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1.0 INTRODUCTION  

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) 
Report presents the evaluation of information obtained during the Phase I RFI 
conducted by Roy F. Weston, Inc. (Weston) and the Phase II RFI conducted by 
Conestoga-Rovers & Associates (CRA) for the West Brine Field located in Riverview, 
Michigan (Site). 

The Site location is presented on Figure 1.1. The Site layout is presented on Figure 1.2. 

The purpose of this RFI Report is to respond to Attachment III, Tasks IV, V and VI, of 
the final Consent Order (dated September 21, 1989) between the United States 
Environmental Protection Agency (U.S. EPA) Region 5 and Pennwalt Corporation, 
subsequently known as Elf Atochem NA, currently known as ATOFINA Chemicals, 
Inc.'. Tasks V and VI require that the information obtained from Task IV (the Phase I 
and Phase II RFIs) be presented to the U.S. EPA in a comprehensive document. As 
agreed to during the September 22, 1998 meeting between the U.S. EPA and ATOFINA 
Chemicals, Inc., all results from the Phase I and Phase II RFIs are being presented in 
this RFI Report. 

The Consent Order requires ATOFINA Chemicals, Inc. to conduct a RFI to determine 
whether a release of hazardous wastes or constituents has occurred from regulated 
units, solid waste management units (SWMUs), or other source areas into soils and, 
possibly, surface water and/or groundwater; to determine the nature and extent of any 
releases; and to determine potential risk to human and ecological receptors, if any. 

The following sections provide a background to the completion of the Phase I and 
Phase II REIs. 

1 On December 31, 1989, Pennwalt Corporation underwent a corporate reorganization. Certain affiliate 
companies were merged into and with Pennwalt Corporation, which was the surviving corporation. The 
name of Pennwalt Corporation was changed to Elf Atochem NA. Elf Atochem NA became ATOFINA 
Chemicals, Inc. on June 19, 2000. 
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1.1 PROJECT BACKGROUND  

Phase I RFI Background 

As specified in Attachment III, Task III, of the final Consent Order, the focus of Phase 
I involved an investigation of the environmental setting (on-Site and regional 
hydrogeology, soils, and surface water/sediment); a source characterization; and a 
study to identify potential receptors, if any, at the West Brine Field. 

The RFI Phase I activities were performed by Weston in accordance with the P.11 Work Plan—
Phase I (Weston, revised August 1996) approved by the U.S. EPA in August 1996. 
RFI Phase I field activities were conducted from September 1996 through March 1997. 

The Draft Phase I RFI Report was submitted to the U.S. EPA in September 1997 in 
accordance with Tasks V and VT of the final Consent Order. As noted above, as agreed 
to during the September 22, 1998 meeting between the U.S. EPA and ATOFINA 
Chemicals, Inc., the Draft Phase I RFI Report was not finalized and, instead, all results 
from the Phase I and Phase TI RFIs are being presented in this RFI Report. 

Phase II RFI Background 

As specified in Attachment III, Task III, of the final Consent Order, the focus of the 
Phase II RFI involved a focussed SWMU/Area characterization based upon the results 
of the Phase I RFI. Specifically, the characterization primarily focussed on delineating 
the horizontal and vertical extent of the SWMUs and other potentially impacted areas 
(herein called "Areas") identified during the Phase I RFI, and obtaining data to 
supplement that collected during the Phase I RFI. The Phase II RFI also encompassed 
the preparation of a risk assessment to evaluate potential risks to human and ecological 
receptors. 

The RFI Phase TI activities were performed in accordance with the P.11 Work Plan-Phase II 
(Weston, revised September 1999), as approved by the U.S. EPA in August 1999. RFI Phase IT 
field activities were conducted from October 1999 to February 2000. 

1.1.1 SITE REGULATORY BACKGROUND 

Historically, the ATOFINA Chemicals, Inc. Riverview Plant included parcels known as the West 
Plant, West Brine Field, and East Plant. The address for the Riverview plant is 
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ATOFINA Chemicals, Inc., Riverview Plant, 17168 West Jefferson Avenue, Riverview, MI 
48192. 

The following is a list of primary contacts with regard to the West Brine Field RFI: 

• Mr. Michael Pinto, P.E. 
Senior Environmental Engineer 
ATOFINA Chemicals, Inc. 
2000 Market Street 
Philadelphia, PA 19103-3222 
(215) 419-7843; fax: (215) 419-5670 

• Ms. Paula Williams 
DRE-9J 
U.S. Environmental Protection Agency, Region 5 
77 Jackson Street 
Chicago, IL 60604-3507 
(312) 353-1243 

1.1.2 SITE DESCRIPTION 

The West Brine Field is presently part of the Riverview operating facility and is 
currently an undeveloped, open/grassed and slightly to highly vegetated, area. The West 
Brine Field is approximately 92 acres in size and is bounded to the north, west, south, 
and east by Pennsylvania Avenue, Clark Avenue, Colvin Avenue, and Electric Avenue, 
respectively. It also includes two smaller parcels south of Colvin Avenue, on either side 
of McKinley Street. The West Brine Field property is currently surrounded by an 
approximately 7-foot high fence, and access to the Site is restricted to ATOFINA 
Chemicals, Inc. authorized personnel only. The location of the West Brine Field is 
shown on Figure 1.1. Electric Avenue, railroad easements, and the West Plant bound the 
West Brine Field to the east. To the west and south, residential areas bound the West 
Brine Field. The northern boundary borders light industrial and residential areas. A 
general Site layout and the topography of the Site are presented on Figure 1.2. The West 
Brine Field is located in Riverview, Michigan. The Site is generally flat and is bisected 
by Huntington Drain, which flows from west to east. 

As presented in the following section, the West Brine Field was used primarily in the past for 
supplying brine solution to the East Plant. 
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 1.1.3 HISTORY OF SITE OPERATIONS  

The West Brine Field property consists of a portion of one parcel that Pennwalt acquired 
from Sharples Chemicals in 1955. There are 12 closed brine wells located on the Site, 
along with their associated piping and a brine storage tank. In the past, salt brine was 
pumped (i.e., the solution was mined) from production wells installed in the region's 
natural salt deposits in the West Brine Field area. The salt brine was used as a raw 
material to produce hydrogen, chlorine, and caustic for the chlor-caustic process in the 
former East Plant. These products were purified and packaged for shipment from 
facilities at the former East Plant. The salt brine production well system consisted of 
wells spaced over the West Brine Field north of Colvin Avenue, and ancillary piping and 
equipment for extraction. In addition, a brine holding tank was located in the southern 
part of the West Brine Field (north of Colvin Avenue) near the pumphouse to support 
operation of the salt brine production well system. All of the brine wells were abandoned 
(plugged and cemented) in 1986 after the East Plant was shut down. 

Additional production at the West Brine Field consisted of an area in the southern portion 
of the Site that was used for activities supporting the production of nonic compounds 
(Process 40). This operation was discontinued in 1962, and the facilities were 
subsequently dismantled. Other areas of the West Brine Field, including one of the 
smaller parcels south of Colviri Avenue, were used in the past for disposal of materials 
from processes conducted at the West Plant. These areas are discussed in more detail in 
Section 1.1.5 of this Report. 

 1.1.4 PREVIOUS INVESTIGATIONS AND CORRECTIVE ACTION 
ACTIVITIES 

Previous corrective action at the Site involved SWMU 2. In July 1994, a RCRA 
Corrective Action, Interim Measures Work Plan (Interim Work Plan) was submitted by 
Weston on behalf of ATOFINA Chemicals, Inc. for the pre-excavation investigation 
activities and the removal of drums located at SWMU 2 (Weston, 1994). In July 1994, 
TJ.S. EPA Region 5 approved the Interim Work Plan of which the pre-excavation 
activities were performed by Weston from September 13 to 22, 1994. 'During pre-
excavation activities, waste characterization sampling of source soils and groundwater 
showed that the material was characteristically hazardous due to the presence of 
benzene in soil. No metals issues were identified in the source soils or 
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groundwater within the SWMU. Removal actions were performed during the period of 
February to June 1995. All soil samples collected following SWMU 2 remediation were 
below applicable clean-up levels. The results of the work performed at SWMTJ 2 were 
presented in two separate documents: RCRA Facility Investigation/Corrective Action 
Interim Investigation Report for Former Landfill 2 (SWMU 2) (Weston, 1995a); and 
Interim Remedial Measure Corrective Action Report for Former Landfill 2 (SWMU 2) 
(Weston, 1995b). 

1.1.5 SOURCE AREAS 

SWMUs/Areas identified at the West Brine Field, as specified in the West Brine Field 
scope of work (SOW) listed in Attachment III, Table 2, of the Consent Order, are listed 
in Table 1.1 of this Report. In addition, Table 1.1 presents information on the activities 
from which these SWMUs/Areas were associated, and the materials that were contained 
in those SWMUs/Areas. The existence and contents of these SWMUs/Areas were 
determined based on a review of Site records, historical maps, historical aerial 
photographs, employee interviews, and visual inspections as presented in the Description 
of Current Conditions Report (DOCC) (Weston, 1990). This was the basis for the 
selection of the SWMUs/Areas to be included in the Consent Order and to be 
investigated as part of the RFI. 

The majority of the scope of the RFI, pursuant to Attachment III, Task III, of the Consent 
Order, is to provide additional information concerning whether a release of hazardous 
substances has occurred from a SWMU/Area, and the nature and extent of constituents, if 
any, pertaining to these SWMUs/Areas. 

As shown in Table 1.1, materials within SWMUs 1, 3 and 4 and Area 7 are believed to 
have been from Process 12 (amylphenol filter cake and drummed still bottoms) and 
Process 22 (Vultacs - polyamyl phenol disulfides) from the West Plant. As presented in 
Appendix A (Field Investigation Summaries), each type of waste encountered in 
SWMUs 1, 3 and 4 and Area 7 was sampled. For the purposes of this document, waste is 
defined as industrial-related substances encountered in a SWMU/Area and sampled as 
part of the RFI. Section 4.0 presents results of waste samples collected from each 
SWMU. No waste samples were collected from SWMU 2 as a removal action was 
completed there in 1995 (see Section 1.1.4). 
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1.2 OVERVIEW AND OBJECTIVES 

The overall objective of this RFI Report is to present the results of Phases I and II of the 
RFI for the West Brine Field, which consisted of an investigation of the Site and regional 
hydrogeology, soils, groundwater, surface water and sediment; quantification of the 
extent of groundwater, soil, and SWMU/Area contamination; identification of potential 
receptors that could be impacted by identified constituents; and development of a human 
health and ecological risk assessment to evaluate hazards or risks potentially posed to 
humans or ecological receptors by the residual materials detected at the Site. 

The primary objectives of the RFI Phase I, listed according to specific project plans outlined in 
the RFI Phase I Work Plan, were as follows: 

• Environmental Setting Plan—Collect additional information and evaluate Site 
hydrogeology, geology, and hydrology to supplement and verify information 
regarding the environmental setting at the West Brine Field. This included an 
evaluation of Site hydrogeology, soils, surface water, and sediment. 

• Potential Receptor Identification Plan—Collect data to describe the human 
populations and environmental systems that are susceptible to potential exposure 
from the West Brine Field This included the collection and review of existing data 
regarding chemical analysis of biological data and observable effects on ecosystems. 

• Source Characterization Plan—Collect data to describe and characterize the 
SWMUs/Areas and the materials they contain. The objectives were to use this 
information, in conjunction with other information collected during the 
investigation, to determine if a release had occurred, and to characterize an 
identified release as to the size, rate, and hazardous constituents involved, if any. 

Following the completion of the Phase I RFI, additional data was required to achieve the 
objective of the Phase I RFI Source Characterization Plan. As such, the Phase II RFI Work 
Plan was developed and implemented. The primary objective of the RFI Phase II, 
consistent with the RFI Phase TI Work Plan, was as follows: 

• Constituent Characterization and Supplemental Source Characterization Plan—
Collect data to define the extent, origin, direction, and rate of movement of 
constituents. This characterization was conducted with respect to SWMUs or Areas 
characterized in the Phase I RFI as potentially impacting Site soils and/or 
groundwater (based on comparison of data to screening levels). Groundwater, soil, 
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surface impoundments, air, and subsurface gas media were addressed. Additional 
data was collected to describe and characterize contents of some SWMUs not 
sufficiently characterized during Phase I. The objectives were to use this 
information, in conjunction with other information collected during the 
investigation, to determine whether a release of hazardous substances has occurred 
from a SWMU/Area, and the nature and extent of constituents at the Site. 

Table 1.2 lists the SWMUs/Areas investigated and the specific objectives for each SWMU/Area 
as part of the RFI. The specific scope of work completed for the Phase I and Phase II 
investigations is presented in Section 2. 

SWMU 2 was investigated previously under an investigative and corrective action 
program implemented prior to the RFI. During the RPI, depressions were observed west 
of SWMU 1 adjacent to Colvin Avenue. This Area was sampled as part of this program 
and is referred to as Area 7 in this report. 

The secondary objectives of RFI Phases I and II, listed according to specific project plans 
presented in the Phase I and Phase II RFI Work Plans, are as follows: 

• Project Management Plan—Adhere to the overall technical approach, management plan, and 
schedule for the RFI Phase II as presented in this section of the Work Plan. 

• Data Collection Quality Assurance (QA) Plan—Use specified project methods and 
procedures to ensure that all information, data, and resulting decisions are 
technically sound, statistically valid, and properly documented. 

• Data Management Plan (DMP)--Use specified project methods to document and 
track investigation data and results, including the identification and setup of 
data documentation materials and procedures, project file requirements, and 
project-related progress-reporting procedures and documents. 

• Health and Safety Plan (HASP) —Use specified procedures and protocols that were 
implemented to ensure the health and safety of all Weston personnel and CRA 
personnel. subcontractors, and ATOFINA Chemicals, Inc. personnel during RFI field 
activities. 

• Community Relations Plan—Use specified techniques to distribute information to the public 
regarding investigation activities and results. 
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1.3 REPORT ORGANIZATION  

This RFI Report is comprised of the following sections: 

• Section 1.0 - Introduction 

• Section 2.0 - Investigation Activities (overview of the investigation activities) 

• Section 3.0 - Environmental Setting (discussion of the environmental setting and pathways, 
including a potential receptor study and evaluation of screening levels) 

• Section 4.0 - Results of Investigations (results of the source characterization and delineation 
for the Phase I and Phase II investigations) 

• Section 5.0 - Data Quality (a discussion of data quality issues) 

• Section 6.0 - Risk Assessment (human health and ecological risk assessment) 

• Section 7.0 - Conclusions/Recommendations (the overall conclusions and 
recommendations of the RFI) 

• Section 8.0 - References (lists references used in conjunction with preparation of this RFI 
Report) 

In addition, the following appendices and attachments are provided with this report (refer to the 
Table of Contents for what they contain): 

• Appendix A —Field Investigative Summaries (includes chain-of-custody forms) 

• Appendix B — Piezometer and Monitoring Well Construction Summaries 

• Appendix C — Well Development Logs 

• Appendix D — Survey Data 

• Appendix E — Geophysical Investigation 

• Appendix F — Environmental Setting and Potential Receptor Identification Survey 

14027 (5) 8 CONESTOGA-ROVERS & ASSOCATES 



• Appendix C — Screening Levels 

• Appendix H — List of Constituents 

• Appendix I — Tentatively Identified Compounds (TICs) 

• Appendix J — Human Health and Ecological Risk Assessment 

• Appendix K Deed Restrictions 

• Attachments - Plan 1(Summary of Detected Constituents Exceeding Part 201 Criteria and 
EPA SLs); Plan 2 (Summary of Detected Constituents Exceeding EDQLs); and Electronic 
Validated Laboratory Data (on diskette) 

14027 (5) 9 CONESTOGA-ROVERS & ASSOCIATES 



2.0 INVESTIGATION ACTIVITIES  

This section summarizes the investigative activities that were completed during the Phase I and 
Phase II RFI. 

2.1 PHASE IRFI 

The objectives of the RFI Phase I, implemented from September 1996 through January 1997, 
were as follows: 

• Characterize the on-Site hydrogeology, geology, and hydrology at the West Brine Field 
(environmental setting characterization); 

• Characterize the SWMUs and other potential source Areas not previously 
investigated at the West Brine Field, which includes determining whether a release 
has occurred from a SWMU/Area, and its vertical and horizontal extent (source 
characterization); and 

• Identify the human population and environmental systems that may be susceptible to 
potential constituent exposures from the West Brine Field (potential receptor 
identification). 

The environmental setting and potential receptors were evaluated with respect to the 
entire Site. The locations of the SWMUs or Areas identified for characterization during 
the Phase I RFI are presented on Figure 2.1. As identified in Section 1.1.5, the existence 
of these SWMUs/Areas was determined based on a review of historical information, 
employee interviews, and visual inspections as presented in the Description of Current 
Conditions Report (Weston, 1990). This was the basis for the selection of the 
SWMUs/Areas to be included in the Consent Order and to be investigated as part of the 
RPI. 

To accomplish these objectives, the following field investigations were performed at the West 
Brine Field: 

• Geotechnical borings and piezometer installation; 
• Monitoring well installation; 
• Geophysical surveys; 
• Test pit excavations and SWMU/Area contents and perimeter soils sampling; 
• Surface-water and sediment sampling; 
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• Groundwater sampling; 
• Water-level monitoring; 
• Slug testing; and 
• Potential receptor identification survey. 

Field investigative activities were performed in accordance with the procedures and 
specifications outlined in the U.S. EPA-approved RFI Phase I Work Plan. Discussions of 
the field activities, sampling rationale, and field procedures are provided in Sections 2.0, 
3.0, and 4.0 and Appendix A of the Work Plan. In addition, a brief discussion of each 
field investigative activity is presented in Appendix A of this report. 

Table 2.1 summarizes the field activities and laboratory analyses performed as part of 
the Environmental Setting and Source Characterization Plans at each SWMU/Area. 
Table 2.2 explains any deviations between the work proposed in the RFI Phase I Work 
Plan and the scope of work actually performed during the field investigations. 

2.2 PHASE II RFI 

The objectives of the RFI Phase II, implemented from October 1999 through February 2000, 
were as follows: 

• Further characterize the SWM1Js and other potential source Areas to supplement 
the data obtained during the Phase I RFI to ensure that the nature and extent of the 
SWMUs/Areas are known; and 

• Conduct a risk assessment to determine human health and ecological risk associated with the 
West Brine Field. 

The locations of the SWMUs or Areas identified for supplemental characterization during the 
Phase II are presented on Figure 2.1. 

To accomplish these, the following field investigations were performed at the West Brine 
Field: 

• Test pit excavations and boreholes; 
• SWMU/Area materials and perimeter soils sampling; 
• Water-level monitoring; and 
• Risk Assessment. 
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Field investigative activities were performed in accordance with the procedures and 
specifications outlined in the U.S. EPA-approved RFI Phase II Work Plan. Discussions 
of the field activities, sampling rationale, and field procedures are provided in Sections 
2.0, 3.0, and 4.0 and Appendix A of the Work Plan. In addition, a brief discussion of 
each field investigative activity is presented in Appendix A of this report. 

Table 2.3 summarizes the field activities and laboratory analyses performed as part of the 
Constituent Characterization and Supplemental Source Characterization Plan at each 
SWMU/Area. Table 2.4 explains any deviations between the work proposed in the RFI 
Phase II Work Plan and the scope of work actually performed during the field 
investigations. 
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3.0 ENVIRONMENTAL SETTING 

The environmental setting of the West Brine Field was characterized to evaluate 
potential constituent migration pathways. A hydrostratigraphic conceptual model was 
developed from regional information, boring logs, slug test data, and water-level data, 
and is used in conjunction with the analytical results (Section 4.0) to evaluate the 
potential constituent migration pathways. The environmental setting and Site 
conceptual model information have been used to select screening levels (SLs) (not 
cleanup levels), which have been used to evaluate RFI Phase I and Phase II data. 

3.1 REGIONAL GEOLOGY AND HYDROGEOLOGY 

The following information is from published literature referenced below. The West Brine 
Field is located in Wayne County, in the southeastern portion of Michigan. Wayne 
County is located on the southeastern rim of the Michigan Basin. The tilted rocks of the 
Michigan Basin control the topography of the bedrock surface. Resistant sandstones 
underlie areas of high relief, such as the Thumb Uplands that begin in western Wayne 
County. Less resistant shales, limestones, and dolomites underlie the low-lying Erie-
Huron Lowland along the western edge of Lake Erie and the Detroit River. The uplands 
attain elevations of more than 1,000 feet above mean sea level (feet amsl). The lowlands 
lie at elevations from 400 to 600 feet amsl. The bedrock strata generally dip west at 50 
feet per mile. The gradient of the bedding is 0.0095 (Mozola, 1969). 

The bedrock surface was eroded in preglacial and glacial time into a series of northeast-
trending valleys that were widened by glacial scour. A veneer of glacial deposits up to 
250 feet thick covers the bedrock surface. The glacial deposits are thickest in the bedrock 
valleys and in glacial end moraines that were deposited by the retreating Erie-Huron 
Lobe of the continental ice sheet that covered northern North America 22,000 to 12,000 
years ago. Large glacial meltwater lakes formed between the retreating Erie-Huron Lobe 
and the adjacent uplands. Sediment-laden glacial meltwater filled the glacial lakes with 
thick accumulations of lacustrine clay and silt. Gravelly, clayey, water-laid moraines 
were locally deposited in the lakes along the glacier margin. Deltas were deposited in the 
glacial lakes by streams flowing off the uplands. Beaches were deposited along the lake 
shores (Mozola, 1969). 

The ATOFINA Chemicals, Inc. property is situated on a massive, gravelly, sandy, clay 
water-laid moraine. Discontinuous lenses of ice-contact sand and gravel underlie and 
occur within the water-laid moraine. The water-laid moraine is overlain by 6 feet to 12 
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feet of laminated lacustrine clay and river deposits that thicken toward the west. The 
water-laid moraine and lake clay are overlain by river deposits and anthropogenic fill. 
These sediments overlie Dundee limestone, which is locally weathered to 12 feet below 
the overburden-bedrock interface (Mozola, 1969). 

In Wayne County, regional groundwater flows east toward the Detroit River and Lake 
Erie. Groundwater yields are reported to be between 100 and 500 gallons per minute 
(gpm) and the water is highly mineralized. However, the groundwater in the bedrock is 
seldom used as a potable or industrial supply of water because of high natural 
concentrations of hydrogen sulfide gas, sulfur, iron, and other minerals. The overlying 
glacial-lacustrine sediments in the Riverview, Michigan area are not typically developed 
as a water supply resource due to their limited water-yielding capacity. Infiltration rates 
through the natural surface soils in the area of the ATOFINA Chemicals, Inc. facility are 
reported to be 0.08 to 0.16 feet per day (Twenter et al., 1975). 

3.2 SITE-SPECIFIC GEOLOGY 

Three stratigraphic units (unconsolidated and consolidated) are evident at the West Brine 
Field, as indicated by Phase I data. The three stratigraphic units identified are: fill, brown 
and gray clay, and limestone bedrock. The division is based on the textural and 
hydrogeological characteristics of the units. In general, the fill is discontinuous and is 
concentrated primarily within the SWMU/Area boundaries. The brown and gray clays are 
present throughout the Site and thicken from approximately 52 feet in the east to 65 feet 
in the west. The depth to the top of the consolidated unit (limestone bedrock) increases 
toward the west. Table 3.1 presents the depth to the top of each stratigraphic unit at each 
drilling location. The distribution and thickness of the subsurface units are presented in 
the geological cross sections identified on Figure 3.1. Cross sections A-A' and B-B' are 
illustrated on Figures 3.2 and 3.3, respectively. Individual stratigraphic logs for the West 
Brine Field are presented in Appendix B of this Report. 

The three stratigraphic units, in descending order, identified at the West Brine Field are described 
in the following subsections. 

3.2.1 FILL  

Fill material was only observed within the boundaries of the former SWMUs/Areas 
at the West Brine Field. The fill materials generally consist of topsoil and/or gravel 
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intermixed with manmade fill material (concrete, metal fragments, etc.) ranging in thickness 
from 0 to 1.5 feet. The contents of the fill materials are described in detail in 
the Site-specific test pit excavation discussions (Subsections 4.4.2, 4.6.2, 4.7.2 and 4.8.2). 

3.2.2 CLAY  

The clay underlying the West Brine Field is a tight, compact, sandy, silty clay (brown 
and gray clay) with a very low permeability. Average grain sizes, as shown in Appendix 
Fl, Table F.1-1, indicate that the brown and gray clay have roughly equivalent 
proportions of sand (25%), silt (32%), and clay (43%), with a trace of gravel (3%). The 
brown clay is the oxidized, weathered zone of the gray clay. The brown clay contains 
voids from animal burrows, dissication cracks, and freeze-thaw processes. These voids 
can allow water to move more readily in the brown clay than in the gray clay. 
Permeability data collected during the Phase I RFI from Shelby tube samples of the 
brown clay indicate an average intrinsic permeability of 1.3 x 10' darcys at 20°C, which 
corresponds to an average hydraulic conductivity of 3.5 x 1O feet per day (1.2 x 10-v 
cm/sec). Permeability data collected from Shelby tube samples of the gray clay indicate 
an average intrinsic permeability of 1.6 x 10 darcys at 200C, which corresponds to an 
average hydraulic conductivity of 4.4 x 1ft5 feet per day (1.5 x 1O cm/sec). For the 
purposes of this Report, the brown and gray clays are identified as separate zones 
within the clay stratigraphic unit. 

3.2.2.1 BROWN CLAY 

The brown clay is found at the surface at the West Brine Field. However, the brown clay 
underlies the fill, when present, within the SWMU/Area boundaries. The brown clay is 
orange-brown to grayish brown, locally mottled, and is 11 to 13 feet thick (Table 3.1). 

The brown clay is described as a clay loam based on average grain size analyses. The organic 
content percentage is relatively low (1.4%). The average percent porosity and moisture 
content are 30.6% and 15.1%, respectively (Appendix F.1, Table F.1-1). 
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3.2.2.2 GRAY CLAY 

The gray clay underlies the brown clay and is grayish brown to gray and approximately 34 to 53 
feet thick across the West Brine Field (Table 3.1). The gray clay contains thin, discontinuous 
lenses of sand and gravel. 

The gray clay is described as a clay loam based on average grain size analyses. The 
organic content percentage is relatively low (1.1%). The average percent porosity and 
moisture content are 29.7% and 17%, respectively (Appendix Fl, Table F.1-1). 

3.2.3 LIMESTONE BEDROCK 

The limestone bedrock is overlain by a layer of gravel in some places and has a 
weathered zone of bedrock approximately 2 to 9 feet thick. The weathered bedrock is 
porous, weak, and is easily penetrated by split spoons and augers. Historic stratigraphic 
logs collected during the installation of the brine wells located at the East Plant and West 
Brine Field identified the underlying limestone as the Dundee Formation. The depth to 
the limestone surface ranges between 52 and 67.5 feet below ground surface (bgs), based 
on stratigraphic data collected during the RFI Phase I field investigation. 

3.3 SITE-SPECIFIC HYDROGEOLOGY 

Based on the physical characteristics and the relative position of the four stratigraphic 
units, a three-layer hydrogeologic system was identified. The system consists of the 
following: 

• Shallow water-bearing zone—Comprised of the discontinuous fill and the uppermost 
part of the brown clay. The depth to shallow groundwater ranged across the Site 
from approximately 1.5 to 18 feet bgs during the Phase I RFI, and from 7.6 to 20.7 
feet bgs during the Phase II RFI. The lack of groundwater in the clay unit during the 
Phase II RFI was also recorded in the borehole logs completed for the Phase II RFI, 
and the observation that the surface water in Huntington Drain existed as small, 
discontinuous, non-flowing ponded water. It appeared that a winter with below-
average precipitation affected the shallow water-bearing zone to the extent that the 
groundwater was not continuous across the Site. This is also supported by the fact 
that the deep confined water-bearing zone piezometric levels decreased by 
approximately 3 feet (see below). 
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• Regional aquitard—Comprised of the lower part of the brown clay and gray clay stratigraphic 
units. 

• Deep confined water-bearing zone _ Comprised of the unconsolidated gravel and 
weathered bedrock, and the limestone bedrock. The depth to the deep water-bearing 
zone ranged across the Site from approximately 33 to 42 feet bgs during the Phase 
I RFI, and from 36.2 to 44.7 feet bgs during the Phase II RFI. 

Seven groundwater monitoring wells (MW-001 through MW-007, Figure 2.1) were 
installed throughout the Site and were screened primarily across the brown and gray 
clays. These wells monitor the groundwater levels in the shallow water-bearing zone. 
Six piezometers (BP-200, BP-201, BP-203, BP-204, BP-206, and BP-207, Figure 2.1) 
were installed throughout the Site and were screened across the unconsolidated material 
and into the limestone bedrock. These piezometers monitor the groundwater levels in the 
deep confined water-bearing zone. 

A description of the hydrostratigraphic framework at the West Brine Field is 
summarized in the following subsections. 

3.3.1 SHALLOW WATER-BEARING ZONE 

Groundwater flow directions in the shallow water-bearing zone were determined from the 
water-level measurements collected quarterly from monitoring wells MW-O01 through 
MW-007 and the surface-water stream gauges SW/SD-1 through SW/SD-3 along 
Huntington Drain. Figures 3.4 through 3.7 illustrate the locations of the wells and 
directions of shallow groundwater flow at the West Brine Field for the January, March, 
and May 1997 and January 2000 groundwater monitoring rounds, respectively. Shallow 
groundwater has generally been recorded during the Phase I RFI as flowing from the 
northern and southern boundaries of the Site inward toward Huntington Drain, where the 
flows converge and then move easterly toward Monguagon Creek. However, due to the 
perched water conditions observed during the Phase II RFI, no definite groundwater 
direction was discernable. 

The permeability of the shallow water-bearing zone is generally low, as seen in well 
development and slug test results. Hydraulic conductivity (K) estimates determined by 
slug tests performed on wells screened in this unit range between 0.006 and 0.02 feet per 
day (2.1x1ft6 to 7.lxift6 cm/s). This range is related to the highly variable sand, silt, and 
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clay percentages of the clay stratigraphic unit. These hydraulic conductivity values are 
presented in Appendix F.2, Table F.2-1. Velocities are discussed in Subsection 3.5.1 of 
this Report. 

 3.3.2 REGIONAL AQUTTARD 

The regional aquitard is comprised of the lower part of the brown clay and gray clay 
stratigraphic units. The permeabilities of the massive and dense clay unit, which are 
indicative of the clay's highly variable sand, silt, and clay percentages, vary between 
location and depth. Permeameter tests performed on representative samples collected 
using Shelby tubes indicate that the brown and gray clay stratigraphic units have an 
average vertical hydraulic conductivity of approximately 3.5 x 1O feet per day 
(1.2x10-7 cm/s) and 4.4 x 1O feet per day (1.5x108 cm/s), respectively (Appendix F.1, 
Table F.1-1). 

 3.3.3 DEEP CONFINED WATER-BEARING ZONE 

The deep confined water-bearing zone is comprised of the unconsolidated gravel and 
weathered bedrock, and the limestone bedrock. The depth to the deep water-bearing zone 
ranged across the Site from approximately 33 to 42 feet bgs during the Phase I RFI, and 
from 36.2 feet to 44.7 feet bgs during the Phase II RH, representing a decrease in 
piezometric levels of approximately 3 feet. The lower bedrock is under confined 
pressures, which were reported to be artesian by Mozola (1969). Near the ATOFINA 
Chemicals, Inc. property, the deep water-bearing zone is not artesian due to the local 
pumping at the nearby limestone quarry (Figure 1.1). The limestone bedrock comprises a 
confined water-bearing zone that exhibits both primary and secondary porosity. The 
upper weathered zone is not competent, and combined with the overlying gravel, forms 
the most permeable zone of the water-bearing zone. No permeability testing was 
performed on the bedrock wells located at the West Brine Field. Groundwater flow, as 
indicated by the quarterly water-level measurements during 1997 and a groundwater level 
measurement event in 2000, in the deep confined water-bearing zone flows toward the 
limestone quarry situated approximately 1 mile southwest of the West Brine Field 
(Figures 3,8 through 3.11). 
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3.4 BACKGROUND INFORMATION FOR IDENTIFICATION OF 
POTENTIAL RECEPTORS 

To obtain the information necessary to prepare a risk assessment, a Potential Receptor 
Identification Survey was performed during the Phase I RFI to identify potential human, 
flora, and fauna receptors of possible constituents that may migrate through land, air, 
surface-water, and groundwater pathways. The area of analysis included the West Brine 
Field and the area within a 1-mile radius of the Site (Figure 3.12). This area 
encompasses sections of the Cities of Riverview, Southgate, Trenton, and Wyandotte, 
and the Township of Grosse Ile. The scope of this task included obtaining information 
for the following parameters: demographics; land use and zoning; surface-water and 
groundwater uses; biological and ecological characteristics; and prevailing wind 
direction and climatological characteristics. Primary sources of information used in 
completing this task included information obtained through field reconnaissance; 
conversations with local, county, regional, and state agencies; and review of documents 
and mapping resources. The following subsections discuss West Brine Field and vicinity 
land use, water use, and discharges. Appendix F provides detailed discussions of West 
Brine Field and vicinity demographics, ecological characteristics, climatology, and wind 
characteristics. 

3.4.1 LAND USE 

3.4.1.1 SITE DESCRIPTION 

The 92-acre West Brine Field Site is located in Riverview, Wayne County, Michigan 
(Figure 1.1). The Site is zoned industrial and is presently undeveloped. Regularly 
mowed areas are found around the perimeter of the Site. The remainder of the Site is 
composed of a mosaic of field, scrub/shrub, and wooded areas. Huntington Drain divides 
the Site in half, flowing from west to east. 

3.4.1.2 ADJACENT AREA LAND USE 

Four streets bound the Site: Pennsylvania Avenue to the north, Electric Avenue to the 
east, Colvin Avenue to the south, and Clark Avenue to the west. The City of Wyandotte 
is located adjacent to the northern property edge, along Pennsylvania Avenue. Land use 
directly adjacent to the Site is variable. To the west, land use is residential, with a small 
park (Vreeland Park). To the north, from west to east, land use consists of a park 
(Memorial Park) with ballfields, Lincoln Junior High School, residential areas, and 
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commercial/light industry. A Detroit Edison substation is located adjacent to the 
northeastern corner of the Site. A railroad right-of-way (owned and operated by the 
Detroit & Toledo Shoreline Railroad; New York Central Railroad; Michigan Central 
Railroad; and the Detroit, Toledo & Ironton Railroad) and the ATOFINA Chemicals, Inc. 
West Plant are located immediately east of the Site, and to the south is a residential area. 
A park with ballfields is located adjacent to the southwestern property section. 

Figure 3.12 illustrates the various land uses within a 1-mile radius of the Site. Table 
3.2 presents the average acreage and percentage of land uses within each of the 
municipalities. In general, the region within a 1-mile radius of the Site is highly 
developed. Land use to the north and west of the Site is primarily residential, with 
parks and schools. Land use in the area of Route 85 (Fort Road) to the west and 
northwest of the Site is primarily commercial or light industry. Land use east and 
south of the Site is primarily industrial. East of the Site is the Trenton Channel of the 
Detroit River and residential areas of the Township of Grosse Ile. 

Major landmarks in the area include the Wayne County Wastewater Treatment Plant 
(WWTP) located northeast of the Site, the ATOFINA Chemicals, Inc. West Plant facility, 
and Trenton Channel of the Detroit River east of the Site; and residential areas, a high 
school, McLouth Steel, and a quarry/fly ash landfill operated by Detroit Edison to the 
south. 

Future land uses for the five municipalities are not expected to vary significantly from 
existing land uses, primarily because of the highly developed nature of the region. Some 
municipalities in the study area are currently updating zoning and land-use plans for the 
area. The Southeast Michigan Council of Governments (SEMCOG) has prepared 
regionwide maps that depict existing (1990) and predicted future land uses for these 
areas. Information obtained from municipalities and comparison of SEMCOG land-use 
maps provide the following general observations on future land uses for each 
municipality: 

• Grosse Ile— SEMCOG identifies a trend toward increased development of open 
space in Grosse Ile for medium-density residential use. Grosse Tie is continuing to 
purchase land to preserve open spaces as well as for residential development. It is 
also pursuing the construction of a research and development facility in its Airport 
District, and is promoting small commercial businesses in its Central District. 

• Riverview— SEMCOG identifies little change in existing land use, but most of the 
remaining open space would be converted to medium-density residential use, with 
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smaller areas of commercial and industrial development. It anticipates continued 
development of areas adjacent to Route 85 (Fort Road, located west of the Site) and 
other main thoroughfares for commercial uses, including the possible purchase and 
conversion of residential properties for commercial use. Riverview is currently still 
updating zoning ordinances, but anticipates the use of land primarily for commercial 
development. 

• Southgate—SEMCOG identifies a shift in the use of open space and cultivated land 
to residential. Southgate is currently allotting equal use of land for residential and 
commercial development. However, it is also projecting that more land will be 
available for commercial development in the future. 

• Trenton—SEMCOG identifies the future use of existing open space for industrial 
development. Trenton anticipates a mixture or commercial, residential, and industrial 
development in vacant land areas. The majority of development will most likely be 
for commercial purposes, the least amount of land allocation for residential. 

• Wyandotte—SEMCOG indicates little change in land use for the City of Wyandotte, 
which contains limited open space for future development. The City has prepared a 
Master Plan for Future Land Use. Much of this plan focuses on improvements to 
existing developed lands (with little or no change in land use) to enhance access and 
appearance, and allow for greater attention to the unique needs of various locations 
throughout the City. It identifies the use of portions of waterfront properties for 
residential and commercial land use. 

3.4.2 WATER USE AND DISCHARGES 

Water use in the area surrounding the West Brine Field consists primarily of surface 
water intakes and discharges associated with industrial facilities and drinking water. 
There is little agriculture in the area, and there is little use of groundwater by private, 
government, or industrial users in the area. Shallow groundwater is prohibited from use 
in Wayne County. 

There is no use of surface water or groundwater at the West Brine Field because the 
Site is inactive. Huntington Drain, which divides the Site in half, enters at the western 
property edge and exits at the eastern property boundary. Huntington Drain flows 
underground from the Site and emerges on the eastern side of the railroad tracks, and 
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then converges with Monguagon Creek. Monguagon Creek ultimately discharges to the Trenton 
Channel of the Detroit River (approximately 3/4 mile downstream of the Site). 

The Detroit River has been identified as an Area of Concern (AOC) by the International 
Joint Commission because degraded water quality conditions impair certain beneficial 
uses as defined by the Great Lakes Water Quality Agreement of 1978 (as amended) 
(MDNR and 0MB, 1991). A Remedial Action Plan (RAP) has been jointly prepared by 
the United States (Michigan) and Canada (Ontario) to address water quality concerns in 
the Detroit River. Two of the impaired uses in the Detroit River identified in the RAP are 
constituents in sediments and ambient water quality concerns. Constituents of concern for 
sediments along the Michigan shoreline in the area of the West Plant include metals, 
polychlorinated biphenyls (PCBs), and oil and grease. Ambient water constituents 
include mercury, PCBs, and some metals. Existing potential sources of these constituents 
include combined sewer overflows (CSOs), industrial and municipal discharges, and non-
point sources such as stormwater runoff from urban and industrial areas (MDEQ and 
OMEE, 1996). PCBs, mercury, and oil and grease have not been identified as constituents 
of concern at the West Brine Field. 

 3.4.2.1 GROUNDWATER  

There is little use of groundwater by private, government, or industrial users in the area. 
Shallow groundwater in Wayne County is prohibited for any use. However, discharge of 
groundwater (which may contain constituents) into surface waters is a concern for the 
region (UGLCCS, 1988). Discharges to and use of surface water is described in the 
following section. 

 3.4.2.2 SURFACE WATER 

The only surface water on the West Brine Field is Huntington Drain, which ultimately 
discharges into the Trenton Channel of the Detroit River. There are no uses of or 
discharges (surface) to Huntington Drain by the West Brine Field because the Site is 
inactive. Although surface water within the Huntington Drain has been found to have 
low to intermittent flow during normal weather conditions, the potential impact of a 
100-year flood event on constituent transport is provided in Section 3.5.1. 

Of the five municipalities associated with the study area, only the City of Wyandotte 
operates an independent drinking water facility. The Wyandotte Drinking Water 
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Department obtains its raw water from the Detroit River. The department supplies a 
residential base of approximately 3OOOO persons (Wyandotte Municipal Service, 
1993). The intake structure for the Wyandotte drinking water plant is located offshore in 
the Detroit River, upstream of the West Brine Field and beyond the 1-mile radius Site 
study area. Grosse Tie, Riverview, Southgate, and Trenton receive their drinking water 
from the City of Detroit (Detroit Water Board, 1993). No private sources of water were 
identified as a drinking water source within the study area; this includes both private 
groundwater wells and surface water bodies. 

Industrial uses of Detroit River surface waters include, among others, the Wyandotte 
power plant in the City of Wyandotte, the Monsanto facility in Trenton (Trenton Water 
Department, 1993), and the ATOFINA Chemicals, Inc. West Plant. 

The following is a list of the companies and municipalities discharging to the area of the 
Trenton Channel, thought to be in the study area, as provided by the MDEQ Surface 
Water Quality Division (list dated December 16, 1996) and as listed in the Detroit River 
Remedial Action Plan (MDNR and OME, 1991, MDEQ and OMEE, 1996) and based on 
ATOFINA Chemicals, Inc. knowledge of the area: 

• BASF—Wyandotte. 
• Michigan Foundation Company (Trenton). 
• ATOFINA Chemicals, Inc. 
• McLough Steel Corp. (Trenton). 
• Wayne County Wastewater Treatment Plant. 
• Wyandotte Water Filtration Plant. 
• Bridgestone Firestone landfill (Riverview). 
• Wyandotte Electric Plant. 
• Federal Marine Terminal, Inc. (Riverview). 
• PVS Chemicals, Inc. 

3.4.3 ECOLOGICAL CHARACTERISTICS  

The approximately 92-acre Site is presently undeveloped. Regularly mowed areas are 
found around the perimeter of the Site. The remainder of the Site is composed of a 
mosaic of field, scrub/shrub, and wooded areas. Huntington Drain traverses the center 
of the Site, flowing from west to east. The Site and the surrounding vicinity are located 
within the St. Clair-Detroit River Basin. A number of different vegetation communities 
and other habitat types were identified at the Site, as follows: 
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• Maintained lawn—The perimeter of the Site is maintained as lawn. Scattered shrubs 
and trees can be found in this area. Dominant vegetation consists of grasses that 
could not be identified due to regular mowing. Yarrow (Achillea millefolium) and 
dandelion (Taraxacum officinale) also were identified in mowed areas. 

• Early successional field—Areas dominated by herbaceous species and not mowed are 
most common in the southern half of the Site. Common species include common reed 
(Phragmites australis), goldenrods (Solidago spp.), New England aster (Aster novae-
angliae), white asters (Aster spp.), and Queen Anne's lace (Daucus carotci). Portions 
of the Site contain dense areas of common reed. Common shrub and sapling species 
included box elder (Acer negundo), quaking aspen (PopuLus trerniloides), hawthorne 
(Crataegus spp.), and red-panicle dogwood (Cornus racernosa). 

• Scrub/shrub—This vegetation community was common throughout the Site, except 
for the edges where regular mowing occurred. Common shrub and sapling species 
included box elder, hawthorne, and red-panicle dogwood. Common herbaceous 
species were those identified in the aforementioned early successional field 
community. 

• Wooded—The northwestern portion of the Site contains a wooded area with the 
largest trees and a sparse understory. The dominant tree species was box elder. 
Other species included slippery elm (Ulmus rubra) and quaking aspen. The 
understory includes hawthorne, box elder, and red-panicle dogwood. Herbaceous 
species include goldenrods and catnip. 

• Huntington Drain/riparian—The portion of Huntington Drain traversing the Site 
consists of steep banks with little or no vegetation. Areas directly adjacent to the 
stream are vegetated with tree, sapling, and shrub species similar to those identified 
in the aforementioned scrub/shrub and wooded communities. 

• Aquatic habitats— The only aquatic habitat on the Site is Huntington Drain. No fish 
were observed within the stream during the Phase I RFI field reconnaissance. 
During the Phase II RFI, Huntington Drain was reduced to sections of non-flowing 
pond water. As such, the stream provides only marginally suitable habitat for fish 
and other aquatic organisms. 

Wildlife observed during on-Site investigations on October 15, 1996 are listed in 
Table 3.3. Juncos, sparrows, and rabbits were commonly observed throughout the 
Site. No reptiles or amphibians were found during the Site investigations. 
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Information regarding threatened and endangered plant and animal species and 
ecologically sensitive habitats was obtained through the Michigan Natural Features 
Inventory. This information is presented in Table 3.4. None of the listed ecologically 
sensitive communities were identified at the West Brine Field. 

3.5 CONSTITUENT TRANSPORT, PATHWAY ANALYSIS AND 
IDENTIFICATION OF POTENTIAL RECEPTORS 

The information presented in Section 3.4 was used to develop a discussion of constituent 
transport and pathways analysis for the West Brine Field, and to identify potential 
receptors. This information was then used to support selection of the SLs (refer to Section 
3.6) used to evaluate the analytical data and determine whether further action was 
needed, and to support the Site-specific human and ecological risk assessment. A 
summary of constituent transport and exposure pathways is depicted in Figure 3.13 and a 
pictorial version of the Site conceptual model is provided in Figure 3.14. 

3.5.1 CONSTITUENT TRANSPORT 

Based on the available information collected during the RFI, groundwater flow, if any, 
at the Site is primarily horizontal toward Huntington Drain, although during the Phase II 
RFI, groundwater flow was limited (see Section 3.3.1). Limited recharge enters the 
aquifer due to the outcropping of clay. Groundwater velocities in the shallow 
hydrogeological zone measured during the Phase I RFI average approximately 9 x 1O-
feet/day (horizontal) and 9 x 1ft5 feet/day (vertical). These values result in a water 
particle moving, on average, 0.3 feet/year horizontally and 0.03 feet/year vertically. 
These velocities indicate very limited groundwater flow occurs at the West Brine Field. 
This was especially evident during the Phase II during which surface water was not 
flowing in Huntington Drain. Horizontal and vertical flow velocities calculated from 
water-level data and slug testing data from the Phase I are presented on Appendix F.2, 
Tables F.2.2 and F.2.3. 

The primary consti tuent  migrat ion pathway for  dissolved-phase consti tuents is  
hor izontally through the sandy fi l l  and weathered zones wi thin the brown clay. 

3 Groundwater is more likely to migrate from the suspected source Areas through the 
more permeable zones of fill and clay and ultimately discharge to Huntington Drain. 
The underlying clay unit is massive (60 feet thick) and forms the base of the shallow 
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water-bearing zone. The low permeability of the clay indicates that downward 
migration of constituents to the deep confined water-bearing zone is unlikely. However, 
potential transport of constituents from SWMUs/Areas to Huntington Drain due to the 
limited groundwater flow and low conductivity of the clay is minimal. 

Transport of constituents through the air is unlikely because most of the Site is covered 
by topsoil and vegetation. The majority of constituents detected within the SWMUs 
investigated at the West Brine Field exist below the surface, and currently the Site is not 
active (no human receptors). Although there are residential neighborhoods adjacent to the 
West Brine Field, access to the Site is restricted by a fenced boundary. There is the 
possibility of trespassers at the Site. Subsurface groundwater migrates away from the 
residential neighborhoods and discharges to a surface water body (Huntington Drain) that 
lies within the fenced boundary. On occasion, Site personnel may need to disturb the 
fill/soil, and in such limited case, air transport may be a concern. However, this is not 
anticipated to be an issue when dust control measures are implemented in the event of 
future soil disturbance. 

Transport of constituents via surface water is unlikely during normal weather conditions 
due to the low to intermittent flow of the Huntington Drain (i.e., during normal flow 
conditions, the sediment remains undisturbed). To examine the potential effects of a 
100-year flood event, the City of Riverview Flood Insurance Rate Map (FIRM), dated 
September 16, 1981 was reviewed. The limits of the study provided by the National 
Flood Insurance Program ended at the eastern boundary of the West Brine Field. 
However, conservatively extending the flood zone to the western end of the Site, shows 
that flooding may occur over an area approximately 600 feet in width (300 feet north of 
the drain and 300 feet south of the drain) across the Site. This area would cover SW'IIJs 
3 and 4 located north and south of the drain, respectively. With this large of an area 
affected during a 100-year flood event, flows may transport sediments downstream and 
may also transport impacted surface material from SWMUs 3 and 4 (although this would 
likely be minimal due to mature vegetation covering SWMUs 3 and 4). Due to the 
potential for downstream impact during a 100-year flood event, corrective measures will 
be evaluated for the Huntington Drain and SWMUs 3 and 4 (SWMUs/Areas to be carried 
into the corrective measures phase are summarized in Section 7.0). 

3.5.2 SITE CONCEPTUAL MODEL AND PATHWAYS ANALYSIS 

A Site conceptual model showing a pathways analysis for the West Brine Field is shown in 
Figures 3.13 and 3.14. The Human Health Site Conceptual Model and the Ecological 
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Site Conceptual Model were formulated based on several unique features associated 
with the Riverview properties that serve to mitigate or otherwise limit potential 
releases and/or exposures. These Site-specific factors were considered within the 
context of a matrix of the potential sources of constituent release, the environmental 
media that may serve as sources of exposure, the receptors potentially exposed to those 
media, and the routes by which receptors intake constituents . The matrix was used to 
identify the potentially complete exposure pathways. This information has been 
obtained through an analysis of Site history, Site geography and geology, and the 
populations of potential receptors. 

The Wayne County Department of Public Health ordinances prohibit the installation of 
any well shallower than 25 feet and a deed restriction is in-place for the Site prohibiting 
use of groundwater (Appendix K); therefore, the shallow water-bearing zone cannot be 
used for any purpose. The intermediate aquitard does not yield water at a sufficient rate 
to be classified as an aquifer or to be used as a drinking water source. Additionally, the 
deep water-bearing zone is not a suitable drinking water source because it yields 
groundwater of highly variable quality, typically containing naturally high concentrations 
of calcium, bicarbonate, sulfate, sodium, chloride, iron, and/or hydrogen sulfide gas 
(Wiser et al., 1951). 

As stated previously, a deed restriction is in-place for the Site, prohibiting the use of 
groundwater. Additionally, groundwater within a 1-mile radius of the Site is not used as a 
source of drinking water. Municipal water systems, which draw water from the Detroit 
River beyond Site influence, serve the surrounding communities. Accordingly, application 
of drinking water criteria to this aquifer is inappropriate. In accordance with the National 
Contingency Plan (NCP) and as specified in U.S. EPA's Risk Assessment Guidance for 
Superfund, Vol. 1: Human Health Evaluation Manual (Part B, Development of Risk-Based 
Preliminary Remediation Goals, 1991): 

"Ground water that is not an actual or potential source of drinking water may not 
require remediation to a 1ft4 to 1O level (except when necessary to address 
environmental concerns or allow for other beneficial uses...)" 

Instead, environmental considerations, such as potential impacts on surface waters 
generally determine cleanup standards. A dense clay layer underlies the shallow aquifer 
and functions as an aquitard to preclude migration of chemical constituents from the 
upper parts of the clay toward the underlying bedrock aquifer. Vertical groundwater 
velocities average approximately 9 x 1O feet/day (3.4 x 10-8 cm/s). 
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Surface water transecting this parcel, however, may intercept shallow groundwater 
flows. Huntington Drain, which has low to intermittent flow, could be potentially 
impacted by shallow groundwater movement; however, the hydraulic gradient is low 
and hydraulic conductivity estimates are approximately 0.3 feet/year. Thus, it is likely 
that the transfer of constituents from groundwater to surface water in Huntington Drain( 
is negligible. 

3.5.2.1 IDENTIFICATION OF POTENTIAL HUMAN HEALTH RECEPTORS 

Land use is an important consideration for ascertaining potential receptors under 
current and future-use conditions. At present, the Site is fenced and the area is 
maintained by occasional selective mowing. 

Under current use conditions at the Site, two receptors related to human health were 
considered for potential exposure to Site-related constituents. Currently, the perimeter 
of this parcel is mowed regularly, and thus, grounds maintenance personnel are 
potentially exposed to constituents through inhalation of airborne surface soil particles 
and VOC vapors, incidental ingestion of soil particles, and dermal contact with surface 
soils. Although the parcel is fenced, a trespasser may potentially gain access to the Site 
from a number of areas. Consequently, in the event that trespassers do gain access to 
the Site, they potentially may be exposed to constituents via dermal contact with 
surface soils, incidental ingestion of surface soils, and inhalation of airborne 
particulates and VOC vapors. 

In addition to the current use conditions, the following pathways, receptors, and routes of 
exposure were conservatively considered to be a comprehensive assessment of potential 
risks under future Site-use conditions: 

• Hypothetical future construction worker dermal exposure to soils, incidental 
ingestion of soils, inhalation of fugitive dusts and VOC vapors from soils and dermal 
exposure to groundwater; 

• Hypothetical future office worker inhalation of VOC vapors emanating from soil and 
groundwater; 

• Hypothetical future utility trench worker dermal exposure to groundwater and inhalation of 
VOC vapors emanating from groundwater. 
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3.5.2.2 IDENTIFICATION OF POTENTIAL ECOLOGICAL RECEPTORS 

The 92-acre West Brine Field is the most ecologically complex and diverse section of 
the facility. The property is enclosed with a chain-link barbed wire fence that precludes 
unconstrained movement of many animals to and from the Site. The perimeter of the 
property consists of grassy areas that are mowed on a regular basis. The remaining 
portions of this parcel consist of a mosaic of unmowed early successional fields, 
scrub/shrub communities, elm/aspen- dominated wooded areas, and aquatic and riparian 
habitat (Huntington Drain). 

A quantitative field assessment of the suitability of the habitat types for use by a number 
of ecological receptors was made using U.S. EPA-approved Habitat Suitability Index 
(HSI) models (see Table 3.5). The HSI protocols were developed originally for the 
Western Land Use Team (WELUT) and the Pennsylvania Modified Habitat Evaluation 
Process (PAM HEP) habitat assessment models. The models used in this study were 
based on models from WELUT, PAM HEP, and other published sources. Each model 
assigns a numerical rating between 0 and 1 for the condition of various factors that are 
important in a species' life history. The species-specific models produce suitability 
indices for several life requisites such as breeding, food, cover, or water by combining 
these factor ratings. The total HSI score is, generally, the lowest of the life requisite 
suitability index of the model. The rationale for this determination is that any single life 
requisite can limit or exclude a species from utilizing the habitat. It should be noted, 
however, that a favorable HSI does not guarantee that a species will occupy the habitat, 
nor does a low HSI preclude a species from being found in the habitat. 

The selection of potential ecological receptors was made based on their ecological 
relevance to the Site and the availability of published HSI models. The potential 
ecological receptors chosen for this evaluation and their ecological relevance are listed 
below: 

Potential eceptor Ecological Relevance 

White-tailed deer Terrestrial herbivore 

Raccoon Terrestrial omnivore 

Muskrat Semi-aquatic herbivore 

Meadow vole Burrowing terrestrial omnivore 

Field sparrow Avian omnivore 
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The West Brine Field area scored the highest for habitat quality for the white-tailed deer 
as shown in Table 3.5; however, the surrounding fence limits free access to the Site, so 
it is unlikely that the area sustains a permanent population of deer. Rather, it is more 
likely that the West Brine Field provides food and cover for transient individuals. HSI 
scores for the meadow vole and field sparrow were moderately high, indicating that the 
habitat is relatively suitable for these species. Because of a lack of breeding sites, the 
West Brine Field is unsuitable for supporting a population of raccoons. Likewise, 
because Huntington Drain does not support adequate aquatic vegetation, the HSI score 
for the muskrat was determined to be 0.0, indicating unsuitable habitat for this species. 

Terrestrial Receptors 

Based on the outcome of the HSI modeling, the potential ecological receptors include 
the white-tailed deer, the meadow vole, and the American Robin. Note that the 
American Robin was selected in place of the field sparrow following further evaluation. 
The use of the American Robin as an assessment endpoint receptor is a more 
conservative approach to assessing risks to avian receptors in that the diet of the 
American Robin consists of not only fruits, seeds, and grasses (same as the omnivorous 
field sparrow), but also soil-dwelling invertebrates (e.g., earthworms). Potential routes 
of exposure for these terrestrial receptors to Site-related constituents include direct 
exposure via ingestion of surface water, incidental ingestion of surface soil and 
sediment, and indirect exposure via trophic transfer. Bioconcentration, 
bioaccumulation, and biomagnification (resulting from trophic transfer) were 
considered in calculating wildlife exposure rates. Refer to the Risk assessment 
(Appendix J) for detailed discussions regarding these phenomena. 

Aquatic Receptors 

Because the flow of surface water in Huntington Drain is low, and possibly intermittent 
during some portions of the year, it is unlikely that aquatic receptors would reside in this 
portion of Huntington Drain for any significant period of time. Consequently, aquatic 
receptor exposure is considered either incomplete or insignificant. 

Plant Receptors 

Terrestrial plants potentially may be exposed to Site-related constituents through direct 
contact with either sediment or soil. This exposure may result from root uptake of 
constituents. 
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3.6 SELECTION OF RISK-BASED SCREENING LEVELS 

A review and evaluation was conducted of currently available regulatory and guidance 
levels which would be applicable to the West Brine Field. Applicability of specific 
screening levels was based on the Site conceptual model and pathways analysis. Lists of 
the SLs are provided in Appendix C and discussed in the following sections. 

3.6.1 HUMAN HEALTH SCREENING CRITERIA 

The MDEQ has been delegated authority by Region 5 of the U.S. EPA to implement the 
Corrective Action Program (CAP) under RCRA. A Memorandum of Understanding 
(MOU) between the U.S. EPA and the MDEQ establishing Region 5's recognition of 
Michigan's CAP was executed on November 3, 2000. The MOU identifies Michigan Act 
451, Part 201 criteria as the U.S. EPA-approved guidance levels for RCRA corrective 
actions. 

Consequently, based on the current property zoning, the Part 201 Generic Industrial 
Criteria were used as the SLs to compare against data obtained from the Phase I and 
Phase II RFIs. MDEQ Generic Industrial Criteria include criteria for soil/waste including: 
direct contact, infinite source volatile soil inhalation, particulate soil inhalation criteria, 
soil volatilization to indoor air (future use), and soil to groundwater contact protection 
criteria. These also include criteria for groundwater: groundwater/surface-water interface 
criteria, groundwater volatilization to indoor air/inhalation (future use), groundwater 
contact criteria, flammability/explosivity screening, and groundwater acute inhalation 
screening levels. Part 201 Generic Industrial Criteria are discussed in more detail in 
Subsection 3.6.1.1. 

Additionally, in accordance with U.S. EPA Region 5 policy1 EPA Region 5 SLs from 
Appendix D of the Region 5 Model QAPP, (EPA, 1998) were used for screening soil and 
groundwater concentrations. The U.S. EPA Region 5 values consist of a combination of 
pathway-specific soil screening levels (SSLs), U.S. EPA Region 9 Preliminary 
Remediation Goals (PRGs) and U.S. EPA maximum contaminant levels (MCLs). U.S. 
EPA Region 5 SLs are discussed in detail in Subsection 3.6.1.2. 

14027 (5) 31 CONESTOGA-ROVERS & ASSOCIATES 



3.6.1.1 PART 201 GENERIC INDUSTRIAL CLEANUP CRITERIA 

The Part 201 Generic Industrial Criteria (revised June 7, 2000) were used as risk-based 
SLs for surface soils, subsurface soils, S1AMU contents to determine if the SWMUs/Areas 
had been adequately delineated. The values for the industrial category use were used 
because the future use of the West Brine Field will be restricted to industrial (the Site is 
currently zoned industrial). As presented in Appendix K, a deed restriction is in-place for 
the Site, restricting the Site to industrial uses. The relevant and applicable Part 201 
Generic Industrial Criteria for the Site are as follows: 

• Soils: 
— Part 201 Generic Industrial Ambient Air Infinite Source Volatile Soil Inhalation 

Criteria (VSIC) 
— Part 201 Generic Industrial Direct Contact Criteria (DCC) 
— Part 201 Generic Industrial Groundwater Contact Protection Criteria (GCPC) 
— Part 201 Generic Industrial Particulate Soil Inhalation Criteria (PSIC) 
— Part 201 Generic Industrial Soil Volatilization to Indoor Air Inhalation Criteria 

(SVIIC) 

• Groundwater 
— Part 201 Groundwater Surface Water Interface (GSI) Criteria 
— Part 201 Generic Industrial Groundwater Contact Criteria (GCC) 
— Part 201 Generic Industrial Groundwater Volatilization to Indoor Air Inhalation 

Criteria (GVIIC) 
— Part 201 Generic Flammability and Explosivity Screening Levels 
— Part 201 Generic Acute Inhalation Screening Levels 

The Part 201 generic drinking water criteria that are based on human health risks due 
to the consumption of drinking water or the soil pathway to groundwater/drinking 
water were not considered applicable to the West Brine Field since a deed restriction 
has been placed on the property prohibiting the use of groundwater (Appendix K), 
groundwater in Wayne County is unusable as a potable water supply, and the 
hydraulic conductivities of the shallow water-bearing zone are very low such that a 
sustainable water supply is not possible. GSI protection criteria for soils were not 
used since monitoring wells have been installed at the Site to measure the actual 
quality of the groundwater , and similarly surface water samples were collected to 
determine the actual surface water quality. 
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Generic assumptions (an acceptable risk for carcinogens of 10 and a hazard quotient 
[HQ] less than or equal to 1 for noncarcinogens) and risk-based calculations (RBCs) 
were used to determine the Part 201 generic criteria protective of human health at an 
industrial site. U.S. EPA Risk Assessment Guidance for Superfund (U.S. 
EPA/540/1-89/002, December 1989) was used to guide the MDEQ calculation 
procedure. 

For soils, the VSIC and PSIC were calculated to be protective of exposure from 
inhalation of airborne soil constituents (volatiles and particulates) in ambient air. The 
DCC values were calculated to be protective of humans against long-term, systematic 
health effects from ingestion of and dermal contact with contaminated soil. The GCPC 
are soil values to protect migration to groundwater where there is a groundwater contact 
pathway of concern. The SVIIC were developed to be protective of constituents 
volatilizing and entering indoor buildings when the foundation is in contact with soil 
contaminated with volatile constituents. 

For groundwater, the GSI criteria define the maximum allowable hazardous substance 
concentration in the GSI or at the edge of the mixing zone. CCC and acute inhalation 
SLs were developed to be protective of Site workers/personnel who would be in contact 
with groundwater (when excavating) from exposure to dermal contact with and 
inhalation of volatile constituents from groundwater. GVIIC are to be protective of 
exposure to constituents volatilizing and entering indoor buildings when the foundation 
is within 10 feet of groundwater containing volatile constituents. The 
flammability/explosivity screening is a default value to ensure that any of the risk-
calculated values are not greater than a value that would cause an explosion or 
combustion threat. 

3.6.1.2 U.S. EPA REGION 5 RISK-BASED SCREENING LEVELS 

U.S. EPA Region 5 SLs were used for screening soil and groundwater. For soils, the U.S. 
EPA Region 5 values consist of a combination of pathway-specific SSLs and U.S. EPA 
Region 9 Soil PRGs. The U.S. EPA Region 9 Soil PRGs are separated into residential and 
industrial land uses. For the purposes of this evaluation and consistent with the Site's 
industrial zoning, U.S. EPA Region 9 Industrial Soil PRGs were used for comparisons to 
Site soil data. The Industrial Soil PRGs were established by the U.S. EPA based on 
exposure to a combination of soil ingestion, inhalation of volatiles or fugitive dust, and 
dermal exposure. 
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For risk-based screening of constituents in groundwater, the US. EPA requires that SLs 
account for potential residential use. Therefore, in accordance with Appendix D of the 
Region 5 Model QAPP, U.S. EPA MCLs were used. However, MCLs exist for less than 
100 constituents . Therefore, in accordance with Appendix D of the Region 5 Model 
QAPP, for constituents that did not have a MCL, the U.S. EPA Region 9 Groundwater 
PRG value was used. 

For the human health and ecological risk assessment (Appendix J, summarized in Section 
6.0), U.S. EPA Region 9 PRGs were used for screening soil and groundwater and where 
Region 9 PRGs were not available, MDEQ Part 201 criteria were used. Refer to Section 
6 and Appendix J for details regarding screening levels used for the human health and 
ecological risk assessment. 

3.6.2 ECOLOGICAL SCREENING CRITERIA 

In accordance with U.S. EPA Region 5 policy, soil, sediment, and surface-water levels of Site-
related constituents were screened against the U.S. EPA Region 5 Ecological Data Quality Levels 
(EDQLs) in order to facilitate the ecological risk screening process. The EDQLs are obtained 
from the U.S. EPA Region 5 Model QAPP, Appendix C, April 1998 (U.S. EPA, 1998). By 
screening media-specific constituent concentrations against these criteria, those constituents that 
represent a possible threat to the environment can be identified and evaluated further. 

3.6.3 SOIL AND GROUNDWATER: BACKGROUND 

Results from analyses of background samples were used to evaluate concentrations of 
metals detected in other areas of the Site. Metals concentrations can vary greatly 
because of differences in background conditions from region-to-region and site-to-site. 
Concentrations of metals in background soil and groundwater were compared to 
background data prior to comparing the samples to the agency SLs. As such, metals 
presented on Plans 1 and 2 are greater than both the screening levels identified in this 
section and background. 

Section 4.0 presents results of field investigations and provides a comparison of detected 
constituents to screening levels identified in this section. 
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4.0 RESULTS OF INVESTIGATIONS 

4.1 INTRODUCTION  

This section presents the results of the field investigation and the geotechnical and 
chemical testing of samples collected from the Site during the Phase I and II RFIs. The 
results indicate that the SWMUs/Areas have been adequately delineated and that no 
further investigations are required to collect information to support a risk assessment. 

