMANCE CHECK-
NTION TIMES
CD INSTRUMENT PERFORMANCE CHECK-
URACY CHECK OF INITIAL CALIBRATION
CD INSTRUMENT PERFORMANCE CHECK-
CIDE DEGRADATION

AL CALIBRATION
TINUING CALIBRATION
NK ANALYSIS
K ANALYSIS

LOGATE COMPOUNDS:
E RECOVERIES AND RETENTION TIME SHIFT
ICIDE CLEANUP
RIX SPIKE/MATRIX SPIKE DUPLICATE
D DUPLICATE PRECISION
TITY CHECK

uRACY CHECK
POUND IDENTIFICATION
PLE QUANTITATION
RALL EVALUATION OF DATA

worksheets checked above.

Name: k

Date:

12/96

uA-k

-7_

HJA-

!U
I

/ " f= . . .7-__



EPA-NE - Data Validation Worksheet
VDA/SV - Pest/LPCB

COMPLET

Organic Fractions:

t&( Oenqe 5kvi&
Lo~~ PQqj

E SDG FILE (CSF) AUDIT

kbn Z ?+ycCC(%Q1

Missing Information Date Lab Contacted Date Received

aq S9t~a k-56 -o/g& (6 -1// t

Date:

12/96

Validator:

I "
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PESTICIDE RESOLUTION CHECK
(CLP FORM 6G)

List the resolution between adjacent single peak pesticides in the resolution
are less than 60.0% on either chromatographic column.

Compounds %Resolution Affected Samples

List the validation actions taken below. If there were no positive results for the poorly
resolved peaks no action is required.

MPES I CALIBRATION VERIFICATION
(CONTINUING CAULBRATION CLP FORMS 7DJE) CJ ,

Lst the percent difference for the that exceed Us the percen
breakdown for 4.4-DDT or Endrin that exceed 20.0% or the combined breakdown of these
two compounds that exceed 30.0%. O n- 2t

Date oum

___________ ______71 k ,- -

Inc__ -Q M I4U/3n

13 1%10- nkcf1, __,v JI 4-7ut~~A- 4 -7/I-I AV 5qt P4 ( - io A-i

-17I

56-9153-r a6- /-) 5-/4/ Z-551-av-

(0-/u~~~-A0- .&, W ~ia-O/tz4r i )

~kckkeaC# v a WXf~ h CC 3 AL

Datenasis
Date

Column

that

it
OWosq1

, Il0cft

Compound



RBm I
Data Review Worded

si.NamOX9S& st
Rerne Number- 8 1799.OfODO

RE ~N IEVIEW O INORGANIC
CONTRACT LAORMOIY DATA PACKAGE

Tbr lIndczpil (labc atry name) A K1n Of(P daa package recei at Reigion I h beat
reviewed and the quality assuran sac umi2d. The dat sriew incl..ed

CaseNo.
SIDGNo.
No. OfSanples

Traffic Report Numbers

2 SAS No.
.<matrix

Samplg Date(s)

5Qo : ~ Shipg Date (s)
Date(s) rec'd by lab

2 c{OA I ,q( C5rc coe% S _ ..

Trip Blank No.:
Ecpipment Blank Number
Field Duplicate Numbers

SOW N-10 _Grequires that specific analytical work be done and that associated repozts be provided
by the laboratory to the Regks, EMSL-LV, and SMO. The general criteria used to deteinine the
performance were based a an examinatin of

-Datai Complase
-H4oldding Tis
-calibrations /
-Blawls
4A~interfernce Check Results
-Matrix Spike Recoveries
-Laboratory Duplicates

-Field Duplicates
-Lab Coutrol Sample Results
-Furnace AA results
-ICP Serial Dilution Results-
-Detction LAmit Results
-Sample Quantitatim

Overall Commets:

Definitions and Qualifiers:
A - Accqpte data
J - Appmximate dta due to quality nconal criteria
R - Reject ta e to quality control criternia
U - Analyte not destead

Reviewer 'E i2CCIO\ Date: 4LY4

III~ffI.
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DATE LAB CONTACME DATE RECEiVE
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RIgkm I
Inpi Dnleriew Wcds

MA. RIIMNr CALImATION (Setkm 1)

1. eerwey km

list tim malytes hih d at meet the perceat ecovery (%R) iteia for luitial
c'--.fi

'/ 1/o3

DATE ICV/CCV# ANALYTE %a AVCION SAMPLES AFFECTED

rwtda ICCV~flm

ACTIONS:

If amy analyte does not meet the %R criteria follow the acticms stated below:

For positive results:

Accep

Metals 90%-110%
Mercury 80%-120%
Cyanmide 85%-115%

For noa-detected results:

Esimate (1)

75%-89% or 11 %-125%
65%-79% or 121'%-135%
70%-84% or 116%-130%

Reiect (R

<75% or > 125%
<65% or> 135%
< 70%or > 130%

Reiec (R)

<75% or > 125%
< 65% or > 135%
< 70%or > 130%

.--

Metals
Mercury
Cyanide

90%-125%
80%-135%
85%-130%A

Esimate (U)

75%4-89%
65%-79%
70%8-4%



Rpt-I
Inwaic m=Da Revfrw Wodhmfl

IVA. MRLNKANALY ESU;LTS

Sisdw blank
weatr Ihas.

(Secons 1-3)

i sectim 1 and 2 bedow. A squran ,worksiat sad be used sfl aid

DATE

' Hf1Luw. iw a maa
uhmmuAllrp

c

r

ANALYE
CON L -6o

/

" I
v

3. Frequency Requiremes

A. Was a prepaatin blatn z for eac matrix, fir e y 20 No

sampics, ad for ead dgestic batdh? Yes No

B. Was a calibatiom blank rum a the begining ofthe n, and

evray 10 samples a v y 2 hos whdnichever is mo fitq t? Y or N

If no, e da my &le. Di sem p af essiml and li the ae fted.

qualif the dat accorfdaly Disus any atosbelow, ad list the samples atfected

2.

DATE:

- --txmkobco



Icml
l u Dau Review Wakihec

IV BLANK ANALYSS RESULS (S4tin 4)

4. Miak Action

The Actrm Ldan ist aysIp cMi W sxthewhn Omn da u.lYt yoninany bant (UsX O *Joc.ruyn. pin._-  rk.in--- lvd kro rwm m bck s,,f,,ad
rM r r km. N o. e si m.kshoeStnq nt mlesse j tkalt iA implecm the ctio Lawd (AL) for t alyt Spaac acs

1. Whfe the c is pear than the L, tha less than te Actio Lev, rqmt the
coeanmraim descad with a U

2. sape wunin is Ipea th the Acion Leve, upa the coma
=ah-

MAX CONC

Z tbfa 504/-i ,6I/9 9 6 /4  5/60/c-I

WIL
UNrrs UN

.77 , 6___ __ __ _

OTW564a. 
_&_

NONE; Blats anajdrngamHUjwSlmV tmrAr inmwdcr w0 rc aba wihtesq

Cn in n4 X Ven diltd t (0ml X IL X oot X j = mng/kg
Weig digsed (lgram) 1000mi kg 1000agMutlying this ult by to arrive a the Aci= Lnd a fmal as in naghg which can tem be

,Sbr QII M5tnlc eAxeQ[ Swy-tg 'So-a) lik5-VI16Co 1 rece s ol 1cqI Eo5JVekC cey9s# OJD

Cu -Q f q-rf o9 (/b

1it

VVI-- -IS(AD (// (5/03 
-

Ma'Ewr

aT L

S

--isnk '



-k Dsaia Raiew oksheet

VA. ICP INN tC CKSAMINPLE (Sectims I and 2)

Listay amthe ICS AB mim wh did ct meut the percnt revery cteria.

DATE ELEMENT % R ACTION SAMPLES AFFECTED

ACTIONS:

If an demnmt does at meet the %R cruieia, ifollow the acticms stated beow

PERCENT RECOVERY

S< 50% 50%-79% > 120% '

Positive Sample Resu s R J /
Ne-dected Sample Resub R UJ A

L Frequency Requiremeats

Were Inference QC samples run at the beginning and and of
each sample analysis run or a of twice per S bour
shit whichem is mme fiquet? rNo

If nc the data may be afecte& Use professimal jummt to da ine the severity of the effect and
q y the dat accoumly. Discuss -y acions below and list the samples affected

I
i
S

LI
I



honic Dat Review Wmdhu 9c~Ck(9
V L ICF WIERfRECE C E K SAMLE (Satio 3)

3. eptte of my el n deected i the ICS A solutim> 2X ID that hold
be prsent 4p 4A,& aujhA - &, ,z

ELEMENT CONC. DETECTED CONC. OF IERFER NS
INTHE MCS INTHEICS

AL CA FE MG

Estimate the cocmtatim produced by the igterfeiug elen in all affected samples. See the piddi
for aunples. LiAt e Flpes affected by the interferences below

SAMPLE ELEMENT SAMPE SAMPLE INERFERENT COC. (pgI,) ESTIMATED.
AFFECTED AFFECTED CONC.4,4}) IR¢IER, F (pg&.)

AL CA FE MG

ACTIONS:

I. In general, the sample data can be accepted without qualifcatim if the sample cmcentratim of
A, Ca, Fe, and Mg ae less than 30% ofmtheir respectin levels in th eICS sohlutiw.

2. m (J) positive results for affected elements for samples with levels of ixtrfaos 50% or
more ofthat in the ICS soatimL

3. Reject (i) positive results ifthe rqxted cmctratic is dn entiruly to the itfaing clans.
4. E a (UJ) n-detected resls for whid false negatives are suspect

Giv an explanatim fir my actias taken below-



Inorganic Dat Review we es

VI. MATlX SMWE

1. Revey Cieria

Litlheper cat ome veries for a ly ub iddnt te -qui cti ia

S - amot of spa adlded
SSR - spiked sample reslt
SR - sample result

C

MabixS

ACTIOaTlv
" A I

Matrix Spike Actims apply to all samples oftd same matrix.

ACTHONS:

1. If the sample concentraution exceed the spike camcatatim by a factor of 4 or more, no action
is takeL-

2. If any dit4t* ces not met the %R criteria, folowthe actices stated below -

PERCENT RECOVERY

< 30% 30/-74% >125%

Poskive Sample Results J i i
Ne-utected Results R Ui A

2. Frequenmy Criteria

A. Was a narix spik prepared at. required frequency?
B. Was a post digestim spike anmalyzed for elaIts tat did

not meet t required critia for matrix spike recovery?

A separate woukdee should be faied out for each matix spike pair.

I

U
I

I
#5 4

N~l~

a~tL I

TMtadA

(YesNo

aor No

ANALYfE j SSR sit S ______

(7. q 17751 g.q771 7
10i 7 "C -i.3k o I fl 52 ± L t



Regin I
Imaganic Data Review od3css

VII. LABORATORY DUPLICATES

List the ocentraims any anlyte wet sting d ailaria fi dpite pmsca Ft soil duplicne, calclat&e CRIR.
in mg using the smmp gt, la. md pauc ss ~dat r ft sml bSmc wet ad cri m ria sd evaim
precim by circing the RPD or CIU fr eah da0nt

CRDL SAMPLE I DUJIKATE 9

u5w1/o-l _b I- RPD ACIION

WATER SO

Alamimrn 200

Arnmmic 10 : . .e

Barium 200 9-

Cadmium s __1___

one,= sooo" -

Calium 500

Chamum 10 -

Cobalt 50

Cq 25 33 0.6
Ion 100
Lad 5 Lc$Q IgVo.Q7(oJ 59xAbk lq{7I IIf27Z ICZ

ules. 5000

______~15 _ _ _

Macmy 02

NickS 40 4.
Poasisam 5000

- Semum 5

Sodn 500_______ -%W_ ;-.,,

T 10 (ln 4
Vanadium 50

Zinc 20

Cyanide 10

Laborstory duplicale am d be applied to all other Il af e same matrix type.

ACnlON: fordb- 4;s ,ot A/id s
Estimate (J) positive results for lements which have an RPD> 20% for wa ers and > 35% fr sols.
If sample rsults am less ian SX the CRDL, estimate () positive results for ments wose absolute difference is >
CRDL (2X CRDL for soils). If both samples are mon-detected, the RPD is not calczlated (NC)

a t9oy441
CoA

.> . xcff

D4

3

I



Reio I
Inornic Dwan Review WokhcEss

XIVELY COU PLED FLASMA (IC ) SERIAL DILUTION ANALYSI

Sel ieadmArndresas ediltd - alysis a-sed
within t 1o0 ftersn..s..rmnss

Serial ditie ponefote t

Serial dilbtiu were prewmnsi but malytica b dd nt agse within * 10% for analyte
aa greate ha 50X t DL beuse dilt

Report all results below lt do neteea the requied laboratoy crteria for ICP serial diluticn analysis.

.C . -W-I0-i i
4.ack '3l 1

ELEMENT 50x II SAMFIE SERIAL % D ACTION
L RESULT DILI7ON

F ,,o 150 w175i'S5 19ZN0 I /ZZ
Ba$im )f3(,$,. .'89~7ns j, (

Cakim I

Cobaen
c-= .ggq. 677 -77 Gic

s-o 1Z o J7 4 1 3 15 a.(o N doch I
Sodium

zinc 7K 3. & o.9 1

Actios apply to all samplks of the sine matrix

ACTIONS:

1. Estimate (J) all positive resuhs and (UI) all acdetcts if the % D >

i-r q-2 S

a

I
LI

I

11



Region Ilbal
Inamic aa Rtview weaessh

XII. SAMLE QUANTATMON (anym)

list do pnsiv a nl that wer reotd at M i thm an 2dIDL md hm act albady
bee pos fiS itmi nk be M sinai (3) due to n the qanic n theo
IDL

s/mples Af rO1ed
5'B-l7- tsw2 /70 d-1 :5s 0-1

WIT

.!45
nd

7 S llo' I */ 5'0- 7l-l116- 9, 3 5l

S -3 1 I' "- s -9 r-15 ,

1-j.ar I

-x S

& c -eA or tsult \Q-0 C ,eA c5 flwf

jcd - eo 54hzd-Dnk CIXA OnrLa S

CUQV qua-,e g5 &Ecc Pji M$NAX1

x-A , \ m it, (r\ w 1W1rJou~r~~L V ~ s1A/o1

haun
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Analysis Report: Extractable Petroleum

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-6/0-1
Lab ID: B0428-01A
Matrix: Soil, 78% Solid
Concentration in: uglkg, dry weight basis

EPH Ranges

09 - C18 Aliphatics
C19 - C36 Aliphatics
Cli - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno.t ,2,3-cd)pyrene
Naphtsene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chiorooctadecane
o-TerphenyI
2-Fluorobiphenyl
2-Bromonaphthalene

Results

9,500r"
180,000 7
400.000 "3"

2,9003-
-Ne- (0f OT

6.900 T3
21,000 '-3
16,000ooo-
27,000 T
8.000 -I
8,900 3T

20,000:
3,300:T-

44,000 "
2,400 ZT'

11,000-3-
800 T'

23,000 .-
42,000-'

-+u). 640 u7

Date Collected: 3/13/03
Date Received: 3/14/03
Date Extracted: 3/21103
Date Analyzed: 4113/03 F1, 4113/03 F2
Dilution: 1

Reporting
Limits

3,800
5.100.

11,000

f I to(&--,

640
640
640
640
640
640
640
640
640
640
640
640
640
640
640
640
640

QC Batch: MB-6238
47%
56%
89%
87%

ND- Not Detected

Except where noted in the Project Narrative, all QAOC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/OC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contaminiation
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-65-7
Lab ID 80428-02A
Matrix: Soil, 84% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranes

CS - C18 Aliphatics
C19 -. C36 Aliphatics
C1I -C22 Aromatics

Target Analtes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benrizo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Beinzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalerne

Surrogate Recovery (%):
ChIorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Date Collected: 3/13/03
Date Received: 3/14/03
Date Extracted: 3/21/03
Date Analyzed: 4/14/03 F1, 4/13/03 F2
Dilution: 1

Reporting
LimitsResults

3,500
4,700

10,000

7,900T
46,000 -~r

220,000 :T

4,100 
itE& S90 OtC

8,100 T"
14,000 T
9,200 T

16,000 rT
4,4007
5,4003"

15,000:3 '
1,800 )"

39,000 X
3,900 T
6,600 =r

920 r
38,000 :37
35,000 r

720f

Gohc)

590
590
590
590
590
590
590
590
590
590
590
590
590
590
590
590
590

QC Batch: MB-6238
46%
51%
88%,
85%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all perfonnrmance/acceptance standards for the required QAIQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report: Extractable Petroleum Hydrocarbons
Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-6/14-16
Lab ID: B0428-03A
Matrix: Soil, 76% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
019 - C36 Aliphatics
Cli - C22 Aromatics

Date Collected: 3/13103
Date Received: 3/14/03
Date Extracted: 3/21/03
Date Analyzed: 4/13/03 Fl, 4/14103 F2
Dilution: 1

Reporting
LimitsResults

11,000 7

147,500 

@(Pfd

4,000
5,300

11,000

Targ-et Analttes
Acenaphthene -No. (O VT 660
Acenaphthylene 44& 660 tXT 660
Anthracene 4N (o60 0-" 660
Benzo(a)anthracene -W) (60 OF 660
Benzo(a)pyrene it&y 66(0 L 660
Benzo(b)fluoranthene +fB. "0 O.r 660
Benzo(ghi)perylene -NQ 6o 6t 660
Benzo(k)fluoranthene -ND G0 o o 660
Chrysene H.NL 660 T" 660
Dibenzo(a,h)anthracene NB- (£60 U'3"' 660
Fluoranthene #I 0 0o,7 660
Fluorene we- 660 660
Indeno(1,2,3-cd)pyrene N. L W 660
Naphthalene t G60 o3 660
Phenanthrene N0.(0 L6O Y 660
Pyrene N G 6 o U3 660
2-Methylnaphthalene ND O 0-r 660

Surrogate Recovery (%): QC Batch: MB-6238
Chlorooctadecane 79%
o-Terphenyl 80%
2-Fluorobiphenyl 93%
2-Bromonaphthalene 88%

ND= Not Detected

Except where noted in the Project Narrative, all QA/ONQC procedures required by the EPH method were
followed, and all performanmce/acceptance standards for the required QONQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and OC (surrogate) analytes.

8042-QP
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: KSB-6114-16
Lab ID: 80428-04A
Matrix: Soil, 76% Solid
Concentration in: ug/kg, dry weight basis.

EPH Ranges

Date Collected: 3/13/03
Date Received: 3/14/03
Date Extracted: 3/21/03
Date Analyzed: 4/13/03 F1, 4/13/03 F2
Dilution: 1

Results

C9 - C18 Aliphatics
C19 C36 Aliphatics
C'I1 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perytene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methyinaphthalene

Surrogate Recovery (%):
Chlrooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

12,000Z'
6,4007
-o io0o ovV

Reporting
Limits

3,900
5,200

11,000

-NO4 G'fo T-
1&-(V o n-

1w G$/o 0 us1ND 640 tr

C9 o VT'r

tB 6 O try
4b6'o 07'

iD610 03-

1wS 6 yeo 4/7

*No ( ,V -
4 9 6 0 U.T

NDB 6'fo u.
144 -7

t4 6 to V7
-M4 690 T'

V(o3
606

640
640
640
640
640
640
640
640
640
640
640
640
640
640
640
640
640

QC Batch: MB-6238
72%
73%
92%4
87%

ND=: Not Detected

Exacpt where noted in the Project Narrative, all Q/OVQC procedures required by the EPH method were
follaNed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of 1I B0428-04A
C) 0



En
Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-710-1
Lab ID: B0428-05A
Matrix: Soil, 70% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
019 - C36 Aliphatics
011 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2.3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Results

16,000
12,000
35,000

-ND
*N9S 9joU

44-1oJ
.N&p91-tnf) rot

900

**NG. Flo 0
720

1,500
se}lo C.)

1 to U

960
1,300
-N& to I

Date Collected: 3114/03
Date Received: 3/14103
Date Extracted: 3/21103
Date Analyzed: 4/14/03 Fl, 4114103 F2
Dilution: 1

Reporting
Limits

4,200
5,200

12,000

710
710
710
710
710
710
710
710
710
710
710
710
710
710
710
710
710

Surrogate Recovery (%): QC Batcth: MB-
Chlorooctadecane 76%
o-Terphenyl 77%
2-Fluorobiphenyt 92%
2-Bromonaphthalene 89%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all performancelacceplance standards for the required OAOQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and OC (surrogate) analytes.
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Analysis Report Extractable Petroleum Hydrocarbons

Analysis Report Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-7/7-9
Lab ID: B0428-06A
Matrix: Soil, 84% Solid
Concentration in: uglkg, dry weight basis

EPH Ranges

C9 - C 18 Aliphatics
C 19 - C36 Aliphatics
ClI - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2- Methynaphthalene

Surrogate Recovery (%):
Chlorooctadecane
oTerphenyl
2-Fluorobiphenyl
2-B3romonaphthalene

Results

13,000
32,000

120,000

Date Collected: 3/14/03
Date Received: 3/14/03
Date Extracted: 3/21/03
Date Analyzed: 4/14/03 Fl, 4114/03 F2
Dilution: 1

Reporting
Limits

3,600
4,800 C. L

10,000

1,000
4-IDC Goo 0

2,400
5,900
4,200
6,800
2,200
2,500
5,700

880
13,000

990
3,000

8,300
12,000

-Ne. 6000

600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600

QC Batch: MB-6238
59%
66%
90%
87%

ND= Not Detected

Except where noted in the Project Narrative, aH QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achievedL

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of I B0428-06A
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-5/0-1
Lab ID: B0428-07A
Matrix: Soil, 78% Solid
Concentration in: uglkg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
Cl1 - C22 Aromatics

Results

9,100
10,000
65,000

Date Collected: 3/14/03
Date Received: 3/14103
Date Extracted: 3/21/03
Date Analyzed: 4114/03 Fl, 4/14/03 F2
Dilution: 1

Reporting
Limits

3,800
5,100

11,000

Target Analytes
Acenaphthene -ND. o04 L) 640
Acenaphthylene M D. O 0 640

Anthracene 1,200 640
Benzo(a)anthracene 2,400 640
Benzo(a)pyrene 1,800 640
Benzo(b)fluoranthene 3,000 640
Benzo(ghiperylene -No. (,o 0 640
Benzo(k)fluoranthene 1,200 640
Chrysene 2,400 640
Dibenzo(a,h)anthracene -aL.0 L) 640
Fluoranthene 6,000 640
Fluorene ' o & 640
Indeno(1,2,3-cd)pyrene 1,300 640
Naphthalene NL" ,0 64C
Phenanthrene 4,800 640
Pyrene - 5,400 640
2-Methylnaphthalene -NE15-o 10 640

Surrogate Recovery (%): QC Batch: MB-6238
Chlorkooctadecane 64%
o-Terphenyl 68%
2-Fluorobiphenyl 85%
2-Bromonaphthalene 88%

ND= Not Detected

Except where noted in the Project Narrative, all QAQC procedures required by the EPH method were
followed, and all performancelacceptance standards for the required QAQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination

from the EPH ranges per Section 112.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

(9
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
clent ID: SB-5/9-11
Lab ID: B0428-08A
Matrix: Soil, 84% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

Date Collected: 3114/03
Date Received: 3/14/03
Date Extracted: 3/21/03
Date Analyzed: 4/14103 Fl, 4/14/03 F2
Dilution: 1

Results

C9 - C 18 Aliphatics
C 19 - C36 Aliphatics
C' 1 - C22 Aromatics

Taroet Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fkluoranthene
Fluorene
rlndeno(1,2,3-ce),yrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

7,800
-ND- I

32,000

-n-SVO

890
620

1,000

. No o 04
900
4N& 590 U

2,000
WIT 5O

1,700
1,900
34M-foO

Reporting
Limits

3,500
4,700

10,000

590
590
590
590
590
590
590
590
590
590
590
590
590
590
590
590
590

QC Batch: MB-6238
68%
69%
94%
92%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of I BO428-08A . -
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-5/14-16
Lab ID: B0428-09A
Matrix: Soil, 78% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
019 - C36 Aliphatics
ClI - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benrizo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chiorooctadecane
o-Terphenyl
2-FluorobOiphenyl
2-Bromonaphthalene

Results

11,000
-NB

19,000

16F o U0
0 )630 0

AD 6$To

ND 63C 07

ND 30 0
44 630
W4 G30QV
90 (6,3 O J

ND 63 0 V

+49 630 U

ADo 63od
Wa G3 0 0

Date Collected: 3/14103
Date Received: 3114/03
Date Extracted: 3/21/03
Date Analyzed: 4114103 Fl, 4/14103 F2
Dilution: I

Reporting
ULimits

3,800
5,000

11,000

630
630
630
630
630
630
630
630
630
630
630
630
630
630
630
630
630

QC Batch: MB-6238
76%
72%
86%
85%

ND= Not Detected

Except where noted in the Project Narrative, all QNQC procedures required by the EPH method were
followed, and all performancelacceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-4/0-1
Lab ID: B0428-1 1A
Matrix: Soil, 75% Solid
(Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C 18 Aliphatics
C19 - C36 Aliphatics
(11 - C22 Aromatics

Target Analtes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
SBenzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
! ndeno(1,2,3-cd)pyrene
Napht ene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Results

11,000
66,000

110,000

Date Collected: 3/17/03
Date Received: 3/17/03
Date Extracted: 3/21103
Date Analyzed: 4114/03 Fl. 4/14/03 F2
Dilution: 1

Reporting
Limits

4,000
5,3C0)

11,000

880
2,000
1,500(
2,500

960
1,900

.W
4,500

1.100

2,800
4,300

.a (P U

670
670
670
670
670
670
670
670
670
670
670
670
670
670
670
670
670

QC Batch: MB-6238
61%
65%
96%
94%

ND= Not Detected

Except where noted in the Project Nanative, all QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination

from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

Page 1 of 1 B04-1JA. , .
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Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy. Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-4/5-7
Lab ID: B0428-12A
Matrix: Soil, 91% Solid
Concentration in: ug/kg, dry weight basis

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
C11 - C22 Aromatics

Target Analtes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrtuysene
Dibenrzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methyinaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl

S2-Bromonaphthalene

Results

8,500
49,000

160,000

1,400-N&.€

3,500
6,500
4,700
7,700
2,200
2,700
6,300

900
14,000
1,600
3,100

620
12,000
13,000

-N So

Date Collected: 3117/03
Date Received: 3/17103
Date Extracted: 3/21/03
Date Analyzed: 4/14/03 Fl, 4114103 F2
Dilution: 1

Reporting
Limits 6(l
3,300
4,400
9,300

550
550
550
550
550
550
550
550
550
550
550
550
550
550
550
550
550

QC Batch: MB-6238
54%
61%
85%
85%

ND= Not Detected

Except where noted in the Project Narrative, alt QNAQC procedures required by the EPH method were
followed, and all performnancelacceptance standards for the required QNQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) anatytes.

Page 1 of I BO428-12A
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: SB-4/13-15
Lab ID: B0428-13A
Matrix: Soil, 76% Solid
Concentration in: uglkg, dry weight basis

Date Collected: 3/17103
Date Received: 3117/03
Date Extracted: 3/21103
Date Analyzed: 4/14103 Fl, 4/14103 F2
Dilution: 1

EPH Ranges
Reporting

LimitsResults

C9 - C18 Aliphatics
C19 - C36 Aliphaics
C'I I - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Cluysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indreno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methytnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyt
2-Bromonaphthalene

13,000
14,000

.N %1, oo)0

3,900
5.200

11,000

-ND (, U

-N.D 6:s: U

~NE

NW so 0

Ng so U0,

4,50 t

4 (Jo 4

No

tNe GyoLJ

.MD (5t

iNa 650 d

(6 )
G£cK103

650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650

QC Batch: MB-6238
64%
67%
92%
86%

ND= Not Detected

Except where noted in the Project Narrative, all QAJQC procedures required by the EPH method were
folowed, and all performance/acceptance standards for the required QNQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method,

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.
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FORM 1
PCB ORGANICS ANALYSIS IWV

Lab Name: MITKEM CORPORATION Con

Lab Code: MITKEM Case No.: SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.5 (g/mL) G

t Moisture: 22 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COMPOUND

CLIERr SAMPLE NO.
SSHEET

tract: SB-6/0-1
tract: _______

LS No.: SDG No.: B0428

Lab Sample ID: B0428-01A

Lab File ID: E1E0287F

Date Received: 03/14/03

Date Extracted:03/27/03

Date Analyzed: 04/01/03 1(

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CONCENTRATION UNITS:
(ug/L or ug/Kg) G/KG Q

F T

12674-11-2----- Aroclor-1016
11104-28-2----- Aroclor-1221
11141-16-5----- Aroclor-1232
53469-21-9----- Aroclor-1242
12672-29-6----- Aroclor-1248
11097-69-1----- Aroclor-1254
11096-82-5----- Aroclor-1260

42
42
42
42
42

210
42

U
U
U
U
U

UT-

FORM I PCB

C 0 G 00



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Mame: MITKEM CORPORATION CoM

Lab Code: MITKEM Case No. : S

Matrix: (soil/water) SOIL

Sample wt/vol: 30.1 (g/mL) .G

t Moisture: 16 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH: _

CAS NO. COMPOUND

CLTE SAMPLE NO.
A SHEET

tract: j SB-6/5-7

AS No.: SDG No.: B0428

Lab Sample ID: B0428-02A

Lab File ID: EI10288F

Date Received: 03/14/03

Date Extracted:03/27/03

I Date Analyzed: 04/01/03 )
Dilution Factor: 1.0 g(b

Sulfur Cleanup: (Y/N) Y

CONCUENTRATION UNITS:
(ug/L or ug/Kg) UG/EG Q

FORM I PCB

S0 03 i

12674-11-2----- Aroclor-1016 40 U
11104-28-2----- Aroclor-1221 40 U
11141-16-5----- Aroclor-1232 40 U
53469-21-9----- Aroclor-1242 40 U
12672-29-6----- Aroclor-1248 40 U
11097-69-1----- Aroclor-1254 680
11096-82-5----- Aroclor-1260 40 '-



FORM 1
PCB ORGANICE ANALYSIS DATA SHEs

Lab Name: MITKEM CORPORATION Con

Lab Code: MITIM Case No.: SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.5 (g/mL) G

% Moisture: 24 decanted: (Y/N) N

Extraction: (SepF/OOnt/Sonc) SCNC

Concentrated Extract Volume: 10000 (uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COMPOUND

tract:

S No.:

CLTENT SAMPLE NO.

ISB-6/14-16
SDG No.: B0428

Lab Sample ID: B0428-03A

Lab File ID: E1E0289F

Date Received: 03/14/03

Date Extracted:03/27/03

Date Analyzed: 04/01/03 d)

Dilution Factor: 1.0 1

Sulfur Cleanup: (Y/N) Y

COCMrRATIC UNITS:
(ug/L or ug/Kg) DG/EG

FORM I PCB

000032'

12674-11-2----- Aroclor-1016 43 U
11104-28-2----- Aroclor-1221 43 U
11141-16-5 ----- Aroclor-1232 43 U
53469-21-9----- Aroclor-1242 43 U
12672-29-6----- Aroclor-1248 43 U
11097-69-1----- Aroclor-1254 43 U
11096-82-5 ----- Aroclor-1260 43 MT

3



F ORM 1I
PCB ORGANICS ANALYSIS DAT

Lab N3mXe: MITKEM CORPORATION Co

Lab Ode: MITKEM Case No. : SA

Matrix: (soil/water) SOIL

Sanple wt/vol: 30.0 (g/mL) G

t Moisture: 24 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COMPOUND

CLIENT SAMPLE NO.
A SHEET

ntract: KSB-6/14-16

S No.: SDG No.: B0428

Lab Sample ID: B0428-04A

Lab File ID: E1E029OF

Date Received: 03/14/03

Date Extracted: 03/27/03

Date Analyzed: 04/01/03

Dilution Factor: 1.0 c

Sulfur Cleanup: (Y/N) Y

CCOCENRATICON UNITS:
(ug/L or ug/Kg) UG/EG 0

FORM I PCB

12674-11-2 ------ Aroclor-1016 44 U
11104-28-2---- -- Aroclor-1221 44 U
11141-16-5----- Aroclor-1232 44 U
53469-21-9----- Aroclor-1242 44 U
12672-29-6----- Aroclor-1248 44 U
11097-69-1----- Aroclor-1254 44 U
11096-82-5----- Aroclor-1260 44 u



FORM 1I
P.l ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Co

Lab Code: MITKEM Case No.: S

Matrix: (soil/water) SOIL

Sample wt/vol: 30.1 (g/mL) G

t Moisture: 30 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH: __

CAS NO. CORCOUND

p

CI~TE SAMPLE NO.
A SHEET

SSB-7/0-1
ntract:

AS No.: SDG No.: B0428

Lab Sample ID: B0428-05A

Lab File ID: EIE0291F

Date Received: 03/14/03

Date Extracted:03/27/03 S
Date Analyzed: 04/01/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

COCRERATION UNITS:
(ug/L or ug/Kg) UG/KG Q

FORM I PCB

U U U-,U t4' ti

12674-11-2----- Aroclor-1016 47 U
11104-28-2----- Aroclor-1221 47 U
11141-16-5----- Aroclor-1232 47 U
53469-21-9----- Aroclor-1242 47 U
12672-29-6----- Aroclor-1248 47 U
11097-69-1----- Aroclor-1254 47 U
11096-82-5----- Aroclor-1260 47 UY

)



PORM I
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Cc

Lab Code: MITKEM Case No.: SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.4 (g/mL) G

t Moisture: 16 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SCC

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. CO4POUND

CLIENT SAMPLE NO.
A SHEET

itract: SB-7/7-9

S No.: SDG No.: B0428

Lab Sample ID: B0428-06A

Lab File ID: EIE0292F

Date Received: 03/14/03

Date Extracted: 03/27/03

Date Analyzed: 04/01/03

Dilution Factor: 1.0 f(

Sulfur Cleanup: (Y/N) Y

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/1 Q

12674-11-2----- Aroclor-1016
11104-28-2----- Aroclor-1221
11141-16-5----- Aroclor-1232
53469-21-9----- Aroclor-1242
12672-29-6-----Aroclor-1248
11097-69-1----- Aroclor-1254
11096-82-5----- Aroclor-1260

39
39
39
39
39

100
39

U
U
U
U
U

FORM I PCB

00Ut1 Utb



' FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: M1TKEM CORPORATION Co

Lab Code: MITKE Case No.: S

Matrix: (soil/water) SOIL

Sauple wt/vol: 30.2 (g/mL) G

t Moisture: 22 decanted: (Y/N) N

Extraction: (SepF/Oont/Sonc) SONC

Concentrated Extract Volume: 10000(uL]

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. CCNPOUND

[

12674-11-2----- Aroclor-1016
11104-28-2----- Aroclor-1221
11141-16-5----- Aroclor-1232
53469-21-9----- Aroclor-1242
12672-29-6----- Aroclor-1248
11097-69-1----- Aroclor-1254
11096-82-5----- Aroclor-1260

FORM I PCB

W2 .

C

CLIEr SAMPLE NO.
A SHEET

ntract: SB-5/0-1

AS No.: SDG No.: B0428

Lab Sanple ID: B0428-07A

Lab File ID: EIE0293F

Date Received: 03/14/03

Date Extracted:03/27/03

S Date Analyzed: 04/01/03 (t(

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

COENWRATIK UNTS:
(ug/L or ug/Kg) UG/EG Q

42
42
42
42
42
88
42

U
U
U
U
U

Ur

o3



FORM 1I
PCB ORGANICS ANALYSIS DATJ

Lab Nae: MITKEN CORPORATION Co

Lab Codce: MfEM Case No.: S2

Matrix: (soil/water) SOIL

Sample wt/vol: 30.6 (g/mL) G

t Moisture: 16 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000 (uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. CCPOUND

CLIET SAMPLE NO.A SH"T

tract: j SB-5/9-11

AS No.: SDGNo.: B0428

Lab Sample ID: B0428-08A

Lab File ID: E1E0294F

Date Received: 03/14/03

Date Extracted:03/27/03

S Date Analyzed: 04/02/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

(ug/L or ug/ATICg) UN/:G Q(ug/L or ug/Kg) 1W./I Q

FORM I PCB

0" 0007

12674-11-2----- Aroclor-1016 39 U
11104-28-2----- Aroclor-1221 39 U
11141-16-5----- Aroclor-1232 39 U
53469-21-9----- Aroclor-1242 39 U
12672-29-6------Aroclor-1248 39 U
11097-69-1------Aroclor-1254 39 U
11096-82-5----- Azoclor-1260 39 UXT



FORM I
PcB ORGANICS ANALYSIS DATA

Lab Name: MITrKM CORPORATION Con

Lab Code: MITKBM Case No.: SA

Matrix: (soil/water) SOIL

Sample wt/vol: 30.5 (g/mL) G

t Moisture: 22 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SCmC

Concentrated Extract Volume: 10000 (uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

cAS NO. cmPOUND

CLIENT SAMPLE NO.

trSct SB-5/14-16

ktract: I

S No.: SDG No. : B0428

Lab Sample ID: B0428-09A

Lab File ID: E1E0303F

Date Received: 03/14/03

Date Extracted:03127/03

Date Analyzed: 04/02/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

CCnurnArIan UNITS:
(ug/L or ug/Kg) W/EG Q

FORM I PCB

V

12674-11-2------Aroclor-1016 42 U
11104-28-2----- Aroclor-1221 42 U
11141-16-5-----Aroclor-1232 42 U
53469-21-9----- Aroclor-1242 42 U
12672-29-6----- Aroclor-1248 42 U
11097-69-1------ Aroclor-1254 42 U
11096-82-5----- Aroclor-1260 42 U

3



FORM 1
PCB ORGANICS ANALYIJS DATA

Lab Name: MITKEM CORPORATION Con

Lab Code: MITKEM Case NO.: SA

Matrix: (soil/water) SOIL

Sanpl.e wt/vol: 30.5 (g/mL) G

t Moisture: 25 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000 (tuL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. CMPOUND

CLIENT SAMPLE NO.
k SHEET

ntract: SB-4/0-1

%S N. : SDG No. : B0428

Lab Sample ID: B0428-11A

Lab File ID: EIE0307F

Date Received: 03/17/03

Date Extracted:03/27/03 ((

Date Analyzed: 04/02/03

Dilution Factor: 1.0

sulfur cleanup: (Y/N) Y

CONCEWTRATION UNITS:
(ug/L or ug/Kg) UG/KG Q

FORM I PCB

L04

12674-11-2------Aroclor-1016 44 U
11104-28-2------Aroclor-1221 44 U
11141-16-5------Aroclor-1232 44 U
53469-21-9------Aroclor-1242 44 U
12672-29-6------Aroclor-1248 44 U
11097-69-1------Aroclor-1254 71
11096-82-5------Aroclor-1260 44 U



FORM 1
PCB ORGANICS ANALYSIS DATA SHEET

Lab Name: MITK (X)CRPORATION Contract:

Lab Code: MITKrE Case No.: SAS No.:

Matrix: (soil/water) SOIL

Sample wt/vol: 30.2 (g/mL) G

* Moisture: 9 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SCOC I

Concentrated Extract Volume: 10000(UL)

Injection volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH: __

CAS NO. CCNPOUND (ugCONCE/L(ug/L

CLIETr SAMPLEi NO.

SB-4/5-7

SDG No.: B0428

Lab Sample ID: B0428-12A

Lab File ID: EIE0308F

)ate Received: 03/17/03 G1N
Date Extracted:03/27/03

)ate Analyzed: 04/02/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

RATICON UNITS:
or ug/Kg) UG / G Q

FORM I PCB

o T.

12674-11-2------Aroclor-1016 36 U
11104-28-2----- Aroclor-1221 36 U
11141-16-5----- Aroclor-1232 36 U
53469-21-9----- Aroclor-1242 36 U
12672-29-6----- Aroclor-1248 36 U
11097-69-1---Aroclor-1254 140
11096-82-5----- Aroclor-1260 36U

-'s



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Co

Lab Ccde: MITKEN Case No.: S

Matrix: (soil/water) SOIL

Sample wt/vol: 30.1 (g/mL) G

t Moisture: 24 decanted: (Y/N) N

Extraction: (SepF/Cont/Sonc) SONC

Concentrated Extract Volume: 10000 (uL]

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COMPOUND

r

12674-11-2----- Aroclor-1016
11104-28-2----- Aroclor-1221
11141-16-5------Aroclor-1232
53469-21-9------Aroclor-1242
12672-29-6----- -Aroclor-12486
11097-69-1------Aroclor-1254
11096-82-5 ------Aroclor-1260

U
U
U
U
U
U
U

FORM I PCB

0~r I-;O'2

CaENT SAMPLE NO.
A SHEBT

SSB-4/13-15
ntract: I
AS No. : SDG No.: B0428

Lab Sample ID: B0428-13A

Lab File ID: E1E0309F

Date Received: 03/17/03

Date Extracted:03/27/03

S Date Analyzed: 04/02/03

Dilution Factor: 1.0

Sulfur Cleanup: (YIN) Y

CONCENTRATION UNITS:
(ug/L or ug/Kg) U/KG O

53



U.S. EPA - CLP

1
INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEMCORPORATION_

Lab Code: MITKEM

Matrix (soil/water):

Jvel (lowlmed):

% Solids:

Case No.:

SOIL

MED

76.0

Contract:

SAS No.:

Lab Sample ID:

Date Received:

EPA SAMPLE NO.

K SB 6/14-16

SDG No.: B0428.

03/14/03.

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-5 A Jumim _ NR
7440-36-0 Antimony -4S P
7440-38-2 Arsenic 3.7 - _P_
7440-39-3 Barium 12.8 L P-
7440-41-7 Beylium 0.55 P
7440-43-9 .Cadmium _0.051 7 .r P
7440-70-2 - Calcium__... NR
7440-47-3t Chromiumt 164 7 7 P
7440-48-4 t CobalL NR
7440-50-8 LCopper 4.0 .. P
7439-89-6 Iron_

-7439-92-1- Lead 3.8 - P
7439-95-4 - agnesium -NR
7439-96-5 .Manganese NR
7439-97-6 - Mercmy 0.018__ . . CV
7440-02-0- Nickel 10.6

-7440-09-7 - PoLassium. NR
778249- Seteniumn_ 0.55 UII P_
7440-22-4_ Silver 0.12 U P

.7440-23-5 .Sadium NR
7440-28-0 Thallium 0.18 U P
7440-62-2 Vanadium- 157 1 P
7440-66-6 Zin 17.9 P

Cyanide NR

Color Before:

Color After

Comments:

Clarity Before:

Clarity After:.

FORM I - IN

MG/KG

Texture:

Artifacts:

SW846



U.S. EPA - CLP

INORGANIC ANALYSIS DATA SHEET
INORGANIC ANALYSIS DATA SHEET EPA SAMPLE NO.

SName:

: Code:

MITKEM CORPORATION.

MITKEM

trix (soillwater):
Level (low/med):

3Solids:

Case No.:

SOIL-

MED-

75.0

Contract:

SAS No.:

SB-4/LI

SDG No.: B0428

Lab Sample ID:

Date Received:

B0428-1I A...

03/17/03 "

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-5-. Ahwminm NR

.7440-36-0 Antimony I. I j _ P
_7440-3R-7 .Arsenic I1 FFY P-
7440-39-3 arium n533 P
_7440-41-7 Resylliam-l. P_
7440-43-9 _ Cadminm_ 1.0 P

.7440-70-2 - Calium NR
37440-47-3 oChromimn 40.4 "M P
-_440-48-4 Cobalt N
.7440-50-8 _ -Copper 19.3 P_
7439-89-6 - Iron NR
7439-92-1 ad - 35.5 P_
.7439-95-4 Magnesium_ NR
.7439-96-5. Manganesw. NR
7439-97-6 Menury 4- CV
.7440-02-0 Nickel 27.4 9 P..
.7440-09-7 Potassiunm NR
7782-49-2 SeleniumL 0.53 _ % P
7440-22-4 Silver 1 , p
7440-23-5 . Sodinm . NR

-7440-28.0 Thallinm 0 96=L Jr P_
[7440-62-2 Vanadilu_ 45.7 - / P-

7440-66-6 in 57.9 3 _E y-
Cvani C NR

Clarity Before:

Clarity After

FORM I - IN

MG/KG

t

Texture:

Artifacts:

or Before:

Afte *

SWS46



U.S. EPA - (LP

I
INORGANIC ANALYSIS DATA SHEET

Lab Name:

Lab Code:

Matrix (soil/water):

Level (low/med):

% Solids:

MITKEM CORPORATION

MITKEM Case No.:

SOIL_

MEDC

76.0

Contract:

SAS No.:

Lab Sample ID:

Date Received:

EPA SAMPLE NO.

SB4/13-15

SDG No.: B0428

B0428-13A

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-5 Alumin um NR
.7440-36-0 Anio .91 J SP
-7440-38-2 . Arsenic 4.4 _ I. P
7440-39-3- Barinm 0 T- - P
-7440-41-7 - Bryllinm II P_
7440-43-9 _.Cadminm __ 0.22 37 J- P_
7440-70-2 Caldci. . NR
7440-47-3_ .Chmminm. 708 / P_
-7440-48-4 . Coball NR
_7440-5 _ copper 39 P
7439-89-6 Iron NR

_7439-92-1- Lead 4 6 . - P
7439-95-4- Magnesiumc NR

-7439-96-5 Manganese NR
7439-97-6 Mercury . l CV
7440-02-0 Nickel .. P

_7440-09-7. Poassim NR
_7782-49-2- elenin 0.48 . -P
_7440-22-4 - Silvr 0 14 R P
7440-23-5- Sodinm __NR

7440-28-. Thallim 0 61 2 P_
-7440-62-2 Vanadiun 15.7 / P
-7440-6"6- 7inc 23 2 P

Cynide NR

Color Before:

Color After

Comments:

Clarity Before:

Clarity After

Texture:

Artifacts:

FORM I - IN SW846

C f-

MGlKG

G6103



U.S. EPA- CLP

I
INORGANIC ANALYSIS DATA SHEET

SName:.
Code:

r (soil/water):
Level (owham):

Solids:.

MITKEM CORPORATION

MITKEM Case No.:

Contract:

SAS No.:

SOIL_

MED_

91.0 .

EPA SAMPLE NO

SB-4/5-7

- SDG No.: B0428

Lab Sample ID:

Date Received:

B042-12A

03/17/03

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

_7429.90-5 Aluminmmn. NR
7440-36-0- Antimony -3

-3440-38-2 Arsenic 318 P
.7440-39-3 arim 101 P
37440-41-7 . Beryllium_ 0.84 P
-7440-43-9 Cadmium_ 17I P_
37440-70-2 Calcium NR
._7440-47-3 Chromium 7.0 T "  P
-440-48-4 . Cobalt NR
_7440-50-8 .Copper _ 40.2 P
.7439-89-6 - Ion NR
.7439-92-1 Lead 90.6 - P _
.7439-95-4 M a __._um _NR
17439-96-5- ManganescL NR

_7439-97-6 Mercury +4- \ CV
7440-02-0 nickl 19 P
-7440-09-7 - Potassium - - NR
7782-49-2 Selenium 042 UK" I p
7440-22-4 Sier 0.10 U , P
_744023-5 -qoim - NR
_7440-28-_.0 bamilum 0.78 E P_
7440-62-2 - Vanadium 26.6 1 P
..44,MO-6-6 Zine 175. 4" & . P_

-Cyanide NR

Clarity Before:

Clarity After.

FORM I - IN

MGrKG

Texture:

Arifacts

lor Before:

Afzt:

Gr(6(oZ>

SW846



U.S. EPA - CLP

I
INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEM CORPORATION

Lab Code: MITKEM Case No.:

Matrix (soilwater):

Level (lowlmed):

SOL-

MED_

Contract:

SAS No.:

EPA SAMPLE NO.

SB-5/0-1

SDG No.: B0428.

Lab Sample ID:

Date Received:

B0428-07A...

03/14/03

% Solids:

MG/KG
Cbo(o.D

Color Before:

SColor After

'Comments:

Clarity Before:

Clarity After-

FORM I - IN

73.0-

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-5.- Aluminumam
7440-36-0 AtimonyP

_7440-38-2__ Arsenic 7.0 N 29 - P
-7440-39-3 - Barium 20.8 -Y - ' P-
7440-41-7- Berylliutm 0.33 - P__
7440-43-9 . Cadmium_ 0.15 " M N P_
7440-70-2 . Calciunm NR

_7440-47-3 .nChmium 8 1 7 R P_
_7440-48-4 .Cobalt NR
3440-50-8 Coppe- 900 p
7439-9-6 l__ Iron NR
7439-92-1 nd IAd 18.2 . P

_7439-95-4 Magnmesim NR
-7439-96-5 AMangp.nee.__ NR
7439-97-6 Merc- ry . 0.46 CV

_7440-02-0 . Nickel 11.9 y _ Ro P-
-7440-09-7 - Po.assimn NR
7782-49-2 Selenium - 1.3 - - -P_
_7440-22-4 .Silver - 0.12 U P-
7440-23-5 ._. Sodium INR
7440-28-. Thallinm - 0.19 U P_

37440-62-2 . Vanalium - 52.8 T - P-
-7440-66-6 7he 29.4 -Y & IP_

yanide I NR

Textme:

Artifacts:

SWS46



U.S. EPA - CLP

INORGANIC ANALI

b Name: MITKEM CORPORATION (

b Code: MITKEM Case No.:

trix (soil/water): SOL

Level (lowlmed): MED

Isolids: 78.0 _

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Concentration

I .7429-90-5 AlMumin
.7440-36-0. Antimony

I .7440-38-2 ArsSnic 5.
.7440-39-3 Barium .24.
.7440-41-7 _ Beryllim - 0.6
7440-43-9 Cadmiunm_ 0.03
.7440-70-2 Calcium
.7440-47-3 Chromium 18+
.7440-48-4 Cobalt

S7440-50- Copper- 58.
7439-89-6 Iron
7439-92-1_ Lead 3
7439-95-4 Magnesium..
7439-96-5. Manganese .
7439-97-6_ Mercury 0.03
7440-02-0 Nicket 12.4

I 7440-09-7 Peaium.
778249-2L Selenium 0.4
7440-22-4 .Silver 0.11I7440-23-5 Sodium

.7440-28-0 .Thallium 0. 1
7440-62-2_ Vanadimn _ 11.
7440-66-6 . Zinc . 72.

Cyanide 4

r Before: Clarity Before:

LAfter Clarity After

I

YSIS DATA SHEET

Contract:

SAS No.:

Lab Sample ID:

Date Received:

C Q M

.NR

_6 P_

3£"_ 9 .- P_
NR

NR
8 ,P

NRIT CV

U-

5 53 R' P_

NP

9 ',UCV-P

4 P-

! U r .P_

.NR

9 U P_

- _.EW PL
NR

EPA SAMPLE NO.

SB-5/14-16

SDG No.: 80428_

B0428-09A _

03/14/03

MG/KG

Texture:

Artifacts:

FORM I - IN SW846
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INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEM CORPORATION_

Lab Code: MITKEM Case No.:

IMatix (soil/water):
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MED_

84.0

Contract:

SAS No.:
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Date Received:

EPA SAMPLE NO.
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03/14/03 .
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CAS No. Analyte Concentration C Q M
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-7782-49-27 .Seenimnaas o05 P
+7440-224 ilver .10 U P
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Cyanide . - .NR
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U.S. EPA - CLP
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INORGANIC ANALYSIS DATA SHEET

MITKEM CORPORATION.

MITKEM Case No.:

trix (soilwater):
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Contract:

SAS No.:

SOILR

MED-

EPA SAMPLE NO.

SB-6/0-1 I
SDG No.: B0428
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B0428-01A .

03/14/03

78.0__
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-7440-41-7- Reryllium_ -0.91 P
-7440-43-9 -Cadmium -_ 0 & P-
7440-70-c.... Cacimn _ NR
_'7440-47-3. Chromium.. 62.9 - P P
7440-48-4 . cobalt NR

3440-50-8_ Copper - 70. P
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-7440-23-5 Sodium NR
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Cyanide ; 'NR
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INORGANIC ANALYSIS DATA SHEET

MITrKEM CORPORATION

MITKEM

Matrix (soil/water):

Level (low/med):

% Solids:

Case No.:
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70.0
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7440-70-27 CaIru_- .NR
7440-47-3t -Chromium - 12.5 - ,...1 P

440-48-4- Cobal ..... NR

-7440-50-8 .Copper -16.2 P-
7439-899-6 Iron mNR
.7439-92-1- Lead 74.4- P-
7439-95.4 - Magnesium.. .. NR
7439-96-5 Manganese-. NR
7439-97-6 Jec- 023 CV
7440-02-0 Nickel 2.5 P

-7440-09-7- Poassium_ NR
-7782-49-2- Selenium ! A3 Pl

7440-22-4 Silver - 0.13 U P
7440-23-5. Sodiun NR

7440-2&-.. Thallium -_ - 0 71 V n i P
-7440-62-2 Vanadinm - 166 " 0 P

7440,6- 7ir 32.6 -. P
Cyani

Color Before

Color After

' Comments:

Clarity Before:

Ctrity After

FORMI -IN

SLab Name:

Lab Code:

MG/KG

Texture:

Artifacts:

SW846

ly.

,



I S. EPJ

INORGANIC ANAL

Nam: MITKEMCORPORATJONC

Code MITKEM Case No.:

rtlix (soil/water): SOnL.._

Level (ow/med): MED_

Solids- 84.0-

Concentration Units (ng/L or mg/kg dry weight):U
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Memorandum

PROJECT NO:
TO:
FROM:
REVIEWED BY:
CC:

SUBJECT:

036200299.0001.00003 DATE: June 10, 2003
Oxford Paper Mill File OFFICE: Wakefield
R. Shoemaker( COMPANY: Metcalf& Eddy, Inc.
D. Truini.,-_f
B. Weir, N. Thurber, D. Laferte (memo only)

Limited QC ReviewlModified Tier U-Like Review
PCB, EPH and Priority Pollutant Metals Analytical Results
Mitkem Corporation, Warwick, Rhode Island
Lab Project # B0428

OnMarch 13,14, and 17,2003,12 soil samples werecollected at the Oxford Paper Mill site, located
in Lawrence, Massachusetts by Shaw Environmental & Infrastructure, Inc. (Shaw) and Metcalf &
Eddy, Inc. (M&E) field personneL The sampling was performed as part of Shaw's contract with the
City ofLawrence, MA and Shaw's contract with M&E (Shaw Project Number 608134, M&E Project
Number 200299-0001).

The samples were submitted to Mitkem Corporation, located in Warwick, Rhode Island for the
analysis of Polychlorinated Biphenyls (PCB) using EPA SW-846 Method 8082, Extractable
Petroleum Hydrocarbons (EPH) using the MADEP Method for the Determination ofExtractable
Petroleum Hydrocarbons (EPH) (January 1998), and Priority Pollutant Metals with the addition of
barium and vanadium using EPA SW-846 Methods 601013 and 7471A. Samples were received by
the laboratory on March 14 and 17,2003. The da, package was received in the M&E office on April
21,2003.

In accordance with M&E's contract with Shaw, and the EPA and MADEP-approved work plan for
the subject site dated January 2003, M&E reviewed the data using EPA Region I Tier HI level
guidelines, as modified by M&E/EPA for the Targeted Brownfields Assessment Program (EPA
Response Action Contract, Work Assignment Number 1 06-SIBZ-0100). The data deliverables, and
the modified Tier I level data validation guidelines used to evaluate the data, are also consistent with
MADEP's Presumptive Certainty guidelines for the usability of analytical data. The data review
included:

* Data Completeness
* Preservation and Technical Holding Times

NA * GCI/ECD Instrument Performance Checks
* Initial and Continuing Calibrations
* Blanks

J: WEBRWNFLDSILwrenceShawContractWorklData vaMlBO428merpcbeph.wpd



Priority Pollutant Metals, PCB, and EPH - Page 2
June 10, 2003 Lab Project # B0428

* Surrogate Recoveries and Retention Time Shifts
* Inductively Coupled Plasma (ICP) Interference Check Sample

* ICP Serial Dilution Analysis Results
NA * Internal Standards

* Matrix Spike/Matrix Spike Duplicate
* Laboratory Duplicates

* * Field Duplicates
NA * Sensitivity Check

* Performance Evaluation Samples/Accuracy Check
NA * Target Compound Identification

* Compound Quantitation and Reported Quantitation Limits
* * System Performance

* = All criteria met for this parameter
NA = Not applicable and/or no infonmtion was provided by the laboratory

Note: Worksheets are not included forparameters that have met criteria or for criteria that are
not applicable to the method and/or to the modified Tier H-like review.

Included in Attachment I is a copy of the chain-of-custody (COC) record. Included in Attachment
II are the result summary sheets, annotated with qualifiers, if necessary, as detailed in this
memorandum. Included in Attachment I are the data validation worksheets. Included in
Attachment IV are relevant communication records.

Data Completeness

The true values for lead and selenium in the ICS AB solution on the Form IV were incorrect. M&-
contacted the laboratory about this error on April 22,2003. A revised Form IV with the correct true
values for lead and selenium in the ICS AB solution was received at M&E on April 25, 2003. The
data package submitted did not include the barium and vanadium sample results and quality control
data. M&E contacted the laboratory on this matter on April 28,2003. M&E also requested a revised
Form IV with the data for the non-spiked analytes of the ICS A solution at this time as well. The
barium and vanadium sample results, quality control data, and a revised Form IV were received at
M&E on May 5,2003. However, the resubmitted data had errors on the Form I for sample SB-5/14-
16 and the Form XLI. M&E contacted the laboratory about these errors on May 12,2003. A revised
Form I for sample SB-5/14-16 and Form XIII were received at M&E on May 15, 2003. Relevant
communication records regarding this matter are included as an attachment to this memorandum.

The data package was complete for PCBs and EPH.

J WEWBRWNFLDSLawrenceShoawC ontract Wrketa vaIB8O428mepcbe. wpd Mercalf& FAdy. Inc.
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Priority Pollutant Metals, PCB, and EPH
June 10, 2003

Preservation and Technical Holding Times

The 7-day extraction holding time was exceeded in samples SB-6/0-1, SB-6/5-7, SB-6/14-16, and

KSB-6/14-16 by one day. The positive and nondetect EPH results for these samples were qualified
as estimated (J and UJ, respectively) due to possible sample degradation.

All holding times were met for PCBs and Priority Pollutant Metals plus barium and vanadium.

Initial and Continuing Calibrations

The following table summarizes the continuing calibration (CC) analysis results that failed to meet
the CC criterion of percent difference (%D) <15. Note that the 3 peaks used to quantitate the PCB
results were averaged to determine %D exceedances.

Inshu t/Column " RTXCLPPEST 2 RTXCLPPEST 2

Calibration Date CC 3/28/03 @ 11:08 CC 4/1/03 @ 17:47

Compound Average %/D Average %D

Aroclor-1260 1 17.7 1 153
Associated Samples and

Action.
None. All associated samples are QC
samples.

Estimate (UJ) the nondetect Aroclor
1260 results in samples SB-6O-I, SB-
6/5-7, SB-6/14-16, KSB-6/14-16, SB-
7/0-1, SB-7/7-9, SB-5/0-1, and SB-5/9-
II

Priority Pollutant Metals plus Barium and Vanadium

The following table sumnmarizes the initial calibration verification (ICV) analysis results that failed
to meet the ICV criterion of percent recovery (%R) between 90%-I 10%:

Calibration Date ICV 3/24/03

Cpound % Recovery

metrcuy 34.6

Associated Samples and Action. Reject (R) the positive results in samples SB-4/0-land SB-4/5-7, and
the nondetect result in sample SB-4/13-15

All initial and continuing calibration criteria was met for EPH. However, it should be noted that the
laboratory did not follow the method requirements for calculation of the EPH range continuing
calibration factors. Per the MADEP method, the range calibration factor is calculated by tabulating

J:.-WEWRWNFLDStawre.ceShawConoctWorkDavaAlBO428mepcbeph.wpd

. -1 . -

Mercalf& Edd, Inc.I



Priority Pollutant Metals, PCB, and EPH Page 4
June 10, 2003 Lab Project #BO4-l7.

the summation of the peak areas of all component standards in each range fraction against the total
mass injected. The laboratory calculated calibration factors for each individual peak rather than a
summation. No action was taken since the individual calibration factors were all <25% relative
percent difference (RPD).

Blanks

Priority Pollutant Metals plus Barium and Vanadium

A review of laboratory blank results indicates the presence of positive and negative laboratory
contamination for the analytes listed belbw.

Analyte Max. Cone. BAL* Affected Samples/Action
Connminant ( g)

antimony 0203 mg/Kg 1.0 Qualify the reported value as nondetect (U) in samples SB-4/0-1, SB-
4 /13-15, SB-66-7, SB-&14-16, and SB-7/7-9. Raise the detection

-3.4 pg/L 0.85 limit to the IBAL in samples SB-4/13-15 and SB-6 14-16.

arsenic -3.0 pg/L 0.75 None. All sample results >[BALI-

barium 0365 mg/Kg 1.8 None. All sample results >BAL.

beryllium -1.2 pg/L 0.30 Qualify the reported value as estimated (J) in sample SB-5/0-1.

cadmiumn -0.80 pg/L 0.20 Qualify the reported value as estimated (J and UJ) in samples KSB-
6/14-16, SB-5/0- I, SB-5/14-16, and SB-6/1l4-16.

chromium 0.039 mg/Kg 0.20 None. All sample results >BAL.

copper 2.272 mgWKg 11.4 Qualify the reported value as nondetect (U) in sarles K 6/14-
16, SB-6/14-16, SB-4/13-15, and SB-5/0-1.

-10.4 pg/L 2.6

mercury -0.20 pg/L 0.17 Qualify the reported value as estimated (J and UJ) in samples KSB-
6/14-16, SB-6/14-16, and SB3-5/14-16.

nickel 0.408 mg/Kg 2.0 None. All sample results >BAL

-1.9 pg/L 0.48

Qualify dthe reported value as nondetect (U) in samples SB-4/0-I,.
SB-4/5-7, and SB-4/13-1 5.

vanadium 1.1 pg/L 0.28 None. All sample results >IBALI.,

-0.066 mg/Kg 0.33

zinc 2.291 mg/Kg 11.5 None. All sample results >BAL

S-10.5 pg/L 2.6

J:UVEBWARWFLDSawrenceMhawContrac WorktDavzl0428me4rbeph.wd 

silver 0.256 mg/Kg

Metcalf& Eddy, Inc.
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* Values adjusted for sample preparation factors.
IBALI - Negative Blank Action Level

Blank actions for analytes associated with positive blank contamination: i
* Ifthe sample result was <BAI, the result was qualified as a nondetect (U) at the reported concentration
* If the sample result was >BAL, qualification of the data was not required

Blank actions for analytes associated with negative instrument drift

* concentration > absolute value of the negative BAL; report value unqualified.
* concentration nondetect; report detection limit as estimated (UJ).
* concentration < absolute value of the negatve BAL; estimate (J) positive result.

For positive blank contamination and negative instrument drift where the positive BAL is > the negative BAL,
sample results were qualified as follows: I

* If the sample result was positive and > the negative BAL and < the positive BAL, the result was qualified as
nondetect (U) at the reported concentration I

* If the sample result was positive and < the negative BAL, the result was qualified as nondetect (U), and the
detection limit was raised to the negative BAL

* If the sample result was nondetect, the detection limit was raised to the negative BAL.
* Ifthe sample result was > the positive BAL, qualification of the data was not required

For positive and negative bmlank contamination where the negative IBALI is > positive BAL sample results were
qualified as follows:

* If the sample result was positive and <negative BAL, the result was qualified as nondetect (U), and the
detection limit was raised to the negative BAL.

* If the sample result was nondetect, the detection limit was raised to the negative BAL
* If the .- ple result was > positive and negative BALs, qualification of the data was not required

Note: No finther action was taken for mercury in sample SB-4/13-15 since this result was
previously rejected (R) due to severely low ICV recovery.

No blank contamination was detected in the PCB and EPH method blanks. However, it should be
noted that contamination from the solid phase extraction/fractionation cartridges used to separate the
aliphatic from the aromatic hydrocarbons was present in the EPH method blank and in all sample
analyses. Per section 11.2.6 of the MADEP Methodfor the Determination of Extractable Petroleum
Hydrocarbons (EFPI) (January 1998), the laboratory subtracted the contamination from the EPH
range results.

Surrogate Recoveries and Retention Time Shifts

The PCB surrogate compounds that did not meet the acceptance criterion of percent recovery (%R)
of 29-155% for decachlorobiphenyl (DCB) are summarized in the following table:

J:WEtBRWNFLDSLawrenceShawConeroWorkDatavalBO48metpcbeph. wpd Mecalf& Eddy. Inc

I



Priority Pollutant Metals, PCB, and EPH
June 10, 2003

Page 6
LabProject #u

All samples met surrogate recovery criteria for EPH. Surrogate criteria is not applicable for priority
pollutant metals analysis.

ICP Serial Dilution Analysis Results

The ICP serial dilution analysis produced percent differences (%D)s that exceeded the acceptance
criteria of < 10% for arsenic, barium, chromium, lead, nickel, and zinc (11.6%, 13.1%, 11.5%,
18.4%, 16.6%, and 16.1%, respectively). The positive results for arsenic, barium, chromium, lead,
nickel, and zinc were qualified as estimated (J) in all samples.

ICP serial dilution analysis is not applicable for EPH and PCB analysis.

Matrix Spike/Matrix Spike Duplicate

EPH

Matrix Spike/Matrix Spike Duplicate (MS/MSD) analysis was performed on soil sample SB-4/13-
15. The following table summarizes the EPH analyte that did not meet the MS/MSD acceptance
criteria:

Compound MS %R MSD "/R Action
%R Ac -ance

I I I Limits I

C- CI 39 34 40-140 Estimate (J) the positive resulmt in sample SB-4/13-15.
Aliphatics

Priority Pollutant Metals

Matrix spike (MS) analysis was performed on soil sample SB-6/0-1. The following table
summarizes the analytes that did not meet the %R criteria of 75 - 125%:

J.WE1BRWNFLDlSVawrceS awContracWorklDaaW fvl8ne2wbeph.xwpdM

Sample ID DCB Action
ColuMnM I

SB-6/5-7 687 No action. Only I surrogate of 4 was outside of recovery criteria.

SB-77-9 236 No action. Only I surrogate of 4 was outside of recovery criteria.

SB-4/5-7 361 .No actionOnly I surrogate of 4 was outside of recLr criteria.