Discussions of the results for each SWMU/Area are presented in individual subsections, 
and reference summary data tables and plans. The field activities summarized in these 
subsections are further detailed in Appendix A. The data tables present validated 
analytical results only for those constituents that were detected in samples collected at 
the Site. A complete list of the analytical parameters is provided in Appendix H. A 
discussion of the data validation is provided in Section 5.0. 

Full analytical laboratory reports are not contained in this report; however, validated 
databases are provided to U.S. EPA on a diskette included in this report. The databases 
are in ASCII flat files of fixed width columns. A file exists for 1) surface/groundwater 
samples, and 2) soil/sediment samples. The databases can be opened with most 
spreadsheet or database programs. As stated in the RFI Phase I Work Plan, 10% of the 
full Contract Laboratory Program (CLP) data packages will be made available to U.S. 
EPA following a written request to ATOFINA Chemicals, Inc. 

The results for the polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans 
(PCDDs/PCDFs) are shown in the tables as equivalent concentrations of the 2,3,7,8-
tetrachlorinated dibenzo-p-dioxin (TCDD) isomer. The toxicity equivalent concentrations 

 for PCDDs/PCDFs were calculated using the methodology presented in the U.S. EPA 
document: Interim Procedures for Estimating Risks Associated with Exposures to 
Mixtures of Chlorinated Dibenzo-p-dioxins and -Dibenzofurans (CDDs and CDFs) and 
1989 Update (U.S. EPA/625/3-89/016, March 1989). The PCDD/PCDF "raw" data (i.e., 
the data points that have not been converted to equivalent 2,3,7,8-TCDD concentrations) 
are provided in the electronic database. Refer to Section 6.0 for further discussion 
regarding. PCDDs/PCDFs.  

As discussed below, tentatively identified compounds (TICs) are reported for volatile 
organic compounds (VOCs) and semi-VOCs (SVOCs) for most samples. TICs are 
organic compounds that were detected in samples but that are not on the standard 
analyte lists (e.g., Appendix IX or TCL). There are no analytical standards for the TICs; 
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therefore, the concentrations are reported as estimated values. Further discussion of 
TICs is presented in Section 6.0. A summary of detected TICs are presented in 
Appendix I. 

4.2 DATA ADEQUACY 

The adequacy of the data collected form the Phase I and Phase II RFIs was evaluated to 
determine if further investigations were warranted. The evaluation process was based 
on that used during the preparation of the Phase II Work Plan and included the 
consideration of principles included in Corrective Action for Releases from Solid Waste 
Management Units at Hazardous Waste Management Facilities (Advance Notice of 
Proposed Rulemaking [ANPR], 61 Federal Register 19432) including: (1) corrective 
action decisions should be based on risk, and (2) characterization of constituents can be 
delineated to risk-based concentration levels (screening levels) so long as the sample 
results are sufficient to support cleanup decisions. Also, as addressed in the ATOFINA 
Chemicals, Inc. Consent Order, such screening levels were used to assist in determining 
whether the constituents found at the Site warranted further study. 

The selection of screening levels for the evaluation of RFI data was based on the 
applicable Part 201 generic criteria, U.S. EPA Region 5 Risk-Based SLs, and EDQLs (see 
Section 3.6). These criteria were compared to concentrations of the constituents detected 
from sampling and analyses conducted for the RFI. Applicability was based on the Site 
conceptual model (e.g., type of media and hydrogeological conditions at the Site). 

The characterization of SWMUs/Areas was also designed to collect and analyze samples 
of materials that were most representative of the source areas (highest concentrations). 
This was accomplished through a historical review of Site records, maps, and aerial 
photographs; employee interviews; and biased field investigative techniques. The biased 
field investigation consisted of procedures to find the most representative materials, 
which include geophysical studies, test pits, and field-screening techniques. 

As demonstrated in the following sections, the data collected is sufficient to proceed 
with a thorough data evaluation and completion of a risk assessment. The following 
sections provide discussions of the data, and a summary of the Site risk assessment is 
provided in Section 6.0. 

14027 5) 36 CONESTOGA-ROVERS & ASSOCIATES 



4.3 BACKGROUND SAMPLING 

Background sampling for soils and groundwater was performed during the Phase I RFI. 
The following sections discuss the results and establish background concentrations to 
which the concentrations of constituents detected in the soil and groundwater samples 
collected from the specific SWMUs/Areas were compared. 

4.3.1 ACTIVITY AND SAMPLING EFFORT 

Table 2.1 provides a summary of the field activities conducted and sample analyses 
performed for background soil and groundwater characterization. To establish 
background concentrations, three soil borings were advanced and sampled, and three 
shallow groundwater monitoring wells were installed and sampled in areas believed to 
be unaffected by previous operations: the locations of the background soil borings and 
monitoring wells are shown on maps 1 and 2. 

Overall, the results of the background sampling were typical of an industrial area. Three 
soil samples (O6SBO1 through 06SB03) and three groundwater samples (MW-O01, MW-
005 and MW-007) were collected from native material and were considered to be 
representative of background conditions. The analytical results for these samples are 
discussed in the following paragraphs and are provided in Tables 4.1 to 4.4. 

4.3.2 SUMMARY OF BACKGROUND SOIL SAMPLE RESULTS 

In the background soil samples, the following constituents were detected: 

• 2 VOCs, 
• 2 SVOCs, 
• 1 pesticide, 
• 13 metals, 
• sulfide, and 
• various semi-volatile TICs (0.15 mg/kg to 1.1 mg/kg). 

Of the detected constituents, only sulfide was detected above applicable screening 
levels. Sulfide was encountered in SB-1 at 10-12 feet bgs above EDQLs only. A 
summary of the risk assessment performed to evaluate potential ecological risks 
associated with exceedances of EDQLs is provided in Section 6.0. 
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Note that metals concentrations in background soil (Table 4.3) were not compared to 
criteria as they are considered background. In order to establish the validity of using the 
Site-specific background soil sample metals concentrations as background levels, a 
comparison was made with literature metals concentration ranges for eastern Michigan 
and eastern United States soils (Table 4.1). Generally, the Site-specific background 
metals concentrations were within the range of literature metals concentrations. 

A statistical analysis was performed for the background soil metals concentrations for 
comparison with metals concentrations in samples collected at other areas of the Site. A 
95% upper tolerance limit (UTL) was calculated for each metal concentration. This means 
that it can be said with a confidence of 95% that this upper limit will cover at least 95% of 
the population of concentrations of metals in the background samples. The 95% UTLs for 
metals in soils are provided in Table 41. Metals concentrations at each area of the Site 
were compared to the 95% UTL derived from the background soil samples. Since 
background metals concentrations calculated from samples analyzed during the Phase I 
RFI were not available for aluminum, calcium, iron, magnesium, manganese, potassium, 
and sodium which were analyzed during the Phase II RFI, background samples from the 
ATOFINA Chemicals, Inc. East Plant clay unit were used. This clay unit is the same clay 
unit as those samples collected for background at the West Brine Field. The seven 
constituents were not included in the Phase I RFI since the parameter list used was the 
Appendix IX; the TAL metals list was used for the Phase II RFI. 

4.3.3 SUMMARY OF BACKGROUND GROUNDWATER SAMPLE RESULTS 

In one or more of the background groundwater samples, the following constituents were 
detected: 

• 1 VOC (acetone), 
• 1 SVOC (bis(2-ethylhexyl)phthalate), 
• 6 soluble metals, 
• 13 total metals, and 
• 1 semi-volatile TIC (0.004 mg/L). 

Of the detected constituents, only bis(2-ethylhexyl)phthalate (a common field/laboratory 
artifact) was detected above U.S. EPA MCLs. No Part 201 Industrial Criteria were 
exceeded. Note that the background groundwater samples were not compared to GSI 
criteria, as monitoring wells MW-002, MW-003 and MW-004 have been 
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installed at the Site to measure the actual quality of groundwater, and similarly, surface 
water samples were collected to determine the actual surface water quality. 
Additionally, note that metals concentrations were not compared to criteria as they are 
considered background. Discussions regarding the validity of using MW-O01, MW-005 
and MW-007 as background monitoring wells are provided below. 

Background monitoring well MW-O01 was installed in the northern portion of the WBF. 
This area is upgradient of the Huntington Drain, in an area believed to be unaffected by 
previous operations and downgradient of only residential properties. As such, it is 
believed that the concentrations found in MWOO1 represent Site-specific background in 
groundwater north of the Huntington Drain. 

Background monitoring wells MW-005 and MW-007 are located near the southern 
property boundary, in an area believed to be unaffected by previous operations and 
downgradient of the former SWMU 2 and residential properties. As described in 
Section 1.1.4, drum/soil removal actions were performed at SWMU 2 from February to 
June 1995. Waste characterization sampling of source soils and groundwater, prior to 
remediation in 1995, showed that the material was characteristically hazardous due to 
the presence of benzene in soil (metals were not a concern). Metals detected in the soil 
leachate were similar to soluble metals results (and lower than total metals results) in 
groundwater samples collected from MW-005 and MW-007. Additionally, one 
groundwater sample collected from within a source area test pit showed total metals in 
source groundwater generally below total metals encountered in MW-005 and MW-007. 
Based on these results, along with the fact that no soil samples collected following 
SWMU 2 remediation exceeded applicable criteria, it is apparent that the former 
presence of SWMU 2 is not likely to increase constituent concentrations in 
downgradient groundwater. Furthermore, as shown on Table 4.2, metals encountered in 
all background wells (MW-001, MW-005 and MW-007) are very similar. This is 
important as the background wells are located greater than 1,400 feet apart and 
separated by the Huntington Drain. 

Based on the background well locations (near property boundaries, in areas believed to 
be unaffected by previous Site uses), the fact that upgradient properties/areas are not 
likely to adversely influence groundwater in background wells, and similarities of 
metals concentrations across the Site, it is believed that the highest concentrations found 
in background wells MW-005 and MW007 are representative of values that can be 
considered background in the area south of the Huntington Drain. 
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Background groundwater metals concentrations north of the Huntington Drain (MW-
OO1) and south of the Huntington Drain (MW-005 and MW-007) are presented on Table 
4.2. Groundwater metals concentrations from each monitoring well located north of the 
Huntington Drain were compared to the concentrations detected in MW-0O1. 
Groundwater metals concentrations from each monitoring well located south of the 
Huntington Drain were compared to the highest concentration detected in MW-005 and 
MW-007. 

4.4 FORMER LANDFILL 1 (SWMU 1) 

4.4.1 ACTIVITY AND SAMPLING EFFORT 

Table 2.1 and 2.3 provide a summary of the field activities conducted and sampling 
analyses performed for source and groundwater characterization at SWMU 1. The field 
activities are further described in Appendix A which includes the test pit and borehole 
logs. In order to characterize SWMU 1, a geophysical survey was initially conducted 
followed by the excavation of 10 test pits and installation of 13 soil borings. One sample 
of SWMU materials was collected. To assess the potential migration of compounds 
identified in the SWMT.J, ten soil samples were collected from beneath and beside the 
SWMU, and one shallow groundwater monitoring well was installed downgradient of 
SWMU 1 and sampled. SWMU 1 sample locations are illustrated on Plans 1 and 2. 

4.4.2 GEOPHYSICAL INVESTIGATION, TEST PIT EXCAVATION, AND SOIL 
BORING INSTALLATION 

Based on the results of the geophysical investigation, test pit excavation, and soil boring 
installation activities, the physical characteristics of SWMU 1 and its lateral and vertical 
boundaries were adequately delineated. The area in the vicinity of SWMU 1 is generally 
covered by 6 to 12 inches of topsoil, under which lies a brown silty clay that becomes 
mottled with gray silty clay at approximately 7 to 9 feet bgs. This mottled clay extends to 
the bottom of the deepest test pit (17 feet bgs). The moisture of the soil during the Phase I 
and Phase II RFI ranged from dry to moist with increasing depth. Although the water level 
observed during the Phase I RFI in nearby monitoring well MW-006 of 2 feet bgs on 
January 8, 1997 does not support this observation, the water level of 20.5 feet bgs on 
January 4, 2000 during the Phase II RFI appears to indicate that the dry to moist condition 
of the soil is a result of seasonal discontinuous perched water (see Appendix A for water 
levels). 
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As defined by unimpacted brown silty clay identified in borings O1SBO5, O1SBO7, 
O1SB14, and O1SBO3 (for depth) and the west half of BTP1-8, SWMU 1 boundaries 
encompass an area of approximately 160 feet (north-south) by 85 feet (east-west) by 14.5 
feet deep. Within this area, the geophysical surveys identified an anomaly indicative of 
buried ferrous material. Subsequent test pit excavation and soil boring activities visually 
confirmed the lateral extent of the fill material and confirmed the presence of randomly 
dispersed drums. Solids encountered at SWMU 1 included wood, brick, fabric, heavily 
stained soils, and metal drums containing a dark brown, translucent, oily liquid and a 
denser, white, opaque, highly viscous fluid. The condition of the drums ranged from poor 
to partially disintegrated. The drums are concentrated in the center of the SWMU area 
(between the geophysical grid coordinates 75N and 120N, and between 105E and 120E). 
The depths of the drums ranged from 2.5 feet bgs in BTP1-4 to 10 feet bgs in BTP1-9. 
Liquids from these drums were observed in the form of oily seams to a maximum depth of 
14 feet bgs in BTP1-7. Strong odors were emitted from the drum liquids, stained soils, 
and adjacent unstained soils. These areas also exhibited elevated levels of organic vapor 
content ranging from 15 to 1,250 parts per million (ppm) above background levels. A 
sample of material (01WM01), representative of drum contents, was collected from 2.5 to 
3 feet bgs in BTP1-4 (refer to test pit logs in Appendix A). Results of the waste sampling 
are shown on Tables 4.5 and 4.6 and summarized in Section 4.4.3, below. Extent of 
waste material is described in Sections 4.4.4 through 4.4.6. 

At the north end of SWMU 1 between borings O1SBO8 and O1SB12, a white ash-like 
material and staining/odors were detected at approximately 2 to 4 feet bgs. This 
impacted soil was not detected in borings O1SB15 to the northeast and O1SB14 to the 
north. The white ash like material with staining/odors was sampled in O1SB16 at 3 feet 
bgs. Results of the sampling are shown on Table 4.7 and summarized in Section 4.44, 
below. 

The drum contents (O1WMO1), soil directly beneath the SWMU material, soil around the 
perimeter and beneath the SWMU, and downgradient groundwater were subsequently collected 
and sampled. 

4.4.3 SWMU 1 WASTE SAMPLING 

Analytical results for SWMU 1 waste are presented in Tables 4.5 and 4.6. The following 
compounds were detected in SWMU 1 waste: 

2 SVOCs, 
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• 13 metals, 
• sulfide, 
• various volatile TICs (74 J mg/kg to 3,200 J mg/kg), and 
• various semi-volatile TICs (52 J mg/kg to 12,000 J mg/kg). 

The following organic compounds were detected over applicable Part 201. U.S. EPA SSL, 
and/or EDQL screening levels: 

Parameters Units Max Conc. Part201 SSL EDQL 

Semi-Vola ti le Organics  
Naphthalene mg/kg 140 x 
Phenol mg/kg 1200 x 

The following inorganic compounds were detected over applicable Part 201, U.S. EPA SSL, 
EDQL and/or background screening levels: 

Parameters Units Max Conc. Part 201 SSL EDOL Background 

Meta is  
Mercury, Total mg/kg 0.14 x x 

General Chemistry 
Sulfide, Total mg/kg 154 x 

As shown above, exceedances are limited to background and EDQLs. A summary of the 
risk assessment performed to evaluate potential ecological risks associated with SWMU 1 is 
provided in Section 6.0. 

As identified in Table 4.6, SWMU 1 contents are not RCRA characteristically hazardous. 

4.4.4 SWMU 1 SOIL SAMPLING  

Analytical results for SWMU 1 soil are presented in Table 4.7. The following compounds 
were detected in SWMU 1 soil: 

• 2VOCs, 
• 4 SVOCs, 
• 19 metals, 
• sulfide, 
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• various volatile TICs (0.006 J mg/kg to 1,100 NJ mg/kg), and 
• various semi-volatile TICs (0.076 J mg/kg to 2,100 J mg/kg). 

The following organic compounds were detected over applicable Part 201, U.S. EPA SSL, 
and/or EDQL screening levels: 

Parameters Units Max Conc. Part2O1 SSL EDQL 

Semi-Volatile Organics 
Phenol mg/kg 640 x 

The following inorganic compounds were detected over applicable Part 201, U.S. EPA SSL, 
EDQL and/or background screening levels: 

Parameters Units Max Conc, Part2O1 SSL EDQL Background 
                  
Metals 
Aluminum, Total mg/kg 19900     x 
Arsenic, Total mg/kg 11.0 x x x 
Cobalt, Total mg/kg 15.7   x x 
Magnesium, Total mg/kg 18100     x 
Nickel, Total mg/kg 47.4   x x 
Thallium, Total mg/kg 1.7   x x 
Zinc, Total mg/kg 84.2   x x 

 

As shown above, exceedances were limited to U.S. EPA SSLs (arsenic only), EDQLs 
and background. As shown on Plan 1, arsenic was encountered throughout the Site 
(including in areas thought to be unaffected by historical Site operations) at similar 
concentrations. These similarities, combined with the lack of arsenic in waste materials, 
indicates that the levels of arsenic identified on Site, are likely to be background. All 
compounds were detected below applicable Part 201 Industrial Criteria. A summary of 
the risk assessment performed to evaluate potential human health and ecological risks 
associated with SWMU 1 is provided in Section 6.0. 

4.4.5 SWMU 1 GROUNDWATER SAMPLING 

Analytical results for SWMU 1 groundwater are presented in Table 4.8. The following 
compounds were detected in SWMU 1 groundwater: 
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• 1 SVOC, 
• 5 soluble metals, 
• 13 total metals, and 
• various semi-volatile TICs (0.005 J mg/kg to 0.027 J mg/kg). 

The following organic compounds were detected over applicable Part 201 and/or U.S. EPA MCL 
screening levels: 

Parameters Units Max Conc. Part 201 MCL 

Semi-Volatile Organics  
Bis(2-Ethylhexyl)Phthalate mg/L 0.01 x 

The following inorganic compounds were detected over applicable Part 201, U.S. EPA MCL, 
and/or background screening levels: 

Parameters Units Max Conc. Part 201 MCL Background 

Meta is  
Lead, Soluble mg/L 0.0075 x x 
Tin, Total mg/L 0.014 x 

As shown above, only soluble lead, total tin and bis(2-ethylhexyl)phthalate were detected 
above background and/or U.S. EPA MCLs.. No Part 201 Industrial Criteria were 
exceeded. Note that SWMU 1 groundwater samples (MW-006) were not compared to GSI 
criteria, as monitoring wells MW-002, MW-003 and MW-004 have been installed at the 
Site to measure the actual quality of groundwater, and similarly, surface water samples 
were collected to determine the actual surface water quality. Additionally, it is important 
to note that bis(2-ethylhexyl)phthalate is a commonTTld7laboratory contaminant and 
may be an artifact of field and/or laboratory procedures. 

A summary of the risk assessment performed to evaluate potential human health risks associated 
with SWMU 1 is provided in Section 6.0. 

4.4.6 SUMMARY OF SAMPLING RESULTS 

In summary, the results of the sampling activities indicate that naphthelene, phenol, bis(2-
ethylhexyl)phthalate (a common laboratory artifact) and various metals are present 
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in the soil and/or groundwater at concentrations exceeding background, EDQLs and/or U.S. EPA 
SLs at SWMU 1. 

Although soil and groundwater exceedances exist, the vertical migration of constituents 
is limited by the very low permeability of the silty clay layer. The likelihood of 
impacting downgradient receptors is low due to the very slow horizontal groundwater 
migration velocities and dilution potential between SWMU 1 and Huntington Drain, and 
the fact that the groundwater is not used as a source of drinking water at the Site or at 
downgradient locations. In addition, access to SWMU 1 is restricted by the Site's fenced 
boundary. Therefore, the potential for human contact other than for industrial uses is 
also unlikely. 

' \ 

With the physical and chemical information presented above, SWMU 1 has been 
adequately delineated. Further evaluation of SWMU 1 has been addressed in the human 
health and ecological risk assessment presented in Section 6.0. Based on the human 
health and ecological risk assessment, the contaminant concentrations do not pose 

 human health risks, however, ecological risks are possible due to the presence of phenol 
in waste and soil samples. As a result of these exceedances, and also due to the 
existence of buried drums, corrective measures will be evaluated for SWMU 1 
(SWMUs/Areas to be carried into the corrective measures phase are summarized in 
Section 7.0).  

4.5 FORMER LANDFILL 2 (SWMU 2) 

4.5.1 PREVIOUS REMEDIAL ACTIVITIES 

Tn September 1994, an investigation of the buried drums identified for removal as part of 
the Interim Work Plan (Weston, 1994) was completed, and the removal actions 
subsequently were performed from February 1995 to June 1995. The scope of work 
included surface soil sampling, the excavation and disposal of drums and associated soils, 
confirmatory soil sampling from the bottom of the excavation, and installation of three 
piezometers to monitor water levels downgradient of the former landfill. The results are 
presented in two reports, the Investigation Report and the Corrective Action Report 
(Weston, 1995a, 1995b). 
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4.6 FORMER LANDFILL 3 (SWMU 3)  

4.6.1 ACTIVITY AND SAMPLING EFFORT 

Table 2.1 and 2.3 provide a summary of the field activities conducted and sampling 
analyses performed for source and groundwater characterization at SWMIJ 3. The field 
activities are further described in Appendix A which includes the test pit and borehole 
logs. In order to delineate and characterize SWMU 3, a geophysical survey was 
conducted followed by the excavation of 52 test pits. Three samples were collected from 
the SWMU contents. Twenty-nine soil samples were collected from beneath and beside 
the SWMU to assess the potential migration of compounds. In addition, two shallow 
groundwater monitoring wells were installed downgradient of the SWMU and sampled. 
Sample locations are illustrated on Plans 1 and 2. 

4.6.2 GEOPHYSICAL INVESTIGATION AND TEST PIT EXCAVATION 

Based on the results of the geophysical investigation and the test pit excavation 
activities, the lateral and vertical boundaries of the former landfill were delineated. 
North of the geophysical coordinate 50N grid line, the SWMU 3 area is generally 
covered by 6 inches of topsoil, under which lies 1.5 to 3.5 feet of brown silty clay. 
Beneath this layer there is a firm gray silty clay, occasionally mottled or streaked with 
brown silty clay. The area south of the geophysical coordinate 50N grid line is mostly 
disturbed and filled with dark sandy silt and miscellaneous solids. Undisturbed soil 
beneath the fill consists mainly of brown/gray mottled silty, clay. The moisture of the 
soil during the Phase I and Phase I RFIs ranged from very dry to moist with increasing 
depth. This was generally supported by the water level observed in nearby monitor well 
MW-002 (approximately 8 feet bgs on January 7, 1997 and 9 feet on January 4, 2000) 
(see Appendix A for water levels). 

As defined by visually unimpacted brown/gray silty clay identified in test pits BTP3-17, 
-18, -21,- 26, -39,- 40, -42, -46,- 49, -50, -51, and -52, SWMU 3 boundaries encompass 
an area of approximately 170 feet (north-south) by 1,250 feet (east-west) by 10 feet 
deep. Within this area, the geophysical surveys identified three primary anomalies, 
excluding the buried utility line (anomaly 2), indicative of fill material. These anomaly 
locations are illustrated on Plans 1 and 2. Subsequent test pit excavation activities 
visually confirmed the lateral extent of the fill material and confirmed the presence of 
construction rubble (BTP3-5 through BTP3-7 [anomaly 1.] and the east half of SWMU 
3), miscellaneous debris (BTP3-8 and BTP3-9 [anomaly 3], BTP3-13 through BTP3-15 
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[surface debris I and the east half of SWMU 3), and a material thought by facility 
personnel possibly to be Vultacs (test pit locations 10 and 11 [anomaly 4]). Vultacs were 
used in the manufacturing of rubber. In general, miscellaneous debris is located south of 
the geophysical coordinate SON grid line. The miscellaneous debris consisted of large 
quantities of broken and unbroken glass, plastic, fabric, tires, and other items. The depth 
of miscellaneous debris was greatest near Huntington Drain (10 feet bgs in BTP3-15). 
Mixed with the miscellaneous debris was construction debris, such as wood, bricks, 
concrete, and metal. An isolated area of construction debris was also located in the 
vicinity of BTP3-5, BTP3-6, and BTP3-7. This area is visible on the surface as a pit 
approximately 4 feet deep and 20 feet in diameter. Construction debris, such as asphalt, 
terra cotta pipe, building stone, concrete, metal culvert, and chain-link fence, was located 
from 0 to 4 feet bgs in and around the pit. The third type of solids encountered, a black, 
tarry material (Vultacs), was observed in BTP3-10 and BTP3-11. This solid is present as a 
horizontal layer ranging from 0.5 to 1 foot thick and from 1.5 to 4 feet bgs. As shown on 
Table A-3 in Appendix A.1, samples of this material were collected from BTP3-10. 

A mothball-like odor was emitted from BTP3-10, and a gasoline-like odor was emitted 
from BTP3-11. The odors appeared to originate from stained soil found beneath the 
solids because elevated levels (5 to 8 ppm) of organic vapors were measured only in 
these strata. An odor was also observed in BTP3-13. This odor was similar to the odors 
observed in West Plant monitor wells MW-006 and MW-007. Organic vapor 
measurements up to 28 ppm above background were recorded from stained soils in BTP3-
13. No odors or stains were detected west of the geophysical grid, indicating that no 
hazardous wastes were associated with the construction and miscellaneous debris 
identified in this area. As shown on Table A-3 in Appendix Al, samples of the material 
emitting odors were collected from BTP3-10 and BTP3-13. BTP3-11 was not sampled 
due to the close proximity and similar soil type identified in BTP3-10. 

In general, SWMU 3 surficial debris was observed laterally to the embankments of 
Huntington Drain and vertically to depths of up to 10 feet bgs. Test pits BTP3-26, 
BTP3-50, and BTP3-51, completed between SWMU 3 and Huntington Drain, indicate 
that there is a strip of tan/brown/gray silty clay which exists south of SWMU 3, 
although some debris was visible during the Huntington Drain reconnaissance (see 
Section 4.9.1). In addition to those listed previously, test pit locations BTP3-1 through 
4, and BTP3-12 appeared to be unaffected by Site activities. The miscellaneous debris, 
Vultacs, soil beneath and around the SWMU, and downgradient groundwater were 
subsequently sampled. 
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4.6.3 SWMU 3 WASTE SAMPLING 

Analytical results for SWMU 3 waste are presented in Tables 4.9 and 4.10. The following 
compounds were detected in SWMU 3: 

• 3VOCs, 
• 16 SVOCs, 
• 15 metals1  
• 3 PCDFs, 
• various volatile TICs (0.049 J mg/kg to 0.66 J mg/kg), and 
• various semi-volatile TICs (0.34 J mg/kg to 9,200 J mg/kg). 

The following organic compounds were detected over applicable Part 201, U.S. EPA SSL, and/or 
EDQL screening levels: 

Parameters Units Max Conc. Part201 SSL EDQL 

Semi-Volatile Organics  
Benzo(a)Pyrene mg/kg 0.67 x 
Bis(2-Ethylhexyl)Phthalate mg/kg 3.4 x 

Dioxins/Furans (TEQ)  
2,3,7,8-TCDD (TEQ Value) jig/kg 0.01685 x 

The following inorganic compounds were detected over applicable Part 201, U.S. EPA SSL, 
EDQL and/or background screening levels: 

Parameters Units Max Conc. Part 201 SSL EDQL Background 

        
Metals 
Lead, Total mg/kg 21.6 x x 
Mercury, Total mg/kg 0.36 x x 
Tin, Total mg/kg 1.5   x 
Zinc, Total mg/kg 90.8 x x  

As shown above, exceedances were limited to U.S. EPA SSLs (benzo(a)pyrene only), 
EDQLs and background. All compounds were detected below applicable Part 201 
Industrial Screening levels. A summary of the risk assessment performed to evaluate 
potential human health and ecological risks associated with SWMU 3 is provided in 
Section 6.0. 
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As identified in Table 4.10, SWMU 3 contents are not RCRA characteristically 
hazardous. 

4.6.4 SWMU 3 SOIL SAMPLING 

Analytical results for SWMU 3 soil are presented in Table 4.11. The following compounds 
were detected in SWMU 3 soil: 

• 2 VOCs, 
• 17SVOCs, 
• 22 metals, 
• 4 PCDFs, 
• various volatile TICs (0.72 J mg/kg to 4.0 J mg/kg), and 
• various semi-volatile TICs (0.075 NJ mg/kg to 310 J mg/kg). 

The following organic compounds were detected over applicable Part 201, U.S. EPA SSL, 
and/or EDQL screening levels: 

Parameters Limits Max Conc. Part201 SSL EDQL 

Semi-Volatile Organics  
Benzo(a)Pyrene mg/kg 0.84 x 
Naphthalene mg/kg 37 x 
N-Nitrosodiphenylamine mg/kg 1.2 x 

Dioxins/Furans (TEQ)  
2,3,7,8-TCDD (TEQ Value) kg/kg 0.03468 x x 

The following inorganic compounds were detected over applicable Part 201, U.S. EPA SSL, 
EDQL and/or background screening levels: 

Parameters Units Max Conc. Part 201 SSL EDQL Background 

Metals 

Aluminum, Total mg/kg 17800 x 
Arsenic, Total mg/kg 21.7 x x x 
Cobalt, Total mg/kg 22.1 x x 
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Parameters Un2ts Units Conc. Part 201 SSL EDQL Background 
            

Metals Cont'd 
          

Copper, Total mg/kg 147 

  

x x 
Iron, Total mg/kg 63200     x 
Lead, Total mg/kg 218   x x 
Magnesium, Total mg/kg 16600     x 
Manganese, Total mg/kg 2930 x   x 
Mercury, Total mg/kg 1.6   x x 
Nickel, Total mg/kg 42.1   x x 
Tin, Total mg/kg 8.3   x x 
Zinc, Total mg/kg 315   x x  

As shown above, each applicable criterion was exceeded. A summary of the risk 
assessment performed to evaluate potential human health and ecological risks 
associated with SWMU 3 is provided in Section 6.0. 

As illustrated in Plan 1, manganese was detected in test pits 23, 25, and 39 at 
concentrations which exceed Part 201 generic PSIC (inhalation of soil particles) at the 
depth interval of 5 to 7 feet bgs. However, manganese concentrations detected in tests 
26 (near 23), 39, and 51 (near 25) (and at the upper interval in all other soil samples in 
SWMU 3) were below the Part 201 generic PSIC criteria. This indicates that, with the 
current inactive status of the Site, the elevated manganese concentrations at the lower 5-
7-foot intervals do not pose a threat to human health. 

4.6.5 SWMU 3 GROUNDWATER SAMPLING 

Analytical results for SWMU 3 groundwater are presented in Table 4.12. The following 
compounds were detected in SWMU 3 groundwater: 

• 2 VOCs, 
• 1SVOC, 
• 11 soluble metals, 
• 14 total metals, and 
• various semi-volatile TICs (0.004 J mg/L to 0.018 J mg/L). 

The following organic compounds were detected over applicable Part 201 and/or U.S. EPA 
MCL screening levels: 
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Parameters Units Max Conc. Part 201 MCL 

Semi-Vola ti le  Org anics   
Bis(2-Ethylhexyl)Phthalate mg/L 0.01 x 

Volatile Organics 
Chloroform mg/L 0.005 x 

The following inorganic compounds were detected over applicable Part 201, U.S. EPA 
MCL, and/or background screening levels: 

Parameters Units Max Conc. Part 201 MCL Background 
            

Metals 
          

Antimony, Total mg/L 0.189   x x 
Arsenic, Soluble mg/L 0.007   x x 
Arsenic, Total mg/L 0.0405   x x 
Barium, Total mg/L 0.706     x 
Beryllium, Total mg/L 0.0048   x x 
Cadmium, Soluble mg/L 0.0033 x   x 
Chromium, Soluble mg/L 0.0026     x 
Chromium, Total mg/L 0.143 x   x 
Cobalt, Total mg/L 0.156 x   x 
Copper, Soluble mg/L 0.0028     x 
Copper, Total mg/L 0.16 x   x 
Lead, Total mg/L 0.106 x x x 
Mercury, Total mg/L 0.00027 x   x 
Nickel, Soluble mg/L 0.009     x 
Nickel, Total mg/L 0.208 x   x 
Thallium, Total mg/L 0.0022   x x 
Vanadium, Soluble mg/L 0.0034     x 
Vanadium, Total mg/L 0.157 x   x 
Zinc, Soluble mg/L 0.0329     x 
Zinc, Total mg/L 0.446 x   x  

As shown above, background, U.S. EPA MCLs and Part 201 Industrial criteria were 
exceeded. Part 201 criteria exceedances are limited to the following compounds that were 
detected above Part 201 GSI: 
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• soluble cadmium, 
• total chromium, 
• total cobalt, 
• total copper, 
• total lead, 
• total mercury, 
• total nickel, 
• total vanadium, and 
• total zinc. 

It should be noted, however, that the parameters which are above the Part 201 GSI 
criteria are primarily total metals (the exception is soluble cadmium which was 
detected at 0.0033 mg/L, just above the GSI criteria of 0.0025 mg/L). This is because 
the groundwater samples were collected using a bailer and were highly turbid (see 
Appendix C) which increased the total metals concentrations. ATOFINA Chemicals 
Inc. understands that analyses for inorganic compounds being evaluated relative to the 
GSI pathway should be on unfiltered samples (using low-flow sampling techniques). 
However, using a bailer and providing filtered (0.45 micron filter) groundwater 
samples for metals analysis was the approved method at the time groundwater samples 
were collected from SWMU 3. Groundwater sampling techniques are summarized in 
Appendix A. 

Taking into account the highly turbid samples, actual metals concentrations which 
would flow to Huntington Drain via groundwater transport, are likely better represented 
by the soluble concentrations which are very near or below GSI criteria. Regardless of 
whether or not soluble results are more applicable for evaluating constituents at the 
GSI, total results have been used for the determination of human health and ecological 
risks. Refer to Section 6.0 for a summary of the risk assessment performed to evaluate 
potential human health risks associated with SWMU 3. 

4.6.6 SUMMARY OF SAMPLING RESULTS 

In summary, the results of the sampling activities indicate that n-nitrosodiphenylamine 
naphthalene, bis(2-ethylhexyl)phthalate (a common laboratory artifact), 2,3,7,8-TCDD 
(TEQ value), benzo(a)pyrene, chloroform (a common laboratory artifact) and various 
metals are present in the soil and/or groundwater at concentrations exceeding 
background, EDQLs and/or U.S. EPA SLs at SWMU 3. Part 201 exceedances in SWMTJ 
3 were limited various metals exceeding GSI criteria and manganese in soil exceeding 
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PSIC criteria. As previously stated, the FSIC exceedance was at a depth interval of 5 to 
7 feet bgs where particulate soil inhalation exposures are unlikely. Additionally, the 
GSI exceedances were from total metals concentrations (with the exception of soluble 
cadmium) of highly turbid groundwater samples. 

Although soil and groundwater exceedances exist, the vertical migration of constituents 
is limited by the very low permeability of the silty clay layer. The likelihood of 
impacting downgradient receptors is low due to the very slow horizontal groundwater 
migration velocities and dilution potential between SW'1U 3 and Huntington Drain, and 
the fact that the groundwater is not used as a source of drinking water at the Site or at 
downgradient locations. In addition, access to SWMU 3 is restricted by the Site's 
fenced boundary. Therefore, the potential for human contact other than for industrial 
uses is also unlikely. 

With the physical and chemical information presented above, SWMU 3 has been 
adequately delineated. Further evaluation of SWMU 3 has been addressed in the human 
health and ecological risk assessment presented in Section 6.0. Although constituents 
were detected above applicable screening levels in SWMU 3, based on the human health 
risk assessment, the concentrations identified do not pose unacceptable human health 
risks. A single detection of thallium in SWMU 3 surface soils above EDQLs resulted in 
unacceptable ecological risk posed to the avian receptor selected for evaluation even 
though this detection of thallium was at a level below background concentrations. 
Because of the potential for adverse ecological effects from exposure to thallium, and the 
presence of waste (construction debris and potential drummed still bottoms), SWMU 3 
warrants potential corrective measures. SWMUs/Areas to be carried into the corrective 
measures phase are summarized in Section 7.0. 

4.7 FORMER LANDFILL 4 (SWMU 4) 

4.7.1 ACTIVITY AND SAMPLING EFFORT 

Tables 2.1 and 2.3 provide a summary of the field activities conducted and sampling 
analyses performed for source and groundwater characterization at SWMU 4. The field 
activities are further described in Appendix A which includes the test pit and borehole 
logs. In order to delineate and characterize SWMU 4 constituents and adjacent soils, a 
geophysical survey was conducted followed by the excavation of 14 test pits and 
installation of 2 soil borings. In accordance with the approved Work Plan, three samples 
were collected from SWMU 4 contents and eight soil samples were collected from 

14027 (5) 53 CONESTOGA-ROVERS & ASSOCIATES 



beneath and beside SWMU 4 to assess the potential migration of compounds. In 
addition, one shallow groundwater monitoring well was installed downgradient of 
SWMU 4 and sampled. Sample locations are illustrated on Plans 1 and 2. 

4.7.2 GEOPHYSICAL INVESTIGATION, TEST PIT EXCAVATION, AND SOIL 
BORING INSTALLATION 

Based on the results of the geophysical investigation, test pit excavation, and soil boring 
installation activities, the physical characteristics of SWMU 4 and its lateral and vertical 
boundaries were delineated. The area in the vicinity of SWMU 4 is generally covered by 
6 to 12 in. of topsoil, under which lies brown silty clay that becomes mottled with gray 
silty clay at approximately 6 to 8 feet bgs. This gray clay extended to the bottom of the 
deepest test boring (17 feet bgs). The moisture of the soil during the Phase I and Phase II 
RFI ranged from very dry to saturated. This is generally supported by the water level in 
nearby monitor well MW-004 which was approximately 7.5 feet bgs on January 7, 1997 
and 10 feet bgs on January 4, 2000 (see Appendix A). 

As defined by unimpacted silty clay identified in borings 2 and 3 (for depth) and test 
pits BTP4-11, BTP4-12, and BTP4-13, SWMU 4 boundaries encompass an area of 
approximately 135 feet (north-south) by 45 feet (east-west) by 15 feet deep (maximum 
depth). Within this area, the geophysical surveys identified three primary anomalies 
indicative of buried fill material beneath the surficial tar-like material. Subsequent test 
pit excavations identified solid materials consisting mainly of a purple-brown clayey fill 
material. Mixed with the solids were isolated pieces of fabric and small pockets of 
black, tarry material to depths of up to 7.5 feet; green, clayey material; and reddish-
purple liquid. Strong amyl phenol odors were emitted from the solids, which also 
exhibited elevated levels of organic vapor content (up to 60 ppm above background). In 
accordance with the approved Work Plan, a sample of this material was collected from 
BTP4-14 from 4 to 5 feet bgs. 

Undisturbed native soil was observed at test pit locations BTP4-2, -7, -10, -11, -12, 
and - 14, at monitoring well location MW-004, and boring 04SB02. In accordance 
with the approved Work Plan, SWMU contents, soil beneath and beside the SWMU, 
and downgradient groundwater were subsequently sampled. The locations of samples 
collected were consistent with those specified in the approved Work Plan. In general, 
samples collected during the Phase I RFI were collected from SWMU contents. Phase 
II activities concentrated on preferential collection of samples from areas and depths 
where field screening and visual observations indicated that the boundaries of the 
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SWMU had been reached. This methodology was specifically stated in the approved Work 
Plan. 

4.7.3 SWMU 4 WASTE SAMPLING 

Analytical results for SWMU 4 contents are presented in Tables 4.13 and 4.14. The 
following compounds were detected in SWMU 4: 

• 6VOCs, 
• 3 SVOCs, 
• 14 metals, 
• 2 PCDFs, 
• sulfide, 
• various volatile TICs (4.1 J mg/kg to 360 NJ mg/kg), and 
• various semi-volatile TICs (0.023 NJ mg/kg to 120,000 J mg/kg). 

The following organic compounds were detected over applicable Part 201, U.S. EPA SSL, 
and/or EDQL screening levels: 

Parameters Units Max Conc. Part 201 SSL EDOL 
          
Volatile Organics 

          

Benzene mg/kg 0.46     x 
Carbon Disulfide mg/kg 34   x x 
Methylene Chloride mg/kg 6.0     x 

Semi-Volatile Organics           

N-Nitrosodiphenylamine mg/kg 2000 x x x 
Naphthalene mg/kg 730 x x x 
Phenol mg/kg 17000 x   x 

Dioxins/Furans (TEQ)           

2,3,7,8-TCDD (TEQ Value) mg/kg 0.00525     x  

The following inorganic compounds were detected over applicable Part 201, U.S. EPA SSL, 
EDQL and/or background screening levels: 

14027 (5) 55 CONESTOGA-ROVERS & ASSOCIATES 



Parameters Units Max Conc. Part2O1 SSL EDOL BKGRD 

Metals 
          

Arsenic, Total mg/kg 11.8 x x x 
Cobalt, Total mg/kg 15.5   x x 
Copper, Total mg/kg 184   x x 
Lead, Total mg/kg 199   x x 
Mercury, Total mg/kg 1.1   x x 
Nickel, Total mg/kg 393   x x 
Tin, Total mg/kg 2.1     x 
Zinc, Total mg/kg 156   x x 

General Chemistry           

Sulfide, Total mg/kg 135   x    

As shown above, the following compounds were detected above the Part 201 criteria 
identified in parentheses at a sample depth of 2.5 to 3 feet bgs: 

• n-nitrosodiphenylamine (GCPC) 
• naphthalene (SVIIC, VSIC), and 
• phenol (DCC, GCPC). 

A summary of the risk assessment performed to evaluate potential human health and 
ecological risks associated with SWMU 4 is provided in Section 6.0. 

As identified in Table 4.14, SWMU 4 contents are not RCRA characteristically 
hazardous. 

4.7.4 SWMU 4 SOIL SAMPLING 

Analytical results for SWMU 4 soil are presented in Table 4.15. The following compounds 
were detected in SWMU 4 soil: 

• 1VOC, 
• 3 SVOCs, 
• 19 metals, 
• sulfide, 
• various volatile TICs (0.006 J mg/kg to 0.11 J mg/kg), and 
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various semi-volatile TICs (0.077 NJ mg/kg to 250 NJ mg/kg). 

The following organic compounds were detected over applicable Part 201, U.S. EPA SSL, and/or 
EDQL screening levels: 

Parameters Units Max Conc. Part 201 SSL EDQL 

Semi-Volatile Organics 
Naphthalene mg/kg 0.16 x 
Phenol mg/kg 3900 x 

The following inorganic compounds were detected over applicable Part 201, U.S. EPA SSL, 
EDQL and/or background screening levels: 

Parameters Units Max Conc. Part201 SSL EDQL Background 

          
Metals 

          

Aluminum, Total mg/kg 15200     x 
Arsenic, Total mg/kg 13.3 x x x 
Cobalt, Total mg/kg 16.3   x x 
Copper, Total mg/kg 72.5   x x 
Lead, Total mg/kg 95.5   x x 
Magnesium, Total mg/kg 24200     x 
Mercury, Total mg/kg 0.69   x x 
Nickel, Total mg/kg 93.5   x x 
Sodium, Total mg/kg 2450     x 
Thallium, Total mg/kg 1.5   x x 
Zinc, Total mg/kg 108   x x  

As shown above, exceedances were limited to U.S. EPA SSLs (arsenic only), EDQLs and 
background. It is important to note that metals detected in SWMU 4 soil samples far 
exceeded the number of metals detected in SWMU 4 waste samples (see Section 4.7.3). 
This suggests that metals in SWMU 4 soil are not likely SWMU-related (i.e. not likely 
related to the material disposed in the SWMU) and are instead reflective of background 
conditions. All compounds were detected below applicable Part 201 Industrial Criteria. A 
summary of the risk assessment performed to evaluate potential human health and 
ecological risks associated with SWMU 4 is provided in Section 6.0. 

14027 (5) 57 CONESTOGARoVERS & ASSOCIATES 



4.7.5 SWMU 4 GROUNDWATER SAMPLING 

Analytical results for SWMU 4 groundwater are presented in Table 4.16. The following 
compounds were detected in SWMU 4 groundwater: 

• 1 SVOC, 
• 6 soluble metals, 
• 12 total metals, and 
• various semi-volatile TICs (0.004 J mg/L to 0.007 J mg/L). 

The following organic compounds were detected over applicable Part 201 and/or U.S. EPA MCL 
screening levels: 

Parameters Units Max Conc. Part 201 MCL 

Semi-Volatile Organics  
Bis(2-Ethylhexyl)Phthalate mg/L 0.01 x 

The following inorganic compounds were detected over applicable Part 201, U.S. EPA MCL, 
and/or background screening levels: 

Parameters Units Max Conc. Part 201 MCL Background 

Metals  
Tin, Total mg/L 0.0108 x 
Vanadium, Soluble mg/L 0.0025 x 

As shown above, only total tin and soluble vanadium were detected above background 
and bis(2-ethylhexyl)phthalate was detected above U.S. EPA MCLs. No Part 201 
Industrial Criteria were exceeded. It is important to note that bis(2-ethylhexyl)phthalate 
is a common field/laboratory contaminant and may be an artifact of field and/or 
laboratory procedures. 

A summary of the risk assessment performed to evaluate potential human health risks associated 
with SWMU 4 is provided in Section 6.0. 
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4.7.6 SUMMARY OF SAMPLING RESULTS  

In summary, the results of the sampling activities indicate that benzene, carbon 
disulfide, methylene chloride (a common laboratory artifact), n-nitrosodiphenylamine, 
naphthalene, phenol, bis(2-ethylhexyl)phthalate (a common laboratory artifact), 2,3,7,8-
TCDD (TEQ value), sulfide, and various metals are present in the soil and/or 
groundwater at concentrations exceeding applicable screening levels. 

Although soil and groundwater exceedances exist, the vertical migration of 
constituents is limited by the very low permeability of the silty clay layer. The 
likelihood of impacting downgradient receptors is low due to the very slow horizontal 
groundwater migration velocities and dilution potential between SWMU 4 and 
Huntington Drain, and the fact that the groundwater is not used as a source of drinking 
water at the Site or at downgradient locations. In addition, access to SWMU 4 is 
restricted by the Site's fenced boundary. Therefore, the potential for human contact 
other than for industrial uses is also unlikely. 

With the physical and chemical information presented above, SWMU 4 has been 
adequately delineated. Further evaluation of SWMU 4 has been addressed in the human 
health and ecological risk assessment presented in Section 6.0. As described in the risk 
assessment, the contaminant concentrations identified in SWMU 4 do not pose 
unacceptable human health risks, however, ecological risks are possible due to the 
presence of phenol in soil samples. As a result of the potential ecological risks, 
corrective measures will be evaluated for SWMU 4 (SWMUs/Areas to be carried into the 
corrective measures phase are summarized in Section 7.0). 

4.8 AREA 7 

4.8.1 ACTIVITY AND SAMPLING EFFORT 

Tables 2.1 and 2.3 provide a summary of the field activities conducted and sampling 
analyses performed for source characterization at Area 7. The field activities are further 
described in Appendix A which includes the test pit and borehole logs. Area 7, located 
west of SWMLJ 1 and north of Colvin Avenue, was added to the RFI program during the 
Phase I RFI based on field observations of a depressed surface. In order to identify and 
characterize the soil present at Area 7, the excavation of 5 test pits and the installation of 
1 soil boring were conducted. Four soil samples were collected. The sample locations are 
illustrated on Plans 1 and 2. 
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 4.8.2 TEST PIT EXCAVATION AND SOIL BORING INSTALLATION 

Based on the results of test pit excavation and soil boring installation activities, the 
physical characteristics of Area 7 and its lateral and vertical boundaries were 
delineated. Laterally, the extent of the fill was observed in the areas outlined on Plans 
1 and 2. The area in the vicinity of Area 7 is generally covered by 12 inches of topsoil, 
under which lies a brown/gray silty clay. Within boring 3, the brown clay becomes 
mottled with gray silty clay at approximately 7 to 9 feet bgs. The contents of the 
material observed in Area 7 test pits consisted primarily of disturbed and stained 
gravelly brown silt and silty clay that becomes mottled with gray silty clay at 
approximately 5.5 feet bgs. A very strong odor and staining were detected in the clay 
to depths of up to 12.5 feet. The stained clay exhibited elevated levels of organic vapor 
content ranging up to 585 parts per million (ppm) above background levels. No 
impacted soils were identified in test pits 4 and 5. 

The impacted soils in Area 7 and the soil directly beneath were subsequently collected 
and sampled. As Area 7 wasn't identified until Phase I RFI activities had already begun, 
the existing Work Plan did not provide for sampling locations in Area 7. Therefore, 
locations of samples collected during the Phase I investigation were based on visual 
observations and PID readings. The Phase II sample locations were based on the Phase II 
Work Plan. 

 4.8.3 AREA 7 SOIL SAMPLING 

Analytical results for Area 7 soil are presented in Table 4.17. The following compounds were 
detected in Area 7 soil: 

• 9VOCs, 
• 3 SVOCs, 
• 16 metals, 
• various volatile TICs (0.007J mg/kg to 1.1 j mg/kg), and 
• various semi-volatile TICs (0.12 NJ mg/kg to 75 NJ mg/kg). 

No metals were detected above background screening levels in Area 7 soil. The 
following organic compounds were detected over applicable Part 201, U.S. EPA 
SSL, and/or EDQL screening levels: 
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Parameters Units Max Conc. Part 201 SSL EDQL 

Semi-Volatile Organics 
N-Nitrosodiethylamine mg/kg O.78J x x 

As shown above1 only n-nitrosodiethylamine was detected above U.S. EPA SSLs and 
EDQLs. All compounds were detected below applicable Part 201 Industrial Criteria. A 
summary of the risk assessment performed to evaluate potential human health and 
ecological risks associated with Area 7 is provided in Section 6.0. 

4.8.4 SUMMARY OF SAMPLING RESULTS 

In summary, the results of the sampling activities indicate that n-nitrosodiethylamine is present 
in the soil at concentrations exceeding U.S. EPA SSLs and EDQLs. 

Although exceedances exist, the vertical migration of constituents is limited by the very 
low permeability of the silty clay layer. The likelihood of impacting downgradient 
receptors is low due to the very slow horizontal groundwater migration velocities and 
dilution potential between Area 7 and Huntington Drain, and the fact that the 
groundwater is not used as a source of drinking water at the Site or at downgradient 
locations. In addition, access to Area 7 is restricted by the Site's fenced boundary. 
Therefore, the potential for human contact other than for industrial uses is also unlikely. 

With the information presented above and that obtained from test pitting, Area 7 has 
been adequately delineated. Further evaluation of Area 7 has been addressed in the 
human health and ecological risk assessment presented in Section 6.0. As described in 
the risk assessment, potential human health risks exist in Area 7 due to the presence of 
n-nitrosodiethylamine m soil Ecological risk drivers (thallium and phenol) identified in 
the risk assessment were not detected in Area 7 soil. As a result of the potential human 
health risks associated with n-nitrosodiethylamine, corrective measures will be 
evaluated for Area 7 (SWMUs/Areas to be carried into the corrective measures phase 
are summarized in Section 7.0). 
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4.9 HUNTINGTON DRAIN (AREA 5) 

4.9.1 ACTIVITY AND SAMPLING EFFORT 

Table 2.1 provides a summary of the field activities conducted and sampling analyses 
performed for surface-water and sediment characterization at Huntington Drain. In 
order to characterize surface water and sediment, surface-water and sediment samples 
were collected from upgradient, midgradient, and downgradient locations along the 
length of the drain. The sampling locations are illustrated on Plans 1 and 2. Specific 
sampling data recorded during surface water and sediment sampling are presented in 
Appendix A.1, Attachment 2. 

A field reconnaissance of Huntington Drain during the sampling activities found visibly 
disturbed soil (mounds) along the northern embankment of the drain with isolated 
pockets of miscellaneous surficial debris and a surficial black tar-like material (see 
SWMU 3 — Section 4.6.2). This material was also found in Huntington Drain sediments 
at locations SW/SD-02 and SW/SD-03. In addition, isolated pockets of disturbed soil 
(mounds) also were observed along the southern embankment of Huntington Drain. 

4.9.2 SURFACE-WATER SAMPLING 

Analytical results for Huntington Drain surface water are presented in Table 4.18. The following 
compounds -were detected in Huntington Drain surface water: 

• 1SvOC, 
• 5 soluble metals, 
• 3 total metals, and 
• 1 semi-volatile TIC (0.004 J mg/L). 

Surface water results were compared to EDQLs only. Of the detected constituents, only 
cadmium and bis(2-ethylhexyl)phthalate were detected above surface water EDQLs. 
Bis(2-ethylhexyl)phthalate is a common field/laboratory contaminant and may be an 
artifact of field and/or laboratory procedures. In general, the surface water quality of 
the downstream sample was similar to that of the upstream sample. 

A summary of the risk assessment performed to evaluate potential ecological risks is provided in 
Section 6.0. 
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4.9.3 SEDIMENT SAMPLING  

Analytical results for Huntington Drain sediment are presented in Table 4.19. The following 
compounds were detected in Huntington Drain sediment: 

• 1 VOC, 
• 21 SVOCs, 
• 17 metals, 
• 8 pesticides, 
• 4 PCDFs, 
• cyanide, 
• sulfide, 
• various volatile TICs (0.01 J mg/kg to 0.089 J mg/kg). and 
• various semi-volatile TICs (0.15 J mg/kg to 4.8 J mg/kg). 

Guidance values for sediments consist solely of EDQLs. Detected constituents (organic and 
inorganic) exceeding EDQLs are listed below. 

Parameters Units Max Conc. 

Semi- Volatile Organics  
2-Methylnaphthalene mg/kg 0.25 
Acenaphthene mg/kg 0.24 
Acenaphthylene mg/kg 0.065 
Anthracene mg/kg 0.78 
Benzo(a)Anthracene mg/kg 1.9 
Benzo(a)Pyrene mg/kg 2.1 
Benzo(g,h,i)Perylene mg/kg 1.6 
Benzo(k)Fluoranthene mg/kg 1.2 
Bis(2-Ethylhexyl)Phthalate mg/kg 2.9 
Chrysene mg/kg 2.7 
Dibenzo(a,h)Anthracene mg / kg 0.38 
Di-n-Butylphthalate mg/kg 0.13 
Fluoranthene mg/kg 3.6 
Fluorene mg/kg 0.23 
Indeno(1,2,3-cd)Pyrene mg/kg 1.9 
Naphthalene mg/kg 0.097 
Phenanthrene mg/kg 2.0 
Pyrene mg/kg 5.1 

Dioxins/Furans (TEQ)  
2,3,7,8-TCDD (TEQ Value) ug/kg 0.01937 
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Parameters Limits Max Canc. 

Pesticides  
4,4'-DDD mg/kg 0.25 
4,4-DDE mg/kg 0.012 
4,4'-DDT mg/kg 0.043 
Aldrin mg/kg 0.038 
Kepone mg/kg 0.72 

Metals   
Arsenic, Total mg/kg 13.2 
Cadmium, Total mg/kg 1.8 
Chromium, Total mg/kg 37.6 
Copper. Total mg/kg 93.7 
Lead, Total mg/kg 219 
Nickel, Total mg/kg 40.7 
Silver, Total mg/kg 1.4 
Zinc, Total mg/kg 325 

General Chemistry 
Cyanide, Total mg/kg 6.6 

A summary of the risk assessment performed to evaluate potential ecological risks is 
provided in Section 6.0. In general, the concentrations increased between the upgradient 
and midgradient samples, but decreased between the midgradient and downstream 
samples, indicating that any impacted sediment remains within close proximity to 
SWMU 3 and the Site. 

4.9.4 SUMMARY OF SAMPLING RESULTS 

In summary, results of surface water and sediment sampling along Huntington Drain 
indicate that several organic and inorganic constituents were detected above EDQLs. 
Although sampling results indicate that there are Site-related impacts to the sediment, 
the constituent concentrations decrease at the downstream location. Additionally, as 
described in the risk assessment summarized in Section 6.0, the ecological risk drivers, 
thallium and phenol, do not exist in the sediment or surface water above EDQLs. 
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5.0 DATA QUALITY 

5.1 INTRODUCTION  

Quality assurance/quality control (QA/QC) procedures were incorporated into the RFI 
program for the West Brine Field to ensure the collection of quality data for each area 
investigated, and to facilitate meeting the objectives of the RFI, as outlined in Section 1 
of this Report. Additionally, such QA/QC procedures were employed to ensure that all 
information, data, and resulting decisions of the RFI are technically sound, statistically 
valid (accurate and precise), and properly documented, and to ensure the completeness of 
the data. The mechanism for employing the project QA/QC procedures was the Quality 
Assurance Project Plan (QAPP). The procedures in the QAPP facilitated identifying and 
monitoring the proper sample collection, handling, and laboratory protocols to be used 
during the RFI. The original QAPP, prepared for Phase I of the RFI, was prepared by 
Weston and is contained in Appendix B of the approved RFI Phase I Work Plan. A QAPP 
Addendum was prepared by CRA for the Phase II RFI and was submitted to the U.S. EPA 
on October 6, 1999. 

This section of the RFI Report presents an overview of the project QA program and 
discusses the resulting quality of data, primarily analytical data, obtained during the RFI 
and presented in Sections 3 and 4 of this report. 

Chemical analyses and geotechnical tests were conducted to determine the types and 
concentrations of constituents present in the various media at the Site and to provide 
environmental data (such as soil characteristics), as discussed in Section 2 of this 
report. Overall, analyses or tests were chosen based on the compounds produced or 
used within the specific SWMU/Area or the environmental data needed. 

Soil, SWMTJ contents, and sediment samples were analyzed for the entire analyte list 
given in 40 Code of Federal Regulations (CFR) Part 264, Appendix IX (Appendix 
IX); Resource Conservation and Recovery Act (RCRA) characteristics (i.e., toxicity, 
ignitability, corrosivity, and reactivity); the Target Compound List (TCL) volatile 
organic compounds (VOCs) and semi-volatile organic compounds (SVOCs); and/or 
the Target Analyte List (TAL) inorganics. The list of constituents is provided in 
Appendix H. 

Water samples collected at the West Brine Field were analyzed for Appendix IX 
constituents. 
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All analytical work completed for the Phase I RFI was performed or administered by 
Weston's Environmental Metrics Division (EMD) (formerly the Analytics Division). 
Work was performed in the Weston Environmental Metrics, Inc. (Weston EMI) 
laboratory, located in University Park, IL, and in the Weston Lionville, PA laboratory. 
The University Park laboratory performed all analytical analyses, with the exception of 
polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzo-p-furans 
(PCDFs), for all media. These latter constituents were analyzed by the Lionville facility. 

The Phase II RFI analyses were completed in the Quanterra, Inc. North Canton, Ohio laboratory 
(now Severn Trent Laboratories, Inc., or STL). 

Geotechnical analyses for the RFI (during the Phase I) were performed by the Weston 
Environmental Technology Laboratory (ETL) located in Lionville, PA. Geotechnical analyses 
used American Society for Testing and Materials (ASTM) methods as discussed in Section 3 of 
the QAPP. 

5.1.1 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) OBJECTIVES 

The specific QA/QC objectives for the West Brine Field RFI project are summarized in Table 3-
1 of the QAPP. The objectives are divided into the following groups: 

• Precision—The degree of agreement between the numerical values of a set of 
duplicate samples performed in an identical fashion constitutes the precision of the 
measurement. Precision is reported as relative percent difference (RPD) as 
expressed by the following formula: 

RPD= _______________________________ (c-c2) x 100%  
(c, +C2)/2 

Where: C1 = Value of original sample.  
C2 = Value of duplicate sample. 

• Accuracy—Accuracy is the measure of a result to the accepted (or true) value. 
Accuracy is assessed by means of reference samples and percent recoveries. Errors 
may arise from personal, instrumental, or methods factors. Analytical accuracy is 
expressed as the percent recovery of an analyte that has been added to the sample (or 
standard matrix, i.e., blank) at a known concentration before analysis, and is 
expressed by the following formula: 
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A T A o  
Accuracy = % Recovery =  __________  x 100% 

A' 

Where: AT = Total amount found in fortified sample. 
A° = Amount found in unfortified sample. 
AF = Amount added to sample. 

The fortified concentration may be specified by contract (U.S. EPA Contract 
Laboratory Program [CLP]) or laboratory QC requirements, or may be determined 
relative to background concentrations observed in the unfortified sample. In the 
latter case, the fortified concentration should be different enough (two to five times higher) 
from the background concentration to permit a reliable recovery calculation. 

• Completeness—Completeness is a measure of the degree to which the amount of 
sample data collected meets the project scope and a measure of the relative number of 
analytical data points that meet all the acceptance criteria for accuracy, precision, 
and other criteria required by the specific method factors. Completeness is defined by the 
following two equations: 

Number of data analyzed  
x 100% 

Number of data collected 

Number of data validated . 100%  
Number of data analyzed 

The overall QA objective for completeness for the project was to have 95% of the data 
analyzed and 95% of the data usable without qualification. The ability to meet 
or exceed this completeness objective was dependent on the nature of samples 
submitted for analysis. If data could not be reported without qualifications, project 
completion goals would still be met if the qualified data, i.e., data of known quality 
even if not perfect, were suitable for specified project goals. 

• Representativeness—Representativeness expresses the degree to which sample data 
accurately and precisely represent a characteristic of a population, parameter 
variations at a sampling point, or an environmental condition. Representativeness is 
a qualitative parameter that is most concerned with the proper design of the sampling 
program. The representativeness criterion is best satisfied by ensuring that sampling 
locations are properly selected and a sufficient number of samples are collected. 
Representativeness is addressed by describing sampling techniques and the rationale 
used to select sampling locations. 
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• Comparability—Comparability is a qualitative parameter expressing the 
confidence with which one data set can be compared with another. Sample data 
should be comparable with other measurement data for similar samples and sample 
conditions. This goal is achieved by using standard techniques to collect and 
analyze representative samples and by reporting analytical results in appropriate 
units. 

5.2 QUALITY CONTROL PROCEDURES 

To meet the QA/QC objectives of the project, the field work and laboratory analyses 
followed the standardized methods or procedures that were described in Appendices A 
and B of the approved RFI Phase I Work Plan and are summarized in the following 
subsections. 

5.2.1 FIELD AND LABORATORY QC SAMPLES  

Standard analytical QC checks instituted by field and laboratory personnel included, but were not 
limited to, the following: 

• Field/rinsate blanks—Samples prepared using analyte-free (high performance liquid 
chromatography [HPLCII) water supplied by the laboratory or purchased from 
commercial sources that certify the quality of the water. Field/rinsate blanks were 
routed through sampling equipment following sample collection and 
decontamination. Preservatives or additives were added as required, and the blank 
sample was then sealed. The field/rinsate blank was shipped with routine samples 
collected for the same parameter group. 

• Trip blanks—Volatile organic sample containers prepared in the laboratory using 
analyte-free water. The trip blanks accompanied the aqueous field samples during 
transport to the Site; during collection, packaging, and transport to the laboratory; 
and during analysis; and were contained in the same type of sample container as 
those used in the specific sampling effort. One trip blank sample was included with 
each shipment of aqueous samples designated for volatile organic compound (VOC) 
analysis. 
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• Duplicate samples—Samples collected from the same sampling location at the same 
time. Soil duplicates were homogenized (with the exception of VOC samples). At 
least one duplicate sample was analyzed from each group of samples of a similar 
matrix type for every 10 samples collected. 

• Matrix spike/matrix spike duplicate (MS/MSD)—Samples in which compounds are 
added before extraction and analyses. The recoveries for spiked compounds can be 
used to assess how well the method used for analysis recovers target compounds 
(i.e., a measure of matrix interference in the sample). When reviewed in conjunction 
with other QC data, MS/MSDs may indicate reanalysis using a more appropriate 
method; At least one spiked sample analysis was performed on each group of 
samples of a similar matrix type and concentration for each batch of samples or for 
every 20 samples collected, whichever was more frequent. 

• Surrogate spiking—Samples in which surrogate compounds are added before sample 
preparation for organics analysis. The review for spiked surrogate compounds can 
be used to assess method accuracy for each sample matrix. 

5.2.2 FIELD ACTIVITIES 

The accuracy of field measurements obtained from the organic vapor monitor (OVM), 
photoionization analyzer, organic vapor analyzer (OVA), specific conductance 
meter/temperature probe, pH meter, and turbidimeter was maintained on-Site by 
appropriate calibration procedures, as described in more detail in Section 8 of the QAPP. 

The field investigation procedures used to perform the RFI Phase I and Phase II were 
presented in Appendix A of the Phase I and Phase II RFI Work Plans, respectively. The 
field procedures included the following: 

• Surface and subsurface soil sampling. 

• Surface-water and sediment sampling. 

• Installation of monitoring wells in the shallow water-bearing zone. 

• Groundwater sampling. 

• Monitoring well casing and stream gauge surveying. 
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• Groundwater and surface-water-level monitoring. 

• Slug testing. 

• Installation of geotechnical borings/piezometers to the bedrock/overburden 
interface. 

• Geophysical surveying. 

• Test pitting and SWMU/Area materials sampling. 

• Site reconnaissance and information gathering for potential receptor survey. 

• Ancillary field activities, such as decontamination, field measurements, and fluids 
management. 

Sample identification and documentation procedures were followed in the field as specified in 
Section 4 of the QAPF, including the following: 

• Sample containers were labeled with the appropriate information. 

• Samples were entered into the chain-of-custody record. 

• A unique sample code was assigned to each sample collected. 

• Signed custody seals were applied on opposite sides of the container lid. 

• Samples were shipped to the analytical laboratory(s) in accordance with all U.S. Department 
of Transportation (DOT) requirements. 

A bound field notebook was maintained by the on-Site technician at the Site to record 
daily activities, including sample collection and tracking information. Quantitative field 
data, such as water-level measurements and slug test data, were recorded in bound field 
notebooks on standardized forms. Qualitative or descriptive field data (such as soil 
textures) obtained from soil borings and monitoring wells were recorded in the field on 
standardized forms in field notebooks. 
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5.2.2.1 FIELD DATA REDUCTION AND VALIDATION 

After checking the data in the field notes and forms, the data was reduced to tabular 
form, wherever necessary. After data reduction into tables or arrays, data sets were 
reviewed for anomalous values. Any inconsistencies or anomalies discovered were 
resolved immediately, if possible, by seeking clarification from the field personnel 
responsible for collecting the data. 

5.2.3 LABORATORY ACTIVITIES 

5.2.3.1 LABORATORY EQUIPMENT QUALITY CONTROL 

The reliability and credibility of laboratory analytical instruments and QA of analytical 
results were ensured by documented calibration procedures and QC samples (such as 
method blanks and method spikes). A review of the calibration procedures and the 
calibration frequencies and QC samples is provided in Section 6 of the QAPP. The 
following instruments were used to analyze environmental samples: 

• Gas chromatograph (GC). 
• Gas chromatograph/ mass spectrometer (GC /MS). 
• Atomic absorption spectrophotometer (AA). 
• Inductively coupled plasma spectrometer (ICP). 

Certain TCL VOCs, such as methylene chloride, acetone, 2-butanone, and toluene, are 
commonly detected as laboratory contaminants. In order to ensure that the data reported 
are not biased by potential laboratory contamination, certain QA procedures, including 
reagent blank analyses, were implemented. Assessment of the reagent blanks is 
discussed in Subsection 5.3.2. 

5.2.3.2 LABORATORY DATA 

In addition to the data collected in the field and recorded on the chain-of-custody forms, data 
describing the processing of samples were accumulated in the laboratory and recorded in 
laboratory notebooks. 

Data reduction was performed by the individual analysts and consisted of calculating 
concentrations in samples from the raw data obtained from the measuring instruments. 
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The complexity of the data reduction was dependent on the specific analytical method and the 
number of discrete operations (e.g., extractions, dilutions, and concentrations) involved in 
obtaining a sample that could be measured. 

System reviews were performed at all levels. The individual analyst constantly reviewed 
the quality of data through calibration checks, QC sample results, and performance 
evaluation samples. The Section Manager and/or the Analytical Project Manager 
reviewed the data for consistency and reasonableness with other generated data, and to 
determine if program requirements had been satisfied. Selected hard copy output of data 
(e.g., chromatograms, spectra, etc.) was reviewed to ensure that results were interpreted 
correctly. The Quality Assurance Officer independently conducted a review of selected 
projects to determine if laboratory and client QA/QC requirements had been met. The 
final routine review was performed by the Laboratory/Project Manager prior to reporting 
the results to the client. 

5.3 DATA QUALITY 

5.3.1 DATA REPORTING 

Laboratory reports contain final results, methods of analysis, levels of detection, 
surrogate recovery data, and method blank data. In addition, special analytical 
problems and/or any modifications of referenced methods were noted. The raw 
database is included in this RFI Report on a diskette. As stated in the RFI Work Plan, 
a hard copy of 10% of the full CLP data packages and data validation reports will be 
made available to U.S. EPA upon written request to ATOFINA Chemicals, Inc. 

The database is in ASCII flat files of fixed width columns. One file exists for each of the 
surface/groundwater samples and soil/waste/sediment samples. The database can be opened with 
most spreadsheet or database programs. 

5.3,2 DATA VALIDATION/USABILITY REVIEW 

Separate from the laboratory's internal data review/data validation, a review of the 
final analytical data packages was performed to validate results and to determine 
usability. Criteria to assess usability were taken from the most current version of U.S. 
EPA's functional guidelines on data validation. Guideline criteria were applied to 
available documentation. Blank data, surrogate and MS/MSD recovery, and sample 
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chromatograms were reviewed in light of the guidelines. This validation was performed 
by project personnel experienced in laboratory procedures and validation procedures, 
and did not include those persons directly involved with the analysis. 

Assessment of the reagent blanks followed the procedures specified in the current 
version of U.S. EPA's CLP National Functional Guidelines for Organic Data Review 
(U.S. EPA, 1994a). The results of the blanks themselves must contain less than five 
times the U.S. EPA CRDL of methylene chloride, acetone, 2-butanone, toluene, and 
common phthalate esters, and less than the CRDL of other TCL compounds for the 
reported blank data to be considered valid. The analytical data for the Site samples were 
then evaluated using the blank data by the following process and general criteria: 

• If a compound is found in a blank but not found in the Site sample, no action is 
taken. 

• Results of common laboratory contaminants, methylene chloride, acetone, toluene, 
2-butanone, and common phthalate esters (i.e., di-n-butyl-phthalate) detected in the 
Site sample at individual concentrations less than 10 times the respective 
concentration in the blank are qualified as non-detects. 

• For other TCL compounds, results of compounds detected in the Site sample at 
individual concentrations less than five times the respective concentration in the 
blank are qualified as non-detects. 

5.3.3 RESULTS OF DATA VALIDATION/USABILITY REVIEW 

The data validation, as discussed previously, was performed using criteria established 
in federal guidelines contained in National Functional Guidelines for Organic Data 
Review (U.S. EPA, 1994a) and National Functional Guidelines for Inorganic Data 
Review (U.S. EPA, 1994b), as well as good professional judgment. The data validation 
procedures did not apply to results from geotechnical analyses since these analyses 
were for physical, not chemical, properties. The data quality was evaluated based on the 
following parameters: 

• Data completeness. 
• Holding times. 
• Laboratory equipment calibrations. 
• GC/MS instrument performance check (organic only). 
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• CRDLs (inorganic only). 
• ICP interference check sample results (inorganic only). 
• Blanks. 
• Surrogate recoveries (organic only). 
• Field/laboratory duplicate precision. 
• Internal standard performance (organic only). 
• Compound identification/quantitations. 
• MS/MSD analyses. 
• Detection limit results (inorganic only). 
• Laboratory control sample (inorganic only). 
• ICP serial dilution analysis (inorganic only). 
• Furnace AA results (inorganic only). 
• Pesticide instrument performance (pesticides only). 

In general, the results of the Phase I and Phase II RFI data validations indicated that the 
data are usable for evaluating the conditions at the West Brine Field. The goal of 
completeness for the project is for 95% of the data to be analyzed, and 95% of the data 
to be usable without qualification. For the Phase I RFI, 100% of the data collected were 
analyzed and 98.3% of the data analyzed were validated as usable (unusable data were 
data that were rejected by the validators). For the Phase II RFI, 100% of the data were 
collected and 100% were usable. These percentages exceed the project completeness 
goals. 

As stated in the Phase I RFI Work Plan, Phase I data validation reports will be made 
available to U.S. EPA upon written request to ATOFINA Chemicals, Inc. A data 
validation summary for the Phase I RFI is included as Appendix A.1, Attachment 1. 
Phase II RFI data validation memoranda are included in Appendix A.2, Attachment 1. 
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6.0 RISK ASSESSMENT 

6.1 INTRODUCTION  

This section presents a summary of the human, health and ecological risk assessments 
conducted for the West Brine Field property. The purpose of the risk assessments was 
to determine if residual constituents pose unacceptable hazards or risks to potential 
human or ecological receptors at the Site. The risk assessments are presented in 
Appendix J. 

Based on the conceptual Site models developed during previous phases of the Site 
assessment process, appropriate and realistic human and ecological exposure scenarios 
were developed. Human receptors included hypothetical future maintenance workers, 
office workers, construction workers, utility trench workers, and trespassers. Ecological 
receptors included the white-tailed deer, the meadow vole, and the American robin. 

Data from the Site were tabulated into a database and analyzed for descriptive statistics 
such as minimum, mean, and maximum concentrations, 95% upper confidence limit of 
the mean (95% UCL), and distribution type (e.g., normal, lognormal, etc.), among 
others. Surface soil data were considered to be at a depth of one to three feet, based on 
the available sample collection intervals. Subsurface data were considered from one to 
fourteen feet bgs. For both the human health and ecological risk assessments, if a 
constituent was not detected in a given medium (e.g., surface soil), that constituent was 
eliminated from further analysis. Appendix J presents additional detail on these analyses 
and evaluations. 

6.2 HUMAN HEALTH RISK ASSESSMENT 

For the human health risk assessment, Site data were screened against applicable Region 
9 Preliminary Remediation Goals (PRGs). Criteria were selected for screening based on 
the chosen receptors and their respective potential exposures to residual constituents at 
the Site. Maximum concentrations of constituents in surface soils were screened against 
industrial soil PRGs to account for hypothetical maintenance worker and trespasser 
exposures. Maximum concentrations of constituents in surface and subsurface soils were 
compared to the same criteria as surface soils to account for the hypothetical construction 
worker and hypothetical future office worker exposures. Also for the hypothetical office 
worker and utility trench worker scenarios, maximum concentrations of constituents in 
groundwater were compared to tap water PRGs. In all cases, where 
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U.S. EPA Region 9 PRGs were not available, Michigan Part 201 Screening Criteria were 
used. If a constituent's maximum concentration exceeded the aforementioned screening 
criterion (or a screening criterion was not available), it was retained for further 
quantitative evaluation in the risk assessment. If a constituent's maximum  
concentration was less than a screening criteria, that constituent was dropped from the 
quantitative analyses associated with the potential exposures represented by the screening 
criterion. Constituents without PRGs or Part 201 screening criteria were also retained for 
quantitative analysis. 

Some organic compounds detected in soils at the West Brine Field were not conclusively 
identified by the analytical laboratory and were therefore reported as Tentatively 
Identified Compounds (TICs). According to regulatory guidance, a qualitative analysis of 
TICs at the West Brine Field is appropriate and underway. This assessment, to be 
presented in the forthcoming Corrective Measures Study (CMS), will include the 
examination of a number of factors including: detection frequency; spatial distribution; 
concentration levels; toxicology; and additional traditional risk assessment techniques. 

Sometimes a sample may be reported as nondetect for a specific constituent but the 
detection limit for that constituent is unusually elevated. Elevated detection limits can 
result from laboratory practices (e.g., dilutions) undertaken to address chemical or sample 
interference during analysis. In some cases, these detection limits may be elevated to the 
point where they exceed screening criteria but the sample is still reported 
as nondetect and treated thusly during the risk assessment process. Actual  
concentrations of constituents in these samples may be less than typical detection limits, 
thus, treating them as nondetect in a risk assessment may be appropriate. Conversely, 
constituents in these samples may be present at concentrations near the elevated detection 
limit (exceeding screening criteria) and so treating them as nondetect may underestimate 
associated risks and the potential for adverse health affects. For this latter reason, 
constituents that were reported as nondetect in 100% of the samples in a given medium at 
the West Brine Field Site were addressed qualitatively in the risk assessment. The potential 
for underestimating risks and the overall uncertainty in the quantitative estimations is not 
likely to be substantial as a result of the possible presence of constituents reported as 100% 
nondetect. 

A thorough review of the West Brine Field dioxin and furan sample analysis data 
revealed that samples were analyzed only for 2,3,7,8-TCDD and total homologue groups 
(e.g., Total TCDDs, Total PeCDDs, Total HxCDFs, Total TCDFs, Total PeCDFs, and 
Total HxCDFs). The reported data do not differentiate between 2,3,7,8-substituted and 
non-2,3,7,8-substituted CDD/CDF congeners, therefore the true contribution of the 
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2,3,7,8-substituted congeners (the relatively more toxic group of CDDs/CDFs) is unknown. 
In an effort to quantify potential risks associated with exposures to dioxin/furan compounds 
given the lack of congener-specific data from the West Brine Field, TEF calculations were 
performed using total homologue group results based on the best available technique 
presented in Part I of the 1989 U.S. EPA interim guidance document: Interim Procedures 
for Estimating Risks Associated with Exposures to Mixtures of Chlorinated Dibenzo-p-
dioxins and -Dibenzofurans (CDDs and CDFs) and 1989 Update (U.S. EPA/625/3-89/016, 
March 1989). 

Potential exposures to construction workers, maintenance workers, office workers, 
utility trench workers, and trespassers were estimated based on paradigms from widely 
accepted U.S. EPA guidance documents. Exposure parameters were extracted from U.S. 
EPA or MDEQ guidance or were developed for Site-specific scenarios where published 
values were not available or realistic. Subchronic exposures were considered to be less 
than seven years whereas chronic exposures were considered to be greater than seven 
years, in accordance with U.S. EPA risk assessment guidance. 

Toxicity indices, reference doses (RfDs) and cancer slope factors (CSFs), were retrieved 
from a hierarchy of sources including U.S. EPA's Integrated Risk Information System 
(IRIS), Health Effects Summary Tables (HEAST), and National Center for Environmental 
Assessment (NCEA). If published toxicity values did not exist for a given constituent, 
provisional values were developed using published toxicity data (such as No Observed 
Adverse Effect Levels) and U.S. EPA-accepted methodology for the derivation of toxicity 
benchmarks. 

The results of the exposure assessment and toxicity characterization were combined to 
estimate hazard indices and cancer risk levels for the receptors hypothetically accessing 
the Site in the future. Hazard and risk calculations were summed for each exposure 
route and then summed again for each exposure pathway by receptor. 

The risk characterization revealed no estimated cancer risk levels exceeding the lx 10 
benchmark with the exception of the maintenance worker scenario. Potential risk to the 
maintenance worker (3x1ft5) was solely attributable to the presence of a single detection 
of n-nitrosodiethylamine in Area 7. No total hazard indices exceeded the 1.0 de minimis 
benchmark. 
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6.3 ECOLOGICAL RISK ASSESSMENT 

For the ecological risk assessment (ERA), surface soil, sediment, and surface water 
analytical data were used as the basis for statistical and ecological exposure analysis and 
were screened against appropriate U.S. EPA Region 5 Ecological Data Quality Levels 
(EDQLs). Soil EDQLs were used for comparison with shallow-depth soil concentrations, 
however these benchmarks were not available for all COPCs. In the absence of soil 
EDQLs, values developed by Oak Ridge National Laboratory (ORNL) were used for 
comparative purposes. If the maximum concentration of a constituent was greater than the 
applicable benchmark, or if a screening criterion was not available, the constituent was 
retained for quantitative exposure assessment. 

Exposure routes for the white-tailed deer included ingestion of surface water and 
vegetation, as well as incidental ingestion of soil and sediment. Exposure routes for the 
meadow vole included incidental soil and sediment ingestion, surface water ingestion, 
and ingestion of plants. Exposure routes for the American robin included incidental 
ingestion of soil and sediment, ingestion of surface water, ingestion of terrestrial 
invertebrates, and ingestion of vegetation. The use of conservative exposure 
assumptions for each of these receptors resulted in estimated exposures representative 
and sufficiently protective of other species comprising their respective trophic guilds. 

Characteristics of terrestrial ecological receptors such as habitat needs, food preference, 
reproductive cycles, seasonal activities such as migration, and selective use of resources 
influenced constituent exposure. These factors were utilized in the formulation of an exposure 
assessment equation that estimated a mass-specific, time-weighted average intake for each 
medium or food source. 

No unacceptable risk was predicted to individual white-tailed deer from residual 
constituent levels in West Brine Field sediment or surface water. Similarly, no 
unacceptable risk to individuals was predicted from incidental soil ingestion. Potential 
risk to individual deer is indicated from ingesting upland vegetation. This potential risk 
is attributable to phenol in surface soil. No unacceptable risks were estimated for the deer 
population as a whole. 

Hazard indices (HIs) developed for the soil ingestion exposure pathway suggested a 
potential risk to individual meadow voles. Potential population-level effects to meadow 
voles may be incurred resulting from ingestion of soil-dwelling vegetation. Potential 
risk from this pathway stems primarily from the presence of phenol. 
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For individual American robins, HIs exceeded unity for the soil, soil invertebrate, and 
vegetation ingestion pathways. Potential vegetation ingestion risk to robin populations is 
attributable primarily to phenol in surface soils. Thallium and phenol contribute to the 
majority of the potential risk to robin populations from the soil invertebrate ingestion 
pathway, however detectable levels of thallium in SWMU 3 surface soils were below 
background concentrations for this element. 

Hazards from aluminum in soils to ecological receptors were considered negligible 
based on the low bioavailability of this metal as well as the comparability of West Brine 
Field concentrations to typical concentrations from undisturbed soils across the United 
States. Likewise, risks associated with zinc and chromium are also considered to be 
negligible, given that elemental concentrations at the West Brine Field Site are at levels 
near or below typical concentrations found across the United States. 
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7.0  CONCLUSIONS/RECOMMENDATIONS   

As stated in Section 1.0, the Consent Order required ATOFINA Chemicals, INC. to 
conduct a RFI to determine whether a release of hazardous wastes or constituents has 
occurred from the SWMUs/Areas into soils and, possibly, sediment, surface water 
and/or groundwater; to determine the nature and extent of any releases; and to 
determine potential risk to human and ecological receptors, if any. 

The results presented in this RFI Report have demonstrated that all three RFI objectives 
have been met through the completion of the Phase I and Phase II RFIs. First, 
constituents were detected in five SWMUs/Areas investigated above detection limits or 
background, indicating that a release of constituents has occurred. Secondly, the test pits 
and boreholes have determined that the boundaries of each SWMU/Area have been 
delineated. Finally, based on applicable potential exposure pathways, the human and 
ecological risk assessments have determined that potential human health risks are limited 
to the presence of n-nitrosodiethylamine in Area 7 soil and ecological risk drivers are 
limited to thallium and phenol in WBF surface soil. 

The following subsections summarize the results of the RFI and elaborate on these conclusions 
presented above. 

7.1 ENVIRONMENTAL SETTING AND PATHWAYS 

7.1.1 GEOLOGY  

The West Brine Field stratigraphy consists primarily of a tight compact silty clay 
(brown and gray) with varying degrees of permeability. The silty clay consists of two 
visibly distinct groups (brown and gray clay) with similar textures and compositions. 
The brown clay is a slightly more permeable subunit (1ft7 cm/s) than the gray clay 
(10 cm/s). 

7.1.2 HYDROGEOLOGY  

Three hydrogeologic zones were identified during the investigation activities, which are 
comprised of a shallow water-bearing zone, intermediate aquitard, and deep confined 
water-bearing zone. Shallow groundwater generally flows very slowly (due to low 
permeabilities) from the northern and southern boundaries of the Site inward toward 
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Huntington Drain, where the flows converge and then move easterly toward 
Monguagon Creek. However, during parts of the year, this groundwater is 
discontinuous. The impermeable intermediate aquitard prevents vertical migration. 

Groundwater in the deep water-bearing zone is not used as a source of drinking water 
due to the high concentrations of naturally occurring chlorides, hydrogen sulfides, and 
methane in the limestone bedrock. Groundwater in the shallow water-bearing zone is not 
used due to a deed restriction, and the relatively low yielding capacity of the clay. 

7.1.3 POTENTIAL RECEPTOR IDENTIFICATION SURVEY 

The following conclusions can be drawn from the Potential Receptor Identification Survey 
conducted for the West Brine Field: 

• Land in the vicinity of the West Brine Field is used for industrial, residential, commercial, 
and recreational purposes. Human receptors other than occasional Site workers and 
trespassers do not have direct access to the Site. 

• Groundwater within a 1-mile radius of the Site is not a source of drinking water and 
groundwater in the shallow water-bearing zone less than 25 feet bgs is restricted by 
Wayne County from use. Area drinking water is obtained from the Detroit River 
upstream of the West Brine Field. Groundwater at the Site is restricted from use due 
to deed restrictions. 

• The habitat at the Site and around the Site is typical habitat that has been physically 
disturbed by humans (e.g., filling activities, clearing of vegetation, mowed lawns, 
etc.). Based on conditions at the time of the Site inspection, there was no observed 
evidence of stressed vegetation, stressed terrestrial populations, or other indicators 
that there have been adverse effects to the flora or fauna. The habitat in Huntington 
Drain would support fish, although none were observed during the Site 
reconnaissance. The Detroit River in the vicinity of the West Brine Field is used for 
recreational fishing; various fish and waterfowl species are found in the Detroit 
River ecosystem. 

• Based on the Site reconnaissance, there were no observable effects on the ecosystem as a 
result of Site history or current conditions. 
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7.1.4 PATHWAYS AND SCREENING LEVELS 

Based on the information obtained from the Site environmental setting and the Potential 
Receptor Identification Survey, the following applicable screening levels were identified 
for the West Brine Field and were used for comparison to detected constituents: 

• Soils: 
— Part 201 Generic Industrial Ambient Air Infinite Source Volatile Soil Inhalation 

Criteria (VSIC) 
— Part 201 Generic Industrial Direct Contact Criteria (DCC) 
— Part 201 Generic Industrial Groundwater Contact Protection Criteria (GCPC) 
— Part 201 Generic Industrial Particulate Soil Inhalation Criteria (PSIC) 
— Part 201 Generic Industrial Soil Volatilization to Indoor Air Inhalation Criteria 

(SVIIC) 
— EPA Region 9 Industrial Soil Preliminary Remediation Goals (PRGs) 
— U.S. EPA Region 5 Ecological Data Quality Levels (EDQLs) 

• Groundwater 
— Part 201 Groundwater Surface Water Interface (GSI) Criteria 
— Part 201 Generic Industrial Groundwater Contact Criteria (GCC) 
— Part 201 Generic Industrial Groundwater Volatilization to Indoor Air Inhalation 

Criteria (GVIIC) 
— Part 201 Generic Flammability and Explosivity Screening Levels 
— Part 201 Generic Acute Inhalation Screening Levels 
— U.S. EPA Maximum Contaminant Levels (MCLs) 
— U.S. EPA Region 9 Groundwater PRGs 

• Sediment 
— U.S. EPA Region 5 Ecological Data Quality Levels (EDQLs) 

• Surface Water 
— U.S. EPA Region 5 Ecological Data Quality Levels (EDQLs) 

Additional screening criteria used include comparison to RCR.A characteristics to 
determine if SWMU contents/soil tested were RCRA characteristic hazardous wastes. 
Background metal concentrations were used to screen results prior to comparing them to 
the previously listed guidance levels. 
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7.2 SOURCE CHARACTERIZATION AND GROUNDWATER QUALITY 

The results of the data evaluation presented in Section 4.0 show that, although SWMUs are 
present at the Site, and constituents related to the SWMUs and Site activities were detected in 
soil, groundwater, surface water, and sediment to some extent, any impact to these media is 
relatively small. 

The lateral and vertical boundaries of fill materials observed at SWMUs 1, 3, and 4 were 
delineated using test pits and soil borings. SWMU 1 contents, including drums and filter 
cake, were found in an area approximately 160 feet long by 85 feet wide and 14.5 feet 
deep. SWMU 3 contents, including miscellaneous debris, construction rubble, and 
Vultacs, were found in an area approximately 170 feet long by 1,250 feet wide and 10 
feet deep. SWMU 4 contents, including purple-brown clayey fill, were found in an area 
approximately 135 feet long by 45 feet wide and up to 15 feet deep. In Area 7, 
stained/odorous soils were identified in an area of approximately 80 feet by 100 feet by 
12.5 deep. All SWMU contents were sampled for comparison to SLs. 

The results of the SWMU characterizations are summarized below: 

1. SWMU 1 - The results of the sampling activities indicate that naphthelene, phenol, bis(2-
ethylhexyl)phthalate and various metals are present in the soil and/or groundwater at 
concentrations exceeding background, EDQLs and/or U.S. EPA SLs. SWMU 1 was 
adequately delineated. 

2. SWMU 3 - The results of the sampling activities indicate that n-
nitrosodiphenylamine, naphthalene, bis(2-ethylhexyl)phthalate, 2,3,7,8-TCDD (TEQ 
value), benzo(a)pyrene, chloroform and various metals are present in the soil and/or 
groundwater at concentrations exceeding background, Part 201, EDQLs and/or U.S. 
EPA SLs. Part 201 exceedances in SWMU 3 were limited various metals exceeding 
GSI criteria and manganese in soil exceeding PSIC criteria. The PSIC exceedance 
was at a depth interval of 5 to 7 feet bgs where particulate soil inhalation exposures 
are unlikely. Additionally, the GSI exceedances were from total metals 
concentrations (with the exception of soluble cadmium) of highly turbid 
groundwater samples. SWMU 3 was adequately delineated. 

3. SWMU 4 - The results of the sampling activities indicate that benzene, carbon disulfide, 
methylene chloride, n-nitrosodiphenylamine, naphthalene, phenol, bis(2-ethylhexyl)phthalate, 
2,3,7,8-TCDD (TEQ value), sulfide, and various metals are 
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present in the soil and/or groundwater at concentrations exceeding background, Part 201, 
EDQLs and/or U.S. EPA SLs. SWMU 4 was adequately delineated. 

4. Area 7 - The results of the sampling activities indicate that n-nitrosodiethylarnine, is present 
in the soil at concentrations exceeding U.S. EPA SSLs and EDQLs. Area 7 was adequately 
delineated. 

0 .  5)  — The results of  surface water  and sediment  sampling 
Hunt ington Drain indicate that  several  organic and inorganic consti tuents were 

detected above EDQLs.  However ,  the ecological  r isk drivers,  thall ium and 
phenol ,  do not exist  in the sediment or  surface water  above EDQLs.  The 

concentrations decrease towards the downstream sampling location.  Area 5 was 
adequately characterized. 

As discussed in Section 4.0, various metals were detected above background 
concentrations; however, since 1) metals were detected below applicable Part 201 
industrial criteria at the SWMU's/Area's boundaries and 2) the test pits and soil borings 
physically identified the extent of the SWMU/Area contents, the horizontal and vertical 
limits of each SWv1U/Area have been defined. Furthermore, the presence of multiple 
inorganic constituents in soils at concentrations exceeding calculated background levels, 
as well as the absence of these inorganics in the waste materials and in historic 
manufacturing process at the source facilities (East Plant and West Plant), indicate that 
the background concentrations for inorganics my have been underestimated by the 
background sampling and subsequent upper confidence limit calculations. 

No SWMU/Area contents at the West Brine Field were determined to be RCRA characteristic 
hazardous wastes. 

7.3 RISK ASSESSMENT 

The human health and ecological risk assessments were conducted to determine if 
residual constituents pose unacceptable hazards or risks to potential human or ecological 
receptors at the Site. Based on the conceptual Site models developed during previous 
phases of the Site assessment process, appropriate and realistic human and ecological 
exposure scenarios were developed. Data from the Site were tabulated into a database 
and analyzed for descriptive statistics. 
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The risk characterization revealed no estimated cancer risk levels exceeding the lxl0-5 

benchmark with the exception of the maintenance worker scenario. Potential risk to the 
maintenance worker (3x105) was solely attributable to the presence of a single detection 
of n-nitrosodiethylamine in Area 7. No total hazard indices exceeded the 1.0 de minimus 
benchmark. 

The ecological risk assessment identified potential risk to individual deer from ingesting 
upland vegetation attributable to phenol in surface soil. No unacceptable risks were 
estimated for the deer population as a whole. Hazard indices (HIs) developed for the soil 
ingestion exposure pathway suggested a potential risk to individual meadow voles. 
Potential risk from this pathway stems primarily from the presence of phenol. For 
individual American robins, HIs exceeded unity for the soil, soil invertebrate, and 
vegetation ingestion pathways. Potential vegetation ingestion risk to robin populations is 
attributable primarily to phenol in surface soils. Thallium and phenol contribute to the 
majority of the potential risk to robin populations from the soil invertebrate ingestion 
pathway, however detectable levels of thallium in SWMU 3 surface soils were below 
background concentrations for this element. 

7.4 SUMMARY  

In summary, based on the information obtained during the RFI and potential risks 
identified in the human and ecological risk assessments, the following SWMUs/Areas 
will be included in a Corrective Measures Study (CMS): 

1. SWMTY 1 - Based on the human health risk assessment, the constituent 
concentrations do not pose human health risks. However, ecological risks are 
possible due to the presence of phenol in waste and soil samples. As a result of these 
exceedances, and also due to the existence of buried drums, SWMU 1 will be 
included in a CMS. 

2. SWMU 3 - Although constituents were detected above applicable criteria in SWMU 
3, based on the human health risk assessment, the concentrations identified do not 
pose unacceptable human health risks. A single detection of thallium in SWMTJ 3 
surface soils resulted in unacceptable potential ecological risk posed to the avian 
receptor selected for evaluation (albeit the concentration was below Site-specific 
background levels). Because of the potential for adverse ecological effects from 
exposure to thallium, the presence of waste (construction debris and potential 
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drummed still bottoms), and the potential for effects on SVVMU 3 during a 100-year flood 
event, SWMTJ 3 will be included in a CMS. 

3. SWMU 4 - Based on the human health risk assessment, the concentrations identified 
do not pose unacceptable human health risks. However, ecological risks are possible 
due to the presence of phenol in soil samples. As a result of potential ecological risks 
and the potential effects on SWMU 4 during a 100-year flood event, SWMU 4 will be 
included in a CMS. 

t 
0. rea7 - Based on the human health risk assessment, potential human health risks 

exist in Area 7 due to the presence of n-nitrosodiethylamine in soil. Ecological risk 
drivers (thallium and phenol) identified in the ecological risk assessment were not 
detected in Area 7 soil. As a result of the potential human health risks associated 
with n-nitrosodiethylamine, Area 7 will be included in a CMS. 

4. Huntington Drain (Area 5) — Although no unacceptable ecological risks are attributed 
to the surface water or sediments in the Huntington Drain, potential does exist for 
sediment transport downstream during a 100-year flood event. Therefore, Area 5 will 
be included in the CMS. 
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TABLE 1.1

SUMMARY OF BACKGROUND INFORMATION FOR SWMUS/AREAS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

SWivIUlArea Identification Description/Con tents1

SWMU 1 Former Landfill 1 Believed to have been a former disposal area for filter cake
from Process 12(2) at the West Plant; possibly Vultacs
(polyamyl phenol disulfides - West Plant Process 22(3)). Dates
and means of disposal are not known.

SWMTJ 2 Former Landfill 2 Interim Remedial Measure (IRM) completed in 1994/1995.

SWMU 3 Former Landfill 3 Believed to have been a former disposal area for filter cake
and drummed still bottoms from Process 12 at the West Plant;
possibly Vultacs (West Plant Process 22). Dates and means of
disposal are not known.

SWMU 4 Former Landfill 4 Believed to have been a former disposal area for filter cake
from Process 12 at the West Plant; possibly Vultacs (West
Plant Process 22). Records indicate that disposal may have
taken place in 1968. Means of disposal are not known

SWMU 7 Area identified during Believed to have been a former disposal area. Dates and
RFI Phase activities, means of disposal are not known.

Notes:

(1) Description/Contents are based on the Description of Current Conditions Report (Weston, 1990),
historical records and knowledge of ATOFINA Chemicals, Inc. personnel.

(2) Process 12 consisted of three separate batch operations (reaction, distillation and product flaking) that
produced ortho, para, and di-tertiaryamyiphenol (this process ceased in 1990 - Process 12 currently
produces methane sulfonamide). The chemical reaction in the process included the reaction of
isoamylene with pheiiol in the presence of phosphoric acid and a silica-alumina clay catalyst. Caustic
was used to neutralize the catalyst. Solid wastes consisted of a clay catalyst filter cake that is a 50/50
mixture of clay catalyst and crude product. Hazardous constituents in the amyiphenol filter cake
consisted of: phenol; 2,4-dimethylphenol; 2,4,6-trichiorophenol; p-chloro-m-cresol; and
pentachlorophenol.

(3) Process 22 currently operates and runs on a batch basis producing polyamyl phenol disulfides
(Vultacs). Sulfer mono chloride, paratertiary amyl phenol, stearic acid, industrial white oil and napthol
are used as raw materials. Hydrogen chloride is generated during the reaction as a byproduct. The
alkylamine product is solidified on a moving belt filter then drummed or flaked.

(4) The lateral and vertical boundaries of fill materials observed at SWMUs 1, 3, and 4 were delineated
using test pits and soil borings. SWMU 1 contents, including drums and filter cake, were found in an
area approximately 160 feet long by 85 feet wide and 14.5 feet deep. SWMU 3 contents, including
miscellaneous debris, construction rubble, and Vultacs, were found in an area approximately 170 feet
long by 1,250 feet wide and 10 feet deep. SWMU 4 contents, including purple-brown clayey fill, were
found in an area approximately 135 feet long by 45 feet wide and up to 15 feet deep. In Area 7,
stained/odorous soils were identified in an area of approximately 80 feet by 100 feet by 12.5 deep.
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TABLE 1.2

SUMMARY OF DATA NEEDS, QUALITY OBJECTIVES, AND DATA USES
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Page 1 of 2

Proposed Data Colleclion and Evaluation Analytical*
UniL/Area RFI Objectives Data Needed Activities Level

Brine field Supplement and verify the existing Field measurement, geotechnical analyses. Well installation, piezometer installation, I
area/l-ltintington environmental setting information at Chemical analysis of surface water and subsurface lithologic logging, geotechnical
Drain the site and evaluate the site. sediments. analyses (physical properties and permeability),

slug testing, and water elevation measurements.
Analyze surface-water and sediment samples

: from Huntington Drain for Appendix IX
constituents.

Landfill 1- Determine if a release has occurred. Chemical analysis of groundwater and soils. Analyze groundwater and grab soil samples for III
SWMU ¯1 Appendix IX and TCL/TAL constituents.

Analyze grab soil samples for semivolatiles. III

Determine the dimensions of the unit. Geophysics, borings, test pit information. Perform ground-penetrating radar (GPR) survey, I
borings, and test pitting.

Characterize the properties ofsolid RCRA characterization and chemical analysis of Analyze solid materials for.Target Compound III
materials, if any. solid materials. List (TCL) semivolatiles and Appendix IX

constituents.

Landfill 2- Investigate quality of groundwater. Chemical analysis of groundwater. Analyze groundwater for Appendix IX Ill
S\VMU 2 constituents.

Investigate quality of surface water. Chemical analysis of surface soils. Analyze surface soils for TCL semivolatiles and III
Appendix IX constituents. (Completed prior to
RFI Phase I.)

Determine the dimensions of the unit. Geophysics information. Perform GPR and magnetometer surveys. I

______________________________________________

(Completed prior to RFl Phase I.)

Landfill 3 - Determine if a release has occurred. Chemical analysis of groundwater and soils. Analyze groundwater and soil samples for III
SWMU 3 Appendix IX and TCL/TAL constituents.

Determine the dimensions of the unit. Geophysics and test pit information. Perform GPR and magnetometer surveys and I
test pitting.
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TABLE 1.2

SUMMARY OF DATA NEEDS, QUALITY OBJECTIVES, AND DATA USES
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Page 2 of 2

Proposed Data Collection and Evaluation Analytical*
Unit/Area RFI Objectives Data Needed Activities Level

Landfill 3 - Characterize the properties of solid RCRA characterization arid chemical analysis of Analyze solid materials for TCL semivolatiles, Ill
SWMU 3 materials, if any. solid materials. Appendix IX constituents, and RCRA
(continued) characteristics.

Landfill 4- Determine if a release has occurred. Chemical analysis of groundwater and soils. Analyze groundwater and soil samples for III
SWMU 4 Appendix IX and TCL/TAL constituents.

Determine the dimensions of the unit. Geophysics, borings, test pit information. Perform GPR survey, borings, and test pitting. I

Characterize the properties of solid RCRA characterization and chemical analysis of Analyze solid materials for TCL semivolatiles, Ill
materials, if any. solid materials. Appendix IX constituents, and RCRA

characteristics.

SWMU 7 Determine if a release has occurred. Chemical analysis of soils. Analyze soil samples for TCL semivilatiles, TAL Ill
metals, and sulfide..

Determine the dimensions of the unit. Borehole and test pit information. Perform borings and test pitting. I

Characterize the properties of solid Chemical analysis of solid materials. Analyze solid materials for Appendix IX III
materials, if any. volatiles and semivolatiles..

Plant area Determine background Chemical analyses of groundwater and soils Analyze groundwater and soil samples for III
concentrations. from historically undisturbed areas. Appendix. IX constituents.

*Analytical levels as defined by EPA/840/G-87/1003.

Level I: Field screening or analysis for total organic/inorganic vapor detection or other parameters using portable instruments and/or field test kits. Results are often not

compound-specific and not quantitative, but results are available in real time.
¯ Limitations: Instruments respond to naturally occurring compounds.
¯ Data quality: If instruments are calibrated and data are interpreted correctly, an indication of contamination can be provided.

Level Ill: Analyses are performed at a fixed-base analytical laboratory. Data uses include risk assessment, site characterization, and evaluation of alternatives. Analysis is for organics
and inorganics, and it may be analyte-specific. Analysis uses EPA procedures (can be other than Contract Laboratory Program [CLP] procedures), and RCRA characteristic
tests.

¯ Limitations: Tentative identification in some cases, yet data quality of CLP may be provided.
¯ Data quality: Similar procedures and detection limits to CLP; CLP level of quality assurance/quality control (QA/QC) (validation, documentation) not required.
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TABLE 2.1

SAMPLING AND ANALYTICAL ACTIVITIES SUMMARY - PHASE I RFI
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Page 1 of 2

Number of Laboratory
Unit/Area Field Activity Samples Analysesa

Landfill 1 Conduct geophysical survey (GPR, EM, MAC). NA NA
(SWMU 1)

________________________________________________

Excavate test pits (10).
___________

NA
_________________

NA
Sample solids from test pits. 2 TCL SVOCs

____________________________________________

Appendix IX

Sample solids representng drum contents.
__________

i TCL SVOCs
Appendix IX
RCRA
characteristics

Sample soil from beneath solids in test pits. 2 TCL SVOCs
1 Appendix IX

Install, sample, and slug test monitor well MW006. 1 Appendix IX

Landfill 2 (SWMU 2) b

Landfill 3
(SWMU 3)

Conduct geophysical survey (CPR, EM, MAC).
________________________________

NA NA

Excavate test pits (15).
_______

NA
___________

NA
Sample solids from test pits. 3 TCL SVOCs

1 Appendix IX
RCRA

______________________________________________________________

characteristics
Sample soil from beneath solids in test pits.

______________

6 TCL SVOCs
____________________________________________

1 Appendix IX
Install, sample, and slug test monitor wells MW-002 2 Appendix IX

________________

and MW-003.
Landfill 4 Conduct geophysical survey (CPR, EM, MAC).

__________

NA NA
(SWMU 4)

______________________________________________

Excavate test pits (10).
__________

NA
________________

NA
Sample solids from test pits. 2 TCL SVOCs

1 Appendix IX,
RCRA

______________________________________________________________

characteristics
Sample soil from beneath solids in test pits.

______________

2 TCL SVOCs
______________________________________

1 Appendix IX
__________________

Install, sample, and slug test monitor well MW-004. 1 Appendix IX
Surface Excavate test pits (3). NA NA
depressionsc
(SWMU 7)

________________________________________________

Sample soil from test pits.
___________

2
_________________

Appendix IX
______________

______________________________________

_________

VOCs and SVOCs
CRA 14027 (5)



Page 2of2
TABLE 2.1

SAMPLING AND ANALYTICAL ACTIVITIES SUMMARY - PHASE I RFI
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Unit/Area Field Activity
Number of

Samples
Laboratory
Analyses

Huntington Drain Sample surface water. 3 Appendix IX

____________________

Sample sediment. 3 Appendix IX
Install stream gauges (3). NA NA

Background Sample subsurface soil 3 Appendix IX
Install, sample, and slug test two monitor wells,
MW-001, MW-005 and MW-007.

3 Appendix IX

__________________

Advance six geotechnical borings (BP-200,BP-201,
BP-203, BP-204, BP-206, and BP-207) and install
piezometers in the boreholes.

__________

26
_______________

Geotechnical
analyses

aThe acronyms for the various analyses are defined as follows:
TAL = Target Analyte List.
TCL Target Compound List.
RCRA characteristics = Toxicity Characteristic Leaching Procedure (TCLP), corrosivity, reactivity, and

ignitabiity.
SVOCs = Sem-volatile organic compounds.
VOCs = Volatile organic compounds.
Appendix IX = 40 CFR 264, Appendix IX Groundwater Monitoring List.
Geotechnical analyses = Gradation, plasticity, specific gravity, natural moisture content, organic content,

density, porosity, and permeability.
NA = Not applicable.
GPR = Ground penetrating radar.
EM = Electromagnetic terrain conductivity.
MAG = Magnetometry.

b This SWMU remediated in 1995. The scope of work included surface soil sampling, the excavation and
disposal of drums and associated soils, confirmatory soil sampling from the bottom of the excavation, and
installation of three piezometers to monitor water levels downgradient of the former landfill. The results are
presented in two reports, the Investigation Report and the Corrective Action Report (Weston, 1995a, 1995b).

cArea identified during site reconnaissance but not listed in RFI Phase I Work Plan or Consent Order.
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TABLE 2.2

DEVIATIONS BETWEEN THE PROPOSED WORK AND THE WORK ACTUALLY PERFORMED
PHASE I RFI

WEST BRINE FIELD
ATOFINA CHEMICALS, INC.

RIVERVIEW, MICHIGAN

Site Deviations

West Brine Field One year of quarterly 48-hour continuous
groundwater level monitoring was not performed.
Results of previous groundwater monitoring tests
at the East Plant provided sufficient data to amend
the monitoring frequency to quarterly water-level
measurements. This was discussed in a letter from
Mr. Lawrence Bove (Weston) to Mr. Michael
Valentino (U.S. EPA) dated 28 January 1997.

Landfills 1, 3, and 4 EM survey was not proposed in the RFI Phase I
Work Plan, but was performed in conjunction with
the GPR and MAG surveys to further delineate the
former landfill boundaries. A description and
methodology of the EM survey is provided in
Appendix A of this report.

________________________________________

Surface depressions (SWMU 7) Test pit excavation and surface soil sampling was
performed, but was not proposed in the RFI Phase
I Work Plan.
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TABLE 2.3

SAMPLING AND ANALYTICAL ACTIVITIES SUMMARY PHASE II RFI
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Number of Laboratory
Unit/Area Field Activity Samples Analysesa

Landfill 1 Install boreholes around boundary (12) and beneath NA NA
(SWMU 1) solids (1).

_____________

Sample soils from boreholes. 5
____________________

TCL SVOCs
TAL metals,
sulfide

TCL VOCs, TCL
2 SVOCs, TAL

metals, sulfide

Sample soil from beneath solids in borehole. 1 TCL SVOCs
TAL metals,
sulfide

Landfill 3 Install test pits around boundary (36). NA NA
(SWMU 3)

___________

________________________________________________

Sample soils from test pits. 22
_________________

TCL SVOCs, TAL
metals

Landfill 4 Install test pits (3) and boreholes (1) around boundary NA NA
(SWMU 4) and boreholes (1) beneath solids.

___________ __________________

Sample soils from test pits and boreholes. 8 TCL VOCs and
SVOCs, TAL

____________

metals, sulfide
____________________________________________________

Install test pit (1) in SWMU and sample solids 1 TCL VOCs and
SVOCs, TAL

______________

metals, sulfide
________________________

Surface
__________________________________________________________________

Install test pits around boundary (2). NA NA
depressions
(SWMU 7)

___________ _________________

________________________________________________

Install borehole beneath solids (1) and sample soils. 1 TCL SVOCs, TAL

____________________
_____________________________________________________

____________

metals, sulfide

aThe acronyms for the various analyses are defined as follows:
TAL = Target Analyte List.
TCL = Target Compound List.
SVOCs = Sem-volatile organic compounds.
VOCs = Volatile organic compounds.
NA = Not applicable.
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TABLE 2.4

DEVIATIONS BETWEEN THE PROPOSED WORK AND THE WORK ACTUALLY PERFORMED
PHASE II RFI

WEST BRINE FIELD
ATOFINA CHEMICALS, INC.

RIVERVIEW, MICHIGAN

Site Deviations

West Brine Field A groundwater elevation measurement event was
conducted at the West Brine Field, but was not

__________________________________________

proposed in the Work Plan.
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TABLE 3.1

STRATIGRAPHY THICKNESS OF UNCONSOLIDATED SEDIMENTS AND DEPTH TO BEDROCK
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Location ID

Depth to lop of Unit
(ftbgs)

Fill and Topsoil Brown Clay Gray Clay Gravel Limestone
TD

Piezometers-Deep
______________ ___________

BP-200
________________

0-0.65 0.65
____________

11.1
____________

64.4 67.5
___________

72.5
BP-201 0-0.9 2 10 59 61 67
BP-203 0-2 2 18 52 61.3 68
BP-204 0-2 2 10 NE 56 61.5
BP-206 0-0.8 0.8 12 NE 52 55
BP-207 0-2 2 13.1 61.8 65 69
Monitor Wells-
Shallow

____________ ___________ __________ __________

MW-aOl
______________

0-0.9 0.9
___________

10 NE NE 27
WM-OO1A 0-0.9 0.9 10 NE NE 17
MW-002 0-6 6 15.1 NE NE 22
MW-003 0-2 2 18 NE NE 24
MW-004A 0-6 6 12 NE NE 19
WM-004 0-2 2 10 NE NE 27
MW-005 0-0.7 0.7 13.2 NE NE 15
MW-006 0-0.8 0.8 12 NE NE 29
WM-006A 0-0.8 0.8 12 NE NE 15
MW-007 0-5 5.0 NE NE NE 15

Key
NE = Not encountered.
TD = Total depth.
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TABLE 3.2

MUNICIPALITY LAND USES
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

_______________________

Municipality*
______________________ ______________________

Land-Use Category
______________________

Grosse lie Riverview Southgate Trenton Wyandotte
Acres % Cover Acres % Cover Acres % Cover Acres % Cover Acres % Cover

Single family residential 2,294 40.6 82.5 29.3 1,965 44.8 1,526 33.2 1,877 55.8

Multiple family residential 78 1.4 90 3.2 212 4.8 123 2.7 16 0.5

Commercial and office 50 0.9 122 4.3 629 14.3 190 4.1 415 12.3

Institutional 137 2.4 231 8.2 263 6.0 202 4.4 133 3.9

Industrial 18 0.3 353 12.5 114 2.6 644 14.0 476 14.1

Transportation,
communications, utilities

440 7.8 243 8.6 91 2.1 430 9.4 177 5.3

Cultivated land 54 1.0 65 2.3 362 8.2 0 0 0 0

Woodlands, shrubs,
grassland, wetlands

2,517 44.5 886 31.4 752 17.1 1,201 26.1 272 8.1

Water 24 0.4 4 0.2 0 0 11 0.2 0 0

Barren, extractive 40 0.7 0 0 0 0 275 6.0 0 0

Total area (acres) 5,652 100.0 2,076.5 100.0 4,388 100.0 4,602 100.0 3,366 100.0

Source: SEMCOG (Southeast Michigan Council of Governments) Community Profiles, 1996.

*Iidicates that municipalities are only partially with the study area. Acreage and % cover statistics encompass that total area for each municipality.
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TABLE 3.3

FAUNA AND FLORA IDENTIFIED ON OCTOBER 15, 1996
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Scientific Name Common Name

Birds

Ardea herodius Great blue heron

Buteo lagopus Rough-legged hawk

Cardinalis cardinalis Northern cardinal

Junco hyemcilis Slate-colored junco

Passer domesticus House sparrow

Turdus mig-ratorius American robin

Mammals

Marmota monax Woodchuck

Odocoileus virginianus White-tailed deer

Sylvilagus floridanus Eastern cottontail

Vegetation
_________________________________________________

Acer negundo Box elder

Acer saccharinum Silver maple

Acer sp. Maple

Achillea millefolium Common yarrow

Agropyron repéns Quack grass

Aster novae-angeliae New England aster

Aster spp. White aster

Betula populzfolia Grey birch

Bromus spp. Bromegrass

Cornus racemosa Red-panicle dogwood

Crataegus spp. Hawthorn

Dactylus glomerata Orchard grass

Daucus carota Queen Anne's lace

Elaeagnus spp. Silverberry

Erigeron canadensis Horseweed
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TABLE 3.3

FAUNA AND FLORA IDENTIFIED ON OCTOBER 15, 1996
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Scientific Name Common Name

Euthamia gramintfolia Linear-leaved goldenrod

Fragaria spp. Strawberry

Frcixinus sp. Ash

Ligustrum vulgure Common privet

Lonicera tatarica Tartarian honeysuckle

Nepeta catarici Catnip

Phragmites austrauis Common reed

Plan tago major Common plantain

Poa spp. Bluegrass

Populus trem uloides Quaking aspen

Polygonum cuspidatum Japanese knotweed

Rhus typhina Staghorn sumac

Rosa multiflora Multiflora rose

Rubus spp. Raspberry

Rumex crispus Curled dock

Salix spp. Willow

Solidago spp. Goldenrods

Solidago altissima Tall goldenrod

Ulmus rubra Slippery elm

Vitis s.pp. Grape

Xan thium chinense Common cocklebur
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TABLE 3.4

CURRENT LIST OF RECEPTORS DESIGNATED AS SPECIAL STATUS FOR WAYNE COUNTY, MI
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Common Name Scientific Name Type
Federal
Status

State
Status

Lake sturgeon Acipenserfulvescens A C2 T

Climbing fumitory Adlumiafiingosa P SC

Smailmouth salamander Ambystoma texanum A E

Lead plant .
Amorpha canescens P SC

Hairy angelica Angelica venenosu P SC

Missouri rock cress Arabis missouriensis var deaniii P C2 SC

Three-awned grass Aristida longespica P T

Virginia snakeroot Aristolochia serpentaria P T

Tall green milkweed Asciepias hirtella P . T

White or prairie false indigo Baptisia lactea P T

Autumnal water starwort Callitriche hermaphroditica P SC

Wild hyacinth Camassia scilloides P T

Frank's sedge Carexfrankii P SC

Sedge Carex hyalinolepis P SC

Eastern few-fruited sedge Carex oligocarpa P SC

Sedge Carex squarrosa P SC

Cattail sedge Carex typhina P T

Sheilbark or kingnut hickory Carya laciniosa P SC

American chestnut Castanea den tata E

Downy hawthorn (champion tree) Crataegus mollis 0

Least shrew Cryptotis parva A T

Purple wartyback Cyclonaias tuberculata I SC

Yellow nut grass Cyperusflcivescens P SC

White lady slipper Cypripedium candidurn P 3C T

Beak grass Diarrhena americana P T

Catspaw Dysnornia sulcata delicata I LE E

Northern riffleshell Dysnornia torulosa rangiana I LE B
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TABLE 3.4

CURRENT LIST OF RECEPTORS DESIGNATED AS SPECIAL STATUS FOR WAYNE COUNTY, MI
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Common Name Scientific Name Type
Federal
Status