Mercaf & Eddy, Inc.
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Professionaljudgement was used to estimate (UJ) ratherthan reject (R) theblank-qualified nondetect
results for antimony in samples SB-4/0-1, SB-4/13-15, SB-6/14-16, SB-6/5-7, and SB-7/7-9. No
further actions were taken for arsenic since these results were previously qualified as estimated (J)
due to serial dilution %D exceedence.

All MS/MSD criteria were met for PCB analysis.

Laboratory Duplicates

Priority Pollutant Metals

The priority pollutant metals analyte that did not meet acceptance criteria of relative percent
difference (%RPD)<20 in soil sample SB-6/0-1 is summarized in the following table:

Analyte Sample Duplicate Sample %RPD Affected Samples/Action
Result Result (mg/kg)(mg/Ag) II

antimony 7.0483 2.7721 87.1 Estimante (J) the positive results in samples 5S.4/5-
7, SB-5/9-1l, and SB-60-I. Estimate (UJ) the
blank-qualified nondetect results in samples SB-
4/0-1, SB-4/13-15, SB-6/14-16, SB.6/5-7, and SB-
7/7-9.

nickel 100.4591 81.5393 20.8 Estimte (J) the positive sults in all samples,

vanadium 376.219 5163786 31.4 Estimate (3) the positive results in all samples.

No further actions were taken for vanadium since these results were previously qualified as estimated
(J) due to serial dilution %D exceedence. No further actions were taken for antimony since these

J:NEBRWVNFLDS LawcweShawConractWorklDaa_wIBO428mr4.pc6ep d

Analyte Spiked Sample Spike MS Affected Samples/Action
Sample Result Anunt %R
Result (mg/kg)
(mgkg)

antinmny 9.7185 7.0483 27.78 9.6 Estimate (J) the positive results in samples SB4/5-7,
SB5/9-11, and SB-60-1. Reject (R) the nondetect
results in samples KSB-6/l4-16, SB-5/0-1, SB-5/14-
16, and SB-7/0-1. Estimate (UJ) the blank-qualified
nondetect reslts in samples SB-4/0-1, SB-4/13-15,
SB-6/14-I 6, SB-6/5-7, and SB-7/7-9.

arsenic 983934 49.157 27.78 1 177.4 Estimate(J) tbeposiive results m aalsaunples.

zinc 261.9903 274.1253 138.58 -8.8 the positive results in all samples.

Mdeaf Eddy. Inc
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results were previously qualified as estimated (J and UJ) due to poor matrix spike recoveries.
Laboratory duplicates are not analyzed in EPH and PCB analysis.

Performance Evaluation Samples/Accuracy Check

Priority Pollutant Metals

The priority pollutant metals analytes that did not meet laboratory control sample (LCS) acceptance
criteria are summarized in the following table:

Analyte LCS Concentration LCS Acceptace Critemia Affected Samples/Action
(mg/Kg) (m /Kg)ig I __

chromium 82.5 84.4 - 97.4 Estimate (3) the positive results in samples SB-
4/0-1, SB-4/5-7, and SIM/13-15.

selenium 36.1 37.3 - 46.9 Estimate (UJ) the nommdetect results in samples
I I I_ SB-4/0-1, S-4/5-7, and SB-4/13-15.

No further actions were taken for chromium since these results were previously qualified as
estimated (J) due to serial dilution %D exceedance.

All LCS criteria were met for EPH and PCB analysis.

Compound Quantitation and Reported Quantitation Limits

Priority Pollutant Metals

The following table summarizes the priority pollutants metal results, including those results blank-
qualified as nondetect, that are less than the reporting limit (RL) but greater than the instrument
detection limit (IDL), and were not previously qualified as estimated (J) due to quality control
parameters listed above. The listed results are qualified as estimated (J and UJ, respectively) due
to uncertainty in the quantitation:

J.WEWBRWNFLDS mwrenerSAw'nroctnWorkDua wMlcBO428mepcbhpk.wpd

Analyte - Affected Samples/Action

cadmium SB-4/13-15, SB-7/0-1

selenium SB-5/10-1, SB-5/9- I1, SB-7/0-1

silver SB-4/0-1, SB-4/5-7, SB-4/13-1 5

thallium SB-4/0-1, SB-4/5-7, SB-4/13-15, SB-5/9- 1, SB-6/5-7, SB-
1 17/0-1i

Mercatf& Eddy. Inc.
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The positive results for silver in all samples listed above were previously qualified as nondetect (U)
due to blank contamination. These results are further qualified as estimated, nondetect (UJ) due to
blank contamination and uncertainty in quantitation.

All criteria was met for EPH and PCB analysis for compound quantitation and reported quantitation
limits.

J.WEBRWNFLDSaerenceShawContracWork*)avanBO428mn. ceph.wpd MAelcf& Eddy, Inc
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Site Name ( Pt e' t\
Reference No. *GIE'T)

o 3C-", XAM. 0 OC.l

REGION I ORGANIC DATA VALIDATION

The following data package has been validated:

Lab Name oe No- SOW/Method No. ItA CEPG P1 SU- 7% 'Po.t
Cae/Project No. 1995 Sampling Date(s) 7Moto3, 3hyto),' 3/1'/o1
SDG No. N Shipping Date(s) -, 1103 V.Thro C£ *':)
No. of Samples/Matrix A So: Date Rec'd by lab 3{mI63 /

Traffic Report Sample Nos., &41o-. S-6fs-, ,-l,/q-IL ks& M-I Ls--o-, s&-7/7- 156-5164f,

Trip Blank No. t

Equipment Blank No. i P
Bottle Blank No. A F
Field Dupli t Nos. $-66-6 -, 4 ,
PES Nos.

The Region I. EPA-NE Data Validation Functional Guidelines for Evaluating Environmental Analyses,
revision 1f?1 was used to evaluate the data and/or approved modifications to the EPA-NE
Functional Guidelines were used to evaluate the data and are attached to this cover page: (attach modified
criteria from EPA approved QAPjP or amendment to QAPjP).

A Tier II or Tier III evaluation was used to validate the data (circle one). If a Tier II validation with a
partial Tier lIyas ed, then identify srles, parameters, etc. at received partial Tier III validation

The data were evaluated based upon the following parameters:

- Overall Evaluation of Data
- Data Completenes 1CSF Audit - Tier I)
-Preservation & Tecl.L.& Jolding Times

AGCJECD nsxr 1 5  cfnac~e
- Initial & Continuing Calibrations
- Blanks

Surrogate Compounds

- Matrix Spike/Matrix Spike Duplicate

- Field Duplicates-*scuitivityraE-E'

-4PEapts/Accuracy Check
- Target Compound Identification
- Compound Quantitation and Reported

Quantitation Limits

-Syste-P aneh-901618and enid 6

Region I Definitions and Qualifiers:

A - Acceptable Data
J - Numerical value associated with compound is an estimated quantity.
R - The data are rejected as unusable. The R replaces the numerical value or sample quantitation limit.
U - Compound not detected at that numerical sample quantitation limit.
UJ - The sample quantitation limit is an estimated quantity.
TB, BB, EB - Compound detected in aqueous trip blank, aqueous bottle blank, or aqueous equipment
blank associated with soil/sediment samples.

Validator's Name Y mpany Name Phone Number _0

Date Validation Started _ _- Date Validation Completed )(o3

12/96
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heck if all criteria are met and no hard copy worksheet provided. Indicate NA if worksheet is not applicable

) analytical method. Note: there is no standard worksheet for System Performance, however, the validator

iust document all system performance issues in the Data Validation Memorandum.

po worksheets:

VOA/SV-Pest/PCB
VOA/SV-Pest/PCB-I
VOA/SV-1
VOAISV-mil
VOA/SV-IV
VOA/SV-Pest/PCB-V-A
VOA/SV-Pest/PCB-V-B
VOA-VI
SV.Vl
VOA/SV-VHI
VOA/SV-PcstiPCB-VIII
VOA/SV-Pest/PCB-IX
VOA/SV-PestPCB-X
VOA/SV-P csPCIB-XI
VOA/SV-Pest/PCB-XII
VOA/SV-Pest/PCB-XIII
VOA/SV-XIV
VOA/SV-XV
TABLE H-WORKSHEET

COMPLETE SDG FILE (CSF) AUDIT
PRESERVATION AND HOLDING TIMES
GC/MS INSTRUMENT PERFORMANCE CHECK (TUNING)
INITIAL CALIBRATION
CONTINUING CALIBRATION
BLANK ANALYSIS
BLANK ANALYSIS
VOA SURROGATE SPIKE RECOVERIES
SV SURROGATE SPIKE RECOVERIES
INTERNAL STANDARD PERFORMANCE
MATRIX SPIKE/MATRIX SPIKE DUPLICATE
FIELD DUPLICATE PRECISION
SENSITIVITY CHECK
ACCURACY CHECK
TARGET COMPOUND IDENTIFICATION
SAMPLE QUANTITATION
TENTATIVELY IDENTIFIED COMPOUNDS
SEMIVOLATILE CLEANUP
OVERALL EVALUATION OF DATA

estPCB worksheets:

VOA/SV-Pest/PCB
VOA/SV-Pest/PCB-I
Pest/PCB-IIA

Pest/PCB-IIB

Pest/PCB-IIC

PeWsTPCB-IID

Pest/PCB-III
Pest/PCB-IV
VOA/SV-Pcst/PCB-V-A
VOAISV-Pest/PCB-V-B
PesPCB-VI

Pest/PCB-VII
VOA/SV-PestPCB-VIII
VOA/SV-Pct/PCB-IX
VOA/SV-Pest[PCB-X
VOA/SV-PesUPCB-XI
PesUPCB-XII
VOA/SV-PsWTPCB-XII
TABLE II-WORKSHEET

COMPLETE SDG FILE (CSF) AUDIT
PRESERVATION AND HOLDING TIMES
GCIECD INSTRUMENT PERFORMANCE CHECK-
RESOLUTION
GC/ECD INSTRUMENT PERFORMANCE CHECK-
RETENTION TIMES
GC/ECD INSTRUMENT PERFORMANCE CHECK-
ACCURACY CHECK OF INITIAL CALIBRAK UN
GC/ECD INSTRUMENT PERFORMANCE CIIEr K-
PESTICIDE DEGRADATION
INITIAL CALIBRATION
CONTINUING CALIBRATION
BLANK ANALYSIS
BLANK ANALYSIS
SURROGATE COMPOUNDS:
SPIKE RECOVERIES AND RETENTION TIME SHIFT
PESTICIDE CLEANUP
MATRIX SPJKE/MATRIX SPIKE DUPLICATE
HFIELD DUPLICATE PRECISION
SENSITIVITY CHECK
ACCURACY CHECK
COMPOUND IDENTIFICATION
SAMPLE QUANTITATION
OVERALL EVALUATION OF DATA

checked above.

Name: (KJL.

vl
W-

IVA

AAt-

_-

ZiV4

AJ/q
A4i

-5-(WOcy

12/96

Ig
I

I



>
>

08 0
739

0
oZ
Sz

-INV

-S*6

Ui it

<h4& a

C-I

'-9
-C

Zr

C

0

- oI4
5 a

C



O

.2

iiO



04

E

I C

Iii

S

1*

3o 4

a

El

d

Ao

at

(0

C

cotI

as

E C

I

a c

Co

-1 c

,

s..

6-

a

a v

-t-
or -

OL

i,

S



<7V

"4 M
6.0

U g

o 
o

2 L-0

. . * .0

o In

-54

o * *

0 00

ici

3 -- - ------------ /g

za

U>

0o
a--*

Cu

. * oo

z> s
se ez



Ov

t3;

I

I0
I>

I

U

I mI.>i
I2A 0

U

a
4

0.

2

-

>b

a'
cc
Q
La

IX.

Ea

)
0

-a
5
C
.2

C'

C

0
U

s

o

a 0

a

&
E
*o

ii
0'

PS,

ii
Cl
C

'4

0
4..
' 5

06

E3

. , , ,



DaRION I
Data Review Worksheets

Site same
Referience Numb~r CaZb Assa

REGION I REVI or inanwIC
confTRACT I.ABORTOR D2T PACfAGE

The hardcopied (laboratory name) (K-J 5A data package received
at Regi6n I has been reviewed and the quality assurance and performance
data sumiaarized. The data review included:

Case No. ILML
SDG. No. 90)_"
No. of Samples 18-.

SAS No. P
Matrix So:

Samling Date(s)
Shipping Date(s
Date Rec ' d by Lab

310o 31N1/6 3117k3
311Wo3 14fo

n an ses -r lo-6M sf4s--7 s-' K 1Z.1-I( sO-7/-J SA- 7-
sR-SIoC. sg-s7<9- p" -s-liu,, M -5/o-1, s-9/r-t, sA-<hr-34- '

Trin 32lank No.: dP ________________

-:-i_=ent :21ak Nc.: N -
-,= DuD nos: 3-

s-7,16 6 0o6 4, -+,714

SCW No. recuires that -.specific analytical wcrk be cdone and that
associated repor-s be pro-vided by the laboratcr- to 1-te Regions, fESL-
LV, and SMO. The general criteria used to deter=ine the performance were
based on an examination of:

-Data Completeness
-Holding Times
-Calibrations
-Blanks
-ICP Interfer-dice Check Results
-Matrix Spike Rcoveries
-Laboratory Duplicates

-Field Duplicates
-Lab Control Sample Results

-Fernae-ftk-esulte

-ICP Serial Dilution Results
-Detection Limit Results
-Sample Quantitation

Overall Comments:

Definitions and Qualifiers:

A - Acceptable data.
J - Approximate data du to quality control criteria.
R - Reject data due o lity con oi criteria.
U - Anal d

Reviewer: P YG Date:_



REGION I
Data Reviev Worksheets

I. Dan CoMPEEEmss

aMISSING INFORMATION DATE A COTACTED

i (, A,<; -1\s lz V sWlo0

,.&f 'c\ to,,., S . 4E -. J. ; @fgSlj6 3-i ,oi

£/lc3

llSlc3

t 1



RGION I
Data Review worksheets

III A. INS1'il C llTOmN (Section ]

Recovery criteria

List the analytes which did not meet the
for Initial or C:zntinuing Calibration.

rCVC7c

ACTIONS:

if any anal-te does nct
below:

For Positive Results:

Accent

Metals 90-110%R
Mercury 80-12b6%R
Cyanide 85-115%R

For Non-detected Results:

Accent

Metals 90-125%R
Mercury 80-135%R
Cyanide 85-130%R

AAL AgR

percent recovery (%R) criteria I

ACTION
I

SAMPLES AFE CTED

I

I
eet the %R criteria :11,:v- the actions stated

Estimate (JI

75-89%R, 111-125%R
65-79%R, 121-135%R
70-84%R, 116-130%R

Estimate (UJI

75-89%R
65-79%R
70-84%R

Reiect (R)

<75%R, >125%R
<65R, >135%R

.:<70%R, >130%R

Reject (R)

<75%R, >125%R
<65%R, >135%R
<70%R, >130%R

DA'"



RESOW I
Data Review Worksheet

IV A. BLaMK ANALYSIS RESULTS (Sections 1-3)

List the blank contamination in Sections 1 & 2
worktsheet should be used for soil and water blanks.

1. Laboratory Blanks

AT1. CB/CB PEPBL ANALYT'

_ _4 --

ccM ___

" c -" "--

2. Eauipent/Trip Blanks

DATE EQUIP BL ANALT

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix,
for every 20 samples and for each digestion
batch?

B. Was a calibration blank run every 10 samples or
every 2 hours whichever is more frequent?

below. A separate

MATRIX: 3-

CONC. fUrYS

.go
J7

CONC./bNITS

Ys-ir No

Yes No
If No,

The data may be affected. Use professional judgement to determine
the severity of the effect and qualify the data accordingly. Discuss
any acjions below, and list the samples affected.

L
t

":" / f "



Data Review Worksheet

IV A. B% n MANLTSIS RSULTS (Sections 1-3)

List the blank conramination in Sections 1I & 2 belcw.
worksheet should be used for soil and water blanks.

1. Laboratory Blanks AT

D- IC/C. ANLYTO

-I.g q__ '4 0
31)913 cVbI. 0 a

2. in/ipBlanks

EQUTP SLE SCON

A separate

X:

)L,

- /TNT' S

C. /UNITS

* t

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix,
for every 20 samples and for each digestion
batch?

B. Was a calibration blank run every 10 samples or
every 2 hours whichever is more frequent?

Ye r No

e ;;a No

If No,

The data may be affected. Use professional judgement to determine
the severity of the effect and qualify the data accordingly. Discuss
any actions below, and list the samples affected.

ANAL 7



astla I
Data Revie Wrksheet

rIv A. BaN NLTSIS RESULTS (Sections 1-3)

List: the blank contamination in Sections I & 2 below.
worLksheet should be used for soil and water blanks.

1. Laboratory Blanks MA

Q10 ISc -. ANALT
7311463 cj2_ __a_

. :Bent/Tri 21arks

ECUIP SL1J

A separate

CU NIT S

x.: -NT

SCOSN

X

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix,
for every 20 samples and for each digestion
batch?

B. - Was a calibration blank run every 10 samples or
every 2 hours whichever is more frequent?

If No,

The data may be affected. Use professional judgement to determine
the severity of the effect and qualify the data accordingly. Discuss
any action below and list the samples affected.

ANAL.0

Ys No



EGla I
Data Review Worksheet

17V A. SLN ANILYTSIS RESULTS (Sections 1-3)

List the blank cne**4n*tian in Sections 1 & 2 belcw. A separate
worksheet should be used for soil and water blanks.

1. laboratory Blanks EAfRlZ: r

3ljk@ 0c ___ C> -6034
)N- -4. 4-

___ -t~~Ci ke5'

2. -irzent/,'rip Blanks

EECUIP SLE ANAL"' . CONC. /UNcTS

t

/

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix,
for every 20 samples and for each digestion
batch?

B. Was a calibration blank run every 10 samples or
every 2 hours whichever is more f-requent?

Yesr No

sor No

If No,

The data may be affected. Use professional judgement to determine
the severity of the effect and qualify the data accordingly. Discuss
any actions below, and list the samples affected.

4k -



uECE I
Data Review Worksheet

Iv A. BAn ANLITSIS RESUTS (Sections 1-3)

List the blank conaminsation in Sections 1I & 2 below.
work!sheet should be used for soil and water blanks.

1. Laboratory Blanks MATR

311sle e " Co-- 10.

___ .~6 - __ LI:"

-CCL _ __ _ __ _

. e Blarnks

ECUIP BLE

A secarate

q. "

C. ,/UNI.TS

r

- I

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix,
for every 20 samples and for each digestion
batch?

B. - Was a calibration blank run every 10 samples or
every 2 hours whichever is more frequent?

(Yes r No

(Ye r No

If No,

Te data may be affected. Use professional judgement to determine
the severity of the effect and qualify the data accordingly. Discuss
any actions blow, and list the samples affected.

C)NANAL'" =



E lac I 
Data Review Worksheet

Iv A. B E n NALTlsI RESULTS (Sections 1-3)

List the blank conZMiton in Sections 1 & 2 below. A separate

worksheet should be used for soil and water blanks.

1. Laboratory Blanks MATR

PM IC/C'"St PREP BLANA=T C"-NC. 4'=

S5 --- -0.. ,
I L A

__ ccS3 - ___ _ ____

DA-- Equa s~a

2. T - - entBiar..:t-- -- r -

DIATE ECUZ? B5W AyNAr! -cONC. fUNlTTS

-.

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix,
for every 20 samples and for each digestion
batch?

B. - Was a calibration blank run every 10 samples or
every 2 hours whichever is more frequent?

YesrN
es No

@.-No

If No,

The data may be affected. Use professional judgement to determine
the severity of the effect and qualify the data accordingly. Discuss
any actions below, and list the samples affected.



uSas I
Data Review #orkshrat

IV A. BLANK ANALYSIS REBULS (Sections 1-3)

List the blank co ~i tion in Sect-ions 1 & 2 belcw.
worksheet should be used for soil and water blanks.

I. Laboratory Blanks MA

DAE c/cpaJEE L AAtscwac

31 - PAS -o.
bU, a.

_ _ -I -

-. -r._ .__- alarc

D A !LEQUIP SLa MNALY=E

.#

A separate

133 W

yt: ... /, -
. €

Cc.oC /r--Ts

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix,
for every 20 samplqs and for each digestion
batch?

13. Was a calibration blank run every 10 samples or
every 2 hours whichever is 3more frequent?

Yesr No

(Ye r No

If No,

The data. may be affected. Use professional judgement to determine
the severity of the effect and qualify the data accordingly. Discuss
any actop below and list the samples affected.



mEGION I
Data Review Worksheet

IV A. BI M AZLLTSBIS RESULTS (Sections 1-3)

List the blank containation in Sections 1 & 2 below.
worksheet shculd be used for soil and water blanks.

1. Laboratory Blanks MATRI

4.5 p ics/ces PREP coc

cc _-- ____.

-4 QC- b

3)Mr(63 - r~s
- 2.L

__ ___ ts5 TV

2. Euip ent/Wip Blanks

ATEQUI? BL A4AL .

A separate

q"
9 pt

CONC. /UNITS

"'" / "

, b,

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix,
for every 20 samplis and for each digestion
batch?

B. Was a calibration blank run every 10 samples or
every 2 hours whichever is more frequent?

Yes No

Ye r No

If No,

The data may be affected. Use professional judgement to determine
the severity of the effect and qualify the data accordingly. Discuss
any actions below, and list the samples affected.

44 A-

I

U
I

'-I
U



REGEQ I
Data Review Worksheet

IV A. BLa.N ANaLYSIS RZSULTS (Sections 1-3)

List the blank contamination in Sections 1 & 2 belew.
worksheet should be used for soil and water blanks.

1. Laboratory Blanks MAT

.A Te1 _ 2 sANA.LYT"E CZNC

_ -- Pt . 7.S

-__XL.____ 0
- - -- It

_ Ment/_,ip Blarks

ECUIP SIA ANALYTTS

A separate

C: a

z.

* CZ.NC

-F-

3. Frequency Requirements

A. Was a preparation blank analyzed for each matrix,
for every 20 samplqs and for each digestion
batch?

B. w as a calibration blank run every 10 samples or
every 2 hours whichever is more frequent?

Yesr No

r No

If No,

The data may be affected. Use professional judgement to determine
the severity of the effect and qualify the data accordingly. Discuss
any action; below, and list the samples affected.



REICW I
Data Review Worksheets

IV S. BLSNK HfLLSIS RESULTS (Section 4)

4. Blank Actions

The Act-ion Levels for any analyte is equal to five times the highest
concentration of that element's contatination in any blank. Theaction *
level for samples which have been conaent-ated or diluted shcul.be *

iultiplied by the concentration/d laticon factor. No positive sample
result should be reported unless the concent:ation of the analyte in-the

samxle exceeds the Action Level (AL). Specific actions are as facl-ws:

:. When the- concentration is greater than the -:L, but less than the
Ac-icn Level, report, the sample concen =-azi. detac--ad with a U.

2. When te san!e concentratiocn is creater a. t-he Ac-izn Level,
=epc' he sample concentatiCn uncalifiec.

tr~uX:

EMB AzX,. CONC.1 / L E LErMEN rF MAX. C3MgeL-
UNITS UNITS UNmcs UNrrsI

sC k .s k 13 \h

- 44;a.; 6 agt/-,s4r4& Az pw/-,e ti

j 60 4;4 .. " -t.f

&- ~So-4/a-*r, s&-t/st-i1 . (a-') atb ?u bf-#.nt4 g 0MLW' I
S )ss -5/o- Pre ,Mrd-NOTE: Blanks analyzed Ling a soil case must be converted to mg/kg in

order to compare them with the sample results.

Conc. in ug/L X Volume diluted to (200ml) X :, X 1000am X jg = mg/kg
Weight digested (lgram ) 1000mi 1kg 1000ug

g4)0 to tCs5&I- 4ae -q/3e#k 5 s/o-I, 8-4/,q./4,
Multiplying this result by 5 to arrive at the action level gives a final I
result in mg/kg which can then be compared to sample results.

p/i - ULt; &4LAL ta,4t

"t j A/- uSAti:.wfit..i)t.il,-,,-]-l.,

Al - &&c ') o-- 5P*I
In -/flat; &L SAC Qfl-o - 1



*TEGION I
nata Review Worksheets

VI. MTRIX SPI=

TR S O MA : S>.'
1. Recovery Criteria

List the percent recoveries for analytes which did not meet the
required criteria.

S - amount of spike added
SSR - spikes sample result
SR - sample result

Analta SSR SR S %R Act-i

CU4,17 '4| 21 -a479 CIG 1YA

I I~V4- i i

( ... 1 I :I

Matrix Spike Actions apply to all samples of the same matrix.

ACTIONS:

.'i. If the sample cncentration exceeds the spike concentrktion by a
factor of 4 or more, no action is taken. /

2. 16 any analyte does not meet the %R criteria follow the actions
st.ated below:

PESCENT RECOVgy
OBOL 304-744 >1251

Positive Sample Results J J J
Non-detected Results R UJ A

2. Frequency Criteria

A. Was a matrix spike prepared at the required fre-quency? Ye or No

B. Was a post digestion spike analyzed for elements
that did not meet required criteria for matrix
spike recovery? Ye r No

7 separate worksheet should be used for each matrix spike pair.



REGION I

Data Review Worksheets

VII. LABORlTOXRY DUPLICATES"I

tast the concentrations of any analyte not meeting the criteria for
duplicate precision. For soil duplicates, calculate the CRDL in mg/kg
using the sawle weight, volume and percent solids data for the samnle.
Indicate what criteria was used to evaluate precision by circling either
the RPD or CRDL for each element.

MATRIX:

flement GM& Sa mle rDuulcate 4  RPD Action
water soil - \ -6o-to
ug/L mgCg* _ oo" I .... ,

Aluminum z 20

Arsenic 0-
Bariu 200

ChroAn .i. 0 , L , S
Cper I 2- ,, =

_I_ - -1 _I ._

Manganese 5

. -- - Icury 0. 2

Potassium 5000
Selenium 4i__i " I
silver 10
Sodium - 50001 -

Thaliu -- 10 - , I I I
Vanadium 50s5 4 lo su',3494 C ,z1.1 'pdaf-Zinc 20 I I

Laboratory Duplicate Actions should be applied to all other samples of
the same matrix type.

ACTIONS:

1. Estimate (J) positive results for elements which have at RPD >20%

for waters and >35% for soils.

2. If sample results are less than 5x the CRDL, estimate (J) positive
results for elements whose absolute difference is >CRDL, (2xCRDL for
scils). If both samples are non-detected, the RPD is not calculated
(NC).



REGION I
Data Review Worksheets

IXI. LaBORATORY CONTROL SAMPLE

Aqueous LO

List any iLs recoveries not within the 80-120% criteria and the samples
affected.

flt ELMET ACTION SAlPLES AFYTC'{@

2. Solid LCS

List any analytes that were not withn the ccntrcl windcws set by the
EPA for the solid LS sample. The 80-120% c;iteria is not used to
evaluate solid LCS results.

EL EN r-. LCS CONC. CONTROL WINDOWS ACTION SMPLES AFFEC-"tD

ACTICNS:
Percent Recoveryv

AQUEUS LCS <50% .51-79% >120%

Positive Results R J - J
Non-detected Results R UJ A

SOLID LCS <EPA Control Windows >EPA Control Windows

Positive Results J J
Non-detected Results UJ A

3. Frequency Criteria

A. Was an LCS analyzed for every matrix, every
digestion batch, and every 20 samples? Ye or No



REGION I
Data Review Worksheets

II. INDUCTIVELY COUPLED PLISa (ICP) SERIaL DILUTION InALYSIS

Serial Dilutions were performed for each matrix and results
of the diluted sample analysis agreed within ten percent of I
the original undiluted analysis.

Serial Dilutions were not performed for the following:

Serial Dilutions were performed, but analytical results did
not agree within 10% for analyte concentrations greater than

a50x the IDL before dilution.

Repor all results below that do not meet the recuired labcratr-, U
criteria for ICP serial dilution analysis.

E'EM DL 50x-DL SAMPL- 5- 4 AC= iGN

RESULT DIW--N I
.s smc 3.0 15 __ f ,t. ok __ .& _-

Aluminum aaa
Barium a 2C00 ____._ ,qi 13. I __ _T o r

ryllium
tadmium
alcium I I I I

chromin] 0 Io.O.3 larsf3i\\.5
Cobalt

Coover _ _ __ _

Iron II
Lead .O M X 40010 W5. 43.TpS as
Magnesium

Manganese' _,_i
-

I_ '

Nickela2 a _____________Ir r iI
Potassium

silver __ 1 1 1 ,_
Sodium I n 1 1a
Vanadium . V 1 .8-7,O R0 d*
Zinc -,rr T, .sr 1i zi ~ i
Actions apply to all samples of the same matrix.

ACTIONS:

1. Estimate (J) positive results if tD
> ( 0%



REGION I
Data Reviev orksheets

I xII. DETZCTO LIXIT RESULtS

Ip'trment Detection Limits

S T Instrument Detection Limit results were present and found to be
less than the Contract Required Detection Limits.

1 IDLs were not included in the data package on Form XI.

I IDLs were present, but the criteria was not met for the
following elements:

1 2. Reporting Requirements

2. Were samle results on Form I reported down to
the IDL not the CRDL for all analytes? Yes or No

I Were samnds results that were analy:ed I:
f!r Se, T!, As, or Pb at least 5x IDL. Yes or Nc

IWere sample weights, volumes, and diluticns
taken into account when report-ing etezactiI limits on Form I. - . Yes r Nc

If No,

S The reported results may be inaccurate. Make the necessary changes
un the data summary tables and request that the laboratory r submit the

correctt data. ?

e&OL esk.A%4o3k- % 1 ~ ~~ c~L -4-t e

-,6-t-t

I6 5 6- tJA1o A
I5 7,



Analysis Report: Volatile Petroleum Hydrocarbons

Client: M & E
Analysis: MADEP VPH 98-1
Client 10 MW-i

Lab ID: B0502-01A
Matrix: Aqueous

Concentration in: ug/L

VPH Ranges

CS - C8 Aliphatics
C9 - C12 Arliphatics
CS9 - Cl0 Aromatics

Target Analytes

MTBE
Benzene
Toluene
Ethytbentene
m- and p-Xylenes
o-Xylene
Naphthalene

ND
ND
40U

Date Collected: 3/26/03
Date Received: 3/27/03
Date Analyzed: 3/28/03
Aliquot Used for Analysis: 5 ml
Sample pH: 5 2
Dilution Factor 1

Reporting
Limit

iCO2

QC Batch: V4B0328A

Surrogate Recovery (%):
Bromolluorobenzene (FID)
2,5-4Dromotoluene (FID)
Bromofluorobenzene (PID)
2,5-Dbromotoluene (PID)

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the VPH method were

followed, and all performance/acceptance standards for the required QAQC procedures were achieved

No significant modifications were made to this method.

VPH ranges are adjusted to exclude the concentration of target and QC (surrogate) analytes.

B0502-OIA ,- --

I

Page 1 of 1



Analysis Report: Volatile PetroleumHydrocarbons

Client M & E
Analysis: MADEP VPH 98-1
Client ID MW-5
Lab ID: B0502-02A
Matrix: Aqueous
Concentration in: ug/L

I VPH Ranges

C5 - CO Aliphatics
C9 - C112 Aliphatics
C9 - C10 Aromatics

I Target Analytes

Date Collected: 3/26/03
Date Received: 3/27/03
Date Analyzed: 3/29/03
Aliquot Used for Analysis: 5 ml
Sample pH: 5 2

Dilution Factor 1

Results
Reporting

Limit

MTBE
Benzene
Toluene
Ethylbenzene
m- and p-Xylenes
o-Xylene
Naphthalene

Surrogate Recovery (%):
Bromofluorobenzene (FID)

2.5-DiJb romotoluene (FID)
Bromofluorobenzene (PID)

2,5-Dibromotoluene (PID)

QC Batch: V4B0329A

ND = Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the VPH method were
followed, and all performancelacceptance standards for the required QA/QC procedures were achieved.

No significant modifications were made to this method.

VPH ranges are adjusted to exclude the concentration of target and QC (surrogate) analytes.

Page 1 of 1 B0502-02A, - -
UU 1 UU
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Analysis Report: Volatile Petroleum Hydrocarbons

Client M & E
Analysis: MADEP VPH 98-1
Client ID KMW-5
Lab ID: B0502-03A
Matrix:. Aqueous
Concentration in: ug/L

VPH Ranoes

CS- C8 Aliphatics
C9 - C12 Aliphatics
C9 - 010 Aromatics

Target Analvtes

MTBE -
Benzene
Toluene
Ethylbenzene
rm- and p-Xylenes
o-Xylene
Naphthalene

Results

ND
ND
340

Date Collected: 3/26/03
Date Received: 3/27103
Date Analyzed: 3/28/03
Aliquot Used for Analysis: 5 ml
Sample pH: < 2
Dilution Factor 1

Reporting
Limit

100
20
30

15
S

15
5

20

10
10

QC Batch: V4BO3_8A

Surrogate Recovery (%):
Bror.nolorobenzene (FID)
2,5-Diromotoluene (FID)
Bromoluorobenzene (PID)
2,5-0trnotoluene (PID)

ND = Not Detected

Except where noted in the Project Narrative, all QAJQC procedures required by the VPH method were
followed, and all perfonnancelacceptance standards for the required QAfQC procedures were achieved.

No significant modifications were made to this method.

VPH ranges are adjusted to exclude the concentration of target and QC (surrogate) analytes.

Page 1 of I B0502.-03A .,
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Analysis Report: Volatile Petroleum Hydrocarbons

Client M & E
Analysis: MADEP VPH 98-1
Client ID: MW-3
Lab ID: B0502-04A

Matrix: Aqueous
Concentration in: ug/L

VPH Ranges Results

C5 - C8 Aliphatics
C9 - C12 Aliphatics

C9 - 10 Aromatics

Target Analytes

MTBE
Benzene
Toluene
Ethylbenzene
m- and p-Xylenes
o-Xyne
Naphlhalene

Surrogate Recovery (%):
Bronwuorobenrene (FID)
2,5-Dibromotoluene (FID)
Bromofluorobenzene (PID)
2,5-Dibromotouene (PID)

ND
ND
45k)

Date Collected: 3/27/03
Date Received: 3/27/03
Date Analyzed: 3/28/03
Aliquot Used for Analysis: 5 ml
Sample pH: < 2
Dilution Factor. 1

Reporting
DMA

100
20
30

ND
ND
ND
ND
ND
ND
ND

QC Batch: V4B0328A

ND = Not Detected

Except where noted in the Project Narrative, all QAQC procedures required by the VPH method were
followed, and al lperformanceacceptance standards for the required QA/QC procedures were achieved.

No significant modifications were made to this method.

VPH ranges are adjusted to exclude the concentration of target and QC (surrogate) analytes.

Page 1 of I B0502-04A _
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Analysis Report: Volatile Petroleum Hydrocarbons

Client: M & E
Analysis: MADEP VPH 98-1
Client ID MW-6
Lab ID B0502-05A
Matrb Aqueous
Concentration in: ugL

VPH Ranes

CS - C8 Aliphatics
C9 - C12 Aliphatics
C9 - O0 Aromatics

Tarqet Analytes

MTBE
Benzene
Toluene
Ethytbenzene
m- and p-Xylenes
o-Xylene
Naphthalene

Results

Date Collected: 3/27/03
Date Received: 3/27/03
Date Analyzed: 3/28/03
Aliquot Used for Analysis: 5 ml
Sample pH: < 2
Dilution Factor 1

Reporting
Lnft

ND
ND
461U

Of Batch: V4BO328A

Surrogate Recovery (%):
Brornoluorobenzenem (FID)
2,5-Dibromaotoene (FID)
Bromoluorobenzene (PID)
2,5-Dibromotoluene (PID)

ND = Not Detected

Except where noted i the Project Narrative, all QAfQC procedures required by the VPH method were
followed, and all performance/acceptance standards for the required QAfQC procedures were achieved.

No significant modifications were made to this method.

VPH ranges are adjusted to exclude the concentration of target and QC (surrogate) analytes.

Page 1 of 1 B05020A -O -
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Analysis Report: Volatile Petroleum Hydrocarbons
Analysis Report: Volatile Petroleum Hydrocarbons

Client: M & E
Analysis: MADEP VPH 98-1
Client ID: TRIPBLANK
Lab ID: B0502-06A
Matrix: Aqueous
Concentration in: ug/L

VPE RanQes Results

CS - C8 Aliphatics
C9 - 012 Aliphatics
C9 - 010 Aromatics

Tarmet Analytes

MTBE
Benzene
Toluene
Ethylbenzene
m- arndJ p-Xylenes

o-Xylene
Naphthalene

Surrogate Recovery (%):
Bromofluorobenzene (FID)
2,5-Ditomotoluene (FID)
Bromnouorobenzene (PID)
2,5-Dibromotoluene (PID)

Date Collected: 3/27/03
Date Received: 3/27/03
Date Analyzed: 3/28/03
Aliquot Used for Analysis: 5 ml
Sample pH: 5< 2
Dilution Factor 1

Reporting

Limit

100
20
30 f

QC Batch: V4B0328A

ND = Not Detected

Except where noted in the Project Narrative, al QA/OC procedures required by the VPH method were
followed, and al performancelacceptance standards for the required QAfQC procedures were achieved..

No significant modifications were made to this method.

VPH ranges are adjusted to exclude the concentration of target and QC (surrogate) analytes.

B0502-08A . -
U.U.U. . U,; -Page 1 of I



Analysis Report: Volatile Petroleum Hydrocarbons

Client M & E
Analysis:- MADEP VPH 98-1
Client ID: MW-10
Lab ID: B0502-07A

Matrix: Aqueous
Concentration in: ug/L

VPH Ranges

CS - C8 Aliphatics
C9 - C12 Aiphatics
C9 - C10 Aromatics

Target Analytes

MTBE
Benzene
Toluene
Ethylbenzene
min- and p-Xylenes
o-Xylene
Naphthalene

Results

Date Collected: 3/27/03
Date Received: 3/27103
Date Analyzed: 3/28/03
Aliquot Used for Analysis: 5 ml
Sample pH: < 2
Dilution Factor 1

Reporting

Limit

ND
ND
46'

15
5

15

5
20

10
10

QC Batch: V480328A

Surrogate Recovery (%):
Bromofluorobenzene (FID)
2.5-Dibromotoluene (FID)
Bromofluorobenzene (PID)
2,5-Dfbromototuene (PID)

ND = Not Detected

Except where noted in the Project Narrative, an QAfQC procedures required by the VPH method were
followed, and aN performance/acceptance standards for the required OA/QC procedures were achieved.

No significardnt modifications were made to this method.

VPH ranges are adjusted to exclude the concentration of target and QC (surrogate) analytes.

Page 1 of 1I 80502-77A ,
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: MW-1
Lab ID: B0502-01C
Matrix: Aqueous
Concentration in: uglL

Date Collected: 3/26/03
Date Received: 3/27/03
Date Extracted: 4/8/03
Date Analyzed: 4/23/06 Fi, 423/03 R
Dilution: 1

Reporting
LimitsEPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
C 11 - C22 Aromatics

Taret Analyes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benrzo(b)fluoranthene
Bernzo(ghi)perylene
Berzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Pher nanthrene
Pyrene
2-Methytnaphthalene

SurrDgate Recovery (%):
Chlorooctadecane
o-Terphenyt
2-Fluorobiphersyl
2-Brxnonaphthalene

LcJ

OC Batch: MB-6544

53%
64%
87%
9Q%

ND= Not Detected

Except where noted in the Project Narrative, all Q/QC procedures required by the EPH method were
follouwed, and all performance/acceptance standards for the required QAQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination

from 1he EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

'_'U UUAU
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Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: MW-5
Lab ID B0502-02C
Matrix: Aqueous
Concentration in: ug/L

EPH Ranges

C9 - C 18 Aliphatics
C19 - 036 Aliphatics
ClI - C22 Aromrnatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perytene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Results

Date Collected: 3/26103
Date Received: 3/27103
Date Extracted: 4/8/03
Date Analyzed: 4/23/06 Fl, 4/23/03 F:
Dilution: 1

Reporting
Limits

40
40
85

QC Batch: MB-6544

52%
66%
83%
66%

ND= Not Detected

Except where noted in the Project Narrative, all QA/OC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QAIQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

' V/, V .u .-:
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Analysis Report: Extractable Petroleum Hydrocarbons

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: KMW-5
Lab ID: B0502-03C
Matrix: Aqueous
Concentration in: ug/L

EPH Ranges Resul

C9S - C 18 Aliphatics
C19 - C36 Aliphatics
C11 -C22 Aromatics

Targmet Analytes
Acenaphthene
Aoenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chiysene
Dibenzo(ah)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chkwooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Date Collected: 3/26/03
Date Received: 3/27/03
Date Extracted: 4/8/03
Date Analyzed: 4/23/06 Fl, 4/23/03 F:
Dilution: 1

Reporting
Lirmi1ts

30
4085 o3

QC Batch: MB-6544

58%
70%
88%
911%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followved, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contaminationr
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

LI tj i~F U AL
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Analysis Report: Extractable Petroleum Hydrocarbons -

Client: Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: MW-3
Lab ID: B0502-04C
Matrix. Aqueous
Concentration in: ug/L

EPH Ranges

C9 - C18 Aliphatics
C19 - C36 Aliphatics
C11I - C22 Aromatics

Target Analtes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluomrobiphenyl
2-Bromonaphthalene

Results

Date Collected: 3127/03
Date Received: 3/27/03
Date Extracted: 418/03
Date Analyzed: 4/23/06 Fl, 4/23/03 F:
Dilution: 1

Reporting
Limits

tI (oS

QC Batch: MB-6544

42%
57%
89%
96%

ND= Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination

from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

' 'U U A]
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: MW-6
Lab ID: B0502-05C
Matrbc Aqueous
Concentration in: ug/L

EPH Ranges Results

C9- 018 Aliphatics
0C19 -C36 Aliphatics
C1 I - C22 Aromatics

Tairet Analvtes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Mlethylnaphthalene

Surogate Recovery (%):
Chlorooctedecane .
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Date Collected: 3/27103
Date Received: 3/27/03
Date Extracted: 4/8/03
Date Analyzed: 4/23/06 Fl, 4/23/03 P
Dilution: 1

Reporting
Limits

403
495

ND

5
5
5
5
5
5
5
5
5
5
5
5

.- 5
5
5
5
5

QC Batch: MB-6544

34%
46%
91%
98%

ND: Not Detected

Except where noted in the Project Narrative, all QA/QC procedures required by the EPH method were
folk ced, and all performance/acceptance standards for the required QNQC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination
from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

B0502-05C
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Analysis Report: Extractable Petroleum Hydrocarbons

Client Metcalf & Eddy, Inc.
Analysis: MADEP EPH 98-1
Client ID: MW-10
Lab ID: B0502-07C
Matric Aqueous
Concentration in: ug/L

EPH Ranges

C9 - C18 Aliphatics
019 - C36 Aliphatics
C11 - C22 Aromatics

Target Analytes
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

Surrogate Recovery (%):
Chlorooctadecane
o-Terphenyl
2-Fluorobiphenyl
2-Bromonaphthalene

Results

Date Collected: 3127103
Date Received: 3/27103
Date Extracted: 4/8103
Date Analyzed: 4/23/06 Fi, 4/23/03 F
Dilution: 1

Reporting
Limits

ek~
bi j4oS

QC Batch: MB-6544

53%
69%
94%
488%

ND= Not Detected

Except where noted in the Project Narrative, all QNQC procedures required by the EPH method were
followed, and all performance/acceptance standards for the required QA/QC procedures were achieved.

The only significant modification made to this method is the subtraction of SPE cartridge contamination

from the EPH ranges per Section 11.2.6 of the method.

EPH ranges are adjusted to exclude concentration of target and QC (surrogate) analytes.

80502-070 'Page 1 of 1



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Col

Lab Code: MITKEM Case No. : S

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/ml) ML

t Moisture: decanted: (Y/N)

Extraction: (SepF/Cont/Sonc) CONT

Concentrated Extract Volume: 10000 (uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COMPOUND

CLIENT SAMPLE NO.
A SHEET

ntract: MW-i

%S No.: SDG No.: B0502

Lab Sample ID: B0502-01D

Lab File ID: EE0749F

Date Received: 03/27/03

Date Extracted:04/01/03

Date Analyzed: 04/18/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

C(ONCENTRATION UNIlTS:
(ug/L or ug/Kg) UG/L Q '

FORM I PCB

IJ LU £J '3 1

12674-11-2------ Aroclor-1016 1.0 U
11104-28-2----- Aroclor-1221 1.0 U
11141-16-5----- Aroclor-1232 1.0 U
53469-21.-9----- Aroclor-1242 1.0 U
12672-29-6------ Aroclor-1248 1.0 U
11097-69-1----- Aroclor-1254 1.0 U
11096-82-5----- Aroclor-1260 1.0 U

'b b(Q



FORM 1
PCB ORGANICS ANALYSIS DAT7

Lab Name: MITKE CORPORATION CoT

Lab Code: MITKEM Case No.: SA

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/ml) ML

t Moisture: decanted: (Y/N)

Extraction: (SepF/Cont/Sonc) CCOWT

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N PH: _

CAS NO. CCMPOUND

FORM I PCB
-_2 SMF -; C

CLIETr SAMPLE NO.
;SHEET

itract: 
MW-S

S NO.: SDG No.: B0502

Lab Sample ID: B0502-02D

Lab File ID: EIE0752F

Date Received: 03/27/03

Date Extracted:04/01/03

Date Analyzed: 04/18/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

COCENTRATION UNITS:
(ug/L or ug/Kg) UG/L Q

cz51111oj
'1

S
a

r

12674-11-2------AroClor-1016 1.0 U
11104-28-2------Aroclor-1221 1.0 U
11141-16-5----- Aroclor-1232 1.0 U
53469-21-9------Aroclor-1242 1.0 U
12672-29-6------Aroclor-1248 1.0 U
11097-69-1----- Aroclor-1254 1.0 U
11096-82-5----- Aroclor-1260 1.0 U

Cl')'



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Co

Lab Ode: MITKEM Case No.: S

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/ml) ML

t Moisture: decanted: (Y/N)

Extraction: (SepP/Cont/Sonc) CcNT

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. CMPOUND

CLIENT SAMPLE NO.
A SHEI T

ntract: KMW-5

AS No.: SDG No. : B0502

Lab Sample ID: B0502-03D

Lab File ID: EIE0753F

Date Received: 03/27/03

Date Extracted:04/01/03

Date Analyzed: 04/18/03

Dilution Factor: 1.0

Sulfur Cleanup: (Y/N) Y

COCENTRATION UNITS:
(ug/L or ug/Kg) UG/L Q

FORM I PCB

12674-11-2------Aroclor-1016 1.0 U
11104-28-2----- Aroclor-1221 1.0 U
11141-16-5----- Aroclor-1232 1.0 U
53469-21-9----- Aroclor-1242 1.0 U
12672-29-6----- Aroclor-1248 1.0 U
11097-69-1----- Aroclor-1254 1.0 U
11096-82-5----- Aroclor-1260 1.0 U

'?fre h%



FORM 1
PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEM CORPORATION Col

Lab Code: MITKEM Case No.: SA

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/ml) ML

t Moisture: decanted: (Y/N)

Extraction: (SepF/Cont/Sonc) CCNT

Concentrated Extract Volume: 10000 (UL)

Injection Volume: 1. 0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COPOUND

.7

FORM I PCB

UJLV / IJ

12674-11-2------Arolor-1016 1.0 U
11104-28-2------Aroclor-1221 1.0 U
11141-16-5----- Aroclor-1232 1.0 U
53469-21-9----- Aroclor-1242 1.0 U
12672-29-6------Aroclor-1248 1.0 U
11097-69-1------Aroclor-1254 1.0 U
11096-82-5----- Aroclor-1260 1.0 U

G

1

CLIENT SAMPLE NO.
A SHEBT I M-

tract: 
M-3

S No.: SDG NO.: B0502

Lab Sample ID: B0502-04D

Lab File ID: 81E0764F

Date Received: 03/27/03

Date Extracted:04/01/03

Date Analyzed: 04/19/03

Dilution Factor: 1.0

sulfur Cleanup: (Y/N) Y

CoNTRATIN UNIS:
(ug/L or ug/Kg) UG/L Q |



runi .L
PCB ORGANICS ANALYSi .DAT

Lab N3me: MITREM CORPORATION Ca

Lab Code: MITKEM Case No.: S

Matrix: (soil/water) WATER

Sanple wt/vol: 1000 (g/ml) ML

t Moisture: decanted: (Y/N)

Extraction: (sepF/Cont/Sonc) COrT

Concentrated Extract Volume: 10000(uL)

Injection Volume: 1.0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS NO. COMPOUND

,I

5

PORM I PCB

UUUU 1J _

12674-11-2 ------ Aroclor-1016 1.0 U
11104-28-2----- Aroclor-1221 1.0 U
11141-16-5----- Aroclor-1232 1.0 U
53469-21-9----- Aroclor-1242 1.0 U
12672-29-6----- Aroclor-1248 1.0 U
11097-69-1----- Aroclor-1254 1.0 U
11096-82-5----- Aroclor-1260 1.0 U

CIENT SAMPLE NO.
A SHEET K

ntract: I

AS No.: SDG No.: 30502

Lab Sample ID: B0502-05D

Lab File ID: EE0765F

Date Received: 03/27/03

Date Extracted:04/01/03

Date Analyzed: 04/19/03

Dilution Factor: 1.0

sulfur Cleanup: (Y/N) Y

CONCENTRATIO.' UNITS:
(ug/L or ug/Kg) UG/L 0 vb9



PCB ORGANICS ANALYSIS DAT

Lab Name: MITKEH CORPORATION C

Lab Code: MITKEH Case No. : S

Matrix: (soil/water) WATER

Sample wt/vol: 1000 (g/ml) ML

% Moisture: decanted: (Y/N)

Extraction: (SepF/Cont/Sonc) CONT

Concentrated Extract Volume: 10000 (uL)

Injection volume: i. 0 (uL)

GPC Cleanup: (Y/N) N pH:

CAS ND. CCHPOUND

r

5

PORM I PCB

%J.a&Aawa I t a L-ama a av

A SHEET

ntract: MW-l0

AS No.: SDG No.: -B0502

Lab Sample ID: B0502-07D

Lab File ID: EIE0766F

Date Received: 03/27/03

Date Extracted:04/01/03

Date Analyzed: 04/19/03

Dilution Factor: 1.0

sulfur Cleanup: (Y/N) Y

CCENTRATPJ N UNITS:
(ug/L or ug/Kg) UG/L Q

12674-11-2 ------ AroClor-1016 1.0 U
11104-28-2----- Aroclor-1221 1.0 U
11141-16-5----- Aroclor-1232 1.0 U
53469-21-9-----Aroclor-1242 1.0 U
12672-29-6----- ArocLor-1248 1.0 U
11097-69-1-----Aroclor-1254 1.0 U
11096-82-5----- Aroclor-1260 1.0 U

i

I

£ (o
31



U..1 rxA - LP

1
INORGANIC ANALYSIS DATA SHEET

MITKEMCORPORATION _

SCode: M

Matrix (soil/waler):

dowh: oa

/ Cods-

Case No.:

WATER

MED

Contr:

SAS No.:

Lab Sample ID:

Date Received:

ncentration Units (uglL or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-5 Alumimn NR
7440-36-0 A mony 6.7 IX P
7440-38-2 Arsenie 4 2 w 7 P

7440-39-3 - Rrimn R-83. 4 l A" - P_
7440-41-7 - Berylinm 0.50 I .P
7440-43-9 Catmina 0.70 I P_
7440-70-2 Calcinn. , NR
-7440-47-3- Chmomium - - 1.. P-
7440-48- Crat NR
7440-50-8 Copper - 4.0 U P
7439-89-6 Iron NR

. 7439-92-1- ad 4.0 U P-
7439-95-4 _.. Magnesi-mn. NR
7439-96-5 .Manganese__ NR
7439-97-6. .1rcury 0.14 U CV

,7440-09-7 - Pm NR
778S2-49-2- Seleninm 188 P
7440-224 Silver 2.0 _ U P-
7440-23-5 _ Sodim , NR
.7440-28-0 _ Tallim 3 UI P_
7440-62-2._ Vamatmn 158 P.
7440-6-6 Zinc .7.0 U P-

Cynai_ NR.

Name:

or Belore:AtrAfter

Clrity Before-

C arity After

FORM I - IN

Texture:

SW846

EPA SAMPLE NO.

MW-3

SDG No.: B0502

B0502-04B

03/27/03

UG/L

r

1st-



U.S. .VA - LL"

I
INORGANIC ANALYSIS DATA SHEET

Lab Name: MIfKEMCORPORATION

Lab Code: MITKEM Case No.:

Matrix (soil/water): WATER

Level (low/med): MED

% Solids:

Concentration Units (ug/L or mg/kg dry weight):

Contract:

SAS No.:

Lab Sample ID:

Date Rceived:

EPA SAMPLE NO.

K "W-5

SDG No.: B0502_

B0502-03B__

03/27/03

UG/L

6/o3

Color Befor

Color After

Conns

Clariy Before:

Clarity Acr

FORM I- IN

Texture

Antffadr

I

i'fr- 1

CAS No. Analyte Concentration C Q M

7429-90-5.__ Almimnn NR

_7440-36-0- Antimony .4.3 tA F P_
-7440-38-2 - Arsenic -4 .& - P_

-7440-39-3 - Rrinm 81.6 li P-

.7440-41-7 Be3yllim 0.71 3"i P_

7440-43-9 Cadmiumnc. 0.70 U P
-7440-70-2 Calcinm NR
-7440-47-3 __ Chnium 97 ....... P_

_744o4-4. Ca,,- NR
_744n-50-8 aCopper. 4.5 U1 P_
7439-89-6 Iroun .NR
7439-92-1- 1d -4.0 U P
_7439-95-4_ Maesuxn NR
-7439-96-5 M- NR
7439-97-6__ Mercy 0. ___ -

7440-02-0__ ck 20.3 . ..

_744009-7_ -mas _ NR
_782-49-2 Seleninm _6.0 3I Jr ,, P
_7440-22-4S_.Ser 7. I P_
7440-23-5 .Sulimu NR
7440-28-0 V1ninm .0 . P-
_7440-62- Vanadinm 11.1 _ - P

7440-6 . 7ine 15.9 'P-
g -' n,,, n N R



U.b. P'A - LLP

1
INORGANIC ANALYSIS DATA SHEET

MITKEM CORPORAT7ON- Contrac:

EPA SAMPLE NO.

MW-I

t Code: MITKEM

Matrix (soildwater):

c (Iowfnal):

Case No.:

WATEILR

MED

SAS No.:

Lab Sample ID:

Dat Received

SDG No.: B0502..

B0502-01B__

03/27103

Concentration Units (ug/L or mg/kg dry weight):

CAS No. Analyte Cocentration C Q M

-7429-90-5 Aluminnm NR
.37440-36-0 A y 3.4 U' P
._7440-38-7 .0 UL P
.7440-39-3 ' Barim 76.8 9- P-
.7440-41-7 Beryllimn 0.50-O J P-
.7440-43-9 . Cadminu 0.. .70 U P
..7440-70-2- -Calci.mn NR
.7440-47-3- Chromiumn 1.- .i1. P
_.7440-48_.Cobalt NR
-.7440-58 Copper- 4.0 1T P-
.7439-89-6 Iron NR
7439-92-1n I ead_ 4.0 - U. P
7439-95-4 Magnesinu. NR
7439-96-5 Manganeste NR
7439-97-6 Mecury -0.12 CV
_." 02, ; Nqicel - 1"' /- P

744.9-7 P__ im NR
1782-49-2. 9.0 U e. P_
:7440-22-4- Silver ]0 I. P
_'7440-23-5. r m NR
._7440-20- Thtlim 9.0 I P
_7440-62-7 Vnai 12 Br A p_
7440-66-6 7ine 7 0 II'

.yanki w

UG/L

tB7 /

Clarity Before:

Clarily Afer

FORMI -IN

Textur

SWS46

Lo Name:

r
15-P

Aft



U.b. t"A - IL

1I
INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEM CORPORATION

lab Code: MITKEM

Matrix (soil/water):

Lvd (lowhn/med):

Case No.:

WATEL

MED.

Contuact:

SAS No.:

Lab Sample ID:

Date Received:

EPA SAMPLE NO.

W-10 I

SDG No.: B0502

B0502-07B

0312703

Concentration Units (ng/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90.5 Ahuninnmn N
7440-36-0 Antim 4.7 vl P

_7440-38-72 Arenic 4.4 I5 A P_
7440-39-3 arin14.7 US FP

-7440-41-7 Berylln 050 II P_
-7440-43-9 - -Cadmium - 0.70 - P.
7440-70-2. Cakhnn NR

-7440-47-3 . h 0. , if P
_744048-4 Ocball NR
7440-50-9 . Copper - 4.0 u P

7439-92-1- .. d 4.0 U _ P_
7439-95-4 - Magnesin NR

_7439-96-5. Manganese NR
7439-97-64 Mercwy 0-14 U i CV

-7440-02-0 NickeL - 0. 94_._: / T / -- , - P-
-7440-09-7 - 04 i-n NR
.7782-49-2 Selenim- 9.0 P
_7440-224 Silver 2.0 U P
-7440-23-5 Sodinm NR
-7440-280) .Thallium .0 I P_
.7440-62-2 Vandinm I5. T -P
-7440.6-6 7in 7.0 IT P

Cyanid NR

UG/

Z!5J I GIOS

Clarity Before:

Clarity After

Texture:

Arifacls

Comments

FORM I - IN

% Solids:

color Befred

Color After

SW846

-76P



U.S. tPA - CLU

I
INORGANIC ANALYSIS DATA SHEET

MITKEMCORPORATION

Case No.:

WATEIR

MED_

TKEM
Code: MI

Matrix (soil/water):

c (lowme):

Ir ids: Co

Contract:

SAS No.:

Lab Sample ID:

Date Received:

ncentration Units (ug/L or mg/kg dry weight):

EPA SAMPLE NO.

MW-5
i + I

SDG No.: B0502_

B0502-02B

03/27/03

UG/L

t Befow
o After

Clarity Before:

Clarity After

FORM I- IN

I Name:

CAS No. Analyte Concentration C Q M

7429-90-5- lunm NR D
7440-36-0 Antimony 6.8 UG " P

7440-38-2- Arsenic 7.9 7 fP-
7440-39-3 Barium 34.7 " W P5 1
740-41-7 eyhllinm - 0 5O U. P-
7440-43-9 Ommium0.70 U P-
7440-70-2.. Clcium-.. NR
7440-47-3- Chromium 1.0 P P
7440-48- .Cobalt NR
7440-508 _Copper Ill U f" P_
7439-89-6 w roNuR
7439-92-1L l _ _ 4.0 U P
7439-95-4 Magnsium NR
7439-96-5- Manganese,.. NR
7439-97-6 Mermy. 0.3 I CV
7440-02-0 NickedL 2.6 - - P
7440-09-7 P NR
7782-49-2 Seinm 9.0 U1 P
7440-22-4 Silver .0 U P
7440-23-5 Sodiukm .NR
7440-28-0 3.0T.'i U P
7440-62-2.. VanVdiujm 0.70 U P
7440-.66-6 - Z c 18.9 P-

Cyui de NR

a

Texture:

SW846

-ip



U.S. EPA - CLP

I
INORGANIC ANALYSIS DATA SHEET

Lab Name: MITKEMCORPORATION_

Lab Code: KEM

Matrix (soilFwater):

Leved (low/med):

Case No.:

WATEILR

MED

Conltract:

SAS No.:

Lab Sample ID:

Date Received:

EPA SAMPLE NO.

N[W-6

SDG No.: B0502

80502-05B___

03/27/03_

Concentration Units (og/L or mg/kg dry weight):

CAS No. Analyte Concentration C Q M

7429-90-5 Aimm NR
-44 30 Anioy71- O 2c P-
-7440-38-2- Arsenic 11 I0--MA P-
-7440-39-3 Rrimn 44.0 j8(- P-
-7440-41-7- Reryllun - 0 50 U P
-7440-43-9 Cadminm._ 070 I P
-7440-70-2 Calcinm NR
_744047-3 .Chmim 0.60 U P
7440-4- .n..l..N

-7440-50-8 Cope 4.0 U P
-7439-89-6 Imn NR

-7439-92-1- a&- - 4.0 U P
7439-954 -_ Magnesium .NR
7439-96-5 M ga NR

-7439-97-6- Mercuy 1 UCv
-7440-02-0- Nickel 5.6 _ S
-7440-09-7- Prtassimn- NR
_78249-7 Seleni 12.1 P
_7440-22-4- Slver 2 O U- P_
-7440-23-5 Sodimn NR
_7440-2 - .Thallim A.0 U P-
-7440-62-2 Vndinm 3710 P_
_7440-66-6 Zin 7.0 IT P_

cyani dNR

UGy/L

3//6/03
51/S

Color Before:

Color After:.

Clarity Before:

Clarity After

Texture:

Artifacts

Commentsr

FORMI -IN

% Solids:

SW846
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Memorandum

PROJECT NO:
TO:
FROM:
REVIEWED BY:
CC:

SUBJECT:

036200299.0001.00003 DATE: May 16,2003
Oxford Paper Mill File OFFICE: Wakefield
E. DeCola &) COMPANY: Metcalf& Eddy, Inc.
D. Truini tr

B. Weir, N. Thurber, D. Laferte (memo only)

Limited QC Review/Modified Tier H-Like Review
PCB, EPH, VPH and Priority Pollutant Metals Analytical Results
Mitkem Corporation, Warwick, Rhode Island
Lab Project # B0502

On March 26 and 27, 2003, 6 groundwater samples and I trip blank sample were collected at the
Oxford Paper Mill site, located in Lawrence, Massachusetts by Shaw Environmental &
Infrastructure, Inc. (Shaw) and Metcalf & Eddy, Inc. (M&E) field personnel. The sampling was
performed as part of Shaw's contract with the City of Lawrence, MA and Shaw's contract with
M&E (Shaw Project Number 608134, M&E Project Number 200299-0001).

The samples were submitted to Mitkem Corporation, located in Warwick, Rhode Island for the

analysis ofPolychlorinated Biphenyls (PCB) using EPA SW-846 Method 8082, Volatile
Petroleum Hydrocarbons (VPH) using MADEP Method for the Determination of Volatile
Petroleum Hydrocarbons (VPH) (January 1998), Extractable Petroleum Hydrocarbons (EPH)
using the MADEP Methodfor the Determination ofExtractable Petroleum Hydrocarbons (EPH)

(January 1998), and Priority Pollutant Metals using EPA SW-846 Methods 6010B and 7471A.
All samples were received by the laboratory on March 27, 2003. The data package was received
in the M&E office on April 28, 2003.

In accordance with M&E's contract with Shaw, and the EPA and MADEP-approved work plan
for the subject site dated January 2003, M&E reviewed the data using EPA Region I Tier U level

guidelines, as modified by M&E/EPA for the Targeted Brownfields Assessment Program (EPA
Response Action Contract, Work Assignment Number 106-SIBZ-0100). The data deliverables,
and the modified Tier II level data validation guidelines used to evaluate the data, are also
consistent with MADEP's Presumptive Certainty guidelines for the usability of analytical data.
The data review included:

* Data Completeness
* * Preservation and Technical Holding Times

NA * GC/ECD Instrument Performance Checks

JA:WEBRWFLD LwrenceShwContrWorklDat vaRlBOSO2merpcbephvph. wpd
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P riority Pollutant Metals, PCB, EPH and VPH Page 2
May 16,2003 Lab Proj.ect # B0502

* Initial and Continuing Calibrations
* Blanks
* Surrogate Recoveries and Retention Time Shifts

* * Inductively Coupled Plasma (ICP) Interference Check Sample
NA * Internal Standards

* * Internal Standards
* Matrix Spike/Matrix Spike Duplicate

* * Laboratory Duplicates
* * Field Duplicates
* * ICP Serial Dilution Analysis Results

NA * Sensitivity Check
* * Performance Evaluation Samples/Accuracy Check

NA * Target Compound Identification
* Compound Quantitation and Reported Quantitation Limits

* * System Performance

* = All criteria met for this parameter
NA = Not applicable and/or no information was provided by the laboratory

Note: Worksheets are not included for parameters that have met criteria or for criteria that are
not applicable to the method and/or to the modified Tier U-like review.

Included in Attachment I is a copy of the chain-of-custody (COC) record. Included in Attachment
II are the result summary sheets, annotated with qualifiers, if necessary, as detailed in this
memorandum. Included in Attachment Tl ire the data validation worksheets.

Data Completeness

Pdrily Pollutant Metals

The following items were missing or incorrectly reported.

1) Barium and vanadium were not reported for any groundwater samples as requested on the
chain-of-custody.
2) Unspiked analytes were not reported in the ICSA Form 4 for metals.
A resubmital request was sent to Mitkem on April 28,2003 and a response was received on May
5,2003 with the revised forms.

The data package was complete for PCB, VPH, and EPH analysis.

J:WELRRWNFLDSawrnceSawContracWorktDa valOSO02meWpcbephypkwpd Metaf& Eddy. In-



Priority Pollutant Metals, PCB, EPH and VPH
May 16,2003

Initial and Continuing Calibrations

Page 3
Lab Project # B0502

The following table summarizes the continuing calibration (CC) analysis results that failed to
meet the CC criterion of percent difference (%D) <15. Note that the 3 peaks used to quantitate
the PCB results were averaged to determine /%D exceedances.

All initial and continuing calibration criteria was met for EPH, VPH and priority pollutant
metals. However, it should be noted that the laboratory did not follow method requirements for
calculation of the VPH and EPH range continuing calibration calibration factors. Per the
MADEP method, the range calibration factor is calculated by summation of the peak areas of all
component standards in each range fraction against the total mass injected. The laboratory
calculated calibration factors for each individual peak rather than a summation. No action wea
taken since the individual calibration factors were all <25 relative percent difference.

Blanks

VPH

There was one trip blank associated with the VPH samples in this package. Blank contaminants
were detected in the trip blank and the laboratory blanks. The following table summarizes the
level of blank contamination detected in the blanks. If a contaminant was detected in more than
one blank, the highest concentration was used to qualify associated sample results.