State
Status

Snuffbox Dysnomia triquetra I C2 E

Yerba-De-Tajo Eclipta prostrata P SC

Eastern fox snake ¯ Elaphe vulpina gloydi A__
________

T

~~~~~~~~~~~ spike rush Eleocharis engelmannii P SC

Love grass Eragrostis capillaris P SC

Small love grass Eragrostis pilosa P SC

Tinted spurge Euphorbia commutata P T

Stiff gentian Gentianella quinquefolia P T

Great Lakes marsh Great Lakes marsh C

Kentucky coffee tree Gymnocladus dioicus P SC

Whiskered sunflower Helianthus hirsutus P SC

Swamp rose mallow Hibiscus moscheutos P SC

Goldenseal Hydrastis canadensis P 3C T

Gentian-leaved St. John's wort Hypericum gentianoides P SC

Twinleaf Jeffersonia diphylla P SC

Two-flowered rush Juncus biflorus P SC

Short-fruited rush Juncus brachycarpus P T

Vasey's rush Juncus vaseyi P T

Water willow Justicia americana P T

Lake plain oak openings Lake plain oak openings C

Alkaline wet prairie, Midwest type Lake plain wet prairie C

Alkaline taligrass prairie, Midwest type Lake plain wet mesic prairie C

Wavy-rayed lamp mussel Lampsilisfasciola I T

False pimpernel Lindernia anagallidea P SC

Virginia flax Linum virginianum P T

Seedbox Ludwigia alternifolia P T
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TABLE 3.4

CURRENT LIST OF RECEPTORS DESIGNATED AS SPECIAL STATUS FOR WAYNE COUNTY, MI
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Common Name Scientific Name Type
Federal
Status

State
Status

Appressed bog clubmoss Lycopodium appresum F T

Rich forest, central Midwest type Mesic southern forest C

Wing-stemmed monkey flower Mimulus alatus p T

American lotus Nelumbo lutea P T

Pugnose shiner . Notropis cinogenius A SC

Northern madtom Noturus stiginosus A E

Round hickorynut Obovaria subrotunda I E

Pugnose minnow Opsopoeodus emiliae A T

Ginseng Panax quinquefolius P 3C T

Small-fruited panic grass Panicum microcarpon P SC

Channel darter Percina copelandi A T

Orange- or yellow-fringed orchid Platanthera ciliaris P T

Prairie fringed orchid Platanthera leucophaea P LT E

Cross-leaved milkwort Polygala cniciata P SC

Yellow-flowered leafcup Polymnia uvedalia P T

Meadow beauty Rhexia virginica P SC

Prairie rose Rosa setigera P SC

Tooth cup Rotala ramosior P SC

Hairy ruellia Ruellia humilis P T

Arrowhead Sagittaricz montevidensis P T

Canadian burnet Sanguisorba canadensis P T

Clinton's bulrush Scirpus clintonü P T

Tall nut rush Scieria triglomerata P SC

Fire pink Silene virginica P T

Compass plant Silphium laciniatum P T

Cup plant Silphium peifoliatum P T

Salamander mussel Simpsoniconcha ambigua I C2 E
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TABLE 3.4
Page 4 of 4

CURRENT LIST OF RECEPTORS DESIGNATED AS SPECIAL STATUS FOR WAYNE COUNTY, MI
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Common Name Scientific Name Type
Federal
Status

State
Status

Massasauga Sistrurus catenatus catenatus C2 SC

Blue-eyed grass Sisyrinchium hastile P X

Smooth carrion flower Smilax herbacea P SC

Southern flood plain forest Southern flood plain forest C

Forster's tern Sterna forsteri A SC

Common tern Sterna hirundo A C2 T

Trailing wild bean Strophostyles helvula P SC

Waxy meadow rue Thalictrum revolu turn P T

Prairie trillium Trillium recurvaturn P T

Bean villosa Villosafcibalis I C2 E

Wild rice Zizania aquatica var aquatica P T

Source: Michigan Natural Features Inventory (December 1994) produced by the Michigan Department of
Natural Resources Wildlife Division.

Type Codes

A = Vertebrate animal.

C = Plant community.

C = Geological feature.

I = Invertebrate animal.

N = Nonvascular plant.

0 = Other feature (champion tree, rockery).

P = Vascular plant.

Status Codes

E or LE = Endangered.

T or LT = Threatened.

SC = Special Concern (rare, may become S or T in future).

Cl = E or T considered appropriate but not yet officially
proposed.

C2 = E or T may be appropriate but more information is needed.

3C = Not currently being considered for listing.

Px Proposed status.

X = Probably extirpated.

LECT = The element is listed as endangered in part of its range and
threatened in the rest of its range.
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TABLE 3.5

SUMMARY OF HABITAT SUITABILITY INDEX (HSI) VALUES

WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

West Brine
Indicator Species Score Categories East Plant West Plant Field

White-tailed deer Food SI 0.00 0.60 0.75

Cover SI 0.00 0.20 1.00

Total HSI
(lowest requisite value) 0.00 0.20 0.75

Raccoon Breeding SI 0.00 0.00 0.00
Food SI 0.60 0.60 . 0.60
Water 1.00 1.00 1.00

Total HSI
(lowest life requisite value) 0.00 0.00 0.00

Muskrat Breeding SI 0.00 0.00 0.35
Bank soil type 0.00 NA 0.20
Bank stability 1.00 NA 0.50

Food SI 0.00 0.00 0.00
Cover SI 0.00 0.00 0.03

Emergent canopy cover 0.00 0.00 0.00
Wood - % cover 0.00 0.00 0.10

WaterSi 1.00 0.75 1.00
Water permanence 1.00 0.50 1.00
Water current 1.00 1.00 1.00

Total HS!
(lowest life requisite value) 0.00 0.00 0.00

Meadow vole Food/Cover SI 0.43 0.13 0.70
Herbs- % cover 0.50 0.10 1.00
Herbs - height 0.40 0.10 0.10
Grasses 0.30 0.10 1.00
Soil moistue - 0.50 0.20 0.70

Total HSI 0.43 0.13 0.70

Field sparrow Cover SI 0.50 0.24 0.55
Shrub - % cover 0.70 0.30 1.00
Shrub - height 0.70 0.60 0.60
Grasses - % cover 0.40 0.20 1.00
Herbs - height 0.50 0.50 0.50

Total HSI 0.50 0.24 0.55

SI = Suitability index
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TABLE 3.6
. Page 1 of 3

SOIL SCREENING LEVELS
__\ WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Part 201 Industrial and Part 201 Industrial and Part 201 Industrial and Part 201 Indistrial and
EPA Region 5 Commercial II, III, and IV Commercial II, III, and IV Commercial II, III, and IV Commercial II, III, and IV Part 201 Industrial and

Soil Screening Level Groundwater Contact Soil Volatilzation to Indoor Infinite Source Volatile Particulate Soil Inhalation Commercial II - Direct Ecological Data Quality
Criteria: R9 Industrial PRG Protection Criteria (GCPC) Inhalation Criteria (SVIIC) Soil Inhalation Criteria (VSIC) Criteria (PSIC) Contact Criteria (DCC) Background Metals Level (EDQL)

Superscript Designation: r c i o p d b e

Parameters Units

TCL - Semi-Volatile Organics

2,4-Dichiorophenol . mg/kg 2000 .

.

960 NLV NLV 2300000 1800 -- 87;5

2-Methylnaphthalene mg/kg -- 5500 ID ID ID 40000 -- 3.24
2-Methylphenol mg/kg 34000 -- -- 40.4
Benzo(a)pyrene mg/kg 0.26 NLL NLV NLV 1900 10 -- 1.52
benzo(b)fluoranthene mg/kg 2.6 NLL ' NLV NLV ID 100 59.8
Benzo(g,h.I)perylerte mg/kg -- NLL NLV NLV 350000 9100 -- 119
benzo(k)fluoranthene mg/kg 26 NLL NLV NLV ID 1000 - 148
Chrysene mg/kg 7.2 NLL ID ID ID 10000 -- 4.73
Fluoranthene mg/kg 27000 730 1000000 890000 4100000 180000 -- 122
Indeno(1,2,3-CD)pyrene mg/kg 2.6 NLL NLV

¯

NLV ID iou -- 109
--' N-Nitrosodiphenylamine mg/kg 390 700 NLV NLV ID 12000 --

:
0.54514

Naphthalene mg/kg 240 2100 470 350 88000 80000 -- 0.09939
Phenanthrene mg/kg -- 1100 3300 ii 2900 8000 -- 45.7
Phenol mg/kg 100000 12000 NLV NLV 18000000 12000 -- 120
Pyrene mg/kg 100 480 1000000

¯

780000 2900000 110000 -- 78.5

TAL - Metals

Aluminum, total mg/kg --
. 1000000 NLV NLV ID 660000 15,006 --

Arsenic, total mg/kg 2.4 2000 NLV NLV 910 61 10.76 5.7
Barium, total mg/kg 100000 1000000 NLV NLV 150000 250000 187.3 1.04
Beryllium, total mg/kg 1.1 1000000 NLV NLV 590 3100 1.56 1.06
Calcium, total mg/kg -- -- -- -- 159356 --

Chromium, total mg/kg 450 1000000 NLV NLV 150000 1000000 38.01 0.4
Cobalt, total mg/kg 97000 48000 NLV NLV 5900 18000 11.08 0.14033
Copper, total mg/kg 63000 1000000 NLV NLV 59000 140000 32* 0.3132
Iron, total mg/kg - 1000000 NLV NLV ID 1000000 56847 --

Lead, total mg/kg 400 ID NLV NLV 44000 900 21* 0.05373
Magnesium, total mg/kg -- 1000000 NLV NLV 2900000 1000000 16389 --

Manganese, total mg/kg -- 180000 NLV NLV 1500 170000 1334 --

Mercury, total mg/kg 510 47 NLV NLV ID 1100 0.13* 0.1
Nickel, total mg/kg 34000 1000000 NLV NLV 16000 270000 40.98 13.6
Potassium, total mg/kg -- -- -- -- -- -- 5033
Selenium, total mg/kg 8500 78000 NLV NLV 59000 18000 1.57 0.02765
Sodium, total mg/kg -- 1000000 NLV NLV ID 1000000 2103 --

Thallium, total mg/kg 120 15000 NLV NLV ID 240 1.02 0.05692
Vanadium, total mg/kg 12000 1000000 NLV NLV ID 10000 46.38 1.59
Zinc, total mg/kg 100000 1000000 NLV NLV ID 1000000 83.97 6.62
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TABLE 3.6

SOIL SCREENING LEVELS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Page 2 of3

Part 201 Industrial and Part 201 Industrial and Part 201 Industrial and Part 201 Indistrial and
EPA Region 5 Commercial II, III, and IV Commercial II, III, and 117 Commercial II, Ill, and IV Commercial II, III, and IV Part 201 Industrial and

Soil Screening Level Groundwater Contact Soil Volatilzation to Indoor Infinite Source Volatile Particulate Soil Inhalation Commercial II - Direct Ecological Data Quality
Criteria: R9 Industrial PRG Protection Criteria (GCPC) Inhalation Criteria (SV.IIC) Soil Inhalation Criteria (VSIC) Criteria (PSIC) Contact Criteria (DCC) Background Metals Level (EDQL)

Superscript Designation: r c i 0 p d b e

Parameters Units

Appendix 9 - General Chemistri

Sulfide, total

Avvendix 9 - Metals

mg/kg -- -- -- -- -- -- -- 0.00358

Aluminum, total mg/kg -- 1000000 NLV NLV ID 660000 15,006 --

Arsenic, total mg/kg 2.4 2000 NLV NLV 910 61 10.76 5.7
Barium, total mg/kg 100000 1000000 NLV NLV 150000 250000 187.3 1.04
Beryllium, total mg/kg 1.1 1000000 NLV NLV 590 3100 1.56 1.06
Cadmium, total . mg/kg 850 230000 NLV NLV 2200 4100 1.82 0.00222
Chromium, total mg/kg 450 1000000 NLV NLV 150000 i000ooo 38.01 0.4
Cobalt, total mg/kg 97000 48000 NLV NLV 5900 18000 11.08 0.14033
Copper, total mg/kg 63000 1000000 NLV NLV 59000 140000 32* 0.3132
Lead, total mg/kg 400 ID NLV NLV 44000 900 21* 0.05373
Mercury, total mg/kg 510 47 NLV NLV ID 1100 0.13* 0.1
Nickel, total mg/kg 34000 1000000 NLV NLV 16000 270000 40.98 13.6
Selenium, total mg/kg 8500 78000 NLV NLV 59000 18000 1.57 0.02765
Thallium, total mg/kg 120 15000 NLV NLV ID 240 1.02 0.05692
Tin, total mg/kg 100000 -- -- -- -- -- 0.81 7.62
Vanadium, total mg/kg 12000 1000000 NLV NLV ID 10000 46.38 1.59
Zinc, total mg/kg 100000 1000000 NLV NLV ID 1000000 83.97 6.62

Appendix 9 - Pesticides

Delta-BHC mg/kg -- -- -- -- -- -- -- 9.94

Appendix 9 - Dioxins/Furans (TEQ)

2,3,7,8-TCDD (TEQ value) jig/kg 0.024 NLL NLV NLV 89 0.99 -- 0.000199

Appendix 9 - Semi-Volatile Organics

2-Methylnaphthalene mg/kg -- 5500 ID ID ID 40000 -- 3.24
2-Methylphenol mg/kg 34000 -- -- -- -- -- -- 40.4
3&4-Methylphenol mg/kg 3400 -- -- -- -- -- -- --

Benzo(a)pyrene mg/kg 0.26 NLL NLV NLV 1900 10 -- 1.52
Benzo(b)fluoranthene mg/kg 2.6 NLL NLV NLV ID 100 -- 59.8
Benzo(g,h,i)perylene mg/kg -- NLL NLV NLV 350000 9100 -- 119
Benzo(k)fluoranthene mg/kg 26 NLL NLV NLV ID 1000 -- 148
Bis(2-ethylhexyl)phthalate mg/kg 140 NLL NLV NLV 890000 10000 -- 0.92594
Dibenzo(a,h)anthracene mg/kg 0.26 NLL NLV NLV ID 10 -- 18.4
Dibenzofuran mg/kg 140 ID ID ID ID ID -- --

Diphenylamine mg/kg 17000 -- -- -- -- -- -- 1.01

cRA 14027 (5)



TABLE 3.6

SOIL SCREENING LEVELS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Page 3 of 3 -

Part 201 Industrial and Part 201 Industrial and Part 201 Industrial and Part 201 Indistrial and
EPA Region 5 Commercial II, III, and IV Commercial II, III, and IV Commercial II, III, and IV Commercial II, III, and IV Part 201 Industrial and

Soil Screening Level Groundwater Contact Soil Volatilzation to Indoor Infinite Source Volatile Particulate Soil Inhalation Commercial II - Direct Ecological Data Quality
Criteria: R9 Industrial PRG Protection Criteria (GCPC) Inhalation Criteria (SVIIC) Soil Inhalation Criteria (VSIC) Criteria (PSIC) Contact Criteria (DCC) Background Metals Level (EDQL)

Superscript Designation: r C i p d b e

Parameters

At,vendix 9 - Semi-Volatile Orcanics (Cont'd

Units

Indeno(1,2,3-CD)pyrene mg/kg 2.6 NLL NLV . NLV ID ioo -- 109
N-Nitrosodiethylamine mg/kg 0.013 -- -- -- -- -- -- 0.06933
N-Nitrosodiphenylamine mg/kg 390 700 NLV NLV ID 12000 -- 0.54514
Naphthalene mg/kg 240 2100 470 350 88000 80000 -- 0.09939
Phenanthrene mg/kg -- 1100 3300 11 2900 8000 -- 45.7
Phenol mg/kg 100000 12000 NLV NLV 18000000 12000 -- 120
Pyrene mg/kg 100 480 1000000 780000 2900000 110000 -- 78.5

Appendix 9 - Volatile Organics

1,2-Dichloroethene (total) mg/kg 270 -- -- - -- -- --

2-Butanone mg/kg 27000 27000 27000 35000 29000000 27000 -- 89.6
4-Methyl-2-pentanone mg/kg 2800 2700 2700 53000 60000000 2700 -- 443
Acetone mg/kg 8800 110000 110000 160000 170000000 110000 -- 2.5
Carbondisulfide mg/kg 24 280 140 1600 21000000 280 -- 0.09412
Ethylbenzene mg/kg 230 140 140 11000 29000000 140 -- 5.16
Methylene chloride mg/kg 18 2300 240 700 8300000 2300 -- 4.05
Tetrachloroethene mg/kg 17 88 60 600 6800000 88 -- 9.92
Toluene mg/kg 880 250 250 3300 12000000 250 -- 5.45
Trichloroethene mg/kg 7 500 37 260 2300000 500 -- 12.4
Xylenes (total) mg/kg 320 150 150 54000 130000000 150 -- 10

CRA 14027(5)



TABLE 3.7 Page 1 of I

__'\ GROUNDWATER SCREENING LEVELS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Part 201 Industrial &
Part 201 Industrial- Commercial II, III & IV Part 201 Industrial-

EPA Region 5 Commercial - Groundwater Part2O1 Industrial- Commercial - Part2O1 Industrial- Background Background
Groundwater Groundwater Surface Volatilization to Commercial - Flammability and Commercial - Acute Metals - Metals -

Screening Level Water Interface Criteria Indoor Air Inhalation Groundwater Contact Explosivity Screening Inhalation Screening North of South of
Criteria: Level - MCL/R9 PRG (GSI) Criteria (GVIIC) Criteria (GCC) Level (FESL) Level (AISL) Huntington Drain Huntington Drain

Superscript Designation: r g i c f a n s

Parameters Units

Ap,endix 9 - Metals .

Antimony, total mg/L 0.015 ID NLV 68 ID ID 0.016 U 0.0208 J
Arsenic, soluble mg/L 0.000045 0.15 NLV 4.3 ID ID 0.0016 U 0.0016 U
Arsenic, total mg/L 0.000045 0.15 NLV 4.3 ID ID 0.0088 0.0292
Barium, soluble mg/L 2.6 1.33 NLV 14000 ID ID 0.8390 0.0528
Barium, total mg/L 2.6 1.33 NLV 14000 ID ID 0.1390 0.452
Beryllium, total mg/L 0.000016 0.033 NLV 290 ID ID 0.0005 0.0029
Cadmium, soluble mg/L 0.018 0.0025 NLV 190 ID ID 0.0026 0.0066 JCadmium, total mg/L 0.018 0.0025 NLV 190 ID ID 0.0039 0.0108
Chromium, soluble mg/L -- 0.12 NLV 290000 ID ID 0.0017 U 0.0017 U
Chromium, total mg/L -- 0.12 NLV 290000 ID ID 0.0160 0.0931
Cobalt, soluble mg/L 2.2 0.1 NLV 2400 ID ID 0.365 J 0.0164
Cobalt, total mg/L 2.2 0.1 NLV 2400 ID ID 0.0229J 0.0624
Copper, soluble mg/L 1.4 0.022 NLV 7400 ID ID 0.0017 U 0.0021 JCopper, total mg/L 1.4 0.022 NLV 7400 ID ID 0.0164 0.111 JLead, soluble mg/L 0.004 0.014 NLV ID ID ID 0.0065 U 0.0065 U
Lead, total mg/L 0.004 0.014 NLV ID ID ID 0.0230 0.0728
Mercury, total mg/L 0.011 0.0000013 NLV 0.056 ID ID 0.0001 U 0.00027
Nickel, soluble mg/L 0.73 0.13 NLV 74000 ID ID 0.0078 0.0532
Nickel, total mg/L 0.73 0.13 NLV 74000 ID ID 0.0318 0.155
Selenium, soluble rng/L 0.05* 0.005 NLV 970 ID ID 0.0140 0.014 U
Thallium, total mg/L 0.002* 0.0037 NLV 13 ID ID 0.0016 U 0.008 U
Tin, total mg/L 22 -- -- --

- - 0.0087 U 0.0087 U
Vanadium, soluble mg/L 0.26 0.012 NLV 970 ID ID

. 0.0017 U 0.0017U
Vanadium, total mg/L 0.26 0.012 NLV 970 ID ID 0.0184 0.0999
Zinc, soluble mg/L 11 0.29 NLV 110000 ID ID 0.0036 0.0034
Zinc, total mg/L 11 0.29 NLV 110000 ID ID 0.0504 0.282

Appendix 9 - Semi-Volatile Organics

bis(2-ethylhexyl)phthalate mg/L 0.004 0.032 . NLV 0.32 NA . 0.34 -- --

Appendix 9 - Volatile Oranics

Acetone mg/L 0.61 1.7 1000000 31000 7500 1000000 -- --

Chloroform mg/L 0.00016 0.17 180 150 ID ID -- --
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TABLE 3.8

SURFACE WATER SCREENING LEVELS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Surface Water
Ecological Data

Quality Level
Criteria: (SWEDQL)

Superscript Designation: e

Pzrameters 11_i1it.S

Avvendix 9 - Metals

Arsenic, soluble mg/L 0.053
Barium, soluble mg/L 5
Barium, total mg/L 5
Cadmium, soluble mg/L 0.00066
Copper, soluble mg/L 0.005
Copper, total mg/L 0.005
Selenium, soluble mg/L 0.005
Vanadium, total mg/L 0.019

Ap,endix 9 - Semi-Volatile Oranics

Bis(2-Ethylhexyl)phthalate mg/L 0.0021

CRA 14027 (5)



TABLE 3.9

SEDIMENT SCREENING LEVELS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sediment
Ecological Data

Quality Level
Criteria: (SD EDQL)

Superscript Designation: e

Parameters Units

Appendix 9 - General Chemistrt

Cyanide, total mg/kg 0.0001
Sulfide, total mg/kg

Appendix 9 - Metals

Aluminum, total mg/kg --

Arsenic, total mg/kg 5.9
Barium, total mg/kg --

Beryllium, total mg/kg --

Cadmium, total mg/kg 0.596
Chromium, total mg/kg 26
Cobalt, total mg/kg 50
Copper, total mg/kg 16
Lead, total mg/kg 31
Mercury, total mg/kg 0.174
Nickel, total mg/kg 16
Selenium, total mg/kg --

Silver, total mg/kg 0.5
Thallium, total mg/kg --

Tin, total mg/kg --

Vanadium, total mg/kg --

Zinc, total mg/kg 120

Avvendix 9 - Pesticides

4,4 -DDD mg/kg 0.00553
4,4 -DDE mg/kg 0.00142
4,4'-DDT mg/kg 0.00119
Aidrin mg/kg 0.002
Alpha-chlordane mg/kg --

Gamma-chlordane mg/kg --

Isodrin mg/kg 0.05516
Kepone mg/kg 0.00331

Appendix 9 - Dioxins/Furans (TEQ)

2,3,7,8-TCDD (TEQ value) pg/kg 0.0033

Page lof2
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TABLE 3.9

SEDIMENT SCREENING LEVELS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sediment
Ecological Data

Quality Level
Criteria: (SD EDQL)

Superscript Designation: e

Parameters Units

Appendix 9 - Semi-Volatile Orç'anics

2-Methylnaphthalene mg/kg 0.0202
Acenaphthene mg/kg 0.00671
Acenaphthylene mg/kg 0.00587
Anthracene mg/kg 0.0469
Benzo(a)Anthracene mg/kg 0.0317
Benzo(a)pyrene mg/kg 0.0319
Benzolb)fluoranthene mg/kg 10.4
Benzo(g,h,i)perylene mg/kg 0.17
Benzo(k)fluoranthene mg/kg 0.24
Bis(2-ethylhexyl)phthalate mg/kg 0.182
Butylbenzylphthalate mg/kg 4.19

Chrysene mg/kg 0.0571
Di-ri-butylphthalate mg/kg 0.1105
Dibenzo(a,h)anthracene mg/kg 0.00622

Dibenzofuran mg/kg 1.52
Fluoranthene mg/kg 0.1113
Fluorene mg/kg 0.0212
Indeno(1,2,3-CD)pyrene mg/kg 0.2

Naphthalene mg/kg 0.0346
Pherianthrene

.

mg/kg 0.0419

Pyrene mg/kg 0.053

Appendix 9 - Volatile Organics

Methylene chloride mg/kg 1.26

Page 2 of 2
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TABLE 3.10
Page 1 of 3

WASTE SCREENING LEVELS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Part 201 Industrial and
Part 201 Industrial and Commercial II, III, and IV Part 201 Industrial and Part 201 Industrial and

EPA Region 5 Commercial II, III, and IV Soil Volatilization to Commercial II, III, and IV Commercial II, III, and IV Part 201 Industrial and
Soil Screening Level Groundwater Contact Indoor Air Inhalation Infinite Source Volatile Particulate Soil Inhalation Commercial II, III, and IV Ecological Data QualityCriteria: R9 Industrial PRG Protection Criteria (GCPC) Criteria (SVIIC) Soil Inhalation Criteria (VSIC) Criteria (PSIC) Direct Contact Criteria (DCC) Background Metals Level (EDQL)Superscript Designation: r c j dp b e

Parameters Units

TCL - Semi-Volatile Oranics

1,2,4-Trichlorobenzene mg/kg 5500 1100 1100 34000 11000000 1100 _- 11.11,2-Dichlorobenzene mg/kg 700 210 210 46000 44000000 210 -- 2.961,3-Dichlorobenzene mg/kg 860 51 ID ID ID 170 -- 37.71,4-Dichlorobenzene mg/kg 8.5 140 100 260 570000 2900 -- 0.545592,2'-Oxybis(l-Chloropropane) mg/kg 27 -- -- --
--

2,4,5-Trichlorophenol mg/kg 68000 9100 NLV NLV 10000000 110000 -- 14.12,4,6-Trichiorophenol mg/kg 170 200 NLV NLV 1300000 5000 -- 9.942,4-Dichiorophenol mg/kg 2000 960 NLV NLV 2300000 1800 -- 87.52,4-Dimethylphenol mg/kg 14000 10000 NLV NLV 2100000 56000 -- 0.012,4-Dinitrophenol mg/kg 1400 -- -- --

" 2,4-Dinitrotoluene mg/kg 1400 170 NLV NLV
--

20000 340
0.06086

2,6-Dinitrotoluene mg/kg 680 -- -- --

-- 1.28

2-Chloronaphthalene mg/kg 110 --
-- --

--
-- -- 0.03283

2-Chiorophenol mg/kg 370 1900 ID ID
--

ID
--

6900
-- 0.01218

2-Methylnaphthalene mg/kg -- 5500 ID ID ID 40000
-- 0.24266

2-Methylphenol mg/kg 34000 -- -- --
--

-- 3.24

2-Nitroaniline mg/kg 41 -- -- --

-- -- 40.4

2-Nitrophenol mg/kg -- 1600 NLV NLV
--

ID
--

3100
-- 74.1
-- 1.63,3'-Dichlorobenzidine mg/kg 4.2 4.6 NLV NLV 8200 47 -- 0.646363-Nitroaniline mg/kg -- -- -- --

4,6-Dinitro-2-Methylphenol mg/kg -- 190 NLV NLV
--

ID
--

390
-- 3.16

4-Bromophenyl-phenylether mg/kg -- -- -- --
-- --

-- 0.14408
--

4-Chloro-3-methylphenol mg/kg -- 3000 NLV NLV ID 22000
--

-- 7954-Chioroaniline mg/kg 2700 -- -- --

4-Chlorophenyl-phenylether mg/kg - - -- --

--

--

--

--

-- 1.1
--

4-Methylphenol mg/kg 3400 -- -- --

-

4-Nitroaniline mg/kg -- -- -- --

--
-- -- 163

4-Nitrophenol mg/kg -- -- -- --

-- --
-- 21.9

Acenaphthene mg/kg 110 970 350000 97000
-

6200000
--

200000
-- 5.12
-- 682Acenaphthylene mg/kg -- 440 3000 2700 1000000 8000 -- 682Anthracene mg/kg 5.7 41 1000000 1600000 29000000 1000000 -- 1480Benzo(a)anthracene mg/kg 2.6 NLL NLV NLV ID 100

Benzo(a)pyrene mg/kg 0.26 NLL NLV NLV 1900
-- 5.21

10 -- 1.52

\
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TABLE 3.10 Page 2 of 3
,- \ WASTE SCREENING LEVELS

WEST BRINE FIELD
ATOFINA CHEMICALS, INC.

RIVERVIEW, MICHIGAN

Part 201 Industrial and
.

Part 201 Industrial and Commercial II, III, and IV Part 201 Industrial and Part 201 Industrial and
EPA Region 5 Commercial II, III, and IV Soil Volatilization to Commercial II, III, and IV Commercial II, III, and IV Part 201 Industrial and

Soil Screening Level Groundwater Contact IndoorAir Inhalation Infinite Source Volatile Particulate Soil Inhalation Commercial II, III, and IV Ecological Data Quality
Criteria: R9IndustrialPRG Protection Criteria (GCPC) Criteria (SVIIC) Soilinhalation Criteria (VSIC) Criteria (PSIC) Direct Contact Criteria (DCC) BackgroundMetals Level (EDQL)

SuperscriptDesignation: r c i o p d e

Parameters Units

TCL - Semi-Volatile Organics (Cont'd)

Benzo(b)fluoranthene mg/kg 2.6 NLL NLV NLV ID . 59.8
Benzo(g,h,i)perylene mg/kg -- NLL NLV NLV 350000 9100 -- 119
Benzo(k)fluoranthene mg/kg 26 NLL NLV NLV ID 1000 -- 148
Bis(2-chloroethoxy)methane mg/kg -- -- -- -- -- -- -- 0.30209
Bis(2-chloroethyl)ether. mg/kg 0.097 110 44 13 12000 89 -- 23.7
Bis(2-ethylhexyl)phthalate mg/kg 140 NLL NLV NLV 890000 10000 -- 0.92594
Butylbenzylphthalate mg/kg 930 310 NLV NLV 21000000 310 -- 0.23889
Carbazole mg/kg -- 820 NLV NLV ID 3700 --

Chrysene mg/kg 7.2 NLL ID ID ID 10000 -- 4.73
Di-n-butylphthalate mg/kg 68000 760 NLV NLV 1500000 760 -- 0.14979
di-n-octylphthalate mg/kg 10000 140000 NLV NLV ID 28000 -- 709
Dibenzo(a,h)anthracene mg/kg 0.26 NLL NLV NLV ID 10 -- 18.4
Dibenzofuran mg/kg 140 ID ID ID ID ID -- --

Diethylphthalate mg/kg 100000 740 NLV NLV 1500000 740 -- 24.8
Dimethylphthalate mg/kg 100000 790 NLV NLV 1500000 790 -- 734
Fluoranthene mg/kg 27000 730 1000000 890000 4100000 180000 -- 122
Fluorene mg/kg 90 890 1000000 150000 4100000 130000 -- 122
Hexachlorobenzene mg/kg 1.2 8.2 220 56 8500 51 -- 0.19878
Hexachiorobutadiene mg/kg 24 350 350 460 180000 350 -- 0.03976
Hexachiorocyclopentadiene mg/kg 4600 720 ID ID ID 720 -- 0.75537
Hexachloroethane mg/kg 140 110 79 660 100000 1100 -- 0.59634
Indeno(1,2,3-CD)pyrene mg/kg 2.6 NLL NLV NLV ID 100 -- 109
Isophorone mg/kg 2000 2400 NLV NLV 8200000 2400 -- 139
N-Nitrosodi-n-propylamine mg/kg 0.27 7.2 NLV NLV 2000 8.3 -- 0.54368
N-Nitrosodiphenylarnine mg/kg 390 700 NLV NLV ID 12000 -- 0.54514
Naphthalene mg/kg 240 2100 470 350 88000 80000 - 0.09939
Nitrobenzene mg/kg 94 220 490 4600 1500000 490 -- 1.31
Pentachlorophenol mg/kg 7.9 4.3 NLV NLV 130000 390 -- 0.11927
Phenanthrene mg/kg -- 1100 3300 11 2900 8000 -- 45.7
Phenol mg/kg 100000 12000 NLV NLV 18000000 12000 -- 120
Pyrene mg/kg 100 480 1000000 780000 2900000 110000 - 78.5

CRA 14027 (5)



Criteria:
Superscript Designation:

Parameters

Appendix 9 - General CJ'zemistrt

Sulfide, total

Appendix 9 - Metals

Part 201 Industrial and
EPA Region 5 Commercial II, III, and IV

Soil Screening Level Groundwater Contact
R9 Industrial PRG Protection Criteria (GCPC)

r c

Units

mg/kg --

TABLE 3.10

WASTE SCREENING LEVELS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Part 201 Industrial and

Page 3 of 3

Commercial II, III, and IV Part 201 Industrial and Part 201 Industrial and
Soil Volatilization to Commercial II, III, and IV Commercial II, III, and IV Part 201 Industrial and
Indoor Air Inhalation Infinite Source Volatile Particulate Soil Inhalation Commercial II, III, and IV Ecological Data QualityCriteria (SVIIC) Soil Inhalation Criteria (VSIC) Criteria (PSIC) Direct Contact Criteria (DCC) Background Metals Level (EDQL)

i 0 p d b e

0.00358

Aluminum, total mg/kg -- 1000000 NLV NLV ID 660000 15006 --Arsenic, total mg/kg 2.4 2000 NLV NLV 910 61Barium, total mg/kg 100000 1000000 NLV NLV 150000 250000
10.76

187.26
5.7

Beryllium, total mg/kg 1.1 1000000 NLV NLV 590 3100
1.04

Cadmium, total mg/kg 850 230000 NLV NLV 2200 4100
1.56 1.06

Chromium, total mg/kg 450 1000000 NLV NLV 150000 1000000
1.82 0.00222

Cobalt, total
- mg/kg 97000 48000 NLV NLV 5900 18000

38.01 0.4

Copper, total mg/kg 63000 1000000 NLV NLV 59000 140000
11.08 0.14033

Lead, total mg/kg 400 ID NLV NLV 44000
-

900
32* 0.3132

Mercury, total mg/kg 510 47 NLV NLV ID
21* 0.05373

Nickel, total mg/kg 34000 1000000 NLV NLV 16000
1100

270000
0.13*

Selenium, total mg/kg 8500 78000 NLV NLV
¯

59000 18000
40.98 13.6

Thallium, total mg/kg 120 15000 NLV NLV ID 240
1.57 0.02765

Tin, total mg/kg 100000 --

:

-- --

1.02 0.05692

Vanadium, total mg/kg 12000 1000000 NLV NLV
--

ID 10000
0.81 7.62

Zinc, total mg/kg 100000 1000000 NLV NLV ID
¯

1000000
46.38 1.59
83.97 6.62

Appendix 9- Dioxins/Furans (TEQ)

2,3,7,8-TCDD (TEQ Value) pg/kg 0.024 NLL NLV NLV 89 0.99 -- 0.000199

Appendix 9 - Volatile Organics

N-Nitrosodiphenylamine mg/kg 390
-

700 NLV NLV ID 12000Phenol mg/kg 100000 12000 NLV NLV 18000000 12000
-- 0.54514

2-Butanone mg/kg 27000 27000 27000 35000 29000000 27000
-- 120

Acetone mg/kg 8800 110000 110000 160000 170000000 110000
-- 89.6

Benzene mg/kg 1.4 220 8.4 45 470000 400
-- 2.5

Carbon disulfide mg/kg 24 280 140 1600 21000000 280
-- 0.25462

Ethylbenzene mg/kg 230 140 140 11000 29000000 140
-- 0.09412

lodomethane mg/kg -- -- -- --

-- 5.16

Methylene chloride mg/kg 18 2300 240 700
--

8300000 2300
1.23

Xylenes (total) mg/kg 320 150 150 54000 130000000 150
4.05

-- 10
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TABLE 3.11

- RCRA SCREENING LEVELS FOR CHARACTERISTIC
HAZARDOUS WASTE DETERMINATION

WEST BRINE FIELD
ATOFINA CHEMICALS, INC.

RIVERVIEW, MICHIGAN

Criteria: RCRA Level
Superscript Designation: t

Parameters Units

7 LP - Semi-Volatile Oranics

1,4-Dichlorobenzene mg/L 7.5
2,4,5-Trichiorophenol mg/L 400.0
2,4,6-Ttrichlorophenol mg/L : 2.0
2,4-Dinitrotoluene mg/L 0.1
2-Methylphenol mg/L 200.0
3&4-Methylphenol rng/L 200.0
Hexachlorobenzene mg/L 0.13
Hexachlorobutadiene mg/L 0.5
Hexachioroethane mg/L 3.0
Nitrobenzene rng/L 2.0
Pentachlorophenol mg/L 100.0
Pyridine rng/L 5.0

Appendix 9 - General Chemistrt

Flashpoint deg f 140

pH ph ^2or12.5

Avvendix 9 - Metals

Arsenic, total mg/L 5.0
Barium, total mg/L 100.0
Cadmium, total mg/L 1.0
Chromium, total mg/L 5.0
Lead, total mg/L 5.0
Selenium, total mg/L 1.0

Appendix 9 - Volatile Organics

2-ButanOne mg/L 200.0



TABLE 3.12

CRITERIA TABLE NOTES
WEST BRINE FIELD

'__\ ATOFINA CHEMICALS, INC.
. RIVERVIEW, MICHIGAN

NOTES
U - Not detected above the reporting limit.

J - Qualified as an estimated value.

UJ - Quantitation limit qualified as an estimated value.

NJ - Tentatively identified compound approximate concentration.

IF - Development of generic GSI value in progress.
NA - Criterion is not available.
ID - Inadequate data to develop criterion.

NLL - Chemical is not likely to leach.
NLV - Chemical is not likely to volatilize.
R - Rejected as a result of data validation.
-- - Not analyzed
*

- Site-specific background criteria lower than statewide default background criteria. Therefore, statewide
default background value used.

**
- For risk-based screening of constituents in groundwater, EPA maximum contaminant levels (MCLs) have

been adopted as groundwater RBSLs. However, MCLs exist for less than 100 chemicals. For constituents that
do not have a MCL, the EPA Region 9 PRG value is used. (MCLs denoted with a

SUPERSCRIPTS

I - Value exceeds associated criteria.

r - Soil/Waste: EPA Soil Screening Levels- Industrial egion 9 PRG
Groundwater: EPA Groundwater Screening Levels - MCL/egion 9 PRG

g - Groundwater: Part 201 Residential And Industrial-Commercial - Groundwater Surface Water Interface
Criteria (GSI)

- Soil/Waste: Part 201: Industrial and Commercial II, III, and IV - Soil Volatilization to Indoor Air Inhalation
Criteria (SVIIC)
Groundwater: Part 201 Industrial & Commercial II, III & IV Groundwater Volatilization to Indoor Air
Inhalation Criteria (GVIIC)

o - Soil/Waste: Part 201 Industrial and Commercial II, III, and IV - Infinite Source (Qutdoor) Volatile Soil
Inhalation Criteria (VSIC)

d - Soil/Waste: Part 201 Industrial and Commercial II - Direct Contact Criteria (DCC)

p - Soil/Waste: Part 201 Industrial and Commercial II, III, and IV - Particulate Soil Inhalation Criteria (PSIC)

c - Soil/Waste: Part 201 Residential and Commercial I - Groundwater Contact Protection Criteria (GCPC)
Groundwater: Part 201 Residential And Industrial-Commercial - Groundwater Contact Criteria (GCC)

- Groundwater: Part 201 Residential And Industrial-Commercial - flammability and Explosivity Screening
Level

a - Groundwater: Part 201 Residential And Industrial-Commercial - Acute Inhalation Screening Level

n - Groundwater: Background Metals - North of Huntington Drain

S - Groundwater: Background Metals - outh of Huntington Drain

b - Soil/Waste: Background Metals
e - Soil/Sediment/Surface water: fcological Data Quality Level (EDQL)

- TCLP samples: RCRA level

CRA 14027 (5)
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TABLE 4.1

SOILS BACKGROUND METALS CONCENTRATIONS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Arithmetic Standard 95% Upper
Para,neter Regional Background (mg/kg) Sample Concen tm tions ('mg/kg.) Mean Deviation Tolerance Lin, it

Mi,, Max Mean

ALUMINUM * 5,490 11,000 8,369 8,720 8,640 8,380 5,830 7,893 1,383 15,006
ANTIMONY <0.025 18 6.3 1.8 1.5 1.6 -- 1.4 0.51 5.3
ARSENIC 2 39 12.1 6.1 4.9 6.0 - - 5.7 0.67 10.8
BARIUM 6.8 291 91.9 91.0 65.3 65.4 - - 73.90 14.81 187.3
BERYLLIUM <0.10 1.3 0.5 0.73 0.49 0.65 -- 0.62 0.12 1.6
CADMIUM 0.1 3.5 1 0.56 0.32 0.65 -- 0.51 0.17 1.8
CALCIUM' 100 280,000 6,300 78,300 106,000 86,300 73,800 86,100 14,238 159,356
CI-IROMIUM 3.9 53 23.6 21.2 16.2 17.7 -. 18.4 2.6 38.0
COBALT 5.1 13 9.5 7.7 6.8 6.8 -- 7.1 0.52 11.1
COPPER 7.7 52 19.2 21.0 21.7 21.3 - - 21.3 0.35 24.0
IRON' 16,300 22,800 20,212 19,500 21,200 33,000 27,200 25,225 6,146 56,847
LEAI) 2.5 26 10.9 12.4 10.0 10.7 - - 11.0' 1.2 20.5
MAGNESIUM * 50 50,000 4,600 12,900 13,100 14,000 12,500 13,125 634 16,389
MANGANESE' 170 500 387.7 448 363 736 501 512 160 1,334
MERCURY 0.01 0.16 0.05 0.03 U 0.02 U 0.02 U - - 0.01" 0.0029 0.1 "

NICKEL 4 53 26.1 26.8 22.8 23.3 -- 24.3 2.2 41.0
POTASSIUM' 50 37,000 12,000 2,660 2,490 2,340 1,440 2,233 544 5,033
SELENIUM 0.12 0.7 0.38 0.17 U 0.79 U 0.16 U - - 0.19** 0.18 1.6
SILVER 0.1 3.1 0.99 0.18 U 0.14 U 0.17 U - - 0.08** 0.01 0.5 ***

SODIUM' <500 50,000 7,800 566 985 581 1,040 793 255 2,103
TI-IALLIUM <0.05 <1.50 1.9 0.27 0.14 U 0.14 U - - 0.14" 0.12 1.0
TIN NA NA 5.2 0.87 U 0.67 U 0.84U - - 0.40** 0.05 0.8
VANADIUM 12 50 25 28.7 23.5 26.7 - - 26.3 2.6 46.4
ZINC 32 120 52.6 53.9 58.9 51.4 - - 54.7 3.8 84.0

Notes:
1) * Background from clay unit samples collected at ATOF1NA Chemicals, Inc. East Plant, Riverview, Michigan
2) " For values with U qualifiers (non-detect), one half the detection limit used for calculation of mean
3) " Using 1/2 of the detection limit in the calculation, the 95% UTL is less than MDEQ detection limit, therefore

the background defaults to tile MDEQ Target Quantitation Limit (consistent with procedure used in MDEQ ERD
Operational Menlo #18).

4) All background data from MDEQ Operational Memorandum #15 except antimony, beryllium, calcium, magnesium,
potassium, sodium, thallium, and vanadium which are fronl A. Chiasson and J. Dragun. 1991. Elements in North
American Soils. l-Iazardous Materials Control Resources Institute, Greenbelt, MD.

5) Values in italics are from eastern US soils - all others are from Michigan Erie Glacial Lobe clay.
6) U = not detected above the associated limit.

CRA 14*27(5)



TABLE 4.2

GROUNDWATER BACKGROUND METALS CONCENTRATIONS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

North ofRunt. Drain South ofHunt. Drain
(MW-OO7) (Highest value - MW-005 and MW-UO7,

SOLUBLE (mg/L)

ANTIMONY 0.016 U 0.016 U

ARSENIC 0.0016 U 0.0016 U

BARIUM 0.8390 0.0528
BERYLLIUM 0.0004 U 0.0004 U

CADMIIJlvI 0.0026 0.0066 J
CHROMIUM 0.0017 U 0.0017 U

COBALT 0.365 J 0.0164

COPPER 0.0017 U 0.0021 J
LEAD 0.0065 U 0.0065 U

MERCURY 0.0001 U 0.0001 U

NICKEL 0.0078 0,0532

SELENIUM 0.0140 0.014 U
SILVER 0.0018 U 0.0018 U
THALLIUM 0.0016 U 0.0080
TIN 0.0087 U 0.0087 U
VANADIUM 0.0017 U 0,0017U

ZINC 0.0036 0.0124

TOTAL (mg/L)

ANTIMONY 0.016 U 0.0208 J
ARSENIC 0.0088 0.0292

BARIUlvI 0.1390 0.452
BERYLLIUM 0.0005 0.0029

CADMIUM 0.0039 0.0108
CHROMIUM 0.0160 0.0931

COBALT 0.0229 J 0,0624

COPPER 0.0164 0.111 J
LEAD 0.0230 0.0728
MERCURY 0.0001 U 0.00027
NICKEL 0.0318 0.155
SELENIUM 0.014 U 0.014 U

SILVER 0.0018 U 0.0018 U

THALLIUM 0.0016 U 0.008 U
TIN 0,0087 U 0.0087 U

VANADIUM 0.0184 0.0999

ZINC 0.0504 0.282

Notes:
U = Not detected at the associated detection limit

J = Estimated value

CRA 14027 (5)



TABLE 4.3

SUMMARY OF DETECTED COMPOUNDS IN BACKGROUND SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: O6SBO1 065B02 065B03

Sample ID: EAO1 -BF-065B01-02401 EAOI-BF-065B02-02401 EAO1-BF-06SB03-02401

Sample Depth: 10-12 10-12 10-12

SWMU: BKGD BKGD BKGD

Sample Date: 10/12/96 1 0/13/96 1 0/14/96

Parameters Units

Appendix 9 - General Chemistrii

SULFIDE, TOTAL mg/kg I 353C 27.8 U 24.5 U

Appendix 9 - Metals
Aluminum, total mg/kg 1.8 J 1.5 J 1.6 R

Arsenic, total mg/kg 6.1 1 4.91 6J
Barium, total mg/kg 91 65.3 65.4

Beryllium, total mg/kg 0.73 0.49 0.65

Cadmium, total mg/kg 0.56 0.32 0.65

Chromium, total mg/kg 21.2 16.2 17.7

Cobalt, total mg/kg 7.7 6.8 6.8

Copper, total mg/kg 21 21.7 21.3

Lead, total mg/kg 12.4 10 10.7

Nickel, total mg/kg 26.8 22.8 23.3

Thallium, total mg/kg 0.271 0.14 U 0.14 U

Vanadium, total mg/kg 28.7 23.5 26.7

Zinc, total mg/kg 53.9 58.9 51.4

Appendix 9 - Pesticides

Delta-BHC mg/kg 0.0019 0.0011 0.0015

Appendix 9 - Semi-Volatile Organics
BIS(2-Ethylhexyl)phthalate mg/kg 0.38 U 0.38 U 0.11 J
Phenanthrene mg/kg 0.38 U 0.38 J 0.38 U

Appendix 9 - Volatile Or,anics

Acetone mg/kg 0.68 J 0.041 J 0.02 J
Tetrachloroethene mg/kg 0.001 J 0.006 U 0.006 U

CRA 14027(5)



TABLE 4.4

SUMMARY OF DETECTED COMPOUNDS IN BACKGROUND GROUNDWATER
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: MVT001 i1vlW005 iVIWOO7
Sample ID: EAO1 -BF-M1'VOOI-Ol EAOI -BF-MW005 -01 EA01 -BF-MW007-01

Sample Depth: 0-0 0-0 0-0
SWMLI: BKGD BKGD BKGD

Sample Date: 11/20/96 11/21/96 11/21/96

Parameters !J_iiL

Appendix 9 - Metals

Antimony, total mg/L -- 0.0208 J --

Arsenic, total mg/L 0.0088 0.0272 0.0292
Barium, soluble mg/L 0.0839 0.0528 0.0243
Barium, total mg/L 0.139 0.344 0.452
Beryllium, total mg/L 0.0005 0.0024 0.0029

Cadmium, soluble mg/L 0.0026 0.0059 0.0066
Cadmium, total rng/L 0.0039 0.0108 0.0052
Chromium, total mg/L 0.016 0.0718 0.0931
Cobalt, soluble mg/L 0.0365 J 0.0164 0.0085
Cobalt, total mg/L 0.0229 J 0.0624 0.0518
Copper, soluble mg/L -- 0.0021 J --

Copper, total mg/L 0.0164 0.0862 J 0.111

Lead, total mg/L 0.023 0.0728 0.0496

Mercury, total mg/L 0.0001 U 0.00025 0.00027
Nickel, soluble mg/L 0.0078 0.0532 0.0264
Nickel, total mg/L 0.0318 0.141 0.155

Vanadium, total mg/L 0.0184 0.082 0.0999
Zinc, soluble rng/L 0.0036 0.0124 0.0034
Zinc, total mg/L 0.0504 0.224 0.282

Avvendix 9 - Semi-Volatile Orcanics

Bis(2-ethylhexyl)phthalate mg/L I 0.01 jr -- 0.01 jr

Appendix 9 - Volatile Organics

Acetone mg/L 0.01 U -- 0.015 J

R,' 14027 (5



TABLE 4.5

SUMMARY OF DETECTED COMPOUNDS IN SWMU 1 WASTE
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: 01 WiviOl
Sample ID: EAO1-BF-O1WMO1 -00601

Sample Depth: 2.5-3
SWIvIU: 01

Sample Date: 10/12/96

Parcimeters Units

TCL - Semi-Volatile Organics

Naphthalene mg/kg 140 je

Phenol mg/kg 1000

Appendix 9 - General Chemistrij

Sulfide, total mg/kg 154e

Appendix 9 - Metals

Aluminum, total mg/kg 1.3J
Arsenic, total mg/kg 1.7 J
Barium, total mg/kg 14.4

Beryllium, total mg/kg 0.04
Chromium, total mg/kg 2.4

Cobalt, total mg/kg 0.96

Copper, total mg/kg 14.2

Lead, total mg/kg 8

Mercury, total mg/kg p 0¯14be
Nickel, total mg/kg 21.1

Tin, total mg/kg 0.81

Vanadium, total mg/kg 2.7

Zinc, total mg/kg 21

Appendix 9 - Semi-Volatile Oranics
_________________________

Phenol mg/kg 1200 je

CRA 140Z7 (5)



TABLE 4.6

SUMMARY OF SWMU 1 WASTE RCRA CHARACTERISTICS AND TCLP ANALYSIS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: OlWMOI
Sample ID: EAOI -BF-O1WMO1 -00601

Sample Depth: 2.5-3
SWMLI: 01

Sample Date: 10/22/1996

Parameters Units

TCLP - General Chemistri

Flashpoint deg f 200 +

pH ph 8

TCLP - Metals
Arsenic, total mg/L 0.0375
Barium, total mg/L 1.15
Chromium, total mg/L 0.0169
Lead, total mg/L 0.0412

TCLP data -SWMUOI-WBF
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-.. SUMMARY OF DETECTED COMPOUNDS IN SWMUI SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: OISBO3 OISBO3 01S803 OISBO5 01S805 OISBO7 O1SBO7 lflSB13 015814 01S814 O1SB6
Sample ID: EAH-BF-OSBO3-O24O EAffl -BP-01S803-03401 EAOI-BF-OZSBO3-03402 E.402 -BF-OISBO5-00801 EAO2-BF-01S805-0T801 F.AO2-BF-OSBO7-OO6O1 E.A02 -BF-OZSBO7-01801 EAO2-BF-01S813-04001 EAO2-BF-OTSBI4-00801 EAO2-BF-OISBZ4-02001 F.AO2-BF-OL5B16-oo6o

Sample Depth: 10-12 15-17 1517 24 79 13 7-9 1820 2-4 8-10 1-3

SWMU: 01 01 01 01 01 01 01 01 01 01 01
Sample Date: 11/6196 11/6/96 11/6/96 10/12/99 10/12/99 10112199 10/12/99 10/25/99 10/18/99 10118/99 10/18/99

S Dupi.
Parameters Units

TCL - Semi-Volatile Oranics

I'henanthrerte mg/kg 1.9 U 0.044 J 0.062 J 0.39 U 0.37 U 0.38 U 0.37 U 0.38 U 0.37 U 0.37 U 21 U
Phenol mg/kg 0.69 J 0.41 J 0.37 U 0.39 U 0.37 U 038 U 0.37 U ¯ 0.38 0.37 U 0.37 U 21 U

TAL - Metals

Aluminum. total mg/kg - -- -- 11000 3280 16700b 5860 5860 11300 6630 j 19900b
Arsenic, total mg/kg - -- -- 7.2J 7.1 110,be 7Q 6.0 5.3 6.2 8.3

Barium, total mg/kg - -- - 142 J 65.5 83.5 32.5 44.9 100 49.1 132

Calcium, total mg/kg -- -- -- 86200 93300 4600 98500 85000 Q9000 128000 11200

Chromium, total mg/kg - -- -- 18.7 14.1 J . 27.3 11.1 11.5 17.7 12.1 32.0

Cobalt, total mg/kg - -- - 9.6 J 7.4 157b 7.1 7.2 8.0 J 5.6 15¯1b
Copper, total mg/kg - --

.

- 21.2 1 19.9 25.8 19.8 16.3 16.8 20.0 27.1
Iron, total mg/kg -- - - 21700 17400 J 29800 05500 15300 17800 J 15500 32700
Lead, total mg/kg - -- - 9.2 J 8.2 32.1 7.5 7.8 7.3 8.0 12.2

Magnesium, total mg/kg - - - 14600 J 14600 6530 14200 18100b j 13000 13500 8980

Manganese, total mg/kg - - - 349 402J 662 356 348 387J 316 482

_¯"\ Nickel, total mg/kg - -- - 28.3 J 20.6 J 47.4 I 20.6 21.2 22.1 18.6 45.2

Potassium, total mg/kg -- -- - 1490 J 2330 2340 1390 1670 2610 1720 2910

Selenium, total mg/kg - -- - 0.73 J 0.56 U 0.981 0.56 U 0.57 U 0.56 U 0.56 U 0.62 U

Thaffium, total mg/kg - -- - 1.2 U 1.1 U 1.2 U 1.1 U 1.7 1.1 U 1.1 U 1.2 U
Vanadium, total mg/kg - -- -- 24.0 19.8 39.4 13.6 14.2 24.7 15.6 40.8

Zinc, total mg/kg - -- - 55.81 50.1 J 84.2 J 46.8 J 435 49.8 51.1 82.1

Ayyendix 9 - General Chenzistn

Sulfide, total mg/kg 38.3 - - - - - - - - - -

Ayyendix 9 -Metals

Aluminum, total mg/kg 1.4 R -- - - -_ - -- -- --

Arsenic, total mg/kg 5.4J -- - - - - -_ - - -

Barium, total mg/kg 48.8 -- - -- - - - -. -- -

Beryllium, total mg/kg 0.6 - -

.

- -- - - . -

Cadmium, total mg/kg 0.32 - - - - -
.

; -- - --

Chromium, total mg/kg 15.2 - - - - -- -- . -
.

-

Cobalt, total mg/kg 4.4 -- - - - - -_ - - -

Copper, total mg/kg 20.8 -- -
.

.

- - - -- -- - -- -

Lead, total mg/kg 10.5 -- - -

.

-- - - - -

Nickel, total mg/kg 19.2 - - - - - -- - - -

Thaffium, total mg/kg 0.23 J -- - - -- - - - -_ - --

Vanadium, total mg/kg 21.5 -- - - -- - - - - -- --

Zinc, total mg/kg 50.3) -- -- -- -- -- - -- -

Ap,endix 9 -Semi-Volatile Oranics

Diphenylamirte mg/kg 0.111 -- -- -- -- - -- - -- - --

Naphthalene mg/kg 0.054 J - - - -- - -- -- - - --

Phenol mg/kg j 640' -- - - -- -- - - --

Aypendix 9 - Volatile Oranics

1,2-Dichioroethene (total) mg/kg 0.011 -- - - -- - - - -- - --

2-Butanone mg/kg 0.037 -- -- -- -- - -- - -- -

\ BF.lVMU.O1.S,,I.



TABLE 4.8

SUMMARY OF DETECTED COMPOUNDS IN SWMTJ 1 GROUNDWATER (MW-006)
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: lvfWoo6

Sample ID: EAOI_BF-MTATOO6_01
Sample Depth: 0-0

SWMU: 01
Sample Date: 11/20/96

Parameters Units

Avtendix 9 - Metals

Arsenic, total mg/L 0.0132
Barium, soluble mg/L 0.0422
Barium, total mg/L 0.19
Beryllium, total mg/L 0.0019
Cadmium, soluble mg/L 0.0026
Cadmium, total mg/L 0.0028
Chromium, total mg/L 0.0545
Cobalt, total mg/L 0.0305
Copper, total mg/L 0.0582
lead, soluble mg/L 0.0075s
Lead, total mg/L 0.0202
Mercury, total mg/L 0.00025
Nickel, soluble mg/L 0.0188
Nickel, total mg/L 0.0967
Tin, total mg/L 0.O14
Vanadium, total mg/L 0.0689
Zinc, soluble mg/L 0.0017
Zinc, total mg/L 0.151

Appendix 9 - Semi-Volatile Organics

bis(2-ethylhexyl)phthalate mg/L j 0.01 J'

CA 14O27(5



TABLE 4.9 Page 1 of 2

SUMMARY OF DETECTED COMPOUNDS IN SWMU 3 WASTE
,, __'\ WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: O3WMOI ¯ 03WM02 03WM03
Sample ID: EAOI-BF -03 WMOI-00401 EAOI -BF-03WM02-00602 EAO1-BF-03 WMO3-01201

Sample Depth: 1.5-2 2.5-3 5.5-6
S14MLI: 03 03 03

Sample Date: 11/5/96 71/5/96 1116196

Parameters Llnifs

TCL - Semi-Volatile Oranics

1,2,4-Trichlorobenzerie mg/kg 0.94 R 2500 U 2 U
1,2-Dichlorobenzerie mg/kg 0.94 R 1500 U 2 U
1,3-Dichlorobenzene mg/kg 094 R 1500 U 2 U
1,4-Dichlorobenzene mg/kg 0.94 R 1500 U 2 U
2,2 -Oxybis(1-Chloropropane) mg/kg 0.94 R 1500 U 2 U
2,45-Trichiorophenol mg/kg 2.3 R 3700 U 5.1 U
2,4,6-Trichlorophenol mg/kg 0.94 R 1500 U 2 U
2,4-Dichlorophenol mg/kg 0.94 R 1500 U 2 U
2,4-Dimethylphenol mg/kg 0.94 R 1500 U 2 U
2,4-Dinitrophenol mg/kg 2.3 R 3700 U 5.1 U
2,4-Dinitrotoluene mg/kg 0.94 R 1500 U 2 U
2,6-Dinitrotoluerie mg/kg 0.94 R 1500 U 2 U
2-Qiloronaphthalene mg/kg 0.94 R 1500 U 2 U
2-Chlorophenol mg/kg 0.94 R 1500 U 2 U
2-Methylnaphthalene mg/kg 0.94 R 1500 U 2 U
2-Methylphenol

,

mg/kg 0.94 R 1500 U 2 U
2-Nlitroaniline mg/kg 2.3 R 3700 U 5.1 U
2-Nitrophenol mg/kg 0.94 R 1500 U 2 U
3,3'-Dichlorobenzidine mg/kg 0.94 R 1500 U 2 U
3-Nitroaniine mg/kg 2.3 R 3700 U 5.1 U
4,6-Dinitro-2-methylphenol mg/kg 2.3 R 3700 U 5.1 U
4-Bromophenyl-phenylether mg/kg 0.94 R 1500 U 2 U
4-Chloro-3-methylphenol mg/kg 0.94 R 1500 U 2 U
4-Chloroaniline mg/kg 0.94 R 1500 U 2 U
4-Chiorophenyl-phenylether mg/kg 0.94 R 1500 U 2 U
4-Methylphenol mg/kg 0.94 R 1500 U 2 U
4-Nit-roaniline mg/kg 2.3 R 3700 U 5.1 U
4-Nitrophenol mg/kg 2.3 R 3700 U 5.1 U
Acenaphthene mg/kg 0.94 R 1500 U 2 U
Acenaphthylene mg/kg 0.94 R 1500 U 2 U
Axithracene mg/kg 0.3 J 1500 U 2 U
Benzo(a)anthracene mg/kg 0.96 J 1500 U 0.34

Berizo(a)pyrene mg/kg 0.67 J' 1500 U 0.47 J'
Benzo(b)fluoranthene mg/kg 0.99 J 1500 U 0.84 J
Benzo(g,h,i);erylene mg/kg 0.56 J 1500 U 0.35
Benzo(k)fluoranthene mg/kg 0.56 J 1500 U 0.34
Bis(2-Chloroethoxy)methane mg/kg 0.94 R 1500 U 2 U
Bis(2-Chloroethyl)ether mg/kg 0.94 R [500 U 2 U
Bis(2-Ethylhexyl)phthalate mg/kg 0.19 J 1500 U 3.4

Butylbenzylphthalate mg/kg 0.21 1 1500 U 2 U
Carbazole mg/kg 0.94 R 1500 U 2 U

CR0 14027101



TABLE 4.9 Page 2 of 2

t-.\
SUMMARY OF DETECTED COMPOUNDS IN SWMU 3 WASTE

WEST BRINE FIELD
ATOFINA CHEMICALS, INC.

RIVERVIEW, MICHIGAN

Sample Location. O3Wlvfol 03WM02 03WM03
Sample ID: EAOI -BF-03 W1vIO1-004ffl EAO1 -BF-03 WMO2 -00601 EAOI- BF-03 WMO3 -01201

Sample Depth: 1.5-2 2.5-3 5.5-6
SWII'ILt: 03 03 03

Sample Date: 11/5196 11/5/96 11/6/96

Parameters ¯jj_f¯ts

TCL - Semi-Volatile Oranics (Cont'd)

Chrysene mg/kg 1.2 J 1500 U 0.41
Di-n-Butylphthalate mg/kg 0.94 R 1500 U 2 U
Di-n-octylphthalate mg/kg 0.94 R 1500 U 2 U
Bibenzo(a,h)anthracene mg/kg 0.17 J 1500 U 2 U
Dibenzofuran mg/kg 0.94 R 1500 U 2 U
Diethylphthalate mg/kg 0.94 R 1500 U 2 U
Dimethylphthalate mg/kg 0.94 R 1500 U 2 U
Fluoranthene mg/kg 1.51 1500 U 0.68
Fluorene mg/kg 0.11 1500 U 2 U
Hexachlorobenzene mg/kg 0.94 R 1500 U 2 U
Hexachlorobutadiene mg/kg 0.94 R 1500 U 2 U
Hexachlorocyclopentadiene mg/kg 0.94 R 1500 U 2 U
Hexachloroethane mg/kg 0.94 R 1500 U 2 U
Tndeno(l,2,3-CD)pyrene mg/kg 0.761 1500 U 0.47J
Isophorone mg/kg 0.94 R 1500 U 2 U
N-Nlitrosodi-n-propylamine mg/kg 0.94 R 1500 U 2 U
N-Nitrosodiphenylamine mg/kg 0.94 R 1500 U 2 U
Naphthalene mg/kg 0.94 R 1500 U 2 U
Nilrobenzene mg/kg 0.94 R 1500 U 2 U
Pentachlorophenol mg/kg 2.3 R 3700 U 5.1 U
Phenanthrene mg/kg 0.981 1500 U 0.33
Phenol mg/kg 0.94 R 36J 2 U
Pyrene mg/kg 2J 1500 U 0.47

Ayyendix 9 -Metals

Arsenic, total mg/kg - 1.71 --

Barium, Iota! mg/kg - 25.5 --

Beryllium, total mg/kg -- 0.08 -

Cadmium, total mg/kg -- I J --

Chromium, total mg/kg - 6.11 --

Cobalt, total mg/kg 0.55 --

Copper, total mg/kg -- 9.2 --

Lead, total mg/kg -- 21.6 jb

Mercury, total mg/kg - 0.36 --

Nickel, total mg/kg .- 5 --

Selenium, total mg/kg -- 0.39 --

Thallium, total mg/kg - 0.24 --

Tin, total mg/kg -- 1¯5b --

Vanadium, total mg/kg - 2.7 -.

Zinc, total mg/kg .- 90.8 1b --

Ayyendix 9 - Dioxins/FuransffEQ)

2,3,7,8-TCDD (TEQ value) pg/kg .- 0.01685 J' --

ilypendix 9 - Semi-Volatile Oryics

Phenol mg/kg -- 57J --

Appendix 9 - Volatile Ornnics

2-Butanone mg/kg -- 0.14 --

Acetone mg/kg -- 0.9J --

Xylenes (total)

CRA I4,O5

mg/kg -- 0.008) --



TABLE 4.10

SUMMARY OF SWMU 3 WASTE RCRA CHARACTERISTICS AND TCLP ANALYSIS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: 03W2'v102
Sample ID: EAOI-BF-03WiVI02-00601

Sample Depth: 2.5-3
SWM1J: 03

Sample Date: 11/5/1996

Parameters Units

TCLP - General Chemistrii
FLASHPOINT deg f 200 +
PH ph 10.5

TCLP - Metals
ARSENIC, TOTAL mg/L 0.0397
BARIUM, TOTAL mg/L 0.24 J
CHROMIUM, TOTAL mg/L 0.003

TCLI' dat-SWMUO3-WBF



SUMMARY OF DETECTED COMPOUNDS IN SWMU 3 SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Page 1 of 6

Sample Location: BTP3-17 BTP3-17 BTP3-18 TP3-18 BTP3-21 BTP3-21 BTP3-22 BTP3 -23 BTP3-24 BTP3-25 BTP3-25
Sample ID: EAO2-BF-BTP3 -17-00601 EAO2 -BF-BTP3 -I7-01601 EAO2 -BF-BTP3-18-00601 EAO2-BF-BTP3-18-1fl601 EA02-BF.I3TP3.21 -00601 EAO2¯BF-BTP3-21-01601 EAO2 -BF-BTP3 -22-01401 EAO2-BF-BTP3 -23-01401 F.A02-BF-BTP3 -24-01401 EA02-BF-BTP3-25-01401 EA02 -BP-BTP3-25-01402

Sample Depth: 1-3 6-8 1-3 6-8 -3 6-8 5-7 5-7 5-7 5-7 5-7
SWMU: 03 03 03 03 03 03 03 03 03 03 03

Sample Date: 12/13/99 72/13/99 12/14/99 12/14/99 12/14/99 12/14/99 12114199 12/14/99 12/14/99 12/14/99 12/14/99
Dupi.

Parameters

TCL - Semi-Volatile Oranics

2,4-Dichlorophenol mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
2-Methylnaphthalerie mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
2-Methyiphenol mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
Beno(a)pyrene mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
Benio(b)fluorantherie mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 036 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
Benzo(g,hi)perylene mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 036 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
Benzo(k)fluorantherie mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
Chrysene mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U . 0.38 U
Fluoranthene mg/kg 0.4 U 0.38 U ¯ 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
Indeno(i,2,3-CD)pvrene mg/kg 0.4 U 0.38 U 0.36 U 0371.1 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
N-Niftosodiphenylamine mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U

Naphthalene mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
Phenanthrene mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
Phenol mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.38 U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U
Pyrene mg/kg 0.4 U 0.38 U 0.36 U 0.37 U 0.3$ U 0.36 U 0.39 U 0.43 U 0.4 U 0.39 U 0.38 U

TAL - Metals

-" Aluminum, total mg/kg 17800b j 10200 8330 7370 11700 8270 9980 12500 8650 12500 12500
Arsenic, total mg/kg 9.7 6.2 5.2 7.4 9.7 8.0 9.0 217,b 11.4' 10.2 10.0
Barium, total mg/kg 94.3 69.8 44.6 63.3 77.1 51.2 132 155 80.3 131 125
Beryllium, total mg/kg 0.63 0.58 U 0.55 U 0.56 U 0.57 U 0.55 U 0.59 U 0.71 0.61 U 0.58 U 0.58 U
Calcium, total mg/kg 4010 63800 78600 99800 J 31700 81100 3940 4290 2840 3200 3340
Chromium, total mg/kg 273 17.7 13.6 13.4J 18.9 13.9 16.2 21.3 15.6 20.0 20.2
Cobalt, total mg/kg 11.0 8.8 8.6 7.33 8.8 8.8 10.1 22b, 93 126be
Copper, total mg/kg 26.3 19.2 22.9 19.0 32¯.1b 22.3 24.9 16.1 11.6 17.9

_____________________I
18.4

Iron, total mg/kg 29000 18600 18600 18300] 22100 18700 26800 63200b 26000 30200 29700
Lead, total mg/kg 12.1 7.9 9.2 8.83 9.4 11.1 15.4 9.5 13.1 13.1
Magnesium, total mg/kg 4570 16600b 9760] 13200]

_____________________

6140 J 9990] 39301 3390 J 2580 J 34201 3540]
Manganese, total mg/kg 419 432 459 381] 381 408 ]350b 2010pb 772 1810pb

Mercury, total mg/kg 0.12 U 0.12 U 0.11 U 0.11 U 0.17 0.11 U 0.12 U 0.13 U 0.12 U 0.12 U 0.12 U
Nickel, total mg/kg 36.2 27.8 24.4 21.8] 27.2 23.8 28.9 31.5 19.5 36.5 34.9
Potassium, total mg/kg 1700 2150 1350 1480 1480 1360 1890 1430 1150 1830 1930
Sodium, total ng/kg 605 U 578 U 551 U 557 U 575 U 550 U 589 U 647 U 608 U 585 U 582 U
Vanadium, total mg/kg 38.5 26.4 19.6 18.0 26.2 18.9 26.0 39.3 22.2 32.1 32.5
Zinc, total mg/kg 70.9 46.8 58.1 59.9] 129b 59.2 76.5 111b 65.5 76.4 76.4

TAULE 4.11
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TABLE4.11 Fage2of6

'___'\ SUMMARY OF DETECTED COMPOUNDS IN SWMU 3 SOft
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: I3TP3-17 BTP3-17 BTP3-18 BTP3-18 BTP3-21 BTP3-21 BTP3-22 BTP3-23 BTP3 -24 BTP3-25 BTP3 -25Sample ID: EAO2-BF-BTP3 -17-00601 EAO2-BF-BTP3 -17-OHO EAO2 -BF-BTP3 -18-OO6O EAO2 -BF-BTP3-Z8-OThO1 EAO2-BF-BTP3-21 -OO6O EAO2-BF-BTP3 -2 -o16O1 E.A02-BF-BTP3-22-QZ4OT EAO2-BF-BTP3-23-O4O1 EAO2 -BF-BTP3-24-01401 EAO2 -BF-BTP3 -25-01401 EAO2-BF-BTPI -25-01402Sample Depth: 1-3 6-8 1-3 6-8 1-3 6-8 5-7 5-7 57 57 5.7SWMU: 03 03 03 03 03 03 03 03 03 03 03Sample Date: 12/13/99 12/13/99 12/14/99 12/14/99 12/14/99 12/14/99 12/14/99 12/14/99 12/14/99 12114/99 12/14/99

Parameters Units Dupl.

Appendix 9 -Metals

Aluminum, total mg/kg -- - - -- -

--

Arsenic, total mg/kg -- - - -- -- -
-- --

--

--

- -

Barium, total mg/kg - - - -- -- --
-- --

- -

Beryllium, total mg/kg - - - -- -- --
- --

-. -

Cadmium, total mg/kg -- - - -- - --
- --

-- -- -

Chromium, total mg/kg -- - - -- -.. -- --

- - -

Cobalt, total mg/kg - - - --
--

-- --

-

--

- --

Copper, total mg/kg -- - - -- - --
--

-

Lead, total mg/kg -. - - -- -- -- -- -

--

Mercury, total mg/kg - - - - -- -- - -- --

Nickel, total mg/kg -- - - -- - -- - -- -.

-

Selenium, total mg/kg ¯- - -- -- - -- -- --

-

Thallium, total mg/kg -- - - -- - -- - -- --

- --

Tin, total mg/kg - - - -- - - -- -- --

Vanadium, total mg/kg - - - -- -_ --
--

--

Zinc, total mg/kg - - - - - -- - --

--

-

\ Appendix 9- Dioxins/Furans (TEQ)

2,3,7,8-TCDD (TEQ value) pg/kg -- - - -- -- --
-- --

Appendix 9- Semi-Volatile Oranics

2-Methylnaphthalene mg/kg - - - -- - -- - --

2-Methylphenol mg/kg - - - - -- -
- --

--

-

- -

Benzo(a)pyrene mg/kg - - - -- - -
-- --

-

Benzo(b)fluoranthene mg/kg - - - - - --
-

-- -

Benxo(g,h,I)perylene mg/kg - - - - - -- - --

-- -

Benzo(k)fluoranthene mg/kg -- - - -- - --
- --

-

Dibenzo(a,h)anthracene mg/kg - - - -- -
-

- -

- - -

Dibenzofuran mg/kg - - - -- - - - -

Indeno(1,2,3OCD)pyrene mg/kg - - - -- - --
-

- -

Naphthalene mg/kg - - - - - - - --

- -

Phenol mg/kg - - - -- - -
--

- - -

Pyrene mg/kg - - - -- -- -
_

-- --

--

Appendix 9 - Volatile Or'anics

2-Butanone mg/kg - - - -- - --
- -

Methylene chloride mg/kg - - -- - - -
-- --

-

-

-

--
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TABLE 4.11 Page 3 of 6

_____¯\ SUMMARY OF DETECTED COMPOUNDS IN SWMU 3 SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: BTP3-26 BTP3-39 BTP3-39 BTP3-39 BTP3-42 BTP3-42 BTP3 -46 BTP3-46 BTP3-49 BTP3-49 BTP3-50Sample ID: EAO2 -BF-BTP3-26-00601 EAO2-BF-BTP3-39-00601 EAO2-BP-BTP3-39-01401 EAO2 -BF-BTP3-39-01401 E.A02-BF-BTI'3 -42-00601 EAO2-BF-BTP3-42-01401 EAO2-BF-BTP3-46-00601 MO2 -BF-BTP346-fl4O5 6A02 -BP-BTP3 -49-00601 EAO2-BF-BTP3 -49-01401 5A02-BP-BTP3-50-00601Sample Depth: 1-3 1-3 5-7 5..7 1-3 5-7 1-3 5-7 1-3 5-7 1-3SWMU: 03 03 03 03 03 03 03 03 03 03 03Sample Date: 12/14/99 12/14/99 12/14199 12/34/99 12/15/99 12/15/99 12/15/99 12/15/99 12/15/99 12/15/99 12/15/99
Lab Dupl.

Parameters Units

TCL - Semi-Volatile Otanics

2,4-Dichiorophenol mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.44 U2-Methylnaphthalene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.44 U2-Methylpheriol mg/kg 0.43 U 0.4 U -- 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.44 U
Benzo(a)pyrene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U [ o.45r
Benzo(b)fluoranthene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.54Benzo(g,hi)perylene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.44 UBenzo(k)fluoranthene . mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U . 0.4 U 0.4 U

¯

0.44 UChrysene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.44 UFluoranthene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.54Inderio(1,2,3-CD)pyrene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.44 U
N-Nitrosodiphenylamine mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.44 U
Naphthalene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.44 UPhenanthrene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.44 UPhenol , mg/kg 0.43 U 0.4 U -- 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U o¯4 U 0.4 U 0.44 UPyrene mg/kg 0.43 U 0.4 U - 0.39 U 0.38 U 0.37 U 0.37 U 0.37 U 0.4 U 0.4 U 0.47

TAL - Metals

Aluminum, total mg/kg 12100 12900 - 12000 9040 7970 7870 8100 I5600 7920
Arsenic, total mg/kg 8.6 14.1' - 10.5 5.7 5.9 5.7 6.7 7.0 L i1.z"
Barium, total mg/kg 106 106 - 143 81.11 90.6 47.4 53.5 115 83.7 115Beryllium, total mg/kg 0.65 U 0.6 U - 0.59 U 0.58 U 0.56 U 0.56 U 0.55 U 0.63 0.61 U 0.67 UCalcium, total mg/kg 4490 3690 - 3810 105000 101000 103000 95400 4030 3840 3590
Chromium, total mg/kg 19.5 21.3 - 20.9 15.7J 13.4 13.1 113.7 24.8 25.0 23.5
Cobalt, total mg/kg 9.9 12.3 -. 18¯8be 9.2 J 7.7 6.7 6.8 9.7 10.8 6.4
Copper, total mg/kg 15.5 14.0 - 10.9 21.5 17.2 16.8 19.4 20.7 19.1 147b,
Iron, total mg/kg 23800 33900 - 29500 17600 J 15700 15500 16600 26200 32900 56600
Lead, total mg/kg 15.7 16.0 - 13.2 11.7J 7.9 7.3 7.7 13.9 14.3 157
Magnesium, total mg/kg 3350J 3160 1 - 3460J 13900J 14400 12000 14000J 4280 4120 3400
Manganese, total mg/kg 1280 1050 - 2930pb 430J 435 344 344 371 285 328
Mercury, total mg/kg 0.13 U 0.12 U - 0.12 U 0.12 U 0.11 U 0.11 U 0.11 U 0.12 U 0.12 U O.14
Nickel, total mg/kg 26.7 23.4 - 31.6 23.81 20.5 20.4 203 29.5 31.0 41.2
Potassium, total mg/kg 1510 2110 - 1300 1810 1780 1220 1870 1930 1790 1290Sodium, total mg/kg 645 U 599 U - 589 U 577 U 561 U 564 U 553 U 612 U 611 U 1350
Vanadium, total mg/kg 25.9 33.8 - 25.2 20.8 18.4 16.5 19.2 34.0 405 24.6
Zinc, total mg/kg 107b - 52.9 J 60.3 58.2 53.8 r 89.1" I I
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TABLE 4.11
Page 4 of 6

,-,." SUMMARY OF DETECTED COMPOUNDS IN SWMU 3 SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: BTP3 -26 BTP3 -39 BTP3 -39 .

BTP3-39 BTP3-42 BTP3-42 BTP3-46 BTP3 -46 BTP3-49 BTP3-49 BTP3-50Sample ID: EAO2-BF-BTP3 -26-00601 EAO2-BF-BTP3-39-00601 EAO2-BF-BTP3-39-O4OI EAO2-BF-BTP3 -39-01401 EA02-BF-BTP3-42-00601 EAO2-BF-8TP3 -42-o14o EAO2-BF-ETP3-46-00601 EAO2-BF-BTP3-4 -oI4o5 EA02-BF-BTP3-49-OO6Ifl EAO2-BF-BTP3-49-01401 EAO2-BF-BTP3-50-00601Sample Depth: 1-3 1-3 5-7 5-7 1-3 5-7 1-3 5-7 1-3 5-7 1-3SWMtt: 03 03 03 03 03 03 03 03 03 03 03Sample Date: 12/14/99 12/14/99 12/14/99 12/14/99 12/15/99 12/15/99 12/15/99 12/15/99 12/15/99 12/15/99 12/15/99Lab Dupl.
Parameters Units

Appendix 9 - Metals

Aluminum, total mg/kg -- -- - -- - -- -- -

Arsenic, total mg/kg -- - - -- - -- -- --

-

-

-- -

Barium, total mg/kg -- -- -- - - - -- -- --

-- -

Beryllium, total mg/kg -- -- -- -- ..
--

-- -

Cadmium, total mg/kg -- -- -. - - -
--

--

Chromium, total mg/kg -- -- - - - - -_ --

-- -- --

Cobalt, total mg/kg -- -- .- --
-

-

-- -- -

Copper, total mg/kg -- -- - -- - - -- --
-

--

--

-

Lead, total mg/kg -- -- -- -- - - - --
-

-

Mercury, total mg/kg - -- - -- - -- -- -
-

-- -

Nickel, total mg/kg -- - - -- - - -. - -

-- -

Selenium, total mg/kg -- -- -- - -- -_
--

Thallium, total mg/kg - -- -- - - ... -.

-

-

-- -

Tin, total mg/kg -- - - - - -

-- --

Vanadium, total mg/kg -- -- - -- -
--

-

-

-- -

Zinc, total mg/kg -- -- - - -

- -

-

-

Appendix 9 - Dioxins/Furans (TEO)

2,3,7,S-TCDD (TEQ value) rig/kg -- -- - - -
-. -- -

- -

Appendix 9 - Semi-Volatile Oreanics

2-Methylnaphthalene mg/kg - -- -- -- -
-

- --

2-Methylphenol mg/kg - - - -- - -
-

-

-

--

Benzo(a)pyrene mg/kg - - - - - - - -

-

Benzo(b)fluoranthene mg/kg - -- - - -
- - --

-
-

Benzo(g,h,I)perylene mg/kg - - - - - - -

- -- -

Benzo(k)fluoranthene mg/kg -- - - - -
- - -

-- -

Dibenzo(a,h)anthracene mg/kg - - - - - - -

-

Dibenzofuran mg/kg -- -- - - - -
- --

-

Indeno(1,2,3OCD)pyrene mg/kg - -- - - -
-- --

-- - -

Naphthalene mg/kg - - - - - - - -

- -

Phenol mg/kg -- -- - - - -

- - -

Pyrene mg/kg - -- - - -
-- -. --

-

-- -

Appendix 9- Volatile Oranics

2-Butanone mg/kg - - - - -
-

-.

Methylene chloride mg/kg -- -- - - -

-

-

--

- -
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SUMMARY OF DETECTED COMPOUNDS IN SWMU3 SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: BTP3-SZ BTP3-52 BTP3-52 035B01 O3SBOI 03S802 03S802 03SB03 03SB03
Sample ID: EA02 -BF-BTPI-51-00601 EAO2-BF-BTP3-52-00601 EAO2-BF-BTPI-52-01601 EAOZ -BP-03S801-00801 EAO1-BF-O3SBO1-Oz8o EAOI-BF-03SB02-O1001 EAO -BF-O3SBO2-o14o1 EAtfl -BF-03SB03-01601 EAOI -BF-03SB03 -02401

Sample Depth: 1-3 1-3 6-8 2-4 7-9 3-5 5-7 6-8 10-12
SWMU: 03 03 03 03 03 03 03 03 03

Sample Date: 12/15/99 12/15/99 12/15/99 11/5/96 11/5/96 11/5/96 11/5/96 11/6/96 11/6/96

Parameters Units

TCL - Semi-Volatile Ornnics

2,4-Dichiorophenol mg/kg 0.41 U 0.37 U 0.37 U 0.37 U 0.38 U 1.9 U 0.38 U 0.093 J 0.42 U
2-Methylnaphthalene mg/kg 0.41 U 0.37 U 0.37 U 037 U 0.38 U o.&i j 0.38 U 0.44 U 0.42 U
2-Methyiphenol mg/kg 0.41 U 0.37 U 0.37 U 0.37 U 0.38 U 0.28 J 0.38 U 0.44 U 0.42 U
Berizo(a)pyrene mg/kg 0.41 U 0.37 U 0.37 U 0.046 J 0.38 U 0.39 J' 0.38 U 0.44 U 0.42 U
Benzo(b)fluoranthene mg/kg 0.41 U 0.37 U 0.37 U 0066 J 038 U 0.55 J 0.38 U 0.062 J 0.42 U
Benzo(g,hi)perylene mg/kg . 0.41 U 0.37 U 0.37 U 0.37 U 0.38 U 0.28 J 0.38 U 0.44 U 0.42 U
Benzo(k)fluoranthene mg/kg 0.41 U 0.37 U 0.37 U 0.37 U 0.38 U 0.25 J 038 U 0.44 U 0.42 U
Chrysene mg/kg 0.41 U 0.37 U 0.37 U 0.074 J 0.38 U 1.9 U 0.38 U 0.44 U 0.42 U
Fluoranthene mg/kg 0.41 U O.37U O.37U O.O92J O.38U 1.9U O.38U 0.049J 0.42 U
lndeno(1,2,3-CD)pyrene mg/kg 0.41 U 0.37 U 0.37 U 0.37 U 0.38 U 0.36 J 0.38 U 0.44 U 0.42 U
N-Nitrosodiphenylamine mg/kg 0.41 U 0.37 U 0.37 U 1.2 0.38 U 1.9 U 0.38 U 0.44 U 0.42 U
Naphthalene mg/kg 0.41 U 0.37 U 0.37 U 0.37 U 0.38 U 37' 0.38 U 0.44 U 0.42 U
Phenanthrene mg/kg 0.41 U 0.37 U 0.37 U 0.14 J 0.38 U 1 J 0.38 U 0.44 U 0.42 U
Phenol mg/kg 0.41 U 0.37 U 0.37 U 0.37 U 0.38 U 1.4 J 0.38 U 0.92 0.42 U
Pyrene mg/kg 0.41 U 0.37 U 0.37 U 0.079 J 0.38 U 0.91 J 0.38 U 0.047 J 0.42 U

T.4L -Metals

Aluminum, total mg/kg 12500 11400 6580 -- - -
-

Arsenic, total mg/kg 12.S'" 8.0 6.6 -- -- -- -

Barium, total mg/kg 66.4 50.8 44.2 - - - --

Beryllium, total mg/kg 0.63 U 0.57 U 0.55 U -- - - --

Calcium, total mg/kg 2910 5040 90200 - - - - - --

Chromium, total mg/kg 20.8 19.0 12.0 - - - -- - -

Cobalt, total mg/kg [ 116b, 9.1 9.9 - -- - - -

Copper, total mg/kg 22.7 23.2 20.4 - - - -_ --

hon. total mg/kg 31000 23500 16200 -- - - -- - -

Lead, total mg/kg 15.1 12.2 9.3 - - - - -

Magnesium, total mg/kg 4290 4620 13700 - - - -- - --

Manganese, total mg/kg 391 342 460 - -- - - .. -

Mercury, total mg/kg 0.13 U 0.11 U 0.11 U -- - - - .. -

Nickel, total mg/kg 28.4 29.6 25.4 - - - - - -

Potassium, total mg/kg 1340 1880 1250 - - - -- - -

Sodium, total mg/kg 627 U 568 U 554 U - - - - - -

Vanadium, total mg/kg 35.5 24.6 15.5 -- - - -

Zinc, total mg/kg 68.7 66.9 54.6 - - - -- - --

CRA 140275)



TABLE 4.11 Page 6 of 6

SUMMARY OF DETECTED COMPOUNDS IN SWMU3 SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
EJVERVIEW, MICHIGAN

Sample Location: BTP3-52 BTP3 -52 BTP3-52 O3SBOI 03SB01 03SB02 03SB02 035B03 03SB03Sample ID: EAO2-BF-BTP3-51 -OO6O EAO2-BF-BTP3-52-OO6O EAO2 -BF-BTP3-52-0Z601 EAOI -BF-O3SBOI-0080Z EAOI-BF-O3SBOI -01801 EAOI -BF-03S802-oHol EAO1 -BF-O3SO2-O4O1 EAOI-BF-03SB03-0z601 EAO -BF-O3SBO3-O24O1