J:WEWRWNFLDSwrnwceShawCotrarWorkDagmaAMlSOSO2mpcAphphwpd

InstruInet/Cohumn RTXCLP/ pest2 RTXCLP/ pest2

Calibration Date CC 4/21/03 @ 13:43 CC 4/22/03 @ 00-46

Compound Average %D Average %D

Aroclor- 1260 16.4 17.2

Associated Samples None. No action is None. No action is taken on
and Action. taken on QC samples. QC samples.

Mercelf Eddy, Inc.



Priority Pollutant Metals, PCB, EPH and VPH
May 16,2003

Page 4
Lab Project # B0502

BAL - blank action level
QL - quantitation limit

Sample results were qualified as follows:
* If sample result was _>QL and <BAL, the result was qualified as a nondetect (U) at the reported

concentration
* If the sample result was <QL and <BAL, the results was qualified as a nondetect (U) at the QL
* If the sample result was >BAL, qualification of the data was not required

Priority Pollutant Metals

A review of laboratory blank results indicates the presence of positive laboratory contamination
for the analyte listed below.

Analyte Max. Conc. BAL Affected Samples/Action
Contaminant (/L)

6.2 31.0 Qualify the reported value as U" in all samples in this
package.

bariumn 5.448 27.24 Qualify the reported value as "U" in samples MW-1 0.

coppwer 11208 56.04 Qualify ftb reported value as "U in samples KMW-5 and
MW-5.

silver 8.986 44.93 None, all sample results are nondetect.

BAL - blank action level

Blank actions for analytes associated with positive blank contamination

* concentration s BAL; report value on summary table as U.
* concentration > BAL; report value unqualified.

J:WERIVNFEDSawrenceShawConracWorMkDana valalBOSO2mespcbephyph.wpd

Samples Affected

Qualify as nondetect (U) at the
reported value for samples MW-I,
MW-3, KMW-5. MW-6 and MW-
10

Metcff& Eddy. Inc.



Priority Pollutant Metals, PCB, EPH and VPH
May 16,2003

Page 5
Lab Project # B0502

No blank contamination was detected in the PCB and EPH analyses. However, it should be noted
that the laboratory blank corrected the EPH range results for contamination from the solid phase
extraction/fractionation cartridges.

Surrogate Recoveries and Retention Time Shifts

EPH

The EPH surrogate compounds that did not meet the acceptance criterion of percent recovery

(%R) of 40-140% for chlorooctadecar are summarized in the following table:

SampleID chlorooctadecane Action
%

MW-6 34 Estiate(J) the positive C,-C Alipbatic and
C,-rC Aliphatic results in sample MW-6. The
result may be biased low.

Surrogate criteria was met for PCB and VPH analysis. Surrogate criteria is not applicable for
priority pollutant metals analysis.

Matrix Spike/Matrix Spike Duplicate

EPH

The EPH compounds for the groundwater samples that did not meet acceptan;e criterit of 40-
140 percent recovery (%R) in matrix spike/matrix spike duplicate (MSIMSD) MW-VI are
summarized in the table below:

CIMPO MS MSD RPD Afe cted Samples/Action

C,-C,. 34 34 - Estmt (J) the positive Crqs Aliphatics in

Aliphatics the EPH result in sanple MW-I.

- indicates all criteria met

All criteria was met for PCB, VPH and priority pollutant metals matrix spike/matrix spike
duplicates.

J.:WEl BRWFLSI2LawcSawConracrWorklDa_VwlB0502merpchephphvwpd Mercalf& Eddy, Inc.



Priority Pollutant Metals, PCB, EPH and VPH
May 16, 2003

Page 6
Lab Project # B0502

Compound Quantitation and Reported Quantitation Limits

Priority Pollutant Metals

The: following table summarizes the priority pollutants metal results that are less than the
reporting limit (RL) but greater than the instrument detection limit (IDL) and were not previously
qualified as estimated (J) due to quality control parameters discussed above. The listed results are
qualified as estimated (J) due to uncertainty in the quantitation:

Affected Samples/Action

antimony MW-3, IMW-5, MW-10, MW-1, MW-S and MW-6

arsenic MW-3, KMW-5, MW-O, MW-S and MW-6

barium MW-3, KMW-5, MW-I, MW-5, MW-6, and MW-O10

berylium ICMW-5

chromium MW-3, KMW-5, MW-1 0, MW-I and MW-5

copper KMW-5 and MW-5

nickel MW-3, KMW-S, MW-10, MW-I, MW-5 and MW-6

selenium KMW-5 and MW-6

vanadium KMW-5, MW-10 and MW-I

zinc KMW-5 and MW-5

The positive r~':. for antimony and copper in all samples listed above and the barium result in
sample MW- 10 were previously qualified as nondetect (U) due to blank contamination. These
results are further qualified as estimated, nondetect (UJ) due to blank contamination and
uncertainty in quantitation.

All ariteria was met for PCB, VPH and EPH analyses for compound quantitation and reported

quantitation limits.

J.VRWNFLDS1lawrncehawConractWorkMnta vfl ffB052mepcepinpwpd Metcalf& Eddy, Inc.



REGION I ORGANIC DATA VAlIDATION 
C

The folowing daia - as been vaidared

.Tii Bank No. --r' sown LfoV g
.Equ ipmem Blank No. W " i

Equioca Blan No. Y

Bo.Tie Blank No. . 'T-t-

Field Duplicate Nos. W'C W - M W -PES Nos. €%

The Redon I., A-NE Data Validation Functional Guidelines for Evaluatine Environental Anmvses,
revision was used to evaluate the data andfor approved modifications to bthe EPA-NE
Functional Guidelines were used to evaluate the data and are anached to this cover page: (anach modified
criteria from EPA approved QAPjP or amendment to QAPjP).

S Tier M evahation was used to validmate the data (ciscle one). If a Tier B validation with a

aiiler ID was used, then identify samples, parameters, etc. thai received partial Tier III validation

The data were evaluated based upon the following parameters: I
or

- Overall Evaluation of Data - Field Duplicates
- Data Completeness (CSF Audit - TIr I) - Sensitivity Check
- Preservation & Technical Holding Tium - PE Samples/Accuracy Check
- GC/MS & GC/ECD Insmtnn Perfrmance Check - Target Compound Identification
- Initial & Continuming Calibrations - Compound Quauitation and Reported
-Blanks Qumiation Limits
- Surrogate Compounds - TICs
- Imeral Standards - Senivolatile and desdcide/PCB Cleanup
- Matrix Spike/Matrix Spike Duplicate - Sysem Performance

Region I Definitions and Qualifiers:

A - Acceptable Data
J. - Numerical valm associated with compound is an estimated quantity.
R - The data are jected as unusable. The R replaces the nuamrical value or samnpl qanitation limit
U - Compond not detected t hat nerical sample qamfiWon im
UJ - The sample quamitation limit is an estimaed quantity.
TB, BB, EB - Compound detected in aqueous trip blank, aqueous bottle blank, or aqueous equipment
blank associated with soillsediment samples.

Validator's Name I-Company Name Phone N wer7a k I

Daze Validation Started - Date Validation Completed 81-
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Ibe& if all criteria are met and no hard copy worksheet provided. Indicate NA if worksheet is not applicable
to analytical method. Note: there is no standard worksheet for System Performance, however, the validator

st document all system performance issues in the Data Validation Memorandum.

OA/SV worjksheets:

I VOAdSV-Pest/PCB
VOA/SV-PesdPCB-1VOJJSV-H]

VOA/SV-IIIH
VOAJSV-IV
VOAISV-Pest/PCIB-V-A
VOAISV-PessTPCB-V-B
VOA-VI
SV-VI
VOA/SV-VII
VOAISV-Pest/PCB-VlI
VOA/SV-Pes/PCD-IX
VOA/SV-Pes/PC-X
VOA/SV-Pcst/PCB-XI
VOA/SV-PestPC8-XII
VOA/SV-PesUPCB-XmI
VOAfSV-XIV
VOA/SV-XVSTABLE II-WORKSHEET

es/PCB worksb:

I VOAfSV-PesPCB CVOA/SV-Pest/PCB-I P
Pest/ICB-IIA G

RII PestilCB-IJB GCI~RIPest/PCBl-C G
Pesti/CB-lD G

A

P1
Pcst/fCB-I INI Pest/PCB-IV CC
VOA/SV-Pest/PCB-Y-A I
VOA/SV-PestPC-V-B BI

I S
Pcst/PCB-VI St

YO&ls-PsC- VBI . M
VOA/V-PcPCB-IX FI

S VOA/SV-PestIPCB-X S
VOA/SV-PesaPCB-XI A
PesVPCB-XI C
VOA/SV-Pcs/PCB-XII SAS TABULE I-WORXSHEET O

I certify that all criteria were met for

gnature: 0ra&;

COMPLETE SDG FILE (CSF) AUDIT
PRESERVATION AND HOLDING TIMES
GC/MS INSTRUMENT PERFORMANCE CHECK (TUNING)
INITIAL CALIBRATION
CONTINUING CALIBRATION
BLANK ANALYSIS
BLANK ANALYSIS
VOA SURROGATE SPIKE RECOVERIES
SV SURROGATE SPIKE RECOVERIES
INTERNAL STANDARD PERFORMANCE
MATRIX SPIKE/MATRIX SPIKE DUPLICATE
FIELD DUPLICATE PRECISION
SENSITIVITY CHECK
ACCURACY CHECK
TARGET COMPOUND IDENTIFICATION
SAMPLE QUANTIATION
TENTATIVELY IDENTIFIED COMPOUNDS
SEMIVOLATILE CLEANUP
OVERALL EVALUATION OF DATA

Alfr

)MPLETE SDG FILE (CSP) AUDIT
ESERVATION AND HOLDING TIMES

C/ECD INSTRUMENT PERFORMANCE CHECK-
ESOLUTION
C/ECD INSTRUMENT PERFORMANCE CHECK-
ETENTION TIMES
C/ECD INSTRUMENT PERORMANCE CHECK-
CURACY CHECK OF INTIAL CALIBRATION

CECD INSTRUMENT PERFORMANCE CHECK-
STICIDE DEGRADATION
TIAL CALIBRATION
)NTINUING CALIBRATION
ANK ANALYSIS
ANK ANALYSIS
RROGATE COMPOUNDS:
IKE RECOVERIES AND RETENTION TIME SHIFT
STICIDE CLEANUP

ATRIX SPIKE/MATRIX SPIKE DUPLICATE
ELD DUPLICATE PRECISION
NSITITVITY CHECK
:CURACY CHECK
)MPOUND IDENTIFICATION
MPLE QUANTITATION

VERALL EVALUATION OF DATA

the worksheets checked above.

Name:h

12M/6



EPA-NE - Data Va! Wation Worksheet
VOAJSV - Pest/I'CB

COMPLETE SDG FILE (CSF) AUDIT - 7

OgmiiCftrA inions:

Missing Ifolmation Date Lab Contacted Date Received

4 L, -.
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PESTICIDE RESOLUTION CHEC
(CLP FORM EG)

Ust the resoklution between adjacent singlw peak pesticides an the resolution check mix that
are less than 60.0% on either chromatograpNc column.

Compounds %Resolution Affected Samples

List the validation actions taken below. If there were no positive resuls for the poo dy
revoved peaks no action is required.

S c2e C A V RFI;CAT'-PESTC")EtCAlBRTM VE~iIFICATJON
CC~t

aoq5

I List the percent i fr erence for the pesticide compounds that exceed 25%. List the percent
breakdown for 4.4-DDT or Endr that exceed 20.0% or the cobined breakdown of these
two compoumds that exceed 30.0%. 3N4& & /Oy 447 Aw4

Analysis column cQ/npoub
Lis Date atio ri "ae b el

1  'Q t 110c/bk _ _. MAZ -_-k 6 16Y7 Lab , LOS C5 SS)

' MlIO-tC- 2Zk) LJL -72-N.

I List the vaidaton actons taken below.

1 c car-:rvr\ Ukmo 7"ic ,r VrO 1(>2 -~I FIt

Date
Column
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sun.OX-Q M0A\j
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No. of samples

A :Rt osC SASNo.
-(tcona C Matrix

(n1

daa sumized The d reiew hah& 5
Samping Doe (s) Apdpt aL CSgIothr
Shipping Dae (s) I
Date(s) rec'd by lab /

Traffic Report Numbers anJ Ua cu) CP2Q 6

Trip Blank No.: -

Equipment Blank Number j'}
Field Duplicate Number .C W- a t4lI

SOW No rumires that speci6c analytical work be de and that associated repofts be provided
by the laboratory to th Regics, EMSL-LV, and SMO. The general criteria used to determime the
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-Data Complekns
-Holding Times
Cabrliesf

-Blanks
-ICP Itedece Chck Results
-Matrix Spike Recoveries
-Laboratory Duplicates

-Field Duplicates
-Lab Ccabrol Sample Results
-Fumace AA results
-CP Serial Dhtice Re=s-

S -Ddecti Umit Reslts

-Sample Quatilatim

overan COmmt

Pefinis and Q ur.
A - Acceptale dat
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METHOD 3 RISK CHARACTERIZATION

OXFORD PAPER MILL

LAWRENCE, MASSACHUSETTS

This report presents the findings of a Method 3 risk characterization conducted for the Oxford

Paper Mill property. Only the northern portion of the property (i.e., north of the raceway) has

been included in this evaluation. The raceway and the area to the south of the raceway are being

characterized and remediated separately. It is anticipated that a"wedge" of soil will need to be

removed from the northern portion of the property to facilitate the Massachusetts Highway

Department's bridge construction project However, since the design plans for the bridge have

not been firmly established, all soils have been assumed to remain on-site for the purposes of this

risk evaluation.

This evaluation assumes that an Activity and Use Limitation (AUL) will be placed on the

property to prevent future residential and/or commercial land use including the construction of

occupied buildings. Therefore, the risk characterization has not included these receptors or the

pathways by which these receptors may be exposed to site-related contaminants. In addition,

asbestos-contaminated soils exist on-s tthat, if contacted, would present a potential risk to

human receptors. It is assumed that contact with these soils will need to be prevented as part of

the AUL at the Site.

This risk characterization is intended to be an evaluation of baseline conditions at the site and has

been conducted in a manner consistent with the requirements of 310 CMR 40.0900, guidelines

laid out in MADEP's Guidance for Disposal Site Risk Characterization (MADEP, 1995 and

2002 technical updates), MADEP petroleum policies (MADEP, 2002) and current risk

assessment practices. Risk of harm to human health, welfare, safety and the environment from

potential exposures to the detected contaminants has been characterized to provide information

that will be used to select the appropriate Response Action Outcome (RAO) pursuant to 310

CMR 40.1000.



The risk characterization for the property north of the raceway proceeds by the characterization

of human health risks (Section 1.0) including the presentation of site background information

(Section 1.1), the identification of chemicals of potential concern (COPCs) in Section 1.2

(Hazard Identification); the selection of toxicity information for the COPCs in Section 1.3 (Dose-

Response Assessment); the identification of potential receptors, exposure pathways, exposure

assumptions, and exposure point concentrations (EPCs) in Section 1.4 (Exposure Assessment);

and the calculation of noncarcinogenic and carcinogenic risk in Section 1.5 (Risk

Characterization). A discussion of risk characterization uncertainties can be found in Section

1.6. The public welfare risk characterization is included as Section 2.0. The characterization of

risk to safety is presented in Section 3.0. A Stage I Environmental Screening is provided in

Section 4.0. Conclusions and recommendations are included in Section 5.0.

I
1.0 HUMAN HEALTH RISK CHARACTERIZATION

For the human health risk characterization, both current and potential future uses of the Site are

considered with the exception of future residential and commercial uses of the property. The

human health risk characterization evaluates direct exposures to soils and groundwater as sell as

the inhalation of volatile compounds in outdoor air. The surface water exposure pathway has I
been characterized through the use of groundwater discharge modeling.

1.1 Site Background Information I

The Site is in an area of commercial development within downtown Lawrence, Massachusetts.

The property does not contain any buildings or structures and is not currently covered with

asphalt or paving material. Access to the property is not restricted by secure fencing on all sides.

Fencing is present along the western boundary;, however, trespassers can access the Site from the

Spicket River or via an exit of the O'Gara Building. A Site Plan is presented as Figure 1. The

property is anticipated to be used in the future partially as a passive recreational park.

2
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The Site is bounded to the north and east by the Spicket River, to the west by commercial

property (the O'Gara Building), and to the south by the raceway. The southern portion of the

property is located south of the raceway and is bordered by Canal Street to its south. A hospital

is located across the Spicket River to the north of the Site.

The average annual depth to groundwater at the Site is between 6 and 16 feet below ground

surface. During normal flow conditions, groundwater at the Site appears to flow toward the

Spicket River which immediately abuts the Site. The MADEP Bureau of Waste Site Cleanup

Site Scoring Map is presented as Figure 2. Estimated Habitats of Rare Wetlands Wildlife, High

Priority Sites of Rare Species Habitats and Exemplary Natural Communities, or Certified Vernal

Pools are not located within a 0.5-mile radius of the Site.

1.1.1 Site History. Historically, the property was used as a paper mill until 1974.

Contaminants expected to be associated with forliner paper mill operations include polycyclic

aromatic hydrocarbons (PAHs) from combustion operations, chlorinated organic compounds that

may have formed during pulp bleaching operations and sulfides from chemical pulp residues. In

addition, underground storage tanks containing fuel oils and transformers containing

polychlorinated bipherYls (PCPs) have historically been present on-site. Investigations

conducted in 2002 and 2003 by M&E indicate the presence of elevated levels of PCBs, PAHs,

extractable petroleum hydrocarbons and inorganics in surface and subsurface soils. Extractable

petroleum hydrocarbons and inorganics have also been detected in groundwater.

1.1.2 Current Site Activities and Uses. The Site is currently abandoned and exposed surface

soils are present on-site. Since access to the Site is not completely restricted by the presence of

secure fencing on all sides, humans may gain entry to the Site and incur exposures to

contaminants present in surface soils.



The Spicket River is an urban surface water body that abuts the Site. This surface water body

may be used for recreational activities (e.g., wading and boating). Groundwater from the Site

likely discharges to the river during normal flow periods.

Persons who may currently be present at the Site include the following:

* adolescents trespassing onto the Site; and

* adolescent users of the Spicket River.

Direct exposures of human receptors to contaminants detected in surface soil at the Site is

considered a potentially complete exposure pathway under current site conditions since

contamination is present at depths less than three feet below ground surface in unpaved areas.

Therefore, direct contact surface soil exposures (ingestion and dermal contact) and the inhalation i
of soil-derived dust are evaluated as current exposure pathways for adolescent trespassers.

The potential for indirect exposures of human receptors to volatile contaminants detected in soil

and groundwater through inhalation of impacted outdoor air is considered negligible under

current Site conditions due to dilution and dispersion of any released vapors in ambient air.

Based on the direction of groundwater flow across the Site, potential exposures of adolescent

receptors to contaminants in the surface waters of the Spicket River via dermal contact and

ingestion are possible. This assumption is consistent with MADEP's requirement that

groundwater shall be considered a potential source of discharge to surface water (310 CMR

40.0932(3)). Therefore, this pathway was evaluated in terms of impact of surface water

contaminants exposures on human health and the environment.

I
The Site is not located within a designated Zone II, Interim Wellhead Protection Area, a

Potentially Productive Aquifer, or the Zone A of a Class A Surface Water Body. Therefore,

potential exposures of human receptors to contaminants in groundwater used directly as a potable

4I
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water supply or for irrigation purposes are considered highly unlikely. Consequently, the use of

Site groundwater as a source of potable water was not further evaluated.

1.13 Current and Reasonably Foreseeable Site Activities and Uses. Under future

foreseeable Site activities and uses, the most likely exposures to contaminants are expected to

occur during subsurface excavations through contaminated soils at the Site. Principal receptors

are expected to be workers involved in grading the site for the MHD bridge project, or in

trenching activities for the installation of utility connections.

The most likely pathways and mroutes of exposure to contaminants for workers during these

invasive activities are direct dermal contact, incidental ingestion and inhalation of fugitive dusts

and volatiles from contaminated soils as a result of subsurface activities. It is also possible for

these workers to come in contact with contaminants detected in shallow groundwater during

excavations, resulting in exposure through incidental ingestion, dermal contact and inhalation of

volatiles.

Future excavation/construction work could result in the movement and mixing of subsurface

contaminants with surficial contaminants and subsequent exposures to future receptors. Should

the Site 1W developed as a park, young child and adult recreational users could potentially be

exposed to contaminants in soil (following movement of these soils to the surface during

excavation activities) through derinal contact, incidental ingestion and inhalation of fugitive

dusts entrained from friable soils. In addition, exposures to surface water in the Spicket River,

via direct dermal contact and incidental ingestion, are possible under future recreational Site use

and have been evaluated as part of the recreational exposure scenario. Since dilution and

dispersion of the low levels of vapors migrating from soil and groundwater into ambient air are

expected to mitigate any significant exposures through inhalation, this pathway was not

evaluated further.

Should the Site not undergo development in the future as a park, future adolescent trespassers

may be exposed by the same pathways as current adolescent trespassers.



1.1.4 Soil and Groundwater Category Classification. Soil contamination is present at

depths less than 3 feet below the surface and access to the Site by children is currently not

restricted by the presence of a chain link fence. However, children would not be found at the Site

with high frequency. Based on these considerations, and in accordance with the MCP soil

category selection matrix, the following soil classifications apply to current site conditions:

S-2: unpaved soil within the property, 0-15 feet deep

Since the Site may undergo future development as a park, the S-I category is applicable to soils

on the Site in the future. It is anticipated that the Site will be used for a passive recreational park

area, and hence have a low intensity of use. The frequency of use is also likely to be low, which

could potentially allow for classification as S-2. However, because the city does not plan to

regulate the frequency of use, the more protective classification of S-1 has been selected as more

appropriate for evaluating future risk.

Based on a review of the MADEP Bureau of Waste Site Cleanup Site Scoring Map, the Site is

not located within a designated Zone II, Interim Wellhead Protection Area, a Potentially

Productive Aquifer, or the Zone A of a Class A Surface Watt rBody (Figure 2). In addition, the

Site and surrounding area are serviced by municipal water and is not indicated to be within 500

feet of any private wells. Therefore, a MCP GW- I Groundwater Category classification is not

considered applicable to this Site.

Since no currently occupied buildings exist on-site and an AUL will prevent future building

construction, the current and future classification of Site groundwater in the GW-2 category (as

defined in 310 CMR 40.0932(2)) is not considered applicable.

The Spicket River, which abuts the Site, is a potential surface water receiving body for site-

related groundwater. Therefore, completion of an exposure pathway between contaminants in

groundwater and this nearby surface water body is considered possible. Consequently, consistent
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with the requirements of 310 CMR 40.0932(3), where all groundwater is assumed to eventually

discharge to surface waters, the groundwater at the Site is classified as a GW-3 Groundwater

Category.

In summary, based on the above soil and groundwater categorizations, applicable MCP

Categories are S-I and S-2 for soil and GW-3 for groundwater.

1.2 Hazard Identification

For the Hazard Identification, the analytical soil and groundwater data were reviewed to evaluate

the nature and extent of impacts at the Site and to identify COPCs.

1.2.1 Data Evaluation. Analytical soil and groundwater data include soil samples collected in

May 2002 and March 2003, and groundwater data collected in March 2003. Data sets for all

media were reviewed for the identification of hot spots (i.e., discrete areas with contaminant

levels 10- to 100-fold higher than surrounding areas). No "hot spots" were identified.

Soil. Analytical surface soil data (0 to 3 feet in depth) from May 2002 samples 4S,, S, S, 10S,

12S, 14, 4A, 5A, 6A, 7A, 10A, 14A, 6B, 7B, 10B, 11B, 16B and March 2003 samples SB-I

through SB-10 were tabulated to evaluate outdoor exposures for the current use scenario.

Analytical subsurface soil data (3 to 15 feet in depth) from May 2002 samples 4D, 6D, 8D, 10OD,

12D, 14D, 4C, 8F, 12H, 14C, 14G, and March 2003 samples SB-I through SB-10 in conjunction

with the surface soil samples listed above, were tabulated to evaluate outdoor exposures under

the assumption that future activities result in the movement of soil contaminants to equally

accessible locations. Tables A-I and A-2 in Appendix A present the analytical results for these

surface and subsurface soil samples. Table A-I presents the results of samples analyzed by the

EPA Office of Environmental Measurement and Evaluation (OEME) laboratory. Table A-2

presents the off-site, non-EPA laboratory results.
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Subsurface soil sample SB-1 (17' to 19') has been excluded since its depth exceeds that which a

human receptor is likely to be exposed. In addition, subsurface soil sample 1 OH has been

excluded since it was non-detect for all parameters and is likely below the extent of

contamination.

Data for surface soil contaminants are presented in Table 1 in the form of the frequency of

detection, arithmetic average, range of detection limits and range of detected levels. These data

were used in the development of the soil exposure point concentrations for the current adolescent

trespasser scenario. For the future scenarios, data for surface and subsurface soil contaminants

are combined and presented in Table 2. These data were used in the development of the soil

exposure point concentrations for the future adolescent trespasser, construction/utility worker and

child/adult recreational user exposure scenarios.

Groundwater. Groundwater analytical data collected from five shallow (i.e., less than 16 feet

below ground surface) monitoring wells on-site were reviewed (Appendix A, Table A-3). For

the direct contact scenario for the future construction/utility worker, maximum detected results

from all monitoring wells combined were used to represent the worst-case exposure.

The average results from all on-site wells comined were used to model future groundwater I
contaminant discharge to the surface waters of the Spicket River for the current/future adolescent

trespasser and future child/adult recreational scenario. The maximum and average results from

all wells combined are summarized in Table 3.

1.2.2 Chemicals of Potential Concern. COPCs for the Risk Characterization may be identified

by: a) screening contaminant levels against available or applicable background values, b)

eliminating contaminants with low detection frequencies and low concentrations, and c)

eliminating contaminants that are considered laboratory contaminants and not related to the

contaminant release. In addition, contaminants that are not detected above laboratory reporting

limits may also be removed from further consideration as COPCs. Even though the Site contains

fill material with visible coal ash and wood ash, MADEP "natural" soil background levels were
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selected as applicable values. Comparison of soil concentrations to background concentrations

for soils containing fill material has not been performed, but a cursory comparison indicates that

the conclusions of the risk assessment would not be altered by comparison to the less stringent

background concentrations. Also, because the intended future use of the site is for passive

recreation, the more conservative approach of applying "natural" soil background levels was

considered appropriate.

All contaminants detected in surface soil (Table 1), surface and subsurface soils combined (Table

2), and groundwater (Table 3) were considered COPCs for he evaluation of risk of harm to

human and environmental receptors.

Atmospheric concentrations of volatile compounds were modeled from soil and groundwater

data to outdoor air concentrations (Appendix A; Tables A-4 and A-5). No MADEP outdoor air

background values are available. Therefore, all volatile compounds detected were considered

COPCs for the outdoor air exposure pathway. The modeled atmospheric concentrations are

presented in Table 4. These modeled concentrations were used for the evaluation of risk of harm

to construction/utility workers.

1.3 Dose-Response Assessment

The Dose-Response Assessment is designed to evaluate the potential non-carcinogenic

(threshold) and carcinogenic (non-threshold) effects of the COPCs and describes the effects

observed in humans and/or laboratory animals following the intake of a specific dose of the

compound. The information from the Dose-Response Assessment is used in conjunction with

information from the Exposure Assessment (Section 1.4) to estimate the risk generated by each

COPC from an exposure (Section 1.5). Toxicity profiles for each of the COPCs are provided in

Appendix B.

13.1 Non-Carcinogenic Dose-Response Assessment. The toxicity values used in this Dose-

Response Assessment of COPCs producing non-carcinogenic effects are the Reference Doses



U
(RIDs) for oral and dermal exposures and the Reference Concentrations (RfCs) for inhalation

exposures. RID and RfC values provide an estimate of the daily dose of the COPC to which an

individual may be exposed without an appreciable risk of adverse health effects, including organ

damage or reproductive effects, appearing during their lifetime. RID and RfC values assume that

a threshold dose exists below which there will be minimal risk for adverse effects to occur.

The chronic RID and RfC values are based upon a 70-year lifetime exposure, and are

approximate doses derived from an available No Observed Adverse Effect Level (NOAEL) or

the Lowest Observed Adverse Effect Level (LOAEL). Subchronic RID values are based on

defined, less than lifetime exposures.

I

Uncertainty factors, which account for varying sensitivities among populations and extrapolation

of data from animal studies to humans, and modifying factors, which reflect professional I
judgment of the toxicity information available, are applied to the NOAEL or LOAEL to

determine RfD and RfC values. These safety factors reflect the quality of the data used and build I
conservatism into the Dose-Response Assessment.

Relative Absorption Factors (RAFs) are used to account for differences between the method of

administration in the study on a tch the RfD or RfC is based and the site-specific routes of

exposure. These values vary with the medium and with the route of exposure.

The RID and RIC values used in this Risk Characterization were obtained from the US. EPA 's

Integrated Risk Information System (IRIS) (USEPA, 2003), the Health Effects Assessment

Summary tables (USEPA, 1997) and the Bureau of Waste Site Cleanup and Office of Research

and Standards, Background Documentation for the Development of the MCP Numerical

Standards, April 1994. RfCs, RIfDs and RAFs for the VPHIEPH fractions were obtained from

MADEP's Characterizing Risks Posed by Petroleum Contaminated Sites: Implementation of the

MA DEP VPH/EPH Approach (MADEP, 2002). The chronic and subchronic RIDs and RfCs are

listed in Tables 5 and 6, respectively, and the RAFs are listed in Table 7. Chemical and physical

property information for groundwater COPCs is summarized in Appendix A, Table A-6.
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1.3.2 Carcinogenic Dose-Response Assessment The U.S. EPA has developed a system for

classifying chemicals according to the likelihood that the compound is a human carcinogen. This

system groups chemicals into five classes based upon the weight-of-evidence (of carcinogenicity)

of the available data. Consistent with current risk assessment practices in the geographical area

and MADEP risk characterization guidelines, only class A or B carcinogens are evaluated in a

Method 3 Risk Characterization. Based on the classification of the COPCs (Tables 5 and 6 for

oral and inhalation exposures, respectively), the oral carcinogenic effects of the carcinogenic

PAils, PCBs and arsenic were evaluated in this risk characterization. Beryllium, cadmium and

chromium were additionally evaluated for carcinogenic effects via the inhalation route of

exposure.

S 1.4 Exposure Assessment

To characterize the risk of harm from contact with a COPC, an exposure assessment is conducted

to identify exposure profiles and to estimate the EPCs.

U
Consistent with the requirements of 310 CMR 40.0923, the exposure assessment requires the

identification of all current and reasonable foreseeable activities and uses associated vith a site

and its surrounding environment, and a description of how these uses and activities could result

in the exposure of human receptors to the COPCs present The descriptions are known as

exposure profiles and are developed to provide an estimate of the type and magnitude of potential

exposures to COPCs, the frequency and intensity of the exposure, and the pathways and routes by

Swhich receptors may be exposed to the COPC, and to provide an estimate of the EPC.
I -I

For the characterization of risk of harm to human health under a Method 3 Risk Characterization,

the exposure profile and EPC are used to estimate chemical intake from which the hazard index

S and excess lifetime cancer risk may be calculated. The exposure profiles and the estimation of

chemical intake are integral parts of the exposure assessment and are discussed separately below.



1.4.1 Exposure Profiles. Exposure Profiles for potential receptors are presented here, based

on actual and anticipated site activities and uses.

Under current site conditions, the most-likely routes and pathways of exposure to COPCs for the

adolescent trespasser are:

* incidental ingestion of and dermal contact with surface soils;

* inhalation of fugitive dust entrained from friable surface soils; and

* incidental ingestion of and dermal contact with surface water.

Under future site conditions, involving subsurface excavations, the most-likely routes and

pathways of exposure to COPCs are:

* incidental ingestion of and dermal contact with soil;

* inhalation of vapors from soil and groundwater in outdoor air,

* inhalation of fugitive dust entrained from friable soils; and

* incidental ingestion of and dermal contact with shallow groundwater.

Future child/aduite . mional users and future adolescent trespassers may be exposed via the

same routes and pathways described for the current adolescent trespasser.

The exposure points, routes, and pathways evaluated in this risk characterization for the

current/future adolescent trespasser, future child/adult recreational user and future

constructionfutility worker are summa ized in Table 8.

14.2 Exposure Assumptions and Quantitative Estimates of Exposure. Based on the site-

specific exposure profiles discussed in Section 1.4.1, the following exposure assumptions were

developed, and quantitative estimates of exposure identified for use in the calculation of the

chemical intake values. Exposure assumptions are provided in Table 9 for the adolescent

trespasser (current and future), recreational user (future), construction worker (future) and utility

12
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worker (future). Appendix A, Table A-7, provides documentation for the calculation of receptor-

specific Normalized Average Daily Contact Rates (NADSCRs) and Normalized Average Daily

Intake Rates (NADSIRs) used in exposure estimation for noncarcinogenic effects. For

carcinogenic effects, Normalized Lifetime Average Daily Contacts Rates (NLADCRs) and

Normalized Lifetime Average Daily Intake Rates (NLADIRs) were used to estimate exposure.

These receptor-specific values are calculated in Appendix A, Table A-8.

Exposure assumption values listed represent either actual site-specific information, U.S. EPA

values from the Office of Solid Waste and Emergency Response (OSWER) Directives, or values

considered either consistent with or those listed in the MADEP Guidance For Disposal Site Risk

Characterization, July 1995, MADEP's Background Documentation for the Development of

MCP Numerical Standards Document, April 1994 or values provided in MADEP Technical

Updates (1997 and 2002).

Current/Future Adolescent Trespasser Under current and future site activities and uses,

exposures to COPCs could occur as a result of recreational exposure to soil on-site and surface

water in the Spicket River. Principal receptors are expected to be adolescent children trespassing

and/or playing on-site and in this surface water body. Current receptors are assumed to be

exposed to surface soils only. Future receptors could be exposed to ailloils after mixing of the

soils during future site development.

The primary routes of COPC exposure are expected to be incidental ingestion and dermal contact

with impacted soil and surface water. The average trespasser is identified as a child, age 11-16

years, 51.8 kg average body weight. Potential exposures to COPCs in surface water are assumed

to occur I fr/day for 26 days/year. The latter represents an exposure frequency of I day/week for

the warmest six months of the year. The incidental ingestion rate was set at 50 ml/day for

surface water and 50 mg/day for soil. Dermal contact with both media was assumed to be likely

via hands, forearms and feet. Inhalation of fugitive dusts outdoors by children was evaluated

using a PMI0 of 32!ug/m' and an inhalation rate of 0.8 m'/hr. The exposure duration for non-

cancer endpoints of toxicity was averaged over 7 years for the trespasser.



Future Construction/Utility Worker Under future foreseeable site activities and uses, exposures

to COPCs could occur during subsurface excavations that expose impacted soils. Principal

receptors are expected to be workers involved in trenching activities for the installation or repair

of utilities.

Assumptions used in the modeling of COPCs from soil and groundwater to soil gas to outdoor

air include the construction/utility worker working close to the bottom of a trench (2 feet), with

dimensions of 30 feet long and 10 feet deep, and a wind speed of 3 m/sec (Appendix A; Tables

A-4 and A-5).

Under a worst-case scenario, potential exposures to COPCs are assumed to occur 8 hr/day over

125 days/year for a construction worker and 15 days/year for a utility worker. The period of 125

days/year represents the typical number of outdoor workdays in one year in this area. The period

of 15 days/year represents the maximum number of days of exposure during a three-week utility

project. The exposure duration for non-cancer endpoints was averaged over 1 year. The primary

routes of COPC exposure are expected to be incidental ingestion and dermal contact for impacted -

soil and inhalation of fugitive dusts entrained from COPC-impacted friable soils. Workers are

idntified ,s adult males, 70 kg average body weight, involved in physical activities equivalent to

an average inhalation rate of 3.6 m3/hr. The incidental ingestion rate of soil was conservatively

set at 100 mg/day and dermal contact with COPCs likely via the hands, forearms, feet and face

for soil. Inhalation of fugitive dusts outdoors by adult workers was evaluated using a PMIo of 60

ug/m3 and an inhalation rate of 3.6 m3/hr. Excavations were assumed to proceed down to the

water table. The incidental groundwater ingestion rate was set at 6.25 ml/hr (total 50

ml/incident), and dermal contact likely via the hands, forearms, feet and face.

Future Adult and Child Recreational User Under a future recreational land use scenario,

exposures to COPCs could occur through recreational activities at the park, and recreational

activities (e.g., wading) in the nearby Spicket River.
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For the adult recreational user, outdoor exposures to COPCs in soil are assumed to occur I hr/day

for 78 days/yr. The latter period represents an exposure frequency of 3 days/wk for the warmest

6 months of the year. For the child outdoor scenario, potential exposures to COPCs in soil are

assumed to occur 1.5 hr/day for 78 days/yr. Inhalation of fugitive dusts outdoors by adults and

children was evaluated using a PMi0 of 32 ug/m3 and inhalation rates of 1.2 m3 /hr and 0.36

m3/hr, respectively. Incidental ingestion of soil was set at 50 mg/day and 100 mg/day for the

adult and child, respectively. Dermal contact with COPCs in soil was considered likely via the

hands, arms, legs, face and feet for the child; hands, forearms, lower legs, feet and face for the

adult. Potential exposures to surface water COPCs are assumed to occur I hr/day for 78

days/year for both the adult and child. The incidental ingestion rate of surface water was set at

50 ml/day and dermal contact likely via the same body areas as described above.

The exposure duration for non-cancer endpoints of toxicity was averaged over 30 years for the

adult and 7 years for the child. The average weight of the adult and child were set at 70 kg and

15 kg, respectively.

1.43 Exposure Point Concentrations. Exposure Point Concentrations (EPCs) represent the

COPC concentrations in a medium that a receptor may come in contact with at the exposure

point. Depending on the exposure scenario, the exposi re point may consist of an area or zone of

potential exposure, or a single exposure point. EPCs for this risk characterization were derived

fromr the analytical soil data tabulated in Tables I and 2, and groundwater data tabulated in Table

3.

The analytical data for soil and groundwater were averaged by calculating the sum of the levels

of COPCs detected then dividing by the total number of times the compound was analyzed.

Consistent with current MADEP guidance, levels of COPCs reported as "below the reporting

limit" were assigned a value of one-half the reporting limit. Average surface soil COPC levels

detected were used to evaluate surficial exposures for the current adolescent trespasser scenario.

Average surface and subsurface soil COPC levels detected were used to evaluate surface and

subsurface exposures for the future trespasser, recreational and construction/utility worker



I
scenarios. Average soil levels were also used to estimate airborne concentrations of COPCs

entrained from friable soils to evaluate inhalation exposures of fugitive dust.

I
To evaluate the potential impact of groundwater to surface water discharge of COPCs into the

Spicket River, the average COPC concentrations detected in all monitoring wells were evaluated.

In the absence of information on the hydrological properties of the river, EPCs were derived by

dividing the average COPC groundwater concentrations by 10 to account for the

dilution/attenuation that would occur prior to discharge. The diluted groundwater concentrations

are presented on Table 3. Use of this default dilution factor is consistent with its use in the

calculation of MADEP's GW-3 standards (MADEP's Background Documentation for the

Development ofMCP Numerical Standards Document, April 1994).

The maximum detected COPC groundwater concentrations were used to evaluate direct contact

exposures for the construction/utility worker scenario during excavation down to the water table.

1.4.4 Estimation of Chemical Intake. To evaluate the risk of harm to human health, the

intake of each COPC must be estimated and involves assessing the amount of material in contact

with the receptor and the amount actually available for absorption by the body. This assessment

is achieved through the calculation of an average daily dose (ADD) for each COPC and for each

route of exposure. Compound-specific and exposure route-specific RAFs are used in the ADD

equations to convert an exposure (amount) to a dose (amount per unit body weight). The RAFs

are listed in Table 7.



I
The general ADD equation is as follows and is consistent with those provided in MADEP's

Guidance for Disposal Site Risk Characterization (July, 1995):

3 ADD = Total Amount of Chemical Taken In

(Body Weight) * (Averaging Period)

IThe specific ADD equations for the various exposure pathways evaluated are provided below:

I Inhalation of Outdoor Air

ADD = (EPC)*(Exposure Time)*(Exposure Frequencv)*(Exposure Duration)
(Averaging Period)

f Incidental Ingestion of Soil, Groundwater or Surface Water

ADD = (EPC)*(lnestion RateP*(Exposure Frequenc)*(Exposure Duration)*RAF

3 (Body Weight)*(Averaging Period)

Dermnnal Contact with Soil

ADD = (EPC)*(Surface Area)*(Exposure Freouencv)*(Exposure Duration)*(Adherence Factor)* RAF
(Body Weight)*(Averaging Period)

IDermal (Contact with Groundwater or Surface Water

I~ ADD = (EPC)*(Surface Area)*(Exposure Freqencv*(Exposure Timre)*Exprosure Duration)*RAF,
(Body We lit)*(Averaging Period)

I For the fugitive dust pathway, equations presented in Characterization ofrisks due to inhalation
ofparticulates by construction workers (Final Technical Update; 2002) were used. The
equations used are as follows:

Inhalation of Fugitive Dust - GI System

I ADD/LADD=(EPC)*2*(InalationRate)*RAF*(ExposureTime)*V(xposurre u )*ExposureDuration)*PiMe
(Body Wc ight)*(Averaging Period)

S Inhalation of Fugitive Dust - Respiratory System

ADDILADD=(EPC)*0.5*(InationRae)*RAF*(ExposureTim*(Exosur ue *(ExposeDuration)*PMo

I (Body Wight)*(Averaging Period)

I* 17
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The averaging period (AP), or period of time over which the total intake of contaminant is

averaged, can be adjusted to calculate the ADD for an acute exposure (AP = 1 day or less), for a

subchronic exposure (AP = few days - several months), for a chronic exposure (AP = several

months - somewhat less than lifetime), and for a lifetime exposure (AP = 70 years). The

exposure frequencies, exposure durations and averaging periods used in this risk characterization

for the scenarios are listed in Table 9 for the current/future adolescent trespasser, future

adult/child recreational user, future construction worker and future utility worker.

The ADD values calculated for chronic/subchronic exposures were compared to the toxicity

values (e.g., RIDs and RfCs) discussed in Section 1.3. This comparison provides a numerical

estimate of the levels of risk and the potential for adverse health effects to occur due to exposure I
to COPCs, as described in the next subsection.

1.5 Risk Characterization

To characterize the risk of harm to human health from potential exposures to the COPCs

identified at the site, non-carcinogenic and carcinogenic risks were characterized for each COPC

present at each exposure point for each receptor, and the cumulative receptor risk values .

compared to the MADEP risk limits to assess whether a condition of no significant risk exists at

the site. In addition, the condition of no significant risk was evaluated through comparison of

EPCs for the COPCs to Applicable, Available or Suitably Analogous Public Health Standards.

1.5.1 Non-Carcinogenic Risk Characterization. To estimate non-carcinogenic risk, the

hazard quotient for each COPC was calculated by dividing the average daily dose (ADD)

computed in the Exposure Assessment by the RID or RfC identified in the Dose-Response

Assessment. The total site risk for each receptor was subsequently calculated by summing the

hazard indices (HIs) for the applicable exposure scenarios. The value was then compared to the

total site non-carcinogenic risk limit (total site HI) of 1 (310 CMR 40.0993(6)) to characterize

I
I
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the risk of harm to human health, and to establish whether a condition of no significant risk

exists as defined in 310 CMR 40.0993(7).

A summary of the risk findings for the receptors is shown in Table 10.

Hazard Index for the Current Adolescent Trespasser. The Total Site HI for the current adolescent

trespasser is 0.04, which does not exceed the MADEP Risk Limit of 1. The Total Site HI

consists of 0.03 for the incidental ingestion of surface soil; 0.01 for dermal contact with surface

soil; 0.00005 for the inhalation of fugitive dust; 0.001 for incidental ingestion of surface water,

and 0.00005 for dermal contact with surface water. Individual COPC pathway and route-specific

Hazard Quotients are shown in Appendix A, Tables A-9, A-I l and A-13.

Hazard Index for the Future Adolescent Trespasser. The Total Site HI for the future adolescent

trespasser is 0.03, which does not exceed the MADEP Risk Limit of I. The Total Site HI

consists of 0.02 for the incidental ingestion of soil; 0.01 for dermal contact with soil; 0.00004 for

the inhalation of fugitive dust; 0.001 for incidental ingestion of surface water; and 0.00005 for

denial contact with surface water. Individual COPC pathway and mroute-specific Hazard

Quotients are shown in Appendix A, Tables A-15, A-17 and A-19.

Hazard Index for the Future Construction Worker. The Total Site HI calculated for the

construction worker is 0.5, which does not exceed the MADEP Risk Limit of 1. The Total Site

HI consists of 0.2 for the incidental ingestion of soil; 0.09 for dermal contact with soil; 0.006 for

the inhalation of fugitive dust; 0.2 for incidental ingestion of groundwater; 0.07 for dermal

contact with groundwater; and 0.0008 for the inhalation of outdoor air. Individual COPC

pathway and route-specific Hazard Quotients are shown in Appendix A, Tables A-21, A-23, A-

25 and A-27.

Hazad Index for the Future Utility Worker. The Total Site HI calculated for the utility worker

is 0.06, which does not exceed the MADEP Risk Limit of 1. The Total Site HI consists of 0.02

for the incidental ingestion of soil; 0.01 for dermal contact with soil; 0.0007 for the inhalation of
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fugitive dust; 0.03 for incidental ingestion of groundwater; 0.008 for dermal contact with

groundwater; and 0.0001 for the inhalation of outdoor air. Individual COPC pathway and route-

specific Hazard Quotients are shown in Appendix A, Tables A-29, A-3 1, A-33 and A-35.

Hazard Index for the Future Child Recreational User. The Total Site HI for the future child

recreational user is 0.7, which does not exceed the MADEP Risk Limit of 1. The Total Site HI

consists of 0.4 for the incidental ingestion of soil; 0.2 for dermal contact with soil; 0.0003 for the

inhalation of fugitive dust; 0.01 for incidental ingestion of surface water and 0.0004 for dermal

contact with surface water. Individual COPC pathway and route-specific Hazard Quotients are

shown in Appendix A, Tables A-37, A-39 and A-41.

Hazard Index for the Future Adult Recreational user. The Total Site HI for the future adult

recreational user is 0.1, which does not exceed the MADEP Risk Limit of 1. The Total Site HI

consists of 0.05 for the incidental ingestion of soil; 0.04 for dermal contact with soil; 0.0001 for

the inhalation of fugitive dust; 0.003 for incidental ingestion of surface water and 0.0002 for

dermal contact with surface water. Individual COPC pathway and route-specific Hazard

Quotients are shown in Appendix A, Tables A-43, A-45 and A-47.

1.5.2 Carcinogenic Risk Characterization. To calculate the Excess Lifeti: ne Cancer Risk

(ELCR) for each COPC, the Lifetime Average Daily Dose (LADD) estimated in the Exposure

Assessment was multiplied by the Cancer Slope Factor (CSF) or Inhalation Unit Risk identified

in the Dose-Response Assessment The ELCR for each COPC was then summed to calculate the

Total ELCR for each exposure scenario. The Total Site Cancer Risk for each receptor was

subsequently computed by summing the Total ELCR values for the applicable exposure

scenarios. The Total Site Cancer Risk was then compared to the MADEP Total Site Cancer Risk

Limit of IE-05 (310 CMR 40.0993(6)) to characterize the risk of harm to human health, and to

establish whether a condition of no significant risk exists at the site, as defined in 310 CMR

40.0993(7).

A summary of the risk findings is shown in Table 10.



Carcinogenic Risk for the Current Adolescent Trespasser. The Total Site ELCR calculated for

the current adolescent trespasser scenario is 2E-06, which does not exceed the MADEP Risk

Limit of 1E-05. The Total Site ELCR consists of 9E-07 for incidental ingestion of surface soil;

8]E1-07 for dermal contact with surface soil; 2E1-09 for inhalation of fugitive dusts; 5E-09 for

incidental ingestion of surface water, and 3E-10 for dermal contact with surface water.

Individual COPC pathway and route-specific ELCRs are shown in Appendix A, Tables A-10, A-

12 and A-14.

Carcinogenic Risk for the Future Adolescent Trespasser. The Total Site ELCR for the future

adolescent trespasser is 18-06, which does not exceed the MADEP Risk Limit of 1E-05. The

Total Site ELCR consists of 7E-07 for incidental ingestion of soil; 7E-07 for dermal contact with

soil; 1E-09 for inhalation of fugitive dusts; 5E-09 for incidental ingestion of surface water and

3E-10 for dermal contact with surface water. Individual COPC pathway and route-specific

ELCRs are shown in Appendix A, Tables A-16, A-18 and A-20.

Carcinogenic Risk for the Future Construction Worker. The Total Site ELCR for the future

construction worker is 2E-06, which does not exceed the MADEP Risk Limit of IE-05. The

Total Site 'R consists of 7E-07 for incidental ingestion of soil; 8E1-07 for dermal contact with

soil; 4E-08 for inhalation of fugitive dusts; 5E-08 for incidental ingestion of groundwater and

3E-08 for dermal contact with groundwater. No carcinogenic COPCs were identified in outdoor

air. Individual COPC pathway and route-specific ELCRs are shown in Appendix A, Tables A-

22, A-24, A-26 and A-28.

Carcinogenic Risk for the Future Utility Worker. The Total Site ELCR for the future utility

worker is 2E-07, which does not exceed the MADEP Risk Limit of I E-05. The Total Site ELCR

cornsists of 9E-08 for incidental ingestion of soil; IE-07 for dermal contact with soil; 5E-09 for

inhalation of fugitive dusts; 6E-09 for incidental ingestion of groundwater, and 4E-09 for dermal

contact with groundwater. No carcinogenic COPCs were identified in outdoor air. Individual
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COPC pathway and route-specific ELCRs are shown in Appendix A, Tables A-30, A-32, A-34

and A-36.

Carcinogenic Risk for the Future Child Recreational User. The Total Site ELCR for the child

recreational user is 3E-05 which exceeds the MADEP Risk Limit of 1E-05. The Total Site

ELCR consists of 2E-05 for incidental ingestion of soil; 1E-05 for dermal contact with soil; 9E-

09 for inhalation of fugitive dusts; 5E-08 for incidental ingestion of surface water and 3E-09 for

dermal contact with surface water. The exceedance of the MADEP Risk Limit is primarily due

to the presence of carcinogenic PAils and arsenic in soil. Individual COPC pathway and route-

specific ELCRs are shown in Appendix A, Tables A-38, A-40 and A-42.

U
Carcinogenic Risk for the Future Adult Recreational User. The Total Site ELCR for the adult

recreational user is 2E-05 which exceeds the MADEP Risk Limit of 1E-05. The Total Site

ELCR consists of 7E-06 for incidental ingestion of soil; 1E-05 for dermnnal contact with soil; 2E-

08 for inhalation of fugitive dusts; 5E-08 for incidental ingestion of surface water and 6E-09 for

dermal contact with surface water. The exceedance of the MADEP Risk Limit is primarily due

to the presence of carcinogenic PAHls and arsenic in soil. Individual COPC pathway and route-

specific ELCRs are shown in Appendix A, Tables A-44, A-46 and A-48.

1.5.3 Applicable or Suitably Analogous Public Health Standards. As part of the evaluation

of the condition of no significant risk of harm to human health, as defined in 310 CMR

40.0993(7), the MCP requires a comparison of COPC EPCs to Applicable or Suitably Analogous

Public Health Standards (310 CMR 40.0993(3)). Such standards include, but are not limited to,

Massachusetts Air Quality Standards promulgated in 310 CMR 6.00, Massachusetts Surface

Water Quality Standards promulgated in 314 CMR 4.00, and Massachusetts Drinking Water

Quality Standards promulgated in 310 CMR 22.00.

The Site is not considered to be part of a Potential Drinking Water Source Area. Because of this,

comparison of COPC groundwater concentrations to MADEP Drinking Water Standards as

Applicable Standards (consistent with the requirements of 310 CMR 40.0993(3)) is not required



for the evaluation of significant risk of harm to human health since the drinking water standards

are not considered applicable.

In addition, since the surface water body at the Site is not classified as Class A or B surface water

bodies, comparison of COPC surface water EPCs to Massachusetts Surface Water Quality

Standards promulgated in 314 CMR 4.00 is not required. In addition, comparison of surface

water COPC concentrations to U.S. EPA Ambient Water Quality Criteria for the human

consumption of fish was not considered applicable for this Site.

1.6 Uncertainty Analysis

Risk characterizations are subject to a number of uncertainties. As a result, risk estimates

derived from the equations and assumptions in this risk characterization should not be interpreted

as absolute estimates of the risks of harm to human health, safety, public welfare or the

environment posed by potential exposures to COPCs detected at the Site.

General sources of uncertainty include:

* adequacy of the site characterization;

* adequacy of the sampling plan;

* quality and treatment of the analytical data;

* modeling of EPCs;

* accuracy of the exposure assumptions; and

* development oftoxicity4values (RfD)s, RfCs).

Specific uncertainties and steps to reduce the level of uncertainty are discussed below:

1.6.1 Hazard Identification. As described previously, it is anticipated that a "wedge" of soil

will need to be removed from the northern portion of the property to facilitate MHD's bridge

construction project. However, since the design plans for the bridge have not been firmly
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established, all soils have been assumed to remain on-site for the purposes of this risk evaluation.

This assumption may lead to an over-estimate or under-estimate of risk depending on whether

the soils removed contain lower or higher contaminant levels than present on average at the Site.

In addition, asbestos-contaminated soils are present on-site. Due to a lack of toxicity values,

asbestos has not been quantitatively evaluated in the human health risk assessment which results

in an underestimate of risk.

1.6.2 Dose-Response Assessment. In the Dose-Response Assessment, the use of an

Uncertainty Factor and a Modifying Factor, which are applied by the U.S. EPA to toxicity

information to obtain RfID and RfC values, are used to account for the following uncertainties,

which, in turn, can add to the overall uncertainty of the risk characterization findings:

* the use of dose-response information from effects observed at high doses to

predict the adverse health effects that may occur following exposure to the low

levels expected from human contact with the COPCs in the environment;

* the use of dose-response information from short-term exposure studies to predict

the effects of long-term exposures, and vice-versa;

* the use of dose-response information from animal studies to predict adverse health

effects in humans;

* the use of dose-response information from homogeneous animal populations or

healthy human populations to predict the adverse health effects likely to be

observed in the general population, consisting of individuals with a wide range of

sensitivities;

* the assumption that the COPC exerts the same toxic effect regardless of the route

of exposure;

* the use of toxicity values for hexavalent chromium to evaluate total chromium

analyses in the absence of speciation data; and

* the use of default values for daily ingestion rates, breathing rates, average body

weights, surface areas, and skin permeability constants, etc.
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1.6.3 Exposure Assessment The Exposure Assessment focuses on the evaluation of non-

carcinogenic and carcinogenic effects for an individual who is maximally exposed to the COPC.

Generally, conservative exposure assumptions are used for exposure concentrations, frequency

and duration of exposure. These conservative assumptions can potentially overestimate and

result in compounding conservatism in the estimate of the risk of harmn from exposure to the

COPC and contribute to the uncertainty of the risk characterization.

In the absence of monitoring data for outdoor air quality at the site, models were used to predict

atmospheric COPC concentrations. Although commonly accepted models were used to estimate

volatilization of COPCs from soil and groundwater, and dilution and dispersion in air,

conservative input variables were used, which can introduce uncertainty into the risk findings. In

addition, modeling was performed to estimate predicted surface water concentrations after

groundwater discharge to the nearby surface water bodies. However, use of these models with

conservative assumptions tends to be overprotective of human health, rather than

underestimating potential risk.

2.0 PUBLIC WELFARE RISK CHARACTERIZATION

Risk of harm to public welfare from exposures to COPCs detected at the Site was characterized

in accordance with 310 CMR 40.0994, under the current and reasonably foreseeable Site

activities and uses. Factors evaluated included: nuisance conditions (e.g., odors), unilateral

restrictions on the use of other properties and degradation of public or private drinking water

resources as a result of the COPC release. In addition, average COPC soil and maximum COPC

groundwater concentrations detected at the Site were compared to their respective Upper

Concentration Limits (UCLs) listed in 310 CMR 40.0996(4) (Tables 11 and 12). None of the

average COPC soil or maximum groundwater concentrations exceeded their respective UCLs.

Based on the observation that UCLs are not exceeded, the Site is considered to meet the

condition of no significant risk of harm to public welfare as defined in 310 CMR 40.0994.
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3.0 CHARACTERIZATION OF RISK TO SAFETY

Risk of harm to safety, associated with the release of COPCs at the Site, was evaluated in

accordance with the requirements of 310 CMR 40.0941(2) and 40.960, and was based on a Site

visit and on observations made consistent with MCP Response Action Performance Standards

(RAPS) as defined in 310 CMR 40.0191. COPC-related safety hazards evaluated under current

and future foreseeable Site conditions included: the presence of open pits; uncontained

corrosive, flammable/ignitable, reactive, or infectious materials; .hreat of fire or explosion,

including the presence of explosive vapors; and rusted or corroded drums or containers.

Qualitative observations did not reveal hazards associated with the COPC release likely to pose a

threat of physical harm or bodily injury to people, and a condition of no significant risk of harm

to safety was considered to exist at the Site.

Evaluation of risk of harm to safety through comparison of Site conditions to applicable or

suitably analogous safety standards (e.g., Lower Explosive Limits) was not considered applicable

to this Site.

4.0 STAGE I ENVIRONMENTAL SCREENING

The following observations about the Site and its environs may be made:

* The Site is not located within a one-half mile radius of or adjacent to an inland Area of

Critical Environmental Concern (MADEP Bureau of Waste Site Cleanup Site Scoring

Map; Figure 2).

* The U.S. EPA Region 1 List of Priority Wetlands/Water Bodies in New England does

not indicate the presence of specific priority wetlands/water bodies at or in the vicinity of

the Site.



* The Massachusetts Natural Heritage Atlas does not show High Priority Sites of Rare

Species Habitats and Exemplary Natural Communities or Estimated Habitats of Rare

Wetlands Wildlife and Certified Vernal Pools within a one-half mile radius of the Site.

* The MADEP Bureau of Waste Site Cleanup Site Scoring Map (Figure 2) indicates that

the closest surface water body (the Spicket River) is located immediately adjacent to the

Site.

Based upon a review of available data and the aforementioned observations, the potential media

of concern for ecological receptors were identified as on-site surface soils and surface water (as

impl)acted by groundwater discharge).

Terrestrial Receptors The principal exposure pathway for terrestrial receptors includes contact

with COPCs in on-site surface soils. However, given the small size (<2.0 acres) of undeveloped

impacted property on the Site and the limited vegetated cover (i.e., lack of suitable habitat), the

Site appears to qualify for exclusion from assessment of risk of harm to terrestrial life under

MCP guidance (MADEP, 1995).

Aquatic Receptgrs For discharge of groundwater to surface water, the most likely environmental

receptors are aquatic organisms living in the Spicket River. Terrestrial organisms may drink

from the river; however, this is likely to occur from multiple locations along the river and other

water bodies in the area. Potential EPCs for aquatic life in the Spicket River were modeled using

average groundwater concentrations and conservative dispersion modeling (i.e., MADEP default

10-fold dilution factor). The modeled surface water EPCs are presented in Table 13.

Risk of harm to the aquatic organisms was evaluated by comparison of the modeled surface

water EPCs to Massachusetts Ambient Water Quality Criteria provided by MADEP (MADEP,

1994). COPC EPCs are below the corresponding AWQCs, and thus pose no significant risk of

harm to aquatic receptors.
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Based on the findings of the above Stage I Environmental Screening, current and future

foreseeable site conditions pose no significant risk of harm to the environment, as defined in 310

CMR 40.09. In addition, a Stage II Environmental Risk Characterization (as defined in 310

CMR 40.0995(4)) is not indicated.

5.0 CONCLUSIONS AND RECOMMENDATIONS

A MCP Method 3 Human Health Risk Characterization and a Stage I Environmental Screening

have been conducted at the Site in accordance with the requirements of 310 CMR 40.0990, using

applicable soil and groundwater analytical sampling data. Airborne particulate data were derived

from soil data using default MADEP PM1o values for the adolescent trespasser,

construction/utility worker, and recreational (adult and child) exposure scenarios. Current and

future surface water data for the Spicket River were derived from average groundwater data

using MADEP default dilution factors. Outdoor atmospheric data were derived from soil and

groundwater data using vapor migration and air dispersion/dilution models.

The human health risk characterization assumed that an Activity and Use Limitation (AUL)

would be placed c'hdie uroperty to prevent future residential and/or commercial land use

including the construction of occupied buildings. Therefore, the risk characterization has not

included these receptors or the pathways by which these receptors may be exposed to site-related

contaminants. In addition, asbestos-contaminated soils exist on-site that, if contacted, would

present a potential risk to human receptors. It is assumed that contact with these soils will need

to be prevented as part of the AUL at the Site.

Under current site activities and uses, potential exposures to COPCs in soil and surface water, I
following groundwater discharge, pose no significant risk of harm to current adolescent

trespassers.

2I
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Under future foreseeable site activities and uses, potential direct contact exposures to COPCs in

soil pose a significant risk of harm to human health. Significant risk of harm is posed to: (1) the

fuiture hypothetical young child recreational user, and (2) the future hypothetical adult

recreational user. The risks are primarily attributable to the presence of carcinogenic PAHs and

arsenic in soil. Future exposures to construction/utility workers or adolescent trespassers pose no

significant risk of harm to health.

Risk of harm to safety is not significant under both current and future foreseeable site conditions.

No visible signs of physical (e.g., lagoons, pits, rusted drums) or chemical hazards (e.g.,

corrosive, flammable/ignitable, reactive materials) are present at the Site.

There is currently no condition of unilateral restrictions on the uses of the abutting property,

negative impacts on properties downgradient of the site, or reports of significant degradation of

public or private drinking water resources as a result of the COPC release. In addition, average

soil and maximum groundwater levels do not exceed their respective UCLs Therefore, it is

concluded that the Site does not pose a significant risk to public welfare.

Since surface water EPCs, modeled from groundwater contaminant concentrations, do not exceed

AWQCs for aquatic receptors, it is concluded that the Site does not po w. significant risk to the

environment.

Based on these findings, Site conditions are considered to pose significant risk of harm to human

health under future foreseeable site activities and uses. To protect risk of harm to human health

under future foreseeable site activities and uses and to achieve a condition of no significant risk,

response actions may be implemented to reduce the levels of arsenic and carcinogenic PAHs to

acceptable levels, or an Activity and Use Limitation (AUL) preventing the use of the property as

a passive recreational area is indicated.
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TABLE I
SUMMARY STATISTICS FOR SURFACE SOILS

OXFORD PAPER MILL, LAWRENCE, MA

Range of minimum J Maximum
Freqency of Detection Detected Detected Average Soil COPC7

Analytes_ Detectin Limits Concention Concentration Comucentration Background Y/N 2  E

EP (mes)K
C9-Cl8 Alipbas 10/16 3.3 -4.2 4.3 26 8.2 NA Y 82
C19-C36Aliphatics 15 / 16 43 -43 5.2 270 59 NA Y 59
Cl 1-C22 Amatics 16 / 16 NA 16 460 143 NA Y 143

-Methylaphthalmene 216 0.54 -1.4 1.1 1.4 0.48 0-5 Y 0.48
Acenapbthen e 5 / 16 0.54 -1.4 0.70 6.4 1.3 0.5 Y 1.3
Accuphthlylene 1/16 0.54 -1.4A 1.0 1.0 0.42 0.5 Y 0.42
Anthracene 11/16 0.54 -L4 0.58 14 2.7 I Y 2.7
Benzo(a)anthbrace 14/16 0.54 -0.71 1.2 35 7.1 2 Y 7.1
Benzo(a)pyrem 13116 0.54 -0.71 1.0 24 5.5 2 Y 5.5.
Bz(b)fluoramthene 15 I 16 0.54 -0.54 0.90 35 8.0 2 Y 8.0

)pylene 6 / 16 0.54 -1.4 1A.4 13 2.7 1 Y 2.7
nzo(k)fluorantbene 13116 0.54 - 1.4 0.64 12 3.2 1 Y 32

nysee 16116 NA 0.66 38 7.5 2 Y 7.5
'benz(ah)abracenC 7/16 0.58 -1.4IA 0.69 22 3.7 0.5 Y 3.7
Flu mnthe 16 / 16 NA 1.0 74 15 4 Y 15

F ene 5/16 0.54 * ].4 0.65 6.3 1.2 1 Y 1.2
Ien(,2,3-cd)pyrne 10/16 0.58 -1.4IA 0.69 22 4.5 1 Y 4.5

aphthalmne 4 / 16 0.54 - 1.4 0.74 2.0 0.63 0.5 Y 0.63
eahen 16 / 16 NA 0.66 58 10 3 Y 10
re 16/16 NA 1.0 73 s15 4 Y 15

or-1248 1 / 16 0.038-1.1 1.2 1.2 0.22 NA Y 0.22
Arocr-1254 13/16 0.04 -0.047 0.071 1.8 0.52 NA Y 0.52

Metals (m21)(2)

Antiny 8 114 0.64 -1. 0.22 8.8 1.7 I Y 1.7
sen 20/22 41 -42 6.6 135 37 20 Y 37

Bum 16/16 NA 16 150 74 50 Y 74
Bylium 6/16 NA 0.14 1.0 0.62 0.4 Y 0.62
Cadmium 12/16 021-0.51 0.15 46 10 2 Y 10

22/22 NA 0.16 63 23 30 Y 23
Cpp 14 / 16 9 -16.2 8.7 91 34 40 Y 34
Lead 22/22 NA 13.2 1970 197 100 Y 197

Mecy Is /s15 NA 0.073 5.3 1.2 0.3 Y 1.2
ickel 16/16 NA , 11.8 130 41 20 Y 41

Scim 5 / 16 0.22 -0.55 0.76 1.8 (54 0.5 Y 0.54
Silver 7116 0.097 -0.13 0.04 0.87 0.14 0.6 Y 0.14

hallim 8/16 0.18 - 1.3 0.063 1.3 0.46 0.6 Y 0.46

anadium 161/16 NA 20 520 140 30 Y 140
16/ 16 NA 24.1 390 114 100 Y 114

1. Data wee collected in May 2002 and March 2003. Samples utilized includ SB-1M0-I, SB-2 ., SB-3/0-1, SBV44O1, S]B-5/D-I, SB-W-I,
SB-7/0-1, SB-I-1, SB-9-1, and SB-100-1 fr PCBs, EPH, and metals; 4S, 6S, 8S, 10S, 12S, ad 14S for EPH and metals; SA, 6B, 7B, 10B,
lIB, and 16B for PCBs; and 4A, 5A, 6A (and field duplicate) 7A, IOA, and 14A for metals (asenic, chremium, and lead only).
2. Analyes excluded as COPCs when maximn detected concentratiom is less than MADEP "natura soil backgrund concentration. i
3. Average concenmuation selected as EPC uniss greater than maximum, in which case maximum is selected.
4. One-halft m detection limit has been used for non-detect values in the calculation of average concm taions.
EPC - Exposure PoN t Ccentration
NA - Not applicable or not available
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TABLE 2
SUMMARY STATISTICS FOR SURFACE AND SUBSURFACE SOILS

OXFORD PAPER MILL, LAWRENCE, MASSACHUSETIS

Range of Minimnum Maximum
Frequency of Detection Detected Detected Average Soil COPC?