Sample Depth: 1-3 1-3 6-8 2-4 7-9 3_S 5_7 6-8 10-12

SWMU: 03 03 03 03 03 03 03 03 03
Sample Date: 12/15/99 12/15/99 12/15/99 11/5/96 11/5/96 11/5/96 11/5/96 11/6/96 11/6/96

Parameters Units

Appendix 9 -Metals

Aluminum, total mg/kg - -- .- -- . 1.9) - -- -

Arsenic, total mg/kg -- - -- -- - 10.7 J -- -- -

Barium, total mg/kg -- -- -- -- -- 155 -- - -.

Beryllium, total mg/kg - -- -- -- -- 0.84 -- -- -

Cadmium, total mg/kg -- -- - - -- 0.95) - -- -

Chromium, total mg/kg - - - - - 21.3 J -- -- --

Cobalt, total mg/kg - -- -- - -- 39 -- --

Copper, total mg/kg - - - - - 46" -- -- -

Lead, total mg/kg - -- - -- .- 218)"' -- -- -

Mercury, total mg/kg -- -- -- -- - 1.6"' - -- -

Nickel, total mg/kg -- -- -- - -- 421b,
-

Selenium, total mg/kg -- -- - -- - 0.84 -- -- -

Thallium, total mg/kg -- -- -- - - 0.19) - -- -

Tin, total mg/kg - -- -- - -- 8.3"' - -- --

Vanadium, total mg/kg - -- - - 15.7 -- -

Zinc, total mg/kg - -

.
-- -- -- 145/"' - -

Appendix 9 - Dioxins/Furans (TED)

2,3,7,8-TCDD (TEQ value) big/kg - -- - - - [ 0.03468 J" - -- -

Appendix 9 - Semi-Volatile Oranics

2-Methyi.naphthalene mg/kg -- -- - -- - 0.45) -- - -

2-Methylphenol mg/kg - -- - - - 0.39 J -
-

Benzo(a)pyrene mg/kg - - -- -
-- 0.84'

Benzo(b)fluoranthene mg/kg - -- -- - - 0.661 - - -

Benzo(g,h,I)perylene mg/kg - - - - - 0.45 J - - -

Benzo(k)fluoranthene mg/kg - - -- -- - 0.35J - -- -

Dibenzo(a,h)anthracene mg/kg - - - --
- 0.12 J - --

Dibenzofuran mg/kg - - - -- -- 0.0831 -- - -

Indeno(1,2,3OCD)pvrene mg/kg - - - --
- 0.541 - - --

Naphthalene mg/kg - - - - - 10' _

-

Phenol mg/kg - - -- -
- 1.5 - - -

Pyrene mg/kg - -_ -- - - 0.83 - - -

Appendix 9- Volatile Oranics

2-Butanone mg/kg - - -- -
- 2.6J - - -

Methylene chloride mg/kg - -- - -- - 0.51 J - - -

CRA I.O27 A,



TABLE 4.12

SUMMARY OF DETECTED COMPOUNDS IN SWMU 3 GROUNDWATER (MW-0021003)

WEST BRINE FIELD
ATOFINA ChEMICALS, INC.

RIVERVIEW. MIChIGAN

Snmi'le Location: MWOO2 MWOO3 MWOO3 MWOO3 M1V003

Sani,'k Ifl: EAO1 -BF-Mh'GO2 -O1 EiUH -BF-MWOO3 -O1 EAOI -BF-MWOO3 -02 EAO -BF-MWOI)3 -U1 EAO1 -BF-MWOU3 -02

Sninpk l)e;'fls: U-U 0-0 0-0 0-0

SWM hi: 03 03 03 03 03

Saiszple Dale: 11/20/96 fl12U96 11/21/96 11123/96 11123/96
I)upl. Dupi.

Pnraiiwlers Ljji.il.s

E..jVeI:iix 9 - Alcfals

Antimony, Lotal rug/I 0.016 U 0.0189 J'° j 0.016 U -- --

Arsenic, soluble mg/I 0.007" -- -- 0.0016 U [ 0.0019'"

Arsenic, total mg/i 0.0384" f 0.0405" 0.0162'° -- --

Barium, soluble ung/L 0.149 -- -- 0.0934 0.0822

Barium, total ung/L 0.52" ( 0.706" 0.275 -- --

I3eryhIium. kiLn! mg/L 0.0027's 0.0048" 0.0017" --

Cadmium, soluble mg/L 00033" -- -- 0.0021 U 0.0025

Cadmium, total tug/I. 0.0029 0.0029 0.0021 U -- --

Chromium, soluble rng/L 0.0026" -- -- 0.0017 U 0.0017 U

Chromium, total mg/L 0.0959° 0.1438° 0.0409° -- --

Cobalt, soluble mg/L 0.054 -- -- 0.0202 0.0121

Cobalt, total mg/I. 0.1568° 0.J54° 0.0492° -- --

Copper, soluble mg/L 0.0028 J° -- -- 0.0015 U 0.0015 U

Copper, total mg/L 0.107J8° 0.16 j8" 0.0457° -- --

lead, soluble mg/I. 0.0013 U -- -- 0.002 J 0.0045 J
lead, total mg/L 0.l03'" 0.106"° 0O298'" -- --

Mercury, total mg/L 0.000278° 0.00027° 0.0001 U -- --

Nickel, soluble mg/L 0.0086° -- -- 0.009° 0.0067 U

Nickel, total . mg/L 0.117° 0.208° 0.0613° -- --

Selenium, soluble mg/I. 0.014 U -- -- 0.0018 U 0.0031 1
Thallium, total mg/L 0.0022]"' 0.0019J° 0.0016 U -- --

Vanadium, soluble mg/L 0.0034° -- -- 0.0018° 0.0017 U

Vanadium, total mg/I. 0.1038° 0.157° 0.0498° -- --

Zinc, soluble mg/I. 0.0041° -- -- 0.0124 U f 0.0329°

Zinc, total mg/L 0.327° 0.446°' 0.145° -- --

jtt't'endix 9- Semi-Volatile Or'snics

ltis(2-ethylhexyl)phthalate tug/I. 0.01 J' I I 0.01 J' 0.01 J' -- --

/
voeiuIix 9- Volatile Or'anics

Acetone mg/I. 0.014 J 0.01 U 0.01 U -- --

Chloroform mg/I. [ 0.005' 1 0.005 U 0.005 U -- --

00* 4027)5)



TABLE 4.13

SUMMARY OF DETECTED COMPOUNDS IN SWMU 4 WASTE
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: O4WMO1 04WM01 04WM02
Sample ID: EAO1 -BF-O4WMOI -00601 EAOl-BF-O4WMO1-00602 EAO1-BF-04WM02-OO6O1

Sample Depth: 2.5-3 2.5-3 2.5-3
SWMU: 04 04 04

Sample Date: 11/6/96 11/6/96 11/7/96
DupE.

Parameters Units

TCL - Semi-Volatile Or'anics

N-Nitrosodiphenylamine mg/kg 1800 jr 2000 j' 1800 U

Naphthalene mg/kg 100 J' 96 J' 730 J"°'
Phenol mg/kg 14000 J'' 17000 J' 9800 J'

Appendix 9- General Chemist,,,'

Sulfide, total mg/kg I 135' 58.4' --

Appendix 9- Metals

Aluminum, total mg/kg 1.8 R 3.1 J --

Arsenic, total mg/kg 9.9 J 11.8 jthe
Barium, total mg/kg 177 120 --

Beryllium, total mg/kg 0.37 0.59 --

Cadmium, total mg/kg 0.44 0.7 --

Chromium, total mg/kg 20.2 J 10.4 J --

Cobalt, total mg/kg 15.5 jb 5 --

Copper, total mg/kg 184 jb 393 jb --

Lead, total mg/kg 199 76.3 jb --

Mercury, total mg/kg 1.1 0.85 --

Nickel, total mg/kg 393 87.1

Tm, total mg/kg 2.1 1.7 --

Vanadium, total mg/kg 8.5 9.8 --

Zinc, total mg/kg 156 jb 127 J --

Appendix 9- Dioxins/Furans (TEQ

2,3,7,8-TCDD (TEQ value) iig/kg -- 0.00525 J' --

Appendix 9 - Semi-Volatile Orqniçs

N-Nitrosodiphenylamine mg/kg 460 J' 1200 J''
Phenol mg/kg 6900 J 9800 J' --

Appendix 9 - Volatile Organics

2-Butanone mg/kg 13 J 7 J --

Benzene mg/kg 2 U 0.46 J' --

Carbon disulfide mg/kg 34 J" 34 JC
Ethylbenzene mg/kg 0.8J 0.97J --

lodomethane mg/kg 3.9 U 0.85 J -

Methylene chloride mg/kg 6 J' 5.8 J' -

CR', 14027(5)



TABLE 4.14

SUMMARY OF SWMU 4 WASTE RCRA CHARACTERISTICS AND TCLP ANALYSIS
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: 04W/viol O4WMOI
Sample ID: EAOI -BF-O4WMOI-00601 EAO1 -BF-04WfviO1 -00602

Sample Depth: 2.5-3 2.5-3
SWMLI: 04 04

Sample Date: 11/6/7996 11/6/1996
DupE.

Parameters Units

TCLP - Semi-Volatile Oranics

1,4-Dichlorobenzene mg/L 0.05 U 0.05 R
2,4,5-Trichiorophenol mg/L 0.04 U 0.04 R
2,4,6-Trichiorophenol mg/L 0.03 U 0.03 R
2,4-Dinitrotoluene mg/L 0.02 U 0,02 R
2-Methyiphenol mg/L 0.2 J 0.06 R
3&4-Methylphenol mg/L 1.3 J 0.03 R
Hexachlorobenzene mg/L 0.03 U 0.03 R
Hexachlorobutadiene mg/L 0.08 U 0.08 R
Hexachioroethane mg/L 0.07 U 0.07 R
Nitrobenzene mg/L 0.04 U 0.04 R
Pentachiorophenol mg/L 0.06 U 0.06 R
Pyridine mg/L 0.5 U 0.5 R

TCLP - General Chemistrt,

Flashpoint deg 1 200 + 200 ~
pH .

ph 8.4 9.1

TCLP - Metals

Arsenic, total mg/L 0.103 0.147
Barium, total mg/L 0.0014 J 0.0277
Cadmium, total mg/L 0.0037 0.0021 U
Chromium, total mg/L 0.0046 0.0071
Lead, total mg/L 0.0292 J 0.0214 R
Selenium total mg/L 0.0372 0.0241

TCLP - Volatile Oranics

2-Butanone mg/L 0.56J 0.62J

CR5 141127(51
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TABLE 4.15

SUMMARY OF DETECTED COMPOUNDS IN SWMU 4 SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Page 1 of I
-

Sample Location: BTP4-11 BTP4-J1 BTP4-12 BTP4-12 BTP4-13 BTP4-13 8TP414 045801 O4SBOI 04S1301 04S802 04S803Sample ID: EAO2 -BF-BTP4-fl -00801 E.A02-BF-BTP4-11-01601 £402-BF-BTP4-12-00801 EA02-BF-BTP4-12-01601 EA02-BF-BTP4-13-00801 EAO2-BF-BTP4-13-01601 E.A02-BF-STP4-14-01001 EAOI -BF-O4SBOI -02001 EAOI-BF-O4SBOI -02002 EAOI-BF-O4SBOZ -03201 EAO2-BF-04S802-01605 EAO2-BF-04SB03 -03401Sample Depth: 2-4 6-8 2-4 6-8 2-4 6-8 4.5 8-10 8-10 14-16 4-8 15-i7SWMU: 04 04 04 04 04 04 04 04 04 134 f4 J4Sample Date: 12/13/99 12/13/99 12/13/99 12113199 12/13/99 12/13/99 12/13/99 11/6/96 11/6/96 1116196 10121199 10/25/99
Dupl.

Parameters Units

TCL - Semi-Volatile Or -anics

N-Nitrosodiphenvlarnine mg/kg 0.37 U 0.37 U 0.4 U 0.34 U 0.4 U 0.38 U 320 U 1.9 U 1.9 U 0.27 J 0.37 U 0.36 U
Phenol mg/kg 0.37 U 0.37 U 0.4 U 0.34 U 0.4 U 0.38 U 39OO 66O L 6SO J 2.4 0.37 U 0.36 U

TAL -Metals

Aluminum, total mg/kg 10900 11000 12900 7110 15200 7150 12200 --

Arsenic, total mg/kg 11¯8rb 13¯3,b io.s 7.1 7.7 5.2 10.6

. 8810 8930
-- -- - 6.8 5.9

Barium, total mg/kg 78.1 75.5 84.0 55.1 92.5 58.2 95.8 - -. 794 J 24.8Calcium, total mg/kg 61600 47600 25800 85000 39500 102000 35800 - - 90300
Chromium, total mg/kg 18.4 18.4 22.4 12.8 22.6 12.8 16.5 -

136000

Cobalt, total mg/kg 16.3 J 9.0 10.3 6.9 10.2 8.6 8.5
14.7 J 16.3

- - 97 J 8.6
Copper, total mg/kg 22.6 22.0 24.0 20.9 24.6 18.5 i 725b 20.2 19.0
Iron. total mg/kg 23700 26300 26000 17000 24800 15600 32100 -

Lead, total mg/kg 19.9 23¯6b, 111 8.5 11.9 7.4 [ 95b
-- 19300 17200

Magnesium, total mg/kg 12700 11800 11100 13900 8390 14400 16100 -- . 12600 24200b
Manganese, total mg/kg 912 383 486 351 366 417 403 - _ 434 383
Mercury, total mg/kg 0.11 U 0.11 U 0.12 U 0.1 U 0.12 U 0.11 U I I-"\

-- - - 0.11 U 0.11 U
Nickel, total mg/kg 36.9 24.8 35.0 20.1 28.6 20.7 L 935b.
Potassium, total mg/kg 1970 2110 1560 1690 2370 1410

- - - 23.0 J 26.1
1240

Selenium, total mg/kg 0.57 U 0.56 U 0.61 U 0.52 U 0.6 U 0.57 U 0.77 U
- -- _ 1910 2750

TAL - Metals (Cont'd)
- 0.57 U 1.0

Sodium, total mg/kg 566 U 562 U 606 U 520 U 604 U 569 U 567 U 551 U2450b
Thallium, total mg/kg 1¯4b j 1¯3b 1.2 U 1.0 U 1.2 U 1.1 U 1.5 U -

Vanadium, total mg/kg 30.0 29.3 31.8 18.0 32.9 17.3 17.9
.- - 1.1 U 15b

Zinc, total mg/kg 66.6 65.9 67.2 49.8 59.4 47.1 108b
- -- - 20.7J 21.6
-

- 52.7 56.1

Appendix 9 - General Cliemistrq

Sulfide, total mg/kg - - - - - -
- 45.8 43.9 --

Appendix 9 - Metals

Aluminum, total mg/kg - - -- - - - - 1.4 R 1.5 R - - -

Arsenic, total mg/kg - - -- - - -
- 6.4 J 7.6 J - - -

Barium, total mg/kg - - - - -
- 58.1 67.6 - - -

Beryffium, total mg/kg - - - - - - - 0.51 0.58 -- - --

Cadn'iium, total mg/kg -

.

- -
- 0.35 0.25 - - -

Chromium, total mg/kg -- -- - - 14.3 15.3 - -

Cobalt, total mg/kg - - .- -. - -
- 6.9 7.4 - -

Copper, total mg/kg -- - -- - - -
- 20.8 23.1 -- -

Lead, total mg/kg - - -- - - --
- 11.2 12 - -

--

Nickel, total mg/kg - - - - - --
- 21.6 22.1 -- -

--

Selenium, total mg/kg - -- -- - --
- 0.16 U 0.21 J - -

--

Thallium, total mg/kg - - .- - - --
- 0.21 J 0.15 U -- -

Vanadium, total mg/kg - -- -- - - --
- 19.4 22.1 --

--

Zinc, total mg/kg -- -- -- - - --
- 51.1 J 55,9 J . .

-

--

Appendix 9- Semi-Volatile Oranics

.., Naphthalene mg/kg -- -- -- -- -- --
-- 0.37 U 0.16 J' -- - --

Phenol mg/kg -- -- - -- -- 590J' 2.5.1 -
--

Appendix 9 - Volatile Oranics

2-Butanone mg/kg - -- -- -- -- -
-. 0.15 0.19 - - -

CO,5 14027)5)



TABLE 4.16

SUMMARY OF DETECTED COMPOUNDS IN SWMU 4 GROUNDWATER (MW-004)

WEST BRINE FIELD
ATOFINA CHEMICALS, INC.

RIVERVIEW, MICHIGAN

sample Location: MWOO4
Sample ID: EAO1 -BF-MW004-01

Sample Depth: 0-0
SWMU: 04

Sample Date: 11/20/96

Parameters Units

Avvendix 9 - Metals

Arsenic, total mg/L 0.0124
Barium, soluble mg/L 0.0437
Barium, total mg/L 0.115
Beryllium, total mg/L 0.00051
Cadmium, soluble mg/L 0.0032
Cadmium, total mg/L 0.0027
Chromium, total mg/L 0.0238
Cobalt, soluble mg/L 0.01
Cobalt, total mg/L 0.0376
Copper, total mg/L 0.0258
Lead, total rng/L 0.0304
Nickel, Soluble mg/L 0.0246
Nickel, total mg/L 0.0481
Tin, total mg/L 0.O108s
Vanadium, total mg/L L 0.0025s
Vanadium, total mg/L 0.0254
Zinc, soluble mg/L 0.0084
Zinc, total mg/L 0.0828

Ayyendix 9 - Semi-Volatile Organics

Bis(2-ethylhexyl)phthalate mg/L I 0.01 Jr

CRA 14027(5)



TABLE 4.17 Page 1 of 2

SUMMARY OF DETECTED COMPOUNDS IN AREA 7 SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: O7SBOI 07SB02
Sample ID: EAO1 -BF-075B01-00601 EA01-BF-07SB02 -00601

Sample Depth: 1-3 1-3
SWMU: 07 07

Sample Date: 11/7/96 11/7/96

Parameters Units

TAL - Metals
Aluminum, total mg/kg -- --

Arsenic, total mg/kg -- --

Barium, total mg/kg -- --

Calcium, total mg/kg -- --

Chromium, total mg/kg -- --

Cobalt, total mg/kg -- --

Copper, total mg/kg -- --

Iron, total mg/kg -- --

Lead, total mg/kg -- --

Magnesium, total mg/kg -- --

Manganese, total mg/kg -- --

Nickel, total mg/kg -- --

Potassium, total mg/kg -- --

Selenium, total mg/kg -- --

Vanadium, total mg/kg -- --

Zinc, total mg/kg -- --

Appendix 9 - Semi-Volatile Orqanics

3&4-Methylphenol mg/kg 1.4 0.4 U
N-Nitrosodiethylamine mg/kg 0.4 U 0.78 jre
N-Nitrosodiphenylamine mg/kg 0.4 U 0.047 J

Appendix 9 - Volatile Oranics
1,2-Dichioroethene (total) mg/kg 0.006 U 1.3
2-Butanone mg/kg 1 4.7
4-Methyl-2-pentanone mg/kg 0.012 U 0.037J
Carbon disulfide mg/kg 0.006 U 0.053 J
Ethylbenzene mg/kg 0.006 U 0.01 J
Tetrachloroethene mg/kg 0.036 J 0.016 J
Toluene mg/kg 0.022J 0.22J
Trichloroethene mg/kg 0.007 J 0.012 J
xylenes (total) mg/kg 0.006 U 0.048 J

CRA 14027 (5)



TABLE 4.17

SUMMARY OF DETECTED COMPOUNDS IN AREA 7 SOIL
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Page 2 of 2

Sample Location: 075B03 07SB03
Sample ID: EAO2-BF-075B03-02801 EAO2-BF-07SB03-02802

Sample Depth: 12-14 12-14
SWIVILI: 07 07

Sample Date: 10/18/99 1 0/18/99
Dupi.

Parameters

TAL - Metals
Aluminum, total mg/kg 7420 6580
Arsenic, total mg/kg 6.6 6.2
Barium, total mg/kg 65.9 54.0
Calcium, total mg/kg 102000 148000
Chromium, total mg/kg 13.6 12.0
Cobalt, total mg/kg 8.2 7.1
Copper, total mg/kg 20.1 17.1
Iron, total mg/kg 16100 14500
Lead, total mg/kg 8.0 7.4
Magnesium, total mg/kg 15800 15500
Manganese, total mg/kg 408 389
Nickel, total mg/kg 22.7 20.1
Potassium, total mg/kg 2180 2030
Selenium, total mg/kg 0.87 0.58
Vanadium, total mg/kg 17.8 16.1
Zinc, total mg/kg 47.7 42.2

Appendix 9 - Semi-Volatile Oranics
3&4-Methylphenol mg/kg -- --

N-Nitrosodiethylamine mg/kg -- --

N-Nitrosodiphenylamine mg/kg -- --

Appendix 9 - Volatile Oranics
1,2-Dichioroethene (total) mg/kg -- --

2-Butanone mg/kg -- --

4-Methyl-2-pentanone mg/kg -- --

Carbon disulfide mg/kg -- --

Ethylbenzene mg/kg -- --

Tetrachloroethene mg/kg -- --

Toluene mg/kg -- --

Trichloroethene mg/kg -- --

xylenes (total) mg/kg -- --

CRA 14027(5)



TABLE 4.18

SUMMARY OF DETECTED COMPOUNDS IN HUNTINGTON DRAIN SURFACE WATER
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: O5SWOI 05SW02 055W02 05SW03
Sample ID: EAOI -BF -OSSWO1 -01 EAO1 -BF-05SW02 -01 EA01 -BF-05SW)2¯02 EAO1 -BF-055W03-01

SWMU: HUNT.DLAIN HUNT.DRAIN HUNT.DRAIN HUNT.DRAIN
SampleDate: 10/27/1996 10/27/1996 10/27/1996 10/27/1996

Dupl.
Parameters Units

Ayyendix 9 - Metals

Arsenic, soluble mg/L 0.0013 U 0.0013 U 0.0021 0.0015
Barium, soluble mg/L 0.0418 0.0558 0.0538 0.0525
Barium, total mg/L 0.0435 0.0588 0.0553 0.0523
Cadmium, soluble mg/L 0.0021 U 0.0022 Je 0.0021 U 0.0021 U
Copper, soluble mg/L 0.0022 0.0015 U 0.0015 U 0.0015 U
Copper, total mg/L 0.0026 0.0026 0.0024 0.0021
Selenium, soluble mg/L 0.0021 J 0.0019 0.0018 U 0.0018 U
Vanadium, total mg/L 0.0017 U 0.002 0.0017 U 0.0017 U

Ar,pendL-c 9 - Semi-Volatile Orcanics

Bis(2-Ethythexyl)phthalate mg/L 0.01 U 0.01 J' 0.01 1' 0.01 U

CRA 11(07 (5(



TABLE 4.19 Page 1 of 2

¯\ SUMMARY OF DETECTED COMPOUNDS IN HUNTINGTON DRAIN SEDIMENT
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: O5SDOI 05SD02 05SD02 05SD03
Sample ID: EAOI -BF-O5SDOI -O1 EAOI-BF-05SD02 -O1 EAOI-BF-05SD02 -02 EAOI-BF-055D03 -O1

Sample Depth: 0-0.5 0-0.5 0-0.5 0-0.5
SWMLI HLTWT.DRAIN HUWF.DRA1N HIThJT.DRAIN HLINT.DRAIN

Sample Date 10/27/1996 10/27/1996 10/27/1996 10/27/1996
Dupi.

Parameters Units

Ayyendix 9 - General Chemistri,'

Cyanide, total mg/kg o.3i U 0.54 U [ 0.66 J' 6.6 J
Sulfide, total mg/kg 3 261OJ 1420J 1510

Appendix 9 - Metals

Aluminum, total mg/kg 1.4 R 6.2 J 3 J 2.4

Arsenic, total mg/kg .sj 11.4J' 11.5J [ 13.2J

Barium, total mg/kg 30.6 183 169 79.2

Beryllium, total mg/kg 0.58 1.4 0.93 1.1

Cadmium, total mg/kg 0.63' 0.52 1.2' 1.8'

Chromium, total mg/kg 11.2 37.6' 28.4' 30.7'

Cobalt, total mg/kg 1.8 19.5 11.7 8.5

Copper, total mg/kg 10.9 30.8' 37' 93.7'

Lead, total mg/kg 161 1' 135 J' 2191' 1121'
Mercury, total mg/kg 0.051 0.14 J 0.14 J 0.12

Nickel, total mg/kg 6 40.7' 35.6' 29.9'

Selenium, total mg/kg 0.2J 0.7J 0.44J .1.2J
Silver, total mg/kg 0.16 U 1.4' 0.84' 0.68'

Thallium, total mg/kg 0.16 U 0.29 021 0.24 U

Tin, total mg/kg 0.78 U 1.3 U 0.94 U 3.8

Vanadium, total mg/kg 8 53.5 34 34.1

Zinc, total mg/kg 77.7 263' 267' 325'

Appendix 9- Pesticides

4,4'-DDD mg/kg 0.0231' 0.25' 0.18' 0051'
4,4 -DDE mg/kg 0.0073 1' 0.0121' 0.11 U 0.14 U

4,4'-DDT mg/kg 0.092 U 0.0431' 0.11 U 0.14 U

ALDRIN mg/kg 0.046 U 0.038 1' 0.056 U 0.07 U

Alpha-chlordane mg/kg . 0.0073J 0.04J 0.022J 0.0094J
Gamma-chlordane mg/kg 0.017J 0.032J 0.038J 0.017J
Isodrin mg/kg 0.046 U 0.0066 J 0.011 0.07 U

Kepone mg/kg 0.092 U 0.72' 0.66' 0.14 U

Appendix 9 - Dioxins/Furans (TEO)

2,3,7,8-TCDD (TEQ value) .ig/kg 0.019371' 0.00175J0.003751' 0.005751'

Appendix 9 - Semi-Volatile Or.eanics

2-Methylnaphthalene mg/kg 0.38 U 025 J' 0.066 1' 0.12 J'
Acenaphthene mg/kg 0.0891' 0.23;' 0.121' 0.241'
Acenaphthene tog/kg 0.0651' 0.6 U 0.46 U 0.59 U

Anthracene mg/kg 0.291' 0.531' 0.451' 0.78'

Benzo(a)anthracene mg/kg 1.4J' 1.91' i.4' 1.81'
Benzo(a)pyrene mg/kg 1.4' 2.1' 1.3' 1.6'

CR,', 140270)



TABLE 4.19 Page 2 of 2

- -.' SUMMARY OF DETECTED COMPOUNDS IN HUNTINGTON DRAIN SEDIMENT
WEST BRINE FIELD

ATOFINA CHEMICALS, INC.
RIVERVIEW, MICHIGAN

Sample Location: O5SDOI 05SD02 05SD02 055D03

Sample ID: EAOI -BF-O5SDOl -01 EAOI-BF-05SD02 -01 EAOI-BF05SD0202 EAOI -BF-05SD0301

Sample Depth: 0-0.5 0-0.5 0-0.5 0-0.5

SWMLI HUNT.DRAIN HLTNT.DRAIN HUNT.DRAIN HUNT.DRAIN

Sample Date 10/27/1996 10/27/1996 10/27/1996 10/27/1996
Dupi.

Parameters Units

Appendix 9 - Semi-Volatile Oranics (Cont'd)

Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
Dibenzo(a,h)anthracene
Dibenzofuran
Di-n-butylphthalate
Fluoranthene
Fluorene
Indeno(1,2,3-CD)pyrene
Naphthalene
Phenanthrene
Pyrene

mg/kg 1.8

mg/kg p 0.841'
mg/kg 0.84'

mg/kg 0.743'
mg/kg 0.5J
mg/kg 1.6'

mg/kg 0.213'
mg/kg 0.078J

mg/kg 0.38 U

mg/kg 1.9'

mg/kg 0.12 f
mg/kg 0.95'

mg/kg 0.38 U

mg/kg 1.2'

mg/kg 2.3'

3.2
l.6J'
1.23'
2.9J'

0.6U
2.7'

0.383'
0.111
0.6 U
2.8'

0.173'

H

2
11'

0.683'
1.sJ'

0.46 U
1.7'

0.243'

2.5
1.13'
0.92'
1.93'
0.17J
2.3'

0293'
0.18

0.111
3.6'

0.233'
1.5'

0.0973'
1.7'
4.2'

Appendix 9 - Volatile Or'anics

Methylene chloride

V.11

0.13 J'
2.7'

0.064J

33'

mg/kg 0.009 0.014 0.007 0.009 U

CRA I .11127 (5)
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Executive Summary 

Human health and ecological risk assessments were conducted for ATOFINA Chemical Inc.'s 
(ATOFINA Chemicals) Riverview, Michigan West Brine Field property to determine if residual 
chemicals pose unacceptable hazards or risks to potential human or ecological receptors at the site. 
Based on conceptual site models developed during previous phases of the site assessment process 
(Weston, 1999), appropriate and realistic human and ecological exposure scenarios were 
developed. Human receptors included hypothetical future maintenance workers, office workers, 
construction workers, utility trench workers, and trespassers. Ecological receptors included the 
white-tailed deer, the meadow vole, and the American robin. 

Data from the site were tabulated into a database and analyzed for descriptive statistics such as 
minimum, mean, and maximum concentrations, 95% upper confidence limit of the mean (95% 
UCL), and distribution type (e.g., noinial, lognoiuial, etc.), among others. Surface soil data were 
considered to be at a depth of one to three feet, based on the available sample collection 
intervals. Subsurface data were considered from one to fourteen feet below ground surface (bgs). 
For both the human health and ecological risk assessments, if a constituent was not detected in 
a given medium (e.g., surface soil), that constituent was eliminated from further analysis. 

For the human health risk assessment, site data were screened against US EPA Region IX 
Preliminary Remediation Goals (PRGs). Criteria were selected for screening based on the chosen 
receptors and their respective potential exposures to residual chemicals at the site. Maximum 
concentrations of chemicals in surface and subsurface soils were screened against Industrial Soil 
PRGs to account for maintenance worker, construction worker, trespasser, and indirect office 
worker exposures. Tap Water PRGs were used as a conservative screening measure for a 
groundwater volatilization to indoor air inhalation scenario for an office worker and for utility 
trench worker and construction worker groundwater direct contact exposures. For instances in 
which PRGs were not available, Michigan Part 201 Cleanup Criteria were used. The Michigan 
criteria used for soils were the Direct Contact Industrial and Commercial II Screening Levels 
while the Industrial & Commercial II, III & IV Drinking Water Criteria were used for 
groundwater. If a chemical's maximum concentration exceeded any of the aforementioned 
screening criterion, it was retained for further quantitative evaluation in the risk assessment. If a 
chemical's maximum concentration was less than a screening criteria, that chemical was dropped 
from the quantitative analyses associated with the potential exposures represented by the screening 
criterion. 

Exposures to construction workers, maintenance workers, adolescent trespassers, office workers, 
and utility trench workers were estimated based on paradigms from widely accepted US EPA 
guidance documents. Exposure parameters were extracted from US EPA or MDEQ guidance or 
were developed for site-specific scenarios where published values were not available or realistic. 
Subchronic exposures were considered to be less than seven years whereas chronic exposures were 
considered to be greater than seven years, in accordance with US EPA risk assessment guidance. 
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Toxicity indices, reference doses (RfDs) and cancer slope factors (CSFs), were retrieved from a 
hierarchy of sources including US EPA's Integrated Risk Information System (IRIS), Health 
Effects Summary Tables (HEAST), and National Center for Environmental Assessment (NCEA). 
If published toxicity values did not exist for a given constituent, provisional values were 
developed using published toxicity data (such as No Observed Adverse Effect Levels) and US 
EPA-accepted methodology for the derivation of toxicity benchmarks. 

The results of the exposure assessment and toxicity characterization were combined to estimate 
hazard indices and cancer risk levels for the receptors hypothetically accessing the site in the 
future. Hazard and risk calculations were summed for each exposure route and then summed again 
for each exposure pathway by receptor. The risk characterization revealed no estimated cancer 
risk levels exceeding the 1 x Q benchmark for the construction worker, trespasser, office worker, 
and utility trench worker scenarios. The maintenance worker scenario resulted in a risk level of 
3x105. This risk level is solely attributable to the presence of a single detection of n-
nitrosodiethylamine in soil in SWMU-7. Upon the pending remediation of SWMU-7, risks to the 
maintenance worker will fall below lxi 0. No total hazard indices exceeded the 1.0 cle minimis 
benchmark. 

For the ecological risk assessment (ERA), surface soil, sediment, and surface water analytical data 
were used as the basis for statistical and ecological exposure analysis and were screened against 
appropriate US EPA Region 5 Ecological Data Quality Levels (EDQLs). Soil EDQLs were used 
for comparison with shallow-depth soil concentrations, however these benchmarks were not 
available for all COPCs. In the absence of soil EDQLs, values developed by Oak Ridge National 
Laboratory (ORNL) were used for comparative purposes. If the maximum concentration of a 
constituent was greater than the applicable benchmark, or if a screening criterion was not available, 
the constituent was retained for quantitative exposure assessment. 

Exposure routes for the white-tailed deer included ingestion of surface water and vegetation, as 
well as incidental ingestion of soil and sediment. Exposure routes for the meadow vole included 
incidental soil and sediment ingestion, surface water ingestion, and ingestion of plants. Exposure 
routes for the American robin included incidental ingestion of soil and sediment, ingestion of 
surface water, ingestion of terrestrial invertebrates, and ingestion of vegetation. The use of 
conservative exposure assumptions for each of these receptors resulted in estimated exposures 
representative and sufficiently protective of other species comprising their respective trophic 
guilds. 

Characteristics of terrestrial and semi-aquatic ecological receptors such as habitat needs, food 
preference, reproductive cycles, seasonal activities such as migration, and selective use of resources 

influenced constituent exposure. These factors were utilized in the formulation of an exposure 
assessment equation that estimated a mass-specific, time-weighted average intake for each medium or 
food source. 

No unacceptable risk was predicted to individual white-tailed deer from residual constituent 
levels in West Brine Field sediment or surface water. Similarly, no unacceptable risk to 
individuals was predicted from incidental soil ingestion. Risk to individual deer is indicated 
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from ingesting upland vegetation. This risk is attributable to phenol in surface soil. No unacceptable 
risks were estimated for the deer population as a whole. 

Hazard indices (HIs) developed for the soil ingestion exposure pathway suggested a potential risk 
to individual meadow voles. Potential population-level effects to meadow voles may be incurred 
resulting from ingestion of soil-dwelling vegetation. Risk from this pathway stems primarily from 
the presence of phenol. 

For individual American robins, HIs exceeded unity for the soil, soil invertebrate, and vegetation 
ingestion pathways. Vegetation ingestion risk to robin populations is attributable primarily to 
phenol in surface soils. Thallium and phenol contribute to the majority of the risk to robin 
populations from the soil invertebrate ingestion pathway. Detectable levels of thallium in site-
related surface soils, however, were below background levels. 

Hazards from aluminum in soils to ecological receptors were considered negligible based on the 
low bioavailability of this metal as well as the comparability of West Brine Field concentrations 
to typical concentrations from undisturbed soils across the United States. Likewise, risks 
associated with zinc and chromium are also considered to be negligible, given that elemental 
concentrations at the West Brine Field site are at levels near or below typical concentrations found 
across the United States. 
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1.0 Introduction 

Human health and ecological risk assessments were conducted for ATOFINA Chemicals' 

Riverview, Michigan West Brine Field property (site) to determine if unacceptable hazards or 

risks are potentially posed to humans or ecological receptors by residual chemicals detected at 

the site. The risk assessments considered both current and hypothetical future land-use scenarios. 

Currently, the 92-acre West Brine Field is a virtually undeveloped, slightly-to-highly vegetated, 

vacant lot (Weston, 1999) surrounded by a 7-foot high chain-link fence. Access to the site is 

restricted to authorized ATOFINA Chemicals personnel (Weston, 1999). 

A majority of the residual chemicals detected at the West Brine Field were located within the 

Solid Waste Management Units (SWMUs) 1, 3, and 4, and Area 7. The SWMUs were formerly 

landfills used for the disposal of amyiphenol filter cake and drummed residue produced during 

amylphenol production in other areas of the Riverview plant. Area 7 was characterized because 

of observations of odiferous, stained, and disturbed soils (Weston, 1997). The total combined area 

of SWMUs 1, 3, and 4, and Area 7 is approximately 2.4 acres. 

SWN'IU 2, a former landfill area in the southern part of the site, was subject to remedial activities in 1994 

and 1995 and is no longer considered an area of concern. 
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2.0 Human Health Risk Assessment 

The human health risk assessment for the West Brine Field was conducted in accordance with 

appropriate United States Environmental Protection Agency (US EPA) guidance documents. 

Consistent with the US EPA Guidelines for Exposure Assessment (US EPA, 1992), conservative 

but realistic, site-specific assumptions were used for those exposure parameters where default 

assumptions did not accurately characterize potential exposures at the site. Appropriate 

justification for the use of site-specific exposure assumptions is included in this report. 

The four basic phases of a human health risk assessment are as follows: 

1. Data evaluation - the process of analyzing site data relevant to potential human health and 

ecological impacts. The Data Evaluation includes a statistical analysis of the data in various media and 

selection of constituents of potential concern (COPCs); 

2. Exposure assessment - the identification of relevant receptor populations and exposure parameters, 

the calculation of exposure-point concentrations, and the estimation of average daily intakes for each site-

related receptor of possible concern; 

3. Toxicity assessment - the deteiiiiination of appropriate toxicity values to be used in quantifying 

risks for the COPCs selected for quantitative risk assessment. The most relevant and appropriate Reference 

Doses (RfDs) and Cancer Slope Factors (CSFs) are deteiiiiined; 

4. Risk characterization - a comparison of estimated daily chemical intake levels with 

acceptable daily intake levels (RfDs) to generate quantitative expressions of hazard (for 

noncarcinogens) and the upper limits of probability of causing cancer (for carcinogens). 

Each of these phases in discussed in detail below. 
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2.1 Data Evaluation  

Validated laboratory data were compiled into a database representing the results of historical 

sampling activities at the site. Data subsets representing potential current and hypothetical future 

exposures were extracted from the database for statistical analysis. For the construction worker 

scenario, soils down to 14 feet below ground surface (bgs) were extracted as a subset of the data 

because it was anticipated that construction workers might contact soils to a depth of 14 feet during 

excavation-like activities. For the maintenance worker scenario, soils down to three feet bgs were 

extracted as a data subset. It was assumed that maintenance activities such as landscaping could 

create exposures to soils down to three feet bgs. Soils down to three feet were also used for the 

trespasser scenario. For hypothetical future office workers, soil data down to 14 feet bgs were 

extracted and analyzed for a vapor-intrusion-into-indoor-air scenario. Construction workers were 

evaluated for dermal contact with groundwater while utility trench workers were assumed to be 

exposed to shallow groundwater (pooled in a utility trench) both through dermal contact and via 

inhalation of VOC vapors. 

Each receptor-specific data set was then analyzed statistically using SiteStat, a commercially 

available software package, to calculate the total number of samples analyzed for a given constituent, 

the number of times that constituent was detected, the frequency of detection (%), minimum detected 

value, arithmetic mean, logarithmic mean, maximum detected value, standard error of the mean, the 

95% upper confidence limit of the mean concentration (95% UCL), the logarithmic 95% UCL, and 

a distributional analysis of the data (i.e., utilizing goodness-of-fit statistical tests to determine 

whether the data are distributed normally or lognoiiiially) for each constituent. 

Samples from the various media at a site undergo laboratory analyses that are designed to measure 

the concentrations of the various constituents in the environment. As a result of the analytical 

procedures used, some samples may contain constituents reported as non-detect. As a highly 

conservative measure for chemicals detected at least once in a given medium, samples reported as 

non-detect were assumed to contain concentrations equivalent to one-half of the sample detection 

limit in accordance with US EPA (1989b) guidance. This assumption prevents any bias 
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that may result from the inclusion of the sample as a detection at the detection limit or exclusion of 

the sample as non-detected. Results of the statistical analyses for constituents detected in each of 

the data sets (soils down to 14 feet, surface soils, and groundwater) are presented in Tables 1 through 

3. 

2.1.1 Elevated Detection Limits 

Sometimes a sample may be reported as nondetect for a specific chemical but the detection limit for 

that chemical is unusually elevated. Elevated detection limits can result from laboratory practices 

(e.g., dilutions) undertaken to address chemical or sample interference during analysis. In some 

cases, these detection limits may be elevated to the point where they exceed screening criteria but 

the sample is still reported as nondetect and treated thusly during the risk assessment process. Actual 

concentrations of chemicals in these samples may be less than typical detection limits, thus, treating 

them as nondetect in a risk assessment may be appropriate. Conversely, chemicals in these samples 

may be present at concentrations near the elevated detection limit (exceeding screening criteria) and 

so treating them as nondetect may underestimate associated risks and the potential for adverse health 

affects. For this latter reason, these samples should not be ignored, but addressed from a risk 

assessment perspective. 

Tables 4 and 5 list chemicals that were not detected in any soil or groundwater sample analyzed, 

respectively (0% detected at the site), the maximum detection limits of those chemicals, and applicable 

screening criteria. Tables 4 and 5 identify those chemicals with detection limits less than the screening 

criteria, those chemicals with detection limits greater than the screening criteria, and those chemicals 

without screening criteria. 

In some cases, a laboratory does not have the ability to quantify chemical concentrations at levels 

less than those of potential concern (such as screening benchmarks). Quantitatively evaluating 

hazards and/or risks for these chemicals with no positive detections is neither feasible nor 

appropriate because there is no evidence that the chemical is even present. Otherwise, phantom risk 

quantification could theoretically be generated for virtually any chemical, whether it is actually 

present at the site or not. Furthermore, assuming a concentration of one-half the 
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detection limit has such a high degree of uncertainty that the results would essentially provide no 

meaningful information on which to base remedial decisions. Established regulatory policy 

recognizes these limitations. US EPA's Risk Assessment Guidance for Superfund; Human health 

Evaluation Manual, Part A (1989b) states: 

After considering the discussion provided in the above subsections, generally eliminate those 
chemicals that have not been detected in any sample of a particular medium... 

The outcome of this step is a data set that only contains chemicals for which positive data 
(i.e., analytical results for which measurable concentrations are reported) are available in at 
least one sample from each medium. Unless otherwise indicated, assume at this point in the 
evaluation of data that positive data to which no uncertainties are attached 
concerning either the assigned identity of the chemical the reported concentration (i.e.,  
data that are not "tentative," "uncertain," or "qualitative") are appropriate for use in the quantitative 
risk assessment. 

Therefore, there are basically three proposed criteria that may be applied to evaluating chemicals that were 

not detected in a given medium, as listed on Tables 4 and 5. 

1. Constituents that were subjected to analysis and not positively detected, but the maximum 

reported detection limit is below a screening benchmark should be eliminated from any 

further evaluation. Even if present, these constituents would not pose a potential health 

problem of any significance. 

2. Chemicals that were not detected and for which there are no screening criteria or risk 

reference doses (RfDs) or other means of quantitatively evaluating risk or hazard should be 

eliminated and discussed in the uncertainty section of the report. There is insufficient 

information on these chemicals to make any conclusions regarding their presence, 

concentration, or potential hazard risk. 

3. Chemicals that were not positively detected but with detection limits that exceed screening 

criteria may be further evaluated qualitatively under certain circumstances. Chemicals in 

this category may be eliminated from further consideration if the following 
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criteria exist: a review of historical operations indicates that the chemical in question was 

never utilized, produced, or disposed on site; the chemical was not detected in any other 

media; the chemical is not a likely breakdown product of parent chemicals that have been 

detected in site-related samples; the chemical is not a member of a class of compounds (e.g., 

chlorinated dibenzodioxins or polycyclic aromatic amines, which almost always occur as 

mixtures of congeners or chemical analogues). Chemicals may also be reviewed to 

determine the fate and transport characteristics along with site-specific features that may 

preclude their presence in one medium (e.g., groundwater) even though they have been 

positively identified in another medium. Under such conditions, chemicals may be 

eliminated from further evaluation. 

Tables 4 and 5 list those chemical constituents that were not detected in any soil or groundwater 

samples, respectively. Where the maximum reported detection limits for chemicals are lower than 

screening levels (bullet 1 above), there is essentially no effect on the uncertainty of the estimated 

risks and hazards because even if these chemicals were present the additional hazard or risk would 

be insignificant. 

Similar arguments can be made for those constituents with an elevated SQL which exceeds a 

screening benchmark (bullet 3 above). In these cases, the detection limits would not enable a 

determination of either the presence of a compound or the extent of potential hazard and/or risk. 

It is possible that some of these chemicals are present at levels of concern and would contribute to 

some extent to the overall estimates of total hazards and/or risks. As a consequence this increases 

the uncertainty of the overall estimates and could result in an underestimation of risks. 

The same argument applies to those nondetected chemical constituents where no screening criteria 

exist (bullet 2 above). However, unless it is known that the maximum possible concentration (i.e., 

the highest detection limit) represented a potential concentration of concern, it cannot be known 

whether hazards and/or risks could possibly be underestimated. It can be stated that the possible 

presence of these chemicals will not result in an overestimation of hazards and/or risks. 
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It may be noted that the potential for underestimating risks and the overall uncertainty in the 

quantitative estimations is not likely to be substantial as a result of the possible presence of 

chemicals reported as nondetect. US EPA's Risk Assessment Guidance for Superfund: Human 

health evaluation manual, Part A (1989b), states: 

Chemicals that are infrequently detected may be artifacts in the data due to sampling, analytical, 
or other problems, and therefore may not be related to site operations or disposal practices. 
Consider the chemical as a candidate for elimination from the quantitative risk assessment if: 
(1) it is detected infrequently in one or perhaps two environmental media, (2) it is not detected 
in any other sampled media or at high concentrations, and (3) there is no reason to believe that 
the chemical may be present. 

For the vast number of nondetected chemicals reported in Tables 4 and 5 there is, in fact, no 

reason to presume their presence nor is there a history of use or disposal. Consequently, the 

contribution to the overall uncertainty is likely to be comparatively minor relative to other sources 

of uncertainty that can either result in over- or under-estimation of total hazards and/or risks. 

2.1.2 COPC Screening 

Once the statistical analyses were complete, a selection process ensued to determine which 

constituents were to be evaluated quantitatively in the risk assessment as COPCs. Constituents 

not detected in any sample (i.e., a detection frequency of 0%) were eliminated from further risk 

evaluation. During the screening process, constituents without the appropriate published US EPA 

Region IX (or MDEQ) screening criteria, as described below, were conservatively retained for 

quantitative analysis. In each instance, constituents with maximum detected concentrations less 

than the screening criteria were eliminated from further consideration. Constituents with 

maximum detected concentrations greater than the screening criteria were retained for 

quantitative analysis in the risk assessment. The COPC selection process was conducted as 

follows. 
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For the construction worker scenario, potential exposures to soils included incidental ingestion, 

dermal contact, inhalation of fugitive dusts, and inhalation of volatile organic compound (VOC) 

vapors in the ambient air. Additionally, the hypothetical future office worker may be exposed 

to VOC vapors emanating from subsurface soil into indoor air. For these scenarios, the 

maximum concentrations of constituents detected in soils from 0 to 14 feet bgs were compared 

to US EPA Region IX Preliminary Remediation Goals (PRGs) for Industrial Soil.. In cases 

where a Region IX PRG was not available for a chemical, MDEQ Part 201 Direct Contact 

Industrial and Commercial II Screening Levels were used. COPCs identified in soil for the 

construction worker included 2,3,7,8-TCDD TEQ, arsenic, benzo(a)pyrene, naphthalene, n-

nitrosodiethylamine, and n-nitrosodiphenylamine. Naphthalene, being a VOC, was the only 

COPC in soil identified for the office worker scenario. This screening process is presented on 

Table 1. 

Dermal, oral, and inhalation exposures to soil were assumed for the adolescent trespasser and 

hypothetical future maintenance worker scenarios. Trespassers and maintenance workers, 

however, were only assumed to contact surface soils (defined for this site as soils 0-3 feet bgs). 

Surface soil data were screened against US EPA Region IX Industrial Soil PRGs. In cases where 

a Region IX PRG was not available for a chemical, MDEQ Part 201 Direct Contact Industrial and 

Commercial II Screening Levels were used. COPCs identified for maintenance worker and 

adolescent trespasser hypothetical scenarios were arsenic, benzo(a)pyrene, naphthalene, n-

nitrosodiethylamine, and n-nitrosodiphenylamine. . This screening process is presented on Table 

2. 

The hypothetical future office worker may be exposed to VOC vapors emanating from 

groundwater and infiltrating into an office building. In addition, a construction worker was 

evaluated for dci ______ IHal contact with groundwater while a utility trench worker may be exposed to  

groundwater both directly (dermal contact) and indirectly (inhalation of VOC vapors). To address these 

exposures, maximum detected concentrations in groundwater were conservatively screened against US 

EPA Region IX PROs for tap water (drinking water criteria) for the construction worker, office worker, 

and utility trench worker scenarios. For inhalation exposures, 
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chloroform was identified as the only COPC in groundwater for the office worker and utility 

trench worker scenarios. For direct contact with groundwater by a construction worker and utility 

trench worker, the following constituents were identified as COPCs: antimony, arsenic, cadmium, 

chromium, lead, and bis(2-ethylhexyl)phthalate. Lead was retained as a COPC due to the lack of 

a Region IX or MDEQ screening value. A statistical summary of groundwater data and the 

screening process are presented in Table 3. 

2.1.3 Tentatively Identified Compounds (TICs) 

Some organic compounds detected in soils at the West Brine Field were not conclusively 

identified by the analytical laboratory and were therefore reported as TICs. US EPA Region 5 has 

requested (February 2001 Memo) that ATOF1NA Chemicals provide a more detailed analysis of 

the uncertainty surrounding the reported concentrations of TICs at the site including an analysis 

of any potential risks posed to human and ecological receptors from potential exposures to TICS 

. According to regulatory guidance (US EPA, 1989b), when both the identity and concentrations 

of TICs are highly uncertain, and when a resource intensive quantification of TIC concentrations 

is not practical, a qualitative analysis of TICs is appropriate. As both of these criteria reflect the 

nature of TICs reported at the site, a qualitative assessment of West Brine Field TICs is underway. 

This assessment, to be presented in the forthcoming Corrective Measures Study (CMS), will 

include the examination of a number of factors including: detection frequency; spatial 

distribution; concentration levels; and toxicology. 

2.1.4 Dioxins 

Use of the toxicity equivalence factor (TEF) method (US EPA, 1989a) is the current regulatory-

preferred procedure for assessing the risks associated with exposures to complex mixtures of 

chlorinated dibenzo-p-dioxins and dibenzofurans (CDDs and CDFs). The I-TEF/89 approach 

outlined in Part II of US EPA, 1989a, indicates that the TEF method should be performed solely 

on the 2,3,7,8-substituted CDD/CDF congeners according to the following rationale: 

During the past two years [relative to the publication of EPA-TEF/87 methodology], scientists have 
gathered additional data indicating that nearly all of the 210 CDDs/CDFs can 
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be found at very low levels in many parts of the environment. However, it appears that the 
2,3,7,8-substituted CDD/CDF congeners are selectively absorbed andlor retained in higher 
animals; e.g., fish, humans, and other mammals. That is, of the CDDs/CDFs detected in a 
variety of tissues from these sources, the 2,3,7,8-substituted CDD/CDF congeners clearly 
predominate over the non-2,3,7,8-substituted congeners. This is true even when the source 
of the CDDs/CDFs is relatively low in the concentration of 2,3,7,8-substituted congeners. 

The environmental concern of the Agency rests primarily with long-term exposures. It is 
the 2,3,7,8-substituted congeners that seem to pose the greatest long-term potential, since 
the non-2,3,7,8-substituted congeners appear to be either not absorbed or quickly 
eliminated by biological systems. Therefore, in the interest of keeping the TEF system as 
simple as possible, attention is focused exclusively on 2,3,7,8-substituted congeners in the 
I-TEF/89 scheme. 

A thorough review of the West Brine Field CDD/CDF sample analysis data has revealed that soil, sediment, 

surface water, and groundwater samples were analyzed only for 2,3,7,8-TCDD and total homologue groups 

(e.g., Total TCDDs, Total PeCDDs, Total HxCDFs, Total TCDFs, 

Total PeCDFs, and Total HxCDFs). This analysis does not differentiate between  

2,3,7,8-substituted and non-2,3,7,8-substituted CDD/CDF congeners, therefore the true contribution 

of the 2,3,7,8-substituted congeners is unknown. Though 2,3,7,8-TCDD was reported as nondetect 

in every sample it was analyzed for, certain homologue group total values were detected in a few 

samples. In an effort to quantify potential risks associated with exposures to dioxin/furan compounds 

given the lack of congener-specific data from the West Brine Field, TEF calculations were performed 

using total homologue group results based on the best available technique presented in Part I of the 

I 989a US EPA interim guidance document. This guidance states: 

In cases where only the concentration of homologous groups is known, i.e., no isomer-
specific data are available, different approaches are possible. One could assume that the 
occurrence of each of the congeners in the mixture has equal probability. For instance, 
2,3,7,8-TCDD is one of 22 possible TCDDs and would constitute about 4% of a mixture of 
isomers occurring with equal probability. 

Assuming that all congeners are represented equally in each sample may result in an 

overestimation of risk, especially in light of evidence indicating that 2,3,7,8-TCDD, the most 

toxic dioxin congener by several orders of magnitude, is not detected at the site. To provide 
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some quantitative estimation of risk given the significant limitations in analytical data for the West Brine 

Field, toxicity equivalent (TEQ) values based on total homologue group results were used in the risk 

assessment. 

2.2 Exposure Assessment  

The objective of the exposure assessment is to estimate the type, magnitude, frequency, and duration 

of exposures to site-related COPCs. The exposure assessment incorporates the identification of 

exposed populations, potential pathways of exposure, and estimates of COPC intakes for specific 

exposure routes. Reasonable estimates of exposures were developed for both current and 

hypothetical future land-use assumptions. Standard US EPA or MDEQ exposure assumptions and 

site-specific data were applied to each pathway. V/here published parameter values were not 

appropriate or available, provisional values were derived using best professional judgment. The use 

of published and provisional parameter values is discussed in detail in later sections. 

The following pathways, receptors, and routes of exposure were conservatively considered to be a 

comprehensive assessment of potential risks under current and future site-use conditions and were 

quantitatively addressed in this assessment. These exposure scenarios were based on the conceptual 

site model provided in the RFI Work Plan — Phase TI (Weston, 1999) for the West Brine Field. 

• Hypothetical future construction worker dermal exposure to soils; 

• Hypothetical future construction worker incidental ingestion of soils; 

• Hypothetical future construction worker inhalation of fugitive dusts and VOC vapors; 

• Hypothetical future construction worker dermal exposure to groundwater; 

• Hypothetical future maintenance worker dermal exposure to surface soils; 

• Hypothetical future maintenance worker incidental ingestion of surface soils; 

• Hypothetical future maintenance worker inhalation of fugitive dusts and VOC vapors; 

• Hypothetical adolescent trespasser dermal exposure to surface soils; 

• Hypothetical adolescent trespasser incidental ingestion of surface soils; 
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• Hypothetical adolescent trespasser inhalation of fugitive dusts and VOC vapors; 

• Hypothetical future office worker indoor inhalation of VOC vapors emanating from soil; 

• Hypothetical future office worker indoor inhalation of VOC vapors emanating from 

groundwater; 

• Hypothetical utility trench worker dermal exposure to groundwater; and 

• Hypothetical utility trench worker inhalation of VOC vapors emanating from groundwater. 

Chemical exposure/intake is expressed as the amount of the agent at the exchange boundaries of an 

organism (i.e., skin, lungs, gut) that is available for systemic absorption. An applied dose is defined 

as the amount of a chemical (usually measured in milligrams, or mg) at absorption barriers such as 

skin, lung, digestive tract, available for absorption per unit of body weight (usually expressed in 

units of kilogram, or kg) of the receptor. An absorbed dose can be defined as the amount of chemical 

which penetrates the exchange boundaries. If the exposure occurs over time, the total exposure can 

be divided by the time period of interest to obtain an average exposure rate (e.g., mg/kg-day). The 

general equation, as defined by US EPA (1989b), for estimating a time-weighted average intake is: 

Intake (mg/kg - day) 
CxIRxEFxED  

BWxAT 
[Equation 1] 

 

where: 
  

C = 
IR = 
EF = 
ED = 
BW = 
AT = 

 

chemical exposure-point concentration (e.g., mg/m3 air); 
intake rate (e.g., mg/day); 
exposure frequency (days/year); 
exposure duration (years); 
body weight of exposed individual (kg); and 
averaging time (period over which exposure is averaged, usually 
measured in days). 

Table 6 presents exposure parameters utilized in the intake equations for each exposure scenario. The 
general exposure parameters and variations applied to the intake equation for each exposure pathway are 
discussed below. 
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The exposure-point concentration (C) is the concentration of a chemical that is anticipated to be 

contacted by a receptor accessing the site. In accordance with US EPA guidance (1989b), the lesser 

of the maximum detected concentration and the 95% UCL (or lognormal 95% UCL where the data 

distribution can be described as lognormal) was selected as the exposure-point concentration for 

direct contact exposure routes (oral and dermal). For inhalation scenarios, the exposure-point 

concentration was derived by converting the soil concentration to a chemical concentration in air 

(either in the form of VOC vapors or entrained onto fugitive dust). A more detailed description of 

this process is provided later in this report. 

2.2.1 General Parameters 

Several of the exposure parameters listed in Equation 1 remained consistent throughout the risk 

assessment, regardless of exposure pathway. These parameters were exposure frequency (EF), exposure 

duration (ED), body weight (BW), and averaging time for both carcinogenic (ATc) and noncarcinogenic 

effects (ATn). 

The EF describes the number of times per year an event is likely to occur and is expressed in 

units of days/year, shifts/year, or events/year. Variables such as weather, vacation time, sick 

days, and institutional controls often aid in determining reasonable and realistic average exposure 

frequencies. 

For the construction worker scenario, a reasonable maximum EF of 45 days was used based on best 

professional judgement. This value represents 9 work weeks of construction activities that result 

in direct soil contact. This is a very conservative estimate in that the phases of construction that 

occur in or close to the soil (e.g., excavation, foundation pouring, etc.) generally occur over only a 

few weeks until a different crew of individuals with specialized skills arrive for the successive 

phases (e.g., framing, roofing, etc.). 

At the request of the US EPA (2001), an EF of 250 shifts per year was used for the maintenance 

worker scenario. This value is a common US EPA default EF for commercial/industrial 
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occupational scenarios (US EPA, 1991) and assumes 5-day work weeks for 50 weeks per year. This 

EF is conservative in that it does not consider those portions of the year when the ground is frozen 

or covered with snow, or when the weather is too inclement to perform routine outdoor maintenance 

activities. 

The office worker scenario used an EF of 245 days/year as recommended by the MDEQ (1998a). 

A value of 24 days/year was used for the trespasser scenario for soil exposures. This value, based 

on professional judgment, represents visits to the Site twice a week during the 3 warmest months 

of the year. 

For the utility trench worker scenario, an EF of 10 days was conservatively used based on best 

professional judgement. This value represents two entire work weeks of activities in a utility trench 

that result in direct groundwater contact and vapor inhalation. For construction workers, an EF of 

5 days was used to represent potential contact with groundwater during relatively short initial stage 

of construction activities. 

The exposure duration (ED) parameter in the intake equation depicts the number of years during 

which an exposure event is likely to occur. Factors affecting this parameter include variables such 

as age of receptor, population mobility, and occupational mobility. Exposure durations of less than 

seven years typically correspond to subchronic exposures while those greater than seven years are 

typically considered chronic exposures (US EPA, 1989b). 

The construction worker and utility trench worker scenarios used a subchronic ED of one year. At 

the request of the US EPA,(2001), the maintenance worker scenario used an ED of 25 years (US 

EPA, 1991). The office worker scenario used an ED of21 years as recommended in MDEQ guidance 

(1998b). The trespasser scenario assumed an ED of 6 years, accounting for the years between the 

ages of 12 and 18. 
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The body weight (BW) used for the adult exposures assessed in this report was a common US EPA 

default value of 70 kg (US EPA, 1991). The body weight for adolescent trespassers was estimated 

to be 56 kg. This value was based on body weight data for children between the ages of 12 and 18 

as provided in US EPA's Exposure Factors Handbook (1997). 

The averaging time (AT) parameter is the period over which exposure is averaged. For human health 

cancer risk calculations, the AT value prorates a total cumulative dose over a lifetime. The US EPA 

takes the position that any single exposure to a carcinogen, no matter how minute, has been 

associated with some risk of cancer. That is, no dose is considered to be without some level of risk, 

although at very low doses the risk may be infinitesimally small (US EPA Risk Assessment Guidance 

for Superfund, Part A, 1989b). The AT value for each receptor is the product of a 365-day year and 

a 70-year life span, equaling 25,550 days, to derive an average daily intake over an entire lifetime. 

The AT used for noncarcinogenic effects is the product of a 365-day year and the exposure duration 

(i.e., AT = 365 days x ED). Because the ED parameter is receptor-specific, the AT is as well. The 

AT values used in this assessment were 365 days for construction workers and utility trench workers, 

7665 days for office workers, 9125 for the maintenance workers, and 2190 days for trespassers. 

2.2.2 Route-Specific Parameters 

Several parameters utilized in the general intake equation vary depending on the route of exposure. 

Additional exposure route-specific parameters are also included into the general equation to account for the 

physiology involved in mimicking a chemical's release from the environment to or uptake through human 

exchange boundaries (e.g., skin, lungs, etc.). For inhalation exposures, sophisticated models were employed 

to convert the concentration of chemical in soil to a concentration in air that can then be inhaled. These 

models and the route-specific exposure parameters are discussed below. 
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2.2.2.1 Deriiial Exposure 

Three additional factors are incorporated into the general intake equation to estimate intake resulting from 

dermal exposure to chemicals in soil. These factors are skin surface area exposed, soil adherence factor, 

and absorption factor. 

Skin Surface Area 

The MDEQ recommends an exposed skin surface area of 2570 cm2 for commercial/industrial workers 

(maintenance or construction). This value assumes that a worker is wearing a short-sleeved shirt and 

long pants, and has hair or a hat covering part of his/her head. The MDEQ value represents an average 

as does the adult body weight of 70 kg with which skin surface area is highly correlated. An exposed 

skin surface area of 2570 cm2 was used in this assessment for construction workers, maintenance 

workers, and utility trench workers. 

The trespasser skin surface area was estimated to be 4,381 cm2. This value is based on total skin 

surface area data provided in US EPA's Exposure Factors Handbook (1997) for children. The mean 

total skin surface area for children between the ages of 12 and 18 was 15,758 cm2. The face, hands, 

forearms, and lower legs were assumed to be exposed; these body parts comprise 27.8% of the 

total skin surface area (US EPA, 1997), or 4,381 cm2. 

Adherence Factors 

Until recently, the US EPA-recommended default for soil adherence on skin ranged from 0.2 to 

1.0 mg/cm2 for the entire exposed surface area, without consideration of the type of activity (US 