Analytes Detection Limits Conceimmon Concntratin Concm erao Bckgrm wd Y n E

(WH (Ma/Kx
C9-CI8 Aphitics 23/39 33-42 4 460 22 NA Y 22
:19-C36Aliphaics 34/39 4.3-5 5 270 39 NA Y 39
SI-C22 Aramatics 36/39 9.6-11 10 460 122 NA Y 122

2.Methynaphthaene 3/39 0.52- 1.4 0.72 2.0 0.50 0.5 Y 0.50
A t pho*sie 17139 0.52 -1.4 0.54 6.4 12 0.S Y 12
Acnphthylene 3 / 39 0.52- 1.4I 03.95 1.1 0.39 0.5 Y 0-39
Amnracene 22/39 0.52 -1.4 0.58 14 2.5 1 Y 2.5
Bm n(a)amtracene 30/39 0.54-0.71 0.59 35 6.0 2 Y 6.0
Benzo(a)pyitnc 28 /39 0-52 -0.71 0.54 24 4.6 2 Y 4.6
Benzo(b)flumothene 31139 0.54-0.65 0.74 35 6.7 2 Y 6.7
Bnz h)perykne 16/39 03-52-1.4 1A 14 2.5 I Y 2.5
Bmzo(k)fluonoi-rthenc 25/39 052 -1.4 0.61 16 2.7 I y 2.7
Cysen 32 /39 0.56 -0.65 0.66 33 63 2 y 6.3
Dibena.h)antinacene 17139 0.52-1.4 0.61 22 3.2 0.5 Y 3.2

Floranthe 33 / 39 0.56 -0.65 0.74 74 13 4 Y 13
Flocne 13139 052- .IA 0355 6.3 12 1 Y 1.2
d Jo(1,2,3-cdpyree 211/39 0.52-4.1 0.69 22 3.9 I Y 3.9

N:pialenc 13/39 0.52 -1A 0.62 2.4 0.62 0-5 Y 0.62
thne 33 / 39 056 -0.65 0.66 58 9.6 3 Y 9.6

Pym 33 / 39 0.56 -0.65 0.63 73 12 4 y 12

Ajcdor-1248 4/39 0.036-23 0.12 6.0 032 NA Y 0.32
Aodw-1254 24 / 39 0.036 -03- 0.04 16 0.79 NA Y 0.79

A 161/34 0.17-21 0.22 8.8 12 I v 1.2
Asenic 43/45 41-42 25 135 29 20 Y 29
Bais" 39139 NA 13 300 74 50 Y 74

eylm39139 0.83 -0.98 0.14 . 1.1 0.65 0.4 Y.; 0.65
Cdmium 24/39 0.03 -1.2 0.056 s50 8.6 2 1 *

45145 20.4 -25.2 0.14 63 19 30 Y 19
34/39 2.811- 16.2 6.5 140 35 40 Y 35
45/45 NA 2.4 1,970 135 100 Y 135

Mercy 31/36 0.016-0.533 0.039 17 1.2 0.3 Y 12
Nilkel 39/39 NA 10 130 35 20 Y 35
Seln 9/39 0.11-055 0.50 1.8 039 0.5 Y 0.39
Shrr 13/39 0.092-0.33 0.040 0.89 0.12 0.6 Y 0.12
Tha"Im 18/39 0.16- 13 0.063 13 0.45 0.6 Y 045
Vradium 39/39 NA 12 598 137 30 Y 137
Zin 39139 NA IS 560 122 100 Y 122

1. Da) wer collected in May2002 and March2003. Samples utilized inchle: SB-1/0-1, SB-/S-7,SB-2/0-1, SB-2/7-9, SB-2 1l-13, SB-34-,
SB-37W-9, SB-3/13-15, SB-4/0-1, 5-45-7, SB-4/13-15, SB-5/0-1, SB-5/9-I , SB-5/14-16, l-60-1, S4/5-7. SB-6414-16 (ard field duplicne),
SB-7/0-1, S]B3-7f-9, SB4/0-1, 58S48-9, 59-1 , SB-9/5-7, SB-9/13-15, SB-100-1, SB-0 9-1 I (aud eldplicate), sand SB-1013-15 for
PCBS, EPII, and mals; 4S, 4D, 6S, 6D, 83, D 1 010 D(md field duplicae 12S. 12D, 148, amd 14D for EPIH and metals;
4C (and field duplicase) SA, 6, 7B, 8F, 10B. 11, 12D1). 12H, 14C, 140, and 16B for PCBs; ad 4A, 5A. 6A (and firkl duplicate 7A. 10A,
and 14A for mactab (arsm ic, chmnian, and kad aily)
2. Analyss excluded as COPCs when maxim detected concernation is less dims MADEP "nuafr soil backpound concenration.
3. Average concentration selecd as EPC aueas pates tham maximau, in which case maximum is selected.
4, One-half uhe dectiw n limit has been used for non-detect values in the calculation of uvuage evoceatioca
EPC - Exposure Poinm Concennaion
NA -Not applicable or not available
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TABLE 5
ORAL DOSE-RESPONSE VALUES FOR CHEMICALS OF POTENTIAL CONCERN

OXFORD FAPER MILL SITE

CHRONIC ORAL SUCHRONC ORAL SLOPE WEIGHT

ORAL RID CRITICAL RfD ORAL RID FACTOR OF

IEMICAL(a) (mg/19day) EFFECTS CONFIDENCE RE (day) REF- qkgl0dWy) EVIDENCE REF

Aroclaor-1248 0.00002 inmmlokicat effecf Med. IRIS '03 0.00002 (b) 2.0 B2 IRIS 3

Anzckr-1254 0.00002 imnmoical effects Med. IRIS 3 0.00002 (b) 2.0 32 IRIS03

C9-C1 Aipl6aics 0.1 bepatow xckty NA MADEP '2 1.0 MADEP V2 NA NA MADEP '02

C19-C36 A*tics 2.0 bepatoxiity NA MADEPW 2 6 MADEP '02 NA NA MADEP 32

CII-C22 Armtims 0.03 uepholxicity f py e NA MADE? 02 0.30 MADEP 102 NA NA MADEF X2

AcemphOne 0.06 liver micitk Low Ir S 3 0.6 HEAST 7 NA D 1S) 3

A piylm 0.04 NA NA MADEP '94 0.04 MADEP 94(b) NA D IRISW3

Ascue 0.3 one oberved Low IRIS '3 3 HEAST '97 NA D IRIS 3

Beav(a)asaccu 0.04 NA NA MADEP '94 0.04 MADEP '94 (b) 0.73 (c) B2 [RM3S

Bc(ap e 0.04 NA NA MADEP '94 0.04 MADEP'94 (b) 7.3 B2 IRIS W

Be o(b)forI tez 0.04 NA NA MADEP 94 0.04 MADEP'94(b) 0.73 (c) B32 IRIS '03

pamo(g,hi)psyl 0.04 NA NA MADEP '94 0.04 MADEP '94 (b) NA D MADEP'95

Beno(k)fomatle 0.04 NA NA MADEP 0.04 MADEP '94 (b) O E . (c) B2 MADEP? 95
Choayss 0.04 NA NA MADEP94 0.04 MADEP '94 (b) 0.073 (c) 92 MADEP '95

Dtmn(a,1stnee 0.04 NA NA MADEP 4 0.04 MADE P94 7.3 B2 MADEP '95

Prmss 0.04 Sidy, Ever, and blood Low IRIS W3 0.40 HEAST 97 NA D IRIS 3
Cell PS e

Fhoma 0.40 deceasld 5 vein offd Low IRSt) 0.4 HEAS'97 NA D IRIS 13

blood ech
Inod(,2,A.ca)pyrme 0.04 NA NA MADEP '94 0.04 MADEP 94 (b) 0.73 (c) B2 MSW

Napieale 0.020 asl e Med I S a3 0.02 (b) NA C IRIS V

P ammn me 0.04 NA NA MADEP 94 0.04 MADEP '94 (b) NA D IRIS UW3

py... 0.03 kidbey cffect Low IRIS 0w 0.30 EAST97 NA D IRSW

2-Melbyinapb1dak 0.04 NA NA MADEP 94 0.04 MADEP '94 (b) NA D MADEP 4

Animoy 0.0004 lng-vity Low IRIS 93 0.0004 MADE (b) NA D IRIS t

Ane 0.000o3 ski ets Med. IRIS 3 0.0003 MADEP W (b) 1.5 A IRIStW

Biu0.07 NOEL Med. IRIS 3 0.07 (b) NA D IRSw3

Bayni 0.0 stshs lns Low-md IRIS3 0.002 b) NA D IRIS

Cadrna 0.001 kidny iet Igh IRJS 33 0.001 (b) NA D RISW13

Chn 0.0013 NOEL low IRS w 0.003 (b) NA D IRUS

Copr 0.04 NA NA HEAST'97 0.04 (b) NA D IR=S0

Lea 0.00075 NA NA MADEP 94 0.0007S MADEP '94 (b) NA B2 IISw

Macrwy 0.0003 auonmme c gh IRIS 3 0.0003 MADEP '94 (b) NA C 1SW

MNy 0.002 decsease body wdigl Med 1StW 0.00 MADEP 94 (b) NA D IRIS W
o0.00o5 a oe HIwgh I S3 0.005 MADEP '94 (b) NA D IRIS t

Silver 0.005 i - LOW IRIS 3 0.005 MADEP W (b) NA D 31St3
.Thon D.D NODEL lOw IS 0 0.0000 (b) NA D IRISW

vzndikm 0.009 De e red imirs cytine low IRIS W 0.009 OP) NA D IRS3W

Zi 0.3 Decmeased emymn awsvity Med. IRIS 03 0.3 MADE '94 (b) NA D IRIS 0W

(a) This tbe ches anaIe detted in all Drib.

(h) Chrmic RID sdted a sudmnic RID
(c) saip ts eBiited based om poaney nkatve o tem(a)ppm-

ABBREVIATONS:
RID- Re mnw dose or MADEP stla f s sue doe
NA - Not appnmb metadwiN so datk, or not mned
REF - Reaces

REFENCES (ia M etpioty)* 4
IRI JSEPA. 20ML Ispatd Ri hk Ihuanion Syem
LEAST. USEPA, 1997. IeaM Fssa* Ammy Thes.

MADEP 2002. amcaking JA* ?Pbadhyan.hm Csb.iS- 4km..a.n. UD.F . r nIrdAprm& P. P.b. y
MADEP, 1995. Guidmawfor Disput Ma tC Afld.
MADE. 199 BorrmDpoummadmfor rDrelopvwstof4s&c? MENnariamudad.

NRAL. Nata Car A Eamcual Assessmas

fte $ **p

U
I
I
I
I
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I
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TABLE 6
INHALATION DOSE-RESPONSE VALUES FOR CHEMIC.ILS OF POTENTIAL CONCERN

OXFORD PAPER MILL SITE

INHALATION INHALATION INIIALATION WEIGHT

RIC CRITICAL If UNIT RISK OF

CHEMICAL (a) (mg/m) EFFECTS CONFIDENCE REF I/li/m') EVIDENCE REF

Aroclor-1248
Aroclor-1254

C9-CI8 Aliphatics
C19-C36 Aliphatics
CI 1-C22 Armnatics

2.E-05
21-05

0.2
NA
0.05

neurotoxicity
NA

hepatoxiclty

Acemaphthenc 0.071
Acenaphtbyles 0.071
Anracene 0.071
Ben-zo(a)antLacne 0.071
Benao()pyane 0.071
Bcn o(b)oambene 0.071
Beno(hi)pyone 0.071
DBen(k)flooaloe 0.071
Cywen 0.071
DibmE(ah)mlacene 0.071
Fhimfrhene 0.071
PhloM 0.071
bdcEo(4,2,3-4d)pyne 0.071
Naphthakn 0.071
Phenanthrne 0.071

Pyrme 0.071
2-Methyliapthadklene 0.071

Antinuy
Arsenic
Barium

CnaiiDaftim

Clearnium-lmamm

Copper
Lead
Mcmy
Nickel
Sekium
silver
Thaim
Vamadivm
Zinc

NA
NA
NA

0.00002
NA

1.E-04
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA

senstization
NA

anmyme akage
NA
NA
NA
NA
NA
NA
NA
NA
NA

MADEP 94
MADEP 94

MADEP V2
NA

MADEP 2

MADEP 94
MADEP 94
MADEP 94
MADEP 94
MADEP 94
MADEP 94
MADEP W94
MADEP 94
MADEP 94
MADEP 94
MADEP 94
MADEP 94
MADEP 94
MADEP 94
MADEP 94
MADEP 94
MADEP 94

BZ3 RS 93
B2 IRIS 3

NA MADEP P2
NA MADEP2
NA . MADEP2

D IIUS 103
D IRIS 3
D 0IRIS 3

B2 MADEP W94
B2 MADE? 94
B32 MADEP W94
D IRIS 3

B2 MADEP 94
B2 MADEP 94
B2 MADEP 94
D IRIS 3
D IRS 3
82 MADEP 94
D IRIS 3
D IRIS M093
D IRIS 3

D MADEP 94

D IRIS3

A IRIS 93
D IRIS 3
BI IRIS9*3
BI IRIS 903
A 1RIS 13
D IRIS 3

B2 IRS 13

D IS 093
D IRIS 113

D IRIS 3
D RIS 3

D IIS 93
D IRIS Ws

IRIS '03
IRIS 03
IRIS 103
IRIS 93
IRIS )3
IRIS 93
IRIS 93
nius 3

IR133

IRIS D3

IRIS 03IRIS 13

IRIS 03
IRIS 13
IRIS 3

1M1I133
BMW31

arnk ABB MRVIAi

a 1%t igns seb s d m b su ps mad uemiems. I

b.k r spbem s da sume tA alrIAL
a. RUC V ms mw Ar cirut upmmu, sabsi vabas as a l OIIlt rammt "of rei vahJL

REF (i- mrcricd a

IRE. UWA, D20 b. M dR h m Ss

EAt. USWA. 197. JMM w se mry TAm.

14ADEP, 2fl0 Claramreag ahn Phtfhynwha Coasneas- hugmqmrefLWWE ISPII
4pask. IIndVr

MADEP,19i Be&asewdreusefarDrnkpeatee sfdrrddrt

NCAMslm Cuscr hr Embousessa Asseaes

RE- Retmea

3tA - Reta m "p 4k , a cam

Wegh crvihms
A -mmaigm

l- Ibbl h m m- iics ta lmd asl 9a at

b od. mm ueg- Mdas evke she ad

D -Ns dl c M a m caw.y he rag )

E - Evidcas orcmanagmeiiy
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TABLE 7
SUMMARY Of RELATIVE ABSORPTION FACTORS FOR CHEMICALS OF PTENTIAL COPICERN

OXFORD PAPER MILL SITE

Inges, Derma Ceasac,

... . see Wor Dmal Cabt. Sl Srte Wer u o mwa Sutte" a erw Gumwatur lhateim

Nmearnmer Caer Nmeonuer Ca ter Nanes sr Cau ter Nommmur Cameer Nemerer Caser

Cass an er e. Chum RAF RAF Chumk RAIF RAF Chemic RAF RAF Cke RAF RAP' ChaSk RAF RAF

Axiod-1249 0.5 0.35 o0.07 0.067 I I 1

An -W-124 0,5 0.5 0.067 0.067 I I 1

C9 .CASM m I mc 0. NC I NC NC I NC

C1=C36 Alphks I NC 0.10 NC I NC I NC I NC

C-122 Amnaics 036 NC 0- NC 091 NC I NC I NC

Armphiet I NC 0.3 NC 1 NC I NC I NC

Atmpine 031 NC 0.11 NC 0.91 NC t NC 3 NC

Aals NC 0.29 NC I NC I NC I NC

Bamo(a )oe 0 I 0.13 02 091 1 3 I 1 1

BDep-Dwlk 0.91 I 0.11 02 0.91 1 I l

Dmmo(bemotie 091 1 0.1 0.2 0.91 1 1 1 I

Inammo(ag .i o NC o.i NC 091 NC I NC I NC

a.ma nikr 0.91 1 0.1s 0 091 1 1 1 , 1

s0.31 0oiS 02 Os- 1 I I

Dima,h)ieeaema 0.91 1 006 0.9 0.91 1 I 1 I

"eses I NC .2 NC 1 NC 1 NC 1 NC

hora A NC 0.2 NC I NC NC I NC

h]de(12, )pyn 031 I 0.18 04 0.31 I 1 1 1

NA&*me I NC 0.1 NC I NC 1 NC 1 NC

hamines 01 NC 0.13 mC 01 NC I NC I wC
SPymeNC 0.2 M I NC I NC I NC

2-Z&*bytake I NC 0.1 wC I NC I NC I NC

S1 NC D NC I NC I NC I NC

Asale 1 I 0.3 em 3 I I I I I

Ba 0.39 NC 03 NC I NC I NC I NC

BUY*- I WC 0.0 Nc I NC I NC I

CIim I NC 0.4 NC I NC I NC I
Iuo 1. NC 0.09 NC 1 NC I NC I

Copper I NC 03 NC I NC I NC I NC

Le" es NC ooos Nc 0.s NC I NC 3 Nc
gemsy I NC 0.05 NC I NC I NC I NC

)jtsd I NC 035 wC I NC I NC 3 NC

Semin I NC 0.002 NC I NC I NC I NC

Svr I NC 520 mC I NC I NC I NC

Tbagim I NC DIl wC I NC 1 NC I NC

Vam 1.36 NC 014 wC 1.9 NC I NC I NC

zin I NC *AM NC I NC 1 NC I NC

NC- Nct gai or No Caklat

rO tos. W-Aelx.ames ll Ip Ir
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TABLE 3
EXPOSRE PROFILE SUMMARY FOR THE

OXFORD FAFER MILL STE

Reeter Expsw aw Ezxpow PaNhwby em Rtma Pathway a,. hr Sderiem w Eacsi
Selected

MainS --
cana o.-sin swhmccSonl DnnMl Coma YoS .S coomsin is kss Om 3 fee below amued surfac-

Adlsesn
Trus...r

bsani Movoc e . V NosI a...ed sac Ww ne..k-

Fqve Dva hakia Yes Soil comasi kis) m 3 f ow posnd mfu

amuniwaw khabm. ofVcal N. VOQs all - d ad~ BaD smat i

Serie Wa Dud Cmact Yes Od c le ~msy be eup sad causnad wee wste py4In
bacideshla.- ad d a Spkt ivN

Pa. ose-St sda...d Selbsm DMa CmaQ wuow maybea posedewmmifasca
Camusn io Wek Soil a d gsaim Yes dimg n Ser d w opm s i aitim ate ile

Ads

bla o Veotales Yes Ca a = w ts maybe apmed tl ~m n e

Fugvet l Y es Caom w esmay be OpOls
wuma a Algiineatwhk easin

ID =€bmumtt in WS ,€ am *ho €:mvmdw

Greedw-ar armDO Cmat Yes Cams nmwes t my cmcomS soes6
cdedsu -emim aia iesemhuar .a

maMimsdVoks Yes Cme. wwes aybe ped a ralte cmim minai to
gamdwaet ade air

0720M1



TABLE 5
EXPOSI PROFILE SUMMARY FOR THE

OXFORD PAPER MILL. SITE

haar , Exposa am Eb rpwe Pathsy Expwran ps Pbway Rem o r Sekm w Edmihm
s e k e l a I

Fho Oi-Sit Sr aid Samurba DOal Cas:a l.lhty wkm a way be npmd camusised slil
laility Wok Sod bedama amis Yes dring aunvtie a he lit

Aduk

halnek ofVebte Y, Utiiy rckers te No votmita cmamintss cianintg m
so rtdoor ai

Fu gitive Da sbdae Yes bTii wAMt nayM tp.be jI
tocamu m samin isie dm .a weaa

GrenwA r bad C smum Ye Uility wutam a e m a m d grammalr

haI ehtle Ye Utility weea may be apsed t e coat mium minssing fm
pvM"~ IDodI

Ye roundwarnt. oneor*

t So ad Sbtbc Dumd alce Yes R~aimal o y ma rsed a somi ce=a4 miuamd t e aw mb

lhlin e a Votils No VOC winqie and due i s it r

Fugilive D Yes Redoal sm maybec d to mcoaiams uing

oens atn vrvnile No Vilo wi .&-ee a iS m aicas mr

Sathi Warr .aAd Ye Reatiomeim assy becw apsae dHapfomdwr
beidald hgnida uath

raftow olaci aeaimgessies comm DimmenominewaSo

hasr O.Sis Swatdentnce Dumulaas Yes Seametaiidm3 rhdoworaemsmant
Ma Son bci&dml lmim

Trapan

lalion (VOD No VMSh wil ispuse ad date intals sir

P a hda Ye olamaim is Am en bebaowm sa

Gamdwr hdm evehiles No '0 wl dispa and lma Se bims air

Suranw war Do Co Ye Yb e iehag o masbsmsed otra udsesl eMqmsed a
dmeS hisi C ams ws whe phyin .a a.amS Sm spine Alm

a - -

Ol- S T X .Sxpeds0s)07AZ2ales Par 2 or 2



TABLE 9
EXPOSUR' LSSUMPTIONS FOR THE OXFORD PAPER MILL SITE

Adeucentt Recreatical Construtloe utity

Receptor Trespasser User Worker Worker

Ocarence CumrniFuture Future Fature Future
Localle Outdoors Outdoors Outdoors Owrdeors
lip- Chrom Chrcck Subekrook Subcebreek

Age yr Clud (11-16) Child (6-7) Adult Adut Adult
Body Weight ks 51. (1) 15 (1) 70 (1) 70 (1) 70 (1)
Carchegeic Averaglg Perl yr 75 .(1) 75 (1) 75 (1) 75 (1) 75 (1)
l.C! A!!rft Period yr 7 (1) 7 (1) 30 (1) 1 (1) 1 (1)

Sell

todmet supease
Ingusteu Rate mpday so (1) 300 (1) so (1) 100 (5) 100 (3)
ExposureFqueey dayr 26 (1) 78 (1) 78 (1) 125 (1) 15 (1)

xpMure Duratie yr 7 (1) 7 (1) 30 (1) 1 (1) 1 (1)
Ceeomverstea Facter kgg 1J.DE-6 I .0E-06 1.0E-06 .0 6 1.01-06

Derms Cntr
Sklm Surface Area cm 2928 (6d) 2434 (6a) 5657 (6b) 3477 (Ge) 3477 (Ge)
Se8 Adber"e Fad mgca 0.14 (6) 035 (6) 0.13 (6) 0.29 (6) 0.29 (6)
EVxpmure Ftqm y da 26 (1) 78 (1) 73 (1) 125 (1) 5is (1)

Expoureralle yr 7 (I) 7 (1) 30 (1) I (1) 1 (1)
Com verales Facter klmg 1.OE-6 L.O-06 1.0E6 1.0F06 I .OE-06

Iashatbm rn FIive Dit
Resp iablbDst-PM 4gh 32 (1) 32 (I) 32 (1) 60 (I) 60 (1)

I halbtleml Rat m'ar 0.5 (I) 0.36 (1) 11 (1) 3.6 (1) 3.6 (1)
ExposureThe brbday 1 (2) 15 (2) (2) 8 (2) 3 (1)
apoFrereqnty dytyr 26 (1) 78 (1) 78 (1) 125 (1) 15 (1)
Expesure Durties yr 7 (1) 7 (1) 30 (1) 1 (1) I (1)
CeMevYelea Fater kgag 1.0E-09 1.0.-09 L.OP.9 1.0F9 1.01F-09

Grounmdwater and Serface Water

Ianstinm Rale mldy 50 (1) 50 (1) 5o (1) 5o (3) 5o (1)
EpmureFleqmecy da 26 (1) 72 (1) 78 (1) 125 (1) 15 (1)
EzpmerDursDam yr 7 (1) 7 (1) 30 (1) 1 (1) 1 (1)
Conver Facter lm 1.U-03 1.043 1 .0E- 1.0IE-03 1.0-03
CeuneImFacter .ug 13.4-03 1.013 1.0-03 1.0LE-03 LOE03

Derl Coltact
Skim Sm-orfarceArea m 292 (64) 2434 (Ga) 5657 (b) 3477 (6c) 3477 (6c)
ftpeawwne k 1 (1) 1 (1) 1 (1) 3 (1) 9 (1)
Exposurl ruepmuqy dayr 26 (1) 73 (1) 72 (1) 125 (1) iS (1)

Expsear Duraem . 7 (1) 7 (I) 30 (1) 1 (1) I (1)
Comverslm Fater mntg LOA03 LOFA3 Lose0 I.OFA3 .0FAD

Air
Ishalam of lads or Oluer Air

ExpsemeTb kday NE NE NE 8 (2) 3 (2)
Expos Freq- y daylyr NE NE NE 125 (1) 1is (1)
E perDerate yr NE NE NE I (1) 1 (1)
Camerse.. Fater lday NE NE NE 24 24

(1) MADE, 3M; GodeowforDbpesoldur Risk Characerlim
(2) WSEPA, 1997; FppmwFan er; abo
(3) MA , 1994; Bo5Agruad D mmso ,f r Dawtopmeu ofthe MCP MericaISnast
(4) MADE, 1997; AsMsdatScowt rfoa at Derember
(5) MADE. 2002; Ca klat m %sfrdmaced Sdn do, I atein e- Technc UpW c
(6) MADEP, 2002; We dkis -TfAdIrnce Fecos - Technical Updat
a Asmmnes expomwe io ads, as, kpg. ft. and fce (5-:64)
b A ssumes expoes to bands, Ams, lower kgs, fm, and face.
c Assmnes exposure to hands, Aumsf ce and fet
d Asses xpest hads, bmfa ms, and fect.

NE Nt evaluated

TOX_oX1 aeExpn A-aIm)0710212003 Pace I of I
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TABLE II
COMPARISON OF SOIL EXPOSURE POINT CONCENTRATIONS

TO UPPER CONCENTRATION LIMITS

Current Future Upper
Exposure Polat Exposure Point Concentration

COPC Coneoratiom Concentration Lin for
(a) (a) Soll

m..) (m Kg) (rN

4m dor-1248
A kcork-1254

9-C1 l8 Aliphatics
C19-C36 Aliphasics

I I-C22 Arwmatics

2-Mehynaphtaknle
Acenapthene

:)tlm

ntEaene

Beno(ah)antcne

Benbfnhene

Ocn ip

Claysene

ic

TNhalumn

Varaium

Ocryllium
admium

Copper

4ac-ury

Nickel

11hallium
Vanadium
Z~inc

0.22

0.52

8.2

032
0.79

22
39
122

0.50
12

039
2.5
6.0
4.6
6.7
2-5
2.7
63
3.2
13
1.2
3,9

0.62
S9.6

12

1.2
29
74

0.65
8.6
19
35
135
1.2
35

039
0.12
0.45
137
122

100
100

20,000
20,000
10,000

10,000
10,000
10,000
10,000

100
100
100

10,000
400
400
100

10,000
10,000

100
10,000
10,000
10,000

400
300

10,000
30
800

10,000
NA

6,000
600

7,000o
10,000
2,0002Ao0

1,000
10,000
10,000

NOTES:
Shaded values exceed critmia.
(a) Coxnceunaons taken frlm Tables I ad 2.
UCLs obtained fom 310CMR 40.0996 Table 6 1]0W29/99.

omx txUa pJcsdJorAorzool hea r as



TABLE 12
COMPARISON OF GROUNDWATER EXPOSURE POINT

CONCENTRATIONS TO UPPER CONCENTRATION LIMITS U

Site-Wide Upper
Maximum Co entrationm

OPC Greendwater Lirmit for
Concetratlon (a) Greundwater

(u3) (uy/L)

18 Aliphatics 44 100,000
19-C36 Aliphatics 49 100,000

11 4,000
Imn 83 100,000
Ym 0.48 500
um ' 1.1 20,000

'tkd 12 1,000
leiumn 18 800

anadiwnum 3710 20,000
17 20,000

NOTES:
(a) Concenbations taken from Table 3.
UCIa obtained Efom 3 0CMR 40.0996(7), Table 6, October 1999.

Wmanew va f) -w_,..n-s wjC. ws



TABLE 13
COMPARISON OF AMBIENT WATER QUALITY CRITERIA

TO DILUTED GROUNDWATER CONCENTRATIONS

Ske-wide
COPC Average Concentratio Massachesets

Groundwater Diluted AWQC
Coascetration (a) 10 ld

ag/L u/L ag/L

18 Aiphatics 30 3.0 1,800
C9-C36 Aliphatics 41 4.1 2,100

Aenic 5 0.55 36
B m 54 5.4 NA

Beryium 0.30 0.030 5.3
hrmium 0.8 0.085 II

ic 5 0.46 8.3
Sentim 44 4.4 5

Vanadium 778 78 NA
in 6 0.63 86

NOTES:
Shaded vaines exceed criteria.
(a) Concentrations taken fom Table 3.

7AWnceS rPaewf sw mams Awact
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* MA EP - Bureau of Waste he Cleanup
SITE NAME: Site Scoring Map: 500 feet & 0.5 Mile Radii
Oxford Paper MIII / . . ., ,

anal Street I*
LAWRENCE, MA I z
939758n 2 2R7320 Site Location .. ...
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NRS SCORING MAP DATA SOURCES

AQUIFERS: USGS-WRDIMassGIS, 1:48,000.
Automated by MassGIS from the USGS Water
Resources Div. Hydrologic Atlas series manuscripts. The
definitions of high and medium yield vary among basins.

I Source dates 1977-1988.

SOLE SOURCE AQUIFERS: US EPA/MA
DEPIMazsGIS, various scales. They are defined by EPA
as aquifers that are the 'sole or principal source' of
drinking water for a given aquifer service area. Last
updated May 1996.

I NON POTENTIAL DRINKING WATER SOURCE
AREAS: DEP-BWSC (Bureau of Waste Site Cleanup).
Those portions of high and medium yield aquifers, which
may not be considered as areas of groundwater
conducive to the locations of public water supplies.
Please refer to the MCP guidelines for the definitions ofI these areas.

DEP APPROVED ZONE II's: MA DEP. 1:25,000. As
stated in 310 CMR 22.02 'that area of an aquifer which

I contributes water to a well under the most severe
pumping and recharge conditions that can be realistically
anticipated.' Digitized from data provided to DEP in
a pproved hydrologic engineering reports. Data is
updated continuously.

INTERIM WELLHEAD PROTECTION AREAS: DEP-I DWS (Division of Water Supply). 125,000. These
polygons represent an interim Zone 11t for a Groundwater
source until an actual one is approved by tte OEP

Sivision of Water Supply. The radius of an iWM ; ies
according to the approved pumping rate. Updated in

parallel with the Public Water Supplies data-

SPUBLIC WATER SUPPMES: DEP-DWS, 125,000.
Community and non-community surface and withdrawal
points were field collected using Global Positioning
System receivers. The attributes were added from theI DEP Division of Water Supply database. Continuously
updated.

HYDROGRAPHY: USGS/MassGIS. 125,000 USGS
Digital Line Graph (DLG) data modified by MassGIS.
Approximately 40% of the data was provided by USGS
and MassGIS created the remainder to USGS
specifications. Source dates 1977-1997.

DRAINAGE BASINS: USGS-WRDIMassGIS, 1:24,000.
Automated by MassGIS from USGS Water Resources
Division manuscripts with approximately 2400
sub-basins as interpreted from 1:24,000 USGS
quadrangle contour lines. 1987-1993.

WETLANDS: Umass Amherst RMP/MassGIS, 1:25,000.
Includes nonforested wetlands extracted from the
1971-1991 Land Use datalayer, which was -
photointerpreted from summer CIR photography.
Interpretation was not done in stereo. Also includes, in
most areas, forested wetlands from USGS Digital Line
Graph (DLG) data.

PROTECTED OPEN SPACE: EOEA (Executive Cffice
of Environmental Affairs) MassGIS, 1:25,000. Includes
federal, state, county, municipal, non-profit and
protected private conservation and outdoor recreation
lands. Ongoing updates.

ACECs: DEM, 1:25,000. Areas of Critical Environmentai
Concern are areas designated by the Secretary of ECEA
as having a number of valuable environmental features
coexisting. Projects in ACECs are subject to the highest
standards of review and performance. Last updated
October 1996.

ROADS: USGS/MassGIS/MHO, 1:100,000. MassGIS
extracted roads from the USGS Transpornaticn DLG
files. MA Highway Dept. updated roads thrcugh, 1989.
MassGIS and MA DEP GIS group further edited this
layer. Numbered routes are part of the state. U.S. or
Interstate highway systems.

POLITICAL BOUNDARIES: MassGIS/USGS, 1:25,.C0.
This datalayer was digitized by MassGIS from mylar
USGS quads. Source date is approximately 1985.

DEP PERMITTED SOLID WASTE FACILITIES: DEP-
CSW (Division of Solid Waste), 1 :25,000. Includes only
facilities regulated since 1971. Data includes sanitary
landfills, transfer stations and recycling or composting
facilities. Facility boundaries were compiled or
approximate facility point locations drafted onto USGS
quadrangles and automated by the DEP Division of Solid
Waste. Last updated 1997.

NHESP ESTIMATED HABITATS OF RARE
WETLANDS WILDULIFE: Polygons show estimatea
habitats for all processed occurrences of rare wetlands
wildlife. Data collected by Natural Heritage &
Endangered Species Program and compiled at 1:24,000
or 125,000 scale. For use with Wetlands Protection Act
Only. Effective 1999 - 2001.

NHESP CERTIFIED VERNAL POOLS: Points show all
vernal pools certified by NHESP/MADFW (Fisheries and
Wildlife) as of June 30, 1999. Data compiled at 1:24,000
or 1:25,000 scale. Effective 1999- 2001.

Last reviset 2000
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Table A-3. Summary Of Analyikal Data For Groundwater
Former Oxford Phper Mil - March 2003

LOCATION NAME MW-i MW-3 MW-S KMW-S MW4 MW.I0
MAE SAMPLE ID MW-I MW-3 MW.5 KMW-S MW-4 MW-SO

DATE RECEIVED BY LAB: 3/7/03 327)03 3/27A3 3/27)03 327/83 - 3/27/03
DEPTH TO WATER FROM GROUND SURFAC: 165, 143 I' 14.' 14.8 15' 6.

COMMENTS FD

P - EPA SW446 Mtthod O= fueL.
Aoclwl016
Aseclc-122 I
AMclu.I1232
Arockw-1242
Aclar-1248
Aroct-1254
Aroclr-1260

"Ft * ,lllI .~p lli.i lhll @ b l s

1.0 U
3.0 U
1.0 U
1.0 U
1.0 U
1.0 U
1.0 U

oVAT0LE.E1TR.O. E & IsLEUp 1 L l - S ;~ .tE a L -S
Cs-Cs Alihas

CrCa Aliphtics

MTBE
CrCo A-wk

Dm
Benzanc
Tohlce
Edlyburne
m- anl p-Xyenes
o-Xylem
N~aptslee

100 U

20U

40U

15 U5U

15 U
SU

20U
IOU
10 U

1.0 U
1.0 U
1.0 U
1.0 U
1.0 U
1.0 U
1.0 U

/L)
100 U
20 U

45 U

2is U
5 U

IS U
5 U
20 U

I0 U
I0 U

.3ftLfSf*JNRfIllf~l ~ V~ I k

CrC Aliphatics
CrCn Aliphas
Cz Arunics

Accopbykae
AmBenam

Begc(ak)ppeas

Bemo(b)nmbene
B-41palBeaso(g,19"}perr

Disoem,b )aullecene
looraab~ae

Iknd(,2>lpyes

PheDsbma

24-Mdierybtuk

P eritf reESm Meak pi parum ad dm V .mL)

Ba-um

Beryllium
cadmieChernimn

Copper
Lad

Mercury

vomm

Vanadiu
tinc

30 U
45

85 U

5 U
s U
5 U
5U
5 U
5 U
5 U
5 U
5 U
5 U
sU
5 U
s U
5 U
5 U
LU
5 U

3A UI
4 3.5 U
•7681 J

0.SD U
.70 U
1.1 j
4.0 U
4.0 U

0.12 U
3.1 j
9.0 U
2.0 U
3.0 U
1.2 U
7.0 U

35

44

85 U

5 U
5 U
5 U
5 U
SU

SU
5 U
SU
5U

.5 U
SU

SU
5 U
5 U
SU
SU
5 U

6.7 U
4.2 J
83.4 J
4-50 U
0.70 U

1.0 J
4.0 U
4.0 U

0.34 U
4.0
ts
2.0 U
3.0 U
ISS
7.0 U

1.0 U
1.0 U
1.0 U
2.0 U
1.0 U
1.0 U
1.0 U

100 U
20 U
30 U

15 U

5 U
ISU
5 U

20U
I0 U
IOU

30 U
40U
5 U

5 U
SU
5 U
LU
5 U
SU
S U5 U
SU
5U
5 U
5 U
5 U
SU
SU
5 U
$ U
5 U

6S U)
7.9 3

34.2 J
050 U
0.70 U

1.0 J
11.1 U
4.0 U

0.13 U
2.6 J
9.0 U
2.0 U
3.0 U

0.70 U
38.L9 J

1.0 U
1.0 U
1.0 U
1.0 U
1.0 U
2.0 U
1.0 U

100 U

20 U

34 U

I5 U
SU

Is U
5 U

20 U
I0 U
IO U

30 U

40U

s85 U

SU

5 U
5 U
sU

5U
5 U
SU
5 U
SU

SU
SU

s U
5 U
5 U
SU

5 U
SU

4.3 U
4. J

32.6
.71 J

0.70 U
0.97
4.5 UJ
4.0 U

0.13 U
20,3 J
16.0 J
2.0 U
3.0 U

11.1 J
IS.9 J

1.0 U
1.0 U
1.0 U
I.0 U
1.0 U
3.0 U
1.0 U

100 U
20 U
46 U

IS U
SU
IS U
SU

20 U
10 IOU
10 U

40J

49 J
85 U

5 U
5 U
SU
5 U
5 U
S UII
5 U
5 U
5U
5 U
5 U
5 U
SU
5 U
5 U
5 U
5 U

7.1 UJ
11.0 1
44.0 3

.30 U
0.70 U
0.60 U

4.0 U
4.0 U

0.12 U
5.6 J

12.1 J
2-0 U
3.0 U

3710
7.0 U

1.0 U
1.0 U
l.0 U
1.0 U
1.0 U
1.0 U
1.0 U

100 U

20 U

46 U

I5 U
5 U
IS U
SU

20U
10 U
10U

44

45

5 U

SU
SU

SU
5U

5 U
5 U
.5 U
5 U
SU
SU
5 U
SU

5U.
5 U
5 U
5 U
5 U

47 U
4.4 J
47 U

0.50 U
0.70 U
0.85 3
4.0 U
4.0 U

0.14 U
0.94 3

9.0 U
2.0 U
3.0 U

15.0 J
7.0 U

I - I a I - I - I - I a

Na&M
FD - icates Fes Duplcate
J - QCwntitaion is apprcant dueh to mitations iMdentien quatty oontl review.
U - AnPjy s dot etected. Value repor ted is te s mplespecf detection kIt
UJ - SaipHpedc d en lt nis appranmate due to ulbato idied in te quaily contbal rview.
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TABLE A-6
PHYSICAL AND CHEMICAL PROPERTIES OF GROUNDWATER AND SURFACE WATPER

CHEMICALS OF POTENTIAL CONCERN

Log
Henry's Law OctanolWater

Molecular Constant Partition Log
alytes W.bt Ht' Coeflet Kp Kp

Units: girot atrn-ThD'iJe_ enwVhr

918 Aliphatics 170 6 1.7E+00 b 5.70 d -1.5 c 0.032 calc
C19-C36 Aliphatics 283 d NA b 11.27 d -1.5 c 0.032 cakc

Aric 75 a NA NA NA 0.001 c
arinum 137 a NA NA NA 0.001 c
ryium 9 a NA NA NA 0.001 c
hr nium 52 a NA NA NA 0.001 c

ickel 59 a NA NA NA 0.00020 c
leium 79 a NA NA NA 0.001 c

anadiurn 51 NA NA NA 0.00100 c
65 a NA NA NA 0.00060 c

NOTES:
(a) MADEP 1994
(b) MADEP 1997
(c) EPA 2001. RAGS Part E
(d) TPHCWG Vol3 1996

tox lOXt.sLphSh iclemato he I1 



TABLE A-7
CALCULATION OF NORMALIZED AVERAGE DAILY INTAKE RATES

AND NORMALIZED AVERAGE DAILY CONTACT RATES

Ingestion of Soil

ConstructionWorker
Adolescnt Trespasser
Child Recreational User
Adult Recreational User
Utility Worker

Dermal Contact of Sell

ConstmctiooWorker
Adolescent Tspasser
Child Recreaional User
Adult Recreational User
Utility Worker

Inhalation of Fugitive Dust from Soil

Consmction Worker
AdolescentTrespasser
Child Recsional User
Adult Reasatioml Umrn
Utility Worker

Incidental Ingestion f Groundwater
or Surface Water
Consruction Worker
Utility Worker
Adolescent Trspasser
Child Recatiorialm Usr
Adult RecreationalUser

Dermial Contact with Grmandwater
or Surface Water
Constaction Worker
Utility Worker
AdDkscent Tnspasser
Child Recimeational User
Adult Recreational User

Inhalatlm OutdowAr Air

ConsiwionWeeker
Utility Wodrker

mg/kgtday

NADSIRe,

4.9E-01
6.9E-02
1.4E+00

1.5E-01
5.9E-02

mg/day day/yr
- IR a EF x
- 100 x 125 x
- 50 x 26 x
- 100 x 78 x
- 50 x 78 x
= 100 x 15 x

mg/ f*day cna
NADSCR, - SA x

4.9E+00 '- 3477 x
5.6E-01 - 2928 x
1.2E+01 -2434 x
2E+00 * '657 x
5.9-01 * 3477 x

daylyr
EF x
125 x
26 x
78 x
78 x
15 x

(day)' m3/r br/day daylyr
NADSIR - R x ET x EF x
8.5E-09 - 3.6 x 8 x 125 x
3.5-Il - 0.8 x 1 x 26 x
2.51E-10 - 0.36 x 1.5 x 78 x
12E-10 - 1.2 x 1 x 78 x
I.0E-09 - 3.6 x 8 x 15 x

1kg4*day 1/day daylyr yr
NADSIRc, - IR x EF x ED /

2.4E-04 - 0.05 x 125 x I /
2.9E-05 - 0.05 x 15 x I I
6.91-05 - 0.05 x 26 x 7 I
7.1E44 - 0.05 x 78 x 7 /
1.51-04 - 0.05 x 78 x 30 /

a-4r/g*day .t hr/day day/yr
NADSC Ia = SA x ET a EF x

1.4AE+02 = 3477 x 8 K 125 x
1.6E01 - 3477 x 8 x 5I x
4.0E400 - 2928 x 1 x 26 x
3.5E+01 - 2434 x - I x 78 x
1.7E+01 - 5657 x I x 78 x

brday day/yr yr
NAJDS) - ET x EF ED I

1.E1-01 - 8 x 125 x 1 /I
1.41-02 - 8 x S1 x I /

kg day
/ BW s AP
/ 70 x 365
/ 51.8 a 2553
/ 15 x 2555
/ 70 x 10950
/ 70 x 365

mlem2
AF
0.29
0.14
035
0.13
0.29

yr
ED
7
7
7

30
I

kg day
I BW x AP

/ 70 x 365
/ 51.8 x 2555
/ 15 x 2555
1 70 x 10950
/ 70 x 365

agzhn3 khag hI day
x PMI x CF I BW x AP
x 60 x 1.0E-09 / 70 x 365
x 32 x 1.0&"9 1 51.8 x 2555
x 32 x L.0E-09 / 15 x 2555
x 32 x l.OE-09 / 70 x 10950
x 60 x LO.E-09 / 70 x 365

day
I AP
x 365
x 365
x 255
x 2555
X 10950

kg day
/ BW x AP

I 70 x 365
/ 70 x 765,.
/ 51.8 x ' 75 ..
1 15 x 2555
/ 70 x 10950

br/day
* CF
x 24
x 24

AF - Adhereace Factor
AP- AvragingPcriod

BW- BodyWeight
CF- Cmasr ion Factor
EF- Expo u Frequ-cy

ED- ExpermeDunation
ET- Exposure Time
IR - h gesidon Rate Inhalation Rate

NADSCR- Nonmlifzd Average Daily Contact Rale
NADSIIt- Nmalimhed Avmge Daily nlake Rate

PMn - Paicular t material less than 10 mins in dianener
SA - Surface Area

TOXpx (NADR Ca )69/2003 Pag of I



TABLE A-8
CALCULATION OF NORMALIZED LIFETIME AVERAGE DAILY INTAKE RATES

AND NORMALIZED LIFETIME AVERAGE DAILY CONTACT RATES

Ingestion of Son

ConsuctionWorkcr
Adolescent TrespasseT
Child Recreational User
Adult Recmational User
Utility Wokcr

Dermal Contact of Soil

CmonstructionWrker
Adolescent Trespasser
Child Recea6m tionalUser
Adulh Recational User
Utility Wodker

InbalaWim of Fugitive Dust fom SoB

Comsuction Workerd
Adolescent Trespasser
Child Reaesional User
Adult Rheational User
Utility Waker

laedental lagesom ofGroundwater
wr Sarface Water
Cnsmctionm Worker
Utility Woker
Adolescent Tmrespasser
Chilkd Recational User
Adult Reaonal User

Dermal Cetaet with Grnmadwater
or Surface Water
Consumtie Wa=ker
UbityVWark-
Adolescet Tlr
Child Rteancat User
Adult Remciaioal User

lahaladentofOutdeer Air

Constrc ticuWorker
CCUtility WoWksubfwmi

mcktCday mg/day day/yr
NLADER., - IR x EF x

6-5E-03 - 100 x 125 x
6.4AE-03 - 50 x 26 x
1.3E-01 - 100 x 78 x
6.1E-02 - 50 x 78 x
7.8E-04 - .100 x IS x

mghday nt day/yr
NLADCRm - SA x EF x

66-02 - 3477 x 125 x
53E-02 - 2928 x 26 x
.IE+OD0 - 2434 x 78 x

9.0E-01 - 5657 x 78 x
7.9E-03 - 3477 x 15 x

(day) m3/br brAday day/yr
NIADM - IR x IT a EF x

I.1I-10 - 3.6 x 8 a 125 x
331-12 - 0.8 x I x 26 x
2.3E-11 - 0.36 x 15 x 78 x
4.7E-13 - 1.2 x I x 78 x
.4,-I1 - 3.6 x 8 x IS x

I~g*day [Way day/yr
NIADRg,.w - IR a EF

331-06 - 0.05 x 125
3.9E-07 - 0.05 x 15
6.4E.06 - 0.05 x 26
6.05,- - 0.05 x 78
6.1EOS - 0.05 x 78

yr
x ED
a 1
x I

x 7
x 7
x 30

cm'-brikrday cm2 br/day day/yr

AD6CRcm - SA x ET x EF
.8E400 - 3477 x a x 125

2.2E-01 - 3477 x 8 x 15I
3.8M01 - 2928 x I x 26
3.2E+00 - 2434 x I x 78
6.9E+400 - 5657 x I x 78

br/ay dayyr yr
NIADSU - T 1 EF x ED

1553 - 8 x 125 x I
1.8A-04 - x 15 x I

kg day
I BW x AP
1 70 x 27375
S 51.8 x 27375
/ 15 x 27375
S 70 x 27375
/ 70 x 27375

m/cm kg day
AF / BW x AP
0.29 I 70 x 27375
0.14 / 513.8 x 27375
035 / 15 x 27375
0.13 I 70 x. 27375
029 / 70 x 27375

yr ug/m kaft kg day
ED x PMIO a CF / BW a AP
I x 60 x 1.0E09 / 70 x 27375
7 x 32 x .0-09 1 51.8 x 27375
7 x 32 x LOE9 / 15 x 27375

30 x 32 x I.0E-09 / 70 x 27375
I x 60 x L.0E-09 / 70 x 27375

day
a AP
x 27375
x 27375
x 27375
a 27375
x 27375

kg day
/ BW I AP
/ 70 x 27375
/ 70 x 27375
I $1.8 x 27375
I 15 x 27375
I 70 x 27375

day br/day.
I At x CF

I 27375 a 24
I 27375 x 24

AF- Adherence Factorm
AP - Aveaging Period

BW- Body weig 4
CF- Conmersiomn Factm
EF - Exposue Fequncy
ED- ExposreDuatio
ETr- Exposume Tun

R Igestion Rate Ihalatias Rate
NLADCR = N m lind Ufeime Avesamp Daily Comntact Rare
NLADIR - Nonnelized UIftime Avermp Daily Ilake Rfame

PM, - Particulate material less ths 10 Sc s in diameter
SA- Srte Area

TOXo (N.AD_ Cak)6/9/2003 Page I of I



TABLE A-9
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS.

FOR CURRENT ADOLESCENT TRESPASSER EXPOSURES TO SURFACE SOIL

Chronic Soil Chronic Seoil Dermal Chemkal-Specifl Specific
Ingest Exposure Contact Exposure Chroak Hazard Quotient Hazard

Coutaminuant of EFC(a) RAF ADD (c) RAF ADD (d) RID (b) Ingestion Dermal Index
Concer (m/kg) (b) (mig)mday) (b) (ngkg-day) (mg/k-day) (e) 4e) (e)

C9-C18 Alipatics 82 1 5.6E-07 0.5 23E-06 1.0E-01 5.6E-06 23E-05 2.9E-05
C19-C36 Aliphatics 59 1 4.1E-06 0.1 3.4E-06 2.0E+00 20E-06 1.7E-06 3.7E-16
Cl 1-C02 Arnomatics 143 0.36 3.5E-06 0.1 8. 1 E-06 3.0E-02 1 .2E-04 2.7E-04 3.9E-04

2-Mcthylaphhalene 0.48 1 3.3E-08 0.1 2.7E-08 4.0E-02 8.3E-07 6.8E-07 1.5E-06
Accnaphthcmnc 13 1 8.6E-10 0.2 1.4E-07 6.0F-02 1.4E406 2.4E-06 3.8E-06
Acenaphthylna 0.42 0.91 2.6E.05 0.13 421E-08 4.0E-02 6.6E47 I.E-06 1.7E.06
Anthnmacne 2.7 I 1.9E-07 0.29 4.5E-07 3.0E-014 6.3E-07 13.5E-06 2.E.-06
Bua(a)antlncne 7.1 0.91 4.4E.07 0.18 7.2E-07 4.01-02 1.1E-05 1.8E-5 2.9E45
Bnzo(aiwene 5.5 0.91 3.4E247 0.18 5.5E-07 4,-042 8.5E-06 1.4E-05 2.2E45
Bcnzo(b)flandhc 8.0 0.91 5.01547 0.18 8.117 4.0E-0 1.2105 2.01.-05 3.3E 45
Benzo(g.hipryl 2.7 0.91 1.7E-07 0.18 2.8E07 4.0E-02 4.3E.06 6.9E-06 I.IE-05
Ben-z(k)floamdene 3.2 0.91 2.0207 0.18 3.2E-07 4.0-02 5.0-06 8.1E-06 1.3E5
Cbrysca 7.5 0.91 4.7E47 0.18 7.6E-07 4.002 1.2E-0 1.9.-05 3.1205
Dibenz(ah)anthracnc 3.7 0.91 2.3E-07 0.03 1.65-07 4.0E-02 5.7E-06 4.1E-06 9.8E.06
Flooanth]c 15 I 1.0E06 02 1.7E-06 4.0E-2 2.6-0 4.2E-05 6.8E45
Fhon 1.2 I 8.5E48 0.2 1.4.-07 4.0E-01 2.LIE-07 3.5E-47 5.6E07
Indmo(323-ed)p0 n 4.5 0.91 2.1E-7 0.18 4.6F,07 4.0-02 7.1E-06 1.IE.0 1.9E-05
Naphthalene 0.63 1 4.354 0.1 3.6E- 20.02 2.21.06 1.8E4-06 4.0E-06
Phenanthrn 10 0.91 6.6E-07 0.18 1.E-06 4.0-02 1.6E5 2.7E-5 4.3FA
Py e I5 I L0"6 0.2 1.6E-06 3.0O2 3.31.-05 .5E-0 8.8EA

Arocar-1248 0.22 0.85 1.3F-S 0.067 8.4E-09 2.0E-05 6.5E-4 42E44 1.IE-03
Aroclr-1254 0.52 0.85 3.1E-08 0.067 2.0&08 2.0F5 .E-03 9.9E-04 2.5F,03

Animmony 1.7 1 1.1E-07 0.1 93E-08 4.0F04 2-1E.04 2.3E404 5.2F-04
Arsenic 37 1 12.6 0.03 631-07 3.0204 8.61-03 2-1.03 3.15.02
Barium 74 039 2.0E-06 03 .2E-05 '9-742 2.8-"0 1.8E-04 2.E1-04
B esyflium 0.62 1 43FO 0.03 .LIF- 20r.-03 21E-05 5.3FA6 2.7150
Cahniun 10 1 7.0E.-07 0.14 8&0.07 ".Gi ' 7.0F4_ 8.0.04 1.5E-043
Chluomimant 23 1 1.61-06 0.09 1.2F,4 3.E-03 5.3E-04 3.9E-04 9.1E44
Copper 34 1 23E4-06 0.3 5.8E-06 4.0E-02 5.9E-05 1.414E-4 2.0F24
Lead 197 0.5 6.8-06 0006 6.7.07 7.5E-04 9.I03 8.9E-04 9.91.03
Mercury 1.2 I &0-08 0.05 33E-0 3.-044 2.7E-04 1.IE-04 3.8-04
Nickel 41 1 L-0 035 LI-06 2.0-03 I.4-03 4.151-03 5.5503
Solonium 0.54 1 3.75-08 0.002 6.1&-10 5.003 7,5E-06 1.2,E7 7.06
Siver 0.14 1 9.8E09 0.25 2.0E-08 5.0E-03 2.006 4.02-06 6.0E-06
Thallimn 0.46 1 3.06F 0.01 2.6- 8..0E45 3.91-04 3.215 43E44
Vanadium 140 1.86 1.8805 0.14 1.IF- 9.003 2.0E-03 12E-03 3.2.03

c 114 I 7.9E4-06 0.02 1.3E-06 3.0-01 2.6E-05 43E-06 3.1E-

NOTES
(a) EPCs presented in Table I.
(b) RMand RAF vaues taken m Tables Sad W7, spectively.
(c) The soil ingestion average dm ADDO is calculated by she Mowing equaion:
Sonil Insion ADD- -OHqa * 10* kghg * RAFing * NADSIRaM
(d) The soil dermal conact ADD iscalulated by te fogowingcquation*
Soil Comtact ADD - OHMJ)sil * 1l' kgMg * RAFdem * NADSCRsoi
(c) Hazard Quoticat - ADIWM) and Ha iad bdckx - Sum (Hazard Quaents)

TOTAL HAZARD INDEX - 2.6E1-02 + 1.2E-02 - 4E02

whe, NADSIRsoil- 6.9E-02 mg sog-day

whu, NADSCRsoil 5.6F-01 mg soillig-day

SL eWxa.s JSL- C Yr cr-m1efrMan *wav 1rt



TABLE A-10

LIFETME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS
FOR CURRENT ADOLESCENT TRESPASSER EXPOSURES TO SURFACE SOIL

Son Soil Dermal Cbemkal-Specifi Chembiss-

Ingestion Exposure Contact Fpmre ELCR Specific

ContamInant of EFC(a) RAF LADD(c) RAF LADD(d) SF (b) Ingestion Dermal ELCR

Concera (mPIkg)R (b) (mg/kg-fy) (b) (mgkg-day) (m/ikg"ay' (e) () (e)

C9-Cl8 AliNphatics 8.2 NC NC NC NC NA NC NC NC

C19-C36 Aliphades 59 NC NC NC NC NA NC NC NC

CI-C22 Aomatics 143 NC NC NC NC NA NC NC NC

2-Methybraphtlhalne 0.48 NC NC NC NC NA NC NC NC

Actnaphtiene 13 NC NC NC NC NA NC NC NC

Acenaphithylene 0.42 NC NC NC NC NA NC NC NC

An2nacene 2.7 NC NC NC NC NA NC NC NC

Benzo(a)an9dcew 7.1 1 4.6E-04 0.2 7.5E-08 73E-01 3.3E-05 5-51-08 &BE-0
Ben (a)pyce S.5 1 3.15-0 0.2 5.7E-08 73E+00 2.6E-07 4.2E-07 67E-047

Benzo(b)fhineth 8.0 1 5.IE8 0.2 4E -0A 7.3E-01 3.7E- & 1E4 9.9E-048

ezo(g" iaylene 2.7 NC NC NC NC NA NC NC NC

Bcao(k)bnnexw 3.2 1 2.0E1 012 33E-08 73E-402 1.5E-09 2.4E-049 3.9E-049

Chryse 7.5 1 4.8E-408 0.2 7.9E-04 7.3E-02 3.5E-09 5.8E-09 9.3E-09

DibenO(ah)nacene 3.7 1 2.3E-14 0.09 1.7E- 73E+00 1.7E-07 13E-47 3.0E-07

Floumbihne 15 NC NC NC NC NA NC NC NC

Fluonme 1.2 NC NC NC NC NA NC NC NC

hIndmo(1,2,3-cd)pynne 4.5 1 2.9E-4 0.2 4.7E-0 7.3E-01 2.1E-0 3.5E-0 5.6EA

Naphihafkne 0.63 NC NC NC NC NA NC NC NC

Phenndrne 10 NC NC NC NC NA NC NC NC

Pren 15 NC NC NC NC NA NC NC NC

Amocklor-1248 0.22 0.85 1.2E-09 0.07 7.86E10 2.0E+00 2.4E-49 .6E-09 4.0E-09

Armclor-1254 0.52 0.5 2.9-09 0.07 1.9E-09 2.0E+00 5.7-49 3.7E4-09 9.4E-49

Antimony 1.7 NC NC NC NC NA NC NC NC

Arsenic 37 1 2.4E-47 0.03 5.9E-14 1.5E+40 3.6E-07 8.9E-0 4.5E-07

Isetium 74 NC NC NC NC NA NC NC NC

Feryaiu 0.62 NC NC NC NC NA NC NC NC

CasL a 10 NC NC NC N NA NC - NC NC

Chmium 23 NC NC NC NC NA NC NC NC

Coppe 34 NC NC NC NC NA NC NC NC

Lad 197 NC NC NC NC NA NC NC NC

Mercaiy 2 NC NC NC NC NA NC NC NC

Nichl 41 NC NC NC NC NA NC NC NC

Sekmhn 0.54 NC NC NC NC NA NC NC NC

siver 0.14 NC NC NC NC NA NC NC NC

Itaffim 0.46 NC NC NC NC NA NC NC NC

Vanadium 140 NC NC NC NC NA NC NC NC

Zim 114 NC NC NC NC NA NC NC NC

ELCR- &9E47 + L.0E-047 - 2E4-06

NOIEs

(a) EPCs pmesed in Table 1.
(b) SF and RAF vahies take Sum Tables 5 and 7, rsspecivty.
(c) The soml ingestion lifetime average daily dse LADD is cakbulated by ue fowing lequadom
So Ingestion LADD - [OHMsjil* I kg g * RAFing * NLADSIRsoUIl wher, NLADSIRsoil - 6.4E-43 mgsm5 okg-y

(d) The soilm denmal enact ADD is cakulafd by te foowing equasi
Sol Contact I ADD- [OHM)o * 10 ' k g * RAFdem * NLADSCRsoil whera, NLADSCRsoIWI - 5.3E-02 mg soil s-day

(e) Excess Lifedue CawmKr Risk - LADD * SF

SLajl.- CTm C-EL)i w2o pa I on



TABLE A- I
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR CURRENT ADOLESCENT TRESPASSER EXPOSURES TO FUGITIVE DUST FROM SURFACE SOIL

Chekoa-
Chronk Sel Chromk SoDl CbemkaSpecIf Speific

CI lahlad Epsa, Respiratory Exposre Chronick Cher Hazard Q ewa Hazard
CostamIua.l of EPC(a) RAF ADD (c) RAF ADD (d) R (b) RC (b) I peon Resplrory Inde
Comacr (malg) (b) (mgthay (b) (mgkg-day) (mart-day) (mg- ) (e) (ae) (e)

C9-CISANphatics 5.8E-Io I 1.4E-10 .0oe-01 2.0E-,1 5.E-9 2.5E-9 33E-9
C9-C36 Aphacs 59 I 4.29 I 1.0o-9 2.0E+.00 NA 2.1E9 NC 2.E-9
CII-C22 Aom tics 143 0.36 3.6E-9 I 25E-9 3.0E-02 5.05-02 32E-7 1.8&e-7 3.0&7

2-Mdtfhyia ce 0.48 1 3.4E-II I 8.S-12 4.0oE-02 7.IE-02 .E-10 4.2E-10 132-9
Accuapb&ne 13 1 8.811 1 221-I1 6.0E-2 7.IE42 15119 1.3E-9 2.6-9

Acenoaylwo 0.42 0.91 2.71-11 I 7.4-12 4.0E-02 7.1E,02 6.7E-10 3.6E-10 1.0E-9
A.dracene 2.7 1 12.9J10 I 4.13 3.0E01 7.1F-02 6.4E-10 2.4-9 3.05-9
Bneo()a=dracc 7.1 0.91 4.66-30 1 1.3E-10 4.0-02 7.1302 2.15-8 6.2&9 1.83-8
Denz(apyrMnc 55 0.91 3-SE-10 I 9.6E-lI 4.0E-02 7.1-02 .7E-9 4.7?-9 1.3E-
Bamo(b) lmb e .0 0.91 5.3-10 1 1.4E-10 4.0E-02 7.1 -02 13 4 6.91-9 2.0 3
Bno(gh)pylkne 2.7 0.91 1.7E-10 I 4.E-Il 4.0E-02 7.1302 4.4E-9 2.41-9 6.7&9
Baeo(k)fluormmame 3.2 091 2.010 5.6-1 4.0E-02 7.16-32 5.1E-9 2.8E-9 79-9
Clahrysae 7.5 0.91 43B-10 1 13-10 4.DE02 7.1 42 12E-8 6J-9 I.9E
DienzahaEnhC 3.7 0.91 23&-10 1 6.4-11 4.01.02 7.1202 5.8E-9 3.2E-9 9.0-9
Fhausmhme 1is5 - 1.09 26E-10 4.03-02 7.11E42 2.6E-8 13& 3.9"4
Fhanene 1.2 1 .71-11 2.2E-11 4.0E-01 7.1F-02 22-10 .LIE-9 IJ3-9
Indemno(1,23-cd)enuc 4 0.91 2.9-&30 I 7.9F-I 1 4.002 7.1-02 7.2-9 3915-9 .134
Nqf htimina 0.63 1 4.5-Il 1.1E-1 2.0E-02 7.1F-02 22E9 5.5&-10 259
Pbanarn 10 0.91 6710 I.8E-10 4.002 7.1E-02 1.738 9.15-9 2.634

Py1e IS 1 1.059 1 2.6E-10 3.0E-42 7.1E-02 3.41-8 13E-8 4.754

Anxor-1248 0.22 0.85 13E-11 I 3.9-12 270E45 2.0E-45 6.7E-7 6.957 I.4E-6
Avocks-1254 0.52 0.85 3.1)E-1 1 92-12 2.045 ZOE2005 1.6E-4 1.6E6 3.23.

Atim oy 1.7 1 12-2&10 I 2.9-I1 4.06,04 NA 29&7 NC 2.97
Aneic 37 1 2.6-9 1 6.61-10 3.0E-04 NA 8.8 NC .86
Barium 74 039 2.01-9 1 1 E-9 7.01-02 NA 2.9E8 NC 2.9a

ayghn 0.62 1 4.4-1 1 1.I-13 2.054-03 2.0-05 2.24E-8 13.94 1.96
Cadmim 10 1 7.13-10 1.81 I0 I.0OF3 NA 7.3-7 NC 7.1iE-7
Chemium 23 1 1.6E.9 I .r&O 3.0303 .0E-04 5.4-7 1.4E-5 1.5 5

Coppr 34 I 2.4E-9 1 6.0-10 4.035 NA 6.0-4 NC 6.058
Lead 197 0.53 70-9 1 3 5-e .SE-04 NA 93-6 NC 93E-6
Muey 1.2 1 82E-11 I 2.1tl 3.0-04 NA 2.76-7 NC 2.7-7
Nickel 41 1 2.93 9 I 7.2E-10 2.0E.03 NA IAE4-6 NC 1.45-6
scienm 0.54 1 3s-11 I 9.6E-12 5.0S-03 NA 7.739 NC 7279
Sawm 0.14 3 I.0&I1 1 2.5-12 5.05 0 NA 2.0E-9 NC 209
Thailn 0.46 I 32-1I 1 .1E-12 3.0E0 NA 4.0W-7 NC 40&7
Vanmious 140 1186 13.88 3 2.59 9.050 NA 2.05-6 NC 2.034
Zlic 114 1 3.13-9 I 203-9 30E01 NA 2.724 NC 2.734

TOTAL IAZARDZ NDX - 2.6E-05 + I905 - SS4S
NOTES:

(a) E -Cs pnanad inTable 1.
. (b) RID. RC, sml RAF vaes ake a TablsS. 6, sd 7. mwa.
(c) The bive g sMheits l am ea ADD calculned by abs owing quamio

A [O8C66.hg. * 2 * RAFr4 * 4ADSIRee what, NADSRg- 335-1I ag sealtg-dy
(d) 1w giv dus sirary systm ADDs calulad ty the fobowing qaotio
ADDb,s,. - [OHMab *05 * RAF. * NADSI0

(.) Hazain d Qam einr ADe- baoI.R.n
Respiatory Had Quain - (ADD".." * Body Weight (70 KI) / Daoly I nM Rae (20 m/day)) /RjC
a.d Hamd - S nm (at Q-ou )

NC - Not ca knand
NA - Not AppicableAvaiWAalyzed

st_=o4 t S p-c- CSta)owelsta s swears



TABLEA-12 --
LIFETIME AVERACE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR CURRENT ADOLESCENT TRESPASSER EXPOSURES TO FUJGITIVE DUST FROM SURPACE SOIL

Chromk Sel Chrni Soo Cheaka-pecific Chema-
C lahaies, Elposur Resptory E.,or ELCR Spif

Costamtmaster EIPC(ao) RAF L4DD(c) RAF LADD(d) 5F(b) UskRh(b) Ingesalm Resaormy ELCR
Cocera (asgk ) (s) () r,, ( sy ( )" (m,.m? (e) (e _ (e)

C-C'8 A4hetcs 8.2 NC NC NC NC NA NA NC NC NC
C9-C6 AW cs 59 NC NC NC NC NA NA NC NC NC
C I-22 Aroumic 143 NC NC NC NC NA NA NC NC NC

2-Meaui hbea 0.48 NC NC NC NC NA NA NC NC NC
AceAee 1.3 NC NC NC NC NA NA NC NC NC
Accmpblrn 0.42 NC NC NC NC NA NA NC NC NC
Ank mc 2 .7 NC NC NC NC NA NA NC NC NC

Bcum(a)seiacnc 7.1 1 4.7-1I 1 1.2HE-I 7.3E-01 1.7E+00 6.4E-11 2.4.313 $.SE ll

BDmo(a)pyae 5.5 1 3.6&13 2 9.0E-12 73E+00 1.7E+00 4.93-12 I.811 2.3-11
BCmo(b)fMormhm 8.0 i 5.2E-11 1 13E-11 7.301 1.7E+00 7.21 -11I 2.7E-11 9.96-31
BeMM( &b)pyln e 2.7 NC NC NC NC NA NA NC NC NC
Benz(k)fbNamNb 3.2 1 2.11&i 1 52-12 73-02 1.7 +00 2.9&10 L.IlSH 3.0-O

Crysu 7.5 1 4.9E-II 1 12E-1l 7.3F-02 1.7E+400 6.83E-10 2.5E-11 7.02-10
Dtu(ah)mIrme 3.7 I 2.45-11 1 6.0-12 73E9+00 1.7400 3.3-12 I.2F-I I I.6E-Il I
Fhanmtbus 15 NC NC NC NC NA NA Nc NC NC
Flomne 1.2 NC NC NC NC NA NA NC NC NC

xlmdeo(1,2d)pwee 43 1 3.0F-1] 74E-,2 73E-01 1.7E+00 4.1]E-ll 13I.E 5 .6-I1

Naplkne 0.63 NC NC NC NC NA NA NC NC NC

Pblmutror 10 NC NC NC NC NA NA NC NC NC

PyraC IS NC NC NC NC NA NA NC NC NC

Ardor-1248 0.22 0.83 1.2-12 I 3.7E-13 2.04E+00 5.0E41 62E-13 2.6-12 32E-12
Arodor1254 03.52 0.85 2.91-12 1 .6-13 2.0E+00 $.0I-01 12.5E-12 6.01-12 7.5&12

Ast-oy 1.7 NC NwC NC NC NA NA NC NC NC
Ansic 37 1 2.5E-10 1 6.2E-11 135E+400 4.3E+00 1.61-10 $.0E-1I 2.1F-10

aiam 74 NC NC NC NC NA NA NC NC NC

Bary mn 0.62 NC NC 3 L.0E-12 NA 2.4E 400 NC 195-12 13E-12

Cadan 10 NC NC I I.7 2 NA SE400 NC 3.20-Il 3.2-Il

Chium 23 NC NC I 3.a-I1 NA 12E+01 NC 1.1-I 1.1-1

Copper 34 NC NC NC NC NA NA NC NC NC

Lad 197 NC NC NC NC NA NA NC NC NC

Macry 12 NC NC NC NC .NA NA NC NC NC

Iues 41 NC NC NC NC NA NA NC NC NC
Schan 0.54 NC NC NC NC NA NA NC NC NC

Siwr 0,14 NC NC NC NC NA NA NC NC NC

lThlwum 0.46 NC NC NC NC NA NA NC NC NC
Vn~ium 140 NC NC NC NC NA NA NC NC NC

Zinc 114 NC NC NC NC NA A NC NC NC

ELCR- 1.3209 + 2.4E-10 - 2E49
NOTES-

(a) EPCs pe Ted i T le. I.
(b) SF, U t Rihk as RAF vams mn u TabM 5 6, m 7. re.v
(c) The Agbiive dorn paiostim ingstio ADD is akabhad by 6w bDowing equao

- [ * 2* RAP4 ., NL6AD21R whe, NLADS N.- 33-2 mna scWkg-dap
(d) The fgi dm *spsausyssm ADD isakated by s fowinag quaour
LAD ,,v,- IOInM4,,.aw * 0o.*RAFhNIAsx *

(e) gution ElCR - LDD....a * SF
Resiaoy ELcR - (IDOA. * Body Weigh (70 K) I Daily Idalation Rate (20 u'iday))* Unit Risk
aad Hazmrd I6dm -Sam (Halud Qoimem)

NC - Not caklutd
NA - Not ApplicaAvailbWidAyzed

s...poDe-Cbs cacII &ne hwners



TABLE A-13
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR CURRENT ADOLESCENT TRESPASSER EXPOSURES TO SURFACE WATER

chesu4eag-

CB ek-1 I Chrol Dermal Cmcakpecf0 4* k
lgesto Exposre Cotact Exo Chro Hasrd o HaErd

Contsammnn of EPC(a) RAF ADD (c) RAF Kp ADD (d) RID (b) Ingeo Dermal Imdes.

Coer. (r/IL) (b) (mn/-lay ) (b) ( r ( (mykg-day) (e) (e) (r)

C9-CIS Aiptds 3.0E+00 1 10E-07 I 0.0O2 38-07 1,01501 2.0E-6 3.8E-06 5.8506

C194'06 Aliphadics 4.IE+0 I 2.&8E.07 0.032 5.2E-07 20E+00 1.4E-07 2.6E47 4.0&D7

Arseai 5.SE-01 t 3.8E-0 1 0.001 2.2E-09 3.10E-04 1.3E-04 7.4E-6 1.3&E04

Barmn 5.41+00 1 3.7E-07 1 0.001 2.2E-0S 7.01-0 531-06 3.1-07 56-06
DayJWn 3.0142 1 210 -09 1 0.001 1.2E-10 2.0E-0 1.0E06 6.01E-08 .E-06
Chmium 8.5E-02 I 5.81-09 1 0.001 3.4-10 3.01E-0 1.9 3-06 1.11-07 2.1E-06
Nick 4.61-0 I 31-08 1 0.000 3.7E1-0 01E-03 1.6- 1.9FA7 I41A-05
Scelwn 4.4E400 I 3.0,07 1 0.001 LB.E-0 5.0O-03 6.0E-05 3.E-06 6.4E-05
Vamim 7.8E0 1.9 I.E- I 0.001 3.IE-07 9.0B.03 I.1P103 3..E1-05 .7,2 3
Zinc 6.301 I 4.3-8 I 0.00 .13A-09 3.041 I.4JE-07 5.,11-09 1.527

TOTAL HAZARD INDEX - 13E3-0 + $.0.OS - IE-03

NOTES
(a) EPCs paniT*k3.
(b) RIDan RAF vahks akes BOm Tabks 5 md 7. nwcdvely
(c) Te safe wa igeoa avrag diy dos ADD icaebted by do fouwbg eqado
SW Inges ADD* (0HdA)w * 10" abs * RAFing * NADSsw
(d) The SW dmmal coMme ADD is calcmkadby Se oDowint spadin
SW Coac ADD- [O- I sw 10* DLan'01%Ogh* RAFdma*Kp* NADSCRaw

whae, NADSIRaw - 691-05 L,1g-dy

whese, NADICRs - 4.0E+00 can.-Ig-dy

s5w ls C -TmC-alQ'M3M r I rs



TABLE A-14
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR CURRENT ADOLESCENT TRESPASSER EXPOSURES TO SURFACE WATER

Derm Cbman-Spedfl Cemical-
int m Expgimsr Contet Expome ELCR Spedck

Comame of EPC(s) RAF LADD (c) RAP Kp LADD (d) SF (b) lageIs om Deema ELCR
Camem (q/L) (b) (mksi y) (b) (cm/r) (gk-day) (gI4k"day)' () (e) (e)

C9-SC 8 A4adcs 3.05400 NC NA NC 0.032 NA NA NA NA NA
CI9.C36 Aipcs 4. IE+400 NC NA NC 0.032 NA NA NA NA NA

Ancnic 5.5 -01 1 34E-09 I 0.001 2.t1-1to0 1.5E+00 5.35-09 3.IE-10 5.6549
Bariman 5,4E+00 NC NA NC 0.001 NA NA NA NA NA
Bayiu 3.0E-02 NC NA NC 0.D00 NA NA NA NA NA
Chmmretun BJE-M2 NC NA NC 0.001 NA NA NA NA NA
Nickel 4.6501 NC NA NC 1.000 NA NA NA NA NA
Selkiumn 4.4E+00 NC NA NC 0.001 NA NA NA NA NA
Vadianm 7.18E+01 NC NA NC 0.001 NA NA NA NA NA
Zinc 6.3-01 NC NA NC 0.001 NA NA NA NA NA

ELCR 5.3M09 + 3.&IE-10 .6"09

(a) ESsp esed in Table 3.
(b) SF and RAF valtes akn frm Tabks 5 and 7, respeetiy.
(c) Th suc$cwat ingestice li avage daily dose LADD is cakulbstdby he foowing equaiom
SW Inge io LADD - [OHM)w * I nw * RAing * NLADSIRsw who, NLADSIRsw - 4E-0 L./ke-day
(d) Th SW doeal cast IDD is caleled by the ollowingVqu uto
SW CoccLADD (OIdsw *10L*U ?10'atg gRAFdrKp NLADSCNsw where, NLADSCRsw- 3.85"1 enJeAf-day

aw.- Isw-C Tl C-Rlrs..I raI61w2oms



TABLE A-15

AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE ADOLESCENT TRESPASSER EXPOSURES TO SOIL

Chemical-

Chronic SoD Chronic S.eD Dermal CbemicaSpecinc Specifc

lngesdon Exposure Ceontact Exposure Chronic Hazard Quotient Hazard

Contamlnant of EPC(S) RAF ADD (c) RAF ADD (d) RID (b) nlagesta Dermal Index

CnMer (mkg) (6) (mgkg-day) (b) (mg-d 4ay) ,n(mgn -day) (e) (e) 4e)

C9-CI Aliphatics 22 1 1.5E-06 0.5 6.3E-06 1.0E-01 1-5E-05 63E45 7.9E05

CI9-C36 Aliphatics 39 1 2.7E-06 0.1 2.2E-06 2.OE+00 1 .4E-06 1.1E-06 2.5E-046

CI I-C22 Aromatics 122 036 3.OE-06 0.1 6.9E-06 3.0E-02 1.0E-04 23E-04 33E04

2-Mcthylumhqdmenc 0.50 1 3.5E 08 0.1 28E-08 4.0E-02 8.7E-407 7.1E47 1.6E-06

Acenaphthen 1.2 I 8.6E-08 0.2 1.4E-07 6.0E-02 1.4&06 23E.06 3.3E-06

Acnaphthylene 0.39 0.91 215E-0 0.13 4.0E-10 4.0E-.02 6.1E-07 1.0L-06 1.6E1 -06

Andmwee 2.5 1 1.7E-07 0.29 4.0E-07 3.0E-01 5.7E-07 1,3406 1.9E-046
Benzo(s)antlacne 6.0 0.91 3.BE-07 0.18 6.15-07 4.0E12 9.4E-06 1.5IE-05 2.05

Bn u()pyrene 4.6 0.91 2-8E-07 0.13 4.6E07 4.0E-042 7.1E-06 1.2E45 1.9E405

eam(b)M nmthWne 6.7 0.91 421E-07 0.1 6.8.E-07 4.0E-02 1.OE-045 1.7E-*5 2.71-05

Benzo(gbMj)pylene 2.5 0.91 15E-07 0.13 2.5-07 4.0E42 3.9E-06 6.3E-06 1.0545

Benzox(k)flumrantme 2.7 0.91 1.7E-07 0.18 2.SE-07 4.0E12 4.21-06 6.9E1-06 I.IE-045

Chrysec 63 0.91 4.0E47 0.18 6A.407 4.0E-42 9.91.-06 1.6E-5 2-6E-05

Dibc(a,h)ant cene 3.2 0.91 2.0-07 0.08 1.5E-07 4.0E-02 5.1E-06 3.7E46 3.746

Fhontme 13 I 8.7E-07 02 1.4E6 4.0E-02 22E-05 3.6E-S 5.1&45

Fhorne 1.2 I .5E.08 0.2 1.4E-07 4.0E41 2.1-07 3.5E -047 5.6147

Indeno(Ik,2-cd)pycne 3.9 0.91 2.4E07 0.13 3.9E-07 4.0E12 6.1506 9.9E-06 1.6E45
Napht d mne 0.62 I 4.2E-08 0.1 3.5E-0 2.0E02 2.146 1.71 06 3.9E406

Pbenanthrm 9.6 0.91 6.0E-07 0.1 9.7E-07 4.0E-02 35-05 24E-05 3.9M5

Prne 12 1 8.5E-07 0.2 1.4E-06 3.0O-02 2.95045 4.615 7.5.45

Aroclor-1248 032 0.85 1.3-4 0.067 12-0 2.0E-05 92E-04 6.0E-04 1.5IE-03

Arockr-1254 0.79 0.85 4.6E-08 0067 3.0E-0 2.0145 2.3E-03 ISE-03 3.815-03

Antimony 1.2 I 5.2-0 0.1 6.7E4 4.0E-04 2.1E-04 1.7E04 3.7104

Arsenic 29 I 2.0E-06 0.03 4.8E147 3.0E-04 6.6E-03 1,61E-03 8.2E-43

Barium 74 039 2.0E-06 0.3 12YEAS 7.002 2.-E-05 1.8E-04 2-LIE.04

Beryllium 0.65 I 4.508 " 0.03 .IE4 -2.0E-03 2.21.05 5.5E406 2.815

Cadmium 8 6 I 5.9E-07 0.14 6.8E-07 1.0E43 5.9E04 6.8E-04 13-03

Chnmim 19 1 13E-06 0.09 9.8E-07 3.0E-043 4.4&,04 3.31E-04 7.7E-04

Copper 35 I 2.4E1-06 03 6.0E106 4.0E02 6.11M0 1.5E1-04 2I.-4

ad135 0.5 4.74-06 0.006 4.61-07 7.5-04 6.2E-03 6.LD-04 6.803

M-ewy 12 I 8.6-08 0.05 3.S48 3.0F04 2.95-04 12E 44 4.0104

WNickd 35 1 24E06 035 7.0.06 2.0E-03 121E-03 331-03 47-03

Selenium 0.39 I 2.78 0.002 4.4AE-10 5.04E-03 5-3E-06 8.7-4 5.46

Sver 0.12 I 8.5E-09 0.25 1.7160 5.01-03 1,7E-06 3.3E-06 32E46

Thaallium OA5 1 3.IE48 0.01 2.5E-09 .01 -05 3.9E-04 32E-45 42E44

Vanadium 137 1.86 .E31-05 0.14 1IE-4 5 9.0E-03 1.9E1-03 1.2E-03 3.1E.3

Zinc 122 1 .4-06 0.02 IA.4E-06 3.0E-01 2.8145 4.6E-046 33E45

TOTAL HA ARDINDEX - 2.1-02 + I.3-02 - 3E.02

NOTES:
(a) EPCs pearnted in Table 2.
(b) RID and RAF vaes taken frn Tables 5 ad 7, repectively
(c) The soil ingestion average daily dose ADD is calculated by the following equation:
soil lgstlio. ADD - oHM)i * IO kgns * RAF=ing * NADSIRsol
(d) T soil demal renia ADD is calculated byth following qua pio:
Soil Contact ADD- [OOM)sil I0 kgIng ' RAFderm * NADSCRsoil
(c) Haard Quotiexmt - ADD/RID and Hazard Index - Sam (azard Quotients)

on~z l ,rt

where. NADSIRsoi - 6&9E-2 ag saoilI/kg.day

where, NADSCR l - 5.6-01 mg sil/kday

SL.aXS SLt.- F Trms c-M



TABLE A-16 "

LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS
FOR FUTURE ADOLESCENT TRESPASSER EXPOSURES TO SOIL

So Soil Dermal Chemu f-Speeifl Chemis-

Inletion Exposure Con act Exosre ELCR Specifir
Conaminant of EPCa) RAF LADD (c) RAF LADD (d) SF (b) Ingestio Dermal ELCR

Concera gmg/k (b) (m497kg-a) (b) (mI2kg-da) (m/k4daY) ' (e (W (e

C9-CI8 Alihatks 22 NC NC NC NC NA NC NC NC

C9-C36 Aliphatics 39 NC NC NC NC NA NC NC NC

C11 -22 Asomat cs 122 NC NC NC NC NA NC NC NC

2-Methyhlmpthal e 0.50 NC NC NC NC NA NC NC NC

Acensphben 1.2 NC. NC NC NC NA NC NC NC

Acupblene 039 NC NC NC NC NA NC NC NC

Anracem 2.5 NC NC NC NC NA NC NC NC

Benzo(a)outhacene 6.0 I 3.9E-08 0.2 63E-08 7.3E-1 2.8E045 4.6E-08 7-SE34

Bomo()pJm 4.6 I 29E-08 D2 4.8E-08 73E+00 2.15E-07 3.5E-07 5.6E-07
Bcmo(b)fluornlmm 6.7 1 4.3E-8 0.2 7.0E-48 73E-01 3.J 8 5.1E-08 8.2048
Bao(g )pAerylme 2.5 NC NC NC NC . NA NC NC NC

Bczn(k)flouor e 2.7 I I.7E-09 0.2 2.9E-08 7.3E4-02 1.3E-09 2.12E-09 3.4E-049

Cosene 6.3 1 4.IE-048 0.2 6.7E-048 73E-02 3.0E-09 4.9E-09 7.8E-09

Dibu(a,h)athacene 3.2 1 2.E-08 0.09 1.SE-48 73E+00 1.SE-47 .IE47 2.6E07

Florahene 13 NC NC NC NC NA NC NC NC
Floew 1.2 NC NC NC NC NA NC NC NC

Indno(1,2l,3-cd)p~n 3.9 I 2.5E-08 0.2 4.1E-03 7.3E-01 -1E-08 3.0E-08 4.8E-14

Napbhtdumke 0.62 NC NC NC NC NA NC NC NC

Phtenanuthmne 9.6 NC NC NC NC NA NC NC NC

P)yt 12 NC NC NC NC NA NC NC NC

Amclar-1248 032 0.85 l.7E-09 0.07 .IE-09 2.0E+00 3.4E-9 2.2E-09 5.7E-09

An rl-1254 0.79 0.85 4.3E-09 0.07 2.8E-09 20E+00 8.6E.09 5.6E-09 IA.4E4-M

Atimoy 1.2 NC NC NC NC NA NC NC NC

Arsenic 29 1 1.8E-07 0.03 4.5E-O 15E+00 2.8F07 6.8E-48 3.4E-047

BaEirm 74 NC NC NC NC NA :,C NC NC

Beayinm 0.65 NC NC NC NC NA NC NC NC

Cadmium 5.6 NC NC NC NC NA NC NC NC

Cisunism 19 NC NC NC NC NA NC NC NC

Copper 35 NC NC NC NC NA NC NC NC

Lad 135 NC NC NC NC NA NC NC NC

Micyt 1.2 NC NC NC NC NA NC NC NC

Nkel 35 NC NC NC NC NA . NC NC NC

Selenium 0.39 NC NC NC NC NA NC NC NC

Silvern 0.12 NC NC NC NC NA NC NC NC

Ialim 0.45 NC NC NC NC NA NC NC NC

Vaadlin 137 NC NC NC NC NA NC NC NC

Zinc 122 NC NC NC NC NA NC NC NC

ELCR- 7.4E-7 + 6.7E-07 - IE-06

NOTES:

(a) EPCs peenWted in Table 2
(b) SF a RAF valms taken m Tablek s5 and 7, r ctvely

(c) The soil ingestion h ifiime swage daily dose LADD is calculated by the fowing equatio
Sol mlgespio LADD - [OIM]Wmi * 10 kg/fmg * RAFtg * NIADSIRsoIl when, NLADSIMsoI - 6.4E-03 mg soiMkg-day
(d) The soil darmal conuSt ADD is cakulated by die following equatifl
Soil Cad LADD* [OHM)soil * 10 kgg * RAFdem * NLADSCRso where, NLADSCsi - 5.3E-02 mg soikg-day
(c) Excess Lfetime Cacer Risk - LADD * SF

SLe PL - F Tres C-ELCIR)6/mW200 p I oftI



TABLE A-17
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE ADOLESCENT TRESPASSER EXPOSURES TO FUGITIVE DUST FROM SOIL

Cbmktl

Chro Seo Chroa soil Cbemkial-Specifle Spettfic

GI labaladon Exposure Respiraery Exare Chroic Chroik Hazard (eticat Hazard

EPC(a) RAF ADD (r) RAF ADD (d) RID (b) RIC (b) I.gesle Respiratory Index
(mlai (b) (M hak-day) (b) (zm.4day) (mglkg-day) (mpa'

) ) (e) (,)

C9-CIS Aliphatics
CE9-C36 Abpabtics
Cl 1-C22 Aroimtics

2-Medynaphhuiare2-as

Aminacae m

Bonos)are r
Bem(a)pyrne

Bomo~b)Dnomanor

BeamMae a~o

Boulu(g9hi)peryouc
BemoD(k)finoansane

Cirycar Aud
Ditmandai"usc ne

Floorhm e

Nffakm
P-
Pyrem

AodNtw-124g
Amclar-1254

AmmM
Awreic
B-k
Baium

Cadmime
Chena

copper
Lad

Sda~mNic

bldlims
Vaadian
2ine

22 I
39 I1

122 036

0.50 I
1. 1

0.39 0.91
2.5 1
6.0 0.91
4.6 0.91
6.7 0.91
2.5 0.91
2.7 0.91
63 0.91
3.2 0.91
13 I
1.2 I
3.9 0.91

0.62 I1
9.6 0.91
12 1

032 0.85

0.79 0.85

1.2 1
29 1
74 039

0.65 1
.6 1

19 I1
35 1
135 05
11 1
35 1

039 1
0.12 1
0.45 1
137 1.86
122 1

1.65-9 1
2.E-9 I
3.1&9 I

8.E-i I
2-SE-1l I
25&11 1
2.71-10 1
3.99-10 1
2.9E-10 1
43E-10 1
1.6-10 1
1.75-10 1
4.15E-10 1
2.5-10 1
8.95-10 1
.71-1I I

2.E-10 1
43-ll 1
6.12510 1
8.7&-10 I

.- 11 11
4.7511 1

L.45-I 1
2.0E-9 1
2.0&9 1

4.6E-1 1
6.15-10 1
1.4A-9 1
2.5E-9 I
4.8&-P I

2.E-11 1
2.5E-9 1

2.7E-11 1
8.7&12 1
3.2E-Il I
2159 1
3.6E-9 1

(a) EPCap ssinTae2.
(b) RD, RIC, a RAF vlun sm ta hose Tables S, 6 ad, nspec ly.
(c) TihiS dn assal kedom ADDis caWhsd byde foowg equaiam-

-ADD .a - IOMI,.a. * 2 * RA, * NADSM,,
(d) Te fgiive dwAsaury sysem ADD is caulaed by tewing equmio
ADRhhusse- [OH * 0.5 * RAFu * NADSIRI.o

(e) Ingstion1azsdQt- IRID
Respfamy Haad Qwmt- (ADD..,. * Body Weig (70 Ks) I Day hIaon Re(20 a
aSd Hnd lode - Suizn d - o dnt)

NC - No caknbmd
NA - Not ApplicableAvaA Aalyzed

emo pu

4.0510 1.05-01 2.0E-01 1.6E-8 6.9&9 235E4

6.9E-10 2.0E+00 NA I.4&-9 NC .4E-9
2.1E-9 3.0E-02 5.0E-02 1.0E-7 1.5E-7 2.5M-7

3.9E-12 4.0E-02 7.1E-02 39E-10 4.4E-10 13E-9
2.2K-I1 6.0E-02 7.142 15E-9 LI.E-9 2.5E-9
6.9&-12 4.01-02 7.IE-02 63E.10 3.4-10 9.7E-10
4A-1 3.0501 7.1E-02 5.85-10 2.15' 2.71.-9
I11i o 4.0E-02 7.1E-02 9.7E-9 5.2E-9 13.4
8.0OEIl 4.0E402 7.1E-02 7.3E-9 4.05-9 I.1E4
12&-10 4.0E-02 7.1E-02 1.1a 5.8E9 1.668
4.4E-11 4.0E-02 7.1E-02 4.0E-9 2.IE-9 6.1-9
4.8&11 4.0142 7.1E-.02 4.45-9 2.4&-9 6.71-9
1.E-10 4.002 7.11E.02 1.054 5.5E5-9 1.65-8
5.71-11 4.01-02 7.1502 5s.2-9 2.839 &.059
221E 10 4.0E-02 7.1E-02 2.2E-4 1.IE4- 33E-

2.2-11 4.0E-01 7.1E-02 22E-10 l.IE-9 .3E-9
695-11 4.0&02 7.11-02 612E-9 3.4AE-9 9.6-9
I.It-l ZOE-02 7.1E-02 2.2E-9 5.4E-10 2.7-9
13.7&10 4.0E02 7.11E-02 1.5E4 L3E-9 2.4
22-10 3.0E-02 7.1E-02 2.9E41-3 I.IE-8 4.0E4

5.65E-12 2-0E-05 2.0EO5 94E-7 9.7M7 1.9E-6
14E-11 2.0545 2.0505 2.4E-6 2.4E-6 4.8E4

11-II 4.90E-04 NA 2.15E-7 NC 2.1&-7
5.0-10 3.0E-04 NA 6.7E4 NC 6.7E6
13-9 7.0E-02 NA 2.9E-8 NC 2.9E4
1.1511 2.0E4 -0 2.0E-05 2.358 2.0ZE-6 .0E-6
1.5-10 1.OE-03 NA 6.1&7 NC 6.1 5-7
3.4E-10 3.0E03 1.0E3-04 45E-7 1.21&5 1.2E-5
6.2E10 4.O-F2 NA 6.2E4 NC 6.25-8
2.4F-9 7.5E4-04 NA 6.4E-6 NC 6.4E-6

2.2&- I 3.0E-04 NA 2.9&7 NC 2.91-7
6.2-&10 O2.-.03 NA 1.2E6 NC 1.25-6
6.E.12 5.05E-03 NA 5.5E-9 NC 5 .SE-9
2.2-12 5.0E-03 NA L.7E NC 1.71-9
7.96-12 .0-05 NA 4.0-7 NC 4-0&-7
2.4-9 9.05E4-03 NA 2.0E-6 NC 2.06
22&9 3.0-01 NA 2.958- NC 2.9E-8

TOTAL HAZARD INDEX - 2.2E-05 + 1.8E-05 - 4E405

whm, NADSIR.,- 335-11 ng soiWk y

'/day)) I RIC

SL=m p7a -r Thm c-M

Ceowamsamn of
Centers

3
comorm

he I lr



TABLE A-18
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR FUTURE ADOLESCENT TRESPASSER EXPOSURES TO FUGITIVE DUST FROM SOIL

Crn Chroicohronic se ChemicaSpecik Chembkcal-
GI mbabd Esae ep!r m!Egfoe ELOR Specflc

JpC(a) RAF LADD(c) RAP LADD (d) SF(b) Uit Ripk(b) latgest Reasplrflory ELCR

(tkm ) O (.yl4i) () (gtm-ay) -(isy), (gmfT (e) (e) (e)

Cl-CIS Alipladcs
C9J436 Alipihti
Cl -C22 Amuics

2-Medaybhp e

AcnbAnfylem
Austaene
Benzo(aBmtiane

B&J-
Benso~AD-yln

Bemo(byinorante

Dibemb)amiac

Flurene
Indeno(1,2,-cdvpysenc

Pbamhn
PYwm

22 NC
39 NC
122 NC

0.50 NC
1.2 NC
039 NC
2.5 NC
6.0 2
4.6 1
6.7 1
2.5 NC
2.7 1
6.3 I
3.2 1
13 NC
12 NC
3.9 I
0.62 NC
9.6 NC
12 NC

NC NC
NC NC
NC NC

NC
NC
NC
NC

4.0C&13.0E-II

4AE-I I
NIC1.8-11

4.45-111.8&11
42II

NC
NC

2-61
NC
NC
NC

NC
NC
NC

NC
NC
NC
NC

9.9E-12
7.5-12
1.29&11

NC
4.5E-12
IOEB-I 1

53&-12
NC
NC

6AE-12
NC
NC
NC

NA
NA
NA

NA
NA
NA
NA

73E-01
73E+00
73-1

NA
73E-02
73E-02
73E+00

NA
NA

7.3E1
NA
NA
NA

NA NC
NA NC
NA NC

NA NC
NA NC
NA NC
NA NC

I.7E+00 5A1-I I
1.7E+00 4.11-12
1.7 400 6.0E-1 I

NA NC
I.7E+0D 24E-10
1.75400 5.7F-10
1.7E+00 2.9-I 2

NA NC
NA NC

1.'900 3.5E-1
NA NC
NA NC
NA NC

NC NC
NC NC
NC NC

NC NC
NC NC
NC NC
NC =NC

2.0-1 I 7S-I I
1.5E1I 2.0E- 11
2.3EI I 8- -II

NC NC
92-12 2.5-&0
211-11 5.9t-10HIE-I! 245-I1
I.I13-I! 1.4&13
NC NC
NC NC

135-11 4.8E-11
NC NC
NC NC
NC NC

0.32 0.85 1.BE-12 I 52-13 2.05+00 5.001 B.81-13
0.79 0.85 4.4-12 1 1.3112 2.05E+00 5.0E-41 2.2E-12

NA
1.5400

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA NC
43E400 13E-10

NA NC
2.4E00 NC
1,E+00 NC
12E+01 NC

NA NC
NA NC
NA NC
NA NC
NA NC
NA NC
NA NC
NA NC
NA NC

3.65E-12

3,8E-Il9. -12
NC

1.6-12
2.75-11
931-12

NC
NC
NC
NC
NC
NC
NC
NC
NC

4.5-12
1.5E- 11

NC
1.6E10

NC
1.6E,-12
173-12
93&12

NC
NC
NC
NC
NC
NC
NC
NC
NC

NOTS-3 (a) EPCs F3nt in TaiC2.
(b) SF, UnkRisad RAF valers tesDosTabls 5, 4 ad77dpetivel.
(c) The dut gastranustiul gsic ADD is cakained by due hilbkig ao'
LAfb.. - OHfMb, p * 2 * RA * NLADS whe
(d) The itvdstupmry s ADD is cakelated by the folkeSquadtioIAD01 .... s - O

4 IMss. 0 *' RAPFba* NIADSnes,"

(e) In estin ELCR - ADD a * SF
Repisay ECit - (LADQ.,.* Body Wdi&g (70 Kz) ID/ly IraMio Raft (20 m'/day))* Unit Risk
and nm In -Sue (Ilande Quas)

NC- Not cakoad

NA- Not ApplictkAvailbl/Analyed

I
I eNae p

ELCR- LI-09 + 2.O-10 - I-09

s. NLADSI- 3-3&12 mg soflxr-day

Cotamnlat of
Comns'

Aoctor-1248
Amclor-1254

Aa&-y
Arsenic
Doi=
Bayfuun

Cadmim

Copper
Lad

Thar

Thim

1-2 NC
29 I
74 NC

0.65 NC
9.6 NC
19 NC
35 NC
135 NC
1.2 NC
35 NC
039 NC
0.12 NC

AS NC
137 NC
122 NC

NC
1.910

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

NC
4.7-11

NC
L4&It
1.411-1
3.2 1 I

NC
NC
NC
NC
NC
NC
NC
NC
NC

I -- .l I I II II I. .I

sr_.po-mn.cacapt



TABLE A-19
AVERAGE DAILY DOSE AND AZARD INDEX CALCULATIONS

FOR FUTURE ADOLESCENT TRESPASSER EXPOSURES TO SURFACE WATER

Chemral-

Chrok Chink Dm CbmkeiaSpeodfr Spad
lngesto Exposre Coelad Exposure Cieak Haard 2229eMHaaard

Contdamiant of EFC(a) RAF ADD (c) RAF Kp ADD (d) RID (b) Iges-io Dermal lad

Co (%'L) (b) (mgg-jay) (b) (cmhr) (mejz-day) (MN-day) (it) (t) I)

C9-Cl SI Aip4atics 3.0E+00 I 2.0-O07 1 0.032 3.9E-07 1.0-0t 2.0E-06 3.3E-06 5.8E-06
C19CS6AipSic 4.1E+00 I 2.8E-07 1 0.032 5.2E7 2.0E-00 1.4E-07 2.6E-07 40E-07

Aunic 5.3s0 I 3.8E-4 1 0.001 2.2E-09 3.01E-04 13E-04 7A.4E-06 13E-04
sn 5E+0o I 3.7E-o7 1 0.001 2.216 7.0-02 5306 3.1E-07 5.61.06

BDyim 3.10E-02 I 2..-09 1 0.001 1.2-10 2.01-03 1 .OE-06 6.0 - 1.1E-06
Clemiam 8. -02 I 5.8-09 1 0.001 3.4E-10 30E-03 1.9E-06 1.1F.07 2.IE-06

i 4.6-01 I 3 2-OS 1 0.000 3.7E-10 2.01-03 1.6E-45 1.907 I .6T-OAS
S4.4en. 4A00 I 3.OE07 1 0.001 1.8-46 5.01E43 6.1.05 335-06 6.AE4.05
Valtn 73E+01 1.9 1.0-45 1 0.001 31E07 90E- 1.1-3 33505 12-03
Zic 6.3E-01 I 43E-08 1 0.001 13.SE09 3.OE-OS 1 4AE-07 5.1-09 1. 5-07

TOTAL RAZARD INDEX- I3E- + 5.0E-05 - I.40

NOTES
(a) EPCapre ed i Table 3.
(b) RID and RAF vles tm tbm Tables mad 7. seiwly.
(c) The rfe wam' iestion avr daly domADD i cakl bd by be ftwig wake
SW a ticeAD- OMM).w * 1e mft * RAFmt * N ADSilaw

(d) 'Th SW demaD con ADD is c alatedby de fllowi g eqstiom
Sw c c ADD - [OnMuW* IoM Lu.*Io.' rt*RAPdmn *Kp NADSCRsw

whme, NADSiltw - 6.91-05 LJg-day

where, NADSCRaw 4.0E+00 cm?, -ktgr-day

i
I
I
I
I

sPWqlsoW-Fr,=eca-

I
I
I

moose -I Prwve



TABLE A-20
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR FUTURE ADOLESCENT TRESPASSER EXPOSURES TO SURFACE WATER

Denal ChemikaSpedc Chemcal.

I a---Exor Contact Exposwe ELCR Specific
Cow amudm of EPC(a) RAF LADD (c) RAF Kp LADD (d) SF (b) Inlgestom Dersaal ELCR
Cam ( Lb) (b) (mt da) (b (mr) (mkdy) (mg-kda)4 (e) (e) (e)

C9-CIS AIpaics 3.0E+00 NC NA NC 0032 NA NA NA NA NA
Cl9-C36 AiWatks 4.1E+00 NC NA NC 0.032 NA NA NA NA NA

AMseic 5.5E41 1 3.51-09 I 0001 2.1E-10 1-400 5-0 3.IE-10 5.6.09
Barium 5.4E+00 NC NA NC 0.001 NA NA NA NA NA

Bayllima 3.0&02 NC NA NC 0.001 NA NA NA NA NA
C3 8.51-02 NC NA NC 0.001 NA NA NA NA NA

ik 4.6-01 NC NA NC 0.000 NA NA NA NA NA
Selkanam 4.4E+00 NC NA NC 0.001 NA NA NA NA NA
Vamdium 7. 1401 NC NA NC 0.001 NA NA NA NA NA
Zia 63.E01 NC NA NC 0.001 NA NA NA NA NA

ELCR- 5.31-09 + 3.E15-10 - 5.63409

NOTIMi (a) PFCs pnsed in Tabc 3.

(b) sF and RAF vaes bkes ftm Tables 5 ad 7. espective.
(c) T( re waoir icun lili averalp dly dom LADD is eakt by e fowing eq ado w
SW Insion LADD - jotDdjsw * 30" w/ug I RAFing *FL-ADSIMs wtoe, NIADSItsw - 6.4E-06 1,.Ig-day
(d) The SW dehn tacl t LADD is calc*edby Il fb oOoing eqa io
SWCom nLADD =[JO0MW 0 c*' 4 W RAFdum Kp*NIADSCRs wb e, NLADSCRsw- 3.801 cm ,hr?,g-dzy

I
I

I
1
i
U

I
I

I w P'ss I el swtSWPFwC.S-E



TABLE A-21
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE CONSTRUCTION WORKER EXPOSURES TO SOIL

Chemical-

Subebrook Soil Subchrok Soil Dermal CbhemicaI-Specicf Specific

Ingadn Epoure Contact Exposure Subchronk Hazard Quotient Hazard

Contaminant d EFC(a) RAF ADD (c) RAF ADD (d) RfD (b) Ingestion Dermal nladex

Concern (mglk) (b) (mg/kg-day) (b) (mgilg-day) (mnuk-day) (e) (e) ()

C9-C8 Aliphatics 22 1 .1E-5 0.5 5.5E-5 1.0E+00 1.1E-S 5.5E-5 6.6E-5

C19-C36 Aliphatkics 39 1 1.9E-5 0.1 1.9E-5 6.0E+00 31E-6 3.2E4-6 6.414E-6

C1l-C2 Aromatics 122 0.36 2.1E- 0.1 6.0E-5 3.0E-01 7.2E-5 2.0E-4 2.7E4

2-Methybnaphalene 0.50 1 15E-7 0.1 2.5E-7 40E4-02 6.2E-6 6.2E-6 1.2E-5

Acenplslthe 1.2 I 6.15-7 0.2 1.2E-6 6.0E-01 1.0E-6 2.0E-6 3.E14-6

Acenap3ihtmne 0.39 0.91 1.7E-7 0.18 35E-7 4.0E-02 4.4E-6 8.7E-6 1.3E-5

Andracene 2.5 1 1.2E-6 0.29 3.5E-6 3.OE+00 4.0E-7 1.2E-6 1.6E-6

Benso(a)antlacc 6.0 0.91 2.7E-6 0.18 5.4E-6 4.0E-02 6.7E-5 1.3E4 2.0E-4

Bmo(a)pyrene 4.6 0.91 2.0E-6 0.18 4.0E-6 4.0E-02 5.1E-5 .0E4 1.51-4

Benze(b)omanhane 6.7 0.91 3.0E-6 0.18 5.9E-6 4.0E402 7.4E-5 13.54 2.2E4

DB o(g&hji)pesylne 2.5 0.91 1.11E-6 0.18 2.2E-64 4.OE-02 2.8$ 5.5E-5 8.2E-5

Benzo(k)flnofw 2.7 0.91 1.2E-6 0.18 2.4E-6 4.0E-02 3.0E,$ 6.0E-5 9.E-5

Cuhr~sne 63 0.91 2.8E-6 0.18 5.6E-6 4.01-02 7.0E-5 1.4E-4 2.1E-4

Diben4ah)unce 3.2 091 1.4E-6 0.08 13E-6 4.0E-02 3.6E-S 3.2-5 6.E-5

PhnorAbene 13 1 6.2E-6 0.2 13E-5 40E-1 1.6E-5 3.1E-5 4.7E-5

Floren 1.2 1 6.1E-7 0.2 1.2E-6 4.014-01 1.5E-6 3.1E4 4.6E-6

Indeno( 2-cd)yr 3.9 0.91 1.7E-6 0.18 3.5E-6 4.0E-02 4.3E-5 8.6-5 13E4

Naphhlm 0.62 i 3.0E-7 0.1 . 3,0E-7 2.0E42 1.5E-5 1.5E-S 3.0-5

Phtandwen 10 0.91 43E-6 0.1 .5E-6 4.0E4-02 LIE4 2.1E-4 3.2E4

Pyrene 12 I 6.0E-6 0.2 1.2E-5 3.0E-01 2.0E-5 4.1E-5 6.1E-

Aodm-1248 0.32 0.85 13E-7 0.07 1.0E-7 2.OE-05 66E-3 5.2E-3 1.2E-2

Aroclr-1254 0.79 0.85 33E-7 0.07 26E-7 2.0E-05 1.6E-2 1.3E-2 3.0f-2

Antimony 11.2 I 5.9E-7 0.1 5.9E-7 4.01-04 1.5E-3 1.5E-3 2.9E-3

Assenic 29 1 1.4E-5 0.03 4.2E4-6 3.0E-04 4.7E-2 1.4E-2 6. 3IE-2

Barium 74 039 1.4AE-5 03 1.114 7.01-02 2.0E-4 1.6E-3 1.8E-3

Beryliun 0.65 1 3.2E-7 0.03 9.6E-4 2.1OE-03 1.61E4 4.8E-5 ZIE-4

Cadnim .6 1 4.2E-6 0.14 5.9E-6 1.0-03 4.2E-3 5.9E-3 1.0-2

Conim 19 1 9.5E-6 0.09 8.6E-6 3.0E-03 3.2E-3 2.9E-3 6.0E-3

Copper 35 1 1.7E-S 0.3 5.2E-5 4.0E-02 4.3E-4 1.3E-3 1.7E-3

Lead 135 0.5 33F-5 0.01 4.0E6 7.51E44 4.41E-2 5.3E-3 4.9E-2

Mecmry 1-2 1 6.1E-7 0.05 3.1E-7 3.0E-04 2.0E-3 1.0E-3 3.1E-3

Nickel 35 1 I.7E-5 035 6.IE- 1OE.-03 .6E-3 3.0E-2 3.9E-2

Selenium 039 1 1.9-7 0 3.8E-9 5.0E-03 3.8E-5 7.6E-7 3.9E-5

Silver 0.12 1 6.0E4- 0.25 I1SE-7 5.0E-03 12E- 3.0E-S 4.2E-

"hallim 0.45 1 2.21&-7 0.01 2.2-8 8.0E-05 2.8ZE-3 2.84 3.0E-3

Vne 137 1.36 1.21-4 0.14 9. 15 9.0E-03 1.4E-2 .LIE-2 2.4E-2

Zinc 122 1 , 6.0E-5 0.02 1.2E-5 3.0E-01 2.OE4 4.01-5 2.4E-4

NOTES:
(a) EPC& pesaled in Table 2.
(b) RID ad RA values takem boa Tables 5 md 7, uspectivey.
(c) Tlie soil ingestion ADD is calculated by the follwing equation:
Soil Ingestion ADD - [OHMLa * 10' king * RAF4 * NADSIRa

(d) Te soil denral contact ADD is calculated by the follSowing equatid:
Soil Contact ADD- [OHM]s * 10' kgmg * RAF. * NADSCR,,
(e) Hazard Quotiet - ADRD and Hazard nldex - SMan (Hazard Quotients)
NC - Not cakulated
NA - Not Applicablre/AvailabidAnyzd

ia10oft

TOTAL HAZARD INDEX 1.5LE-01 + 9.5E-02 - 2E-01

where, NADSIa - 4.9E-01 mgs soikgday

whese NADSCR.a - 4.9E+00 mg solkg-day

SLasiSt [S-F O wayenwMaoo



TABLE A-22 "

LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS
FOR FIURE CONSTRUCTION WORKER EXPOSURES TO SOIL

Sobehromic Soil Subcroole Soi Dermal Cbhemkl-Specifc Cbemkal-

hIM Eom Contct Exposure ELCR Specific
Contamlat of EFC(a) RAF LADD (c) RAF LADD (d) SF (b) lagestion Dermal ELCR
Coacr (mg) (b) a) -day) (m/gday) (mcsy) () (e) (e)

C9-Cl Aiphamts 22 NC NC NC NC NA NC NC NC
C19-C36 Aipbis 39 NC NC NC NC NA NC NC NC
CI1-C22 Amo matics 122 NC NC NC NC NA NC NC NC

2-Melhyospmkhalene 0.50 NC NC NC NC NA NC NC NC
Accnaphane 12 NC NC NC NC NA NC NC NC
Acenapinyene 039 NC NC NC NC; NA NC NC NC
AAncene 2- NC NC NC NC NA NC NC NC
BeD ()antbac 6.0 1 3.9E-08 0.2 7.9E48 73E-01 2.9E-8 5.8E-08 L7K-O
Benzo(a)yrn 4.6 I 3.0E-08 012 6.0E-0 7.3E+00 2.2E-7 4.4E-7 6.S 7
lmZ(b)fluomatbe 6.7 1 43E-08 02 8.8E-O 7-3E-01 3.2E-08 6.4E-08 9.6E-08
Bemo(g,,)prylee 2. NC NC NC NC NA NC NC NC
Bao(k)fluoma 27 I 1.8E0 02 3.6E-8 73E-02 1.3E-09 2.6E-09 3.9E-09

Clasysen 6.3 1 4IE-08 0.2 83E-8 73E-02 3.0E-09 6AE-09 9.11E-09
Dibm(th)mlacene 31 I 2.1EK08 0.09 I 9E-O8 7.3E+00 15E-07 1.4E-07 29E1-7
Floornbrae 13 NC NC NC NC NA NC NC NC
Foe 2 NC NC NC NC NA NC NC NC
lndeno(2,3-cd)p 3.9 1 2.5E48 02 $.1E-0B 7.3E-01 1.9E- 3.7E-09 5.6E-08
NaphWalone 0.62 NC NC NC NC NA NC NC NC

batr10I NC NC NC NC NA NC NC NC
Pf 12 NC NC NC NC NA NC NC NC

Arocor-1248 0.32 0.85 1.7E-09 0.07 IAE-09 2.0E+5400 3.51E-09 2.8E-09 6.3E-09
Arockor-1254 0.79 0.85 4.4E-09 0.07 3.5E-9 2.OE+00 8.8E-09 7.0E-09 1.6E-0

Antimony 1-2 NC NC NC NC NA NC NC NC
Arsenic 29 1 1.9E-07 0.03 5.7E-O 1.5400 2.8E-07 8.5E48 3.7E-07
Barium 74 NC NC NC NC NA NC NC NC
Beryium 0.65 NC NC NC NC NA NC NC NC
Cadnimn L6 NC NC NC NC NA NC NC NC
Chesmium 19 NC NC NC NC NA NC NC NC
Copper 35 NC NC NC NC NA NC NC NC
Lad 135 NC NC NC NC NA NC NC NC
MeruMy u2 NC NC NC NC NA NC NC NC
Nickeld 35 NC NC NC NC NA NC NC NC
Selenium 0.39 NC NC NC NC NA NC NC NC
Silver 0.12 NC NC NC NC NA NC NC NC
Thalli 0.45 NC NC NC NC NA NC NC NC
Vanadium 137 NC NC NC NC NA NC NC NC
Zinc 122 NC NC NC NC NA NC NC NC

ECLR- 75E-07 + .4E-C7 - 2E4-6
NOTES-

(a) EP pensed in Table 2.
(b) SF and RAF values Uken Ifm Tables 5 and 7, nspeively.
(c) TMe sil inmgestian LADD is calcubtWd by de fotlwing equatm
Soil bstim LADD - [OHM],,a * lo0 kfgl * RAFL,* N.ADSIR, wher, NIADSJR,, - 6.SE-03 mg soilkglby
(d) The soil du!ermal contact LADD is calculated by the flowing equatiom
Sol Conta ADD - [O Na * 0' k/nmg * RAF..* NLADSCR,,a where, NLADSCta - 66E-02 mg sol&ci-day
(e) Excess liem Cancer Risk a LADD * SF
NC - Not cakulatd
NA -Noat ApplicabIe/AvaihbiAnyabz d

sLq tonSL - F C= W-EUR)serzoo FMg a or a



TABLE A-Z3
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE CONSTRUCTION WORKER EXPOSURES TO FUGITIVE DUST FROM SOIL

Ckhemkil-

Subchomc Sol Subehromk Sea Cheml-Specifk Specifk
GI Imalalom Exposurem RspIrary Exposert Sabhrak Subchraok Hmard Quedms Ha d

Csmamiaui of EFC(a) RAP ADD (c) RAF ADD (d) RID (b) RIC (b) lauesdo Raspnry Index

Commer (mgkg) ((mkg4sy) (b) (mg/kgsy) (mgkg-day) (mge') (e) (e) (e)

C9-Cl 8MApwics 22 I 3.8&7 I 9.5E- 1.0E+00 2.0E+00 3.8E-7 1.7-7 5.SE-7
C-C36 ApAimi 39 1 6.7E-7 1 I.7E-7 6.0E+00 NA 1.16-7 NC I.1E.7

CI -C22 A3unatcs 122 0.36 7.4-7 I 5.2E-7 3.DE-01 S.0E-01 2.5E-6 3.6E4 6.1E46

2-Mc&bybphhale 0.50 I 3.&9 1 2.IE-9 4.02-0 7. E01 2.1-7 1.11- 221-7

AcsphMthe- 31 1 21& I 5.39 6.0-01 7.1E-01 3.5E- 2,6E4 6.1E4
Acenpbdhylm 0.39 0.91 6.0&9 1 I.7.-9 4.0E-02 7.IE-01 1.5E-7 8.29 1.6&-7
A a n 2.5 I 4.2E48 I I.0E4 3.0E+00 7.1E401 1.4E4-8 5.2&.8 6.68

Bemo(a)amolae 60 091 93E4- 1 2.5-8 4.0E-02 7.IE.0I 2.3E4 13&7 2.4E-6

Beno(a)p)yne 4.6 091 7.064 1 1.9- 4.0E-02 7.1FD 1.8E-6 9.5-S 1.1E6
Bczo(b)innt-ea 6.7 091 .0&7 1 2.8E 4.0-02 7.101 2.6-6 1.4-7 2.74
BDeg*hI)peylha 2.5 091 31.8 1 1.0-8 4.0E-02 7.115-01 9.5-7 5.2E4 1.05
Bamo(kI nnt 2.7 0.91 4.214 1 1.1" 4.0E42 7.1541 1.OE46 5.71 1.IE-6
Chysime 63 0.91 9.71E-8 1 2.74 4.01502 7.J E41 2.4E4 1.3-7 2.656

D'bc-(ab)mshaca 3.2 0.91 5.0134 I 1.4E4 4.002 7.11501 1.2E14 6.8 13E

Fhomam 13 1 2.-1E7 I 5.48 4.0201 7.101 5.4E-7 2.6&7 8.0157
Fln=gs 1.2 1 2.IFI I 5.2E.9 4-0&01 7.1-014 5.2 2.64 7.8E-8
humo(123-csal)pysa 3.9 0.91 6.0E-4 1 16A 4.0142 7.1101 1.5F4 8I11 1.6-6

Naphilme 0.62 I 1.014 3 2.6E9 2.002 7.1E-01 5.2-7 13B4 5387

Pbastoe 10 091 LE-7 I 4.1I 4.0E-02 7.1&01 3.7E-6 2.0-7 39E5-6

Pyte 22 1 2.11-7 I 52E- 3.014E-1 7.IE-01 69. 7 2.617 9.5.7

Ajodor-1248 0-32 0.85 4.519 3 1.3&9 2DE05 2.0504 2.315-4 2.35 2.54

Amclor-1254 0.79 0.5 IE-11 1 3.3&9 2.0 5 2.0F-04 5.71E4 5.95.$ 6.31-4

Animny 1.2 1 2.013- 1 $.1&9 4.0E-.04 NA 5.165 NC 5.111
Amnic 29 1 4.857 1 1.2-7 3.01E-04 NA 1.613 NC 1.6"-3
Brwimm 74 0.39 4.917 I 3.1-7 7.0842 NA 63. 6 NC 6. 56

Beyiml 0.65 1 1.114 1 2.9 2.08.03 2.0504 5.6 4.85-5 5.4&S

Cad mim 8.6 1 1.557 1 3.68 1.0103 NA 1.5E4 NC 1.55-4
Chemim 19 1 3.313-7 1 8.2E-8 3.0E-03 1.05.03 1.1E4 2.9E-4 3-.95-4

Cqpper 35 1 6.0D-7 1 t-E7 4.0 02 NA 1.S.5 NC 1.55
Lesd 335 0.5 1.1-64 I 5.77 7.534 NA 1.5&-3 NC I.553
Mmcmy 1.2 1 2.IE- 1 5.39 3.0E-04 NA 7.01E-5 I" 7.01-5
Nicbe 35 1 68&7 1 I-5-7 2.0A,03 NA 3.0E-4 NC 3.1E4
Slenim 0-39 1 6519 1 1.6.-9 $.003 NA 1313E-6 NC 1.36
SAve 0.12 1 2.15-9 1 53.-10 5.0E-03 NA 4.2E-7 NC 4.28?

l 0.45 1 7.6-9 1 18.-9 05-05 NA 9.5&5 NC 9-.5
Vamdim 137 1.86 43E6 1 5j. 9.-015- NA 4.8.4 NC 43E-4

Zinc 122 I 2.IE6 1 5.2E.7 3.0-O1 NA 6.96 NC 6.94

TOTAL IAZARDINDEX- $2E.03 + 421E-04 = 6E-W
NOrES-N~rM-

(a) ECa preised nTale 2.
(b) RID, R. .a RAF values am 0am TaMbks S. 6. d 7, . v
(c) The faie An gassmDGEviI oESton ADD isal d try dAloe eqm

A~flajg o~a *OiM~pa. 2*RAF,,* NADSIng, wsen NADSIR,- 8.5E-09 mg alkgday
(d) TIAUiiM duAsu " pbaty sys ADD is caeltd by th arge 9ig equ
AD0a,... - [oMla .* 0.5* RAPS * NADSiR,
(e) Iasa.Haad Queia* ADD.,,S.eRID

Resiaoy Fld Qudm (ADD * Bdy Weig (70 Kg)/ Duly lhatao Rae (20 
t /day)) RIC

md Mad In - Sn gHad Qoodents)
NC - No cacuted
NA - Not ApplicabWAvaAnalyAzed

sa_;aam-irm. w-lmsomears



TABLE A-24
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR FUTURE CONSTRUCIION WORKER EXPOSURES TO FUGITIVE DUST FROM SOIL

SmIbcrmnik S Sabcbnk S B Chukal-Spedfic Chfkal-
CIlalade. Exposare Respfrmer Exposure ELCR Specille

Coamalisat of EPC(a) RAY LAD (c) RAF LADD(d) SF (b) Un Risk (b) Inestle Resp rty ELCR
Cesnan (mgj () ( n-da) (b) (mZ&gq') (mgg-da) 4 

(mg.Y (c. ( (e)

C9 -C3Alpaks 22 NC NC NC NC NA NA NC NC NC
CI9-C36 Albatis . 39 NC NC NC NC NA NA NC NC NC
CI-C22Ammatics 122 NC NC NC NC NA NA NC NC NC

2-Melylapidalme 0.50 NC NC NC NC NA NA NC NC NC
Acemaphme 1.2 NC NC NC NC NA NA NC NC NC
Acnpbdhylkr 039 NC NC NC NC NA NA NC NC NC
Antcca 2.5 NC NC NO NC NA NA NC - NC NC
Bumo()auusacce 6.0 1 1.4E-9 I 3A.4E-10 731.01 1.7E+00 1.9-9 7 013-0 2.6-9
B3o(a)p~yee 4.6 I LOI- I 2.65-10 73E400 1.7E400 1.4&10 531-10 6.7E-10
Baeo)orlze 6.7 1 15E19 1 3,813-10 73101 1.7E+00 2.-1&9 7.73-10 2.38 9
Beo(gV)py 2.5 NC NC NC NC NA NA NC NC NC
Bimo(k)flomnscue 2.7 1 6.1E-0 I I15-10 7.3 02 1.7E+00 8AE-9 3.2E-10 L7E-9
Claryse 63 1.4 -9 I 3.6E-10O 7.3E02 1.71+00 2.0E- 733-10 2.08
Dibe(ah)alxacu .3.2 1 733-10 1 .8E-10 7.3E400 1.7E+400 1.0&10 3.8-10 4.J0I0
Fhollia 13 NC NC NC NC NA NA NC NC NC
Fluorme 1.2 NC NC NC NC NA NA NC NC NC
ndeo(,23-cd)pylme 3.9 1 8.8-10 1 2.2-10 7.3E-01 1.7E+00 L-9 4.510 1.7-9

NalShale 0.62 NC NC NC NC NA NA NC NC NC
Phenaidme 10 NC NC NC NC NA NA NC NC NC
Pyrse 12 NC NC NC NC NA NA NC NC NC

Arocrw-1248 0.32 0.5 6.0&-I1 1 I.8E-11 2.0E400 5.0E-01 3.0E-11 1.2-10 1.5-10
Aor ck1254 0.79 0.35 SB-ID I 4.5 1 2.0E+00 5.0Q-1 7.6-11 3.113-0 393&-10

Amony 1.2 NC NC NC NC NA NA NC NC NC
Asic 29 I 6.5&9 1 1.6-9 1.5E+00 43E+Oo 43E-9 133-9 5.6E-9
Baim 74 NC NC NC NC NA NA NC NC NC
Bayfim 0.65 NC NC ] 3.7-1 NA 2.4E+00 NC 5.46-11 $.4&11
Cuaftas 8.6 NC NC 1 4.81-10 NA I.8E+00 NC 9A4E-10 9.4&-10
Cheaiu 19 NC NC I 1.IE-9 NA 1211+01 NC 32E-10 3.2&-10
Copper 35 NC NC NC NC NA NA NC NC NC
Lad .'4, NC NC NC NC NA NA NC NC NC
MOacy 1.2 NC NC NC NC NA NA NC NC NC
Nickel 35 NC NC NC NC NA NA NC NC NC
Slmi"um 0.39 NC NC NC NC NA NA NC NC NC
Siver 0.12 NC NC NC NC NA NA NC NC NC
Thalium 0.45 NC NC NC NC NA NA NC NC NC
Vamium 137 NC NC NC NC NA NA NC NC NC
2ic 122 NC NC NC NC NA NA NC NC NC

ELCR- 3.85-8 + 6.9E4.9 - 44.08

(s) E Cs ps d Tbke2.
(b) SF, ULIh*sk m RAF RAbc et Bam Tabsis a adi e
(c) Tim bgitive dusgasuuoneshal igedoi ADD iscalcoadby the foowing eas
LADOb.ag. - (CIIL.. *2 * RAF* NIADSws wline, NLADSIR.,a- 1.1&10 ag soDIghmy
(d) he fIighive dust espay sysimADD is caea by die hiwing equation
I.ADt%6w- o *O.5*RA.* NE.ADSIRwo
(e) l*gestion 13J LAD,,,, * SF

Rapiasuy ELCR - *AD _ * Body Weig (70 Kg)l/ Daily rhalati Rate (20 &m/day)) * i Risk
ad Hzn d Im - Sen (am Quotiae)

NC - Not cackand
NA - Not AppicibleAvailabAnabed

P 1n-r sI&%V'*M St " (FD -F O w atta)



TABLE A-25
AVERAGE DAILY DOSE AND HAZARD INDEX CALCIJLATIONS

FOR FUTURE CONSTRUCTION WORKER EXPOSURES TO GROUNDWATER

Cbsemi-
Subrnic Sobelsnr Dmal CbemicalSpedlc Sped&i
largeso Exposen Cona Eqpere Subchruk Ilaard Quodes Haard

Comwa.m of EPC(a) RAF ADD (c) RAF Kp ADD (d) RID (b) hlpsde Derml Iae
Concerm ('L) (b) (mt day) (b) Lfar) (e/hbday) (u gk-day) 4e) (e)

C9-ClSa I 44 I 1.1iF05 1 0.032 1.9E-04 1.09+00 .LIE0 1.9E-04 2.0E-44
CC36$A ati 49 I 1IE-5S I 0.032 2.1-04 2.054+01 6.0107 IE-O 3.105

Aenic it 1 2-7,06 1 0.001 LSE-" 3.01-04 9.0-0 5.0F.03 1.4.942
Baitam 83 10E-05 1 0001 .S-o 70 2.93-04 1.6E-)4 4.53,04
BylliDn 0.48 I 1.2.07 1 0.001 6.38- 20 -03 5.9-05 3.3.05 9.15-5
C mium. 1 2.7E-07 I 0.003 135E-07 3.01-0 9.E-O0 5.0-OSE L4E.-04
Nici 12 I 2.1-06 I 0.000 3.E.07 2-00 1.41E-01 .E-04 1.6E-03
Slmn 18 4.6E-05 I 0001 2.6.05 $.0-03 9.2-0 5.1E-03 .4JE42
Van"i 3710 1.9 1.7.03 1 0.001 . $.0E-04 9E l-O 1.9OE-01 .61-02 2.5
Zinh 17 1 43E-06 1 0.00 1 A-6 3.0E-01 1.4-05 4.7E-06 18.05

TOTAL AZARD INDEX- I2.1E-01 + 6.7E-02 - 3E01I

NOTES:
(a) EPC P pmsm i Ta 3.
(b) RID mdRAP vaines ab Dom Tables 5 ad 7, pedvely
(c) Tim poundwsm inpae ave-pe daBy ds ADD b ctalMd byte 6oowm eqam
GW "r'o ADD- (I * 10' gg*RA l *NADSIRgw
(d) Tb GW dsnsmi ADD icalclad byde fNiU equat
GW ConcADD- [OHMw10 *aIe*O'mftg ORAFdem. *W ?WSCRgw

when, NADSIRgr- 14E-04 LAJft

where, NADSCRgw- 1.41+02 cam-lwftr y

&Sim pri'l

i

I

owne fow-PCaewaj



TABLE A-26
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR FUTURE CONSTRUCTION WORKER EXPOSURES TO GROUNDWATER

Dennal ChemicalSpemdle Cheical-
Ias!em Eqor Cona Exposu ELCR Speeir

Cmotnimam or EPC4a) RAF LADD (c) RAF Kp LADD (d) SF (b) lmgeutmm Dena ELCR
Caewu (wg/L) (b) (aggkgday) (b) (Cmhr) (maita-day) (fatJa)t ' (e) (i) (e)

C-Cl Aliphatics 44 NC NA NC 0.032 NA NA NA NA NA
C9-C6 Alpratnics 49 NC NA NC 0.032 NA NA NA NA NA

Arcnic 1 1 3.6F-0& 1 0.001 205-0S 3,5E+00 5.4E- 8 3.E-05 8.4-0

.Bathn 3 NC NA NC 0.001 NA NA NA NA NA
BAyl um 0.48 NC NA NC 0.001 NA NA NA NA NA
Chromium 1.1 NC NA NC 0.001 NA NA NA NA NA
Nicke 12 NC NA NC 0.000 NA NA NA NA NA
Selnium I8 NC NA NC 0.001 NA NA NA NA NA
Va adimn 3710 NC NA NC 0.001 NA NA NA NA NA
Zinc 17 NC NA NC 0.001 NA NA NA NA NA

ELCR 5.448.0 + 3.0E.5 - 8-8

NOTES'
(a) EPCs posuretd in Tabl 3.
(b) SF amd RAF vahs akn frm Tables 5 and 7, m*pedty.
(c) The pmlwaer isdon ltm avea dafly don LADD is cakublaed by de oEwing equain
GW Inhstio LA - (OMgw *o 10omag .* RAFbing * NLADSIgw whoe NLADM Rw - 335-06 Izkc-day
(d) The GW daal co m LAD is caktased by the Ibthwg eqmtiour
GW Conea LADD- [OHMl 1g w*Io*nati04rg/l *RAFdezm &p NLADSCRw where, NLADSCRwa- L.1E+0D cn ,wAg-day

Sw .. pGw - F Cm RMCR)Pal at e



TABLE A-27
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE CONSTRUCTION WORKER EXPOSURES TO SOIL GAS (FROM SOIL AND GROUNDWATER) IN OUTDOOR AIR

ChemkiSpledfi
Il~datim m Subhromk Hazard Quslest

Contamimdt of EPC(a) ADD (c) RIC (b) nluhalatm

Concern (mgtm) (mi) (mghn) (d)

C9-C18 Alipaics 13E-02 1.4E-03 2.0E4OO 721E-04
C-C22l -M rmatics 5.5E-04 62E-05 5.0E-01 1.2E-04
2-Methyinaphthalcue 5.7E-06 6.5E07 7.1E-01 9.1E-07
Nahtha,4E 1. -6E-07 71E-01 23E-07

TOTAL HAZARD INDEX - 8E04
NOTE:

(a) EPCs prescted in Table 4.
(b) R. values taken fm Ta"e 6
(c) The soil ps inmalution av p daily dose ADD is calculated by i fblowg equation:
Soil Gas Inalation ADD - [OHMJair * NADSR, whevbcw, NADSIRair-
(d) Hamd Quotient - AD$ID and Had ndex - S (unmard Quotients)

.IE-01

Ago1.ts 15.- 1 - F Cm W-4WSW Page 1 of I1



TABLE A-28 -

LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS
FOR FUTURE CONSTRUCTION WORKER EXPOSURES TO SOIL GAS (FROM SOIL AND GROUNDWATER) IN OUTDOOR AIR

NOIES-:
(a) EPCs pesnd in Tabk4.
(b) Unit Risk vahlues taken fim Table &6.
(c) The soil gas inhalation lifetime avrage daily dose LADD is calculated by the filowing equation
Soil Gas Inhahtion LADD - [OH]air * NLADSIL whe, NLADSMRair -

(d) Excess Uifetime Cancer Risk - LADD * SF

NA

1.5E-03

6 01 =

Chemka-pc&
Inbaldatiom Exp re ELCR

Contaminanl of EPC(a) LADD (c) Unit Risk (b) Inhalatimon
CaOera (mhgl (atm) (mshim (d)

C9-CIS Aliphatics 1.3E-02 I.9E-05 NA NC
CI I-C22 A uromt s 5.5E-04 8.3E-07 NA NC
2-Metinapbmalee 5.7E-06 .6549 NA NC
Napthalem 1.4E-06 2.2E-09 NA NC