EPA Dermal Exposure Assessment: Principles and Applications, 1992). However, the data from 

which that range was derived were primarily the result of indirect measurements, artificial 

activities, and sampling of hands only. A more recent study has presented the results of direct 

measurement of soil loading on skin surfaces before and after normal occupational and 

recreational activities that might result in soil contact (Kissel ci' al., 1996a). A five-order of 

magnitude range (roughly i0 to 102 mg/cm2) was reported for observed activity-related hand 

loadings. That report indicated that hand loadings within the range of 0.2 to 1 mg/cm2 were 

produced by activities in which there was vigorous soil contact (e.g., rugby, fainiing); but for 
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activities in which there was less soil contact (e.g., soccer, professional grounds maintenance), 

loadings substantially less than 0.2 mg/cm2 were found on hands and other body parts. Kissel et 

at. (1996a) concluded that, because non-hand loadings attributable to higher contact activities 

exceeded hand loadings resulting from lower contact activities, hand data from limited activities 

cannot be used as a conservative predictor of loadings that might occur on other body surfaces 

without regard to activity. Furthermore, because exposures are activity-dependent, dermal 

exposure to soil should be quantified using data describing human behavior (e.g., type of activity, 

frequency, duration, including interval before bathing, clothing worn, etc.). The US EPA Exposure 

Factors Handbook (US EPA, 1996) takes the same posture and states: 

These generalizations suggest that changes are needed to the recommendations in 
US EPA, 1992, regarding soil adherence. The earlier recommendations made 
suggested applying an average of 0.2 to 1.0 mg/cm2 to the entire exposed skin 
surface area without consideration of the type of activity. The new studies suggest 
a more site-specific approach is needed which considers the type of activity and 
uses different estimates for different regions of the body. Further research is needed 
to reach final conclusions about how such recommendations should be made. 
Meanwhile, assessors can use the data presented in Table 4-12 [summary of Kissel 
et at. (1996a)] to select adherence values for activities which best match those of 
the population being assessed. 

The most recent version of the Exposure Factors Handbook (1997) goes on to state: 

In consideration, of these general observations and the recent data from Kissel et at. 
(1996a, 1996b), this document recommends a new approach for estimating soil 
adherence to skin. First use Table 6-12 [Summary of Field Studies, Kissel et at., 
1996a] to select the activity which best approximates the exposure scenario of 
concern. Next, use Table 6-13 [Mean Soil Adherence by Activity and Body Region, 
Kissel et at., 1996a] to select soil loadings on exposed skin surfaces which 
correspond to the activity of interest. This table contains soil loading estimates for 
various body parts. The estimates were derived from soil adherence measurements 
of body parts of individuals engaged in specific activities described in Table 6-12. 
These results provide the best estimate of central loadings, but are based on limited 
data. Therefore, they have a high degree of uncertainty such that considerable 
judgment must be used when selecting them for an assessment. 

Subsequently, for this analysis, activity-specific soil adherence factors (AFs) for construction 

workers, maintenance workers, and trespassers were calculated based on data presented by 
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Kissel et at. (1996) for irrigation installers, groundskeepers, and soccer players, respectively, as presented 
below. 

 

Receptor 

  Adherence Factor by Body Part (mg/cm2) 

Activity Hands Arms Face Legs 

Construction 
Workers 

Irrigation Installers 0.19 0.18 0.0063 NA 

Maintenance 
Workers 

Grounds Keepers 0.030-0.15 0.0021 - 0.023 0.0021 -0.01 NA 

Trespassers Soccer Players 0.035-0.11 0.0011 - 0.0043 0.012 - 0.016 0.0081 -0.03 1  

Soil adherence factors were calculated by normalizing each body part-specific soil adherence 

value with regard to the percentage of total body surface area occupied by the respective body 

part. Surface area percentages for hands, forearms, and face are 4.2, 5.7, and 3.0 percent, 

respectively. These percentages are based on the skin surface areas for each body part presented 

by MDEQ (1998b) and assume a total body skin surface area of 20,000 cm2 (US EPA, 1997). 

Those body parts comprise 12.9 percent of the total body surface area. The normalized values for 

all body parts of interest were added, and the sum was divided by the total percentage of body 

surface area occupied by the parts. For example, the soil adherence factor for the construction 

worker (using the irrigation installer soil adherence data tabulated above) was calculated as 

follows: 

(0.19x 0.042)+ (0.18x 0.057)+ (0.03 x 0.0063) = 0.143 mg/cm2 AF = 
0.129 

This same procedure was used to calculate the adherence factor for the maintenance worker using the 

groundskeeper data tabulated above: 

(0.09 x 0.042)+ (0.013 x 0.057)+ (0.001 x 0. 128)± (0.0061 x 0.03) = 0.036 m/cm2 = 
0.129 
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Likewise, the soil adherence factor for the adolescent trespasser scenario was calculated based on 

data presented by Kissel et al. (1996b) for soccer players. This calculation assumed 27.8% of the 

total skin surface area was exposed for contact as presented in the Skin Surface Area subsection 

above. 

AF— (0.052 x 0.0725) + (0.059 x 0.0027) + (0.128 x 0.0195) + (0.039 x 0.014) = 0.025 mg/cm2 
0.278 

Absorption Factors 

Another exposure factor necessary to estimate dose and, therefore, risk via dermal contact with 

soils containing COPCs is the absorption factor (ABS) of the specific constituent from soil. In 

general, the skin provides an effective barrier to environmental toxins. For purposes of this 

assessment, values for dermal absorption as recommended by MDEQ (1 998b) were adopted. 

These values were 10% (0.1) for volatiles and 1% (0.01) for semi volatiles and inorganic 

compounds. 

Permeability Constant 

The permeability constant, used for dermal exposures to groundwater for utility trench workers and 

construction workers, accounts for the movement of a constituent dissolved in water through the skin, 

across the stratum corneum, and into the blood stream. Kp values (usually expressed in cm/hour) for 

the constituents examined in this assessment were obtained from US EPA Dermal Exposure 

Assessment: Principles and Applications (1992a). For values not available in US EPA Dermal 

Exposure Assessment (1992a), the Kp value was calculated using the equations provided by the US 

EPA in the same document. 

Exposure Time 

Since the dermal permeability of chemicals in water is dependent on time (with Kp being expressed in 

cm/hour), an exposure time (ET) parameter must be included in the intake equation for dermal exposures 

to surface water. A reasonable maximum ET of 4 hours/day was used for construction and utility trench 

workers. 
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2.2.2.2 Incidental Ingestion 

An ingestion rate is used for the intake parameter, IR, in Equation I for ingestion exposures. For 

hypothetical future construction workers, a soil ingestion rate of 480 mg/day was used at the request 

of the US EPA (2001). This value was extracted from US EPA's Exposure Factors Handbook 

(1997). The hypothetical adolescent trespasser and hypothetical future maintenance worker 

scenarios used a soil ingestion rate of 50 mg/day as extracted from MDEQ guidance (1998b). 

2.2.2.3 Inhalation 

In addition to converting a chemical's soil concentration to a concentration in air that may be 

inhaled, the intake equation for inhalation exposures includes the use of an inhalation rate. The 

inhalation rate for the hypothetical future construction worker, maintenance worker, and utility 

worker scenarios was extracted from US EPA guidance (1991). This guidance recommends a value 

of 20 m3/workshift. For the adolescent trespasser and office worker scenarios, an inhalation rate 

of 10 m3/event or workshift was used. This inhalation rate is consistent with MDEQ guidance 

(1998a) and represents moderate activity while on the job. 

2.2.3 Concentration in Air Calculations for the Construction Worker Scenario 

Inhalation exposures to residual chemicals in soil can result from two separate airborne sources: 

VOC vapors and fugitive dust. For construction workers, fugitive dust can be generated by 

excavation activities and vehicular traffic. The calculation of constituent concentrations in air for 

both VOC vapors and fugitive dust are detailed below. 

2.2.3.1 Traffic Over Unpaved Surfaces During Construction 

The following empirical expression, extracted from US EPA's Rapid Assessment of Exposure to Particulate 

Emission from Surface Contamination Sites, (1985), can be used to estimate the fugitive dust generated 

during construction: 
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PERv = (k)x(5 9)x(s/12)x(S/30)x(W/3)°7x(w/4)°5x ((365 -p)/3 65) 

[Equation 2] 

where: 

PERv = particle emission rate for vehicular traffic (lb/vehicle mile traveled); 
k = particle size multiplier; 
s = percent silt content; 
S mean vehicle speed (mph); 
W = mean vehicle weight (ton); 
w mean number of wheels per vehicle; and 
p = mean number of days with ≥ 0.01 inches of precipitation per year. 

The particle size multiplier is assumed to be 0.45, corresponding to particles less than 15 microns 

(jtm) (US EPA Compilation of Air Pollution Emission Factors, 1996). Percent silt content is estimated 

to have a value of 31.5% (site-specific, Weston, 1997). Vehicle characteristics consist of the 

following: mean vehicle speed was assumed to be 15 mph, with mean vehicle weight was assumed to 

be approximately 12.5 tons (US EPA Compilation of Air Pollution Emission Factors, 1996) for eight-

wheeled vehicles. For the Riverview, Michigan area, the estimated mean number of days with 

precipitation equal to or greater than 0.01 inches per year is 140 (US EPA Superfund Exposure 

Assessment Manual, 1988). Total resultant dust emission rate for constituents during vehicular 

movement activities (PERv) was estimated to be approximately 8.25 lbs/vehicle mile or 0.000069 

kg/sec. This conversion of units from lbs/vehicle mile to kg/sec was performed by assuming a vehicle 

travels 12 miles per construction job and each construction event lasts 45 days. Also, assuming one 

working day is eight hours long, the units of lbs/vehicle mile were converted to lbs/sec. Applying 

additional conversion factors of 453.59 g/lb and 1000 g/kg, the lbs/sec units were converted to kg/sec 

for use in the emission rate calculation. These calculations are summarized in Table 7. 

2.2.3.2 Excavation of Soil 

Future excavation may be performed by bulldozers andlor a drill rig. The following estimate of 

particulate emissions less than 15 tm in diameter (to be converted to PM10 during the intake 

calculation, see Section 2.2.2.3 for conversion factor) from bulldozing activity can be found in US 
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EPA's Compilation of Air Pollution Emission Factors (1996). This methodology was developed from 

studies of emissions from bulldozing in uncontrolled open dust sources at western surface coal mines. 

PERe = (1.0 x s'5)/M"4 [Equation 3] 

where:  

PERe particle emission factor for excavation of soil (Ib/hr); 
s = percent silt content; and 
M = percent soil moisture. 

The site-specific percent silt content was 31.5% and the site-specific soil moisture content was 18% 

(Weston, 1997). The resultant fugitive dust emission rate during excavation activities (PERe) was 8.59 x10 

lbs/hour or 0.000389 kg/sec. The unit conversion from lbs/hour to kg/sec was performed by applying 

conversion factors of 3,600 seconds/hour, 453.59 g/lb and 1,000 g/kg. Table 7 summarizes these 

calculations. 

To calculate the emission rate of chemical constituents entrained onto the fugitive dusts, (Ei), the 

site-specific soil concentration was multiplied by the sum of the PERv and PERe parameters so 

that: 

Ei = Cs x (PERV + PERe) [Equation 4] 

where:  

Ei constituent emission rate (mg/sec); 
Cs = concentration in soil (mg/kg); 
PERv particle emission rate for vehicular traffic (lb/vehicle mile traveled); and 
PERe = particle emission factor for excavation of soil (lb/br). 

2.2.3.3 Volatile Emissions from Soil 

The emission rate (Ei) was calculated for volatiles using the following formula: 
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Ei (mg/sec) = (Flux x A)/ CFa [Equation 5] 

where: 
Ei = constituent emission rate (mg/sec); 
Flux = flux rate of VOC (mg/day-cm2); 
A affected area (cm2); and 
CFa = conversion factor (86,400 sec/day). 

To calculate average mass flux of VOCs from soils, US EPA's Exposure Model for Soil Organic 

Fate and Transport (EMSOFT), which was obtained on US EPA's web page site (www.epa.gov), 

was utilized. EMSOFT is based largely on the work of Jury, et al. (1983, 1990), and Jury's code 

was modified to provide a convenient user interface with enhanced calculation capabilities. The 

EMSOFT interface has been designed to facilitate entering requisite input data and viewing model 

results. The user navigates through a set of input screens, providing the necessary data either 

manually or from previously developed input files, and selecting the desired calculation options. 

Modeled results, including average mass flux or emission rate, are viewed in a series of output 

screens. The EMSOFT computer model and user manual may be obtained from the US EPA Office 

of Research and Development. EMSOFT is designed to predict flux rates for both finite and infinite 

sources of organic compounds in surface soil. The EMSOFT program also permits calculation of 

vapor emission rates from constituent sources where an overlying layer of clean soil is present or 

where several soil layers (up to five) of differing levels of constituents are present at a given area. 

Physical chemical properties of VOCs required for the EMSOFT model include Henry's Law Constant 

and diffusivities in air and water. Another chemical—specific requisite input parameter is the organic 

carbon partition coefficient, which provides an index of how an organic chemical will partition 

between the organic carbon present in soil and water within the soil matrix. Other model input 

parameters include the fraction of soil comprised of organic carbon (1.5%), soil porosity (32.9%), soil 

moisture content (18%), soil bulk density (1.86 g/cm3), pore water flux (a value of zero assumes no 

pore water flux and was used in the absence of site-specific data), and boundary air layer thickness 

(0.5 cm, standard default value). The site-specific values indicated were extracted 
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 E i  C= 
a  H b X W X V  

[Equation 61 

from the RCRA Facility Investigation Phase I Report for the West Brine Field (Weston, 1997). The 

last remaining input variable is the half-life of the chemical in the environment. The half-life is the 

amount of time it takes for one-half of the chemical present to breakdown or decay due to natural 

degradation processes. For this analysis, essentially no breakdown is conservatively assumed to occur 

by utilizing a half-life of one million days, the maximum value permitted in the EMSOFT model for 

this input variable. The only VOC selected as a COPC was 2-methylnaphthalene. The resulting flux 

rate for 2-methylnaphthalene was 5.9x 1020 mg/day-cm2. 

The affected area (A) used in Equation 5 was estimated to be the area of SWMUs 1, 3, and 4 and Area 7. 

This area was calculated to be approximately 2.4 acres (9.7 x iO cm2). 

The resulting emission rate for 2-methylnaphthalene was 6.65x 1017 mg/sec. 

2.2.3.4 Near-Field Dispersion of Volatilized Constituents and Fugitive 
Dust 

Various methodologies are utilized to determine the mass flux of entrained dusts and VOC vapors 

from exposed affected subsurface soil (excavated and placed on the ground surface) into air. Gaussian 

models are conventionally used to determine downwind ambient air concentrations from the emission 

rate estimated. However, in this scenario, such models have limited applicability when the receptor(s) 

is at or very near the source of emission. In this case, a bulldozer operator, for example, is situated 

directly within the area of ground emissions of vapors and dusts. Average ambient air concentrations 

in this circumstance are best estimated by use of a near-field box model (US EPA Superfund Exposure 

Assessment Manual, 1988). 

This model assumes uniform wind speed and uniform mixing throughout the box. The release and 

mixing of VOCs and chemicals entrained onto respirable dusts in ambient air is estimated as follows: 
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where: 
  

Ca = 
El = 

Hb = 
W = 

V 
  

concentration of constituent in ambient air (mg/rn3); 
emission rate of constituent (mg/sec); 
downwind height of box (m); 
width of box in crosswind dimension within the area of affected soil 
(m); and 
average wind speed through the box (rnlsec). 

The emission rates (Ei) of VOCs and dust-entrained nonvolatiles were derived using the methodologies 

presented above. The value of Hb in this calculation was determined by the downwind distance and 

the atmospheric turbulence at ground level, which determines the trajectory of a release from the 

upwind edge of the source of vapor or dust emissions. For the construction worker, the Hb value was 

determined to be 4.81 m.. For neutral atmospheric conditions, the height at the downwind boundary 

may be expressed by the following function (Pasquill 1975, Horst 1979): 

= 6.25r [(Hb/r)
 x ln(Hb/r) — (i .58Hb/r) + 1.58] [Equation 7] 

where:  

z = downwind distance to boundary (m); and 
r = a terrain-dependent roughness height (m). 

For the construction worker scenario, on any given workday, it was estimated that grading or 

excavation activities occur over the entire 'workable' site area (or a portion of an exposure unit) 

from whri± dusts are generated. This area was estimated to be 2500 m2, with a box length and 

width (W in Equation 6) of 50 m. The downwind distance (z in Equation 7) was estimated to be 

50m. 

The greater the roughness height (r in Equation 7), the greater the wind turbulence and constituent 

dilution (i.e., the height of the box increases). For the purposes of this risk assessment, it was 

conservatively assumed that the roughness height is 0.20 meters , which corresponds to a terrain with 

grass, and some small bushes and occasional trees (US EPA Rapid Assessment of Exposure to 

Particulate Emission from Surface Contamination Sites, 1985). An annual average wind speed 
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(5.86 ml/sec) was obtained from wind data obtained from the Stability Array (STAR) data set 

(Table 8), accessed through the Personal Computer Graphical Exposure Modeling System 

(PCGEMS) system, for STAR station 94847, Detroit/Metropolitan Michigan, for the period 1973-

1977. 

The Ca variable calculated using Equation 6 is the concentration term used in the intake Equation (Equation 

1). 

2.2.4 Concentration in Air Calculations for the Maintenance Worker and Trespasser 
Scenarios 

Like the construction worker inhalation pathway, the maintenance worker and trespasser can be 

exposed to residual chemicals in soil via inhalation of VOC vapors or inhalation of chemicals 

entrained onto dust particles. The calculation of emission rates and air concentrations for VOCs 

(using EMSOFT to determine chemical flux and a near-field box model to estimate air concentration) 

for the maintenance worker and trespasser scenarios was virtually identical to that of the construction 

worker scenario discussed above. The only exception was that the box length and width used in the 

box model (Equations 6 and 7) for the trespasser and maintenance worker scenarios reflected the 

total area of the West Brine Field SWMUs so that the exposure area (the "box") had side dimensions 

of 98.6 m (total area of 9.73x107 cm2). Inhalation exposures to dust-entrained chemicals for the 

maintenance worker and trespasser were estimated using the methodology that follows. 

The following equation was utilized to derive concentrations of nonvolatiles in air the for the 

maintenance worker and trespasser inhalation exposure pathway. This paradigm was extracted from 

US EPA's Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual 

(Part B, Development of Risk-based Preliminary Remediation Goals) (1991) and was used by the 

US EPA for deriving risk-based soil clean-up goals for soil constituents under an industrial worker 

scenario: 

Ca= C x (1/PEF) [Equation 81 
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where: 

Ca = concentration of inorganic particulates in air (mg/rn3); 
Cs = concentration in soil (mg/kg); and 
PEF particle emission factor (m3/kg). 

The particle emissions factor (PEF) converts concentrations of constituents in soil to concentrations 

on dust particles in the air as a result of fugitive dust emissions from bare surface soils. US EPA 

provides the methodology required to calculate the PEF (Supplemental Guidance for Developing Soil 

Screening Levels for Superfund Sites Peer Review Draft, 200 1): 

3600 s/h  lEquation 9] 
PEF (m3/kg) = (Q/C)x 0.036 x (ix V)x (u1/U)3 x F(x) 

where: 
  

PEF = 
Q/C = 
V = 
Urn = 
U = 
F(x) = 

particle emission factor (m3/kg); 
dispersion factor for wind erosion (g/m2-s per kg/m3); 
fraction of vegetative cover (unitless); 
mean annual windspeed (mis); 
equivalent threshold value of windspeed at 7 m (mis); and 
function dependent on Urn/Ut (unitiess). 

A value of 50% was chosen for V for the West Brine Field. The mean annual windspeed (Urn) IS 

5.86 mIs as obtained from the Stability Array (STAR) data set (Table 8), accessed through the 

Personal Computer Graphical Exposure Modeling System (PCGEMS) system, for STAR station 

94847, Detroit/Metropolitan Michigan, for the period 1973-1977. US EPA (2001) provides a U 

value of 11.32 and an F(x) value of 0.194. Both of these values were used in this calculation. 

The Q/C value in Equation 9 can be calculated using the following algorithm (US EPA, 2001): 

Q/C (g/m2 - s per kg/rn3) = A x exp 
(mA —B)2  

site   

C 
[Equation 10] 
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where: 
  

Q/C = 
A = 
B   
C = 
Asite = 

dispersion factor for wind erosion (g/m2-s per kg/rn3); 
climate-based constant; 
climate-based constant; 
climate-based constant; and 
affected area of site (acres). 

Data from the Chicago, Illinois meteorological station (in climate region VII as delineated by the 

US EPA [2001]) was used in determining the unitless constants A, B, and C. These values were 

16.8653, 18.7848, and 215.0624, respectively. The affected area of the West Brine Field is 

approximately 2.4 acres These inputs resulted in a Q/C parameter value of 74.94 glm2-s per  

kg/rn3. 

The resulting PEF value for the West Brine Field was 557x 108 m3/kg. 

The concentration in air (Ca) calculated using Equation 8 was then input into the intake equation for 

inhalation exposures. 

2.2.5 Calculation of Concentrations in Building Air Resulting From Groundwater Vapor 
Emissions 

Vapor intrusion into indoor air from subsurface sources of VOCs (i.e., subsurface soils, 

groundwater, or light non-aqueous phase liquid [LNAPL]) may be estimated with the American 

Society of Testing and Materials' Standard Guide for Risk-Based Corrective Action Applied at 

Petroleum Release Sites (ASTM RBCA) model (ASTM E1739-95) or the heuristic model 

developed by Johnson and Ettinger (1991). Johnson and Ettinger developed both steady-state and 

unsteady-state versions of their vapor intrusion models. The infinite model was used for VOC 

releases from underlying soil as a conservative measure (i.e., the source is never depleted). In order 

to predict vapor intrusion rates, the model makes several assumptions: 

Constituent vapors enter a building primarily through cracks and holes in the 
foundation and walls; and that any floor/wall cracks or openings are filled with dust 
or dirt physically similar, with respect to density, porosity, and moisture content, 
to the underlying soils; 
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The velocity of the vapors entering the building decreases dramatically as distance from 
the building increases; 

• In the soil layers very close to the building, convective transport (driven by pressure 
differentials) is most likely the dominant transport mechanism while vapor-phase 
diffusion is the most significant mechanism where the constituent sources are more 
distant; 

• Unless the foundation provides a perfectly sealed vapor barrier, all of the 
constituent vapors from sources directly below the building will enter the building; 
and 

• It is assumed that the soil in any given horizontal plane is homogenous relative to effective 
diffusion coefficients and that the convective vapor flow is uniform in the areas very near 
the foundation (Johnson and Ettinger, 1991). 

There are several advantages to using the Johnson and Ettinger model (1991) as a basis for 

estimating vapor intrusion. First, this model accounts for both convective and diffusive vapor 

transport mechanisms by calculating a parameter called the Peclet number (Pe, discussed below). 

This model also takes into account differences in effective diffusion coefficients on a vertical plane 

resulting from heterogeneous soil layers. Furthermore, building under pressurization is 

incorporated into the calculation of convective vapor flow rate. Lastly, the Johnson and Ettinger 

model was adopted by the MDEQ for the development of its soil and groundwater volatilization to 

indoor air generic screening criteria (1998a). 

If the vapor source is constantly being renewed, or very large and concentrated, or vapor emissions 

are very slow, the scenario can be thought of in terms of a steady-state (infinite source) model. 

Even though this may not be characteristic of the West Brine Field site, this model conservatively 

assumes that even as the constituents are volatilized into the air, the source is not depleted. 

In order to expand on the Johnson and Ettinger vapor intrusion model, calculations were employed 

to account for saturation vapor phase concentrations, constituent half-lives, and partial pressure 

contributions when multiple volatile constituents are present (i.e., mole fractions of each 
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constituent). Each of these adjustments is discussed in detail below. Several of the parameters described in 
the following sections have been conceptualized in Figure 1. 

The concentration in building air (Cbldg) is the concentration term used for the C parameter in the 

intake formula presented as Equation 1. Cbldg is the product of the attenuation coefficient (cc), 

the vapor phase concentration at the source (Cso) and a conversion factor so that: 

Cbldg=ccxCsoxCFa [Equation 111 

where:  

Cbldg = concentration in building air (mg/rn3); 
cc = attenuation coefficient (unitless); 
Cso vapor phase concentration at the source (g/cm3); and 
CFa conversion factor (1 x iO cm3-mg/m3-g). 

The attenuation coefficient is actually the ratio of the concentration of constituent in the indoor air of the 

building (basement) to the concentration in soil air pore space at the source; however, since the 

concentration in the building remains unknown at this point, a must be calculated using a more complex 

algorithm: 

Dteffx Ab x exp(Pe) 
  

QbldgxLt   
  [Equation 121 
  DteffxAb + + 

1'Dteffx 

Ab x(exp(Pe)-1)   exp(Pe) 
Qbldg x Lt Qsoil x Lt1  1    

where:  

attenuation coefficient (unitless); 
overall effective porous media diffusion coefficient (cm2/s); 
underground surface area of basement floor and walls (cm2); 
Qbldg = basement ventilation rate (cm3/s); 
distance between constituent source and building (cm); 
peclet number (unitless); and 
convective flow rate from the soil into the basement (cm3/s). 

The parameters Dteff, Ab, Qbldg, Pc and Qsoil require additional 

calculations and will be discussed below. The Lt parameter depends on the distance to the 

constituent source below the 
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 Qbldg = L x W x Hgt x ACH [Equation 14] 
CEb 

structure. An Lt value of one foot (30.48 cm) was conservatively used as the depth to affected soils for the 
West Brine Field. 

The parameter Ab is simply the area of the building that is below grade. Since a commercial 

structure is generally built on a slab-ongrade, only the slab would be considered below grade. In 

this assessment, the slab was assumed to be 15 cm thick (Zcr), a common construction code 

requirement (MDEQ, 1998a). The MDEQ default area of the footprint of a commercial building 

was chosen as representative of a building footprint for the West Brine Field. This value was 4000 

fi2 or a building with sides of 1928.7 cm (MDEQ, 1998a). Using this information, Ab was calculated 

using the following equation: 

Ab = (Lx w) + {(2 x (Zcr x L))+ (2 x (Zcr x W))] [Equation 13] 

where:  

Ab = underground surface area of basement floor and walls (cm2); 
L = building length (cm); 
W = building width (cm); and 
Zcr depth of building below grade (cm). 

The thickness of the foundation, 15 cm, was used for Zcr, since commercial buildings generally are not 

built with basements. The resulting Ab value was 3.84 x 106 cm2. 

Qbldg, in Equation 12, describes the building ventilation rate, and is also a function of building size. It is 

calculated using the following equation: 

 
where:  

Qbldg = basement ventilation rate (cm3/s); 
L = building length (cm); 
W = building width (cm); and 
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 Dteff (cm2/s) = hv+Lcr ht 
+ _____   

D v e f f  D s e f f  

[Equation 151 L t  

Hgt building height (cm); 
ACH = building air exchange rate (exchanges/hour); and 
CFb = conversion factor (3600 seconds/hour). 

The height of the building was estimated to be 244 cm, or one story, and an exchange rate of two 

indoor air exchanges/hour was utilized. Both of these values are typical assumptions for 

commercial structures (MDEQ, 1998a). The resulting Qbldg was 5.04 x 10 cm3/s. 

2.2.5.1 Overall Effective Porous Media Diffusion Coefficient 

Dteff (Equation 12) is defined as "the 'overall' effective porous media diffusion coefficient based 

on vapor-phase concentrations for the region between the source and foundation" (Johnson and 

Ettinger, 1991). Used in the groundwater vapor intrusion model only, it combines the diffusion 

coefficients through the tension-saturated zone (Dseff), the vadose zone (Dveff), and the 

foundation cracks (Dcr which equals Dveff, to be discussed in a later section). The tension-

saturated zone, applicable only in the groundwater vapor model, is the moist soil layer located 

directly above the water table line. This area, also called the capillary fringe, is near-saturated 

because the capillary action of the drier soil wicks the groundwater upward. The result is a "semi-

saturated" layer of soil between the saturated layer at the groundwater table and the relatively dry 

layer above, known as the vadose zone. The vadose zone is the unsaturated soil layer between the 

top of the tension-saturated zone and ground surface. Dteff is approximated using the following 

algorithm: 

 
where:  

Lt = Distance between the constituent source and the building (cm); 
by = Thickness of the vadose zone below the foundation (cm); 
Lcr = Building foundation thickness (cm); 
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ht = Thickness of the tension-saturated zone (cm); 
Dveff = Effective diffusion coefficient through the vadose zone (cm2/s); and 
Dseff Effective diffusion coefficient through the tension-saturated zone (cm2/s). 

The Lt parameter was described in Equation 12. A value of 15 cm (a common construction code 

requirement) was used by both MDEQ (1997) and Johnson and Ettinger (1991) for the Lcr 

parameter, and was adopted here. The height of the tension-saturated zone, ht, assumed the soil to 

be a silty clay, like that found at the site. This type of soil permits a capillary rise of over 100 cm 

(MDEQ, 1997). Since the depth to groundwater is only approximately 1.5 feet (46 cm; MDEQ, 

1997), groundwater in the tension-saturated zone was assumed to rise to the base of the office 

building. Thus, a value of 30.7 cm was adopted for the ht parameter (the distance between the 

groundwater table and the building foundation). Because the capillary rise potentially reaches the 

building foundation, the thickness of the vadose zone below the building foundation, hv, was 0 cm. 

Figure 1 provides a conceptual model of the Lt, Lcr, and ht parameters. 

Dveff and Dseff (in Equation 15) are the effective diffusion coefficients through the vadose zone and the 

tension-saturated zone, respectively. Dveff is calculated using the following algorithm: 

3.33 \ ( D  ew   ev  + Dveff (cm2/s) = Dair x 2 
 et H' et2 , 

[Equation 16] 
 

where:  
Dair = Constituent diffusivity in air (cm2/s); 
ev = Vadose zone vapor-filled soil porosity (unitless); 
et = Total soil porosity (unitless); 

Constituent diffusivity in water (cm2/s); 
H' = Henry's Law constant (unitless); and 
ew = Vadose zone water-filled soil porosity (unitless). 

Dair and H' are two of the many physical properties of a compound, and published values can be found in 

various scientific literature or chemistry reference books. For this assessment, both Dajr  
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and H' were adjusted to an average site-specific soil temperature of 10 °C (based on US EPA, 1997 
guidance). The ev parameter was calculated using the following formula: 

ev = et - (or, x pb) [Equation 17] 

where: 

ev = 
et = 

em = 
ph = 

vadose zone vapor-filled soil porosity (unitless); 
total soil porosity (unitless); 
soil moisture content (cm3/g); and 
bulk soil density (g/cm3). 

For this assessment, values of 32.9% and 0.151 cm3/g were used for average soil moisture content 

and total soil porosity, respectively. A bulk density of 1.86 g/cm3 was also used. Each of these 

values are site-specific and were extracted from the RCRA Facility Investigation Phase I Report 

for the West Brine Field (Weston, 1997). The resulting ev was 0.048. 

The D parameter (Equation 16)is the diffusivity in water. Like Dair, D is one of the many physical 

properties of a compound, and published values can be found in various scientific literature or 

chemistry reference books. For this assessment, D was adjusted to an average soil temperature of 

10 °C. H' is the unitless version of the Henry's Law constant. This is calculated for each constituent 

by dividing the Henry's Law constant in atm-m3/mol by the Universal Gas constant (8.20 x i0 atm-

m3/mol-K) and the estimated site-specific soil temperature of 283 K (MDEQ, 1997). Lastly, ew is 

the water-filled soil porosity. This value is equal to the total soil porosity minus the vapor-filled 

soil porosity, or 0.281. 

Finally, Dseff, in Equation 15, is the effective diffusion coefficient through the tension-saturated zone. This 

value is defined by the equation: 

evt333 D ewt33   
Dseff (cm/s) = Dar >< + et2 H' et 

'I  

(Equation 18] 
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where:  
Dair = Constituent diffusivity in air (cm2/s); 
evt = Tension-saturated zone vapor-filled soil porosity (unitless); and 
et = Total soil porosity (unitless); 

= Constituent diffusivity in water (cm2/s); 
H' Henry's Law constant (unitless); and 
ewt = Tension-saturated zone water-filled soil porosity (unitless). 

The soil pore space in the tension-saturated zone will be filled with much more water than in the vadose 

zone. Keeping the et parameter at 0.306, the evt and ewt values are estimated to be 0.06 12 and 0.245, 

respectively. 

2.2.5.2 Peclet Number 

The Peclet number (Pe) in Equation 12 quantitatively describes the transport of constituent vapors 

through the soil in the cracks of the building foundation. If Pe is much greater than 1.0, convective 

transport is the dominant mechanism; however, if Pe is much less than 1 .0, diffusive transport 

dominates (Johnson and Ettinger, 1991). Pe is dependent on several variables and is calculated using 

the following algorithm: 

Pe Qsoil x Lcr 
Dcr x Acr [Equation 19] 

 

where: 
  

Pe = 
Qsoil = 
Lcr = 
Dcr   
Acr = 

Peclet number (unitless); and 
convective flow rate from the soil into the basement (cm3/s); 
building foundation thickness (cm); 
effective diffusion coefficient through the cracks (cm2/s); and 
total area of cracks (cm2). 

The parameter, Lcr, was described in Equation 15. Acr was reasonably estimated to be 0.01% of 

the surface area of the building that is below grade, or 384 cm2. The flow rate into the basement, 

Qsoil, is a complex calculation involving parameters such as area of cracks, physical 

characteristics of the soil, indoor/outdoor pressure differences, and basement structure and air 
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exchange. In order to simplify this, Johnson and Ettinger (1991) assumed that the physical 

characteristics of the soil within the cracks in the building foundation are the same as those of the 

underlying soil. As a result of this assumption, Dcr becomes the same as Dveff in Equation 15. 

Qsoil is described in the following section. 

2.2.5.3 Convective Flow Rate 

In order to evaluate vapor flow into the basement, an idealized cylinder model was used by 

Johnson and Ettinger (1991). The cylinder has a length, Xcr, a radius, rcr, and is located at a depth 

of Zcr below the ground surface. The convective flow rate, Qsoil, from the soil into the basement 

is defined by the following equation: 

2 x 7t X x kv x Xcr   
Qsoil = 

x ln((2 x Zcr)/ rcr)) 
[Equation 201 

 

where: 

  

Qsoil = 
AP = 
ky = 
Xcr = 

  = 
Zcr = 
rcr = 

convective flow rate from the soil into the basement (cm3/s); 
indoor/outdoor pressure difference (g/cm-s2); 
soil permeability to vapor flow (cm2); 
length of the cylinder modeling the vapor flow (cm); 
vapor viscosity (g/cm-s); 
building depth below grade to bottom of foundation (cm); and 
radius of the cracks (cm). 

The AP parameter describes the pressure difference between the interior, below grade part of the 

building and the surrounding soil outside the building. A default value of 10 g/cm-s2, as used by 

MDEQ (1998a) and Johnson and Ettinger (1991), was chosen for this site. Soil permeability to 

vapor flow (kv) is a measurement of how easily air flows through the soil and is very dependent on 

soil type, grain size, and grain shape. A site-specific value of 1.25 x 10'2 cm2 was used for this 

assessment based on site-specific data provided in the RCRA Facility Investigation Phase I 

Report for the West Brine Field (Weston, 1997). A value of 1.8 x g/crn-s was used by 

Johnson and Ettinger (1991) for vapor viscosity, p.. This value was adopted for this evaluation. 
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Xcr is the length of the cylinder modeling the vapor flow, and it is equal to 7714.8 cm. This is the 

floor/wall seam perimeter distance, assuming a floor dimensions of 1928.7 x 1928.7 cm. Zcr is the 

depth of the cylinder below grade, which is equivalent to the depth of the foundation, or 15 cm. 

Lastly, rcr is the radius of the cylinder, or the foundation crack radius. This value is given 

b y :  

x Ab 
rcr (cm) =   [Equation 21] 

X c r   

where: 

rcr = radius of the cracks (cm). 
11 = ratio of the area of the cracks to area of the basement (cm2/cm2); 
Ab = underground surface area of basement floor and walls (cm2); 
Xcr = length of the cylinder modeling the vapor flow (cm); 

The ratio of the area of the cracks to the area of the basement was estimated to be 0.01%. The resulting 

value of rcr was 4.9 cm. 

2.2.5.4 Model Adjustments 

The Johnson and Ettinger model was adjusted to account for several site-specific physical and 

chemical characteristics. Adjustments were made to account for saturation vapor phase 

concentration (Csi), mole fraction of constituent in a mixture (Mx), constituent half-life (thalf), and 

site-specific soil temperature (T). Each of these adjustments is described in detail in the following 

sections. 

Saturation and Equilibrium Vapor Concentrations 

The saturation vapor concentration (Csi) for any given constituent is the maximum vapor 

concentration sustainable in soil air at a given temperature and pressure. At the Csi, the soil air is 

saturated with volatile vapors, and the vapor phase concentration at that point for any given 

constituent can not be exceeded, even if the concentration of constituent at the source increases. 
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For purposes of comparison, the soil concentration that corresponds to the Csi was calculated in the 

exposure model. 

As a result of the physical properties associated with the Csi calculation, it is impossible for the 

concentration of a constituent in soil air to exceed its saturation vapor concentration, no matter how 

large or concentrated the source may be. If the source is not concentrated enough to achieve soil air 

saturation at equilibrium, the constituent will volatilize to a point where the vapor phase 

concentration is in equilibrium with the soil concentration. At this point, the constituent 

concentration in the soil air is called the equilibrium vapor phase concentration (Cas). 

Oftentimes, vapor emission models incorporate one of two vapor concentration calculations. The 

first of these methods estimates vapor concentrations relative to soil concentrations and independent 

of the relative abundance of the other constituents in the residual mixture. Such a calculation can 

predict vapor concentrations that continually increase with increasing constituent levels, regardless 

of saturation vapor concentrations. Vapor concentrations calculated using this procedure can be 

overestimated when vapor saturation is reached, and the vapor concentration becomes independent 

of residual soil concentrations (labeled Equation 3 in Figure 2, Johnson et al., 1990). 

The second approach estimates vapor concentrations that result from substantial source quantities 

of a single chemical in a mixture (e.g., free product), but are independent of the residual 

concentration in soil. This type of steady-state model incorporates the property that the vapor phase 

concentration cannot increase once the saturation vapor concentration is reached; however, it does 

not account for decreases in the equilibrium vapor concentration at levels below saturation. This 

model predicts a vapor phase concentration that generally overestimates actual vapor 

concentrations, especially at low constituent levels in soil (labeled Equation 4 in Figure 2, Johnson 

et ci., 1990). 

In order to more accurately predict vapor emissions from soil, both the relative abundance of a chemical in 

a mixture and the saturation vapor concentration must be considered. Figure 2 uses 
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 Csi (mg/cm3) = Mx x VP x MW x CFc  [Equation 22J 
RgxT 

benzene as an example and compares the two different methods discussed above with a full model 

that combines both methods. Equation 1 in Figure 2 represents a method that incorporates both of 

the above methods and more accurately predicts vapor concentrations (Johnson et al., 1990). 

So, in order to determine which value, Csi or Cas, to use as the vapor phase concentration at the 

source (Cso in Equation 11), the values must be compared in the following manner: If Cas is less 

than Csi, then Cso is equal to Cas; however, if Cas is greater than or equal to Csi, then Cso is equal 

to Csi. To summarize, if Cas is less than Csi, then Cso is simply equal to the calculated Cas, 

because soil air vapor saturation has not been reached. If, however, Cas, is greater than Csi, then 

Cso is equal to Csi because it is physically impossible for the concentration in soil air at equilibrium 

to be greater than saturation vapor concentration at the temperature of interest. Calculations for 

both Csi and Cas are presented below. 

Calculation of Saturation Vapor Concentration 

Csi is calculated independent of the concentration in soil. It is more dependent on the physical 

properties of the individual chemicals located at the source and their abundance relative to each 

other provided there are multiple constituents. The calculation is as follows: 

 
where:  

Csi = saturation vapor concentration (mg/cm3); 
Mx = mole fraction of compound (unitless); 
VP = vapor pressure (mmHg); 
MW = molecular weight (g/mol); 
CFc = conversion factor (1 x 10 mg/g); 
Rg = Universal Gas Constant (6.24 x i0 mmHg-cm3/mol-K); and 
T = soil temperature (K). 
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RMF 
Mx1 = RMF  [Equation 23] +11 

An estimated site-specific soil temperature of 10 °C was used. Chemical-specific vapor pressures and 
molecular weights can be found in various chemistry texts. 

The mole fraction of constituent i (any given constituent), Mx, describes its abundance at the 

source relative to the other constituents present, if any. This step is unique in that many models 

assume the vapor is comprised entirely of one constituent. Such an assumption can lead to an 

overestimation of vapor-phase concentrations (Johnson et al., 1990). Mx is calculated using a 

two-step process: 

 
where:  

Mx mole fraction of constituent i (unitless); and 
RMF1 = relative mole fraction of constituent i (mol/g). 

The RMFI was calculated for each VOC by using molecular weight and the ratio of a single VOC's soil 

concentration to the sum of the concentrations of all VOCs so that: 

( 
Csi   

Csin  
RMF (mol/g) = ______________________________   

MW1  
[Equation 24] 

 

where:  

RIvIF = relative mole fraction of constituent i (mol/g); 
Cs = Concentration in soil of constituent i (mg/L); and 
MW = Molecular weight of constituent i (g/mol). 

If the RMF for each VOC is calculated correctly, the sum of the RiMFs should be equal to 1.0. If there is 

only one COPC, the RMF should also be 1 .0, as was the case with the West Brine Field (2-

methylnapthalene being the only VOC evaluated for the office worker scenario). 
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Calculation of Equilibrium Vapor Concentration 

The equilibrium vapor concentration, Cas, was calculated using the following formula: 

 -  (i — exp(— u  
ur 

 H'xCs x CFd   
Cas (g/cm3) — x 

— H'x(ev/7b)+ Om + Kd 
[Equation 251 

  
 

where:  

Cas equilibrium vapor concentration (g/cm3); 
H' dimensionless Henry's Law constant (unitless); 
Cs = concentration in soil (mg/kg); 
CFd = conversion factor (0.001 kg/g); 
ev vapor-filled soil porosity (unitless); 
pb soil bulk density (g/cm3); 
Om = soil moisture content (cm3/g); 
Kd soil-water partition coefficient (cm3/g); 
u = net degradation rate (days); and 

= time period (days). 

H', a chemical-specific physical property, is discussed in Equation 16. The net degradation rate, 

u, describes the degradation of a constituent over time and is calculated using a constituent's 

half-life so that: 

ln(2)   
u(days)    

[Equation 26] 
t h a i f   

where:  

u = net degradation rate (days); and 
thaif = Constituent half-life (days). 

For this assessment, a conservative half-life of one million days was assumed so as to discount 

degradation as a factor. Lastly, r was determined to be the exposure duration parameter expressed 

in days: 10,950. 
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2.2.6 Calculation of Concentrations in Building Air Resulting From Soil Vapor 
Emissions  

Essentially, the soil vapor intrusion model is the same as that used for groundwater with a few minor 

adjustments. First, the Dteff (Equation 15) value was simply replaced with the Dveff calculation 

derived using Equation 16. Dteff is not required in the soil vapor intrusion model because there is 

no tension-saturated zone to contend with. Also, the solubility limit screen discussed above is not 

incorporated into the soil model because groundwater is not considered to be present in the soil 

paradigm. 

Lastly, the Cas parameter is calculated slightly differently. For soil vapor sources, Equation 25 is revised 

as follows: 

H'xCs x CF  -  (i — exp(— ')) [Equation 27J Cas (g/cm3 air) = 
Hx(ev/pb)+ Om + Kd u-r - 

where: 

H' = Dimensionless Henry's Law constant (unitless); 
Cs = Concentration in soil (mg/kg); 
CF = Conversion factor (0.00 1 kg/g); 
ev Vapor-filled soil porosity (unitless); 
ph = Soil bulk density (g/cm3); 
Om = Soil moisture content (cm3/g); 
Kd = Soil-water partition coefficient (cm3/g); 
u = Net degradation rate (days); and 

= Time period (days). 

Equation 27 incorporates the physical properties of the chemical with the physical properties of the 

surrounding soil to estimate the equilibrium vapor concentration of VOCs in soil air (Cas). 

Most of the parameter values discussed in Equations 11 through 26 remain the same for the soil vapor model 

with the exception of the Lt parameter (viz., the distance between the constituent 
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source and the building foundation). For the soil vapor model, a conservative value of one foot was 

used for Lt. The Kd value (soil-water partition coefficient) was not used in the groundwater vapor 

intrusion model. Kd can be calculated by multiplying a chemical's octanol-water partition coefficient 

(Koc) by a soil organic carbon fraction (foc) which was 0.014 (site average; MDEQ, 1997). 

2.2.7 Concentration in Air Calculations for the Utility Trench Worker Scenario 

The model used to assess exposures to trench workers from groundwater vapors emanating from 

pooled groundwater in the bottom of an excavation trench is based on the box model presented 

above (Equations 6 and 7) and an approach outlined in Chemical Property Estimation Methods 

(Lyman, et al., 1982) and US EPA's Superfund Exposure Assessment Manual (1988). When 

evaluating this approach, several conservative assumptions were made that are likely to 

overestimate potential hazards and risks. First, the model assumes a steady-state presence of 

VOCs. That is, the supply of VOCs is constantly being renewed and does not degrade over time. 

Also, a standard assumption when using the box model is that the air is uniformly mixed throughout 

the box (i.e., the vapor-mixing volume within the breathing zone), which could possibly 

underestimate potential VOC vapor inhalation hazards and risks under very unusual conditions. 

The emission rate, Eiw, for groundwater exposures was calculated using the following paradigm excerpted 

from US EPA's Superfund Exposure Assessment Manual (1988): 

Eiw (g/sec) = Ki x Clx Ab x Mxw [Equation 28] 

where: 
Ki Overall mass transfer coefficient (cmlsec); 
Cl Liquid phase concentration (g/cm3); 
Ab = Exposed area (cm2); and 
Mxw = Mole fraction of compound in water. 
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This approach assumes that the water phase is well-mixed and that background atmospheric 

concentrations are negligible. The Ki parameter is a function of the mass transfer coefficients for 

the water phase and the gas phase and is discussed below. The liquid phase concentration is the 

concentration of chemical in the water. A conversion factor of 1x106 was used to convert the 

exposure-point concentration from units of mg/L to units of g/cm3 for the Cl parameter. The 

exposed area was assumed to be a trench with dimensions of twenty feet (6.1 meters) long by four 

meters (1.2 meters) wide or 74+4 cm2. Lastly, the mole fraction of the compound takes into account 

the partial pressures of multiple VOCs that are present in the liquid phase (groundwater). The mole 

fraction of a constituent , Mxw, was calculated using Equations 23 and 24. 

The overall mass transfer coefficient, Ki, was derived using the following formula from US EPA's Superfund 

Exposure Assessment Manual (1988): 

1 RxT   
Ki (cmlsec) = 1/ + 

ku Hxkig 
[Equation 291 

 

where:  
Ki = Overall mass transfer coefficient (cmlsec); 
ku = Liquid phase mass transfer coefficient (cmlsec); 
R Ideal Gas Law constant (8.2x i0 atm-m3/mol-K); 
T = Temperature (K); 
H = Henry's Law constant (atm-m3/mol); and 
kig = Gas phase mass transfer coefficient (cmlsec). 

A temperature of 283.15 K (10°C) was used for the T parameter. Henry's Law constant is one of 

the many chemical characteristics of a compound and can be found in various published literature. 

The remaining parameters, kil and kig, were derived using calculations presented below. 

According to Lyman et al. (1982), the liquid-phase mass transfer coefficient calculation is 

dependent on the molecular weight of a given chemical and the wind speed at the site. For a utility 

trench, wind speed is assumed to be ten percent of the wind speed over a flat terrain. Some air 

movement and air turnover is inevitable in a shallow trench. tinder conditions of zero 
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air movement, the trench would constitute a "confined space", subject to entry precautions 

outlined under provisions of the Occupational Safety and Health Administration (OSHA). If air at 

the surface is moving over the trench, air within the trench will be subject to turnover and mixing 

due to aspiration effects and other pneumo-dynamic phenomena. Accordingly, ten percent of 

ambient wind velocity is a reasonable assumption for air movement within a shallow trench. An 

annual average wind speed of 5.86 ml/sec was obtained from wind data recorded for STAR 

(Stability Array) station 94847, in Detroit/Metropolitan, Michigan for the period 19731977 (Table 

8, PCGEMS, 2001); therefore, a trench wind velocity of 0.586 m/s was used. 

If the molecular weight of a compound is greater than 65 g/mole and the wind speed in the trench is less 

than 1.9 mIs (this assessment used 0.59 m/s or one-tenth the ambient air wind speed), then the following 

formula should be used for the kil parameter: 

lhr   
kil(cm/sec)= x23.51x 

3600 sec 

(v.0969 '\    
x \/32/MW [Equation 30]  Z 0673  

.1  

where: 
Kil = Liquid phase mass transfer coefficient (cm/sec); 
Vcurr = Water current speed (ml/sec); 
Z = Depth of water in bottom of pit (cm); and 
MW = Molecular weight (g/mol). 

Since this process assessed exposures to groundwater in a trench, the speed of the current was 

minimized to 0.01 ml/sec. The Z parameter was set to a reasonable maximum of 12 inches or 30.48 

cm. Water depths greater than this would require pumping in order for individuals to continue 

working in the excavation pit. The molecular weights of chemicals can be found in various 

published chemistry literature. 

For those chemicals with molecular weights less than 65 g/mole (e.g., vinyl chloride), the following 

equation, extracted from Lyman et al. (1982), was used to calculate kil: 
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lhr   
ku (cm/sec) = x 20 x J44/MW 

3600 sec 
[Equation 31] 

 

The MW parameter is described above. 

The gas-phase mass transfer coefficient is similarly dependent on the molecular weight of the chemical in 

question. For constituents with molecular weights less than 65 g/mole, the following paradigm, 

recommended by Lyman et al. (1982), was used to calculate kig: 

l b r    
kig (cmlsec) = x 3000 x ji 8/MW [Equation 32] 

3600 sec 

For chemicals with molecular weights greater than 65 g/mole, Lyman et al. (1982) recommends the 

following equation: 

l h r    
kig (cm/see) = xli 37.5 x (v + V )x 18/MW [Equation 331 

3600 sec 

The V parameter was the wind speed in the trench (0.59 m/s). The remaining variable parameters used in 

this paradigm are discussed above in Equation 30. 

Once an emission rate was calculated using Equations 28 through 33, a concentration of VOC vapor 

in air was estimated. Various methodologies are utilized to determine the mass flux of VOC vapors 

from groundwater into air. Gaussian models are conventionally used then to determine downwind 

ambient air concentrations from the emission rate estimated. However, in this scenario, such models 

have limited applicability when the receptor(s) is at or very near the source of emission. In this case, 

a utility trench worker, for example, is situated directly within the area of emissions of vapors. 

Average ambient air concentrations in this circumstance are best estimated by use of a near-field 

box model (US EPA Superfund Exposure Assessment Manual, 1988) as described in Equations 6 

and 7. 
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The emission rates (Eiw) of VOCs were derived using the methodologies presented above 

(Equations 28 through 33). For neutral atmospheric conditions, the height of the box may be 

expressed by the function presented in Equation 6 (Pasquill 1975, Horst 1979). It was assumed that 

a utility trench would measure approximately twenty feet long (6.1 meters) by four feet wide (1.2 

meters), or 80 ft2. The resulting height of the box (Hb, calculated using Equation 7) was 0.77 meters 

(this conservatively represents the vertical dimension of the vapor-mixing "space," and not the 

depth of the trench). 

The greater the roughness height (r in Equation 7), the greater the wind turbulence and constituent 

dilution (i.e., the height of the box increases). For the purposes of this risk assessment, it was 

conservatively assumed that the roughness height is 0.05 meters (US EPA Rapid Assessment of 

Exposure to Particulate Emission from Surface Contamination Sites, 1985). This assumption is 

appropriate for conditions within an excavation trench. An annual average ambient wind speed of 

5.86 ml/sec was assumed from wind data obtained from the Stability Array (STAR) data set, 

accessed through the Personal Computer Graphical Exposure Modeling System (PCGEMS) system, 

for STAR station 94847, Detroit/Metropolitan Michigan, for the period 1973-1977 (Table 8). For 

the trench scenario, a value of 0.586 ml/sec was used for the average wind-speed parameter within 

the trench (viz., box). 

The Ca variable calculated using Equation 6 is the concentration tetisi used in the general intake equation 

(Equation 1). 

2.3 Toxicity Assessment  

The toxicity assessment involves the evaluation of available toxicity information that will be utilized 

in the risk assessment process. Toxicity values derived from a dose-response relationship can be used 

to estimate the potential for the occurrence of adverse effects in individuals exposed to various 

constituent levels. 

Exposure to a chemical does not necessarily result in adverse health effects. The relationship 

between a dose and a response defines the quantitative indices of toxicity required to evaluate 

the potential health risks associated with a given level of exposure. If the nature of the dose-  
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response relationship is such that no effects can be demonstrated below a certain level of 

exposure, a threshold can be defined and an acceptable exposure level can be derived. Humans 

are routinely exposed to naturally-occurring non-nutritive chemicals (anutrients) and man-made 

chemicals at low levels through the typical diet, air, and water, with no apparent adverse effects. 

However, the potential for adverse effects may occur if the exposure level exceeds the threshold 

level in a variably sensitive population. This threshold applies primarily to chemicals that produce 

noncarcinogenic (systemic) effects, although there is a growing body of scientific evidence that 

suggests that exposure thresholds may exist for certain carcinogenic constituents as well. 

Adverse effects can be caused by acute exposure, which is a single or short-term exposure to a 

toxic substance, or by chronic exposure to lower levels on a continuous or repeated basis over an 

extended period of time. "Acceptable" acute or chronic levels of exposure are considered to be 

without any anticipated adverse effects. Such exposure levels are commonly expressed as RfDs, 