Page of



TABLE A-29
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE UTILITY WORKER EXPOSURES TO SOIL

Chemical-

Subchronkc Sol Subc brole Soil Dermal Chemical-Speciflc Specific
Inptlion Exposure Contact Exposure Subchronic Hazard Quodent Hazard

Contaminant of EPC(s) RAF ADD (c) RAF ADD (d) RID (b) Ingestion Dermal Inadex

Concern (mg/k) (b) (mg/kg-day) (b) (m- Sy) (mg/dy) () (e) (e)

C9-C18 Aliphatics . 22 1 13E-6 0.5 6.6E.6 1.0E+00 13E-6 6.6E-6 8.0E4-6

C19-C36 Aliphatics 39 1 2.3E-6 0.1 2.3E-6 6.0E+00 3.8E-7 3.9E-7 7.7E-7

C I-C22 Axomatics 122 036 2.6E4 0.1 7.2E-6 3.0E-01 8.6E-6 2.4E-5 3.3E-5

2-Methybaphhakee 0.50 1 3.0E-8 0.1 3.0E-8 4.0E-02 7.4E-7 7.5E-7 1.5E1-6

Asnaphtlene 1.2 1 73E4-8 0.2 1SE-7 6.0E-01 1.2E-7 2.SE-7 3.7E-7

Acuphyene 039 0.91 11E-8 0.18 4.2E-8 4.0E-402 5.2E-74 1.0E-6 1.6E-6

Anhcene 2.5 1 1.5E-7 0.29 4.2E-7 3.0E+00 4.8E-B 1.4E-7 1-9E-7
Bemo(s)anthracene 6.0 0.91 3.2E-7 0.18 6.4E-7 4.0E-02 .1E-6 1.6E-5 2.4E-

Bnemo(a)pyrene 4.6 0.91 2.4E-7 0.18 4.9E-7 4.0E-02 6.IE-6 12E-5 1.E-5

Beno(b)fluoratne 6.7 0.91 3.6E-7 0.18 7.1E-7 4.0E-02 8.9E-6 1.81E-5 2.7E-5

Bamo(gJi)peryke 2.5 0.91 1.3E-7 0.18 2.6E-7 4.0E-02 33E-6 6.6E-6 9.9E4

Benzo(k)floorantene 2.7 0.91 1.5E-7 0.18 2.9E-7 4.0-02 3.6E-6 7.2E-6 1.IE-

Chrwysne 6.3 0.91 3.4E-7 0.18 6.7-7 4.0E-02 8.4E-6 1.7E-5 2.5E-5

Dibenz(ah)an cene 3.2 0.91 1.7E1-7 0.08 L3E-7 4.0E-02 43E-6 3.8E-6 3.2E-6

Fluoranthene 13 1 7.4E-7 02 i.SE4-6 4.0E-01 I.9E-6 3.8E4-6 5.6.E4

PFhom 1-2 7.3-8 0.2 I3E-7 4.0401 1.8E-7 3.7E-7 5E-7

bkno(1,2,3-cd)pyrene 3.9 0.91 2.1-7 0.18 4.IE-7 4.0E-02 5.2E-6 .LOE-5 1.6E-S
Naphihalne 0.62 1 3.6E4 0.1 3.7E-8 2.0oE-02 1.8E-6 1.8E-6 3.6E-64

Pheminflne 10 0.91 S.E-? 0.18 1.014-6 4.01 02 1.3E-5 2.6E-5 3.8E-5

Pyte 12 1 7.2E-7 0.2 1.5E4 3.0E-01 2.4E-6 4.9E-6 7.3E-6

Aroclkr-1248 0.32 0.85 i.6E4- 0.07 13E-8 20-OS 7.9E-4 6.3E4 1.41-3
Awcor-1254 0.79 0.85 4.0E-8 0.07 3.IE-8 2.0E-05 2.0E-3 1.6E-3 35E-3

Antimony 1.2 1 7.OE4 0.1 7.1E-8 4.0E-04 1.8E34 1.8E4 3.-E-4

Asenicnk 29 1 1.7E-6 0.03 . 5.15-7 3.01-04 5.6-3 1.7E-3 7.3E-3
Barium 74 0.39 1.7E-6 0.3 13E-5 7.0E-02 2.4E-5 1.9E4 2.I-4
Beryilium 0.65 1 3.8E1- 0.03 1.2E-84 2.OE-03 i.9E-5 5.8E-6 2.5-5

Cadmim 8.6 1 s5. -l 0.14 7.1E-7 1.0E-03 5.0E-4 7.14 121.-3
Cromium 19 I I.IE-6 0.09 I.OE-6 3.0E-03 3.8E-4 3.4E-4 7.214

Copper 35 I ZIE-6 0.3 63E-6 4.0E02 5.2E-S 1.6F-4 215-4

Lead 135 0.5 4.0E-6 0.01 4.8E-7 7.51-04 531-3 6.41E4 5.91-3
Mercury 1.2 1 7.3E- 0.05 3.7E-84 3.0E-04 2.4E-4 1 .2E-4 3.7E4
Nickel 35 2.IE-6 035 73E4 2.0E-03 1.OE-3 3.7E-3 4.7E-3

Seklenium 039 1 2.3-8 0 4.6&-10 5.04E-03 4.5E4 9.2E-4 4.&6-54

Silver 0.12 1 7.2-9 025 I.814 5.0E403 1.4E1-6 3.6E-64 5.IE4
Thallitn 0.45 1 27E-4 0.01 2.7E-9 &OE-05 3.3E-4 3.3E-S 3.61-4
Vanadium 137 1.86 -1.5-5 0.14 L.IE-5 9.0E1-03 1.7E-3 13E-3 2-9E-3
Zinc 122 1 7.2E-6 0.02 15E-6 3.01E-01 2.4AE-5 4.8E-6 2.9E-5

NOTES-
(a) EPCs presented in Table 2.
(b) RID and RAF values taken rom Tables 5 and 7, mpcdvw .
(c) The soil ingestion ADD is caklated by the following eqmpaoi
Soil Ingesmion ADD *- [OHMi * 10' kgl mg * RAFI * NADSI.,
(d) The soil dermal cmtct ADD is cakated by the followking equatiom
Soil Coent ADD - [OHM L * 10 kh * RAF,.* NADSCR
(e) Hazard Quotient - ADD/RD and Hazard Index - Stam (Hazard Quotients)
NC -Not calculated
NA - Not ApplicableAvailable/Analyzed

TOTAL HAZARD INDEX- I.81E-02 + 1.1E542 - 3E42

wher NADSIRS - 5-9E02 mg sos41&day

wbce, NADSCR.a - 5.9E-01 mgswlkg-day

S ox=LS [SL. F th W4j061582005 Pp 1 of3



TABLE A-30 -

LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS
FOR FUTURE UTIILITY WORKER EXPOSURES TO SOIL

Sabotbroie Sol Subchronlc Sel Dermal Cbemcl-Speclffk Chemkal-
Ingestion Epos re Contact EapoN r ELCRt Speclile

ContmIlnant of EC(a) RAF LADD (c) RAF LADD (d) SF (b) Iegestle Dermal ELCR
Comeers (mgjk ,(b) (mgIkg-day) (b) (m gly) (mg/kg-day)' 4e) (e) (e)

C-ClS Aipha mks 22 NC NC NC NC NA NC NC NC
Cl 9-C36 Aliphatics 39 NC NC NC NC NA NC NC NC
C I-C22 Aronmadcs 122 NC NC NC NC NA NC NC NC

2-Methy inaptalem 0.50 NC NC NC NC NA NC NC NC
Acemphthene .2 NC NC NC NC NA NC NC NC
At aphylene 0.39 NC NC NC NC NA NC NC NC
Andmcene 2.5 NC NC NC NC NA NC NC NC
Bemo(a)anacen 6.0 1 4.7E-09 0.2 9.5E-09 73E-01 3.4E4-09 7.0E4-09 1.0E4-8
Bam(a)pyrem 4.6 1 3.6E-09 0.2 7.2E-09 73E+400 2.6E-4 5.2E-08 7.80-0
Bao(b)fluormtne 6.7 5.2E-09 0.2 .3E-OS 73E-01 3.8E-09 7.7E.09 1,1.45
Bm(1)pryme 2.5 NC NC NC NC NA NC NC NC
BcmD(k)ormlbene 27 1 2.IE-09 0.2 43E-09 73E-02 1.61E-10 3.1E-10 4.7E-10
Chryse 6.3 1 5.0E-09 0.2 LOE.-08 7.3E-02 3.6E-10 73E-10 LIE49
Dibam(,h)amac e 3-2 1 2.5-09 0.09 23E1-09 73E+00 1.91-08 i.7E-08 3.5E-08
Flooaume 13 NC NC NC NC NA NC NC NC
Flnm e 1.2 NC NC NC NC NA NC NC NC
hldeno(I,3-cd)p)n 3.9 1 3.0E-09 0.2 6.11-09 7.3E-01 2.2E-09 4.5E-09 67E-49
N"ahtleM 0.62 NC NC NC NC NA NC NC NC
Phantumea 10 NC NC NC NC NA NC NC NC
P)yne 12 NC NC NC NC NA NC NC NC

Aroclor-1248 0.32 0.85 2IE-10 0.07 1.7E-10 2.0E+00 4.24E-0 3.3E-10 7.5E-10

Awcl.r-1254 0.79 0.85s 5.3E-10 0.07 4.2E-10 2.04E+00 .IE-09 8.41-10 1.9E-09

Anmny 11 NC NC NC NC NA NC NC NC
Asec 29 1 2.2E-08 0.03 6.8E1.09 1.5E+00 3.4E-0 .0E-08 4.4E-08

Barium 74 NC NC NC NC NA NC NC NC

BeryUm 0.65 NC NC NC NC NA NC NC NC

Ceadmnimn 8.6 NC NC NC NC NA NC NC
Chmium 19 NC NC NC NC NA NC NC NC

Copper 35 NC NC NC NC NA NC NC NC
lad 135 NC NC NC NC NA NC NC NC
Mecur 1.2 NC NC NC NC NA NC NC NC
Nickel 35 NC NC NC NC NA NC NC NC
Selehn 039 NC NC NC NC NA NC NC NC
Siver 0.12 NC NC NC NC NA NC NC NC
Mdium 0.45 NC NC NC NC NA NC NC NC
Vanadih 137 NC NC NC NC NA NC NC NC
Zienc 122 NC NC NC NC NA NC NC NC

ECLE - 9.0E-08 + 1.01547 - 2E-07
NOTES:

(a) EPCs presented in Tablet
(b) SF nd RAF vanes tkeM fen Tables 5 andM 7. rmespecwively.
(c) The soil ingestion LADD is cakuhted by Me oowing equadm
Soil hgestdmon LADD - [OMLM,, * 1to kgng * RA *NLADSOt. where, NLADSl. - 7.8 E44 mgsl&g-day
(d) Tbe smua demal coact LADD is calculated by the folowing equationt
Soil Coct LADD - [OHM, * 10 k"mg * RAFM,. NLADSCR~ whew, NLADSCRvA - 7.9E14-03 mg soilVkg-day

(e) Exces Lldme Cancero Risk - IADD * SF
NC- Not calculated
NA - Not AplicabWAvailablW/Anamlyzed

pst_[S(S.-FIAMW-ECXJhIow1n



TABLE A-31
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE UTILITY WORKER EXPOSURES TO FUGITIVE DUST FROM SOIL

Cbemcal-
Subchemak Son Swbcbreak Sod Chemkal-Spcifk Spedfi

GI luaaltie Exposrr Respiator Exposre Sabchronk Sabchroak HazErd 2!g Hazard
Contamaswt er EPC(a) RAY ADD (c) RAP ADD (d) RID (b) RIC (b) lecgstion Respiratory ladex

Comnr (agkg (b) (mg/k-day) (b) (a. kg-dy) (qikeday 
)

!g (e) (c) (e

C9-C SAiphaks 22 1 4.6-8 1 LIE 1.OE+00 2.0E400 4.6E-8 2.0E 6.5E4

CI9.C36 Aipatks 39 I &058 I 2O0-3 6.DE*0O NA 1.3E-8 NC 1.3E-8

C11-C22 Aomatas 122 0.36 L29E-8 6.21E- 3.0E-01 5.0E-01 3.0DE-7 4.3&-7 7.3-7

2-Methyln*iAhk 0.50 1 1.0LE-9 1 2.6E-10 4.0DE-02 7.15.01 2.6E4 13E-9 2.7F4
Acempnho 12 I 2.5E-9 I 6.3.-10 6.0-01 7.1E-01 4.2E-9 3.1E-9 73f.9

Accnphthylne 039 0.91 712E-10 1 2.0-10 4.0E-02 7.1E-01 11.898 9.E-10 1.9E-8

Andacne 2.5 5.0&9 1 1.3E -9 3.0E+00 7.1E.0o 1.7F,9 6.2&-9 7.91.9
Beuw()anlmaceZ 6.0 0.91 I.IE- 1 3.1&9 4.0&02 7.IE-01 2.8-7 15E- 2.957
DemZo(a)pym 4.6 0.91 8.4-9 I 2.3E-9 4.0502 7.1101 2.1E-7 1.164 2.26-7
B=auc(b)lm1onthm e 6.7 091 1.2E I 3.4E-9 4.05.02 7.1E-01 3.1-7 .7E- 3.21&-7

Bemo(gAl)prylec 2.5 0.91 4.6E-9 1 1.3E-9 4.0E-02 7.114F 1.-7 6.2&9 1.2&7-
B mo(k)Itam u 2.7 091 5.0&9 1 1.4&9 4.0-02 7.1E4-01 13E--7 68&,9 13&7

Chroysmue 63 0.91 .2.4 1 3.29 4.002 7.1E-01 2.9&-7 1.614 3.tI7
Dbet(ah)adnaw 3.2 0.91 6.09 I .65-9 4.0E-02 7.1E-0 1.5E-7 .LIF-9 1.67
Fhommnshe 13 1 2.64 1 6.4E-9 4.001 7.1E-01 6.4E- 3.254 9.658
Flum 1.2 t 2.S-9 1 65-10 4.0E-01 7.1E01 63F-9 3.11&9 9.4E-9
Indemo(1,23-)pyve 3.9 0.91 7.2-9 1 2.09 4.0E-02 7.1E01 1.8E-7 9.71-9 19-7
NapMhshal 0.62 1 1.3E-9 1 3.1&10 2.0DE-02 7.1E-01 6.3&" 1.5-9 6.4B-1
Pmmurne 10 0.91 1.814 1 4.9E-9 40E-02 7.11F0 4.4E-7 2.414 4.71-7
Pyrme 12 1 2.5 8 1 6.2EA-9 3.01 7.1E-03 8.31 E- 3.1E8 1.157

Aeclr-1248 032 0.5 5.4&-10 1 1.6&10 20-05 2.0E-04 2.7E-S 2.8-6 3.0-S

Acor-1254 0.79 0.85 1.49 t 4.0&10 2.-OE 0S 2.0E-04 6.8-5 7.0E-6 7-565

A.nmy 12 1 2.4-9 1 6.I-10 4.01-04 NA 6.1E.6 NC 6.1F6

Annmic 29 $.82 1 I.5F13 3.0E-04 NA 1.9F-4 NC 1.935-4
Baina 74 0.39 5.E-1 I 3.7E- 7.0E02 NA 8.3&7 NC 8.3E-7

BayInm 0.65 1 1.3E9 I 3.3E-10 2.0E03 2.0E-04 6.6&-7 5.8E-6 6.4F6
Cadmun 8.6 1 1.7E-3 1 4.4&-9 1.0LE-03 NA 1.7-5 NC 1.75-
Ch9nim 19 1 3.954 1 9.819 3.0E5-03 1.0-03 1.3P-5 3.4-5 4.7&5

Copper 35 1 72.&2 8 1 Ls 4.0E-02 NA 1.3E-6 NC 1.F6

Lad 135 f' 1.4&7 1 6.98 7.E-44 NA 1.8-4 NC 1.8-4

MEemy 1.2 1 2.5-9 I 63-10 3.0f504 NA .41-6 NC 3.464
Nick l 35 1 72&8 1 18 4 2.0E-03 NA 3.65- NC 3.6-5
Solmium 0.39 1 7.9E-10 1 2.0&10 5.0F1-03 NA 1.6E-7 NC 1.6&-7
5er . 0.12 1 2.5&5-10 1 6215&11 5.0-03 NA 5.0E-8 NC 5.064
1m 0.45 I 925-10 1 2.3-10 8.0E-05 NA .IE-5S NC .15-3.
Vaumdim 137 1.86 S.22-7 1 6954 9.0E- NA 5.75- NC 5.75-S
Zio 122 1 352-.7 1 6.2E-11 3.0E-41 NA .3&-7 NC .35-7

TOTAL 3AZARD INDEX = 63.04 + .11E5 - 78-04
NOTES:

(a) EPCa pnse iTable2.
. () MD. U.M ad RAF o kn Sm Tas 5, 6and T7.xwctlh*.

(c) The fiiv dut ~o saina gesim ADDi cambld bya the wmimS equmti
AJI a,,,a- OHB*j,... '2*RAF.,*bNADSIRO where. NADSMI- 1.05-09 ag soowkgdI&ay
(d) 71e ftgtie dant nssay sysem ADD Is caea by de fowngqaos
ADRhA...- LOHIsn. * 0.5 1 RAFa, * NA1SiRg
(e) IgesiQa Haa lQu -ADD.,, / RD

ReWimy Eamd Qa M- (AD . * Body Weight (70 X Daily hadion Rat (20 m/day))/ RIC
and Hazard lmAI n - Sam (Hamd Quics)

Nc - Not cacubsed
NA- Not ApplablefAvaaleAnayzed

SLa O. PD-P tal WuOm
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TABLE A-32
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR FUTURE UTILITY WORKER EXPOSURES TO FUGITIVE DUST FROM SOIL

Sabchreak SoB Subbtreak Sel Cbemksl-Spewk Chemal-
G1 labae Espsr Rsirtoy Ezpsure ELCR SpecMk

EiC(s) RAF LADD (c) RAF LADD (d) SF(b) Unit Risk (b) lgesm Respiratory ELR
(ar/k) (b) (arA-day) (b) (fmt -day) (male.da) (Mm (e[ (e) ( e)

C9-Cl AHiphatics
C19C36 ANptics
CII-C2 Aamdcs

2-Mhylopnkn
Accompulene
Accomplbykne

Benzor+a,)pyruar
Bencoadeae

CoDtae
Dhmitaezbx .mme

lodcoo(,2,-alopyrne

Pbmtffm
Pyrage

22 NC
39 NC
122 NC

0.50 NC
1.2 NC

D39 NC
2-5 NC
6.0 1
4.6 2
6.7 1
2.5 NC
217 123 I
6.3 1
3.2 1
13 NC
I I NC12 NC
39 I1

0.62 NC
10 NC
12 NC

NC NC
NC NC
NC NC

NC NC
NC NC
NC NC
I1C NC

1.6 10 I
1.210
1.8 10 1

NC NC
731-11 1
1.IE10 I
LSll I3

NC NC
NC NC

1.11-10 I
NC NC
NC NC
NC NC

NC
NC
NC

NC
NC
NC
NC

4.1 511
3.1&11
4.5E-11

NC
1.82&11431E-IlI
4.3&II* i

221
NC
NC

2.6-11
NC
NC
NC

NA
NA
NA

NA
NA
NA
NA

73E-01
7.3E+00
73E,-01

NA
7.3M-O
7.3E-042
731-02
735+00

NA
NA

73E-01
NA
NA
NA

NA NC NC NC
NA NC NC NC
NA NC NC NC

NA NC NC
NA NC NC
NA NC NC
NA NC NC

17E+00 2.2.10 8.41E-I
1.7E+QD 1.71-I I 63E-11
1.7E+00 2.53-10 9.3E-1 I

NA NC NC
I.7E.00 .0E-9 3.1E-11
1.7E+00 23E-9 .8-1I
1i.7+o00 1.2E-I1 43&11

NA NC NC

I.7E-*00 1.A-.-o 5A&It

NA NC NC
NA NC NC
NA NC NC

032 0.85s 73-I2 I 21E-12 20E+00 5.OE-01 3.6E-12

0.79 0.85 1.8E311 I 5.4,12 2,.0E+00 5.0.-01 9.1E-12
Amcb-1248

Andoayl

Antieory

Baat

Boer~n

Lead
ae-

&Mw

ThSdmSdvw

Vamdim
Zu c

1.2 NC
29 I
74 NC

0.65 NC
8.6 NC
19 NC
35 NC

135 NC
1.2 NC
35 NC

039 NC
0.12 NC
0.45 NC
137 NC
122 NC

NC NC
7.8 &10 1

NC NC
NC 1I
NC I

NC
NC NCNC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC

NC

NC
4.4-12
5.8F-I I
1-3&-10

NC
NC
NC
NC
NC
NC
NC
NC
NC

NA
15E+00

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA NC
43E+00 5.-O-10

NA NC
24E+00 NC
I,8E+00 NC
1.2E401 NC

NA NC
NA .'C
NA NC
NA NC
NA NC
NA NC
NA NC
NA NC
NA NC

NC
NC
NC
NC

3.1E-10

3.4110
NC

NC

1.0&.9

$3tt

2.08-10

NC
NC

NC

I.1-&II ..1-It
37Fl& 1 47&1-

NC
1.61-10

NC
6.4&12

.LIE-10
18&-21

NC

NC
NC
NC
NC
NC
NC
NC

NC
6.75&10

NC
6.4E&12

3.11-3

NCI
NC
NC
NC
NC
NC
NC
NCNC

I

EL~R- 45.09 + 83-0 - 5.09

() E 'Cs peseed in T*i 2.

(b) SP, jT Rm, aat RP vibc tam m Tables 5,4 A 7, ccd d.
(c Thc in Zut s Si segeion ADD is cdadby ie s f owiequat

2 * g2*RAF NADS R whe, NLADSIR.,- IAE-I molgn1&-dY

(4I) Thecaisidu&sepirafoy system ADD iscalcultedtrythetlkoingwquto

.&05 *o W6. s* RA. *NADSI

(e) I lgstin ECR- D SF
Respiatoy ER - (AD~Anne.p * Body Weigh(70 Kg)I Daily lbhaaie Rate(20s'/day)) * Uni Risk
ant Hmtad b am - San Qtnd Quoes)

NC Not cashcbA
NA - Nt AppiabeAvaIlaeAmlyed

so.jvur-rIuawsuc1

Coammimt e1
Comntm

*w*l*rtLWM



TABLE A-33
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE UTILITY WORKER EXPOSURES TO GROUNDWATER

Chemkat-
Sabstmnk Sbhromk Dnual Cbemkal-Speifk Speak
Ingestol. Epm Coana Eposr Sabcbrowk Ha Quo HaStard

Ceanamaa r ErC(a) RAF ADD (c) RAF Kp ADD (d) . RID (b) lngesdo Dml lads

Corar (uiL) (b) (stlg-dsy) t) (ma-a) (2 g-day) (mg/h-day) (.) (e) ()

CS-CI SAplics 44 1 1.3-06 1 a032 23E-05 I.E+00 1.3E-06 2.3E-05 214
C19-C36 AIpbds 49 I 1.4-06 I 0.032 26E-0 2.0E+0 72E-0 1.3E-06 134-06

Annic 1 1 3.2P7 1 0.001 1.8-07 3.0E44 .IE-03 6.0-04 1.75E-03
Basi 33 1 2.4-06 I 0.00! 1.4E-06 7.05-02 3..E-05 I.9E-5 5.4-FAS

BryMu 0.48 I 1.4PA 1 0.001 7.1E-09 2.0E-03 7.06-06 3.9F,06 1.I.05
Chandas 1.1 1 3.214- 1 0,001 1.3O8 3.0" 1.1E-45 6.01-06 1.7E4.05
Nichi 12 1 3.4E-07 0.0 oo 3.FAI 2.0E-0 1.75104 1.9B-05 19.44
SaSi 1 5F-06 1 0.001 3.IE06 5.01.03 .IE-03 6.1E04 7F-3
Vamius 3710 1I9 2.I-0 o 0.001 6E-4)5 9.03.0 231-2 6.7F403 3-oE

Ms 17 1 5.11-07 1 0.001 3-7E-07 3.0-1 .- 06 5.7E-07 2.3B46

TOTAL IAZARD UNDEX - 231-42 + 8GPA3 - 3M40

NOTES:
(a) ECoracld inTable3.
(b) RID amd RAF vukbe lsa fmh Tableks $ d 7.qtspctdv.
(c) The poundwatr iesm ti-aa daly doe ADD i akabtdby de fllowingcquaat
GW I pa,.i ADD - [OI a $ t]w* at fg RAFi * NADSIRgw

(4) The GW dansl cans ADD hi clcbd ob lIokg equaia
GW Cna ADD- [OHMgw* 1I0'V Ltd ag RAq ndr t *NADSCRaw

whea, NADSIgw* 2.9E-O5 1,Jkgday

whe, NADSCftw- 1.5E+01 m,,-brrkday

WAN tg'r Iff GWalow-FuawJw4a



TABLE A-34
LIFETIME AVERtAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR F UTJlRElJ UTILITY WORKER EXPOSURES TO GROUNDWATER

Derma ChemicakSpede Chem -
Ingdeo.x r Contact Exposre ELCR Spetd

Cosambias of EFC(a) RAF LADD (e) RAF Kp LADD (d) SF (b) Impesd Dermal ELCR
Coaum O(WL) (b) (-aktgdy) (b) (- a) (t-day) (m/h-day) e) (e) (e)

C9-CIS A atics 44 NC NA NC 0.032 NA NA NA NA NA
C19-C36 Aliplatics - 49 NC NA NC 0.032 NA NA NA NA NA

Arsenic II 1 4.3E,09 0.001 4 .E-09 1.5E+40 6.509 3.6E9 L3E-0
Barun 83 NC NA NC 0.003 NA NA NA NA NA
Beyyimn 0.48 NC NA NC 0.001 NA NA NA NA NA
Clunia 1.3 NC NA NC 0.001 NA NA NA NA NA
Nickel 12 NC NA NC IL.00 NA NA NA NA NA
Selk man 188 NC NA NC 0.001 NA NA NA NA NA
Vanadihn 3710 NC NA NC 0.001 NA NA NA NA NA
Zinc 17 NC NA NC .001 NA NA NA NA NA

ELCR- 6.5E-09 + 3.6E-09- 3E08

NOTM-
(a) EPCs pmscad in Table 3.
(b) SF and RAF valos len fm Tables 5 ad 7, ruspectively.
(c) The pmu"wm pais avm daily se LADD is calclaed by di following eqatimr
OW lugestim lADD - jOMgw * 4l t * RAFing * NLADSIZw whe, NL.ADSIRHw - 3.9-07 L,-day
(d) The GW dew=d cobac LADD is calculated by de Uflowbg eqmto
WCotac LADD- [OHMI e IDA? tom9Ag* RAFda Kp NLADSCRgw wher NLADSCRgw - 2.2-01 c$Acday

owM pw - f u wesalareas rew aat



TABLE A-35
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE UTILITY WORKER EXPOSURES TO SOIL GAS (FROM SOIL AND GROUNDWATER) IN OUTDOOR AIR

TOTAL HAZARD INDEX -
NOTES:

(a) EPCs presented in Table 4.
(b) RIC values taken from Table 6.
(c) The soil gas inhalation ave a daily dose ADD is calculated by the following equation:

Soil Gas Inhalation ADD - (OHM)air * NADSIR.h when NADSIRair -

(d) Hazard Quotient = ADVRfD and Hazar Inde b- Surn (Baznd Quotkents)

14

IE.4-02

L4&0

AR_I quinS i-A- F U1 W-.4

Chemical-Specifle
inhbalation Expore Subchronic Hazard Quotient

Coutaminant of EPC(a) ADD (c) RfC (b) Inhalatom
Concerm (Mufm) (mg/n) (mgfm) (d)

C9-C18 Alsipmatics 13E-02 1.7E-04 2.0E+00 - .7E-05
Cl 1-C22 Armunatics 5.5E-04 7.5E-06 5.0E-01 1.5E-05
2-Methynaphthalne 5.7E-06 7.8E-0 7.11E-01 1.1E-07
Naphlhmlcne 1.4AE-06 2.0E-08 7.11E-01 2.8E-08

omnrlmmaO0 Page I Or I



TABLE A-36
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR FUTURE UTILTY WORKER EXPOSURES TO SOIL GAS (FROM SOIL AND GROUNDWATER) IN OUTDOOR AIR

ELCR=
NOTES:

(a) EPCs presented in Table 4.
(b) Unit Risk values taken fm Table 6.
(c) The soil gas inhalation lifetime average daily dose IADD is calculated by the following equation:

Soil Gas hlbiation LADD - [OHMair N ADSIR where NLADSIRair=

(d) Excess Ufetime Cancer Risk - LADD * SF

NA

1.81-04

ARin lst.OA - F u W-ECFR

Chenvdcal4peci

Inhalation E ure ELCR
Coutanduant of EPC(a) LADD (c) Unit Risk (b) labalation
Concem (mgfmi (,,/m, ) (mghm "1 (d)

C9-CT 8 AHbtis !3E42 2.3E-06 NA NC
CI -C22 Aro=tics 51A-04 1.0E-07 NA NC
2-Mc0thylnaphmhalcne 5.7E-06 1.0E-09 NA NC

Naphthalki 1.41-06 2.6E-10 NA NC

anomons0 page I co



TABLE A-37
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE CHILD RECREATIONAL USER EXPOSURES TO SOIL

Chemkal-
Chrkonic Soil Chronic Sell Denrmal Chemical-Speciflc Specifick

Ingestion Exposure Contact Exposure Chrnk Hazard Quotent Hazard
Contasmlnaal e EPIC(a) RAF ADD (c) RAF ADD (d) RID (b) Ingestion Drmal Index
Cosacer (m/t) (b) (m/kiay) (b) (Mt ) (mJ-1gi a) (e) () (e)

C9-Cl8 Aliphatics 22 1 3.2-5 035 1.4E-04 1.0E-01 3.2E-04 1.4E-03 1.7E-03
C 19-C36 Alipataics 39 1 5.6E-45 0.1 4.8E4 5 2.0E+00 2.E-05 2.4E4-05 5.2E-05
Cl 1-22 Anmatics 122 036 6.31-05 0.1 1.5E-04 3.05-02 2.12E-03 4.9E-03 7.0f,3

2-Mctbbaphaluwene 0.50 1 72E-07 0.1 6.IE-07 4.0E-02 1.EM-05 1.5E-05 3345
Accnphthec 12 1 1.8E-06 . 02 3.0E406 6.0E-02 3.01-05E4 5.0E-05 .0E-O05
AcenUphityene 039 0.91 5.1E47 0.18 8.6E 47 4.0E-02 13E-05 2.1E-05 3.4-05
Anthae 235 I 335E-06 0.29 8.7E-06 3.01-01 IE-05 2.915-05 4.E-OS
Benzo(a)anftracee 6.0 0.91 7.854-06 0.18 13E4-05 4.0E-02 2.0E-04 33E-04 52E-04
Bema()pysne 4.6 0-91 5.9E.06 0.18 9.9E-06 4.OE-042 1.5E4-04 23E-04 4.0E04
Bezo(b)lnoantene 6.7 0.91 8.6E-06 0.18 1,51-05 4.0-02 2.2E-04 3.6E-44 5.S144
Bano(gh4)pelnm 2.5 0.91 32E-06 0.18 5.4-06 4.0102 8.05-05 I.3E-04 2.2104
Demo(k)f1oanhene 2.7 091 35E-06 0.13 59E1-06 4-0E42 8.8E-05 1.5E-04 2.4E-04
Chyasen (63 091 82E-06 0.18 1.4E-05$ 4.0E02 2.IE-04 3.5E-04 5,E-04
Dibenz(ab)anthracene 32 0.91 4.2E-06 0.08 3.1-,06 4.0E02 .IE-04 7.9-05 1.85-04
Fluoranthens 13 1 .SE-05 0.2 3.1-05 4.0O02 4.5E-04 7.7E-04 1.2E-03
Flwan 1.2 I 1LE-06 02 3.0E-06 4.01-01 4.4E46 7.15E-06 1.2E05
Indcnao(,23-cd)pyrmc 3.9 0.91 5.0E-06 0.18 8.5-06 4.02-02 1.3E-04 2.1E-04 3.4-04
Naphthalma 0.62 1 8.E-07 0.1 7.5E-07 2.0E-02 4.4E-05 3.7E5 8.21E-05

anth 10 0.91 1 .2E-05 0.18 2.105 4.05E-02 3.IE-04 5.2-04 83E-04
Pyben 12 1 21.8E-S 0.2 3.0E-05 3.01-02 5.9E-04 1.0E-03 1.6Em3

Amoer-1243 0.32 0.85 318-07 0.067 2.6E-07 2.0E-45 1.95-02 13E-02 3.2E-02
Amrlonr-254 0.79 0.85 9.6F,07 0.067 6.4E5-07 2.0E-05 4.85E02 3.2E-02 .0E-02

Antimny 12 I .7E-06 0.1 1.5E-06 4.0E-04 43E-03 3.6E-03 7.9-03
Araic 29 I 4.1-05 0.03 1.015 3.04-04 I.4E041 33.E-02 1.7E1-01
Barim 74 039 4.1-45 03 2.7E44 7.102 5.8E3-04 3.85E-03 4.4E.-03
Beylime 0.65 1 93E-07 0.03 2.4E-07 2.05-03 4.6E-04 I.2&04 5.81-04
Cadmimn 8.6 1 1.2E-05 0.14 13.S0 1.01-03 1.2E02 1 3-02 2.7E-042
Crium 19 1 2.8E-0 0.09 2.12 E-05 3.0-03 921-03 7.0103 .6E-02
Copper 35 I 5.1E0 03 13E-04 4.010 13E-03 3.2E1-03 4.5E03
lead 135 0.5 9.6E-05 0.006 9.9E06 7%-04 .13E-01 13102 1.4E-01
Meuary 1.2 2 1.8E-06 0.05 7.61-07 3.01-04 5.9E-03 2.5E-03 4E-03
Nickel 35 3 5.005 035 1.5E-04 2.0E03 2.5E1402 73E.2 1.015-03
Selnham 0.39 1 5.5E-07 0.002 9.4E-09 5.05-03 1.E-04 1.9E-06 1.1E-04
Silver 0.12 1 1.8-07 0.25 3.7-07 5.01-03 3.S-05 7.5E-0 1.1.-04
Thasllm 0.45 1 6.4E2-07 0.01 5325FA)-08 8.0E45 8093 6.9E-04 &.7-03
Vanadimn 137 1.86 3.6E-04 0.14 2.3E-04 9.0E43 4.0E-02 21 E-02 6.6 -02
Zinc 122 1 1.7E-04 0.02 3.0E5 3.0-01 5.8E-04 9.9E.05 6.104

NOTES:
(a) EPCs pwstd in Tabtl 2.
(b) Rf and RAF values taken frm Tables S and 7, resectively
(c) T sol ingaion averWge daly dose ADD is calculaled by the hilowing equation:
Soil Ingestion ADD- [OHMsoH * 10r kgn * RAPft * NADSIRolI
(d) The so demual conact ADD is calculated by the rlowing equation:
Soil Contac ADD - [OIMsai * 10' kghng * RAFderm * NADSCRsoil
(c) Hanid Quoient - ADI'RID and Hazard Index - Sum (Hazard Quotients)

TOTAL HAZARD INDEX - 4.4E-01 + 2.4E-01 - 71-01

whe;r, NADSIRsoil - 1.4E400 mg soilkg-day

where. NADSCRsoil - 12E+41 mg soilkg-day

SlL._A L S- Ra M c4mh** I sr s



TABLE A-38
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR FUTURE CHILD RECREATIONAL USER EXPOSURES TO SOIL

So Sell Dermal Chemkil-Sptfflt Chemical-
n gestion Exposure Contact Exposure ELCR Specific

Contaminant of EPC(a) RAF LADD (t) RAF LADD (d) SF (b) gestiodm Dermal ELCR
Cotera (mW/kJ (b) (ml/k ay) 0 (m/gmu ay) (mkg-day) (e) (!2 (e)

C9-ClS Aipinsics 22 NC NC NC NC NA NC NC NC
C19.36 AUphas 39 NC NC NC NC NA NC NC NC
CI-C22Armatics 122 NC NC NC NC NA NC NC NC

2-MctnaphflutaMne 0.50 NC NC NC NC NA NC NC NC
Acmsphthene 1.2 NC NC NC NC . NA NC NC NC

S Aceaphiykae 0-39 NC NC NC NC NA NC NC NC
Andmwace 2.$ NC NC NC NC NA NC NC NC
Belo(a) lnocenc 6.0 1 8.0&E-07 0.2 1.4E-06 73E-01 5.9E-07 I.0E-06 1.6E4-06
Bemo(a)pyrm 4.6 1 11E47 0.2 1.0E-06 7.3E+00 4.4E-06 7.5E-06 11E-05
Bnzo)flnant Me 6.7 L9E-07 0.2 15E-06 7.3E-01 65E1-07 E-1.06 .7E-06

Bem(g.bj)p yime 2.5 NC NC NC NC NA NC NC NC
Bmo(k)flo rhnen 7 3.6E-07 0.2 62E-07 73E-02 N.C6 45E-08 7.148

Cyn3m 6.3 1 8.AE-07 0.2 1.4E-06 73E-02 .IE-07 .OE-07 1.7E-07
Ibma,h)Walwsae 32 I 4.3E-07 0.09 33E-07 7.3E+00 3.IE-06 2.4E-06 5,6E.06
Flooanths 13 NC NC NC NC NA NC NC NC

Pooene 1.2 NC NC NC NC NA NC NC NC

Ino(1,2,3i)pyrene 3.9 1 5.2E-07 0.2 8.8E-07 73E-01 3.88-07 64E-07 I.OE-06

NapWaknc 0.62 NC NC NC NC NA NC NC NC
Phuandsoe 10 NC NC NC NC NA NC NC NC

Pyrm 12 NC NC NC NC NA NC NC NC

Aroc ldor-1243 0.32 0.85 3.6-0 0.07 24E-08 2.0400 7.15-Ot 4.8E-0 1.2E-07
Armclor-1254 0.79 0.35 9.0oE-08 0.07 6.0 4 2.0E+0D0 I.E-07 1.E-07 3.oE-017

1Aony 2 NC NC NC NC NA NC NC NC

Asndc 29 I 3.8 E-06 0.03 9.7E-07 .5E+0D 5.7E-06 1.E-06 7.2E.06I Bajum 74 NL NC NC NC NA NC NC NC

BrA0.65 W NC NC NC NA NC NC NC
Cadmim 8.6 NC NC NC NC NA NC NC NC
Chromium 19 NC NC NC NC NA NC NC NC
Copper 35 NC NC NC NC NA NC NC NC
Lead 135 NC NC NC NC NA NC NC NC
Mercury 1.2 NC NC NC NC NA NC NC NC
Nkkd 35 NC NC NC NC NA NC NC NC
Seludum 0.39 NC NC NC NC NA NC NC NC
Sivr 0.12 NC NC NC NC NA NC NC NC
Thafim 0.45 NC NC NC NC NA NC NC NC
Vandium 137 NC NC NC NC NA NC NC NC

m Zinc 122 NC , NC NC NC NA NC NC NC

ELCR- 1E-O + 4E-05 - 3E-15
NOTES-

(a) EPCs presend in Tabke2.
(b) SF and RAF vales tha b m Tabkles 5 and 7, espe pely.
(c) Th soil wilgtion litdme average d oly dose LADD is calculaed by the fbllowing qua
Soill e asi IADD - [OHM]soil * irkgig * RAFing * NLADSIRat whe% NLADSIRsoi- 1.3E10t msoml/kg-day
(d) T soilm dermal cone ADD is calculated by the folowing eq$
Soil Coue LAD- [OmWsoi * 1o kghng * RAFdenm * NLADSCmsoI where, NADSCRsoil - 1.E+00 mgslsoitg-day
(e) Excess Li*ie Cancer Risk - LADD * SF

haolora



TABLE A-39
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE CHILD RECREATIONAL USER EXPOSURES TO FUGITIVE DUST FROM SOIL

Ch.€mkadt

Chra .nkSe Chrik Seo Cemiocal-Sptcik Specik
Cl lahalatie Exposure Exmo=re Chink Chrnic Hazard Hazard

Cotaminaasef EFC(a) RAF ADD(c) RAF ADD(d) RID(b) RfC (b) lintestio Respiratory lades

CoMtca (mgkg) (b) (egkgs d) (b) (a/kZ-dy) (m/kg-dy) (angm) (e) (r) (e)

C9CISAipheatks 22 1 LIE.4-8 I 2&9 1.0E-41 2.0E -0 1.1-7 4.3E-4 1.61-7
C1C36 Ahmplzaics 39 1 1.9E-8 1 4.8.9 2.0E+00 NA 9.7-9 NC 9.7E-9

CI -C22 Ammics 122 0.36 2.2E-8 I 13E-8 3.0E-02 5.0E-02 72E-7 1.1E64 1..E-6

2-MelArnhbMk 0.50 1 2-10 1 6.2&11l 4.02.02 7.1E-02 62E-9 3.1-9 9.3E-9
A1 e .2 1 6.1E-I10 1 IE-10 6.0E-02 7.12-02 1.01- 7.6E-9 1.81-8
A phyn 0.39 0.9 1.8E-10 1 4.811 4.0E-02 7,I-02 4.4AS-9 2.4-9 6.19
Anm-acen 2.5 I 1.2-9 1 3.010 3.001 7.11-02 4.1E-9 1.514 I.9E-B
BEu(a)nbra 6.0 0.91 2.7-9 I 7.4-10 4.0E-02 7.152 6.8E4 3.714 1.05-7

Buuzea)pye 4.6 0.91 2.0-9 I 5.6-10 4.0E42 7.12E42 5.1E-8 2.E-8 739&4
Be-z(b)bmanhe 6.7 091 3.01-9 1 8.2 I&D 4.0.42 7.142 .SE-8 4.01-8 1.2&7
Ben h)perykn 2.5 091 1.12-9 1 3.0-10 4.0E-42 7.IA2 2.8E9 LSE 4_364

Bcmo(k)flammdbme 2.7 0.91 1.2E9 1 3.3-10 4.0942 7.1842 3.064 1.6-8 4.79-

Chrysenc 6.3 091 2.-9 1 7.3&10 4.0E.02 7.1.2 7.1E-8 3.8FA 3.1-7
Dibag(aJ)unrces 3.2 091 13 -9 1 4.0&10 4.0E-02 7.1E-02 3.68. 2.0.8 5.6-8
Fhoram 13 1 6.2-9 I 1.6-9 4.0-02 7.1E4-2 1.69-7 7.71-8 2.3-7
Fhwene 1.2 1 6.1E-10 1 1,5-10 4.01.01 7.1802 1SE-9 75E-9 9.0-9

lndmo(1,2J3-Al)pam 3.9 0.91 1.79-9 1 4.-10 4.0E-02 7.1-02 4.4E-8 2AE48 6.7-&8
Napqibakle 062 1 3.01-10 1 765v- 11 2.OE-02 7.1E42 .5E-8 3.71-9 1928

PbmI0anan to 0.91 4.36-9 1 1.2E-9 4.0E-2 7.1E-02 LIE-7 5.8E-S 4 1.77

Pfysa 12 1 6.1E-9 1 1S-9 3.042 7.11E-02 2.OE-7 7.5-8 23.&7

Maclor-1248 032 0.835 135-10 I 3.9511 2.005 2.0E-05 6.6E-6 6.E-6 1.39-5
Andcor-1254 0.79 0.35 33&-10 1 9.7-11 2.09-S 2.0E05 1.7E-5 17-S 3.49-5

Ansioay 1.2 1 5.96-10 1.5E-10 4.09-04 NA 13.5E-6 NC 15E-6
Ancuic 29 I 1.418 1 353-9 3.0E-04 . NA 4.7-5 NC 4.795

Barnum 74 039 .4E-8 1 9.14-9 7.0-02 NA 2.0E-7 NC 2.0-7

Baylim 0.65 1 326-10 1 8.05-Il 2.0F-03 2.005 1.6E-7 1.4&-5 1.4AE-S

C m 8.6 1 4.2-9 1 .1-9 1.0E-03 NA 4.296 NC 4.2-6
Chremum 19 I 9.-9 1 2.45-9 3.0E-03 L.0-4 3.2E-6 8.3E-5 8.691-5
Coppe 35 1 1.7-9 1 4.4&9 4.0E-02 NA 44E-7 NC 4.4&7

Iam 135 05 3.3598 1 1.7-8 7.5E-04 NA 4.42-5 "C .4-55
Mamry 1.2 1 6.1&-10 1 1.5910 3.0-04 NA 2.0E-6 N 2.0E-6
Nick 35 I 1.71E- 1 43-9 2.0E-3 NA 8.7E2-6 NC L7-6
S 0.39 1 1.9,10 1 4.8I-1 5.05-03 NA 3.824 NC 3.8.8
Saver 0.12 I 6.I l 1 1.5-11 S.0DE-03 NA 1.2E-8 NC 1284-
Tmlhan 0.45 1 2.2-0 5.6E.11 05_05 NA 2.&4 NC 2.8156

Vaoudin 137 16 1.36 -7& I 1.7E 9.0643 NA 1.4E-S NC 1.4A-S5
r 122 1 6.024 1 159-8 3.0-01 NA 2.04-7 NC 2.0&l

TOTAL RAZARD INDEX- 1. 5-04 + 1.2I-04 * 3E-4
NOTES:
(s) EPCs pesad in Table 2.
(b) RID, r a d RAF vaias ta k un e Tables 5. 6, ad 7, rwpecv4.
(c) The Mgi dust paiesti hgsin ADDi calskbs ry dt %lowm euatis
ADOj. -IOlNs,.s. * 2 * RAF * NADSR wbere NADSMIR,- 2.3E-1o awslkgwdy
(d) 11 tjgiv d eitam6y "ym ADID b akubd by &e following equad

ADDk.k - joML. *os3 * RAF *NADSIR,,.
(c) baInesliazarQuademsADC...,, IUD

Respirsy Naad Quit - *A% Body Weigh (70 Kg) / Day dn Rat (20 mMay) / RiC
ad Ha Ida - Sm(Hazard Quoticut)

NC- Nomcc* d
NA - Not ApplicaiAvalablfAxalyed

sttan.s Lpo-r accal4htlerl



TABLE A-O40
LIFETIME AVERAGE DAILY DOSE AND EXCESS ULIFETIME CANCER RISK CALCULATIONS

FOR FUTURE CMILD RECREATIONAL USER EXPOSURES TO FUGITIVE DUST FROM SOIL

Chemai SIl Chk So ChekalSpecfic Chemical
GI Iablaaes Euare Rapfrasery Emper. ELCR Spedt

EC(s) RAP LAD)() RAF LADD (d) SF(b) U R 3k(b) lagese Rapirato ELCR
(mlk) (b (i m mkdav (b fawjday) (Utm-day)4V (NmtY fe) (e ft)

COC8 Abpbaies
CP9-C06 Alipluas
CI-c22 Aamaics

2-mhetbylapltaee

Astrhaccen

B-a-*m

Dtaoa)adnuace

Bemo(a)ppear

Beabdoosaheloorambne
P os
ladu 2tnapihane

Phnmene

Atclor-1248
Amctor-1254

Antimoy

Barium

Cislahus

copper
Lead

Nad
Saleshe
Sht

zinc

22 NC
39 NC
122 NC

03.50 NC
112 NC

039 NC
2.5 NC
6.0 1
4.6 1
6.7 3
25 NC
2.7 I
63 1
3.2 1
13 NC
12 NC
33 I3.9 3

0.62 NC
10 NC
12 NC

NC NC
NC NC
NC NC

NC NC
NC NC
NC NC
NC NC

2.8 -10 I
2.... 10 3

71tE-10 1
3.15-19 1

NC NC
1-&) 1
2.98-10 1
1.5&10 1

NC NC
NC NC

11. 10 I
NC NC
NC NC
NC NC

NC
NC
NC
NC

6.951l5351-13
5f.21 I
7.7,-1 1
7-7&11

NC
3.1511
73E-11
3.7E11

NC
NC
NC

NC
NC

NA
NA
NA
NA

7.35f01
738400
73&01

NA
73-02
73&2
7+3E+407.39+00

NA
NA

7301
NA
NA
NA

NA NC NC
NA NC NC
NA NC NC

NA NC NC
NA NC NC
NA NC NC
NA NC 'NC

1.7 +00 318-10 1.4A-10
13.7E+00 2.98-l 1.1-10
1.7E+00 4210 1.6E-10

NA NC NC
75*040 1.7E-9 64E.1I

1.7E+00 4.0W-9 1.5-&0
3.7E+00 2.0&ll 7.7E-31

NA NC NC
NA NC NC

l.7E+00 2410 92&I
NA NC NC
NA NC NC
NA NC NC

032 0.85 1.2t-1 I 3.6-12 2.05+40 5.0E41 6.2-2 2.S&I 1
0.79 015 3.1-1 I 9.I-12 2.0400 5.0501 I.&1I 6.4&-Il

12 NC
29 1
74 NC

0.65 NC
8L6 NC
19 NC
is NC
jl* NC

1.2 NC
35 NC

039 NC
0.12 NC
0.45 NC
137 NC
122 NC

NC NC
139 1

NC NC
NC I
NC I
NC I
NC NC
NC Nc
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC

NC
336-10

NC
7.58-12
938-I1
2,2&10

NC
NC
NC
NC
NC
NC
NC
NC
NC

NA
15E+09

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA NC NC
435400 8.8E-30 2.7E-10

NA NC NC
2AE400 NC .IEH3
15400 NC 196510

125+0 NC 6.5&11
NA Nc NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC

NC
NC
NC
NC

538-10
5.8&t-I1.4-10
SAE-to

NC
1.3-9
4.1&9

9.7E-11
NC
NC

3.4&I0
NC
NC
NC

3-.,- 11

7.-9&ll

NC
3.35-9I&M9
NC

1.1813

NC

111&30
115-10

NC
NC
NC
NCNC
NC
NC
NC
NC

I+
ELCR* 7.75-09 + IAO9 - 9509

NOTS:
(a) ERCs pramsed in Ta"2. 4
(b) SF, Unit R aid AF vaas ta Sa Txbsles, 6, 6,d 7, pecdvy.
(c) Thef g &s asues nal beste ADDis akulnd byhe btowhaqut
LADOa.a* IsOW4...* 2 *a AF,* NLADSIR, wbee, NLADSaROg 23E-13 asoWkg-day

(a) Tme Aitive dstcsproy sMs ADD is ed by the fowing aier
LADa,...,* (OHM.a.. * 03 *RAF * NLADSlRt0
(t) hel-atc * F - IADDnjm..a* S

R. ary UCR -- (LAD. Boy Weg (70 K)/ Dly lltion R e (20 ma.by)) * Unit Risk
amd Hamid lad - Sm (lHad QetiOb)

Nc-Noslcalmwaed
NA- Not AppkbAa*iiAmajlyntd

so 7p r sncS)XI

Costamissat of
Cumem



TABLE A-4O
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR IFUTURE CHILD RECREATIONAL USER EXPOSURES TO FUGITIVE DUST FROM SOIL

Chrak sol Chrmnic Sea Chemkal-Specifi Chemical.
ClIabaladesExpses bs s Exposure ELCR Speclc

RP(a) RAF LADD(c) RAF LADD(d) SF (b) Uni Risk (b) lagestlbe Respratory ELCR

(mrha) (6) (mWka-day) (b) (mf h-day) (mzlt-day) (momfY (c) (e) (f)

C9-CIS Aldi s
C1906 Aliphics
CI1-02 Aemaisi

2-Mctyhapibane

A-or-1248

Accoaphhcoe

Anramee
Beio*s)andoacs
Beftso(slyrnc
Bcmso(b)Anorndane
Bemo(g&hW)p-erye

Bur~~omacs

Dibem~a.b)soilwacue

PacesI 

Auseic

Barium

BFmMtscary 2Bw

C"

ScinanSW

Thuer
Vumdh
zin

22 NC
39 NC
122 NC

0.50 NC
L2 NC

0.39 NC
2-5 NC
6.0 I
4.6 1
6.7 1
2.5 NC

63 NC2.7 1
U. 1
3.2 1
13 NC
1.2 NC
3.9 3

0.62 NC
1o NC
12 NC

NC NC
NC NC
NC NC

NC NC
NC NC
NC NC
NC NC

2.9E-10 I
2.115-10 1
3.1-10 1

NC NC
12E-10 1
2.96-10 3I .&IO I

NC NC
NC NC

1.8&ID 1
NC NC
NC NC
NC NC

NC
NC
NC
NC

6.9E-I 1
5.2ll 1
7.7E-11

NC
3.1 - 1
7.313-1
3.7E-1

NC
NC

4-531114.551I !

NC
NC
NC

NA
NA
NA
NA

73E-01
73E+00
7.3E-01

NA
7.3E-02
7.3M.02
732400

NA
NA

735O01
NA
NA
NA

NA NC
NA NC
NA NC

NA NC
NA NC
NA NC
NA NC

1.72400 3.9&10
1.7E+00 2.91-13
1.72400 4.21-10

NA NC
1.7E+00 1.7E-9
1.7R+oo 4.0E-9
1.7 +00 2.013-

NA NC
NA NC

3.7100 2.41-30
NA NC
NA NC
NA NC

NC. NC
NC NC
NC NC

NC
NC
NC

"NC
1.4E-O10
LIF-iD
1.6E-10

NC
6.4-1
1.5&10
7.7E-11

NC
NC

NC
NC
NC

0.32 0.85 1.2E-1 I 3.6-12 2.0E+00 5.OE.01 6.25E-12 2.5FI
0.79 05 3.1E-11 1 9.11312 2.05+00 5.E.-01 1.5E -1 6.4S-11

1.2 NC
29 I
74 NC
0.6A5 NC
2.6 NC
29 NC
35 NC
"* NC
1.2 NC
3s NC

0.39 NC
0.12 NC
0.45 NC
137 NC
122 NC

NC NC
13E9 I
NC NC
NC I
NC I
NC I
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC

NC
3.31.10

NC
7.-12
9-9&11
2.2E-10

NC
NC
NC
NC
NC
NC
NC
NC
NC

NA
1.5E+400

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA NC
43E+00 48910

NA NC
2.4E+00 NC
1E400 NC
1.2E+01 NC

NA NC
NA NC
NA NC
NA NC
NA NC
NA NC
NA NC
NA NC
NA NC

NC
2.7&10

NC
1.113-31L.IE-II

1.9&-10
6.53-11

NC
NC
NC
NC
NC
NC
NC
NC
NC

NC
NC
NC
NC

5.2&10
1.49-10

NC
1.81-9
4.1&9
9.7E-31

NC
NC

3.4E-10
NC
NC
NC

3.2E-11
7.911-l

NC
1.1-9

NC
LIESS11.9-Il
1.915-10
6.5&11

NC
NC
NC
NC
NC
NC
NC
NC
NC

EICR- 7.71509 + 1.4-09- 9E049
NOTES

(a) EPCs pIsd in Ta 2. 4
(b) SF, Urit Risk a o RAP vaestatem bb m Tabk SA, and 7, mpecivy.
(c) 7e agii ds wbiesdnd ipsim ADD is cakumd by s b*wg ftpation
IUD S - [OIHM,, * 2 * RAFP * NIADS1R4, wbmw, NADSR - 2.3E-11 m solkg-day
(d) The ftiv dauseqiey sysm ADD is cakud by die fMowi q o

AD 5-go n 5 ub * RAF.NLADSuL

(c) Ihpesiom EICR - *ADOta... SF
Respiasuy ElCR - (LAD%.ma. * Body WeIgh (70 KI Daily labi Rate (20 z'?/day)) * Unki Risk
md Hamad dc - Sm 9nas QuiEn)

NC- N takmhed
NA - Not ApplicbWAvibbleAnlyed

SLt en D. F RecCELCR)

Cmlaersa .f
Concer

Pp3at i



TABLE A-4
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR FUTURE CHILD RECREATIONAL USER EXPOSURES TO SURFACE WATER

Drnal Cbetu&4pdfic Chenca-

lat Eowe Comta Exsm 3ELCR Spect
Conltaminam of EPC(a) RAF LADD (c) RAF Kp LADD (d) SF(b) img ede Dermal ELCR
Camera (ag/L) (b) (mg/kg-day) (b) (cmlr) (mghg4sy) (frkg-day) (e) (e) ()

C.C1 Aliphatics 30E+00 NC NA NC 0.032 NA NA NA NA NA
C)9WC36 Alipbatics 4.E+0D NC NA NC 0.032 NA NA NA NA NA

An eic 5.5E-01 1 3.60 0.0012 1.8349 LSE+0D 3.S.0 2.7-09 5.7FA*
BriM 5.4E+20 NC NA NC 0.001 NA NA NA NA NA
Brylim 3.0-M2 NC NA NC 0.001 NA NA NA NA NA
Cmium 8.502 NC NA NC 0.001 NA NA NA NA NA
Nicel 4.6E01 NC NA NC .0002 NA NA NA ?A NA
Sekmnin 4.4E+00 NC NA NC 0.Ol NA NA NA NA NA
Vanadian 7.8E+01 NC NA NC 0.001 NA NA NA NA NA
zinc 6 3PMl NC NA NC 0.001 NA NA NA NA NA

ELCR 5.E3-08 + 2.7PA9 - 6E08

NOTES:
(a) EPCs prscmne d in Tabkle 3.
(b) SF and RAF values taken fam TaNs 5 amd 7, wapectiMvly.
(c) The suwfa e w rkgesIht ava ge dMy dose lhDD is cakul u d by ft followink equimom
SW teskin LADD -[OlOEsw* 0- nwu g RAFiW * NLADSIRsw wbn, NLADSIRsw - 6.6E-OS Lkday
(d) The SW dermal on LADD is cal ued by the foowi g eqatio
SW ComactLADD - [OHsw 1' cd rng0 g*RAFdnK OW NLADSCRrw wbcu, NLADSCRsw - 3.2E+00 cn?,-brAgay

sw arsw.PRasUcaL6oem h..s PoI



TABLE A43

AVERACE DAILY DOSE AND HAZARD INDEX CALCULATIONS
FOR FUTURE ADULT RECREATIONAL USER EXPOSURES TO SOIL

Chemical-
Chrok Soil Chronic Sel Dermal Chemkcal-Speflc Specificl

Ingestioen Exposure Contact Exmsure Chrok Hazard Quotient Hazard

Contaminant of EPC(a) RAF ADD (c) RATF ADD (d) RID (b) Ilgestion Dermal Index

Concemr (mk) (b) (mglci-dy) (b) (meIy) (eday) (a) (e) (e)

C9-CI8 Aliphadls 22 1 3.4E1.06 0.5 2.5E-05 1.0E-01 3.4E-05 25E-04 2.9E44

C19-C36 Aliphbatics 39 1 6.0E-06 0.1 .1E-06 2.0E+00 3.04-06 4.4E-06 7.4E-06

CI I-C22 Armmatics 122 036 6.7E-06 0.1 217E4-5 3.0E-02 2.2E-04 9.1E-04 1.IE-03

2-Methylnaphthakne 0.50 1 7.7E-08 0.1 LIE-07 4.0E-02 1.9E46 2.8E-06 4.BE-06

Aco mwhthe 1.2 1 1.9E-07 0.2 5.6E-07 6.002 3.2E-06 9.3E.-06 IL.205

Ace napinyk 039 0.91 5.5E-48 0.18 1.6E-07 4.0E-02 1.4E-06 4.01-36 53E-06

Andatene 2.5 1 3.8E47 0.29 1.6E-06 3.01-01 1.3E-06 5.4E-06 6.6E06

Beno(a)anmaccw e 6.0 0.91 8.4E-07 0.18 2.4F.06 4.0102 2.1-45 6.1-05 8.2

BDcn()pyenc 4.6 0.91 613E-07 0.18 1.8E-06 4.014-2 1.6-05 4.605 6.2E45

B oo(b)fl0uaM rum 6.7 0.91 93E-07 0.18 2.7E-06 4.0E02 2305 6.7E-05 9.0E-05

Benzo(g.,i)perylk n 2.5 0.91 3.4E-07 0.18 1.0E46 4.01-02 8.6E6 26 E45 3.41-0S

Benzo(k)flonormdene 2.7 0.91 3.8E-07 0.18 1.11E-06 4.0E-02 9.4E-06 2.7-05 3.7E4S

Chrene 6.3 091 8.81-07 0.18 2.6E-06 4.0m42 2.2E.05 6.41S L6-05

Dibesz(a,h)antlrcn 3.2 0.91 4.35E-07 0.08 $.81-7 4.0E-02 1.1-F05 1.3-E45 2.6E45

Fluoanthc 13 1 1.9E-06 0.2 5.7E1-06 4.002 4.845 1A.4E04 1.9E-04

Flooreas 1.2 1 1.9E1-07 0.2 5.65-07 4.041 4.7E47 1.4E-06 1.9E-06

ndcno(1 -cdpy 3.9 0.91 5.4E107 0.18 1.6E-06 4.05-02 1.4E45 3.9E-05 5.31-05

Naphthalee 0.62 1 9.4E-08 0.1 IAE-07 2.0E-02 4.7E-06 6.906 1.2E-05

Phenmmdm w 10 0.91 1.3E-06 0.18 3.91E-06 4.0,-3 33E45 9.7E-05 1.3E-04

Ppene 12 I 1.9E-06 0.2 5.SE06 3.-042 63E-45 1.8E04 2.544

Anclor-1248 032 0.85 4.IE-08 0.067 4.7E048 2.005 2.0-03 2AE403 4.403

A rclar1254 0.79 0.85 1.01E-07 0.067 I E07 2.0E-45 $.103 6.0-43 1.1IE-2

Anmimony 1.2 1 1.8.07 0.1 2.7].07 4.01-04 4.6E-04 6.71.04 1.103

Assick 29 I 4.4E4-06 0.03 1.9E-46 3.0E-04 1.502 6.4E,43 2.11E-02

Barism 74 0.39 4AE-06 0.3 5.0E-05 7.0-02 63E-05 7.1104 7.7E-04

Beynirn 0.65 I 9.91-08 0.03 .4.4.48 2.0O43 5.005 2.2E-05 7.2145

Cadbmium 8.6 1 13E-06 0.14 2.'YF -e I.0E-03 113E-03 2.703 4.003

C ium 9 2.9E1-06 0.09 3.9E-06 3.0E-3 9.8E.04 3IJE-03 2.3E1043

Copper 35 1 SA.4.E-06 03 2.4E-S 4.0-02 IAE.-04 6.0E-44 73E-04

Lead 135 0.5 14.E4-05 0.006 1.E4-06 7.5E-04 A1.4102 2.4E-03 1.615-02

Mercury 1.2 1 1.9107 0.05 1.4E-47 3.0404 63E1.04 4.7E-04 1.IE-43

Nickel 35 1 5AE-06 0.35 2.81-05 2.0E43 2.7E03 1.4E02 1.7E1-2

Slonium 0.39 I 5.9E.8 0.002 1.709 5.01-4 124 3.-07 I.2 5

Silver 0.12 1 91.908 025 69E.08 5.0E-3 3.8106 I.4.05 1.8-05

0allima 045 1 6.9E- 0.01 LOES 8.005 8.6134 1 43F 4 9.9E44

Vanadium 137 1.86 3.9E405 0.14 43E5-0 9.041-03 43E-03 4.8E-03 9.11-3

Zinc 122 1 1,9E045 0.02 5.E-06 3.01-0 62E-5 ..LB05 LI.45

TOTAL HAZARD INDEX - 4.8E-02 + 4AE-02 - 9E.02

NOTES:-

(a) EPCs presmated in Table
(b) RID and RAF values ukca fom Tables 5 and 7, peccdvely.
(c) The soi imuti ave e daily dose ADD is calculated by the following equation:
SoH Ingesti ADD- [OHIMo * 10 kng * RAFming * NADSIR i wbem NADSIsoiM - 1.,5-01 mg soilg-by
(d) Tbc soil demal contact ADD is calculed by the fMollowing equaiom
Soil con ADDa [oIMsol MM * IV ng * RAFdenn * NADSCRsoI wherr, NADSCRsI - Z2.2E+40 mg swig-day

(c) Hazard Quotian - ADDMRID and Haamd Index - Sum (Hazard Quotiets)

SLacLWS ISL - F Rt A4Mornam Paga t en



TABLE A-44 "

LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIrME CANCER RISK CALCULATIONS
FOR FITURE ADULT RECREATIONAL USER EXPOSURES TO SOIL

S oD Sol Dermal Chemical-Slpeoifi Chemical-
Ingesto Exposure Contact Exposure ELCR Specificl

Contaminat or EPC(a) RAF LADD (e) RAF LADD (d) SF (b) lngestion Dermal ELCR
Concerm (mK (b) (0ag/kl-day) (b) (m4g/kg-day) (mkga-dyY)' (e) (e) (e)

C9-CI8 Aliphatics
CI9-C36 Aliphatics
CI 1-C2 Aromatics

2-Methyinapbdhatkm
Acamphthene
Ace naphhykn
Antsramne
Benzo(a)anthracene

Benzota)pyee
BARo(b)floorntne

Benz(k)ftonte
Claysens
DFtaEah)nauce

Fhxnmha

Ideno(1],2,c3-cd)pyso
Naphbaldne
PheantibauePyrene=

22 NC
39 NC
122 NC

0350 NC
1.2 NC

039 NC
23 NC
6.0 1
4.6 1
6.7 I

2.5 NC
2.7 1
63 I
3.2 I
13 NC
1.2 NC
3.9 1

0.62 NC
10 NC
12 NC

NC NC
NC NC
NC NC

NC
NC
NC
NC

3.7E-07
28E-07
4.1E-07

NC
1.7E-07
3.9E-07
20E-07

NC
NC

2.4E407
NC
NC
NC

NC
NC
NC
NC

1.1E46
LIE-07
8.E-07
12546

NC
4.95-07
L.11-06
2.6E-47

NC
NC

7.0-07
NC
NC
NC

NA NC
NA NC
NA NC
NA NC

731E-01 2.71E-07
73E+00 20E-06
73E-01 3.0E-07

NA NC
73E42 1.2E-
73JE-02 2.8E-0
7.3E+00 1.4E-6

NA NC
NA NC

7.3E-041 1.7E-07
NA NC
NA NC
NA NC

NC
NC
NC
NC

7.9E-07
6.0E-06

.7E-47
NC

3.6E-018
8.3E-
1.96-06

NC
NC

5.1E-07
NC
NC
NC

NC
NC
NC

NC
NC
NC
NC

2.1-046
80E-06
12E-06

NC
4.8E-64
L1E-047
3.4AE-06

NC
NC

6.-01
NC
NC
NC

0.32 0.85 1.6E-09 0.07 1.95-0 2.OE+00 3.3E-01 3.5108 7.1-48
0.79 0.85 4.1E-08 0.07 4.8-08 2.016400 82E-0 9.5E-0 1.880

Arclm-1248
Asoor-1254

Antihony
Arse*c
Darum
Berytlium
Cadmianm
Chrombon

Copper
Lead

Silver

Tlumllu

Thalliu

Zinc

1.2 NC
29 1
74 NC

0.65 NC
8.6 NC
19 NC
35 NC
135 NC
1.2 NC
35 NC

0.39 NC
0.12 NC
0.45 NC
137 NC
122 NC

NC
1.8E-06

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

NC
7.71-07

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

NA
1513+00

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NC
2.6E-06

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

NC
1.2E-06

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

NC
3.81-6

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

ELCR- 7.01E-06 + LIE-5 - 215-0
NOMS:

(a) EPCs preumed in Table 2.
(b) SF and RAF vahlu esaken ftm Tables nd 7, rspectivt.ly
(c) The sil mgesbon liftime avaa~g dubly dose LADD is calculated by de following equation:
Soi Ingestin LADD=- IOHM)soml * 10i kitghms * RAFing * NLADS1RIi whe, NIADSL solI - &1E-2 - msmfiTkg-dKy
(d)The s oil dermal contact ADD is caklp td by the folowing equaiom
Soil Contact LADD - [OHM)soil * i0 kgm * RAFdem * NLADSCsoil where, NI.ADSCRsWi - 9.0E-01 mg soil&kg-day
(e) Exces Lifetime Cancer Risk - LADD * SF

Pa D1r 1 lSW2003



TABLE A-45
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE ADULT RECREATIONAL USER EXPOSURES TO FUGITIVE DUST FROM SOIL

Cbemks-
ChromIk S Cbmk Son Chemks.Spelfk Specific

GI mbalatin Exposm Reiratwiy Expos Chek Chrok Hazard Qaw a Hazard
Ceaminmas of EPC(a) RAF ADD (c) RAF ADD (d) RID (b) RIC (b) lagtes Ropi.ramoy laden
Comcer (mu/g) (b) (m./ -day) (b) (mgq-day) (=g-day) (aSg') (e) (e) (e)

C9-C l3 Aip4haic 22 1 53-9 I 13E-9 LOE-Ol 2.OE-OI $3E-8 23E4 7.6E4
C19-C36 Aiphatics 39 i 9.21-9 2.3E-9 20E+400 NA 4.6E-9 NC 4.6E-9
CI l-C22 Ar maics 122 036 -1.04- I 71E-9 30E-02 5.0E-02 3.4F7 5.OE-7 B.4E-7

2-Mdtbylnqbhm 050 1 121E-10 I 3.05-11ii 4.0E-02 7.IE-02 3.0-9 1.SE-9 4.4E-9
Accopthc 1.2 1 2.9E-10 1 73&31 6.0&E-02 7.3E-02 4.9E-9 3.61.9 835-9
Accu phyle 0.39 0.91 4E-I I 2.3E-Il 4.0E-02 7.E-02 21E-9 1.1&9 3.21E-9
Anrtacne 2.5 1 S.1E-10 1 3.5&10 3.0E-01 7.1502 1.9E-9 7.215-9 9.1E-9
Bemo(s)amracene 6.0 091 23-9 1 3.5-0I 4.05-02 7.1E-02 3.214 1.7-4 5.0E-8
BDm(a)pyme 4.6 0.91 9.7E-10 1 2.7O10 4.0E-02 7.1E-42 2.4E4 1.3E-8 3.758
Bazo(b)flmas ne 6.7 091 1.4E-9 1 3.913-10 4.0-02 7.1102 3.6E54 1.9E-8 5.554
B M(j, ab)peykm 2.5 0.91 53E-10 1 1.4E-10 4.05102 7.1502 13E-8 7.1&9 2.0&4
Bemok)hhmnlher 2.7 0-91 SAE-10 1 1.63-10 4.0E-02 7.1&02 1.4E-4 7.8-9 2218
Crysee 63 0.91 13E9 3 3.71-10 4.0-02 7.113-02 3.4E-8 1.8E4 S.24
Dire (ah)tmae 3.2 091 695-10 1 13910 4.01-02 7.1E-02 1.7E-8 9.41-9 2.714
Flomnbee13 1 3.0E-9 1 7.45-10 4.0E-0 7.14 E-2 7.41E-8 3.7.4 1.i-7
Flhrew e 1.2 1 2.915-10 1 73&11 4.0101 7.1-02 73E-10 3.65&9 4.3 -9
h oI(I.23-cd)pyre 3.9 0.91 .3E-10 1 2.3-10 4.0E02 7,1E-02 2.1 8 1.114 32.8
Naph lmne 0.62 1 1.41-10 3.6E-11 2.0-42 7.111-02 7.264 1.8 -9 9.0-9
Pheumine 10 0.91 2.0ZF9 5.6E-10 4.0E-02 7.1-02 5.1" 2.81E4 7.914
Pyne 12 1 2.969 I 7.2E-10 3.0,02 7.1E-02 9.6E-8 3.6E48 .31-7

Aroco-1248 032 0.5 6.315-11 1 12-11 2.0o-05 20E5,05 3.1-6 3.2E-6 6.4-6
Andor-1254 0.79 0.15 1.6E-10 4.11 20E5 .01 0-05 7.9E4 LIE-6 1.6S

Antimay 1.2 1 2.8&5-10 7.1oE-I 1 4.0E-04 NA 7.0E-7 NC 7.0&-7
Arsnk 29 1 6.7&-9 1 1.71-9 3.044 NA 2.21-5 NC 2.2&5 3
Barkm 74 0.39 &.7E-9 4.3-9 7.0-02 NA 9.614 NC 9.654
Beryaim 0.65 1 13&10 1 3-11 2.0ZE-03 O2.0-0E5 7.6E14 6.7E-6 6.8"
Cadmium 8.6 1 2.0E-9 I 5.0E-10 3.0E-03 NA O2.05-6 NC 2.0S-6
Canmim 19 1 4.5A-9 1 .IE-9 3.0E-03 1.01-04 1.56 4.0E-5 415-S

co 35 1 83&9 :- 1 2.IF9 4.0E-02 A 2.11-7 NC 2.1-7
Lad 135 .5 3.628 79F1-9 7.SE-04 NA 2.I5S NC lI S
Macy 1.2 1 2.&I0 I 73E-11 3.0E-04 NA 9.7-7 NC 9.77
Nickel 35 1 8.3" 3 2.I&-9 2.01-03 NA 4.15-6 NC 4.11-6
Sehan 039 1 9.I111 1 235-11 $.0-03 NA 1.8E811 NC 158.
Saver 032 1 2.9E-11 1 7.2&-12 5.0103 NA 5.39 NC 58E-9
Thallam 0.45 I LI-10 I 2.61-I I E.0S NA . 134. NC 13E-6
Vamdim 137 1.86 6.1-8 1 L.059 9.0S) NA 6-614 NC 664
Zic 122 1 29198 1 7.29 3.05-01 NA 91-8 NC 9564

TOTrAL IIA
NOTES

(a) EPCs presened inTabbI2.
(b) D RIC l RAF vaeks utae Tables 56, s 7, c .
(c) The ftaidve 4d gshintesbial insion ADD is calckbd by dume lwin equaion
,Dk...- [OHMo... .* 2 * RAF * NADSIRW w

(d) The haiqve dm qatmy syn ADO isucmeaktd y mi tkwing equadm

S-jOIH.,.a, * Os RAF& * NADSr.,
(c) lngesalontaad Qutil A3aj.,aI RID

Respiratoy Hazd Qint -- (ADO .* Body Wrigh (70 Kg)IDloIy 3 si t Rate (20 miday))/RC
ad H mm Index- SumS(Hmd Qumoiems)

NC - Not calkand
NA - plicabkAvaabhAnalyed

eh tag ae

ZARD IND - 731-05 + S.8&-05 - 1544

t NADSIReas- 1.2&10 mg soilfg-diy

SL.M SFD-F RE AIDwe



TABLE A-46
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS
FOR FUTURE ADULT RECREATIONAL USER EXPOSURES TO FUGITIVE DUST FROM SOIL

Chreok Soi ChroMos chemlkespeefn Cbe.ka
GI fmalad. Exposame Retory Epose ELCR Spedfi

EPC(a) RAF LADD (c) RAF LADD(d) SF(b) UnjtRisk(b) lIgotium Respka ory ELCR
im thlk ( /i -dv fl u (/k"rr- )h- l ((0 1 mul Y t mY (. lei

C9-CIt Aliptsm
019.036 Aliphais
Cl I-C22 Asomatics

2-Maiybplialm

Andcemm

naa') a*b-ntmacen.

Cby-

Bcuegsandacee

Buao(a)mhnue

hPyimPheme-
Ineo(,,3dpyre

Azeclr-1248
Amcldor-1254

AmooyAuic

Bark-

Cadmzm
Chammm

Copp

Mesry
Lena

NkW

Sdculum

Zv

22 NC
$9 NC
122 NC

0.50 NC
12 NC

039 NC
23 NC
6.0 1
4.6 I
5.7 I

23 NC
2.7 I
63 1
3.2 1
13 NC
1.2 NC
3.9 1

0.62 NC
10 NC
12 NC

NC NC
NC NC
NC NC

NC
NC
NC
NC

53-10
4.3-10
6.2-I0

NC
2.5F-10
2,SE-ID
3.9E-10

NC
NC

3.6E-10
NC
NC
NC

NC
NC
NC
NC

NC

I

INC

I

NC
NC

I
NC
NCNCNC

NC

NC
NC
NC

NC
NC
NC
1t 1

1AE-10
1.13-10
1.6E-10

NC
6.4&1
1.5&210
7.6&..]1

NC
NC

9.I-11
NC
NC
NC

NA
NA
NA

NA
NA
NA
NA

73E-01
7.35+00
7.3501

NA
7.3E-02
73E2-2
7.3&00

NA
NA

7.3301
NA
NA
NA

NA NC NC NC
NA NC NC NC
NA NC NC NC

NA NC NC
NA NC NC
NA NC NC
NA NC NC

1,7E400 7.7,1-0 2.915-10
1.75 E00 5.9 5-i 22&-10
1.7E400 8.6E-10 3.2E-10

NA NC NC
I.7E+00 3.5-9 I.3E-10
1.7E+00 3.IE1-9 3.1E.10
1.7E+00 4.2E-1 1.61-10

NA NC NC
NA NC NC

1.7E+4 0 50-10 1.9E-10
NA NC NC
NA NC NC
NA NC NC

032 0.835 2.5E-11 1 7.4-12 2.0E+00 5.0 401 I35-I 5.2 -II
039 0.85 63E-11 I I.9E- 2.0DE+00 5.0E-01 321E-I 13E-10

1.2 NC
29 1
74 NC

0.65 NC
L.6 NC
19 NC
35 NC
135 NC
1.2 NC
35 NC
039 NC
0.12 NC
0.45 NC
137 NC
122 NC

NC
2.7E-9

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

NC
6.7-10

NC
132-&1
2.0E-l0
4.5&10

NC
NC
NC
NC
NC
NC
NC
NC
NC

NA
1.5E+400

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA NC NC
43E400 I.E-9 .55-10

NA NC NC
2.4E+00 NC 225-11
1.E+00 NC 33-10
1i2E+1 NC 1.3-]o

NA NC NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC
NA NC NC'

NC
NC
NC
NC

1.1&9
2.8&10
12&9

NC
3.6E-9
8.4-9

2.0E-10
NC
NC

63E-10
NC
NC
NC

6,4E-I
1.6E-10

NC
2.35-9

NC
2.2-11
3.9]10
13510

IqC

NC
NC
NCNC
NC
NC
NC

ELCR- 1AE- + 2.309 - 284
NOTES:

(a) .EPCs p steoTabe 2.
(b) SF, Ut Rik, and RAFrain tmn fe Tabis 5t,.6anid tspctivey.
(c) The Algiti ds psehuustia iastio ADD is cakdtd by da fowhg eqmiow
1AD~j.6...- ,,o * 2 * RAF, *NLADS1as wheem, NLADSILto - 4.7-11 mgslkg-day
(4) The flgidve dust eiraty sy ADD is clml by t foflowig equat
LAD,,,,,,,- [OflMp...., *o 0s* RAF6 * NLADS1R.,
(a) hson ELC - LADD *w SF

Repkiamy Mth - (LADOD... * Boy Weigh (70 I(s) I Daily Ibalao. Rate (20 mIday)) * Unt Risk
nod Hazsd W= - S.m (Hm QuodEi)

NC - No calcabtd
NA - Not ApplicablIdAIMbI/Anayze

s.IIa.IS- F We AEMfl)

ContsmIut of
Comeur

I __

g

Ph 5.la



TABLE A-47
AVERAGE DAILY DOSE AND HAZARD INDEX CALCULATIONS

FOR FUTURE ADULT RECREATIONAL USER EXPOSURES TO SURFACE WATER

Cbrmkal

cabr.. ca..s o.m.. Catmkspesk Spdin
lugtiqm Eposre contac Exposre Chroic M a ard oodem Hazad

Cosamimato E a) RAF ADD(c) R Kp ADD(d) RID() Ingem Derna Iae
Comma or/L) b) (asseder) (b) (cmar) (mameder) (eedr WM c

C%-Cs5 Aspis 3.OE+00 I 4.-5O7 1 0.032 1.6E-06 I.ODI 4.5F54 1.6fA50 2.IE.s
CI54C36Aliphali 4.]E+40 I 6.4-7 0.032 2.2E05 2.0E+0o 3]E-07 LI-06 4E-06

Anmic 5.5E1-01 1 84-0S I 0.001 9.E-09 3.0104 2.8E-04 31E-05 3.11-04
Barim 5.4E+00 I 32E-07 I 0.001 9.3-0 7.0-02 1.2E-05 1.3E06 1.3E-05
Bry0ll 3.0E-02 I 43E-09 I 0001 S.1E-10 2.0E-03 2.3E-06 2.6E-07 2.54
Comsim 8.5E-02 1 13E8 3 0.0o01 JE1-09 3.003 43Ef6 4.9E-07 4.BE-06
Niwk 4.6e-01 1 7.0E-0 I 00002 1.6E-09 2.0E- 3.31-05 OE-07 3.6E-OS
Selenim 441E+00 I 6.71-07 1 0.00) 7.6E 40 5.0-0 1.3E -4 I.SE-05 LSE-04
VMadm 7.8E+01 1.9 2.31 45 1 0.001 13E-06 9.01-5 2SE.4103 I 1.-04 2.7 E43
Zc 63E-01 1 9.6E- 1 0.001 6.JE31-09 3.0E-O 3.247 21.2E0 3.4E-07

TOTAL HAZARD DI- 3.015-03 + 22E-04 - 3E.03

NOES-
(a) EfCspuamd inTabe3.
(b) RID ald AF vato , te im Tables$ ad 7, ey.cdvcy.
(c) The trm war ipsa avemp dily don ADD is akulmd by de foowing eqouaBd
SWhws ADD - [oesw * i0 m~ag * RAfg * NADS a sw
(d) The SW dum) oat ADD is cakalbamby ti followbg qUl
SW coma ADD- PonMW Io' IAcn'* Iobt *RAFdm *Kp NADSCRaw

wher NADSzsw - ISE-" L-.,.day

we, NADSCRw- 1.7E+01 cnm-k.g-lay

Esw tsw- F R A-sMP.M I l



TABLE A-48
LIFETIME AVERAGE DAILY DOSE AND EXCESS LIFETIME CANCER RISK CALCULATIONS

FOR FUTURE ADULT RECREATIONAL USER EXPOSURES TO SURFACE WATER

rms Cbemical-spedie chemia-
laedn EpsrMe Comact EposUe ELCR Specifl

Cmtstanans of EPC(a) RAF LADD (t) RAF Kp LADD (d) SF (b) lngesu Dermal ELCR
Conen (t/L) (b) (w-ay) (b) (Ler (k sy) ( sy)k-' (r) (e) (e

C9-Cl AipIutics 3.0E+00 NC NA NC 0.032 NA NA NA NA NA
Cl9-C36 AipbMkics 4.IE+00 NC NA NC 0.032 NA NA NA NA NA

Anseic 5.5-01 1 3.4E-02 I 0.001 3.81-09 I5E+00 5.0oE-0 5.7E.09 5.6E8-
Baia 5.41+00 NC NA NC 0.001 NA NA NA NA NA
BeryIfiu 3.1-2 NC NA NC 0.001 NA NA NA NA NA

hromium8.5E-02 NC NA NC 0.001 NA NA NA NA NA
Nc 4.61-03 NC Ni, NC 0.0002 NA NA NA NA NA
Seldn 4.4E940 NC NA NC D.001 NA NA NA NA NA
Vamdhan 7.81301 NC NA NC 0.00I NA NA NA NA NA
Zimc 6.3E01 NC NA NC 0.001 NA NA NA NA NA

ELCR- 5.0E03 + 5.7-09 - 6&M0

NOTh
(a) EP prsemed Table 3.
(b) SF anud RAF values btas m Tables 5 mad 7, nspecvely.
(c) The smte wae ignsiom iie avem daily dose LADD is ca clku*dby o ilowing equaso
SW Ingestion LADD - [OIW)sw * 1' 0" gfq * RAFtg * NIADSIRsw where. NLADSw - 6.1E-05 L.,,kgday
(d) The SW demal cauw LADD is calcubsed by do fdlowing equaiour
SW Comnta LADD - (Ot)W]s W'I '1/'*lo tIS *RAFdacrm Kp' NLADSCRsw ~he, NLADSCRsw - 6.9E+00 cm.,trAg-day

590_ MI PW -F A-EILCUp I oF t



APPENDIX B TO ATTACHMENT I:

TOXICITY PROFILES
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POLYCHLORINATED BIPHENYLS (PCBS) CAS# 1336-36-3

GENERAL BACKGROUND INFORMATION

The thermal stability, nonflammablity, and dielectric capability of PCBs resulted in their use in electrical
capacitors and transformers (NIOSH, 1986). The manufacturing, processing, distribution in commerce, and
use of PCBs after January 1, 1978 was prohibited under Section 6(e) of the Toxic Substances Control Act
PCBs can be released to the environment during fires involving electrical equipment containing these
compounds. PCBs are strongly adsorbed on solid surfaces, including glass and metal surfaces in laboratoryi apparatus, and onto soils, sediments, and particulates in the environment

PHARMACOKINETICS

I Gastrointestinal absorption of most PCB isomers is large. PCBs can also be absorbed by the inhalation and
dermal routes but limited data are available (see section on Relative Absorption Factors). Distribution of

i PCBs follows a biphasic pattemrn. Initially, PCBs distribute to liver and muscle tissue. They are then
redistributed to the fat, skin, and other fat-containing organs (ATSDR, 1989). PCBs are poorly metabolized in
humans with major metabolites being 3- or 4-hydroxy compounds. Metabolism may proceed through
formation of arene oxide intermediates (U.S. EPA, 1988). The slow metabolism of PCB congeners to moreI polar compounds is responsible for long biological half-lives of PCBs. Excretion occurs primarily through the
feces (Goto et al., 1974).

U HUMAN TOXICOLOGICAL PROFILE

i Dermatologic signs are the most persistent indicator of PCB toxicity. Skin manifestations have been
observed also in newborn infants of mothers exposed to high levels of PCBs and related compounds. Cases
of severe chloracne were reported in a work environment in which PCB air levels were found to be between
5.2 and 6.8 mg/rd. The workers developing chloracne had been exposed for 2 to 4 years. Other analysesU revealed worker complaints of dry sore throat skin rash, gastrointestinal disturbances, eye irritation, and
headache at work area concentrations of 0.013 to 0.15 mg PCBi/r. Higher blood PCB LvLs ew associated
with higher serum triglyceride and/or cholesterol levels, as well as high blood pressure. Air PCBU concentrations as low as 0.1 mg/nr can produce toxic effects, and exposure to levels producing no overt
toxicity can affect liver function. Recovery after termination of exposure occurs but is slow and depends
upon the amount of PCBs stored in adipose tissue (Clayton and Clayton, 1981). Human exposures to PCBs
resulting in toxic effects have almost all resulted from the ingestion of rice oil contaminated with "Kanechlor
400" in Japan (resulting in Yusho or rice oi disease) or from industrial exposure. Clinical symptoms of
poisoning included acne-like skin eruptions (chloracne), eyelid edema, conjunctival discharge, skin and nail
pigmentation, and hyperkeratosis. Yusho patients are estimated to have ingested approxirmately 0.07I mg/kg/day for at least 50 days. The rice oil was found to be contaminated with polychlorinated dbenzofuran,
which is believed to have played a signifilht role in the observed toxicity (Bandiera et at, 1984; Kashimoto
et al., 1981). As suggested by laboratory experiments with Rhesus monkeys, fetal and newborn primates,U including humans, may be particularly susceptible to PCBs. Fein et al. (1984) studied the effects of low-level
chronic exposure to PCBs in pregnant women and their newbom offspring from consumption of Lake
Michigan fish. Low levels of PCBs were reported to cause decreases in birth weight head circumference,
and gestational age of the newborn. PCBs were apparently transmitted to the fetus across the placenta andI to the newborn through breast milk. Behavioral deficiencies, including immaturity of reflexes and depressed
responsiveness, were reportedly observed in infants exposed to PCBs. Jacobson et al. (1984) correlated
maternal consumption of PCB-contamirnated fish with behavioral abnormalities in newbomrns, including

I autonomic immaturity and depressed responsiveness. The authors likened these responses to similar
effects in laboratory animals.



MAMMALIAN TOXICOLOGICAL PROFILE

PCBs are only slightly toxic in acute exposures to laboratory animals. LDo values for rats, rabbits, and mice
are generally in the range of I to 10 glkg body weight (U.S. EPA, 1980). Nonhuman primates seem to be
particularly sensitive to PCB-induced reproductive effects (U.S. EPA, 1980). Dietary exposures of
cynomoigus and Rhesus monkeys to 200 ug of Arodclor 1254/kg-day, 5 days per week for 28 months,
resulted in symptoms of enlarged tarsal glands, conunctivitis, loss of eyelashes, progressive detachment of
fingernails, exuberant nail beds, hyperplasia of bilary ducts, hepatocelhlular enlargement and necrosis, and
normocytic anemia (Tryphonos et at, 1986a- Tryphonos et at, 1986b). Effects were less pronounced in
cynomolgus monkeys.

Monkeys that were fed diets containing 1.0 ppm of Aroclor 1016 for approximately 7 months prior to mating
and during pregnancy delivered infants with reduced birth weights (Barsott and Van Miller, 1984). Fetal
mortality occurred at >2.5 ppm (0.1 mgkg/day) of Aroclor 1248 in the diet in other studies with monkeys
(Allen and Barsotti, 1976; Barsotti et at, 1976; Allen et al., 1980). In rats, a dose of 289 ppm of Aroclor 1254
given continuously in the food over the duration of pregnancy caused a decrease in the number of
impregnated rats that delivered litters. Pups that were born were underweight, and most died within 7 days
of birth. Two lower doses (26 and 2.5 ppm) caused altered neurobehavioral and somatic ontogeny
(Overmarnn et al., 1987). PCBs have been shown to be teratogenic in mice. Cleft palate, dilated kidney
pelvis, and thymus hypoplasia were observed. The EDSO (effective dose for 50% of the animals) for
formation of cleft palate was a single 100 mg/kg dose, with peak sensitivity occurring on the twelfth day of
gestation (d'Argy et al., 1987).

Immunological effects (decreased 1gM, IgG induction) were noted in monkeys following a 27 month exposure
at a dose of 0.005 mg/kg/day (Tryphonos et al., 1989).

GENOTOXICITY

Most genotrty assays of PCBs have been negative. The majority of microbial assays of PCB mixtres
and various ~ta~ - show no evidence of mutagenic effects (U.S. EPA, 1980). The carcinogenic effects of
PCBs have been studied in rats and mice. In a study conducted by Kimbrough et at (1975) rats were
exposed via the diet to 100 ppm Arodor 1260 for 21 months. Hepatocellular carcinomas were observed in
26 of the 184 treated rats but only in one of the 173 controls. Neoplastic nodules were not found in corntrols
but occurred in 144/184 of treated rats. The National Cancer Institute (NCI, 1978) reported a high incidence
of hepatocellubar proliferative lesions in male and female Fischer 344 rats fed three dose levels of Armclor
1254 for 104-105 weeks, but, in part due to the small number of animals tested, carcinogenicty was not
statistically demonstrable. Norback and VWetman (1985) fed a diet containing relatively high conmentrations
Aroclor 1260 (100 ppm for 16 months followed by 50 ppm for an additionail 8 months) to Sprague-Dawley
rats. In the PCB-exposed group, neoplaic nodules were observed at 12 months followed by trabecular
carcinoma at 15 months and adenocarvinoma at 24 months (52/93). In the control rats, the incidence of
hepatocellular neoplasms was low (1/81). Metastases to distant organs was not observed and mortality in
the PCB exposed animals was not increased. The incidence of these slow-growing hepatocelluar
neoplasms was strbdingly higher in female rats than in male rats.

PCBs (Clophen C) have also been shown to be cocarcinogenic. When PCBs were mixed with
diethylntrosanie (DENA), twice as many tumors were observed as were observed in animals treated with
DENA alone (Brunn, 1987).

Based on the positive evidence for carcinogenicity of Aroclor 1254, Aroclor 1260, Kaneclor 500, and Clophen
A-30 and A-60 in animals, along with adequate evidence in humans, the U.S. EPA has placed these PCBs in
category 82 - probable human carcinogen (U.S. EPA, 1988).

I
I
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Total Petroleum Hydrocarbons

Petroleum is a mixture of hundreds of compounds containing both hydrogen and carbon. Performance based
criteria dictate the composition of refined petroleum products such as gasoline, diesel fuel, or heating oil. The
composition of petroleum products is complex, and when released to the environment, the composition is further
altered by volatilization, leaching, or biodegradation.

The toxicity of petroleum products are comprised of two general categories; aliphatic/alicyclic hydrocarbons and
aromatic/alkene hydrocarbons. Aromatic/alkene hydrocarbons appear to be more toxic than aliphatic/alicyclic
compounds. Furthermore, the toxicity of the aliphatic compounds appears to be related to the number of carbons
atoms present.

Aliphatic compounds (alkanes), such as, propane, hexane, and nonane, are straight- or branched-chain organic
compounds and alicyclic compounds (cycloalkanes) are organic compounds characterized by a ring structure.
Exposure to the aliphatic/alicyclic compounds can cause irritation of the eyes, nose, and skin. Chronic exposure to
low molecular weight aliphatic/alicyclic compounds (C5-Cq) can disrupt the central nervous Lystem (CNS). There
is insufficient evidence regarding the carcinogenicity of aliphatic/alicyclic compounds.

Aromatic/alkene compounds include benzene and its derivatives, polycyclic aromatic hydrocarbons (PAHs), and
straight- and branched-chain organic compounds possessing one or more double-bonds. The toxicity of these
compounds is linked to the presence of double bonds rather than to carbon-chain length. Aromatic/alkene
compounds target the central nervous system, liver, kidney, and hematopoictic system. Common threshold effects
associated with PAHl exposures include dermal irritation, hematopoietic disruption, nephrotoxicity, and
hepatotoxicity. Benzene and several PAHs are known carcinogens.

The toxicity of total petroleum hydrocarbons (TPH) is evaluated by grouping the hydrocarbons by size and general
chemical structure. Each range is represented by a compound within that fraction selected as a surrogate indicator
to conservatively define the toxicity of the entire range.

The Cgr-C,.i aliphatics are defined by n-nonane (C,). n-Nonane is an eye irritant and affects the CNS. CNS effects
include mild tremors and incoordination which decrease as the carbon number increases beyond C,. However the
irritant effects increase as carbon number increases.

The Cr-Cz aliphatics are defined by eicosane. Eicosanc e.'r - irritation and funcional changes to the liver in
rats. Prolonged excessive human exposures to mineral oils revealed structural changes in the liver, spleen, and
mesenteric lymph nodes which were minor in nature. C, 2-C, alkanes may act as cocarcinogens or promoters of
carcinogenic activity.

The C,-C,, and C1-C% aromatics are defined by pyrene. Pyrene is a human skin irritant and has induced liver and
kidney effects after exposures in rats and mice.
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POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) I
General Background

Polycylic aromatic hydrocarbons (PAHs) are a class of compounds that are formed during the incomplete
combustion or pyrolysis of organic materials containing carbon and hydrogen. Several hundred different PAHs
have been identified from combustion and pyrolysis sources (Grimmer, 1983). In this discussion, only 15 PAHs will
be considered. These include the following: acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene,
dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(l,2,3-cd)pyrene, phenanthrene and pyrene.

Physical/Chemical Proerties

The molecular weight of the aforementioned PAHs range from 154.2 to 27835. They exist as solids, plates,
needles, tablets or prisms having a melting point of 92 *C to 273 0C and a boiling point of 96.2 C to 495 *C. Their
water solubilities vary from being insoluble to 3.93 mg/I in water. Their octanol-water partition coefficients vary
from 5.3 x 10' to 6.9 x 10'. Their vapor pressures vary from I x lO Hg (20 °C) to 10 mm Hg (146 C) and from
10'" tonr (20 °C) to 9.6 x 10 tort (25 °C). The Henry's law constant varies from 7.3 x 101 to A1.45 x 10 (HHS,
1990).

Environmental Fate Characteristics

In surface water, PAHs can volatilize, photodegrade, oxidize, biodegrade, bind to particulates, or accumulate in
aquatic organisms. In sediments, PAHs can biodegrade or accumulate in aquatic organisms. PAHs in soil can i
biodegrade or accumulate in plants; PAHs can enter groundwater and be transported within an aquifer.

Transport and partitioning of PAHs in the environment are determined to a large extent by physical/chemical
properties such as water solubility, vapor pressure, Henrys law constant, octanol-water partition coefficient (K,,).
In general, PAHs have low water solubilities.

PAHs are present in the atmosphere in the gaseous phase or sorbed to particulates. PAHs in urban air are primarily -

associated with submicron diameter soot particles that have residence times of weeks and are subject to long-range
transport (Butler and Crossley, 1981). PAHs are removed from the atmosphere by both wet and dry deposition; the
relative importance of each process varies with the individual PAH. For example, Perwak et aL (1982) estimated I
that a total of 23% of benzo(a)pyrene released to the atmosphere is deposited on soil and water surfaces. Dry
deposition of benzo(a)pyrene adsorbed onto atmospheric aerosols accounts for most of the removal; wet deposition
is less significant by a factor of 3 to 5.

PAH compounds tend to be removed from the water column by volatilization to the atmosphere, binding to
particulares or sediments or by being accumulated by or sorbed onto aquatic biota. Compounds with Henry's law
constants in the range of 10" to 10s, are assiciated with significant volatilization, while compounds with values less
than I0 volatilize from water only to a limited extent (Lyman et al, 1982).

Because of their low solubility, PAHs in aquatic systems are primarily found sorbed to particles that either have I
settled to the bottom or are suspended in the water column. In an estuary, volatilization and adsorption to
suspended sediments with subsequent deposition are the primary removal processes for medium and high molecular
weight PAHs, whereas volatilization and microbial degradation are the major removal processes for low molecular
weight compounds (Readman et al., 1982). In an enclosed marine ecosystem study, less than 1% of the original
amount of radio-labelled benz(a)anthracene added to the system remained in the water column after 30 days; losses
were attributed to adsorption to settling particles and to a lesser extent to photodegradation (Hinga and Pilson, 1987)-
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High molecular weight PAHs having K,. values in the range of l0 to 10' indicate stronger tendencies to adsorb to
organic carbon. Sorption of PAHs to soil and sediments increases with increasing organic carbon content and is
also directly dependent on particle size. Karickhoff et al. (1979) reported partition coefficients (Kp) for sorption of
pyrene to sediments as follows: sand 9A.4 to 68; silt 1,500 to 3,600; and clay 1,400 to 3,800. Gardner et al. (1979)
found that three to four times more anthracene and about twice as much fluoranthene, benz(a)anthracene and
benzo(a)pyrene were retained by marsh sediments than by sand. PAHls may also volatilize from soil. Volatilization
of acenaphthene, anthracene, fluorene and phenanthrene (low molecular weight PAHs) from soil may be substantial
(Coover and Sims, 1987). Lower molecular weight compounds may also volatilize from sediments whereas this
process is not significant for the higher molecular weight compounds (Southworth, 1979).

PAHs have been detected in groundwater either as a result of migration directly from contaminated surface waters
or through the soil (Ehrlich et al., 1982; Wilson et al., 1986). Fluorene from an abandoned creosoting pit migrated
through sand and clay into groundwater (Wilson et al., 1986).

PAHs can be accumulated in aquatic organisms from water, sediments and food. In general, bioconcentration was
greater for the higher molecular weight compounds than for the lower molecular weight compounds. In fish,
biotransformation of the parent compound can occur. Biotransformation by the mixed function oxidase system in
fish liver can result in the formation of carcinogenic and mutagenic intermediates; exposure to PAHs has been
linked to the development of tumors in fish (Eisler, 1987). The ability offish to metabolize PAHs may explain why
benzo(a)pyrene is frequently not detected or found at only very low levels in fish from environments heavily
contaminated with PAHs (Varanasi and Gmur, 1980,1981). Varanasi et al. (1985) ranked the amount of
benzo(a)pyrene metabolized by aquatic organisms as follows: fish > shrimp > amphibod crustaceans > clams. Half
lives for elimination of PAHs in fish ranged from.less than 2 days to 9 days (Niimi, 1987).

Sediment-associated PAHs can be accumulated by bottom-dwelling invertebrates and fish (Eisler, 1987). Varanasi
et al. (1985) found that benzo(a)pyrene was accumulated in fish, amphibod cnrustaceans, shrimp, and clams when
estuarine sediment was the source of the compound. Approximate tissue to sediment ratios were 0.6-1.2 for
amphibods, 0.1 for clams and 0.05 for fish and shrimp.

PAHs can accumulate in terrestrial plants. Some terrestrial plants can take up PAHs via the roots or foliate; uptake
rates are dependent on the concentration,-solubility and molecular weight of the PAH and on the plant species
(Edwards, 1983). Ratios of PAH concenmitiont ir, vegetation to those in soil ranged from 0.001 to 0.18 for total
PAHs and from 0.002 to 0.33 for benzo(a)pyrene. About 30/-70%/ of atmospheric PAHs (indeno(l,2,3-cd)pyrene,
fluoranthene, and benzo(a)pyrene) deposited on a forest were sorbed onto tree foliage (i.e, leaves and needles) and
then deposited as litterfall (Matzmer, 1984).

PAHs may accumulate in terrestrial animals through the food chain or by ingestion of soil (Gile et al, 1982).

PAHs can undergo photooxidation and can react in the atmosphere with pollutants such as ozone, nitrogen oxides,
sulfur dioxide and peroxyacetylnitrate (NRC, 1983). Atmospheric half lives are generally less than 30 days. Some
PAHs are degraded by oxidation reactions that have been measured in the dark (to eliminate the possibility of
photodegradation). Korfmacher et al. (1980) f~und that, while fluorene was completely oxidized, fluoranthene and
phenanthrene were not oxidized and benzo(a)pyrene and anthracene underwent minimal oxidation. These
compounds were tested adsorbed to coal fly ash; the investigators stated that the form of the compound (adsorbed or
pure) and the nature of the adsorbent greatly affect the rate and extent of the process.

The most important processes contributing to the degradation of PAHs in water are photooxidation, chemical
oxidation, and biodegradation by aquatic microorganisms (Neff, 1979). Hydrolysis is not considered to be an
important degradation process for PAlHs (Radding et al., 1976). In natural aquatic systems, photooxidation and
biodegradation can significantly contribute to the degradation of PAHs, depending on environmental conditions.



In general, PAHs can be significantly metabolized by microbes in water under oxygenated conditions. However,
under anoxic conditions, degradation will be extremely slow (Neff, 1979). Some PAHs are partiallfor completely
degraded by some species of aquatic bacteria and fungi..

In soil, microbial metabolism is the major process for degradation of PAHs in soil environments. Photolysis,
hydrolysis and oxidation are not considered important processes for the degradation of PAHs in soil (Sims and
Overcash, 1983). The rate and extent of degradation of PAHls in soil are affected by environmental factors,
characteristics of the microbial population and the physical and chemical properties of the PAils. Environmental
factors that may influence the rate of PAH degradation in soil include temperature, pH, oxygen concentration, PAIl
concentrations and contamination history of soil, soil type, mixture, nutrients and other substances that may act as
substrate co-metabolites (Sims and Overcash, 1983).

Anthracene and fluoranthene showed slightly higher biodegradation rates than benz(a)anthracene or benzo(a)pyrene
in a study with fine and medium sands and marsh sedimenats (Gardner et a., 1979). Degradation rates expressed as
percentage of the mass removed per week for the four compounds were anthracene 2.0%-3.0%, fluoranthene 1.9% 6-
2.4/, benz(a)anthracene L4%-1.8% and benzo(a)pyrene 0.84%-1.4%. The rate of biodegradation may be altered by
the degree of contamination (Ya Khesina et al., 1969).

Absorption, Transport and Degradation

No studies were located regarding the absorption of PAHs in humans following inhalation exposure. However,
absorption of PAHs following inhalation may be inferred from the presence of urinary metabolites of PAHs in
workers exposed to these compounds in an aluminum plant (Becher and Bjorseth, 1983). The high concentration of
PAHls in the occupational setting did not correspond to the amount of PAHs deposited, metabolized and excreted in
the urine in this study. Researchers suggested that PAHs adsorbed to airborne particulate matter may not be
bioavailable and that the dose-uptake relationship may not be linear over the entire PAH concentration range.

In animal studies following inhalation exposure, Sun et al. (1982) administered radioactive benzo(a)pyrene (0.6 ug/l)
adsorbed on Ga203 particles as an aerosoL After 30 minutes of exposure, the fraction of the total amount of aerosol
particles deposited in the lung was approximately 20% for Ga20, and approximately 10% for the pure hydrocarbon
aerosoL After two weeks, complete absorption of the initially instilled hydrocarbon had occurred. The association
of benzo(a)pyrene with the particles increased the absorption of the compound.

The size of the particles on which benzo(a)pyrene is absorbed affects the pulmonary absorption of the chemical
(Cresia et al., 1976).

Intratracheal administration of radioactive benzo(a)pyrene to rats resulted in its rapid absorption. Radioactivity in
the liver reached a maximum of 21% of the dose within 10 minutes of instillation (Weyand and Bevan, 1986,1988).
Similar results were also seen in guinea pigs and hamsters following intratracheal exposure (Weyand and Bevan,
1986,1987, 1988). In monkeys and dogs, there was either little or very slow direct transfer of benzo(a)pyrene or its
metabolites into the blood (Petridou-Fischer et al., 1988). Monkeys and dogs received nasal instillation of
radioactive benzo(a)pyrene at doses of 0.16-e21 mg/kg. Radio-labelled metabolites were detected in the nasal
cavity, but little or no activity was detected in the blood and excreta of either species during the 48 hours after
exposure.

Via the oral route, indirect evidence suggests that benzo(a)pyrene may not be readily absorbed following exposure
in humans. In human volunteers who ingested broiled meat that contained approximately 9 ug of benzo(a)pyrene.
Hecht et al., 1979, detected less than 0.1 ug/person (i.e., below the detection limit) of benzo(a)pyrene in the feces of
these individuals.

Via the dermal route of exposure, application of 2% crude coal tar to the skin of humans for 8-hour periods on 2
consecutive days yielded evidence of PAH absorption (Storer et aL, 1984). Phenanthrene, anthracene, pyrene and
fluoranthene were detected in the blood, but benzo(a)pyrene was not detected; thus absorption of
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PAHIs in crude coal tar was variable. This variability was attributed to differences in percutaneous absorption, rapid
tissue deposition after absorption or metabolic conjugation with rapid urinary excretion. An in vitro study using
human skin revealed that the extent of permeation after 24 hours was established as 3% of the applied dose of
radioactive benzo(a)pyrene (10 ug/cm 2) (Kao et al., 1985).

In conclusion, via the dermal route, PARs are absorbed through the skin of humans. Therefore, skin contact with
soil and water contaminated with PAHs at hazardous waste sites can result in exposure to these compounds.
Systemic absorption of PAHs from the skin is variable among these compounds.

No studies were located regarding the distribution of PAHs in humans following oral, inhalation and dermal routes
of exposure. However, rat studies indicate that benzo(a)pyrene is distributed to the lung, liver, kidney,
gastrointestinal tract and carcass after inhalation exposure (Weyand and Bevan, 1986,1987a, 1988) and to the liver,
lung and kidneys after oral exposure (Yamazaki et al., 1987). In animal studies via the dermal route, PAHs can
readily penetrate the skin but very little is distributed to tissues. Only 1.3% of the applied dose of radioactive
anthracene (93 ug/cmnz) was detected in tissues of rats at six days after administration (Yang et al., 1986).

The metabolism of PAHs alters these chemicals both chemically and structurally, rendering them more water-
soluble and more excretable. Benzo(a)pyrene is metabolized to several arene oxides. Once formed, these arene
oxides may rearrange spontaneously to phenols, undergo hydration to the corresponding trans-dihydrodiols or react
covalently with glutathione. Phenols may also be formed by direct oxygen insertion, although unequivocal proof
for this mechanism is lacking. 6-Hydroxybenzo(a)pyrene is further oxidized either spontaneously or metabolically
to the 1.6-, 3,6-, or 6,12-quinones. Evidence exists for the further oxidative metabolism to two additional phenols.
The phenols, quinones and dihydrodiols can all be conjugated to glucuronides and sulfate esters; the quinones also
form glutathione conjugates (IARC, 1983).

Non-Carcinogenic Health Effects

Acute Toxicity

Humans: No studies were located regarding immunological effects in humans following exposure to the PAHs
covered in this profile. Jtenzo(a)prene is immunogenic when applied dermally to the skin of animals. In mice,
acute application of benzo(a)pyrene elicited an allergic contact hypersensitivity in mice (Klemme et al., 1987).
Contact hypersensitivity was also observed in guinea pigs following two dermal applications of benzo(a)pyrene
given over a period of 2-3 weeks. (Old et aL, 1963).

Laboratory animals: Mice acutely administered benz(a)anthracene by oral gavage for 2 days exhibited increased
incidences of hepatomas and pulmonary adenomas (Klein, 1963). No malignant tumors were observed in this study.
Other acute-duration studies reporting oral exposure to benzo(a)pyrene and increased incidence of benign and
malignant tumors of the forestomach in animals include Hartwell (1951), Shubik and Hartwell (1957), Thompson
(1971), Tracor/Jitco (1973a and b). After acute oral exposure to benzo(a)pyrene, Wattenberg and Bueding 1986
reported forestomach papillomas in animals. 1eal and Rigdon (1967) reported that mice fed benzo(a)pyrene for 2 or
more days exhibited gastric neoplasms. Chun and Maklmgrem (1965) reported papillomas and carcinomas of the
alimentary tract in hamsters fed benzo(a)pyrene. Mammary tumors were observed in rats administered a single oral
dose of benzo(a)pyrene (McCormick, 1981).

Chronic Toxicity

Humans: No chronic studies of PAHs were reported in the available literature.

Laboratory animals: No chronic studies of PAHs were reported in the available literature.



U
Carcinogenic Health Effects

Acute Exposure

Humans: No studies were located regarding cancer in humans following inhalation exposure to any of the 15 PAHs
discussed in this profile. However, epidemiologic studies have shown increased mortality due to lung cancer in
humans exposed to coke-oven emissions (Lloyd, 1971; Mazumdar et al., 1975; Redmond et al., 1976), roofing-tar
emissions (Hammond et al., 1976) and cigarette smoke (Maclure and MacMahon, 1980; Wynder and Hoffmnann,
1967). Each of these mixtures contains benzo(a)pyrene, chrysene, benz(a)anthracene, benzo(b)fluoranthene,
dibenz(a,h)anthracene as well as other potentially carcinogenic PAHs and other carcinogenic and potentially
carcinogenic nitrosamines, coal tar pitch and creosote. It is thus impossible to evaluate the contribution of any
individual PAH to the total carcinogenicity of these mixtures in humans because of the complexity of the mixtures
and the presence of other carcinogens.

No studies were located that gave evidence of a direct association between human dermal exposure to individual
PAHs and cancer induction. However, reports of skin tumors among individuals exposed to mixtures containing
PAHs lend some qualitative support to their potential for carcinogenicity in humans. Pott (1775) reported scrotal
cancer among chimney sweeps. Skin cancer among those dermally exposed to shale oils has been reported (Purde
and Etlin, 1980). These reports provide only qualitative suggestions pertaining to the human carcinogenic potential
of compounds found in chimneys and shale oils, such as benzo(a)pyrene, chrysene, dibenz (a,h) anthracene,
benz(a)anthracene or benz(b)fluoranthene.

Laboratory animals: Studies in laboratory animals have demonstrated the ability of benz(a)anthracene,
benzo(b)fluoranthene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, and indeno(,2,3-cd)pyrene to induce skin
tumors following dermal exposure. In a long-term chronic bioassay using mice receiving benzo(b)fluoranthene
throughout their lifetime, malignant tumors appeared as early as 4 months in the high dose group. The lowest dose
at which benzo(b)fluoranthene elicited malignant tumors was 0.1%e, which is approximately equal to a dose of 2.9
mg/kg received 3x weekly or an average daily dose of 1.2 mg/kg (Wynder and Hoffmnann, 1959b). Mice topically
administered 2 ug benzo(a)pyrene throughout their lifetime developed increased skin tumor incidences of
papillomas and carcinomas (Habs et at, 1984). Mice administered 12.5 ug benzo(a)pyrene for 99 weeks exhibited
malignant skin tumors (Warshawsky and Barkley, 1987). Incidences of tumors in these dermal studies was related
to the dosage of the compound.

Other studies reporting the carcinogenicity of selected PAHs in laboratory animals include the following: Bingham
and Falk 1979, Cook et al., 1933, Cook 1933, Horton and Christian 1974, Wynder and Hoffmann 1959a, Van Duuren
et al., 1967, Lijinsky et al., 1965, Ranadine and Karande 1963, Hoffmann and Wynder 1966, Horton and Christian

1974.

Chronic Exposure

Humans: No information is available.

Animals: Chronic inhalation studies of animals given benzo(a)pyrene reported a dose-response relationship
between inhaled benzo(a)pyrene particles and respiratory tract tumorigenesis. Tumors were formed in the nasal
cavity, pharynx, larynx, trachea, esophagus and forestomach of hamsters (Thyssen et al., 1981). Other studies
reporting the association between inhalation exposure to benzo(a)pyrene and other atmospheric irritants and tumors
in animals are Heinrich et al, 1986 and Laskin et al., 1970.
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Mutagenicity and Teratogenicity

Mutagenicity

No studies were located regarding genotoxic effects in humans following exposure to PAHs. Oral exposure to
benzo(a)pyrene produced gene mutations in mice in the mouse coal color spot test (Davidson and Dawson, 1976 and
1977). Gene mutations were produced in bacteria that were injected intraperitoneally into mice after they were
exposed to benz(a)anthracene (Simmon et al., 1979).

Developmental Toicity/Reproductive Studies

No studies were located regarding developmental effects in humans following oral exposure to PAHs. Prenatal
exposure to benzo(a)pyrene produced reduced viability of liters at parturition, reduced mean pup weight during
postnatal development and a high inciden:e of sterility in the progeny of mice with associated ahterarions in gonadal
morphology and germ-cell development (Mackenzie and Angevine, 1981). In mice, increased incidence of
stillborns, resorptions and malformations were observed in offspring of animals exposed to benzo(a)pyrene
(Legraverend et al., 1984).

No studies were located regarding reproductive effects in humans following oral exposure to PAH compounds.
Mackenzie and Angevine 1981 reported that benzo(a)pyrene administered by gavage to pregnant mice decreased the
percentage of pregnant females at parturition and produced a high incidence of sterility in the progeny. Rigdon and
Rennels (1964) found that benzo(a)pyrene administered in the diet reduced the incidence of pregnancy in female
rats.

IARC Carcinogenicity Classification

The IARC (1983,1984) has classified PAHls as carcinogenic generally according to the weight-of-evidence
categories they developed, as shown in Table I. Carcinogenic PAils were defined as those for which IARC has
stated there is either "sufficient" or "limited" evidence of carcinogenicity. In addition, several PAHls for which
IARC has stated that there is "inadequate" evidence of carcinogenicity are also classified as carcinogenic on the
basi of their structural similarity to known carcinogenic PAHs. Finally, PAHs were classified as carcinogenic if
they Were reorted in the analytic data to be simple methyl derivatives of known or suspected carcinogenic PA1s
where the position ofmethylation was unspecified, e.g., "methylbenzo(a)pyrene."

All PAHs for which IARC has found "inadequate" data to assess carcinogenicity and do not have a structural
similarity to a suspected carcinogen were classified as noncarcinogenic. Those for which the available data do not
provide any evidence of carcinogenicity were classified as noncarcinogenic.

Table 1

CARCINOGENICITY OF PAls

Chemicals for which there is sufficient evidence that they are carcinogenic in animals:

Ben2o(a)anthracene 7H-Dibenzo(c,gcarbazole
Benzo(b)fluoranthene Dibenzo(a,e)pyrene
Benzo(j)fluoranhene Dibenzo(a,h)pyrene
Benzo(k)fluoranthene Dibenzo(a,i)pyrene
Benzo(a)pyrene Dibenzo(a,l)pyrene
Dibenzo(a,h)acridine Ilndeno(l,2,3-c,d)pyrene
Dibenzo(aj)acridine 5-Methylchrysene
Dibenzo(a,h)anthracene



Chemicals for which there is limited evidence that they are carcinogenic in animals:

Anthanthrene
Benzo(c)acridine
Carbazole
Chrysene
Cyclopenta(c,d)pyrene

Dibenzo(a,c)anthracene
Dibenzo(aj)anthracene
Dibenzo(a,e)fluoranthene
2-,3-,4-,and 6-methylchrysene
2- and 3-methylfluoranthene

Chemicals for which the evidence is inadequate to assess their carcinogenicity:

Benzo(a)acridine
Benzo(g,h,i)fluoranthene
Benzo(a)fluorene
Benzo(b)fluorene
Benzo(c)fluorene
Benzo(g,hi)perylene
Benzo(c)phenanthrene
Benzo(e)pyrene

Coronene
1,4-Dimethylphenanthrene
Fluorene
I-Methylchrysene
1-Methylphenanthrene
Perylene
Phenanthrene
Triphenylene

Chemicals for which the available data provide no evidence that they are carcinogenic:

Anthracene Pyrene Fluoranthene

Source: IARC 1983, 1984.

EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification

No carcinogenic classification was reported in the available literature for PAils, as a group. Individual compounds
do have EPA cancer classes. For example, EPA classified benzo(b)' 1'oranthene, benzo(k)fluoranthene,
benzo(a)pyrene, chrysene, indeno(1,2,3-cd)pyrene as B2 carcinogens (liKS, j996). Pyrene was classified in group
D because of insufficient evidence of carcinogenicity in humans and animals (IRIS, 1996).

EPA Dose-Response Parameters

Carcinogenic Effects: The EPA derived an oral cancer potency factor of ILS(mg/kg/day)4 based on the study of
Neal and Rigdon (1967) (EPA, 1991a). In this study, benzo(a)pyrene administered orally to mice for 2 or more days
induced gastric tumors. An inhalation cancer potency factor of 6.1 (mg/kgfday) ' was derived by the EPA based on
the study of Thyssen et al., 1990 (EPA, 1991a). In this study, chronic inhalation exposure to benzo(a)pyrene induced
respiratory tract tumors in hamsters.

EPA has derived oral cancer slope factors for some PAis (IRIS, 1996): benzo(b)fluoranthene 73E-1;
benzo(k)fluoranthene 73E-I; benzo(a)pyrene 7.3E+00 chrysene 73E-2; and indeno(I,2,3-cd)pyrene 73E-I.

Noncarcinogenic Effects: An oral RfD is not available for benzo(a)pyrene, benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, and
phenanthrene (EPA, 1996).

EPA has derived an oral RID of 3.0E-2 for pyrene based on kidney effects (renal tubular degeneration and
decreased kidney weight) (IRIS, 1996).
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ANTIMONY CAS# 7440-36-0

PHARMACOKINETICS

No data were found regarding the pharmacokinetics of antimony.

HUMAN TOXICOLOGICAL PROFILE

No data were found regarding the human toxicity of antimony.

MAMMALIAN TOXICOLOGICAL PROFILE

No data were found regarding the mamnmalan toxicity of antimony. I

GENOTOXICITYo

No data were found regarding the genotoxicity of antimony. g
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Arsenic is difficult to characterize as a single analyte because it has complex chemistry. It may be trivalent or
pentavalent and is widely distributed in nature. Both inorganic and organic forms of arsenic are readily absorbed
via oral and inhalation routes. Soluble forms are more readily absorbed than insoluble forms (U.S. EPA 1984).
Approximately 95% of soluble inorganic arsenic administered to rats is absorbed from the gastrointestinal tract
(Coulson, Remington, and Lynch 1935; Ray-Bettley and O'Shea 1975). Approximately 70-80% of arsenic
deposited in the respiratory tract of humans has been shown to be absorbed (Holland, McCall, and Lanz 1959).
Dermal absorption is not significant (U.S. EPA 1984). At mining sites, arsenic is expected to occur in naturally
occurring mineral assemblages with considerably lower bioavailability than expected in soluble inorganic arsenic
salts (Davis, Ruby, and Bergstrom 1992).

Acute exposure in humans by ingestion of metallic arsenic has been associated with gastrointestinal effects,
hemolysis, and neuropathy (U S. EPA 1984). Chronic human arsenicism (by drinking water ingestion) is
associated with increased risk of nonmelanoma, typically nonlethal, skin cancer and a peripheral vascular disorder
that results in gangrene of the extremities, especially feet, known as blacklfoot disease (Tseng 1977).
Additionally, there is strong evidence to suggest ingested inorganic arsenic causes cancers of the bladder, kidney,
lung, and liver, and possibly other sites (Bates, Smith, and Hopenhayn-Rich 1992; Chen et al. 1992; Chen et al.
196). It is well known that hyperpigmentation and keratosis are also associated with chronic arsenicism
(Neubaner 1947) and arsenic can produce toxic effects on both the peripheral and CNS, precancerous dermal
lesions, and cardiovascular damage (U.S. EPA 1984; Tseng 1977). Arsenic is embryotoxic, fetotoxic, and
teratogenic in several animal species (U.S. EPA 1984). No evidence of reproductive toxicity was found
(Calabrese and Kenyon 1991). Epidemiological studies of workers in smelters and in plants manufacturing
arsenical pesticides have shown inhalation of arsenic is strongly associated with lung cancer and less so, with
hepatic angiosarcoma (U.S. EPA 1984).

There is substantial evidence that establishes the nutritional essentiality of trace levels of arsenic. Deficiency has
been shown to depress growth and impair reproduction in rats, minipigs, chickens, and goats (U.S. EPA 1988;
NRC 1989). Methylation of arsenic to less toxic, more rapidly excreted chemical species provides an effective
detoxification mechanism in vivo. In humans, this system may become saturated at daily oral intake rates greater
than 250-1,000 pg/day'. For this reason, the dose-response curve for arsenic, for carcinogenicity and systemic
toxicity, may have nonlinearities, i.e., a portion of the dose-response curve dxists over which increases in dose do
not result in comparable increases in physiological response (Petito and Beck 1990).

U.S. EPA's weight-of-evidence classification places arsenic as a Group A, Human Carcinogen (U.S. EPA 1998).
U.S. EPA (1998, 1988) derived an oral unit risk of 5X I (pg/LY' for arsenic. U.S. EPA (1998) derived an oral
cancer slope factor of 1.5 (mg/kg/day). The oral drinking water unit risk and cancer slope factor were based on
two epidemiological studies (Tseng c al. 1968; Tseng 1977) which indicated an increased incidence of skin cancer
in individuals exposed to arsenic in drinking water. An oral chronic RfD of 3 x lO mg/kg/day was calculated for
arsenic based on incidence of keratosis and hyperpigmentation in humans (Tseng 1977; U.S. EPA 1996). An
uncertainty factor of 3 and a modifying factor of I were used to derive the chronic oral RfD. Applying U.S.
EPA's RfD methodology, strong scientific trguments can be made for various values within a factor of 2 or 3 of
the recommended RfD (i.e., 0.1-0.8 pg/kg/day) (U.S. EPA 1998).

Bates, M.N.; Smith, A.H.; and Hopenhayn-Rich, C. 1992. Arsenic ingestion and internal cancers: a review.
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BARIUM

Iacamd

Barium (Ba) is a naturally occurring metallic element that constitutes about 0.04 per cent of the earth's crust, with
the greatest occurrence in rock formations. Naturally occurring concentrations in soils may vary considerably as
indicated by the range of reported background concentrations (i.e., 10-1,500 ppm) (Shackelette and Boerngen,
1984). Concentratibns in surface water range between 7-15000 (average 50) mg/I (Reeves, 1986). A survey of
water quality in 100 U.S. cities found concentrations in drinking water samplings from 2-380 mg/I, with a median
of 43 mg/l (WHO, 1984). Data collected by the EPA show the mean level of barium in air ranges from 0.0015 to
0.95 mg/im3' (TISEPA, 1985). The environmental release of barium is also associated with anthropogenic activities
including release from oil and gas drilling muds, coal-fired power plants, fillers for automotive paint, and
specialty compounds used in bricks, tiles and jet fuels (USEPA, 1985).

Barium has been found in essentially all biological materials assayed. Marine animals concentrate the element
7-100 times, and marine plants 1000 times from seawater (Reeves, 1986). Barium content of edible crops ranges
from 10 mg/g found in wheat and corn to 3-4 mg/g found in brazil nuts (Reeves, 1986). Typical barium
concentrations in milk are 45-136 mg/g, in wheat flour, 1300 mg/g, and in oatmeal. 2320-8290 mg/g.

The toxicity of barium compounds varies by compound with the more soluble forms being the most toxic (Proctor
et al., 1988). Soluble barium compounds include barium nitrate, barium sulfide, barium carbonate, and barium
chloride.

Pharmacokincc Soluble forms of barium are readily absorbed throughout the respiratory tract (Reeves, 1986).

Nasal absorption of radiolabelled barium chloride ('wBaC) '.s estimated at 60 to 80 percent of the dose at
4 hours after exposure; alveolar absorption is believed to be ;f the .- magnitude (Reeves, 1986).
Gastrointestinal (GI) absorption of barium compounds also is dependent on solubility. For example, barium
sulfate is essentially unabsorbed through the GI, while in one study barium chloride was absorbed with an
efficiency of about 11 to 32 percent (Cuddiay and Ozog, 1973). The highest concentration of barium is found in
bone (90 percent), with the remaining barium body-burde (in descending order) found in eggs, lungs, connective
tissue, skin, and adipose tissue (Reeves, 1986). Elimination of barium occurs predominantly in feces (75 to
90 percent) with sweat and urine being minor excretory pathways (Reeves, 1986). The rate of elimination is
highly variable depending on solubility and route of exposure.

Sensiive Populations No information is available on potentially sensitive populations.

Chemical Interactions No information is available on interactions with other chemical exposures.



Non-Carcinogenic Health Efecls

Acute Toxicity

Humans: Acute exposure to barium in humans results in a variety of cardiac, gastrointestinal (GI), and

neuromuscular effects (USEPA, 1985). Acute poisoning exerts a strong, prolonged stimulant action on all

muscles, including cardiac and smooth muscles of the GI tract and bladder (NAS, 1977). Certain compounds of

barium, such as barium hydroxide and barium oxide are irritants of the eyes, mucous membranes and skin.

Occupational intoxications from barius salts are unknown; reports do exist of accidental or suicidal poisonings.

Initial symptoms of barium poisoning are gastrointestinal, including nausea, vomiting, colic, and diarrhea,

followed by myo:ardial (hleart muscle) and general muscular stimulation wih tingling in the extremities. Severe

cases progress to a loss of tendon reflexes, general muscular paralysis, and death from respiratory arrest or

ventricular fibrillation (irregular heartbeat) (Proctor et al., 1988). The threshold dose of toxic effects in human

(adults) is about 0.2 to 0.5 g barium (Reeves, 1988). The barium ion is a physical antagonist of potassium in

imv, and symptoms of barium poisoning are attributed to hypokalemia (lack of potassium in the blood) (Proctor

et al., 1988). The effect is probably due to a transfer of potassium from extracellular to intracellular

compartments rather than to urinary or gastrointestinal losses. Inhalation of insoluble-barium containing dust

(e.g., barium sulfate) may produce a benign clinically insignificant pneumoconosis referred to as baritosis

(Proctor et al., 1988). For example, workers exposed to barium sulfate at concentrations up to 92 mg/m3

displayed no signs nor symptoms and experienced decrements in pulmonary function (Proctor et al., 1988).
However, acute poisoning through physician mishaps with insoluble barium sulfate used as an X-ray contrast

material, has caused granulomas and embolisms (Reeves, 1986).

Laboratory animals* Limited information is available on the acute toxicity of barium in animals. Acute effects

of barium are known to produce neuromuscular and respiratory ailments in rats (USEPA 1985). .

Chronic Toxcity I

Humans: Chronic exposure to barium is considered to be a concera for cardiac and hypertensive effects. The

role of waterborne barium in the etiology of human hypertension remains unclear (USEPA, 1985). Two

communities exposed to barium indrinking water were evaluated for increases in blood pressure, with no

significant differences in blood pressure noted between communities exposed to barium at a concentration of 1.5

1/day (USEPA, 1990a).

Laboratory animals: Rats receiving concentrations of barium chloride of 1, 10, or 100 ppm in drinking water

for up to 16 months showed no sigs of toxicity at barium dose levels of 0.051, 0.51, or 5.1 mg/kg/day, based on

water consumption data (USEPA, 1984). Slight increases in blood pressure were noted in rats receiving doses of

0.51 and 5.1 mg/kg/day; however, this increase may have been due to a restricted intake of calcium and

potassium (USEPA, 1990a).
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Carcinogenic Health Effects

Humans: Pertinent data regarding the potential carcinogenicity of barium to humans following either oral or

inhalation exposure are not available (USEPA, 1990a).

Laboratory animals: In experimental animal studies, barium acetate was administered to rats in drinking water

containing 5 mg Ba/l over their lifetime. No significant increase in total tumors or malignant tumors were found

(USEPA, 1984).

hroic TQA

Humans: No information is available.

Laboratory animals: No information is available.

Mutag Lnct and Teratogenkity

Mutagenicit: Very little data exist on the mutagenicity of barium compounds, but barium chloride produced no

increased mutation frequency in repair-deficient strains of Bacillus smbillis (USEPA, 1984).

RpnuGiniopmental Effects: Male rats exposed (for one cycle of spermatogenesis) to airborne barium

carbonate at a concentration of 22.6 mgn'-aily duration of exposure not reported) displayed a decrease in the

number of spermatazoids and reduced speavr Ti-ky (USEPA, 1984). Females exposed to concentrations of

13.4 mg/m 3 barium carbonate (daily duration of exposure was not reported) for four months displayed increased

litter mortality and a general uderdevelopment of the newborn pups (USEPA, 1984).

EPA Carcinorenicity Clatsficatio and Dose-Response Parameters

EPA Carcinogenicity Classfication: The EPA has reviewed the available data on carcinogenicity and has not

classified barium based on inadequate data from animal and human studies (USEPA, 1997).

Dos-Rense Parameter Estimates The dose-response parameter estimates for carcinogens and noncarcinogens

are computed differently by the EPA; therefore, these estimates are presented separately below.

Carcinogenic Effects: Barium has not been shown to be carcinogenic in humans or animals, thus the EPA has not

computed dose-response estimates for carcinogenicity.



Non-Carcinogenic Effects: The reference dose committee of the EPA has derived an oral reference dose (RfD)

for barium of 7 x 102 mg/kg/day based on the chronic drinking water study in rats, discussed above (USEPA,

1997). A no-observed-adverse-effect-level (NOAEL) for increased blood pressure was identified as 0.21

mg/kg/day. An uncertainty factor of 3 was incorporated to account for sensitive populations (USEPA, 1997).

An inhalation RID of 1 x 10 mg/kg/day was derived by the Office of Health and Environmental Assessment

(USEPA, 1990b). This value is based on identification of a NOAEL (no-observed-adverse-effect-*level) of 0.14

mg/kg/day in rats exposed to airborne BaCO, (Tarasenko et aL, 1977). Higher doses produced fetotoxic effects.

An uncertainty factor of 1000 was incorporated.

Oral RID: 7 X 10-2 mg/kg/day (USEPA, 1997).

Inhalation RfD: I X 10 mg/kg/day (USEPA, 1990b).
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BERYLLIUM CAS# 744041-7

GENERAL BACKGROUND INFORMATION

The solubility and speciation of beryllium in air and water media vary, with ambient air characterized by
relatively insoluble beryllium compounds such as beryllium oxide and metallic beryllium, and water
characterized by more soluble forms. Carcinogenic potency varies according to the form of beryllium
present Human equivalent doses were calculated using a human body weight of 70 kg, an animal weight
of 0.325 kg and length of exposure, experiment and life span of 1126 days for treated and control animals.

I
HUMAN TOXICOLOGICAL PROFILE

Human data were used for the inhalation exposure quantitation despite limitations in the study. Humans
are most likely to be exposed by inhalation to beryllium oxide, rather than other beryllium salts. Animal
studies by inhalation of beryllium oxide have utilized intratracheal instillation, rather than general inhalation
exposure.

Effective dose was determined by adjusting for duration of daily (8/24 hours) and annual (2401365 days)
exposure, and the fraction of the lifetime at risk (L.e., time from onset of employment to termrination of
follow-up). The risk estimates were based on the data of Wagoner et aL. (1980) in which the smoking I
adjusted, expected lung cancer deaths were found to range from 13.91 to 14.67, in comparison to 20
observed. Relative risk estimates of 1.36 and 1.44 were derived and the 95% confidence limits of these
estimates, 1.98 and 2.09, respectively, were used to estimate the lifetime cancer risk. Note that all of the
above estimates are based on one data set using a range of estimated exposure and exposure times.
Because of uncertainties regarding workplace beryllium concentration and exposure duration, unit risks
were derived using two estimates each of concentration, fraction of lifetime exposed and relative risk. The
recommended value is the arithmetic mean of the 8 derived unit risks.