health advisories, etc. An acceptable exposure level is calculated to provide an "adequate margin 

of safety." 

Chronic RfDs, which have been derived by the US EPA for a number of chemicals, were utilized 

to evaluate exposures lasting 7 to 70 years (US EPA, 1989b). Activities involving exposures of 

shorter (subchronic or less than 7 years) duration to chemicals at the Site are anticipated to result 

in risk estimates that are much lower than those associated with the long-term exposures. 

Subchronic RfDs were used to evaluate exposures lasting less than 7 years. 

Currently, the US EPA has not developed toxicity values to be utilized in deririal exposure scenarios; 

however, the US EPA does provide the following guidance for dennal exposure: 

No RfDs or slope factors are available for the deimal route of exposure. In some 
cases, however, noncarcinogenic or carcinogenic risks associated with deunal 
exposure can be evaluated using an oral RID or oral slope factor, respectively. (US 
EPA, 1989b). 

In accordance with this guidance, oral RIDs and CSFs were used for dermal pathways. 
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In several cases, the US EPA may not have developed RfD values for oral and inhalation 

exposures. In these instances, a thorough search of the literature was undertaken to determine the 

best available scientific dose-response toxicity information from which to derive provisional RfD 

values. This was accomplished utilizing well-accepted methodologies adopted by the National 

Academy of Sciences and endorsed by the US EPA. These procedures and methodologies were 

applied to COPCs identified on-Site in order to estimate potential risks or hazards for each 

constituent. 

A number of sources of toxicity information exist, and these sources vary with regard to the 

availability and strength of supporting evidence. The following protocol has been established for 

the determination of toxicity indices; it defines a hierarchy of sources to be consulted and the 

methodology for the determination of toxicity values. This protocol has been developed in 

accordance with current US EPA methodology adopted andlor developed by the National Academy 

of Sciences. Toxicity values for the chemicals of concern at the Site were obtained with reference 

to the following hierarchy of sources: 

1) Toxicity values were obtained from the Integrated Risk Information System (IRIS, 
US EPA, 2000) database. This database contains the Risk Reference Doses (RfDs) 
and Cancer Slope Factors (CSFs), which have been verified by the US EPA's RfD 
and Carcinogen Risk Assessment Verification Endeavor (CRAVE) workgroups, 
and is, thus, the agency's preferred source for toxicity values. IRIS supersedes all 
other information sources. 

2) For toxicity values which are unavailable on IRIS, the most current source of 
information is the Health Effects Assessment Summary Tables (HEAST, US 
EPA, 1997), published by the US EPA. HEAST contains interim, as well as 
verified RfDs and CSFs. Supporting toxicity information for verified values is 
provided in an extensive reference section fHEAST. 

3) In cases where IRIS or HEAST could not provide toxicity values, US EPA Region 
III's Risk-Based Concentration (RBC) Tables (2001) were visited. These tables 
often provide toxicity values generated by reliable sources other than IRIS or 
HEAST. For example, in response to specific requests from risk assessors, the US 
EPA National Center for Environmental Assessment (NCEA) develops provisional 
RfDs or CSFs for chemicals not listed in IRIS or HEAST. Region III's RBC tables 
will list such provisional values. Also, RfDs or CSFs that have 
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since been withdrawn from IRIS or HEAST are still listed on the Region III REC 
tables, although they are flagged with a "W." These toxicity values were no longer 
agreed upon by US EPA scientists; however, the Region III RBC tables continue 
to publish such values because risk assessors still need to quantify exposures to 
these chemicals. Lastly, the Region III RBC tables will list toxicity indices found 
in "other" US EPA documents. These values are flagged with an 

4) If any of the above sources did not provide the necessary toxicity information, 
other sources of scientific literature were reviewed for appropriate toxicity data. 
These data were used to develop provisional RfDs or CSFs using US EPA-approved 
methodologies. These provisional values are labeled Pa or Ps in Table 7. 
Provisional toxicity values for the inhalation exposure route labeled "Ps" were 
derived using values from absorbed doses from oral exposures; therefore it is 
appropriate to adjust for relative absorption from oral to inhalation. Since 
gastrointestinal absorption is relatively complete, a factor of 0.5 (50%) is applied 
to the inhalation intake equation (for chemicals qualified "Ps") to account for the 
difference in the amount of chemical absorbed through ingestion and that absorbed 
when inhaled. 

The US EPA has derived carcinogenic slope factors for both oral and inhalation pathways, and 

these are utilized to estimate risks quantitatively. In the first step of the US EPA's evaluation, the 

available data are analyzed to determine the likelihood that the chemical is a human carcinogen. 

The evidence is characterized separately for human studies and animal studies as sufficient, 

limited, inadequate, no data, or evidence of no effect. The characterizations of these two types of 

data are combined, and based on the extent to which the agent has been shown to be a carcinogen 

in experimental animals or humans, or both, the agent is given a provisional 

weight-of-evidence classification. The US EPA scientists then adjust the provisional  

classification upward or downward, based on other supporting evidence of carcinogenicity (see 

Section 7.1.3, US EPA Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation 

Manual, Part A: Interim Final, 1989b). For a further description of the role of supporting evidence, 

see the US EPA guidelines (US EPA Guidelines for Carcinogenic Risk Assessment, Federal Register, 

1986). 

The US EPA classification system for weight of evidence is shown in the table below. This system is adapted 

from the approach taken by the International Agency for Research on Cancer. 
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US EPA WEIGHT-OF-EVIDENCE  
CLASSIFICATION SYSTEM FOR  

CARCINOGENICITY 

Group Description 

A Human carcinogen 

Bi or Probable human carcinogen  
B2 

Bi indicates that limited human data are 
available 

B2 indicates sufficient evidence in animals and 
inadequate or no evidence in humans 

C Possible human carcinogen 

D Not classifiable as to human  
carcinogenicity 

E Evidence of noncarcinogenicity for 
humans  

(US EPA, 1989b) 

Toxicity indices used in this assessment were tabulated for the identified COPCs and are presented in Table 

9. 

2.4 Risk Characterization 

The objective of the risk characterization is to integrate information in the Exposure Assessment 

(Section 2.2) and the Toxicity Evaluation (Section 2.3) in order to evaluate the potential human 

health impacts associated with residual chemicals in soil and groundwater at the West Brine Field 

Site. Carcinogenic risk refers to the probability of cancer resulting from exposure to known or 

suspected carcinogenic chemicals identified in this study. Carcinogenic risk generally is expressed 

in scientific notation (e.g., an individual lifetime risk of one in 100,000 is represented as 1 x i0 

or 1E-05). That is, a 1 in 100,000 added cancer risk is the upper-bound 
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probability that one incidence of cancer would result over a lifetime out of a population of 100,000 persons 

so exposed. 

Impacts of noncarcinogenic chemicals on human health are evaluated by comparing projected or 

estimated intakes with reference levels for the chemicals of concern. A reference level represents 

an estimated exposure level at which there is not expected to be an appreciable risk of deleterious 

effects with margins of safety incorporated. The impact of carcinogenic chemicals is assessed by 

comparing predicted risks with target risks for known or suspected carcinogens. RfDs and target 

risks (CSFs) were discussed in Section 2.3. 

Hazard and risk calculations are summarized for each receptor and each exposure route in Table 10. 

Detailed presentations of the hazard and risk calculations for each exposure pathway are provided in Tables 

11 through 23. 

2.4.1 Noncarcinogenic Effects 

The estimated intakes calculated for each exposure pathway considered and each COPC were 

compared to RIDs for non-carcinogenic effects. The following formula was used to estimate the 

potential for non-carcinogenic health effects for each COPC. 

HQ ADI/RfD [Equation 34] 

where:  

HQ = hazard quotient - potential for noncancer health effects (unitless); 
ADI = average daily intake of COPC (mg/kg-day); and 
RID = reference dose (mg/kg-day). 

RIDs have been developed by the US EPA for chronic (e.g., lifetime) andlor subchronic exposure 

to constituents based on the most sensitive non-carcinogenic effects. The chronic RID for a 

constituent is an estimate of a lifetime daily exposure level for the human population, including 

sensitive subpopulations, that is likely to be without an appreciable risk of deleterious effects. The 

potential for noncancer health effects was evaluated by comparing the site-specific 
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exposure level with the RID derived by the US EPA for a similar exposure period. This ratio of 

exposure to toxicity is called the hazard quotient (HQ). If the site-specific exposure level 

exceeds the threshold (i.e., the HQ exceeds a value greater than 1.0), there may be concern for 

potential noncancer effects. 

To assess the overall potential for noncancer effects posed by multiple constituents, a hazard 

index (HI) is derived by summing the individual HQs. This approach assumes additivity of 

critical effects of multiple constituents. This is appropriate only for compounds that induce the 

same effect by the same mechanism of action. This conservative approach significantly 

overestimates the actual potential for adverse health impacts. 

There were no HIs exceeding the 1.0 benchmark. A summary of the hazard calculations is presented in 

Table 10. 

2.4.2 Carcinogenic Effects 

In cancer risk assessment, the US EPA has required the use of the upper limit which produces an 

estimate of risk that has a 95 percent probability of exceeding the actual risk, which may, in fact, 

be zero. The following formula was utilized to estimate the upper bound excess cancer risk for 

each carcinogen (note that not all COPCs are carcinogens): 

TR = LDI x CSF [Equation 35] 

where: 

TR = target risk - excess probability of an individual developing cancer 
(unitless); 

CLDI lifetime average daily intake of carcinogenic COPC (mg/kg-day); 
and 

CSF cancer slope factor (mg/kg-day)'. 

For exposures to multiple carcinogens, the upper limits of cancer risks are summed to derive a 

total cancer risk. The US EPA recognizes that it is not technically appropriate to sum upper 

confidence limits of the risk to produce a realistic total probability, but requires this approach be 

used. 
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Carcinogenic risk refers to the probability of developing cancer as a result of exposure to known 

or suspected carcinogens. There were no human health cancer risk estimates for the West Brine 

Field that exceeded the 1 x 1 0 benchmark for the construction worker, trespasser, office worker, 

and utility trench worker scenarios. The total cancer risk for the maintenance worker scenario 

was 3x105. This risk level is solely attributable to a single hit of n-nitrosodiethylamine in surface 

soil at sample location SB-2 (collected in 1996). This result (0.78 mg/kg qualified with a "J") is 

the only detection of n-nitrosodiethyelamine in surface soil at the West Brine Field site and so 

this maximum concentration was assumed to be universally present, despite results indicating no 

detections in other samples. Sample location SB-2 is situated within SWMU-7 that is slated for 

remediation in the near future. Remediation of sample location SB-2 would result in risk levels 

less than 1x105. A summary of the risk calculations for each receptor is presented in Table 10. 
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3.0 Ecological Risk Assessment 

Similar to the human health risk assessment, an ecological risk assessment (ERA) is based on two 

major elements: characterization of exposure and characterization of effects. As noted in the US 

EPA's Framework for Ecological Risk Assessment (1992), the US EPA acknowledged that, 

although the traditional risk assessment paradigm (i.e., hazard identification, exposure assessment, 

dose-response toxicity assessment, and risk characterization) is generally applicable in an ERA, 

ecological assessments differ from human health risk assessments in three points of emphasis: 

Ecological risk assessment endpoints can be characterized at a community or 
ecosystem level rather than at an organism level; therefore, characterization of 
effects may be more complex than for that of individuals; 

Receptors can include species from a wide taxonomic range (e.g., plants, mammals, 
fish) and, consequently, no single set of measurement endpoints can be generally 
applied in all situations; and 

. Possible effects of nonchemical stressors may be included as contributing factors to total 
risk. 

In order to accommodate these differences, the US EPA established the following unique paradigm for 

conducting an ERA. 

Problem Formulation — This step in the ERA process involves presentation of a preliminary 

characterization of exposure and effects and the examination of data needs, issues, and objectives in order 

to define the scope, goals, and feasibility of the assessment. This step is comparable to hazard identification 

and planning issues that are addressed at the beginning of most human health risk assessments. Information 

compiled during problem formulation can be used to select assessment endpoints, measures of effect, and 

ecological receptors of concern. 

Analysis — This step in the ERA process includes characterization of exposure and ecological 

effects. The analysis phase of the ERA explicitly addresses the two main requirements of assessing 

risk: the inherent capacity of a stressor to cause adverse effects and the potential for the 
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co-occurrence of a stressor and an ecological component. This step is comparable to the data 

evaluation and exposure assessment steps in the traditional human health risk assessment paradigm. 

The analysis phase consists of the following elements: data evaluation, screening of constituents of 

potential concern (COPCs), and exposure assessment. 

Risk Characterization — This step in the ERA process involves the evaluation of the likelihood 

of adverse ecological effects associated with exposure to the identified stressors, including a 

discussion of variability, uncertainties, and the strengths and weaknesses of the assessment. This 

step is comparable to risk characterization in the traditional human health risk assessment 

paradigm. 

These steps are presented in detail in the following sections. 

3.1 Problem Formulation 

Problem formulation is a critical step in the ecological assessment and consists of a mix of 

information organization, planning, and technical analysis activities. As part of the problem 

formulation phase, the ecological conceptual site model (CSM) is developed to describe the potential 

stressors associated with site-related activities and how the stressors may potentially impact 

ecological receptors. Successful completion of problem formulation is governed by the quality of 

the following products: 

Identification of primary sources of constituents associated with the site; 

• Description of the primary pathways of these constituents through the environment; 

• Selection of the primary ecological receptors exposed to these media; 

• The completeness and accuracy of exposure pathways for each receptor; and 

• Selection of assessment and measurement endpoints. 
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Based on the outcome of the ecological CSM, decisions related to the primary focus of an 

ecological investigation of risk are made. For the West Brine Field site, the focus was placed on 

the effects of chemical stressors on ecological receptors. The following sections define, in detail, 

the rationale behind why each chemical stressor and ecological receptor selected is judged 

significant for the West Brine Field site. 

3.1.1 Ecological Site Characterization 

The purpose of the site characterization is to identify and characterize important habitats and 

flora and fauna that potentially may be impacted by constituents at the site. Currently, the West 

Brine Field site is an undeveloped, 92-acre parcel of slightly vegetated to highly vegetated land 

surrounded by residential and light industrial areas. Bounding the site is a 7-foot high chain-link 

fence, which is intended to preclude entrance by unauthorized personnel and, most likely, 

restricts the movement of some ecological receptors into the site. 

Vegetation at the site consists of a mosaic of the following community types: 

• Lawn area 
• Early successional field 
• Scrub/shrub 
• Woodland 
• Aquatic/riparian 

Lawn Area 

The lawn area of the site is mowed regularly and is limited primarily to the peripheral regions of 

the site. These regions are dominated by a variety of grasses and weed species, and include some 

low growing shrubs and trees. 

Early Successional Field 

These areas are located in southern portion of the site and are dominated by herbaceous 

vegetation. Shrubs, including goldenrod (Solidago spp.), aster (Aster spp.), and common reed 

(Phragrnites australis) are prevalent in these areas. Early successional tree species common in 
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these areas include the box elder (Acer negundo), quaking aspen (Populus trernuloides), and red-panicle 
dogwood (Cornus racemosa). 

Scrub/Shrub 

Except for the perimeter, this vegetative community type is interspersed regularly throughout the West 

Brine Field site. Herbaceous shrubs and saplings identified in the early successional field areas are common 

in the scrub/shrub habitat. 

Woodland 

The northeastern portion of the site contains a wooded area consisting of overstory trees, with limited 

growth of saplings and other understory shrubs. Box elder is the dominant tree species in this area. 

Aquatic/Riparian 

This area consists of a portion of Huntington Drain and associated riparian habitat. Little or no 

vegetation grows within or along the banks of Huntington Drain, the only portion of the site that 

offers surface water (albeit, intermittently). Plant species similar to those identified in the early 

successional field, scrub/shrub, and woodland communities grow above the stream bank. 

Wildlife observations taken during an on-site investigation in October 1996 revealed the presence 

of herbivorous mammals (rabbits, probably eastern cottontail [Sylvilagus floridanus]) and 

omnivorous birds (e.g., sparrows and juncos). No reptiles or amphibians were observed at the site 

during the investigation. According to a Michigan Natural Features Inventory database search for 

the area, no threatened or endangered species or ecologically sensitive communities were 

identified at the West Brine Field site. 

3.1.2 Assessment Endpoints 

Critical to a sound assessment of ecological risk is the appropriate selection of assessment endpoints, which 

are defined as "explicit expressions of [an] actual environmental value that is to 
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be protected, operationally defined by an ecological entity and its attributes" (US EPA, Guidelines 

for Ecological Risk Assessment, 1998). Selection of assessment endpoints for the West Brine Field 

ERA was based on the constituents present and their concentrations, the mode of toxicity of 

constituents to various receptors, the presence of sensitive or highly susceptible ecological 

receptors, and exposure pathway completeness (US EPA, Ecological Risk Assessment Guidance 

for Superfund, 1997). 

Assessment endpoints may be selected at several levels of organization including individual, 

population, and community levels (US EPA, Ecological Significance and Selection of Candidate 

Assessment Endpoints, 1996). Because results of the Michigan Natural Features Inventory 

indicated no threatened or endangered species or ecologically sensitive communities at the West 

Brine Field site, individual level (e.g., threatened or endangered species) endpoints are not 

relevant for this ERA. Furthermore, community-level assessment endpoints such as the 

"protection of the benthic invertebrate community" are often broad-based and do not define the 

ecological value of the endpoint in sufficient detail (US EPA, Ecological Risk Assessment 

Guidance for Superfund, 1997). Specific assessment endpoints associated with effects that can be 

applied to population-level measurement endpoints (e.g., mortality, growth) and provide answers 

to specific risk questions are most pertinent for this ERA. 

The portion of Huntington Drain at the West Brine Field site does not provide quality habitat for 

aquatic flora and fauna; thus, it does not present a suitable foraging area for terrestrial or semi-

aquatic receptors. Results from Habitat Suitability Index (HSI) models used to determine the 

suitability of habitat types for a number of ecological receptors indicated that potential habitat 

does exist at the West Brine Field site for some terrestrial mammals and birds (Weston, 1999). As 

a result, mammalian and avian receptors that reside and forage primarily in upland habitat were 

considered to be the most appropriate for quantitative risk analysis. Furthermore, the browsing and 

probing foraging nature of many species within these trophic groups may result in potentially high 

levels of soil ingestion. These groups are also likely to be at higher risk from potential 

bioaccumulative effects stemming from ingestion of terrestrial organisms and soil-dwelling 

vegetation. Consequently, the primary assessment endpoints for this investigation are: 
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• the protection of mammalian herbivore populations from adverse effects associated with 
constituents in site-related media; and 

• the protection of avian omnivore populations from adverse effects associated with constituents 
in site-related media. 

HSI modeling results indicated that the availability of breeding sites for mammalian omnivores 

such as the raccoon (Procyon lotor) was extremely limited, thus it is highly unlikely that the West 

Brine Field Site is capable of supporting populations of these animals (Weston, 1999). 

Consequently, species belonging to the mammalian omnivore foraging guild are not relevant to the 

site and as such were not selected for quantitative exposure assessment. 

3.1.3 Ecological Receptors of Concern 

Identification of ecological receptors of concern was the first step in defining species-specific 

assessment endpoints. These species types were selected because they possess attributes that are 

potentially at risk and reflect meaningful assessment criteria. In other words, they possess 

measurable attributes that can be evaluated to assess particular aspects of both population-level 

characteristics and community function. These species are also widely distributed and span a broad 

range of taxonomic groups and community function (i.e., standing in the food chain, foraging 

habits, etc.). 

The surrogate ecological receptors selected for quantitative analysis included the white-tailed deer 

(Odocoileus virginianus), the meadow vole (Microtus pennsylvanicus), and the American robin 

(Turdus migratorius). The following sections provide a brief overview of the habits and life history 

of the selected indicator species as well as the rationale for their inclusion in the ERA for the West 

Brine Field site. 

White-Tailed Deer (0docoi1eus virginianus) — The white-tailed deer is the most abundant big-

game mammal in the United States and can be found in a diversity of habitats such as meadows, 

thickets, riparian areas, and urban locales. Because of its cosmopolitan distribution in Michigan 

and throughout the United States and its capacity to dwell or forage in a variety of upland and 
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lowland habitats, the white-tailed deer is susceptible to a variety of potential exposure sources. 

As such, the white-tailed deer was selected as a receptor for this investigation and was considered 

representative of other large terrestrial herbivores potentially present at the site. Exposure routes 

for the whitetailed deer included ingestion of surface water and vegetation, as well as incidental 

ingestion of soil and sediment. 

Meadow Vole (Microtus pennsylvanicus) — Meadow voles are herbivorous rodents that live in a  

wide variety of habitats and therefore could be found potentially in many areas of the site. 

Individuals reach maturity within several weeks after birth. The mean litter size is  

approximately six pups; however, litter size varies tremendously with age and latitude. Females generally 

produce several litters per year. Mortality rates are generally very high and individuals typically do not 

live for more than 1 year. Meadow voles tend to consume mostly herbaceous vegetation and often fall 

prey to carnivorous animals; thus, they provide a suitable trophic link between soil, sediment, and surface 

water exposures and upper trophic level organisms. Furthermore, their small size translates into higher 

susceptibility to residual chemical concentrations. Potential routes of exposure include incidental soil and 

sediment ingestion, surface water ingestion, and ingestion of soil-dwelling plants. 

American Robin (Turdus migratorius) — The American robin is a medium-sized migratory 

member of the thrush family (Muscicapidae). This species is typically found in a range of habitats 

including open woodlands, moist forests, hedges, gardens, and urban parks. Nests are constructed 

of mud and fine grasses and may be found on the ground or in treetops. Three to 6 pastel blue 

eggs are laid during the breeding season, which generally spans from April to July. Robins usually 

winter in the southeast United States, but some populations may remain in the northern latitudes 

during the winter season. As such, year-round exposure to chemical constituents at the West Brine 

Field site is assumed for this species. The diet of the American robin consists of soil-dwelling 

invertebrates (e.g., earthworms), as well as fruits, seeds, and grasses. Relevant exposure pathways 

for the American robin include incidental ingestion of soil and sediment, ingestion of surface 

water, ingestion of terrestrial invertebrates, and ingestion of vegetation. 
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The white-tailed deer, meadow vole, and American robin are expected to forage in upland areas 

because the ecological value of Huntington Drain is extremely limited. Water quality and flow are 

greatly reduced during dry periods, and little or no riparian vegetation is present (Weston, 1999). 

As a result, ingestion of vegetation by the white-tailed deer and meadow vole and consumption of 

invertebrates and vegetation by the American robin are expected to occur within the lawn, field, 

scrub/shrub, and wooded areas of the site. Conservative exposure assumptions for each of these 

receptors should produce exposure estimates representative and sufficiently protective of other 

species comprising their respective trophic guilds. 

3.1.4 Measures of Effect 

Measures of effect are measurable responses to a stressor that are related to the valued  

characteristics chosen as assessment endpoints (US EPA, Guidelines for Ecological Risk 

Assessment, 1998). Assessment endpoints generally refer to broader characteristics of  

populations and ecosystems; however, it is usually impractical to measure changes in these characteristics 

as part of an assessment. Consequently, the appropriate measures of effect are those measurement 

endpoints that can be measured and extrapolated to predict effects on assessment endpoints (US EPA, 

Guidelines for Ecological Risk Assessment, 1998). 

The measures of effect selected for this assessment are No-Observable-Adverse-Effect-Levels 

(NOAELs). NOAELs are constituent levels at which an entire test population exhibited no 

observable adverse effects. NOAEL values are generally extremely conservative, and in many cases, 

grossly underestimate the actual threshold dose below which no adverse effect is observed. The 

white-tailed deer, meadow vole, and American robin are abundant locally and nationally; thus, less 

conservative measures of effect are probably more appropriate because protection of the population 

rather than individual organisms is the primary focus of the assessment endpoint. The US EPA 

recognizes that the primary concern in an ecological risk assessment is the health of the population, 

not of the weaker, more sensitive individuals within a population (US EPA, Supplemental Risk 

Assessment Guidance for the Superfund Program, Part 2: 
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NOAEL (mg/kg - day) = NOAEL1  (Sample et al., 1996) 

   
      

Guidance for Ecological Assessment, 1 989c). To maintain conservatism, however, NOAEL values were 
used as measurement endpoints for this assessment. 

NOAELs selected for both the white-tailed deer and the meadow vole are based upon systemic 

effects induced in a range of mammals, primarily mice and rats (Tables 25 and 26); consequently, 

these literature-derived measures of toxic effect must be appropriately modified to account for 

differences in body mass. For mammals, an equivalent dose level based on body weight allometry 

follows the relationship: 

 
where: 

NOAELW NOAEL for wildlife receptor species (mg/kg-day); 
NOAEL = NOAEL for test species (mg/kg-day); 
bw = body weight of test species (kg); and 
bw = body weight of wildlife receptor species (kg). 

Toxicity values for the American robin are shown in Table 27. In a study by Mineau et al. (1996), body 

weight-based scaling factors for several avian species exposed to a range of compounds were not 

statistically different from 1.0. Therefore, measures of effect between taxonomically distinct birds do not 

require allometric modification. In other words: 

NOAELW = NOAEL (Sample et al., 1996) 

For each COPC, care was taken to select a measurement endpoint (e.g., NOAEL) that reflected the same 

exposure route (oral exposure) as the assessment endpoint it represents, as mandated under US EPA 

guidance (US EPA, Ecological Risk Assessment Guidance for Superfund, 1997). 

3.1.5 Ecological Conceptual Site Model 

Potential environmental stressors at the West Brine Field site include inorganic and organic 

constituents that may be associated with historic site operations and practices. Such constituents 
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may remain at their point of origin or, more likely, may be dispersed and deposited into various 

media in the surrounding area. Source areas identified at the West Brine Field site include 5 

Solid Waste Management Units (SWMUs) formerly used as landfills or disposal areas. The 

areas of concern at the West Brine Field site include upland (soil) habitat and riparian habitat, 

thus environmental media potentially assessed in this investigation relevant to ecological 

receptors are soil, sediment, and surface water. 

To afford the reader a better understanding of potential exposure pathways, exposure routes, and 

potential ecological receptors, a general schematic of exposure scenarios is presented in Figure 3. 

As shown in this figure, there are several possible routes by which constituents and ecological 

receptors can be linked. Constituents may migrate from point sources into surrounding surface 

water, sediment, or soil. Once in soil, constituents may migrate to surface water through surface 

soil erosion or through the shallow-water bearing zone of the brown clay stratigraphic layer present 

at the site. Because the topography of the site is flat, erosional processes are predicted to be 

negligible. Moreover, because the hydraulic gradient and conductivity are low, transport of 

constituents from groundwater to the Huntington Drain and associated riparian habitat is 

considered inconsequential (Weston, 1999). Although the Phase I RFI states that any contribution 

of site-related constituents from storm water runoff is minimal, the Huntington Drain, being at a 

lower elevation than the majority of the site, may serve as the primary receiving area for 

transported surface soil during intense storm events. To conservatively account for the potential 

risks from exposures to all ecologically relevant media, direct measurements for sediment and 

surface water, as well as for soil, have been collected. These data reflect actual site conditions 

after erosion and sediment-surface water partitioning processes have taken place, and were utilized 

appropriately in this ERA. 

The US EPA defines an ecological component as any portion of an ecological system (Framework 

for Ecological Risk Assessment, 1992). In general, both aquatic and terrestrial resources represent 

the ecological components potentially affected by environmental stressors. Aquatic faunas 

include aquatic (small fish and invertebrates) and semi-aquatic (amphibians, reptiles, birds, and 

mammals) animals found in and around rivers, streams, lakes, ponds, and 
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wetlands within the assessment area. Similarly, terrestrial faunas (reptiles, birds, and mammals) 

are those animals present in forested and non-forested upland habitats. As mentioned previously, 

there is no historic evidence that the portion of Huntington Drain at the West Brine Field site 

provides a potential habitat or nursery area for ecologically important species. As such, the 

potential for ecological risk to the aquatic community was not considered in this study; however, 

the ecological risks posed to terrestrial species from ingestion of surface water and sediment were 

evaluated. 

Based on current conditions at the site, ecological may contact surficial soils in upland portions 

of the site and sediment and surface water within or along Huntington Drain. Receptors may be 

exposed directly to potentially affected media through dermal contact, inhalation, or incidental 

ingestion, or indirectly through potentially affected food items. Ecological exposure through 

dermal and inhalation pathways is generally considered insignificant and not a typical component 

of an ecological risk assessment (Sample et al., 1997). Consequently, this ERA focused on the 

ingestion of surface water and incidental ingestion of soil and sediment as direct exposure 

pathways and ingestion of food items as the primary indirect exposure pathway. 

3.2 Analysis Phase  

3.2.1 Data Evaluation 

 
 Soil, sediment, and surface water analytical data used in this assessment were collected by Roy F. 

Weston, Inc. during the summer of 1999. Soil samples were collected at non-regular increments 

downward beginning at a dcptii of 1--foot•--belowground surface (bgs). Soils most applicable for 

an analysis of ecological risk are those in the uppermost horizons. Although the SWMUs at the 

site have been covered with 0.5-2 feet of topsoil, which does not pose a risk to wildlife, it is 

possible that potential future activities at the site (e.g., construction, etc.) could mix surface soils 

with subsurface soils. Consequently, analytical data from the 1-3 foot bgs range were used as the 

basis for statistical and ecological exposure analysis. Analytical data related to sediments were 

collected from depths of 0-0.5 feet bgs. 
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The laboratory data were compiled into media-specific data sets representing soil, sediment, and 

surface water. Each data set was analyzed statistically using SiteStat®, a commercially available 

software package, to calculate the minimum, maximum, arithmetic mean, logarithmic mean, 

standard deviation, and the 95% upper confidence limit of the mean concentration (95% UCL) for 

each constituent based on distributional analyses of the data. Summaries of the statistical analyses 

for each exposure medium are presented in Tables 28 through 30. 

In many instances, data for a specific constituent contained a number of non-detections ("U" entries). 

In such cases, a constituent was conservatively assumed to be present in the sample at a concentration 

equivalent to one-half of the sample quantitation limit (SQL), unless the SQL exceeded the maximum 

detected concentration. 

3.2.2 Screening of Analytical Data 

Residual levels of constituents found in each applicable environmental medium were evaluated based 

on the potential to cause adverse toxicological effects. A comparison of maximum concentrations to 

criteria derived for toxicity screening purposes was conducted to determine whether a quantitative 

assessment of ecological risk was necessary. If a constituent was not detected in a given medium, then 

it was considered to be of "de minimis" risk and was eliminated from further analysis. Likewise, if the 

constituent of interest was present at a concentration below a conservative screening criterion, it was 

not carried forward in the risk assessment; if the maximum concentration of a constituent was greater 

than the applicable benchmark, the constituent was considered a COPC and retained for quantitative 

exposure assessment. Any constituent for which a screening criterion was not available was retained 

as a COPC. 

To develop a list of COPCs for quantitative risk analysis, maximum soil, sediment, and surface 

water concentrations were screened against appropriate US EPA Region 5 Ecological Data 

Quality Levels (EDQLs) (US EPA Region 5, RCRA Quality Assurance Project Plan Instructions, 

1998). These values are regarded as highly conservative criteria derived for protection of a broad 

range of species across an array of trophic guilds. Soil EDQLs were used for comparison with 

shallow-depth soil concentrations, however these benchmarks were not 
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available for all COPCs. In the absence of soil EDQLs, values developed by Oak Ridge National 

Laboratory (ORNL) were used for comparative purposes. These effects-based benchmarks were 

compiled by ORNL for the protection of earthworms and soil microorganisms (Efroymson et al., 

1997) and are endorsed by US EPA Region 4 for screening potentially affected soils (US EPA, 

Region 4 Memorandum, 1998). The results of the soil, sediment, and surface water screening 

processes are presented in Tables 31 through 33. 

3.2.3 Exposure Point Concentration 

The exposure point concentration is the concentration of a given constituent where an ecological 

receptor comes into potential contact with the chemical. In accordance with US EPA guidance (US 

EPA, Risk Update, 1994), the 95% UCL of the arithmetic mean for each COPC was utilized as the 

exposure-point concentration. Both the normal and logarithmic 95% UCLs were calculated for 

each COPC. A goodness-of-fit test was performed on the data and the most appropriate distribution 

type was selected. If the data distribution could be characterized as either normal or lognormal, 

the appropriate 95% UCL value was selected for use in calculating receptor exposure. In 

accordance with US EPA guidance, if the distribution type was unknown, the log 95% UCL was 

selected. 

In the statistical analysis of COPCs, the 95% UCL may exceed the maximum concentration detected 

for certain constituents due to sample size or to elevated detection limits resulting from dilutions for 

several samples. Therefore, in circumstances where the maximum concentration is lower than the 95% 

UCL, the maximum concentration was used as the exposure-point concentration (US EPA, Risk 

Assessment Guidance for Superfund, Part A, 1989b; Supplemental Guidance to RAGS: Calculating 

the Concentration Term, 1992). 

3.2.4 Exposure Assessment 

Characteristics of terrestrial and semi-aquatic ecological receptors such as habitat needs, food 

preference, reproductive cycles, seasonal activities such as migration, and selective use of resources 

influence their exposure to constituents. These factors were considered in the exposure assessment 

to further refine species-specific intake rates. The following general equation 
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incorporated these factors and was utilized in the ERA to estimate a mass-specific, time-
weighted average intake for each medium or food source: 

C x IR x E F x S F F  
Intake (mg/kg - day) = 

where: 

C chemical exposure point concentration (e.g., mg/kg or mg/L); 
JR = foodlwater intake rate (kg/day or L/day); 
EF = exposure frequency (expressed as an areal proportion); 
SFF site foraging factor (unitless); and 
BW = body weight of exposed individual (kg). 

The following sub-sections describe the species-specific exposure parameters incorporated into the white-

tailed deer, meadow vole, and American robin exposure models. 

3.2.4.1 Exposure Frequency 

The exposure frequency (EF) describes the number of times per year an exposure event is likely to 

occur and is often expressed in days per year. In this assessment, however, exposure frequency is 

expressed as a proportion of time spent in a particular habitat or exposure area based on the intrinsic 

characteristics of the site and the tendency of receptors to be found in habitats provided at the site. 

As a conservative measure, In other words, a receptor is conservatively assumed to be present in a 

soil-associated habitat, sediment-associated habitat, or a combination of these habitats every day 

of its lifetime because of the suitability of these habitats for providing forage, shelter, and other 

life requisite parameters. The percentage of time spent in each exposure medium is a function of 

the total area of each habitat at the site. 

The EF value for the white-tailed deer, meadow vole, and American robin was obtained by 

measuring the areal coverage of the habitats of concern and determining the percentage that each 

contributes to the total area (Figure 4). Based on the "generalist" life requirements and behaviors 

of these receptors, each may be found in a variety of habitats, from upland areas to aquatic systems. 

An aerial assessment of the site using Computer Assisted Design (CAD) techniques determined 

that upland habitat represents approximately 99% of the West Brine Field site. 
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Upland areas are conservatively assumed to contain soil-associated habitats that are wholly 

available for habitability by ecological receptors. Sediment-associated habitat offered by 

Huntington Drain comprises approximately 1% of the site. If it is assumed that the white-tailed 

deer, meadow vole, and American robin utilize these habitats with a frequency directly related to 

their areal coverage, then the frequency of exposure to soil is 0.99 and the frequency of exposure 

to sediment is 0.01. 

3.2.4.2 Site Foraging Factor 

The site foraging factor (SFF) accounts for the proportion of time that an organism spends at the site 

during the time period of possible exposure. This factor discounts the exposure time by a ratio of the 

size of site to the home range of each receptor. For the white-tailed deer, a midpoint home range of 

715 acres is reported in Sample and Suter (1994). This value is consistent with the findings of other 

profiles for this species (Merritt [1987] reported a home range of 321 to 1,628 acres). The home range 

for the white-tailed deer is greater than the total area of the site (92 acres); thus, the white-tailed deer 

is expected to forage at the West Brine Field site only 13% of the time (=92/7 1 5). It should be noted 

that exit and entry by deer is expected to occur to some extent at the site despite the chain link fence 

surrounding the property (field observations indicate that sections of the fence do allow passage of 

large-bodied mammals). For the meadow vole and the American robin, home ranges are significantly 

less than the total area of the site. Consequently, the SFF for these receptors was set equal to 1.0 

(100%). 

3.2.4.3 Body Weight 

For the white-tailed deer, a body weight of 56.5 kg was extracted from Sample and Suter (1994). 

Mean body weights for the meadow vole (0.036 kg) and the American robin (0.08 kg) were 

obtained from a series of studies described in US EPA's Wildlife Exposure Factors Handbook (US 

EPA, 1993). 
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3.2.4.4 Food Chain Exposure 

Transfer of constituents from the site-related media to the biotic components of the West Brine 

Field site is anticipated to occur primarily through the ingestion pathway because the contribution 

to the overall exposure for ecological receptors from inhalation and dermal pathways is often 

negligible (Mayernik and Fehrenkamp, 1992). Ingestion routes that were assessed quantitatively 

include direct ingestion of a given COPC in soil, sediment, and surface water and indirect 

ingestion of a COPC as it moves through the terrestrial food chain. Soil and sediment ingestion 

are assumed to be incidental; that is, small amounts of these media may be ingested during 

foraging bouts or during washing or preening activities. 

Food Ingestion 

A vital step in estimating exposure rates for terrestrial wildlife is the calculation of food ingestion 

rates. For the white-tailed deer, Sample and Suter (1994) report a food ingestion rate of 1.7 kg/day. 

For the meadow vole, US EPA's Wildlife Exposure Factors Handbook (US EPA, 1993) provides 

an allometric equation, from Nagy (1987), to estimate food intake based on body mass, as follows: 

Fl (kg/day) = 0.0687 (BW°'822) 

where: 
Fl = food intake rate (kg/day); and 
BW = body weight (kg). 

White-tailed deer, meadow voles, and American robins are anticipated to forage in varying degrees 

on vegetation at the site. Bioaccumulation of COPCs from plant ingestion was evaluated based on 

chemical-specific plant tissue concentrations. A steady-state plant concentration resulting from 

soil-to-plant transfer of COPCs was calculated according to the following algorithm: 

Cpiant UF 
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where: 
Cpiant = chemical-specific plant tissue concentration (mg/kg-dry weight); 
Cs = concentration in soil (mg/kg); and 
UIFS. = soil-plant uptake factor (unitless). 

Soil-plant uptake factors for inorganic chemicals were extracted from Baes ci' at. (1984) and 

Bechtel Jacobs (1998). These values correspond to uptake of inorganic elements by aboveground 

portions of plants (i.e., those tissues anticipated to be consumed by receptors in this assessment). 

For organic compounds, uptake by plants is inversely proportional to the square root of a 

constituent's octanol-water partition coefficient (K) and follows the relationship: 

log UIF, = 1.588 - 0.578(log K) (Travis and Arms, 1988) 

For the omnivorous American robin, a food ingestion rate of 0.011 kg/day was calculated based on avian 

body weight allometry: 

FT = 0.05 82 (BW°651) (Nagy, 1987) 

To account for the bio transfer of organic COPCs in soil to terrestrial invertebrate prey, uptake 

factors directly correlated with a constituent's K0 were utilized. Uptake of organic constituents 

by invertebrates from soil follows the relationship described in Connell (1990): 

= 0.44 K0°°5  

where: 
= soil-to-invertebrate uptake factor (unitless). 

For inorganic elements, soil-to-invertebrate uptake factors were obtained from Roberts and Dorough 

(1985), Beyer and Stafford (1993), and Sample etal. (1998). 
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Water Ingestion 

Water ingestion rates for the white-tailed deer,  meadow vole, and Am 

calculated from methodologies described in US EPA's Wildlife Exposure Factors Handbook (U 

EPA, 1993). For mammalian species for which empirical drinking water data are unavailable, 

this document provides an allometric equation to estimate water intake as a function of body 

mass (Calder and Braun, 1983), as follows: 

WI (kg/day) 0.099 (BW°90) 

where:  

WI = water intake rate (kg/day); and 
BW = body weight (kg). 

For the American robin, water ingestion was calculated as follows: 

WI (kg/day) = 0.059 (BW°67) (Calder and Braun, 1983) 

Soil/Sediment Ingestion 

Species-specific soil ingestion rates for both the white-tailed deer and the meadow vole were 

available from Beyer et al. (1994). A soil ingestion rate for the American robin could not be located 

from the literature. During the pre-breeding and breeding seasons, robins forage in a manner very 

similar to that of the American woodcock: both species probe the soil in search of earthworms and 

other terrestrial invertebrate prey. As such, the estimated proportion of soil in the diet of the 

American woodcock, described in Beyer et al. (1994), was used as a surrogate measure of soil 

ingestion for the American robin. For the purposes of this ERA and to maintain conservatism, 

sediment was assumed to be ingested at the same rate as that for soil for all three receptors. 
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3.2.4.5 Bioaccumulation 

Bioconcentration, bioaccumulation, and biomagnification were considered in calculating wildlife 

exposure rates. Typically, these factors are considered when evaluating risks posed to aquatic 

organisms because of their close association with both sediment and surface water. Because this 

ERA focuses on possible impacts to terrestrial organisms, potential accumulation of constituents in 

herbivorous and omnivorous biota was assessed according to terrestrial-based uptake factors, 

described in Section 3.2.4.4 and below. Bioconcentration, bioaccumulation, and  biomagnification are 

defined as follows: 

• Bioaccumulation is uptake and retention of a substance by an organism from its surrounding 

medium and food (US EPA, Final Water Quality Guidance for the Great Lakes System, 

1995), resulting in an increase in the concentration of a constituent over time compared to 

the constituent's concentration in the environment. Compounds accumulate in biota when 

they are taken up and stored faster than they are broken down (metabolized) or excreted. 

• Bioconcentration is the specific bioaccumulation process by which the concentration of a 

chemical in an organism becomes higher than its concentration in the air or water around 

the organism. In fish, bioconcentration occurs primarily during the intake of water through 

the gills. Bioconcentration is restricted to the accumulation of chemicals from 

environmental media by nondietary routes. 

• Biomagnification occurs when a constituent becomes more and more concentrated as it 

moves up through a food chain. That is, the concentration increases as the constituent passes 

through the dietary linkages from single-celled plants to increasingly larger animal species. 

Each step results in increased bioaccumulation (i.e., biomagnification). Consequently, 

animals at the top of the food chain may accumulate a much greater concentration of 

constituent than was present in organisms lower in the food chain. 
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Bioconcentration and bioaccumulation result from a dynamic equilibrium between exposure from 

the ambient environment and uptake, excretion, storage, and degradation within an organism. The 

degree of bioaccumulation depends on: 

• physical properties of a constituent (such as solubility in either water or fat); 

• the concentration of a constituent in the surrounding media; 

• the amount of constituent coming into an organism from the food, air, water, or other incidental 

sources; 

• the physical characteristics of the ecosystem (organic carbon content, pH, etc.); 

• the ability of the organism to degrade and excrete a particular chemical; and 

• the time it takes for the organism to acquire the chemical, metabolize it, and then excrete, store, 

andlor degrade it 

To account for the possibility of bioaccumulation, bioconcentration factors (BCFs) and 

bioaccumulation factors (BAFs) are often compiled from primary literature sources or derived from 

field or laboratory studies. The soil-plant and soil-invertebrate uptake factors described in Section 

3.2.4.4 are measures of bioconcentration in upland plants and invertebrates (earthworms) 

and are, thus, analogous to terrestrial BCFs. These factors represent the ratio of the  

concentration of chemical in the plant (or worn-i) to the concentration of chemical in the surface soil. Uptake 

(bioconcentration) factors for chemicals retained for ecological exposure analysis are provided in Table 34. 

As shown in Table 34, uptake factors for most chemicals are less than 1.0, suggesting minimal or 

no biomagnification. Some metals (e.g., cadmium, mercury, and zinc) are expected to 

bioaccumulate to a small degree from soil to earthworms; however, SVOCs and VOCs are not. 

Conversely, soil-plant biomagnification is anticipated to be unimportant for metals, but may occur 

to a limited extent for some SVOCs and VOCs (Table 34). 
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3.3 Risk Characterization 

Risk characterization utilizes the results of the analysis phase to estimate risk to the ecological 

receptors identified in the problem formulation phase. Evaluation of the likelihood of adverse 

ecological effects associated with exposure to the identified stressors, including a discussion of the 

strengths and weaknesses of the assessment, are included in this section. The format for quantitative 

risk estimation for this assessment involves the construction of a ratio of the chemical-specific 

exposure-point concentration and a literature-derived toxicity endpoint (NOAEL) to create an 

ecological hazard quotient (EHQ). 

3.3.1 Risk Description 

The EHQ method can be utilized to estimate impacts at both the individual and population level. Quotients 

of varying magnitude are generally interpreted as follows: 

Quotient < 1 No significant impact is indicated. 

Quotient> 1 Potential ecological threat at the individual level; a threshold of no observed 
adverse effect has been exceeded. These values do not indicate that an adverse 
ecological threat has occurred at either the individual or population level; these 
values indicate only that it is possible and should be evaluated in more detail. 

 

Quotient> 10 Potential ecological threat at the population level. T 

Hazard quotients based on all applicable routes of exposure for the white-tailed deer, meadow vole, 

and American robin are presented in Tables 35 through 47. To determine the total hazard posed to 

these receptors from each pathway, individual hazard quotients were summed to arrive at a hazard 

index (HI). Pathway-specific HIs were then added to obtain a total measure of risk to each species from 

all exposure routes (Table 48). Constituents contributing the majority of ecological risk to the receptors 

of concern are also indicated in Table 48. 
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3.31.1 Risks to White-Tailed Deer 

Based on ecological hazard indices calculated for the soil, sediment, and surface water ingestion 

exposure pathways, no unacceptable risk is predicted to white-tailed deer (Tables 35, 36, and 

37). Based on a conservative modeling approach, marginal risk is predicted from the ingestion of 

soil-dwelling vegetation (Table 38). Food (vegetation) ingestion risk to the white-tailed deer is 

driven largely by phenol, which was detected at relatively high surface soil concentrations (to 

15,500 mg/kg) in SWMU 4. Other than those taken from SWMU 4, only 2 surface soil samples 

indicated positive detections of phenol: one at SWMU 1 (1,200 mg/kg), and one at SWMU 3 (57 

mg/kg). Impacts to deer via this exposure pathway suggest the potential for individual-level 

effects but not population-level effects. 

3.3.1.2 Risks to Meadow Vole 

Hazard quotients for the meadow vole from the incidental ingestion of sediment and surface water 

ingestion indicate negligible risks from these exposure pathways (Tables 40 and 41). For the 

incidental soil ingestion pathway, the hazard index exceeded the acceptable ecological benchmark 

of unity (HI = 4.73) (Table 39). Ninety-seven (97) percent of the predicted risk from soil ingestion 

is attributable to aluminum (HQ 4.57); however, it is not believed that aluminum levels in site soils 

constitute a threat to individual meadow voles, based on the following rationale. Aluminum is 

ubiquitous in natural systems and is the third most abundant element in the earth's crust, exceeded 

only by oxygen and silicon. The mean aluminum concentration in surficial soils of undisturbed 

regions of the conterminous United States averages 72,000 mg/kg (Shacklette and Boerngen, 1984), 

almost 4 times higher than the maximum concentration detected at the West Brine Field site (19,900 

mg/kg). Although aluminum is often present in high concentrations in the environment, it is unlikely 

that residual levels of aluminum have the potential to cause significant adverse effects. To derive 

an effects-based toxicity threshold for aluminum, the toxicological study used for comparative 

purposes in this ERA administered doses of aluminum chloride (Aid3), a soluble bioavailable 

aluminum salt, in water to mice (Ondreicka et al., 1966). Aluminum in soils, however, tends to be 

either adsorbed to organic ligands or bound up in clays and minerals as oxides, hydroxides, and 

phosphates (Dragun, 1988). 
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As such, aluminum is not generally bioavailable and is highly unlikely to pose a risk to wildlife. Based on 

these considerations, the risk to the meadow vole (and American robin — see Section 3.3.1.3) from 

aluminum in surface soils is expected to be insignificant. 

The level of risk calculated for meadow voles from consumption of upland vegetation suggests 

potential population-level effects (Table 42). The majority of this risk (75%) is attributable to 

surface soil concentrations of phenol in SWMU 4. Other COPCs contributing to the total 

vegetation ingestion risk include aluminum (13%) and methylene chloride (3%). 

3.3.1.3 Risks to American Robin 

Five exposure pathways were evaluated for the American robin: two pathways present risks within 

acceptable levels (incidental ingestion of sediment, ingestion of surface water), one pathway 

indicates potential risk to individual robins (incidental ingestion of soil), and two pathways indicate 

potential-level hazards (ingestion of soil-dwelling vegetation, ingestion of soil-dwelling 

invertebrates). Although the overall risk level for soil ingestion indicates potential individual-level 

hazards, no single COPC has a hazard quotient greater than 1.0 (Table 43). As with the white-tailed 

deer and meadow vole, risk to the robin from the consumption of vegetation is chiefly attributable 

(87%) to the presence of phenol in SWMU 4 surface soils. Other COPCs contributing to the 

vegetation ingestion risk to the American robin include methylene chloride, n-

nitrosodiphenylamine, n-nitrosodiethylamine, antimony, and naphthalene(see table below). 

COPC Hazard Quotient 

Phenol 116 

Methylene chloride 5.24 

N-Nitrosodiphenylamine 4.22 

N-Nitrosodiethylamine 4.03 

Antimony 1.47 

Naphthalene 1.25 
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In addition to phenol, the maximum concentrations of methylene chloride, n-