Wagoner et aL (1980) observed 47 deaths from cancer among 3055 white males employed in be yl um.
processing with a median duration of employment of 7.2 months. Among the 208 followed for 25 years I
or more, 20 lung cancer deaths were observed. These increased inrt.,r were statistically
significant when lung cancer mortality data became available for 1968-1975, the number of expected
deaths was recalculated and the increased incidence was statisticaly significant only among workers
followed 25 years or more (Bayliss, 1980;' MacMahon, 1977, 1978). When the number of expectedi
deaths was adjusted for smoking, the increased incidence was no longer significant (U.S. EPA, 1986).

An earlier study of workers from this same beryllium processing plant, and several studies of workers
from this plant combined with workers from other beryllium plants, have reported a statistically significant
increased incidence of lung cancer (Bayliss and Wagoner, 1977; Mancuso, 1970, 1979, 1980). No
adjustment was made for smoking in thee studies, and al were limited in their ability to detect a possible
increased incidence of lung cancer because of methodological constraints and deficiencies.

MAMMALIAN TOXICOLOGICAL PROFILE

Fifty-two weanling Long-Evans rats of each sex received 0 or 5 ppm beryllium (as BeSO4, beryllium
sulfate) in drinking water. Exposure was for the lifetime of the animals. At natural death the rats were
dissected and gross and microscopic changes were noted in heart, kidney, liver, and spleen. There were
no effects of treatment on these organs or on life span, urinalysis, serum glucose, cholesterol, and uric
acid, or on numbers of tumors. Male rats experienced decreased growth rates from 2 to 6 months of age.

I
I



Similar studies were carried out on Swiss (CD strain) mice in groups of 54/sex at doses of approximately
0.95 mg/kg/day (Schroeder and Mitchner, 1975).Female animals showed decreased- body weight
compared with untreated mice at 6 of 8 intervals. Male mice exhibited slight increases in body weight
These effects were not considered adverse, therefore, 0.95 mg/kg/day is considered a NOAEL.

GENOTOXICITY

No data were found regarding the genotoxicity of beryllium.
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Gastrointestinal absorption of cadmium in humans ranges from 5 to 6% (U.S. EPA 1985a). Based on a
comprehensive model for inhaled cadmium, the deposition rate of particulate airborne cadmium is 5-50% (i.e.,
5% of particles greater than 10 microns and up to 50% of particles less than 0.1 microns), and 50-100% of the
cadmium deposited was absorbed (Nordberg, Kjellstrom, and Nordberg 1985). Cadmium bioaccumulates in
humans, particularly in the kidney and liver (U.S. EPA 1985a,b). Acute oral exposure to cadmium in laboratory
animals resulted in systemic, immunological, neurological, developmental, and reproductive effects at doses of
2-138 mg/kg/day (ATSDR 1991). Chronic oral or inhalation exposure of humans to cadmium has been associated
with renal dysfunction, itai-itai disease (bone damage), hypertension, anemia, endocrine alterations, and
imm osuppression. Renal toxicity occurs in humans chronically exposed to cadmium in food at LOAEL of
0.0075 mg/kg/day. In laboratory animals (i.e., rat, mouse) chronic oral exposure to cadmium results in increased
blood pressure, hematological, and renal effects at LOAELs ranging from 0.014 to 57 mg/kg/day (ATSDR 1991).
Teratogenic and reproductive effects (i.e., deceased fetal and birth weight, delayed ossification, behavioral
impairment, and reduced fertility) were reported in laboratory animals (i.e., rat, mice, dogs) subchronically
exposed to cadmium in drinking water at LOAELs ranging from 0.04 to 40 mg/kg/day (ATSDR 1991).
Epidemniological studies have demonstrated a strong association between inhalation exposure to cadmium and
cancers of the lung, kidney, and prostate (U.S. EPA 1985b; Thun et al. 1985). In experimental animals,
cadmium induces injection-site sarcomas and testicular tumors. When administered by inhalation, cadmium
chloride is a potent pulmonary carcinogen in rats. Cadmium is a well-documented animal teratogen (U.S. EPA
1985b).

U.S. EPA (1998) classified cadmium as a Group BI agent (Probable Human Carcinogen) by inhalation. This
classification applies to agents for which there is limited evidence of carcinogenicity in humans from
epidemiologic studies. Using renal toxicity as an endpoint, and a safety factor of 10, U.S. EPA (1998) derived
two separate oral RfDs. The RfD associated with oral exposure to drinking water is 5 x 1O4 mg/kg/day, and is
based on the LOAEL of 0.005 mg/kg in humans (U.S. EPA 1985a; Fnriberg et al. 1974). The RID associated
with exposure to cadmium in food is lx 10'r mg/kg/day.
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brormium

Chromium exists in two states, as chromium (IlI) and as chromium (VI). Following oral exposure, absorption of
chromium (11) has been reported to be 0.4% while absorption of chromium (VI) has been observed to be as high
as 10% (ATSDR 1991). However, chromium (VI) is rapidly reduced to chromium (III) after penetration of
biological membranes and in the gastric environmemnt (ATSDR 1991). Chromium is an essential micronutrient and
is not toxic in trace quantities (U.S. EPA 1980). Alterations in liver enzyme activities were noted in rats
administered an oral dose of 13.5 mg/kg/day chromium (VI) for 20 days (Kumar, Rana, and Prakash 1985). Rats
subchronically administered higher concentrations of chromium VI (98 mg/kg/day) have exhibited adverse effects
on renal function (Diaz-Mayans, Laborda, and Nunez 1986). No significant changes, however, were detected in
the livers or kidneys of rats exposed to 2.7 mg/kg/day or 3.5 mg/kg/day chromium (III) or chromium (VI),
respectively, in the drinking water for 1 year (MacKenzie et al. 1958; ATSDR 1991). CNS effects including
hypoactivity have been reported in rats when exposed to subchronic levels of 98 mg/kg/day chromium VI in
drinking water (Diaz-Mayans, Laborda, and Nunez 1986). Workrs exposed to 2 Mg/m chromic acid vapors
(mean duration of 2.5 years), a soluble chromium (VI) compound, exhibited atrophy and ulceration of the nasal
mucosa and transient decrease in lung function (Lindberg and Hedenstierna 1983). There is, however, insufficient
scientific evidence that chromium (IlI) compounds by themselves elicit atrophy of the nasal mucosa or adverse
respiratory effects in humans (ATSDR 1991). Furthermore, epidemiological studies of worker populations have
clearly established that inhaled chromium (VI) is a human carcinogen; the respiratory passages and the lungs are
the target organs (Mancuso 1975; U.S. EPA 1984). Inhalation of chromium (III) or ingestion of chromium (VI)
or (HI) has not been associated with carcinogenicity in humans or experimental animals (U.S. EPA 1984). Oral
exposure of pregnant mice (gestational days, I to 19) to 57 mg/kg/day chromium (VI) resulted in embryolethal
effects (e.g., increased resorptions and postimplantation loss), reduced ossification and gross anomalies (Trivedi
et al. 1989). Chromium (III) does not appear to cause fetotoxic or teratogenic effects in rats (ATSDR 1991).
Reproductive effects in the form of decreased sperm count were noted in mice administered oral doses of 4.6
mg/kg/day chromium (VI) (225 ppm) and 3.5 mg/kg/day chromium (III) (172 ppm) for 7 weeks (Zahid et al.
1990).

U.S. EPA (1998) classified inhaled chromium (VI) in Group A-Human Carcinogen by the inhalation route.
Inhaled chromium (III) and ingested chromium (III) and (VI) have not been classified with respect to
carcinogenicity (U.S. EPA 1996). U.S. EPA (1996) derived a chronic oral RfD of 5x10 3 mg/kg/day for
chromium (VI) based on a study by MacKenzie et al. (1958) in which no adverse effects were observed in rats
exposed to 2.4 mg chromium (VI)/kg/day in drinking water for I year. A safety factor of 500 was used to derive
the RfD. U.S. EPA (1998) developed an oral RfD of 1 mg/kg/day for chromium (III) based on a study in which
rats were exposed to chromic oxide baked in bread. No effects due to chromic oxide treatment were observed at
any dose level (Ivankovic and Preussman 1975); however, bepatotoxicity was the effect of concern. An
uncertainty factor of 1,000 was used to calculate the RfD.
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Department of Health and Human Services. Draft for Public Comment. October.

Diaz-Mayans, J.; Laborda, R.; and Nunez, A. 1986. Hexavalent chromium effects on motor activity and some
metabolic aspects of Wistar albino rats. Comp. Biochem. Physiol. 83:191-195.

Ivankovic, S., and Preussman, R. 1975. Absence of toxic and carcinogenic effects after administration of high
doses of chromic oxide pigment in subacute and long-term feeding experiments in rats. Fd. Cosmet.
Tadicol. 13:347-351.

Kmar, A., Rana, S.V.S., and Prakash, R. 1985. Dysenzymuria induced by hexavalent chromium. Int. J.
Tirsue React. 47:333-338.



Lindberg, E., and Hedenstierna, G. 1983. Chrome plating: Symptoms, findings in the upper airways, and
effects on lung function. Arch. Environ. Health 38:367-374.

Mancuso, T.F. 1975. International conference on heavy metals in the environment. Toronto, Canada.

MacKenzie, R.D.; Byerrum, R.V.; Decker, C.F.; Hoppert, C.A.; and Longham, F.L. 1958. Chronic toxicity
studies II. Hexavalent and trivalent chromium administered in drinking water to rats. Arch. Ind. Health
18:232-234.

Trivedi, B.; Saxena, D.K.; Murphy, R.C.; et al. 1989. Embryotoxicity and fetotoxicity of orally administered
hexavalent chromium in mice. Reprod. Taricol. 3:275-278.

U.S. Environmental Protection Agency (U.S. EPA). 1980. Ambient water quality criteria for chromium.
Washington, D.C.: Office of Water Regulations and Standards. EPA 440/5-80-035.

U.S. Environmental Protection Agency (U.S. EPA). 1984. Health assessment document for chromium.
Research Triangle Park, NC: Environmental Criteria and Assessment Office. EPA 600/8-83-014F.

U.S. Environmental Protection Agency (U.S. EPA). 1987. Health advisory for chromium. Draft. Washington,
D.C.: Office of Drinking Water. March 31, 1987.

U.S. Environmental Protection Agency (U.S. EPA). 1998. Integrated Risk Information System (IRIS).
Cincinnati: Environmental Criteria and Assessment Office.

Zahid, Z.R.; AI-Hakkak, Z.S.; Kadhim, A.H.H.; et al. 1990. Comparative effects of trivalent and hexavalent
chromium on spermatogenisis of the mouse. Toxicol. Environ. Oem. 25:131-136.

-woMn



COPPER CAS# 7440-50-8

GENERAL BACKGROUND INFORMATION

Copper is a reddish metal that occurs naturally in rock, soil, water, sediment, and air. Its average
concentration in the earth's crust is about 50 parts copper per million parts soil. Copper also occurs
naturally in plants and animals. It is an essential element for all known living organisms including humans
and other animals.

PHARMACOKINETICS

Chromosomal aberrations were induced in isolated rat hepatocytes when incubated with copper sulfate
(Sina et al., 1983). Casto et al. (1979) showed enhanced cell transformation in Syrian hamster embryo
cells infected with simian adeno virus with the addition of cuprous sulfide and copper sulfate. High
concentrations of copper compounds have been reported to induce mitosis in rat ascites cells and
recessive lethals in Drosophila melanogaster. Law (1938) reported increases in the percent lethals
observed in Drosophila larvae and eggs when exposed to copper by microinjection (0.1% copper sulfate)
or immersion (concentrated aqueous copper sulfate), respectively.

HUMAN TOXICOLOGICAL PROFILE

Hematological effects in workers employed in a copper processing factory have been reported by Finell et
al. (1981). However, interpretation of the study results is limited by the finding of elevated iron, lead, and
cadmium in hair samples of exposed workers.

Metal furme fever, has been reported in factory workers exposed to copper dust or fumes (Armstrong et al.
1983; Gleason 1968; Stokinger 1981).

GENOTOXICITY

Modrya et aL (1983) reported no increase in mutations in E. coli and S. typhimurium strains TA98.,
TA1535, TA1537 and TA1538 incubated with up to 5 mg copper quinolinolatelplate and in S. typhimurium
TA98 and TA100 incubated with up to 5 mg copper sulfate/plate.

Demerec et al. (1951) reported dose-related mutagenic effects in E. coli with 2 to 10 ppm copper sulfate
in a reverse mutation assay. Negative results were obtained with copper sulfate or copper chloride in
assays using 8. cerevisiae (Singh, 1983) and Bacillus subihls (Nishioka, 1975, Matsui, 1980, Kanematsu
et al., 1980). Errors in DNA synthesis fqx poly(c)templates have been induced in viruses incubated
With copper chloride or copper acetate (Sriro"ver and Loeb, 1976).

Bionetics Research Labs (1968) studied the carcinogenicity of a copper-containing compound, copper
hydroxyquinoline, in two strains of mice (B6C3F1 and B6AKF1). Groups of 18 male and 18 female 7-
day-old mice were administered 1000 mg copper hydroxyquinolinelkg bw (180.6 mg Cu/kg) suspended
in 0.5% gelatin daily until they were 28 days old, after which they were administered 2800 ppmrn (505.6
ppm Cu) in the feed for 50 additional weeks. No statistically significant increases in tumor incidence
were observed in the treated 78-week-old animals. In the same study, Bionetics Research Labs (1968)
administered a single subcutaneous injection of gelatin (control) or 1000 mg of copper
hydroxyquinolinekg bw (180.6 mg Cu/kg) suspended in 0.5% gelatin to groups of 28-day-old mice of both-
strains. After 50 days of observation, the male B6C3F1 had an increased incidence of reticulum cell



I
sarcomas compared with controls. No tumors were observed in the treated male B6AKF1 mice, and a
low incidence of reticulum cell sarcomas was observed in the treated female mice of both strains.

Gilman (1962) administered intramuscular injections containing 20 mg of cupric oxide (16 mg Cu), cupric
sulfide (13.3 mg Cu), and cuprous sulfide (16 mg Cu) into the left and right thighs of 2- to 3-month-old
Wistar rats. After 20 months of observations, no injection-site tumors were observed in any animals,
but other tumors were observed at very low incidence in the animals receiving cupric sulfide (2/30) and
cuprous sulfide (1/30). As the relevance of the organic copper compound to the observation of sarcoma
induction is uncertain and the incidence of tumors in rats treated i.m. with inorganic copper was very low,
data are considered inadequate for classification.
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I
LEAD

General Background

Occurrence and Use

Lead (Pb) is a major environmental contaminant and one of the most common pollutants at hazardous waste sites.

Combustion of gasoline is the major source of lead, and it is a component of automotive batteries paint, ceramics,

bullets, solder, cable coverings, caulking lead, piping, type metal, brass and bronze, and bearing metals. Air emissions

from combustion sources and lead paint are the primary anthropogenic sources of environmental lead.

Lead is found in the earth's crust and in all compartments of the geosphere and biosphere. Both natural and

anthropogenic processes are responsible for the distribution of lead throughout the environment Typical

concentrations of lead in top soils range from 15-95 mgkg (Kabata-Pendias and Pendias, 1984). Concentrations of

lead in rural soils, away from industrial emissions and roadbeds, range from 5-30 pg/g. Lead concentrations near

roadbeds can be much higher (30-2000 pg/g) and vary with past and present traffic density and vehicle speed (Page and

Gange 1970; Quares et at., 1974; Wheeler and Rolfe 1979). Much higher levels (greater than 30,000 pg/g) can occur in

the immediate vicinity of industrial sources (Yankel ae a., 1977; EPA 1986b). Concentrations of lead in US ambient

waters are typically low. Mean values tend to be less than 3-28 pg/I (NAS 1980; EPA 1986b). In contrast to ambient

water, levels in drinking water can be much higher (10-1,000 pg/I) because of leaching of lead from lead pipe and leaded

solder joints. Ambient concentrations in urban air are estimated to range fiom 0.02 to 10 pg/m' (Carson et aL, 1987,
Toxicology and Biological Monitoring ofMetals in Humans, Lewis Publishers Inc., Chelsea, Michigan.)

Physical/Chemical Properties

Lead is a gray-white metal of silvery luster that has a low melting point (327.5C) and a boiling point of 1740*C. The

metal is soft, malleable and ductile, a poor electrical conductor and highly impervious to corrosion. A listing of the

solubilities and physical properties of the more common compounds of lead is given in Weast 1982 and EPA 1986a.

Most inorganic lead salts are sparingly soluble (eg., PBF2, PbCl) or virtually insoluble (PbSO,, PbCrO4 ) in water, the

notable exceptions are lead nitrate, PB(NOA and lead acetate, Pb(OCOCHa):. Inorganic lead (II) salts are, for the most

part, relatively high-melting-point solids with correspondingly low vapor pressures at room temperatures. The vapor

jrmsures of the most commonly encountered lead salts are tabulated in EPA 1986a.

Molecular Weight 207
Water Solubility, mg/1 0
Bioaccumulation Factor for Fish 100
Bioaccumulation Factor for Shellfish 100

Source Muli-Media Exposure Assessment Manual, 1989

Environmental Fate Characteristics

Although the chief source of environmental exposure is the atmosphere, Pb enters soil and water as fallout. Lead
deposited on soils can bind to naturally occurring materials, including other dusts, clays, hydrous oxides and humic and

fuNlvic acids. Once it enters the soil, opportunities are enhanced for lead to be absorbed and recycled into the human

food chain through grazing animals, home gardening and general agricultural activity. The highest concentrations of
anthropogenic Pb have been found close to heavily travelled roads. Lead enters the human body via inhalation and
ingestion.

At one time, automobile exhaust accounted for about 90% of Pb air emissions in the United States. The phase-down of
lead content of gasoline and reductions in usage of leaded gasoline have, and will continue to, substantially decrease the
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contribution of automobile exhaust to lead in air (EPA 1986b). Lead in automobile exhaust originates from combustion
of gasoline containing organic lead additives, primarily tetracthyl and tetramethyl lead. Lead is emitted from vehicles
primarily as particles of inorganic lead, with a small percentage as volatile lead alkyls.

Lead released to the air deposits on terrestrial surfaces and enters the soil, where it can have several possible fates. Lead
can be retained in organic complexes near the soil surface. For example, insoluble lead species may be free or adsorbed
on solid inorganic or organic matrices. Studies of lead/soil interactions show that soil fixation of lead is mainly affected
by pH, cation exchange capacity and organic matter content of soiL Lead appears most strongly associated with soil
organic carbon fraction. If little or no organic material is in the soil, other components can regulate lead fixation.
These include hydrous manganese oxide (Forstnr eer at, 1981) and hydrous ferric oxide (Swallow et L, 1980). Lead
bound to organic constituents in soil can remain in soil for long periods of time. As a result, elevated levels can persist
long after sources of deposition have been reduced (Prpic-Majic et at,1984).

Dust is an important source of oral lead intake in infants and children. The term "dust" refers to house and outdoor
dust; house dust is dust in the interior of buildings and includes such things as material from fabrics (c rpet) and paint
and soil tracked or blown into the house. Outdoor dust includes anthropogenic materials deposited on outside surfaces,
referred to as "street dust," and the mobile uppermost layer of natural soil, referred to as "soil dust" (EPA 1986b).
Outdoor dusts can be transported by wind and rain runoff(Laxen and Harrison 1977). Lead persistence in dust depends
on the amount and size of particles; big particles tend to persist in air for less time than smaller ones. Levels in outdoor
dust near point sources have been shown to decline within 1-2 years after atmospheric emissions decreased (Morse et
at., 1979; Prpic-Majic et al., 1984).

Lead can enter ambient water from atmospheric deposition and surface runoff, where it tends to form insoluble salts
and precipitates. Lead concentrations in drinking water vary with the amount of lead in the household plumbing and
corrosiveness of the water. Soft or acidic waters tend to be more corrosive and promote higher concentrations of
dissolved lead in the drinking water (Worth e at, 1981). Drinking water can be a major source of lead intake for infants
and young children who consume large amounts of infant formula prepared with household water.

Absorption, Transort and DegEdation

Oral intake, rather than inhalation, is generally the predominant route of intake for nonoccupationally exposed
populations. Intake occurs through ingestion of food and bever-ge6s, and in infants and children, through ingestion of
dust and soil.

Ingestion of lead-based paint is one of the most frequent causes of severe lead intoxication in children (Chisonlm 1984).
Although the US Consumer Product Safety Commission banned the use of household paints containing greater than
0.06% lead in 1977, the hazard persists in homes and apartments constructed before the ban. Infants and children can be
exposed to lead in paint from ingesting and inhaling house dust contaminated with paint dust and from intentionally
ingesting paint chips (paint pica). Exposure can occur outside the house from ingestion of street and soil dust

Absorption of ingested lead is quantitatively the most significant route of uptake of inorganic lead in most human
populations; the exception is occupational exposures in which inhalation of airborne lead results in significant uptake.
Percutaneous absorption (ie., dermal uptake)Is hot considered a significant route of absorption of inorganic lead. Alkyl
lead compounds (e.g., itriethyl, trimethyl, tetraethyl and tetramethyl lead) are more highly lipophilic than inorganic lead
and are readily absorbed from the lung and skin.

For inhalation, amounts and patterns of deposition of particulate aerosols in the respiratory tract are affected by the size
of the inhaled particles, age-related factors that determine breathing patterns (e.g., nose breathing vs mouth breathing).
airway geometry and airstream velocity within the respiratory tract. Estimates for fractional absorption of large
particles (greater than 2.5 pm) deposited in the upper respiratory tract range from 40-50% (Kehoe, 1961a,bc;
Chamberlain and Heard, 1981).

Chamberlain et a., (1978) exposed adult human subjects to radioactive lead in engine exhaust, lead oxide or lead nitrate
(less than I um particle size) and observed that 90% of the deposited lead was cleared from the lung within 14 days.



Morrow et at., (1980) reported 50% absorption of deposited lead inhaled as lead chloride or lead hydroxide within 14
hours. An analysis of the radioisotopic dilution studies of Rabinowitz et at., (1977) in which adult human subjects were
exposed daily to ambient air lead indicated that about 90% of the deposited lead was absorbed daily (EPA 1986b).

Quantitative analyses of the relationship between aerosol particle size and deposition in the human respiratory tract
have been combined with information on size distributions of ambient air lead aerosols to estimate deposition and
absorption efficiencies for inhaled lead in adults and children (EPA 1986b; Cohen 1987). It was estimated that 38% of
the inhaled lead in adults living in the vicinity of an industrial source is absorbed. For some urban and rural
atmospheres, where submicron particles dominate the airborne lead mass, the estimated fractional absorption is 15-30%
(Cohen, 1987).

The retention and absorption of gaseous tetraethyl and tetramethyl lead has been examined in volunteers who inhaled
radioactively-labelled tetraalkyl lead (Heard etaL, 1979). Initial lung retention was 37 and 51% for tetraethyl and
tetramethyl lead, respectively. Of these amounts, 40% of tetraethyl lead and 20% of tetramethyl lead was exhaled
within 48 hours; the remaining fraction (tetraethyl, 60%; tetramethyl, 80%) was absorbed.

The gastrointestinal tract is the primary site of absorption of lead in children and most adult populations, with the
exception of those subject to occupational exposure (EPA 1986b). Gastrointestinal absorption of lead varies with age,
diet and nutritional status as well as the chemical species and particle size of the ingested lead. Dietary balance studies
have yielded estimates ranging from 7-15% for gastrointestinal absorption in adults (Kehoe, 1961 a,b,c; Chamberlain et
al., 1978; Rabinowitzet at, 1980). Gastrointestinal absorption of dietary lead is greater in infants and children than in
adults A mass balance study in infants aged 2 weeks to2 years yielded estimates of 42% for children with dietary
intakes of greater than or equal to 5 pg/kg body weightL Lower dietary intakes were associated with highly variable
absorption (Ziegler et L, 1978). A study conducted with infants and children aged 2 months to 8 years (daily intake, 10
pg/kg body weight) yielded estimates of 53% for gastrointestinal absorption (Alexander et at, 1973). Individuals with
poor nutritional status may absorb more lead from environmental sources (EPA, 1986M).

Inorganic lead is not readily absorbed through the skin (percutanmeous absorption). Values of 0-03% of the
administered dose were reported for humans exposed to dermal applications of cosmetic preparations containing lead I
acetate.

Mineralized tissues (e.g., bone and teeth) are the single largest pool for absorbed lead, accounting for about 95% of the
total lead burden in adults and slightly less in children (Barry 1975, 1981). Lead not contained in mineralized tissue is
distributed in soft tissues, primarily blood, liver and kidneys. Small amounts accumulated in other soft tissues such as
brain, although not quantitatively significant to the overall distribution of the body burden, are of considerable
toxicological importance. Lead readily transfers across the placenta and distributes to fetal tissues (Horiuchi etat,
1959; Barltrop, 1959; Lauwerys et at, 1978; Kovar et at, 1984; Tsuchiya eat , 1984; Korpela et at., 1986). Lead
distributes to a variety of tissues after exposure to lead alkyls. Levels of lead in humans that have been exposed to
teracethyl and tetramethyl lead are highest in liver followed by kidney and brain (Bolanowska et at, 1967; Grandjean
and Nielsen 1979).

Metabolism of inorganic lead consists primarily of reversmible ligand reactions including the formation of complexes
with amino acids and nonprotein thios, and bilfding to various cellular proteins (Bruenger et at, 1973; Raghavan and
Gonick, 1977; Everson and Patterson 1980 Ong and Lee 1980; DeSilva 1981). Tetraethyl and tetramethyl lead undergo
oxidative dealkylation to the corresponding trialkyl derivatives that are thought to be the neurotoxic forms of these
compounds. Dealkylation 6ftetralkyl lead occurs in a variety of species, including humans (EPA 1986b).

Non-Carcinogenic Health Effects

Acute Toxicity
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Humans: Acute lead encephalopathy, characterized by vomiting, apathy, drowsiness, stupor, ataxia, hyperactivity,
seiures and other neurological signs and symptoms is the most common toxic response to lead poisoning. Another
toxic response is acute lead-induced nephrotoxicity, characterized by proximal tubular nephropathy of the kidney.
Acute nephrotoxicity has been observed in children with lead encephalopathy and is associated with relatively high
blood lead levels (ic., greater than 80 pg/dl) (Chisolm etal, 1955; Chisolm 1962, 1968; Pueschel et al., 1972; EPA
1986b).

Animals Limited information is available on the acute toxicity of lead in animals. However, characteristic lesions
described in both humans and animals include nuclear inclusion bodies and mitochondrial changes in the epithelial cells
of the pars recta of the proximal tubule and impaired solute reabsorption (eg., glucose, amino acids, phosphate) of the
kidney.

Chronic Toxicity

Effects of Lead on the Nervous Syem

Adults: Severe lead neurotoxicity is characterized by ovenrt symptoms of irritability, shortening of attention span,
headache, muscular tremor, peripheral neuropathy, abdominal pain, loss of memory and hallucinations. Delirium,
convulsions, paralysis and death can also occur. In adults, some of these overt symptoms may become apparent at
blood lead levels in the range of 40-60 pg/dl (EPA 1986b). Nonovert symptoms of neurotoxicity associated with lead
exposure in adults include impaired performance on psychomotor tests, decreased nerve conduction velocity and
impaired cognitive fmunction. Blood lead levels associated with these effects range upwards from 30 pg/dl (EPA 1986b).

Children: Symptoms of overt neurotoxicity in children are similar to those observed in adults. Nonovert symptoms of
neurotoxicity that have been reported in children include impairments or abnormnnalities in psychomotor and cognitive
function. Severe psychomotor and cognitive deficits appear to be associated with blood lead levels at the range of
greater than or equal to 40-60 pg/1 in "high-risk" populations of children (EPA 1986b). High risk populations include
children with previous histories of lead encephalopathy or paint pica and children with possible occupational exposure
(eg., lead pottery manufacture).

Several large-scale studies (EPA 1986b) reported effects on mental development and cognitive ability associated with
blood lead levels greater than or equal to 10-15 rtg!dl.

An inverse linear association between Stanford-Bitt A4 scores and contemporary blood lead levels was seen over the
entise range of 6-47 pg/dl in a study of uniformly low socioeconomic status black children, 3-7 years old (Hawk et al.,
1986; Schroeder and Hawk, 1987). A study of 6-9-year old children in Edinburgh, Scotland, also indicated a negative
linear correlation between blood lead and scores on tests of cognitive ability (Fulton et aL, 1987). The correlation
extended across a range of 5-22 pg/dl mean blood lead levels.

A nerve conduction velocity study in children (aged 5-9 years) living in the vicinity of a lead smelter (Schwartz et al.,
1988) indicated a threshold for decreased maximal nerve conduction and estimated it to be within the range of 20-30
pg/dl.

Animals: Effects of lead on the nervous system were not in the available literature.

Effects of Lead on Heme Biosynthesis and Erythropoiesis:

Humans: Lead interferes with heme biosynthesis by decreasing the activity of enzymes in this pathway (EPA 1986b).
Significant impairment of hemoglobin synthesis occurs in adults only at relatively high blood levels. The threshold for
a decrease in blood hemoglobin in adults and children is achieved at a blood lead level of 50 pg/dl (Meredith et al..
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1977; Fischbein, 1977; Alvares et at, 1975). Frank anemia in adults has been associated with levels greater than 80

pig/dl (Tola et at/., 1973; Grandjean 1979; Lilis et ef., 1978; Wada et atl., 1973; Baker et aL, 1979). Available information

indicates the potential for undesirable effects on hene biosynthesis and erythroblast pyrimidine metabolism in children

with blood lead levels greater than 10-15 ug/dI and possibly at lower levels (EPA 1990).

Laboratory animals: Effects of lead on the heme biosysnthesis and erythropoiesis were not in the available literature.

Effects of Lead on the Kidne:

Humans: Chronic toxicity in the kidney is characterized by interstitial fibrosis and decreased glomemrular filtration rate

(Goyer 1982; EPA 1986b, ATSDR/EPA 1988). Chronic nephropathy, indicated by nuclear inclusion bodies,
mitochondrial changes, interstitial fibrosis and glomerlar changes, have been associated with prolonged (greater than
10 years) occupational exposures and blood lead levels greater than 40-60 pg/dl (Lilis et at, 1968; Cramer et aL, 1974;
Biagini et atl., 1977; Wedeen et at, 1975, 1979; Buchet et at, 1980; Hong et at, 1980).

Animals: Effects of lead on the kidney in animals were not in the available literature.

Effects of Lead on Blood Pressure:

Humans: The relationship between concurrent blood lead levels and blood pressure in adults has been examined in

several epidemiological studies (Pocock et a3.984,1985,1988; Harlan et a., 1985; Pirkle et al., 1985; Landis and Flegal

1987; Elwood etat, 1988 a, b; Neri et aL, 1988; Sharp et aL, 1988; Weiss er at, 1988; Moreau et at, 1988). The weight
of evidence provided by the several large- and small-scale epidemiology studies supports the existence of a positive
correlation between blood lead level and blood pressure.

The correlation between blood lead levels and blood pressure in humans appears to extend to blood lead levels less than
20 pg/dl and possibly to as low as 7 pg/dL This suggests that as blood lead level increases greater than 7 g/d to levels
greater than or equal to 20 pig/dl, the risk for increased blood pressure increases.

Animals: In addition, the results of numerous animal studies suppport a dose-response relationship between lead
exposure and elevated blood pressure. Chronic exposure to inorganic lead increases blood pressure in laboratory
animals (Victery 1988). I
Effects of Lead on Serum Vitamin D Levels:

Humans: Serum levels of 1,25-dihydroxycholecalciferol are inverselycorrelated with blood lead in children (Rosen er ..

at, 1980; Mahaffey etaL, 1982). The correlation persists when examined across a range of blood lead levels extending
from 12-60 pg/dl; however, the dose-effect relationship has not been characterized. Based on a linear regression
analysis of data on serum ,25-dihydroxycholecalciferol and blood lead levels in children as well as data on 1,25-
dihydroxycholecalciferol levels in other vitamin D related clinical disorders in children, it has been predicted that
increasing the blood lead levels from 12-60 pg/dl will lower serum I25.lhydroxycholecalciferol to clinically adverse
levels (Mahaffey et aL, 1982). Chronic depression of 1,25-dihydroxycholecalciferol levels of a much smaller magnitude
than that associated with frank clinical disortr of calcium and phosphate metabolism have the potential to alter bone
development and growth in children; therefore, blood lead levels greater than 12 pg/dl should be considered potentially
undesirable with respect to changes in 1,25-dihydroxycholecalciferol levels in children. 1,25-dihydroxy-cholecalciferoL
the active form of vitamin D, is a hormone that plays an important role in the regulation of gastrointestinal absorption I
and renal excretion of calcium and phosphorus and in the mineralization of bone. Deficiencies in 1,25-dihydroxy-
cholecalciferol are associated with decreased bone mineralization and clinical syndrome of rickets in children. 1,25-
dihydroxy-cholecalciferol may also stimulate gastrointestinal absorption of lead (Smith et at, 1978).

Animals: Effects of serum vitamin D levels in animals were not in the available literature.

Carcinogenic Health Effects
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Humans: Epidemiological studies of industrial workers, where the potential for lead exposure is usually greater than
for a "normal population," have been conducted to evaluate the role of lead in the induction of human neoplasia
(Cooper 1976, 1981; Cooper and Gaffey 1975; Chrusciel 1975; Dingwall-Fordyce and Lane 1963; Lane 1964, McMichael
and Johnson 1982: Nelson et atl., 1982). Two studies (Dingwall-Fordyce and Lane 1963 and Nelson et al, 1982) did not
find any association between exposure and cancer mortality. Selevan et at, (1984), in their retrospective cohort
mortality study of primary lead smelter workers, found a slight decrease in the total cancer mortality compared to
controls. Apparent excesses were observed for respiratory cancer and kidney cancer. Cooper and Gaffey (1975) and
Cooper (1985) performed a cohort mortality study of battery plant workers and lead smelter workers. They found
statistically significant excesses for total cancer mortality, stomach cancer and lung cancer in the battery plant workers.
Although similar excesses were observed in the smelter workers, they were not statistically significant. Cooper and
Gaffey (1975) felt it was possible that individual subjects were monitored primarily on the basis of obvious signs of lead
exposure, while others who showed no symptoms of lead poisoning were not monitored. This possible bias in clinical
evaluation decreases the validity of this study.

In general, these studies made no attempt to consider types of leart compounds to which workers were exposed, to the
probable routes of exposure, or workers'smoking habits. All studies also included exposures to other metals such as
arsenic, cadmium (both known carcinogens) and zinc for which no adjustment was done. The cancer excesses
observed in the lung and stomach were relatively smalL Them was no consistency of site among the various studies
and no study showed any dose-response relationship. Thus, the available human evidence is considered to be
inadequate to refute or demonstrate any potential carcinogenicity for humans from lead exposure.

Animals: the carcinogenic potential of lead salts (primarily phosphates and acetates) administered via the oral mroute or
by injection has been demonstrated in rats and mice by more than 10 investigators (Zollinger 1953; Boyland et al., 1962;
Van Esch et at, 1962; Baldwin et at, 1964; Balo ei at, 1965; Hass et at, 1967; Mao and Molnar 1967; Epstein and
Mantel 1968; Zawirska and Medras 1968; Van Esch and Kroes 1969; Zawirska and Medras 1972; Azar et al., 1973; Furst
et al., 1976; Koller e at, 1985). The most characteristic cancer response is bilateral renal carcinoma. Rats given lead
acetate or subacetate orally have developed gliomas and lead subacetate also produced lung adenomas in mice after
intraperitoneal administration. Most of these investigations found a carcinogenic response only at the highest tolerated
doses. The lead compounds tested in animals are anlmost all soluble salts. Metallic lead, lead oxide and lead tewalkyls
have not been tested adequately. Studies of inhalation exposure have not been located in the literature (EPA 1991a).

Mulagenieity and Teratogkicity

Mutapenicity: Structural chromosomal aberrations and increased sister chromatid exchanges in peripheral lymphocytes
have been associated with chronic exposure to lead resulting in blood lead levels in the range of 24-89 pg/dl, although
clinically significant effects were not observed over this range of blood levels in numerous studies (EPA 1986b).
Studies reviewed by EPA (1989b) demonstrated that lead compounds induce cell transformation in mouse cells and rat
embryo cells infected with the Rauscher murine leukemia virus.

Teratogenicity:

Humans: Severe occupational exposure to lead has been associated with increased incidence of spontaneous abortion
(EPA 1986b) in exposed women. In the Port I'in cohort study, pregnancy outcome in populations near and distant
from a lead smelter indicated that the risk for pre-term delivery was positively related to maternal blood lead, over a
range of 8-32 ug/dl (McMichael et at, 1986). Depressed sperm production and development has been associated with
occupational exposure to lead. Based on studies by Lancranjan et at, 1975 and Wildt et at, 1983, the EPA concluded
that undesirable effects on sperm or testes may occur in men as a result of chronic exposures leading to blood lead
levels of 40-50 pgdl (EPA 1986b).

The effects of prenatal and neonatal lead exposure on perinatal status and postnatal mental and motor development have
been examined in several epidemiologic studies. Four prospective studies initiated in the cities of Boston, CincinnatL
Cleveland and Port Pirie, Australia, are notable (Bellinger et al., 1987 a,b, 1989 a Dietrich et at, 1987, 1989 Ernhart et
at, 1986; McMichael et al., 1986: Vimpani et al.,1985; Baghurst e a., 1987). Based on an extensive evaluation of these
studies, the EPA concluded that "all of these studies taken together suggest that neurobehavioral deficits, including



declines in Bayley Menial Development Index (MDI) scores and other assessments of neurobehavioral function, are
associated with prenatal blood lead exposure levels on the order of 10-15 pg/dl, and possibly even lower, as indexed by
maternal or cord blood lead concentrations" (EPA 1986b).

Animals: No information is available on the teratogenic effects of lead in animals.

EPA Carcinogenic Classification and EPA Dose-Response Parameters

EPA Carcinogenic Classification: EPA has classified lead as a probable human carcinogen (Class B2) (IRIS 1996).
Currently, toxicological parameters for lead are not available in IRIS.

EPA Dose-Response Parameters: The EPA has not derived oral and inhalation cancer potency factors for lead (EPA
1991 a,b).

Noncarcinogenic Effects: Dose-response es mates for oral and inhalation exposures are not available for the
noncarcinogenic effects of lead (IRIS, 1996). An old RfD for non-cancer effects is available for the non-cancer impacts -

of lead exposure on humans. It is LOE.03 mg/kg-day. However, the EPA has determined that an RID would not be
appropriate to protect children from adverse developmental impacts of lead exposure due to the complex relationship
between lead exposures by various routes, blood-lead levels, and the occurrence of adverse effects. Instead, EPA had
developed a biokinetic model for assessing the impacts of multi-route lead exposures on childrens' blood-lead levels
(EPA 1994) and recommends that it be used to evaluate the health significance of lead exposures, using a target blood
lead level of 10 pcg/dl as an indicator of potential adverse effects. This model applies to infants and young children (0
to 6 years old).
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MERCURY CAS# 7439-97-6

GENERAL BACKGROUND INFORMATION

Mercury has been used in the past for medicinal purposes (Gosselin et aL, 1984). There are a number of
occupations associated with mercury exposure, particularly through inhalation. These include mining,
smelting, chloralkall production, and the manufacture of mercury-containing products such as batteries,
measuring devices (thermometers) and paints. Mercury has also been used agriculturally as a seed and L
cereal protectant and as a fungicide.

t
PHARMACOKINETICS

The pharmacokinetics and pharmacodynamics of nmercury depend largely on its chemical form, organic,
inorganic or elemental. Absorption efficiencies vary depending on route of exposure and chemical form
(see section on Relative Absorption Factors). Distribution, metabolism and excretion depend largely on
the lipid solubility, ionization state and molecular size of the specific chemical form (ATSDR, 1989).

HUMAN TOXICOLOGICAL PROFRLE

Exposure to most forms of mercury is associated with a high degree of toxicity. Elemental (metallic)
mercury causes behavioral effects and other nervous system damage. Inorganic mercury salts do not
generally reach the brain, but will produce kidney damage. Divalent (mercuric) mercury is substantially
more toxic in this regard than the monovalent (mercurous) form. Organic mercury compounds are also
toxic. Symptoms of chronic mercury poisoning can be both neurological and psychological in nature as
the central nervous system is the primary target organ. Hand and finger tremors, slurred or scanning
speech pattemrns, and drunken, stupor-like (ataxic) gait are some motor-control impairments that have
been observed in chronic mercurial toxicity. Visual disturbances may also occur, and the peripheral
nervous system may be affected. A psychological syndrome known as erethism is know to occur. It is
characterized by c:icnges in behavior and personality including depression, fearfulness, restlessness,
irritability, irascibility; timid4", indecision, and early embarrassment Advanced cases may also experience
memory loss, hallucination, and mental deterioration. I
MAMMALIAN TOXICOLOGICAL PROFILE

In a study by Mitsumod et al. (1981), male and female mice were fed methyl mercury chloride in their diet
for up to 78 weeks. Most of the high dose group died from neurotoxicity before the 26th week. Renal
tumors developed in 13 of 16 males in the intermediate dosage group by 53 weeks while only 1 male in
the control group developed tumors. No renal tumors occurred in exposed or control females. Studies on
rats have reported similar effects such a damage to kidneys and the peripheral nervous system (U.S.
EPA, 1980). Mice treated with alkyl mercury phosphate were reported to have an increased frequency of
offspring with cleft palates (Oharazawa, 1968) while mice treated with methylmercury had offspring with
significantly lowered birth weights and possible neurological damage (Fujita, 1969). No adequate r
epidemiological studies exist on the teratogenic effects of methylmercury on humans (U.S. EPA, 1980).

GENOTOXICITY

Skerfving et al. (1974) reported a statistical relationship between chromosome breaks and concentrations
of methyl mercury in the blood of Swedish subjects on fish diets. Concentrations were reported to be from (
14-116 ng Hg/ni in the blood of exposed subjects and from 3-18 ng/ml in nonexposed subjects.

I
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NICKEL CAS# 7440-02-0

GENERAL BACKGROUND INFORMATION

Nickel in the ambient atmosphere typically exists as a constituent of suspended particulate matter (U.S.
EPA, 1985). The greatest volume of nickel emitted into the atmosphere is the result of fossil fuel
combustion. Other sources of nickel emissions are primary production, incinerators, metallurgy, chemical
manufacturing, cement manufacturing, coke ovens, nickel recovery, asbestos mining/milling and cooling
towers.

PHARMACOKINETICS

Studies of nickel absorption have saown that it is absorbed by all routes of exposure to varying degrees,
primarily dependent on the chemical form (see section on Relative Absorption Factors). Absorbed nickel is
bound to serum components and distributed to body organs, reaching highest concentrations in kidney
and klung tissue (Whanger, 1973). Nickel is not known to be biotransformed. Excretion of absorbed nickel
is primarily through urine, with minor excretory routes through hair and sweat (ATSDR, 1988). I

HUMAN TOXICOLOGICAL PROFILE

Nickel carbonyl Ni(CO)4 is a particularly toxic form of nickel upon inhalation and causes chest pain, dry
coughing, hyperpnea, cyanosis, occasional gastrointestinal symptoms, sweating, visual disturbances and
severe weakness. This is often followed by pulmonaiy hemorrhage, edema and cellular derangement
Survivors may be left with pulmonary fibrosis. In the workplace, nickel dermatitis may result at high nickel
concentrations. At lower concentrations some susceptible individuals develop eczema-like lesions. The
threshold for these health effects is much greater than exposures which occur in the ambient environment.
The major adverse effects of nickel in man are dermatitis, chemical pneumonitis, and lung and nasal

cancers.

MAMMALIAN TOXICOLOGICAL PROFILE

Deaths occurred in rats and mice at concentrations greater than 3.3 and 1.7 mg/in nickel, respectively, I
upon extended inhalation exposure to NiSO4 (Dunnick et al., 1987). Mice exposed to NiS,2 died due to
necrotizing pneumonia at 7.3 mg/in nickel (Benson et at, 1987). Prolonged exposure of hamsters to
nickel oxide at 41.7 mg/n resulted in decreased survival due to emphysema (Wehner et al., 1975). Oral
LD5Ds in rats vary depending upon the nickel-containing compound to which the rats were exposed.
These range from 355 mg compoundikg (118 mg NiLkg) for nickel acetate (Haro, 1968) to greater than
5000 mg compound/kg for nickel oxide, nickel sulfide, and nickel subsulfide (Mastromatteo, 1986). Rats
fed diets containing nickel sulfate hexah)drate at 0, 250, 500 and 1000 ppm nickel showed no adverse
effects over three generations in fertility, gestation, viability or lactation 1
GENOTOXICITY

Weak evidence exists for the mutagenicity of nickel in bacterial and mammalian cells. Nickel appears to
induce chromosomal aberrations in cultured mammalian cells (Larramendy et aL, 1981), but not in vivo
(Waksvik and Boysen, 1982). Occupational studies of human exposure indicate that certain nickel
compounds appear to be carcinogenic via inhalation. However, there is no evidence of carcinogenicity in
mammals through ingestion or dermal exposure (U.S. EPA, 1985). Nicke subsulfide has been found to

[



I
be carcinogenic via the inhalation route in rats (Ottolenghi et al., 1974). Studies on nickel exposure via the
oral route are inadequate to reach conclusions on carcinogenicity (ATSDR, 1988).
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3
SELENIUM and Compounds CAS# 7782-49-2

GENERAL BACKGROUND INFORMATION

Selenium is an essential micronutrient for several species, including humans, and is part of several
enzymes such as glutathione peroxidase, an enzyme involved in cellular defense against oxidative
damage, and heme oxidase. While low doses of selenium are essential, high doses of selenium or a
deficiency of dietary selenium may cause a toxic response. Additionally, selenium may be protective I
against tumor development The greatest daily exposure to selenium is via food. Bioavallability of
selenium is dependent on numerous factors, including the intake levels, chemical form and nutritional
status. Organic forms of selenium are more bioavablable than inorganic forms; selenates and selenites
are the inorganic forms more readily absorbed. Sodium selenate and selenite are soluble in water, but
the extent to which they are absorbed dermally or through the gastrointestinal tract has not been fully
elucidated (U.S. EPA, 1989).

PHARMACOKINETICS

The essentiality and toxicity of selenium varies according to the valence state of selenium when
incorporated into biomolecules and the form in which selenium is fed or administered. This is especially
true when comparing the LD50 value as an index of toxicity for the various selenium compounds. I
Although it is difficult to make an assessment for several selenium compounds by a similar mode of
administration in a common species, there is general agreement that sodium selenite, sodium selenate,
selenomethionine and selenoglutathione are among the more toxic species (Combs and Combs, 1986).

The relative potency of systemic toxicity for selenium compounds is also similar in experiments examining
potency of anti-tumorigenic activity. In vitro examination of potency of effect of selenium compounds on
incubated Ehrlich ascites tumor cells (EATC) showed that sodium selenite is more efficacious in
significantly reducing EATC viability than an equivalent concentration of sodium selenate. Although
selenium dioxide, selenomethionine and selenocystine ultimately decreased viability of the EATC, nearly
50% more incubation time was required for the same effect (Poirier and Miner, 1979).

HUMAN TOXICOLOGICAL PROFILE

A group of 142 volunteers in South Dakota and Wyoming were recruited by Longnecker et at (1991) at
random from households listed in a telephone directory or from ranches with suspected high selenium
intake based on previous cases of livestock selenosis. The geographical areas were chosen because I
of known seleniferous topsoil and high concentrations of selenium in plants and food. The subjects were
followed for 1 year and completed health questionnaires, underwent physical examinations, provided
blood samples for clinical assessment, and provided blood, urine, toenails and duplicate-plate food
collections for selenium analysis. The av&age selenium intake was 239 ugiday, approximately 2-3 times
higher than the national average. The concentration of selenium in whole blood, serum, urine and
toenails and the amount in diet were highly correlated. Blood selenium concentration was highly
correlated with selenium intake. The correlation was very similar to that reported by Yang et al. (1989a). I
Liver function (prothrombin time and alanine aminotransferase, aspartate aminotransferase, gamma
glutamyltransferase and alkaline phosphatase), hematologic function (leukocyte count, hemoglobin and
hematocrit) and clinical chemistry (sodium, potassium and chloride concentration) were not found to be
altered as a result of selenium intake. High regression coefficient predictor variables for selenium
toxicity (muscle twitching, paresthesia, nail loss, nail lines, hair loss and garlic breath) were not found in
increased frequency for this population. No signs of selenium toxicity were found in this population,
including individuals whose selenium intake was as high as 724 ug/day. This report corroborates that
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of Yang et al. (1989b), which showed that a selenium intake of up to 853 ug/day is not associated with
characteristic nail or hair loss typical of selenium intoxication.

The essentiality for selenium has been well-documented in livestock based upon the alleviation of
specific deficiency conditions by selenium supplementation of the diet (Combs and Combs, 1986).
Selenium has been clearly demonstrated to be a cofactor of glutathione peroxidase, a hydrogen and lipid
peroxide reducing enzyme and is therefore essential (Rotruck et al., 1973). Human requirements for
selenium were not conclusively established until 1979 when an association was made between low
selenium status and cardiomyopathy (Keshan disease) in China for young children and women of child-
bearing age (Keshan Disease Research Group, 1979a,b).

The NAS (1989) has determined the recommended dietary allowance for selenium to be 0.87 ug/kg, or
approximately 70 and 55 ug/day for the reference adult North American male and female, respectively.
Requirements for selenium increase during pregnancy to 65 ug/day and for lactation to 75 ug/day.
Selenium requirements for infants and children vary according to age. However, based on the reference
weights of NHANES II, these populations demonstrate an increased requirement per unit weight relative
to adults. For infants, the selenium requirement is 1.67 ug/kg and for children the requirement ranges
from 1.07-1.53 uglkg. It should be noted that the most recent RDA for selenium did not consider the
1989 results of Yang et al. (1989a,b) discussed above, but an earlier preliminary report by the same
authors (Yang et al., 1983).

MAMMALIAN TOXICOLOGICAL PROFILE

Long-Evans rats (approximately 50/sex/group at study initiation) received 2 ppm (as selenium) sodium
selenate or sodium selenite in drinking water for 1 year, then 3 ppm for the remainder of the study
(Schroeder and Mitchener, 1971). The treatment of the control group was not discussed. The animals
were observed for the duration of their natural life span, approximately 36 months, although one
selenate-treated female lived for 5 years. Selenite produced 50% mortality in males by 58 days. At this
time, 2 ppm selenate was substituted for selenite in the male group. The concentration of selenium was
raised to 3 ppm in this group when the animals were 1 year old; however, the high mortality rendered the
group size too small for further statistical -nalysis. Selenite produced 50% mortality in females by 348
days; selenite- treated females were sacrfi - d at 2 months due to high mortality.

Selenate produced 50% mortality in females by 1014 days and in males by 962 days. In the control
groups 50% mortality was achieved by 872 and 853 days in females and males, respectively. Survival of
rats receiving selenate was comparable to controls and median life span was increased by >100 days:
Body weights of treated males were comparable to controls throughout the study. Body weights of
femnales fed selenate were significantly greater than controls at 24 and 38 months; body weights of
females fed selenite were significantly less than controls at all times but 18 months. Incidence of at
tumors and of malignant tumors was significantly kincreased in the selenate-treated rats compared with
the controls. Incidence of all tumors in Controls, selenate- and selenite-treated rats was 20/65 (30.8%),
30/48 (62.5%) and 4/32 (12.5%), respeclibly. Incidence of malignant tumors in the same groups was
1165 (16.9%), 20/48 (41.7%) and 4/32 (12.5%), respectively. The earliest tumor occurred on day 833 In

the control males, on day 633 in the control females, on day 344 in selenate males and on day 633 in
selenate females. The shortened survival time of the selenite groups was thought to be responsible for
the small number of tumors. This study is considered inadequate because only the heart, luing, liver,
kidney and spleen tissues from animals necropsied were examined histologically, and an increase in
longevity was observed in selenate-treated female rats.

Shamberger (1985) reported that the oral administration of 0.1-6 ppm or dermal application of 0.005% of
selenium reduced incidences of skin, liver, tracheal, intestinal and lung tumors induced by several
carcinogens in rats, mice and hamsters. Shamberger theorized that selenium may reduce cellular
damage caused by peroxidation of fat in another study, natural killer (NK) cell activity was significantly
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increased in female rats administered 0.5 or 2.0 ppm selenium (sodium selenate) in the drinking water for
10 weeks (Koller et al., 1986), suggesting to the authors that NK-sensitive tumors may be prevented by I
using selenium therapy.

GENOTOXICITY

Data on the mutagenicity of selenium and its compounds are equivocal. Selenate and selenite (12 uM)
were mutagenic in a reverse mutation assay using Salmonella typhimurium strains TA98, TA100 and
TA1537 (Noda et al., 1979) in the absence of rat hepatic homogenates. In a second assay, sodium
selenate, but not sodium selenite, was mutagenic; the S. typhimurium strains used were not reported
(Lofroth and Ames, 1978). Selenite (selenious acid and sodium selenite) produced DNA damage in
Bacillus subtilis strains 17A and 45T; however, selenate (selenic acid and sodium selenate) was negative
in the Rec assay (Nakamuro et aL, 1976). -

Sodium selenide, sodium selenite, and sodium selenate (in order of decreasing activity) caused an
increase in unscheduled DNA synthesis in the presence or absence of glutathione in Chinese hamster
ovary cells at concentrations of 1.0E-4 M (Whiting et al., 1980). Increased chromosomal aberrations
were also produced by sodium selenite at E-5 M in rat lymphocytes (Newton and Lilly, 1986) and byI
sodium selenite, selenious acid, selenic acid, and selenium oxide at 2.6E-6 M in human lymphocytes
(Nakamuro et aL, 1976). Sodium selenite produced an increase in chromosomal aberrations in the bone
marrow of rats administered a total of 10-12 mglkg intravenously (near-lethal doses) (Newton and Lily, I

1986). Selenium (elemental), selenium dioxide, sodium selenide, and sodium selenite (in order of
decreasing activity) induced an increase in SCEs in human whole-blood cultures; sodium selenate was
not mutagenic in this assay (Ray and Altenburg, 1980).

The first animal experiment which demonstrated anticarcinogenic effects of selenium was performed by
Clayton and Baumann (1949). An approximate 50% reduction in dimethylamlninoazobenzene-induced
tumor incidence occurred in rats fed a diet supplemented with 5 ppm Se as selenite. Additional evidence I
subsequently reported, further Illustrated the inhibitory effect of selenium on transplantable tumors in rats
(Weisberger and Suhrland, 1956a) and leukemia in humans (Weisberger and Suhland, 1956b).

The National Cancer Institute sponsored an extensive study on selenium toxicity in rats In order to rL :otve .
the issue of selenium carcinogenicity. Diets containing up to 8 ppm selenium did not increase tumor

incidence (Tinsley et al., 1967; Harr et aL, 1967). Since 1970, there has been an increased interest in
characterizing the anti- carcinogenic and anti-tumorigenic properties of selenium. The number of reports
characterizing these properties are too numerous to discuss in detail here. The reader is referred to a
review by Milner and Fico (1987) for a more comprehensive treatment of the data base.
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SILVER

Silver in various forms is absorbed to a limited extent following oral and inhalation exposures (U.S. EPA
1985). The acute toxic effects in humans following oral exposure to silver include corrosive damage to the
gastrointestinal tract leading to shock, convulsions, and death. In animals, acute exposure has been
shown to affect the CNS and to cause respiratory paralysis (Hill and Pillsbury 1939). The primary effect of
silver in humans following chronic exposures is argyria, a permanent bluish-metallic discoloration of the
skin and mucous membranes, which can be either localized or generalized. Silver also accumulates In
the blood vessels and connective tissue (U.S. EPA 1985).

U.S. EPA (1996) derived a chronic oral RfD for silver of 5x10-3 mg/kg/day based on the human case
report of Gaul and Staud (1935). In this study, a LOAEI. of 0.014 mg/kg/day was identified for argyria. An
uncertainty factor of 3 was used to calculate the RfD.
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THALLIUM CAS# 7440-28-0

GENERAL BACKGROUND INFORMATION

Pure thallium is a soft bluish-white metal that is widely distributed in trace amount in the earth's crust It is
used in the manufacture of electronic devices, switches, and closures. It is also used to a limited extent In
the manufacture of special glasses and for medical procedures that evaluate heart disease. Up until
1972, thallium was also used as a rat poison (ATSDR, 1991).

PHARMACOKINETICS

Thallium appears to be nearly completely absorbed from the gastrointestinal tract No information was
located on absorption following inhalation or dermal exposure. However, animal studies folloAng
intratracheal administration suggested that uptake through respiratory epithelium was rapid and complete.
There is little information on the distribution of thallium in humans. Analysis of human tissues ndicates
that thallium is distributed throughout the body. The highest levels were found in the scalp hair, kidney,
heart, bone, and spleen. In animals, the highest levels are found in the kidneys and liver. Excretion of I
thallium occurs by both the urinary and fecal routes (ATSDR, 1991).

HUMAN TOXICOLOGICAL PROFILE

Thallium is acutely lethal to humans following oral exposure at doses of 54-110 mg thallium/kg of body
weight as thallium sulfate (Davis et al., 1981). The estimated lethal dose is approximately 14-15 mg/kg I
(Gosselin et al., 1984). Thallium compounds can affect the respiratory, cardiovascular, and
gastrointestinal systems, the liver, kidneys and the male reproductive system. Alopecia (hair loss) and
changes in the nervous system are characteristic of thallium exposure. A retrospective study was Iconducted which compared the incidence of congenital abnormalities in children born to mothers who had
been exposed to thallium during pregnancy (Dolgner et al., 1983). The number of anomalies in the
exposed group did not exceed the number of expected birth defects I. ?e general population.

MAMMALIAN TOXICOLOGICAL PROFILE

In animals, the lowest doses showing lethality for a brief exposure period ranged from 5 to 30 mg/kg body
weight for several species (Downs et al., 1960). Exposure to low doses (1.4 mg thallium as thallium
sulfateikg body weight/day) for longer durations (40-240 days) also cause death (Manzo et a., 1983). I
Electromyographic abnormalities without changes in the myocardium are seem following a single oral
dose (56 mg thallunV/kg as thallium sulfate) in rabbits (Grunfeld et al., 1963). Parenteral injection in
animals has been observed to cause lereffects. Thallum did not cause renal effects n rats following oral
exposure, but parenteral exposure studies demonstrated that thallium affects the kidneys followingsubcutaneous administration. Rats exposed prenatally to 0.08 mg thalliumIkgfday or greater during
gestation evidenced impairment of leamrning. These effects occurred at dose levels below those at which
other neurological effects (e.g. structural and functional alterations of peripheral nerves) have been I
observed. Cultured rat embryos exposed to thallium at concentrations of 10, 30, or 100 ug/rnl showed
dose-related growth retardation at all levels showing embyrotoxic effects (Anschutz et al., 1981).
Administration by intraperitoneal injection to pregnant rats at a dose of 2.0 mg thaliumn/kg/day (as thallium
sulfate) during gestation days 8-10 resulted in reduced fetal body weights, hydronephrosis, and the
absence of vertebral bodies (Gibson and Becker, 1970).
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GENOTOXICITY

Animal and bacterial assays suggest than thallium is genotoxic. Thallium-induced dominant lethal
mutations in male rats in vivo. The overall embryonic mortality increased at doses of 0.04 ug thalliunm/kg
day or greater as thallium carbonate. In vitro DNA damage tests employing rat embryo cells were positive
(Zasukhina et al., 1983). Thallium enhanced viral-induced transformations in Syrian hamster embryo cells
(Casto et al., 1979) and was positive in bacterial assays (Kanematsu et al., 1980). No studies are
available on the carcinogenic effects of inhalation, oral or dermal exposure to thallium.
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ZINC CAS# 7440-66-6

GENERAL BACKGROUND INFORMATION

Zinc is used most commonly as a protective coating for other metals and in alloys such as bronze and
brass. Zinc is emitted to the atmosphere during mining and refining, manufacturing processes, and
combustion of zinc-containing materials. Zinc is an essential trace element in nutrition and is found in
many foods (ATSDR, 1989).

PHARMACOKINETICS

It has been reported that about 20 to 30 percent of ingested zinc is absorbed and the mechanism may be
homeostatically controlled and carrier-mediated. When zinc levels in the body are sufficient to sustain
normal physiological functions, zinc absorption decreases. Absorption occurs by the inhalation and
dermal routes as well. Once absorbed, zinc is distributed throughout the body where it is used as an
essential cofactor in many enzyme systems. Excretion occurs primarily through the feces (ATSDR, 1989).

HUMAN TOXICOLOGICAL PROFILE I
Zinc compounds are of relatively low toxicity by ingestion. In humans, exposure to 2 g or more of zinc
produces symptoms of fever, nausea, vomiting, stomach cramps, and diarrhea 3-12 hours after ingestion.
Zinc chloride is a primary component of smoke bombs, and pathologic changes in humans due to acute I

inhalation exposure to ZnCI include laryngeal, tracheal, and bronchial mucosal edema and ulceration,
interstitial edema, interstitial fibrosis, alveolar obliteration and bronchiolitis obliterans. Severe acute njury
is associated with a high mortality (Matarese and Matthews, 1986). Metal fume fever results from
occupational inhalation of freshly formed fumes of zinc oxides. It is characterized by transient chills and I
fever, profuse sweating, and weakness some hours after exposure. The fumes usually consist of
extremely fine particles containing other metals in addition to zinc. The very small size (subrnmicronic) of
the fume particles with their potential for alveolar d -position is thought to be an important aspect of this
phenomenon. It has generally been estimated that fume t.ier does not occur at zinc oxide levels less
than 15 mghn although some occurrence of fume fever has been reported at levels as low as 5 rmgr.
This occupational hazard is not considered to be a general public health problem (US. EPA, 1987a; U.S.
EPA, 1987b). Poorly ionized zinc compounds have low dermal toxicity and have been used
therapeutically and cosmetically for many years as mild astringents, anliseptics and perspirants (Gilman et
al., 1985).

MAMMALIAN TOXICOLOGICAL PROFILE

The highly ionizable zinc salts such as inc chloride can be acutely toxic. Acute toxicity in laboratory
animals was reported to be 250 mg/kg (LDLo) for the guinea pig. A TCLO of 4800 mg/mt for 30 minutes
was calculated for humans (Clayton and Clayton 1981). Zinc has a low oral chronic toxicity. In a study
involving dogs and cats, 175 to 1000 mg/kg per day of ZnO, administered orally for 3 to 53 weeks, was I
tolerated. Some of the dogs showed glucosuria and some of the cats showed fibrous degeneration of the
pancreas. A number of other animal feeding studies demonstrate the low oral toxicity of zinc (Clayton and
Clayton, 1981; U.S. EPA, 1987a). I
Generally adverse but minor effects have been demonstrated in guinea pigs inhaling large amounts (1-5
mg/ir) of zinc oxides (Lam et al., 1982,1985; Amdur et al., 1982). Lam et al. (1985) measured pulmonary
function in guinea pigs exposed to zinc oxide fume at 5 mg/r? three hours daly for a period of six days.
Vital capacity, functional residual capacity, alveolar volume, and single breath diffusive capacity for carbon I

I-



monoxide decreased following the final exposure and did not return to normal after 72 hours. Flow
resistance increases, and decreases in compliance and total lung capacity returned to normal after this
period.. Fibroblasts in interstitial infiltrates (including a fibrotic reaction) were observed. It was concluded
that pulmonary changes may occur with relatively few exposures at the workplace threshold limit value.
Zinc does not appear to be teratogenic except perhaps at very high doses; intraperitoneal injections of
relatively large doses (20 mg/kg) in mice during pregnancy results in some malformations in fetal
ossifications (Chang et al., 1977).

GENOTOXICITY

Various studies have indicated that zinc is not mutagenic. In vitro analyses of zinc chloride demonstrated
that the fidelity of DNA synthesis was unaffected (Sirover and Loeb, 1976a,b; Miyaki et al., 1977). Zinc
industry employees have shown a greater number of chromosomal aberrations in peripheral blood
lymphocytes than did controls (Bauchlnjler et al., 1976). HowevEr, these workers were also exposed to
other agents known to cause chromosome structural alterations (Leonard, 1985). There is no evidence
that the inhalation, ingestion or parenteral administration of zinc induces the formation of tumors.
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h STATEMENT OF LIMITATIONS
tetcalf & Eddy

U The data presented and the opinions expressed in this report are qualified as follows:

I 1. The sole purpose of the investigation and of this report is to assess the physical
characteristics of the Site with respect to the presence or absence in the environment of
oil or hazardous materials and substances as defined in the applicable state and federal

I environmental laws and regulations and to gather information regarding current and past
environmental conditions at the Site.

I 2. Metcalf & Eddy (M&E) derived the data in this report primarily from visual inspections,
examination of records in the public domain, interview -with individuals with information
about the Site, and a limited number of subsurface explorations made on the dates

I indicated. The passage of time, manifestation of latent conditions or occurrence of future
events may require further exploration at the Site, analysis of the data, and reevaluation
of the findings, observations, and conclusions expressed in the report.

I 3. In preparing this report, M&E has relied upon and presumed accurate certain information
(or the absence thereof) about the Site and adjacent properties provided by governmental
officials and agencies, the Client, and others identified herein. Except as otherwise stated
in the report, M&E has not attempted to verify the accuracy or completeness of any such
information.

I 4. The data reported and the findings, observations, and conclusions expressed in the
report are limited by the Scope of Services, including the extent of subsurface exploration
and other tests. The Scope of Services was defined by the requests of the Client, the

I time and budgetary constraints imposed by the Client, and the availability of access to
the Site.

I 5. Because of the limitations stated above, the findings, observations, and conclusions
expressed by M&E in this report are not, and should not be considered, an opinion
concerning the compliance of any past or present owner or operator of the site with any

I federal, state or local law or regulation. No warranty or guarantee, whether express or
implied, is made with respect to the data reported or findings, observations, and
conclusions expressed in this report. Further, such data, findings observations, and

I conclusions are based solely urn site conditions in existence at the time of
investigation.

i 6. This report has been prepared on behalf of and for the exclusive use of the Client, and is
subject to and issued in connection with the Agreement and the provisions thereof.
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