nitrosodiphenylamine, and naphthalene also are located in SWMU 4. Risk posed to the robin from 

ingestion of vegetation is primarily attributable to antimony and is based on a single sitewide 

detection of this element in SWMU 1 surface soil. Risk to the robin from this pathway from n-

nitrosodiethylamine is attributable to a single detection of this constituent in SWMU 7. 

COPC-specific and cumulative risks to the American robin from ingestion of soil invertebrates 

are shown in Table 47. Hazard quotients for 7 COPCs exceeded unity; these chemicals are 

indicated in the table below. 

COPC Hazard Quotient 

Thallium 21.4 

Phenol 10.2 

Antimony 6.86 

Zinc 3.44 

N-Nitrosodiphenylamine 2.53 

Naphthalene 1.74 

Chromium 1.61 
 

Noteworthy is that the maximum surface soil concentration of phenol, n-nitrosodiphenylamine, 

and naphthalene, which in each case is responsible for the elevated prey ingestion risk for these 

COPCs, is in SWMU 4. Similarly, invertebrate ingestion risks associated with thallium and 

antimony are associated with a single detection of each element in SWvIU 3 and SWMU 1 surface 

soils, respectively. It should be noted that the detectable thallium in SWMW 3 was at a 

concentration below that of background levels. All other surface soil samples analyzed for 

antimony and thallium are below their respective laboratory analytical detection limits. The 

maximum detected surface soil concentration of chromium at the West Brine Field site (32 mg/kg) 

is slightly more than half the average concentration in typical surficial soils of the United States 

(54 mg/kg) (Shacklette and Boerngen, 1984). The maximum concentration of zinc at the site (315 

mg/kg) is higher than the U.S. surface soil average (60 mg/kg); however, the 
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logarithmic mean site concentration (81.6 mg/kg) is only slightly higher than the reported mean value for 

undisturbed sites. 

Exposure to soil constituents by the American robin is, in all likelihood, much lower than predicted 

in this ERA. The ground in Michigan is typically frozen for several months of the year; therefore, 

foraging for soil dwelling insects by robins is anticipated to be minimal during these months. 

Moreover, American robins are highly migratory and only rarely do individuals overwinter in 

northern latitudes of the United States. 

3.3.2 Uncertainty Analysis 

To address uncertainty associated with ecological toxicity data, the ERA utilized the generally 

accepted approach of applying uncertainty factors for deriving toxicological benchmarks. 

Toxicological benchmarks specific to the white-tailed deer, meadow vole, or American robin 

could not be located from the literature. Thus, for each receptor of concern, it was necessary to 

obtain NOAELs from studies conducted on test or surrogate species. When NOAEL data were 

unavailable, an uncertainty factor was used to derive an NOAEL from Lowest-Observable-

Adverse-Effect-Level (LOAEL) data or acute toxicity (LD50) data, in accordance with US EPA 

guidance and other recommended sources (Calabrese and Baldwin, 1993; Ford et al., 1993; US 

EPA, Final Water Quality Guidance for the Great Lakes System, Final Rule, 1995). 

Some level of uncertainty should also be addressed appropriately in the ecological exposure 

assessment. For example, to derive an average daily intake for ingestion of vegetation and/or 

soil invertebrates to selected ecological receptors, the implementation of chemical-specific 

uptake factors in the appropriate exposure models was required. In these models, surface soil 

concentrations were multiplied by an empirically derived or calculated uptake factor in order to 

obtain in vivo concentrations of chemicals in plants or invertebrates (see Section 3.2.4.4). 

Whether empirically generated or calculated (from chemical-specific octanol-water partitioning 

coefficients), uptake factors represent a significant source of "model uncertainty" (US EPA, 

Guidelines for Exposure Assessment, 1992) because they are derived according to best-fit 

regression models that do not take into account various site-specific variables that may 
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profoundly impact a chemical's bioavailability (e.g., pH of the matrix, chemical state, etc.). This 

uncertainty can be manifest as an inherent bias in either a more conservative or less conservative 

direction. It should be noted that for some constituents such as thallium and antimony, which are 

two drivers in the invertebrate ingestion risk to the robin, no data are available on chemical uptake 

from soil by soil invertebrates'. As such, results from food-chain exposure models must be 

interpreted with caution. 

Uncertainty in the ERA is also manifested in the extrapolation of dose responses from surrogate 

species to those of the target species. The mammalian scaling algorithm discussed in Section 3.1.4 

and recommended by Sample et al. (1996) is intended to account for taxonomic dissimilarities based 

on body size. While toxicity has generally been shown to bear an allometric relationship to body 

weight raised to the 0.75 power in mammals, interspecies differences in the uptake, distribution, 

and metabolism for some chemicals may "behave" according to different mathematical functions 

(Mineau et al., 1996). 

Available toxicity data often are derived from laboratory testing, which introduces uncertainty 

associated with extrapolation from a laboratory setting to a field setting. In addition, information for 

many exposure parameters such as avoidance behavior, species-specific absorption of food and 

constituents through the gut, bioavailability of a constituent according to its form, and potential 

biotransformation of a constituent is generally not attainable. Therefore, in this ERA, avoidance and 

biotransformation is assumed to be negligible whereas constituent absorption through the gut and 

bioavailability are assumed to be 100%. These assumptions are conservative and should result in an 

overestimation of risk related to these parameters. Summing across multiple COPCs is also highly 

conservative because individual chemicals often have specific mechanisms of toxic effect or may 

target distinct target organs. 

A value of 1.0 was assumed for thallium and antimony in assessing chemical uptake by soil invertebrates. 
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3.4 Scientific/Management Decision Point 

The results of the ERA indicate that no unacceptable risks are posed to populations of white-tailed 

deer from exposure to residual concentrations of inorganic and organic constituents in surface soil, 

sediment, or surface water at the West Brine Field site. In addition, no unacceptable risks to 

meadow voles or American robins are predicted from sediment and surface water exposure. Hazard 

indices suggest the potential for adverse effects to populations of meadow voles and American 

robins from the ingestion of upland vegetation, owing primarily to surficial soil concentrations of 

phenol in SWMU 4. Potential population-level hazards are indicated for the American robin from 

the ingestion of soil invertebrates. These risks are primarily attributable to thallium, phenol, and 

antimony. As discussed in Section 3.3.2, a significant source of uncertainty in the West Brine Field 

ERA is inherent in the modeling of food chain exposures. Based on the uptake factors utilized in 

the exposure assessment, potential food chain risks to the selected ecological receptors are 

considered unacceptable at either the individual or population level, with phenol driving the 

majority of the risks. US EPA's Office of Solid Waste, however, categorically ranks the persistence 

and aquatic and terrestrial bioaccumulation potential of phenol as "low", according to a ranking 

system of "low", "moderate", or "high" (US EPA, Data Requirements and Confidence Indicators 

for Ecological Benchmarks Supporting Exemption Criteria for the Hazardous Waste Identification 

Rule, 1999). The same documents ranks the terrestrial bioaccumulation potential of thallium and 

antimony, risk drivers in the soil invertebrate ingestion pathway, as "moderate". Furthermore, 

thallium detected in surface soils at the site was at a concentration below that of background. Thus 

the risk levels developed for West Brine Field food chain exposures from these constituents are, 

in all likelihood, higher than the levels of risk actually incurred. Moreover, the risk estimates 

assume that the receptors present are maximally exposed, and will not avoid "hot spots" by moving 

to areas of lower concentration. Phenol, for example, has an acrid, sickenly sweet odor that is 

perceptible in the air at extremely low concentrations (ATSDR, 1988). Consequently, it is expected 

that animals at the West Brine Field site will actively avoid areas with surface soils containing 

high concentrations of phenol (e.g., SWMU 4). 
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Realistic hazards associated with aluminum in soils to ecological receptors are considered 

negligible based on the low bioavailability of this metal as well as the comparability of West Brine 

Field concentrations to typical concentrations from undisturbed sites across the United States. 

Thus, the overall risk from aluminum are considered insignificant. Like aluminum, elemental 

concentrations of zinc and chromium in surface soils suggest potential individual-level risk to the 

robin (soil invertebrate ingestion pathway, Table 47). When put into perspective, however, these 

risks are generated from concentrations considered to be near or below typical concentrations 

found across the United States (see table below). As such, it is highly unlikely that chromium or 

zinc pose a real ecological threat to ecological receptors at the West Brine Field site. 

  Soil 
West Brine Field 

Natural Surficial Soils  
Conterminous United States 

Element 

Mean*  
(mg/kg) 

Maximum  
(mg/kg) 

Mean  
(mg/kg) 

Range  
(mg/kg) 

Al 11,800 19,900 72,000 700-<100,000 

Cr 18.8 32.0 54 1-2,000 

Zn 81.6 315 60 <5-2,900 
 
* Because zinc concentration in surface soil followed a lognormal distribution, the logarithmic mean concentration is 
provided. 

The receptors selected for ecological risk evaluation are those expected to be maximally exposed 

to media at the West Brine Field site; therefore, populations of other species that may venture, 

forage, or dwell within the perimeter of the site should incur lower levels of risk than those 

indicated in the ERA. It is important to note that, in most cases, the maximum detected 

concentration of a COPC was used to calculate quantitative risk estimates for ecological 

receptors selected for evaluation. Consequently, the risk estimates presented in the ERA should K 

be considered "worst-case"; therefore, the exposures experienced and risks incurred by site-

related wildlife at the West Brine Field site are likely to be much lower. 

N) 
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4.0 Conclusions 

The results of the human health risk assessment for the West Brine Field indicate that no 

unacceptable risks are posed to hypothetical future construction workers, maintenance workers, 

trespasser, utility trench workers, or office workers. The maintenance worker scenario resulted in 

a risk level of 3x105, which is attributable to the presence of a single detection of n-

nitrosodiethylamine in soil in SWMU-7. 

The results of the ERA indicate that no unacceptable risks are posed to populations of white-

tailed deer, meadow vole, or American robin from exposure to residual concentrations of 

inorganic and organic constituents in surface water or sediment at the West Brine Field site. 

Potential individual-level hazards from ingesting upland vegetation are indicated for the white-

tailed deer. Incidental ingestion of soil may induce adverse effects to individual meadow voles 

and American robins. Risk levels associated with the vegetation ingestion pathway suggest the 

potential for population-level effects to meadow voles and American robins. Vegetation ingestion 

risk to both the meadow vole and American robin was largely attributable to the presence of 

phenol in SWMU 4 surface soils. Robin populations may also be at risk from consuming 

invertebrates that dwell in surface soils. COPCs driving the risk for this pathway are thallium and 

phenol. 
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Table I
Statistical Suinni (Zr)' and Screening of constituents Detected in Soil (1-i4feet bgs)
A TO FIiVA chemicals, IVest Bri,:e Field, Rivervie,s', MI

Ajialyte

'rotal Niinther
Of Samples flits

II it
Frequency

%

Mini mu in

Detected
ing/kg

Mean
ing/kg

I ,og

Mean
mg/kg

M axinlu in

Detected
mg/kg

Standard
l)eviatioii

mg/kg
95% LJCL

mg/kg

Log 95%
UCL

mg/kg

l)istribution

99% Conlldence
I)iox ins
2,3,7,8 -TCDD(TEQ) 6 3 50 5.25E-06 1.460-05 9.760-06 3.470-05 I.29E-05 2.520-05 1.170-04 Nou-mal/Lognormal
Inorganics

ALUMINUM, TOTAL 43 42 97.67 I.30E+00 9.77E+03 4.550+03 I.99E+04 4.540+03 1.090+04 7.870+05 Normal
ANTIMONY, TOTAL 42 2 4.76 1.300+00 3.37E+00 3.280+00 L9OE+00 6.270-01 3.54E+O0 3.68E+O0 Unknown

ARSENIC, TOTAL 45 45 tOO I.70E+00 8.65E+O0 7.920+00 2.170+01 3.50E+O0 9.530+00 1.000+01 Unknown
BARIUM, TOTAL 45 45 100 1.440+01 8.30E+OI 7.480+01 1.550+02 3.570+01 9.200+0! 9.71E+Ol Normil/Lngnormal
BERYLLIUM, TOTAL 45 9 20 4.000-02 3.35E-OI 3.050-01 8.400-01 1.460-Of 3.720-01 3.91E -Ol Unknown
CADMIUM, TOI'AL 45 5 11.11 3.OOE -O1 3.26E -OI 3.060-Of l.OOE+O0 1.520-01 3.650-Of 3.550-Of Unknown
ChROMIUM, TOTAL 45 45 tOO 2.40E+OO 1.73E+OI 1.620+01 3.20E+OI 5.530+00 1.870+01 1.990401 Normal
('OliAl:F, TOTAL 45 45 100 5.50E-OI 9.31E+OO 8.200+00 2.2IE+O1 3.93E+-OO 1.030+01 1.200401 Unknown
('UPPER, TOTAL 45 45 100 9.200+00 2.670+01 2.23Ei-OI 1.470+02 2.47E+OI 3.280+0! 2.92E+OI Unknown
IRON, TOTAL 39 39 100 1.530+04 2.460+C4 2.310-1-04 6.320+04 I 02E-04 2740+04 2.710+04 Unknown
I.EAI), IOTAI. 45 45 100 7.300+00 2.430+01 l.40E+OI 2.180+02 4.270+01 3 500+0! 2.54E+OI Unknown
MANGANESE, TOTAL 39 39 100 2.85E+02 6.290+02 5.IIE+02 2.930+03 5.540+02 7.800+02 7.!8E+02 Unknown
MERCURY, IOTA!. 45 7 15.56 l.4OE-OI 1.370-01 7.240-02 1.600+00 2.80E-Ol 2.080-01 L430 -O! Unknown
NICKEL, TOTAL 45 45 100 5.OOE+OO 3.3OEI-0I 2.750+01 2.4OE+02 3.4OE-'-OI 4.150401 3.640+01 Unknown
SELENIUM, TOTAL 45 5 11.11 3.900-0! 3.300-0! 2.95E-OI 9.8OE-OI I.79E-OI 3.740-0! 3.78E -OI Unknown
lI !ALLIUM, TOTAL 45 6 13.33 I .8OE-OI 5.630-Of 5.O4E-OI 1.400+00 2.290-0! 6.210-01 6.92E-0! Unknown
TIN,TOTAL 6 4 66.67 8.I0E-OI 2.2!E+OO 1.190+00 8.300+00 3.O4E+00 4.720100 2.610+01 Lognoi-mal

\'ANADIUM, 'I'OTAL 45 45 100 2 700+00 2.370+0! 2.l2E+0 4.080+01 9.200+00 2.600+0! 2.920+0! Normal
LINC,TOTAI. 45 45 100 2.IOE+OI 7.660+01 6.910+0! 3.150+02 4.500+0! 8.79E+01 8.520+0! Unknown
Seniivolaiiles
2,4 -!)!C11L0R011110N0L 54 I 1.85 9.300-02 2.85E+OI 4.410-0! 9.300-02 !.I5E+02 5.48E+Of 1.250+01 Unknown
2 -METI!YLPIIENOL 54 I 1.85 3 900-01 2.850+01 4.410-0! 3.900-0! 1.150+02 5.480+0! 1.200+0! Unknown
3&4 -METIIYLPIIENOL 8 I 12.5 1.400+00 5.44E+OI 2.98E+00 1.400+00 8.970+0! 1.140+02 3.490+07 Lognormal
BENZO(A)ANTIIRAC'ENE 55 2 3.64 3.400-01 ?.800'OI 4 46E-01 9.600-9! I 140+02 5.390+0! 1.14040! Unknown
!3ENZO(A)PYRENE 55 5 9.09 4.600-02 2.800+01 4.390-01 8.400-01 l.I4E+02 5.390+0! 1.170+01 Unknown
!3ENZO(B)FLUORAN1IIENE 55 6 10.91 6.20E-02 2 8OE+O! 4.390-0! 9.90E-OI !.I4E+02 5.390+0! 1.210101 Unknown
I30NZO(G,II,!)PERYLENE 55 3 5.45 3.500-0! 2.800+01 4.350 -Of 5.600-0! 1.140+02 5.380401 1.100+0! Unknown
BENZO(K)FLUORANTIIENE 55 3

-

5.45 3.400-0! 2.790+0! 4.33E-OI 5.6OE-OI I.!4E+02 5.38E+O! 1.090401 Unknown

Page I o14
WBrine_stat3 XLS \ So,! 1-14 Ii

EPVIRONMENTAL STANDARDS



Table I
Statistical Stunmary and Screening ofConstituents Detected in Soil (1-14 fret hgs)
A TOFINA Chemicals, West Brine Field, Rivervien', MI

Analyte

-

Exposure l'oint
Concentration

mg/kg

Maximum
Detected

mg/kg

Region IX
PRG for

Industrial Soil
mg/kg

MI Part 201
Direct Contact

Industrial and Commercial II
Screening Levels

mg/kg
Is Maximum Detected>

Screening Criteria?
I)ioxins

2,3,7,8 -TCDD (TEQ) 2.52E-05 3.47E-O5 2.70E-05 YESCOPC*
Inorganics

ALUMINUM,TOTAL I.09E+04 I.99E+04 1.OOE+05 no
ANTIMONY, TOTAL l.90E+OO I.90E+OO 8.20E+02 no

ARSENIC, TOTAL 9.53E+OO 2.I7E-l-O1 2.70E+OO YESCOPC*
BARIUM, TOTAL 9.20E+OI I.55E+02 I.OOE+05 no
BERYLLIUM, TOTAL 3.72E -OI 8.40E-OI 2.20E+03 no
CADMIUM, TOTAL 3.65E-OI I.OOE+OO 8.IOE+02 no
CHROMIUM, TOTAL I .87E+OI 3.20E+OI 6.40E+OI no

COBALT, TOTAL I.03E+OI 2.21E+OI I.OOE+05 no
COPPER, TOTAL 3.28E+OI I.47E+02 7.60E+04
IRON, TOTAL 2.74E+04 6.32E+04 1.OOE+05 no
LEAD, TOTAL 3.50E+OI 2.I8E+02 LOOE+03 no
MANGANESE, TOTAL 7.80E+02 2 93E+03 3.20E+04 no
MERCURY, TOTAL 2.08E-OI I .60E+OO 6.1OE+02 no
NICKEL, TOTAL 4.I5E+Ol 2.40E+02 4.IOE±04 no

SELENIUM, TOTAL 3.74E-OI 9.80E-Ol I .OOE+04 no
TI IALLIUM, TOTAL 6.21 E-O I I .40E+OO I .60E+02 no
TIN, TOTAL 8.30E+OO 8.30E+OO I.OOE+05 no
VANADIUM, TOTAL 2.oOE+OI 4.08E+OI I.40E+04 no
ZINC, TOTAL 8.79E+OI 3.I5E+02 I.OOE+05 no

Seiiiivolatiles
2,4 -DICIILOROPIIENOL 9.30E-02 9.30E-02 2.OE+J3 no

2 -METIIYLPIIENOL 3.90E-OI 3.90E -OI 4.40E+04 no
3&4 -METH YLPIl ENOL I .40E -s-OO I .40E+OO 4.40E+03 no
BENZO(A)ANTIIRACENE 960E-OI 960E -OI 290E-i-OO no
BENZO(A)PYRENE 8.40E-OI 8.40E-OI 2.90E -OI YESCOPC*
BENZO(BWLUORANTHENE 9.90E-OI 990E -OI 290E+OQ no
BENZO(G,I1,I)PERYLENE 5.60E-OI 560E-OI NA 9.IOE+03 no
BENZO(K)FLUORANTIIENE 5.60E-OI 560E-OI 2.90E+OI no
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Table I
Statistical Swnmar)' ai:d Screening of Constituents Detected in Soil (1- li/feet bgs,)
A TOFINA Chemicals, I Vest Brine Field, Rivervie;v, Mt

Aiialvte
Total Number

OfSainples hits

hit
Frequency

%

Minimum
Detected

mg/kg
Mean
mg/kg

Log
Mean

mg/kg

Maximum
Detected

mg/kg

Standard
Deviation

lug/kg
95% UCL

mg/kg

Log 95"/.
UCL

mug/kg

l)istribution

99% ConfIdence
BIS(2-ETIIYLIIEXYL)PHTI!ALATE 55 2 3.64 I.90E -01 2.80E+OI 4.51E-0I 3.40E-f00 l.l4Et02 5.39E-i-01 l.22E+01 Unknown
I3UTYL1)ENZYLPIITHALATE 55 I l82 2.10E-01 2.80E+01 4.42E-OI 2.l0E-OI I .I4E+02 5.39E-fOl I .I4E-f0I Unknown
CIIRYSENE 55 3 5.45 7.40E-02 2.80E+0I 4.41E-01 I.20E+00 I.I4E+02 5.39[+OI l.17E-f01 Unknown
DIBENZO(A,II)ANTI!RACENB 55 I 1.82 L70E-0I 2.SOE+01 4.40E-01 l.7UL -0 l.I4E+02 5.39E-0I I .14E--01 Unknown
DIPIIENYLAMINE 8 I 12.5 I .I0E-0I 5.42E -I-0I 2.19E+00 I.I0E-01 8.98Ef0I I .I4E -i-02 2.11 E-F08 Lognormal
INDENO(I,2,3-CD)PYRENE 55 3 5.45 4.70E-0I 2.80E+OI 4.42E-01 7.60E-0I I.I4E+02 5.39E+01 LI2E+0I Unknown
N -NITROSODIETIIYLAMINE 8 I 12.5 7.80E-01 5.43E+O1 2.77E+00 7.80E-0I 8.97E-F01 I.I4E+02 4.26E+07 Lognormal
N -NITROSODIPIIENYLAMINE 54 3 5.56 4.70E-02 7.OIE+01 4.78E-01 l.90E+03 2.99E+02 l.39E-f02 2.56E+01 Unknown
PIIIENANTIIRENE 55 4 7.27 I.40E-OI 2.80E+0I 4.44E-01 I.00E+00 !.I4E+02 5.39E-t0I l.15E101 Unknown
PHENOL 54 9 16.67 9.20E-Oi 5.89E+02 7.30E-OI LSSE+04 2.5IEf03 I.I6E+03 8.15Ef02 Unknown
'olaliIes

l,2 -l)ICl1LOROETIiENE (TOTAL) 18 2 11.11 I.I0E -02 l.88E+00 4.66E-02 l.30E±00 3.99E+00 3.52E+0O 3.86E+03 Unknown
2 -[3UTANONE 17 6 35.29 3.70E-02 7.04E+00 3.I0E-0I I.OOE+OI I.33E+0I I.27E+01 2.61E+04 Unknown
2 -METIIYLNAPIITIIALENE 54 I 1.85 6.40E-0I 2.85E+0I 4.45E-0I 6.40E-0I l.I5E+02 5.48Ef01 l.22E+01 Unknown
4 -METIIYL -2 -PENTANONE 18 I 5.56 3.70E-02 5.77E+00 l.00E-O1 3.70E-02 I.31E+01 1.1213+01 5.3813103 Unknown
ACETONE 18 I 5.56 9.0013-01 6.2313-foO 2.9613-0! 9.OOE-0I 1.3013-F0! l.I6E0! 5.4813-103 Lognornial
ANTIIRACENE 55 I 1.82 3.0013-0! 2.80E+OI 4.4513-01 3.0013-0! !.1413-i02 5.391340! I.I4Ef0I Unknown
CARBON DISULFIDE 18 2 11.11 5.3013-02 3.6413+00 4.4113-02 3.4013+0! 8.5713+00 7.1613+00 l.88E-1-04 Unknown
I3TIIYIJ3ENZENE 18 2 11.11 I.00E-02 I.80E+00 3.28E-02 8.8513-0! 4.0213100 3.4513+00 1.9013403 Unknown
FI.UORANTIIENE 55 5 9.09 4.90E-02 2.8013+0! 4.44130! 1.5013100 I.I4[-i-02 5.3913+0! .2413+0! IJnknown
FLUORENE 55 I 1.82 I .OOE-0! 2.80E+OI 4.36E-0 I .00E-OI I. 1413+02 5.3913+01 1.1513+01 Unknown
METIIYLI3NI3 ChLORIDE 18 2 11.1i 5.1013-01 2.OOE+00 3.4813-02 5.9013400 4.12E+00 3.7813-tOO 7.23Ef03 Unknown
NAPIITIIALENE 54 3 5.56 3.7013+01 3.8513+01 4.96E-Ol 7.30E+02 1.4513+02 7.1713+01 2.3613+01 Unknown
P\'RENIi 55 6 10.91 4.7013-02 2.80E101 4.41E-OI 2.OOE-f00 1.1413+02 5.391340! 1.2513±01 Unknown
TETRACIILOROETIII3NE 17 2 11.76 I.60E-02 1.9213+00 4.08E-02 3.60E-02 4.1113+00 3.6613+00 4.0013+03 Unknown
I'OI.UENE 18 2 11.11 2.2013-02 1.8213+00 4.38E-02 2.2013-0! 4.0113+00 3.4713+00 2.0113+03 Unknown
TRICIII.OROETIIFNE 17 2 11.76 7.OOE-03 1.9113+00 3.64E-02 1.2013-02 4.1113+00 3.6613+00 4.45E+03 Unknown
XYII3NES (TOTAL) 18 2 11.11 8.0013-03 2.90E400 5.0513-02 4.8013-02 6.61 E+00 5.6! 13+00 2.9213+03 Unknown
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Table 1
Statistical Summary and Screening ofConstituents Detected in Soil (1-14 feet bgs)

A TOFINA 2hemicals, West Brine Field,, Rivervieiv, MI

Analyte

Exposure Point
Concentration

mg/kg

Maximum
Detected

mgikg

Region IX
PRC for

Industrial Soil
/kg_

Ml Part 201
Direct Contact

Industrial and Commercial II
Screening Levels

mg/kg -

is Maximum Detected >

ScreeimiCriteria?
BIS(2-ETHY LHEXY L)Pl-ITI-IALATE 3.40E+OQ 3.40E+0O I .80E+02 no
BUTYLBENZYLPIITIIALATE 2.! OE -O1 2.1 OE -OI I .OOE±05 no
CHRYSENE l.20E+OO I.20E+OO 2.90E+02 no
DIBENZO(A,H)ANTI IRACENE I .70E-01 I .70E-OI 2.90E-OI no

DIPIIENYLAMINE 1.IQE-0I I .I0E-0! 2.20E+04 no
INDENO(t,2,3-CD)PYRENE 7.60E-Ol 7.60E-01 2.90E+OO no
N -NITROSODIETHYLAMINE 7.80E-0I 7.80E-OI I.60E-02 YESCOPC*
N -NITROSODIPIIENYLAMINE L39E+02 I.90E+03 5.OOE+02 YESCOPC*

PHENANTHRENE . I.OOE+OO LOOE+O0 NA 8.ÔOE-i-03 . no
I'IIENOL l.I6E+03 1.55E+04 1.OOE+05 no

Volatiles
I,2 -DICIILOROETIIENE (TOTAL) L3OE+OO I.30E+OO l.50E+02 no

2 -BUTANONE l.OOE+OI l.OOE+OI 2.80E+04 no

2-METIIYLNAPIITFIALENE 6.40E-OI 6.40E-OI NA 4.OOE+04 no
4 -METIIYL-2 -PENFANONE 3.70E-02 3.70E-02 2.90E+03 no
ACETONE 9.OOE-Ol 9.OOE-OI 6.20E-'-03 no
ANTHRACENE 3.OOE-OI 3.OOE-OI LOOE+05 no
CARBON DISULFIDE 7.I6E+OO 3.40E+Ol '/.20E+02 no
ETIIYLBENZENE 8.85E-0I 8.85E -Ol 2.30E+02 no

FLUORANTHENE l.50E+00 l.50E+OO 3.OOE+04 no
FLUORENE I.OOE-01 1.OOE-OI 3.30E+04 no
METHYLENE CIILORIDE 3.78E+OO 5 90E+OO 2. IOE+OI no
NAPI ITt IALENE 7.I7E+01 7.30E+02 I .9OEi-02 YES-COPC
PYRENE 2.OOE+O0 2.OOE+OO 5.40E+04 no
TETRACIILOROETIIENE .

3.60E-02 3.oOE-02 I.90E+OI no
TOLUENE 2.20E -Oi 2.20E-OI 5.20E+02 .

TRICIILOROETHENE I.20E-02 I.20E-02 6.IOE+OO . no
XYLENES (TOTAL) 4.80E-02 4.80F-02 2.IOE+02 no

NA - Not Available
*Not a COPC for volatilization pathways based on Michigan Part 201 NLV classification.

WBrine_stat3 XLS \ Soil 1-14 ft
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Table 2

Statistic. ?nIiary aiid Screeniiig of co,:stitueiits Detected ii, Surface Soil (1-3f. Js )
A TOFINA chemicals, JI'est Bri,:e Field, Rivers'iew, Ml

Analyte
I)iox ins
2,3,7,8-FCDD (TEQ)

luorganics

ALUMINUM
ANTIMONY
ARSENIC

IlARIUM
II ERYli .II.JM
CADMIUM

ChROMIUM
('013M:r

COPPER
IRON
lEAD
MANGANESE
MERCURY
N ICK EL
SElENIUM
II IALI .IUt1
1 IN

VANADIUM
ZINC
Scutivolati Ics

3&4 -METI IYI_I'I IENOL
ANTI IRACI3NE
I3ENZO(A)ANTIIRACENE
I3ENZO(A)PYRENE
I3I3NZO(I3)FLUORANTI Il3NE
I3ENZO(G,I I,I)PERYI.ENE

Il ENZO(K )FLUORANTI I EN 13
1315(2 -ETI lYli II3XYL)PI Ill IALATE
13 U1'LflENZY LPI II] IA I_ATE

('IIRYSENI3

I)Il3ENZO(A,I I)ANTI IRACENE
I:LUORANTI IENE
FLUORI3NE
INDI13NO( I ,2,3 -CD)PYRENI3

NAPI III IALENE

Total

Nuiiiber
of Samples flits

I lit
Frequency

%

Minimu in

Detected
mg/kg

Mean
iug/kg

Log Mean
ing/kg

M axi nui in

Detected
xng/kg

Sta nilard
l)eviatio,i

mg/kg
95% IJCI.

mg/kg

Log 95%
UCL

ing/kg

3 2 66.67 5.25E-06 l.53E-05 I,28E -05 l.69E-05 9.44E-06 3.136-05 5.92E-03

14 14 100 3.I0E+O0 I.I8E+04 6.71131-03 I.99E+04 5.I3E+03 1.4213+04 1.9513+06
15 I 6.67 I.30E+0O 3.266+00 3.0613+00 I.30EF0O 9.016-01 3.67E-fO0 4.23E+OO
16 16 100 1.706+00 8.5E+00 7.48E+00 I.56Ef01 3.85E400 I.03E+01 1.3313+01
16 16 100 1.4413+01 8.I7Ei-0I 7.05E+01 I.496 -f02 3.83E-fol 9.85E+0I I.23E-i-02
16 5 31.25 4.OOE -02 3.226-01 2.7413-01 6.30E-01 1.556 -UI 3.906-01 5.I7E-0I
16 2 12.5 5.70E-01 3.47E-0I 3 1013-0! I.OOEI-00 1.976-01 4.33E-0I 4.53E-OI
16 16 tOO 2.4013+00 l.88E+OI I.64E+0I 3.20E+0I 7.74E+00 2.2213+01 2.91E+0I
16 16 I00 5.50E-01 9.I2E+00 7.20E+00 1.57E+01 4.I2Ef00 l.09E401 2.086-f0I
16 16 100 9.2013+00 3.446+01 2.516+01 L47l3+02 3.816+01 5.116+01 4.92Ef0I
13 13 100 I.55E+04 2.77E+04 2.626+04 5.6613+04 1.056+04 3.29E-F04 3.356+04
lb 16 100 7.306+00 3.076+01 1.7813+01 I.57E+02 4.606+01 5.09E+0I 4.77E+0I
13 13 100 3.286+02 5.3413+02 4826+02 l.28E+03 2.97E+02 6.80E+02 6.82E+02
16 5 31.25 I 406-01 1.5313 -UI 9426-02 9.756 -UI 2.336-01 2.55E.OI 2.24E-OI
16 16 tOO 5.OOE±00 4.1813+01 2.996*01 2.4OEn-02 5.38E+0I 6.546+01 6.26E101
16 2 12.5 3.90E-01 3.22E-01 2.806-01 9.80E-0I I.93E-01 4.07E-01 4.53E-01
16 I 6.25 2.40E-0I 5.0913-01 4.33E-01 2.40E-0I 1.9413-01 5.946-01 8.8313-01
3 3 tOO 8.106-01 I.406F00 1.326+00 I.90E+00 5.SIE-0I 2.336+00 8.646+00
16 16 100 2.706100 2.47E+01 1.966+01 4.0813+01 1.236+01 3.0113+01 4.966+01
16 16 100 2.I0E+0I 9.55E+0I 8.I6E+0I 3.15E-f02 6.546+01 1.246+02 I.31E+02

5 I 20 1.406+00 8.68E+0I 1J7E+0I 1.406+00 1.036+02 1.8513+02 8.71E+I2
20 I 5 3.OOE-OI 6.84E+0I 1.016+00 3.OOE-01 .826+02 1.396+02 4.466+03
20 I 5 9.60E-Ol 6.85E+0I l.07E+00 9.606-01 I.82E+02 l.39E-I02 4.38E'03
20 2 10 4.50E-0I 68513+01 1.O9E+00 6.70E-OI I.82E+02 1.3913+02 4.I3E-f03
20 2 10 5.4013-01 6.85E+01 I.I2E400 9.9013-Oh 1.826+02 1.396+02 4.1413+03
20 I 5 5.6OE-Ol 6.846+01 1.0413+00 5.6013 -Ol 1.826+02 I.3913+02 4.356*03
20 I 5 5.6013-01 6.84Ef0I l.04E+00 5.606-01 I.82E+02 1.396+02 4.3513+03
20 I 5 I 90E-0I 6.84E+OI 9.8613-01 1.9013-01 1.8213+02 1.396+02 4.656+03
20 I 5 2.106-01 6.8413+0! 9.916-01 2.106-01 1.8213+02 1.3913+02 4.6013+03
20 I 5 l.20E+00 6.85E+0I 1.086+00 l.20E--00 1.826+02 1.396+02 4.436+03
20 I 5 I.70E-0I 6.846+01 9.80E-0I 1.706-01 1.8213+02 I.39E+02 4.7113+03
20 2 tO 5.40E-01 6.85E+01 11413+00 1.506+00 1.8113+02 .3913+02 4.24E+03
20 I 5 I.OOE-01 o.84E -j-OI 9.5513-01 I.OOE-01 1.826+02 1.3913+02 5.0913103
20 I 5 7.606-01 6.8513401 1.066+00 7.60E-01 1.8213+02 1.396+02 4.3513-t-03
19 2 10.53 I.40E-02 9.85E+0I 186+00 7.30E+02 2.3413+02 1.9213+02 2.48Et04

1)1st rthul ion
99% Contitteuce

Nornsal/Lognormal

Normal

Unknown
Normal

Normal/IognorrnaI

Unknown
Unknown
Normal
Normal

Unknown
Normal/Lognomial

Unknown
Unknown

Unknown
Unknown
Unknown
Unknown

Normal/Lognoimal
Normal

Lognorrna I

Normal/Lognormal

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

Unknown
Unknown
Unknown

Unknown
Unknown

WhIuine_stat3 XIS/Surface Soil C .
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Table 2
Statistical Summary aizd Screening of constituemits Detected in Surface Soil (1-3 feet bgs)
A TOFINA Chemicals, West Brine Field, Riverview, MI

Analyte

Exposure Point
Concentration

mg/kg

Maximum
Detected

mg/kg

Region IX Preliminary
Remediation Goal for Industrial

Soil
mg/kg

MI Part 201 Direct Contact
Industrial and Commercial II

Screening Levels
mg/kg

Is Maximum
Octected>
Screening
Criteria?

l)ioxius

2,3,7,8 -TCDD (TEQ VALUE) I .69E-05 I .69E-05 2.70E-05 no
Inorganics

ALUMINUM i.42E+04 I.99E+04 I.OOE+05 no
ANTIMONY L3OE+OQ I.30E+OO 8.20E+02 no
ARSENIC I.03E+01 L56E+Oi 2.70E+OO YES-COPC5

BARIUM I.23E+02 I49E+02 I.OOE+05 no
BERYLI IUM 5.I7E-OI 6.3OEOI 2.29E+03 no
CADMIUM 4.53E-Ol LOOE+OO .8IOE+02 no
CHROMIUM 2.22E-l-OI 3.20E-i-OI 6.40E+Ol no
COBALT I.09E+OI I.57E+OI I.OOE+05 no
COPPER 4.92E+OI I.47E+02 7.ÔOE+04 . no
IRON 3.35E+04 5.66E+04

.
I.OOE-f05 . no

LEAD 4.77E-i-OI I.57E+02 . I.OOE+03 no
MANGANESE 6.82E+02 I.28E+03 3.20E+04 no
MERCURY 2.24E-OI 9.75E -OI 6.IOE+02 no
NICKEL 6.26E+OI 2.40E+02 4.!OE+04 no
SELENIUM 4.53E -Ol 9.80E -OI I.OOE+04 no
THALLIUM 2.40E-OI 2.40E-OI I.60E±02 no
TIN

.
L9OE+OO I.90E+OO lOOF+05 no

VANADIUM 3.OIE+OI 4.08E+Oi L4OE+04 no
ZINC I.31E+02 3.I5E+02 i.OOE+05 no
Scmni'oIatiles
3&4 -METIIYLPIIENOL I.40E+OO I.40E+OO 4.4OEi-03 no
ANTIIRACENE 3.OOE-OI 3.OOE-OI LOOE±05 no
BENZO(A)ANTIIRACENE 9.60E-OI 9.60E -OI 2.90E+OQ no
BENZO(A)PYRENE 6.70E-OI 6.70E-OI 2 90E -Ol YESCOPC*
BENZO(B)FLUORANTIIENE 9.90E-OI 99OE-OI 2.90E+OO no
BENZO(G,II,I)PERYLENE 5.60E -O1 5.60E¯Oi NA 9. IOE+03 no
BENZO(K)FLUORANTHENE 5.60E-OI 5.60E -OI 2.90E+0I no
BIS(2-ETI IYLIIEXYL)PHTHALATE I .90E-OI I .9OE -Q I .8OE±02 no
BUTYLBENZYLPI ITlIALATE 2.IOE-O I 2.IOE-O I I .OOE+05 . no
CIIRYSENE I.20E+OO I.20E±OO 2.90E+02 no
DII3ENZO(A,II)ANTIIRACENE l.70E-OI I.70E-Ol 2.90E-OI no
FLUORANTIIENE I.50E+OO I.50E+OO 3.OOE+04 no
FLUORENE I.QOE-OI i.OOE-OI 3.30E+04 no
INDENO(I ,2,3 -CD)IYRENE 7.60E -OI 7.60E-Ol 2.90E+OO no
NAPIITIlALENE 7.30E+02 7.30E+02 I.90E+02 YES -COPC

\vflrine_star S/Surface Soil C
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Table 2

Statistit ;nn:ary and Screening of constit:ie,zts Detected ii, Surface Soil (1-3, gs)

A TOFINA Clienticals, IVest Brine Field, Rivervien', MI

Analyte

Total
Number

of Samples Hits

liii
Frequency

iUi,iimuni

I)etected

mg/kg
Mean
mg/kg

Log Mean

mg/kg

Maximuni
Detected

mg/kg

Standard
Deviation

tug/kg
95% UCL

mg/kg

Log 95%
UCL

mg/kg

t)is(ribution

99% Coutidence

N -NITROSODIETIYYLAMINE 5 I 20 7.80E-01 8.67E+01 l.22E -i-0I 7.80E-01 l.03E-f02 l.85E+02 6.I3E+13 Normal/Lognormal
N -NIIROSODIPIIENYLAMINE 19 2 10.53 4.70F-02 l.90F+02 1.1713+00 l.OOFf03 4.89EFO2 3.85Ei02 l.07Ef05 Unknown
P1113NANT11REN13 20 I 5 9.8013 -UI 6.8513+01 1.0713+00 9.8013-01 l.82E-302 1.3913+02 4.3813+03 Unknown
PhENOL 19 4 21.05 5.70E+0 1.4013+03 I.65E+00 1.5513+04 4.09E+03 3.0213+03 6.50E+06 Unknown
PYRENE 20 2 10 4.70E-0I 6.85F0' l.l5E+00 2.0013+00 l.8113f02 1.3913+02 4.37E-f03 Unknown
\'olaliles
I,2 -l)ICl1LOROETItENI3 (TOTAL) 6 I 16.67 I.30E+00 4.4713+00 4.6813-01 l.30E+00 6.0513+00 9.4513+00 8.59E+10 Normal/Lognormal
2 -E3UTANONE 5 3 60 1.0013+00 1.78113+01 8.94E+00 l.OOE+0I I.94E+01 3.6413+01 6.34E-103 Normal/Lognormal
4 -M13T11YL-2 -PENTANONI3 6 I 16.67 3.7013-02 l.26E+01 5.1813-01 3.7013-02 2.0113+01 2.9213+01 2.1013+13 Normal/Lognormal
ACEIONE 6 I 16.67 9.OOE-01 1.3913+01 5.30E+00 9.0013-01 !.92E+01 2.9713+01 1.5013+03 Normal/Lognormal
CARI3ON I)ISULFIDE 6 2 33.33 5.30E-02 9.76E-rOO 4.9413-01 3.40E+0I I.33E+0I 2.0713+0! l.07E+15 Normal/Logriormal
I3TIIYL[3I3NZI3NE 6 2 33.33 1.0013-02 4.2413+00 2.04E-01 8.85E-0I 6.22E+00 9.3513+00 2.30E+I2 Lognorinal
METIIYI,ENE CllLORIl)E 6 I 16.67 5.9013+00 5.0713-tOO 2.2913-01 5.9013-tOO 6.01EfO0 1.0013+0! 6.1213+15 Nornial/Lognorma!
ll3TRAc'IILoRoI3rlll3NE 5 2 40 1.6013-02 5.1113+00 6.13E-01 3 60E-02 6.53E-too l.13EFO! 8.I8E+I I Normal/Lognorniat

IOLUENI3 6 2 33.33 2.20E-02 4.2913+00 4.8513-01 2.20E-0I 6.I8E-foO 9.37Ef00 6.21E-f07 Lognoniial
TRICIILOROETIIENE 5 2 40 7.0013-03 5.1013+00 4.1713-01 I.20E-02 6.5413f00 1.1313+01 6.9413+15 Normal/Lognormal
XYLENES (TOTAL) . 6 2 33.33 8.0013-03 6.3413+00 2.6613-01 4.80E-02 l.02E+01 1.4713+01 I.63E+13 Normal/Lognormal

WBiine_siat3 .X LS/SurIce Soil C
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Table 2
Statistical Sniumcry and Screening of constituents Detected in Surface Soil (1-3 feet bgc,
A TOF!NA chemicals, West Brine Field, Riverview, MI

Analyte

Exposure Point
Concentration

mg/kg

Maximum
Detected

mg/kg

Region IX Preliminary
Remediation Goal for Industrial

Soi'
ing/kg

Ml Part 201 Direct Contact
Industrial and Commercial II

Screening Levels
mg/kg

Is Maximum
l)etected>

Screening
Criteria?

N -NITROSODJETIIYLAM INE 7.80E-Ol 7.80E-0I .60E-02 YESCOPC*
N -NITROSODIPIIENYLAMINE I.90E-i-03 1.90E+03 5.OOE+02 YESCOPC*
PHENANTIIRENE 9.80E -Ol 9.8C'E-Ol NA 8.60E+03 no
PhENOL l.55E+04 l.55E+04 l.OOE+05 no
PYRENE 2.OOE+00 2.OOE+00 5.40E+04 no
Volatiles

I ,2 -DICH LOROETIIENE (TOTAL) I .30E+00 I .30E+00 .50E+02 no
2 -BUTANONE l.OOE+Ol l.OOE+0I 2.80E+04 no
4-METIIYL-2 -PENTANONE 3.70E-02 3.70E-02 2.90E+03

.

no
ACETONE 9.00E-01 9.00E-0 6.20E+02 no
CARBON DISULFIDE 3.40E+01 3.40E+01 7.20E+02 no
ETIIYLBENZENE 8.85E-Ol 8.85E-0! 2.30E+02 no
M ETI IYLENE Cl ILORIDE 5.90E+OO 5.90E+00 2. I0E+Ol no
TETRACFI LOROETII ENE 3.60E-02 3 .60F.-02 I .90E+0 I no
1OLUENE 2.20E-Ol 2.20E-01 5.20E+02 no
TRICIILOROETHENE l.20E-02 l.20E -02 O.l0E+00 no
XYLENES (TOTAL) 4.80E-02 4.80E-02 2.i0E+02 no
INI% - NOt vauaoie

*Not a COPC for volatilization pathways based on Michigan Part 201 NLV classification.
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/ )
Table 3
Statistical Sum inaiy iuiud Screening of Constituents Detected ii: Grountht'ater
A TOFINA chemicals, IVest Brine Field, Riveri'iew, MI

Auialyle
Total Number

OfSauuiples flits

lilt
Frequieuicy

%

Miuiiiiuni
l)ctected

mg/L
Mean
mg/L

Log

Mean
mg/L

Maximum
Detected

mg/L

Standard
Deviation

mg/L
95% UCL

nig/L

Log 95%
tJCL

ung/kg
Distribution

99% Confidence
Inorganics

ANTIMONY, TOTAL 5 2 40 I.75E -02 I.25E-02 I.I3E-02 2.08E-02 6.21E-03 I.84E -02 2.53E-02 Normal/Lognornial

ARSENIC,TO'I'AL 5 5 100 I.24E -02 2.39E-02 2.I7E -02 3.84E-02 I.I0E-02 3.441i-02 5.I7E -02 Normat/Lognormal
BARIUM, TOTAL 5 5 100 I .15E-0I 3.32E -0I 2.86E-0I 5.20E-0I I .79E-01 5.02E-01 I .08E+00 Normal/Lognormal

BERYlLIUM, TOTAL 5 5 100 5.I0E -04 2.I5E-03 I.83E-03 3.25E-03 I.04E-03 3.I4E-03 9.86E-03 Normal/Lognormal
(.'Al)MI(JM, TOTAL 5 5 100 2.50E-03 4.34E-03 3.58E-03 I.08E -02 3.61 E-03 7.79E-03 I.23E-02 Unknown
CHROMIUM, 1'OIAL 5 5 100 2.38E-02 6.76F-02 6.07E-02 9.59E-02 2.96E-02 9.58E-02 I.76E-OI Normal/Lognormal
COBALT, TOTAL 5 5 100 3.05E-02 7.76E-02 6.47E-02 I.56E-0I 5.I9E -02 I.27E-0I 2.74E-0I Normal/Lognornial
('OI'PER, TOTAL 5 5 100 2.58E-02 7.60E-02 6.77E-02 I.07E-0I 3.40E-02 I.08E -0I 2.IIE -01 Normal/Lognorma!
IIEAL), TOTAL 5 5 100 2.02E-02 5.89E-02 5.OOE -02 I.03E-0I 3.36E-02 9.09E-02 2.I0E-01 Normal/Lognormal

MIERCURY.TO'I'AL 5 4 80 l.85E-04 2.OIE-04 I.73E-04 2.70E-04 9.03E-05 2.87E-04 8.28E-04 Normal/Lognorroal
NICKIEL,TOTA!. 5 5 100 4.81E-02 I.07E-0I I.OIE-OI L4IE-0I 3.74E-02 I.43E-OI 2.03E-0I Normal/Lognormal
IIIALLIUM, TOTAL 5 2 40 I.75E -03 2.55E-03 2.I8E -03 2.20E-03 I.42E -03 390E-03 8.92E-03 . Normal/Lognormal
TIN, TOTAL 5 2 40 I.08E -02 7.57E-03 659PM) I.40E -02 4.55E-03 I.I9E -02 I.96E -02 Nomial/Lognormal
\'ANADIUM, TOTAL 5 5 100 2.54E-02 7.65E-02 6.86E-02 I.03E-0I 3.20E-02 I.07E-OI 2.07E -OI Norwal/Lognormal
ZINC, TOI'Al. 5 5 100 828E-02 2.IoE -01 l.93E -01 3.27E-01 I.OIE -01 3.12E -0I 5.471E-OI Normal/Lognornial
Scmivolaiiles
BIS(2-EI'I IYLI IIEXYL)pllFI IALATE 5 4 80 I .OOE-02 9.OOE -03 8.71 E-03 I .OOE-02 2.24E-03 1.11 E-02 I .33E-02 Unknown
\'olatilcs
ACETONE 5 I 20 I.40E-02 6.80E-03 6.I4E -03 I.40E -02 4.02E-03 I.06E -02 1.31E-02 Unknown
CHlOROFORM 5 I 20 5.OOE-03 3.OOE-03 2.87E-03 5.OOE-03 I.I2E-03 4.07E-03 4.39E-03 Unknown
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Table 3
Statistical Suniinary ai:d Screening of Constituents Detected iii Grou,zd,t'ater

A TOFINA Chemicals, West Brine Field, Riverview, MI

Analyte

Exposure Point
Concentration

mg/L

Maximum
Detected

mg/L

Region IX
Preliminary Remediation

Goal for Tap Water Ml Part 201
rng/L mg/L

Is Maximum
Detected>
Screening
Criteria?

Inorganics

ANTIMONY, TOTAL I.84E-02 2.08E-02 I50E -02 YESCOPC*
ARSENIC, TOTAL 3.44E-02 3.84E-02 4.50E-05 YESCOPC*
BARIUM, TOTAL 5.02E-Ol 5.20E-0I 2.60E+00 no
BERYLLIUM, TOTAL 3.I4E-03 3.25EM3 7.30E-02 no
CADMIUM, TOTAL 7.79E-03 I.08E-02 I.80E-04 YESCOPC*
CHROMIUM, TOTAL 9.58E-02 9.59E-02 I.I0E-02 YESCOPC*
COBALT, TOTAL I.27E-OI I.56E-OI 2.20E+00 no
COPPER, TOTAL l.07E-01 I.07E-OI I.40E+O0 no
LEAD, TOTAL 9.09E-02 I.03E-0I NA NA NA -COPC
MERCURY, TOTAL 2.70E-04 2.70E-04 I.I0E-02 no

NICKEL, TOTAL I.4IE-OI I.41E-OI 7.30E-0I no
ThALLIUM, TOTAL 2.20E-03 2.20E-03 2.90E-03 no

TIN, TOTAL LI9E-02 I.40E-02 2.20E+0I no

VANADIUM. TOTAL I .03E-0 I I .03E-0I 2.60E-OI no
ZINC,TOTAL 3.I2E-0I 3.27E-0I I.I0E+OI no

Semivolatiles
BIS(2-ETI-IY LI IEXYL)PHTI-IALATE I .OOE-02 I .OOE-02 4.80E-03 YESCOPC*
Volatiles
ACETONE I.06E-02 I40E-02 6l0E-OI no
CII LOROFORM 407E-03 5 .OOE-03 I .60E-04 YES-COPC

NA - Not Available
*Cou)stiluent not a COPC for volatilization pathways based on Ml Part 201 NLV classification.
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Table 4
Comparison ofDetection Limits to Screening &iteria for Nondetect Constituents in Soil
A TOFIiVA Chemicals, West Brine Field, Riverview, MI

?vl axi mum

Detection Limit Screening Level Screening Level Is the SQL >
Anah'te mg/kg mg/kg Source Screening Criteria?

Constituents with Detection Limits Greater Than Screening Levels
2,3,7,8 -TCDD l.30E-04 2.70E-05 Region IX Yes
DISULFOTON 5.20E -f-OI 3.50E±OI Region IX Yes
METHYL PARATHION 5.20E+OI 2.SOE±02 MDEQ Yes
AROCLOR-lOI6 3.I5E+02 2.90E+OI Region IX Yes
AROCLOR-1221 3.!5E+02 IOOE±OO Region IX Yes
AROCLOR-1232 3.I5E+02 I.OOE+OO Region IX Yes
AROCLOR-I242 3.I5E±02 I.OOE+OO Region IX Yes
AROCLOR-1248 3.I5E+02 I.OOE+OO Region IX Yes
AROCLOR-I254 6.30E±02 I.OOE+OO Region IX Yes
AROCLOR-I26O 6.30E±02 I.OOE+OO Region IX Yes
4,4'-DDD 6.30E+OI I.70E+OI Region IX Yes
44 -DDE 6.30E+Ol I.20E+OI Region IX Yes
4,4 -DDT 6.30E+OI I.20E+OI Region IX Yes
ALDR[N 3.I5E+OI ISOE-OI Region IX Yes
ALPHA-BHC 3.I5E+OI 5.90E -OI Region IX Yes
ALPHA-CHLORDANE 3.I5E+02 l.IOE+OI Region IX Yes
BETA-BHC 3.I5E+OI 2.IOE+OO Region IX Yes
D!ELDRIN 6.30E+O! I.50E-OI Region IX Yes
GAMMA -BHC (LINDANE) 3.I5E+OI 2.90E+OO Region IX Yes
GAMMA-CHLORDANE 3.I5E+02 I.IOE+OI Region IX Yes
HEPTACHLOR 3.I5E+OI 5.50E -OI Region IX Yes
HEPTACHLOREPOXIDE 3.I5E+OI 2.70E-Ol Region IX Yes
KEPONE 6.30E±OI I.40E-OI Region IX Yes
TOXAPIIENE 6.30E+02 2.20E+OO Region IX Yes
I,2,4,5-TETRACHLOROBENZENE 4.75E+02 2.60E+02 Region IX Yes
I ,2-DICHLOROBENZENE I .50E+03 3.70E+02 Region IX Yes
I,3 -DICHLOROBENZENE I.50E+03 5.20E+OI Region IX Yes
I ,3 -DINITROBENZENE 9.55E±02 8.80E+OI Region IX Yes
I ,4-DICHLOROBENZENE 1.50E+03 8.IOE+OO Region IX Yes
I .4-DIOXANE 9.55E+02 2.20E+02 Region IX Yes
2,4,6-TRICHLOROPHENOL I.50E+03 2.20E+02 Region IX Yes
2,4-DINITROPHENOL 3.70E+03 I.80E+03 Region IX Yes
2,6-DINITROTOLUENE I.50E+03 8.80E±02 Region IX Yes
2 -CHLOROPHENOL I.50E+03 2.40E+02 Region IX Yes
2 -NITROANILINE 3.70E+03 5.OOE+OI Region IX Yes
3,3 -DICHLOROBENZIDINE I.50E+03 5.50E+OO Region IX Yes
3,3 -DIM ETHYLBENZIDINE 2.35E+03 ISOE+02 Region IX Yes
A,A-DIMETHYLPHENETHYLAMINE 2.35E+03 880E±02 Region IX Yes
ACETOPHENONE 4.75E+02 I.60E+OO Region IX Yes
ANILINE 2.35E+03 4.30E±02 Region IX Yes
ARAMITE 9.55E±02 9.90E+OI Region IX Yes
BIS(2-CHLOROETHYL)ETHER l.50E+03 620E-OI Region IX Yes
CARBAZOLE I.50E±03 I.20E±02 Region IX Yes
CHLOROBENZILATE 4.75E±02 9.IOE+OO Region IX Yes
DIALLATE 475E+02 4.OOE±Ol Region IX Yes
DI -N -BUTYLPHTHALATE I.50E±03 7.60E+02 MDEQ Yes
DINOSEB 9.55E+02 8.80E±02 Region IX Yes
HEXACHLOROBENZENE I.50E±03 I.50E±OO Region IX Yes
HEXACHLOROBUTADIENE l.50E±03 3.20E+Ol Region IX Yes
HEXACHLOROETHANE I.50E+03 I.80E+02 Region IX Yes
HEXACHLOROPHENE 3.85E±03 2.60E±02 Region IX Yes
N -NITROSODI-N-BUTYLAMINE 4.75E+02 6IOE -02 Region IX Yes
N -NITROSODI -N -PROPYLAMINE I.50E-4-03 3.50E -OI Region IX Yes

Elevated SQLs.xls \ nondetects soils NVROI1MENTAL STANDDS ¯
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Table 4
Comparison ofDetection Limits to Screening Criteria for Nondetect Constituents in Soil

A TOFINA Chemicals, West Brine Field, Riverview, MI

Maximum
Detection Limit Screening Level Screening Level Is the SQL >

Analyte mg/kg mg/kg Source Screening Criteria?

N -NITROSODIMETHYLAMLNE 4.75E+02 4.80E-02 Region IX Yes

N -NITROSOMETHYLETHYLAM[NE 4.75E+02 I.IOE-OI Region IX Yes

N-NITROSOPYRROLIDINE 2.35E+03 I.20E+OO Region IX Yes

NITROBENZENE l.50E+03 I.IOE+02 Region IX Yes

PENTACHLORONITROBENZENE 4.75E+02 9.50E+OO Region IX Yes

PENTACHLOROPHENOL 3.70E+03 1.IOE+Ol Region IX Yes

PYRIDINE 9.55E+02 8.80E+02 Region IX Yes

I,I,I,2-TETRACHLOROETHANE 5.OOE+OI 7.OOE+OO Region IX Yes

I,!,2,2 -TETRACHLOROETHANE 2.50E4-OI 9.OOE -O1 Region IX Yes

I,I,2-TRICHLOROETHANE 2.SOE+OI l.90E+OO Region IX Yes

l,I-DICHLOROETHENE 2.50E+OI I.20E-OI Region IX Yes

l,2,3 -TPJCHLOROPROPANE 5OOE+OI 31OE-03 Region IX Yet

I2 -DIBROMO-3 -CHLOROPROPANE l.OOE+02 4.OOE+OO Region IX Yes

1,2 -DIBROMOETHANE I.OOE+02 4.80E-02 Region IX Yes

l,2 -DICHLOROETHANE 2.SOE+Ol 7.60E -OI Region IX Yes

I,2 -DICHLOROPROPANE 2.50E+OI 7.70E-OI Region IX Yes

2 -CHLORO-1.3 -BUTADIENE 5.OOE+02 I.20E+OI Region IX Yes

ACROLEIN 2.50E+03 3.40E-OI Region IX Yes

ACRYLONITRILE 5.OOE+02 5.IOE-OI Region IX Yes

BENZENE 2.50E+OI I.50E+OO Region IX Yes

BROMODICHLOROMETHANE 2.50E+OI 2.40E+OO Region IX Yes

BROMOMETHANE 5.OOE+OI I.30E±OI Region IX Yes

CARBON TETRACHLORIDE 2.50E+OI 5.30E -OI Region IX Ys

CHLOROETHANE 5.OOE+OI 6.50E+OO Region IX Y

CHLOROFORM 2.50E+OI 5.20E -OI Region IX Yes

CHLOROMETHANE 5.OOE+O1 2.70E-I-OO Region IX Yes

DIBROMOCHLOROMETHANE 2.50E+O1 2.70E±OO Region IX Yes

METHACRYLONITRILE lOOE+02 8.80E+OO Region IX Yes

TRANS -I,4-DICHLORO-2 -BUTENE I.OOE+02 ISOE-02 Region IX Yes

VINYL CHLORIDE 5.OOE+Ol 4.90E-02 Region IX Yes

Constituents Without Screening Levels

FAMPHUR 5.20E+Ol

O,O,O-TRIETHYL PHOSPHOROTHIOAT 5.20E+O I

SULFOTEPP 5.20E+Ol

ZINOPHOS 5.20E+OI
DELTA-BHC 3.15E+Ol

ISODRIN 3.I5E+OI

I,4-NAPHTHOQUINONE 2.35E+03
I -NAPHTHYLAMINE 9.SSE+02
2,2'-OXYBIS(I-CHLOROPROPANE) I.50E+03

2,6-DICI-ILOROPHENOL 4.75E+02

2 -ACETYLAMINOFLUORENE 9.55E+02

2 -AMINONAPHTHALENE (BETA NAPHT I.19E+03

2 -PICOLINE 4.75E+02

3 -METHYLCHOLANTHRENE 4.75E+02

3 -NITROANILINE 3.70E+03

4,6-DINITRO -2 -METHYLPHENOL 3.70E+03

4-AMINOBIPHENYL 9.55E+02

4-BROMOPHENYL-PHENYLETHER I .50E+03

4-CHLOROPHENYL-PHENYLETHER I .50E+03

4-NITROANILINE 3.70E+03

4-NITROQUINOLINE- 1 -OXIDE 2.35E+03

5 -NITRO -O -TOLUIDINE 9.55E+02
Elevated SQLs.xls \ nondetects_soils ENVIIO4MENTAL STANDARDS
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Table 4
Comparison ofDetection Limits to Screening Criteria for iVotidetect Constituents in Soil
A TOFINA Ozemicals, West Brine Field, Riverview, MI

Maximum
Detection Limit Screening Level Screening Level Is the SQL>

Analyte mg/kg mg/kg Source Screening Criteria?

7,12 -DIMETHYLBENZ(A)ANTHRACENE 9.55E+02
BIS(2-CHLOROETHOXY)M ETHANE I.50E+03
ETHYLMETHANESULFONATE 4.75E+02
HEXACHLOROPROPENE 2.35E+03
ISOSAFROLE 4.75E+02
METHAPYRILENE I.19E+03
METHYLMETHANESULFONATE 4.75E+02
N-NITROSOMORPHOLINE 9.55E+02
N-NITROSOPIPERIDINE 4.75E+02
P-DIMETHYLAMINOAZOBENZENE 9.55E+02
PHENACETIN 4.75E+02
PRONAM IDE 4.75E+02
SAFROLE 4.75E±02
CIS-1,3 -DICHLOROPROPENE 2.50E+O I
IODOMETHANE 5.OOE+OI
METHYLMETHACRYLATE I .OOE+02
PENTACHLOROETHANE I.OOE+02
PROPIONITRILE 2.50E+02
TRANS- I ,3 -DICHLOROPROPENE 2.50E+OI

Constituents with Detection Limits Less Than Screening Levels
2.4,5T 6.90E-OI. 8.8OE-O3 Region IX no
2,4,5 -TP (SILVEX) 6.90E-OI 7.OOE--O3 Region IX no
2.4-D 6.90E+OO I .20E+04 Region IX no
ANTIMONY, TOTAL 9.30E-'-OO 8.20E±02 Region IX no
CYANIDE, TOTAL 6.60E-OI l.80E+04 Region IX no
SILVER, TOTAL I.50E -t-OO l.OOE+04 Region IX no
DIM ETHOATE 5.20E+OI I.SOE+02 Region IX no
ETHYL PARATHION 5.20E+OI 5.30E+03 Region IX no
PHORATE 5.20E+OI I.80E+02 Region IX no
ENDOSULFAN I 3:15E+OI 5.30E+03 Region IX no
ENDOSULFAN Il 6.30E+OI 5.30E+03 Region IX no
ENDOSULFAN SULFATE 6.30E+OI 5.30E+03 Region IX no
ENDRIN 6.30E+OI 2.60E+02 Region IX no
ENDRIN ALDEHYDE 6.30E+OI 2.60E+02 Region IX no
METHOXYCHLOR 3.I5E+02 4.40E+03 Region IX no
l,2,4-TRICHLOROBENZENE I.50E+03 3.OOE+03 Region IX no
I,3,5-TRINITROBENZENE 4.75E+03 2.60E+04 Region IX no
2,3,4,6-TETRACHLOROPHENOL 4.75E+02 2.60E+04 Region IX no
2,4,5 -TRICHLOROPHENOL 3.70E+03 8.80E+04 Region IX no
'2,4-DIMETHYLPHENOL I.50E+03 L8OE±04 Region IX no
2,4-DINITROTOLUENE I.SOE+03 I.SOE+03 Region IX no
2 -CHLORONAPHTHALENE I.50E+03 2.70E±04 Region IX no
2 -NITROPHENOL !50E-i-03 3.IOE+03 MDEQ no
4-CHLORO-3 -METHYLPHENOL I.50E+03 2.20E+04 MDEQ no
4-CHLOROANILINE l.50E+03 350E±03 Region IX no
4-METHYLPHENOL I.50E+03 4.40E±03 Region IX no
4-NITROPHENOL 3.70E±03 7.OOE--O3 Region IX no
ACENAPHTHENE l.50E-03 3.SOE±04 Region IX no
ACENAPHTHYLENE I.50E+03 8.OOE±03 MDEQ no
BENZYL ALCOHOL 4.75E±02 I.OOE+05 Region IX no
DI-N-OCTYLPHTHALATE I .50E+03 I .OOE±04 Region IX no
DIBENZOFURAN I.50E±03 5.IOE±03 Region IX no
DIETHYLPHTHALATE I.50E±03 1OOE+05 Region IX no
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Table 4
Comparison ofDetection Limits to Screening Criteria for Nondetect 'onstituents in Soil
A TOFINA Chemicals, West Brine Field, Riverview, MI

Maximum
Detection Limit Screening Level Screening Level Is the SQL >

5.nalyte mg/kg mg/kg Source Screening Criteria?

DIMETHYLPI-ITHALATE I.50E+03 I.OOE+05 Region IX rio

HEXACHLOROCYCLOPENTADIENE I.50E+03 5.90E+03 Region IX no
ISOPHORONE l.50E+03 2.60E+03 Region IX no

0-TOLUIDINE 4.75E+02 6.70E+02 MDEQ no
P -PHENYLENEDIAMINE 9.55E+02 l.OOE+05 Region IX no

PENTACHLOROBENZENE 4.75E+02 7.OOE+02 Region IX no
2,4,5:rp (SILVEX) l.OOE-O1 7.OOE+03 Region IX no
2,4-D I.OOE+OO l.20E+04 Region IX no
CHLORDANE I.OOE-03 l.IOE+Ol Region IX no
I,I-DICHLOROETHENE I.OOE-Ol l.20E-Ol Region IX no
1,2 -DICHLOROETHANE I.OOE-Ol 7.60E-Ol Region IX no
2 -BUTANONE l.OOE+OO 2.80E+04 Region IX no
BENZENE l.OOE-O1 I.50E+OO Region IX no
CARBON TETRACHLORIDE I.OOE-OI 5.30E-OI Region IX no
CHLOROBENZENE I.OOE-Ol 5.40E+02 Region IX. no
CHLOROFORM 1.OOE-Ol 5.20E-OI Region IX no
TETRACHLOROETHENE I.OOE-Ol i.90E+Ol Region IX no
TRICHLOROETHENE I.OOE-Ol 6IOE+OO Region IX no
I,I,I-TRICHLOROETHANE 2.50E+Ol l.40E+03 Region IX no
l,I-DICHLOROETHANE 2.50E+OI 2.IOE+03 Region IX no
2 -HEXANONE 9.70E+Ol 2.50E+03 MDEQ no
ACETONITRILE 5.OOE+02 I.70E+03 Region IX no
ALLYL CHLORIDE l.OOE+02 4.30E+04 Region IX no

BROMOFORM 2.50E+OI 3.IOE+02 Region IX no

CHLOROBENZENE 2.50E+OI .5.40E+02 Region IX no
DIBROMOMETHANE 5.OOE+OI 2.OOE+03 MDEQ no

DICHLORODIFLUOROMETHANE I.OOE+02 3.IOE+02 Region IX no
ETHYLMETHACRYLATE I.OOE+02 l.40E+02 Region IX no
ISOBUTANOL I.OOE+04 4.OOE-f-04 Region IX no

STYRENE 2.50E+OI l.70E+03 Region IX no
TRICHLOROFLUOROM ETHANE 5:OOE+O I 2.OOE+03 Region IX no

VINYL ACETATE 5.OOE+OI L4OE+03 Region IX no

Region IX - US EPA Region IX PROs - Industrial Soil
MDEQ - MDEQ Cleanup Criteria Direct Contact Industrial and Commercial II
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Maximum
Detection Limit Screening Level Screening Level Is the SQL>

Analvte mglL mg/L Source Screening Criteria?

Table 5
Conzpariso,z ofDetection Lim its to Screening Criteria for Nondetect Constituents in Groan dwater
A TOFINA C/tern icals, West Brine Field, Riverview, MI

Constituents with Detection Limits Greater Than Screening Levels
2,3,7,8-TCDD 5.OOE-07 I.OOE-08 MDEQ Yes
AROCLOR-1221 5.OOE-04 3.40E-05 Region IX Yes
AROCLOR-1232 5.OOE-04 3.40E-05 Region IX Yes
AROCLOR-I242 5.OOE-04 3.40E-05 Region IX Yes
AROCLOR-1248 5.OOE-04 3.40E-05 Region IX Yes
AROCLOR-1254 I.OOE-03 3.40E-05 Region IX Yes
AROCLOR-I26O l.OOE-03 3.40E-05 Region IX Yes
ALPHA-BHC 5.OOE-05 l.IOE-05 Region IX Yes
ALPHA-CHLORDANE 5.OOE-04 I .90E-04 Region IX Yes
BETA-BHC 5.OOE-05 3.70E-05 Region IX Yes
KEPONE 1.OOE-04 3.70E-O6 Region IX Yes
1,3 -DINITROBENZENE 2.OOE-02 3.ÔOE-03 Region IX Yes
1,4-DIOXANE 2.OOE-02 6.IOE-03 Region IX Yes
2 -NITROANILINE 5.OOE-02 2.IOE-03 Region IX Yes
3,3'-DIMETHYLBENZIDINE 5.OOE-02 7.30E-06 Region IX Yes
AR.AMITE 2.OOE-02 2.70E-03 Region IX Yes
BENZO(A)ANTHRACENE I.OOE-02 9.40E-03 MDEQ Yes
BENZO(A)PYRENE I.OOE-02 5.OOE-03 MDEQ Yes
BENZO(B)FLUORANTHENE I.OOE-02 2OOE-03 MDEQ Yes
B ENZO(G,HJ)PERYLENE I .OOE-02 5.OOE-03 M DEQ Yes
BENZO(K)FLUORANTHENE I.OOE-02 5.OOE-03 MDEQ Yes
CHRYSENE I.OOE-02 5.OOE-03 MDEQ Yes
DIALLATE t.OOE-02 1.IOE-03 Region IX Yes
DIBENZO(A,H)ANTHRACENE 1.OOE-02 5.OOE-03 MDEQ Yes
HEXACHLOROBENZENE I.OOE-02 4.60E-03 MDEQ Yes
HEXACHLOROPHENE 1.OOE-O1 1.IOE-02 Region IX Yes
[NDENO( l,2,3-CD)PYRENE 1.OOE -02 5.OOE -03 M DEQ Yes
N-NITROSODI-N-BUTYLAMINE I.OOE-02 2.OOE-06 Region IX Yes
N-NITROSODIETHYLAMINE I.OOE -02 4.50E-07 Region IX Yes
N-NITROSODIMETHYLAMINE 1.OOE-02 I .30E-06 Region IX Yes
N-NITROSOM ETHYLETHYLAMINE I.OOE-02 3.IOE-06 Region IX Yes
N-NITROSOPYRROLIDINE 5.OOE-02 3.20E-05 Region IX Yes
I,2 -DIBROMO-3 -CHLOROPROPANE 2.OOE -02 4.80E-05 Region IX Yes
1,2 -DIBROMOETHANE 2.OOE-02 7.60E-07 Region IX Yes
2 -CHLORO-I,3-BUTADIENE I.OOE -O1 I.40E-02 Region IX Yes
METHACRYLONITRILE 2.OOE-02 I .OOE-03 Region IX Yes
TRANS-I,4-DICHLORO -2 -BUTENE 2.OOE -02 !.20E-O6 Region IX Yes

Constituents Without Screening Levels

DELTA -BHC 5.OOE -05
ISODRIN 5.OOE -05
I ,4-NAPHTHOQUINONE 5.OOE -02

1 -NAPHTHYLAMINE 2.00 E-02
2,2-OXYBIS( I -CHLOROPROPANE) I .OOE-02
2,6-DICHLOROPHENOL I.OOE-02

Elevated SQLs.xls \ nondetect_groundwater ENVIRONMENTAL STANDARDS t
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Table 5
Comparison ofDetection Limits to Screening Criteria for Nondetect Constituents in Groundwater
A TOFINA Chemicals, West Brine Field, Riverview, MI

Maximum
Detection Limit Screening Level Screening Level Is the SQL>

Analyte mg/L mg/I. Source Screening Criteria?

2 -ACETYLAMINOFLUORENE 2.OOE-02
2 -AMINONAPHTHALENE (BETA NAPH 2.50E-02
2 -PICOLINE I.OOE-02
3-M ETHYLCHOLANTHRENE I .OOE-02
3 -NITROANILINE 5.OOE-02
4,6-DINITRO-2-M ETHYLPHENOL 5.OOE-02
4-AMINOBIPI-IENYL 2.OOE-02
4-B ROMOPHENYL-PHENYLETHER I .OOE-02
4-CHLOROPHENYL-PHENYLETHER I OOE -02
4-NITROANILINE 5OOE-02
4-NITROQUINOLINE-I -OXIDE 5.OOE-02
5-N1TRO-O-TOLUIDINE 2.OOE-02
7,12 -DIMETHYLBENZ(A)ANTHRACEN 2.OOE -02
A,A-DIMETHYLPHENETHYLAMINE 5.OOE-02
BIS(2-CHLOROETI-IOXY)METHANE 1,00E-02

ETHYLMETHANESULFONATE I .OOE-02
HEXACHLOROPROPENE 5.OOE-02

ISOSAFROLE I .OOE-02

METHAPYRILENE 2.50E-02

METHYLMETI-IANESULFONATE I .OOE-02

N-NITROSOMORPHOLINE 2.OOE-02
N-NITROSOPIPERIDINE I .OOE-02

0-TOLUIDINE I .OOE-02

P-DIMETHYLAMINOAZOBENZENE 2.OOE-02
PHENACETIN !.OOE-02
SAFROLE I.OOE-02
IODOMETHANE 1.OOE-02
PENTACHLOROETHANE 2.OOE-02
PROPIONITRILE 5.OOE-02

Constituents with Detection Limits Less Than Screening Levels

2,4,5-T I.IOE-03 3.60E-OI Region IX No
2,4,5 -TP(SILVEX) l.IOE-03 4.30E+OI MDEQ No

2,4-D I.IOE-02 l.20E+02 MDEQ No
CYANIDE, TOTAL 1.OOE-02 7.30E -OI Region IX No
SELENIUM, TOTAL I.40E-02 9.70E+02 MDEQ No

SILVER, TOTAL I.80E-03 I.50E+03 MDEQ No

AROCLOR-IOI6 5.OOE-04 9.60E-04 Region IX No

4,4'-DDD I.OOE-04 4.40E-02 MDEQ No
4,4 -DDE l.OOE-04 2.70E-02 MDEQ No
4,4'-DDT IOOE-04 1.30E-02 MDEQ No

ALDRIN 5.OOE-05 3.40E-04 MDEQ No
DIELDRIN I.OOE-04 2.40E-03 MDEQ No

ENDOSULFAN I 5.OOE-05 5.IOE-OI MDEQ No
ENDOSULFAN II I.OOE -04 5.IOE-OI MDEQ No

ENDOSULFAN SULFATE 1.OOE -04 5.IOE-Ol MDEQ No

Elevated SQLsxls \ nondetect_groundwater
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Table 5
Comparison ofDetection Limits to Screening Criteria for iVondetect Constituents in Groundwater
A TOFINA Oze,nicals, West Brine Field, Riverview, MI

Maximum
Detection Limit Screening Level Screening Level Is the SQL>

Analyte mg/L mg/L Source Screening Criteria?

ENDRIN I.OOE-04 l.60E-OI MDEQ No
ENDRIN ALDEHYDE I.OOE-04 I.60E-OI MDEQ No
GAMMA-BHC (LINDANE) 5.OOE-05 520E-05 Region IX No
GAMMA-CHLORDANE 5.OOE-04 I.90E-OI MDEQ No
HEPTACHLOR 5.OOE-05 2.90E-03 MDEQ No
HEPTACHLOR EPOXIDE 5.OOE-05 2.90E-03 MDEQ No
METHOXYCHLOR 5.OOE-04 4.50E-02 MDEQ No
TOXAPHENE 1.OOE-03 4.40E-02 MDEQ No
I,2.4,5-TETRACHLOROBENZENE I.OOE-02 I.30E±OO MDEQ No
I,2,4-TRICHLOROBENZENE l.OOE-02 I.90E+O1 MDEQ No
I.2 -DICHLOROBENZENE I.OOE-02 I.ÔOE+02 MDEQ No
I,3,5-TRINITROBENZENE 1.OOE-OI I!OE+OO Region IX No
l,3 -DICHLOROBENZENE I.OOE-02 2.OOE-FOO MDEQ No
I,4-DICHLOROBENZENE I.OOE-02 6.40E+OO MDEQ No
2,3,4,6-TETRACHLOROPHENOL I .OOE-02 l.IOE+OO Region IX No
2,4,5 -TRICHLOROPHENOL 5.OOE-02 I.70E+02 MDEQ No
2,4.6-TRJCHLOROPHENOL I.OOE-02 l.OOE+OI MDEQ No
2,4-DICHLOROPHENOL I.OOE-02 4.80E+OI MDEQ No
2,4-DIMETHYLPHENOL I.OOE-02 5.20E+02 MDEQ No
2.4-DINITROPHENOL 5.OOE-02 7.30E-02 Region IX No
2.4-DINITROTOLUENE I.OOE-02 8.ÔOE+OO MDEQ No
2,6-DINITROTOLUENE I.OOE-02 3.60E-02 Region IX No
2 -CHLORONAPHTHALENE l.OOE-02 6.70E-1-OO MDEQ No
2 -CHLOROPHENOL I.OOE-02 9.40E+OI MDEQ No
2 -METHYLNAPHTHALENE l.OOE-02 2.50E±OI MDEQ No
2-METHYLPHENOL I.OOE-02 8.IOE+02 MDEQ No
2-NITROPHENOL I.OOE-02 7.90E+OI MDEQ No
3&4-METHYLPHENOL I.OOE-02 8.IOE+02 MDEQ No
3,3'-DICHLOROBENZIDINE 2.OOE-02 I.SOE-OI MDEQ No
4-CHLORO -3 -METHYLPHENOL I.OOE-02 7.90E+OI MDEQ No
4-CHLOROANILINE I.OOE-02 I.50E-OI Region IX No
4-NITROPHENOL 5.OOE-02 2.90E -OI Region IX No
ACENAPHTHENE I.OOE-02 4.20E+OO MDEQ No
ACENAPHTHYLENE I.OOE-02 3.90E+OO MDEQ No
ACETOPHENONE 1.OOE-02 6.IOE+03 MDEQ No
ANILINE 5.OOE-02 I.40E+02 MDEQ No
ANTHRACENE I.OOE -02 430E-02 MDEQ No
BENZYLALCOHOL I.OOE -02 4.40E+04 MDEQ No
BIS(2-CHLOROETHYL)ETHER I.OOE-02 5.70E+OO MDEQ No
BUTYLBENZYLPHTHALATE l.OOE-02 2.70E±OO MDEQ No
CHLOROBENZILATE I.OOE -02 730E+OO Region IX No
DI-N -BUTYLPHTHALATE l.OOE -02 I.IOE+OI MDEQ No
DI-N-OCTYLPHTHALATE I.OOE-02 4.OOE-OI MDEQ No
DIBENZOFURAN I.OOE -02 2.40E-02 Region IX No
DIETHYLPHTHALATE I.OOE-02 I.IOE+03 MDEQ No
DIMETHYLPHTHALATE I.OOE -02 3.60E+02 Region IX No

Elevated SQLs.xls \ nondetect_groundwater ENVIRONMENTAL STANDARDS
Page 3 o15



Table 5
Comparison ofDetection Limits to Screening Criteria for iVondetect Constituents in Groundwater
A TOFIiVA Chemicals, West Brine Field, Riverview, MI

Maximum
Detection Limit Screening Level Screening Level Is the SQL>

Analvte nig!L mg/L Source Screening Criteria?

DINOSEB 2.OOE -02 3.60E-02 Region IX No

DIPHENYLAMINE I.OOE-02 9.IOE-OI Region IX No

FLUORANTHENE I.OOE-02 2.IOE-OI MDEQ No

FLUORENE I.OOE-02 2.OOE+OO- MDEQ No

HEXACHLOROBUTADIENE I.OOE-02 4.OOE-OI MDEQ No

HEXACHLOROCYCLOPENTADIENE LOOE-02 1.80E+OO MDEQ No

l-IEXACHLOROET1-IANE I.OOE -02 I.90E+OO MDEQ No

ISOPHORONE I.OOE-02 9.90E+02 MDEQ No

N-NITROSODI -N-PROPYLAMINE I.OOE-02 3.ÔOE-Ol MDEQ No

N -NITROSODIPHENYLAMENE I.OOE-02 3.50E+OI MDEQ No

NAPHTHALENE I.OOE-02 3.IOE+OI MDEQ No

NITROBENZENE l.OOE-02 I,IOE+O1 MDEQ No

P-PHENYLENEDIAMINE 2.OOE-02 6.90E+OO Region IX No

PENTACHLOROBENZENE I.OOE-02 2.43E-OI MDEQ No

PENTACHLORONITROBENZENE I.OOE-02 3.20E-02 MDEQ No

PENTACHLOROPHENOL 5.OOE-02 2:OOE-Ol MDEQ No

PHENANTHRENE l.OOE-02 I.OOE+OO MDEQ No

PHENOL l.OOE-02 2.90E+04 MDEQ No

PRONAMIDE I.OOE-02 2.70E+OO Region IX No

PYRENE I.OOE-02 l.40E-Ol MDEQ No

PYRIDINE 2.OOE-02 9.40E+Ol MDEQ No

I,1,I,2-TETRACHLOROETHANE I.OOE-02 3OOE+Ol MDEQ No

I,1,I-TRICHLOROETHANE 5.OOE-03 I.30E+03 MDEQ No

I,I,2,2-TETRACHLOROETHANE 5OOE-03 4.70E+OO MDEQ No

1,I,2 -TRICHLOROETHANE 5.OOE -03 2.IOE+OI MDEQ No

1,1 -DICULOROETHANE 5.OOE-03 2.40E+03 MDEQ No

1,1 -DICHLOROETHENE 5.OOE-03 I. IOE+O I MDEQ No

l,2,3 -TRICHLOROPROPANE I.OOE-02 8.40E+Ol MDEQ No

I,2 -DICHLOROETHANE 5.OOE -03 I.90E+Ol MDEQ No

I,2-DICHLOROETHENE (TOTAL) 5.OOE-03 2.OOE+02 MDEQ No

I,2 -DICHLOROPROPANE 5.OOE -03 l.60E+OI MDEQ No

2 -BUTANONE I.OOE-02 2.40E+05 MDEQ No

2 -HEXANONE l.OOE-02 5.20E+03 MDEQ No

4-METHYL-2-PENTANONE l.OOE-02 I.30E+04 MDEQ No

ACETONITRILE l.OOE-OI 5.60E+03 MDEQ No

ACROLEIN 5.OOE-Ol 3.40E+03 MDEQ No

ACRYLONITRILE l.OOE-Ol l.40E+OI MDEQ No

ALLYL CHLORIDE 2.OOE-02 l.80E+OO Region IX No

BENZENE 5.OOE -03 l.IOE+OI MDEQ No

BROMODICHLOROMETHANE 5.OOE-03 l.40E+Ol MDEQ No

BROMOFORM 5.OOE -03 l.40E+02 MDEQ No

BROMOMETHANE l.OOE -02 7.OOE+OI MDEQ No

CARBON DISULFIDE 5.OOE -03 l.20E+03 MDEQ No

CARBON TETRACHLORIDE 5.OOE -03 4.60E-t-OO MDEQ No

CHLOROBENZENE 5.OOE-03 8.60E+Ol MDEQ No

CHLOROETHANE lOOE-02 4.40E+02 MDEQ No
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Table 5
Comparison ofDetection Limits to Screening Criteria for iVondetect constituents in Groundwater
A TOFIiVA Che,nicals, West Brine Field, Riverview, MI

Maximum
Detection Limit Screening Level Screening Level Is the SQL>

nalyte mg/L mg/L Source Screening Criteria

CHLOROMETHANE I.OOE-02 4.90E+02 MDEQ No
CIS- I ,3 -DICHLOROPROPENE 5.OOE-03 .30E+O I MDEQ No
DIBROMOCHLOROMETHANE 5.OOE -03 I.80E+Ol MDEQ No

DIBROMOMETHANE lOOE -02 5.30E+02 MDEQ No
DICHLORODIFLUOROMETHANE 2.OOE-02 3.OOE+02 MDEQ No
ETHYLBENZENE 5OOE -03 l.70E+02 MDEQ No
ETHYLMETHACRYLATE 2.OOE -02 5.50E -Ol Region IX No
ISOBUTANOI. 2.OOE+OO 2.50E±04 MDEQ No
METHYLENE CHLORIDE 5.OOE -03 2.20E+02 MDEQ No
METHYLMETHACRYLATE 2.OOE -02 I.40E+OO Region IX No
STYRENE 5OOE-03 9.70E+OO MDEQ No
TETRACHLOROETHENE 5.OOE-03 I.20E -f-OI MDEQ No
TOLUENE 5.OOE-03 5.30E+02 MDEQ No
TRANS-I,3 -DICHLOROPROPENE 5.OOE-03 I.30E+OI MDEQ No
TRICHLOROETHENE 5.OOE-03 3.70E4-OI MDEQ No
TRICHLOROFLUOROMETHANE l.OOE-02 I.IOE+03 MDEQ No
VINYL ACETATE I.OOE -02 8OOE+03 MDEQ No
VINYL CHLORIDE I.OOE -02 5.70E-Ol MDEQ No
XYLENES (TOTAL) 5.OOE-03 I .90E+02 MDEQ No

MDEQ - MDEQ Cleanup Criteria - Industrial -Commercial Groundwater Contact Criteria
Region IX - US EPA Region IX Tap Water PRGs

Elevated SQLs.xls \ nondetect groundwater
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Table 6
Stun ,z ary ofExposure Parain eters

A TOFINA C'lzeinicals, West Brine Field, Riverview, MI

Construction Maintenance Office Adolescent
Utility

Receptor: Trench
Vorker \%orker Worker Trespasser

Worker
Parameter Units Source Source Source Source Source
Exposure frequency (soil) days/year 45 I 250 4 245 3 24 I NA NA
Exposure frequency (groundwater) days/year 5 1 NA NA 245 3 NA NA 10 1
Exposure duration years 1 1 25 4 21 2 6 I I
Exposure time hours/day 4 1 NA NA NA NA NA NA 4
Body weight kg 70 4 70 4 70 4 56 7 70 4
Averaging time - noncarcinogenic days 365 4 9125 4 7665 4 2190 I 365 4
Averaging time - carcinogenic days 25550 4 25550 4 25550 4 25550 4 25550 4
Exposed skin surface area cm/day 2570 2 2570 2 NA NA 4381 7 2570 2
Adherence Factor mg/cmA 0.143 1 0.036 I NA NA 0.025 7 NA NA
Soil ingestion rate mglday 480 7 50 2 NA NA 50 2 NA NA
Dermal absorption (non-volatiles) percent 1% 2 1% 2 NA NA 1% 2 NA NA
Dermal absorption (volatiles) percent 10% 2 10% 2 . NA NA 10% 2 NA NA
Inhalation Rate m3/shift 20 4 20 4 10 3 10 2 20 4

I Reasonable Maximum
2 MDEQ, Part 201 Cleanup Criteria Technical Support Document, October 2, 1998

3 MDEQ, Drati Part 201 Generic Residential and Commercial/Industrial Groundwater and Soil
Volattlization to Indoor Air Inhalation Criteria: Technical Support Document, March 1998.

4 US EPA HIIEM Supplemental Guidance, 1991.
5 Cowherd, 1985
6 ICRP, 1968
7 US EPA Exposure Factors lIandbook, 1997

Page 1 of I
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/'\ Table 7

Particulate Emission Ratefor Vehicular Movement and Excavation
A TOFINA Chemicals, West Brine Field, Riverview, MI

Vehicular Movement

E (lbs/vehicle mile) = k * (59) * (s/12)(S/30) * (W/3)0.7((w/4)0.5) * ((365 p)/365)

E = 8.25 particulate emission rate (lbs/vehicle mile - 24 miles travelled total over 45 - 8 hr days)

k = 0.45 particle size multiplier U.S. EPA SEAM, 1988
= 31.5 percent silt content Site Specific

5 = 15 mean vehicle speed (mi/hr) U.S. EPA SEAM. 1988
W = 12.5 mean vehicle weight (ton) U.S. EPA SEAM, 1988
w = 8 mean number of wheels per vehicle U.S. EPA SEAM, 1988
p = 140 mean number of days with 0.0l inches ofprecipitation per year U.S. EPA SEAM, 1988

Emission Rate = lbs/sec (E lbs/mi) * (24 mi/job) * (job/45 days) * (1 day/8 hrs) * (1 hr/3600 sec)

l.53E-04 lbs/sec
6.93E-02 g/sec
0.000069 kg/sec

Excavation
E (1.0 * s15)/M' = 3.09E+00 lbs/hdur

E = 3.09E+00 particulate emission factor (lbs/br)

s = 31.5 percent silt content Site Specific
M = 18 percent soil moisture content Site Specific

Emission Rate = 8.59E-04 lbs/sec
0.389 g/sec

0.000389 kg/sec

CW_so_wb3.xls \ particulate
Page 1 of I
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Table 8
Summary of Windrose Data
A TOFINA Chemicals, West Brine Field, Riverview, MI

GRAPHICAL EXPOSURE MODELING SYSTEM
STAR STATION 94847 DETROIT/METROPOLITAN MICH IGAN 1973-1977

I AUXILIARY VARIABLES I

Afternoon mixing height (meters): 1403
Nocturnal mixing height (meters): 499
Ambient air temperature (Kelvin): 299

Precipitation frequency (fraction): 281 4

Precipitation intenity (mm/hour): 71.58
Grand average windspeed (m/s): 5.86

windros3.xls \ windrose
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)
Table 9
COPC Toxicity Iizform atiol,

A TOFINA Chemicals, 5 Vest Brine Field, Rii'ervie,p, MI

Analyte

Oral
Chronic

kit)

nig/kg/d Source

Inhalation
Cl ronic

kit)

nig/kg/d Source

Oral
Su bch ronic

kit)

mg/kg/d Source

Inhalation
Su bch ronic

kit)

mg/kg/ti Source
Oral CSF
i/nig/kg/d Source

in liala I ion
CSF

I/mg/kg/d Source
Dioxluis
2,3,7,8.-TCDDTEQ NA NA NA NA NA NA NA NA I.50E1-05 II l.50E-f05 ii
Inorganics

ANTIMONY, TOTAL 4.OOE-04 I 2.ÔOE-04 Pa 40UIi-04 Ii 2A0E-03 Pa NA NA NA NA
ARSENIC, TOTAL 3.OOE-04 I I.OOE-04 Pa 3.OOE-04 H l.OOE-04 Pa 1.5012+00 I 1.5112+01
CADMIUM, TOTAL 5.0012-04 I 5.7012-05 E 2.3012-03 Pa 5.80E-04 Pa NA NA 6.3012+00
CHROMIUM, TOTAL 3.OOE-03 I 3.0012-05 I 2.OOE-02 H l.OOE-04 Pa NA NA 4.I0E-f01 II
LEAD, TOTAL 2.80E-03 Pa 4.29E-04 NAAQS 2.8012-03 Pa 4.29E-04 NAAQS NA NA NA NA
Semivolaliles
IIENZO(A)I'YRENE I.20E -03 Pa l.20E -03 Ps i.20E -02 Pa 1.2012-02 Ps 7.3012+00 I 3.iOE+00 12
I3IS(2-ETIIYLIIEXYL)PIiFIIALATE 2.OOE-02 I 2.OOE-02 Ps 2.OOE-02 W 2.OOE-FOO Ps I.40E-02 I I.40E-02
N -NITROSODIETIIYLAMINE 6.OOE -02 Pa 5.40E-02 Ps 6.OOE-01 Pa 5.4012-01 Ps .5012+02 I 1.5012402
N -NITROSODIPIIENYLAMINE 5.OOE -02 Pa 5.0012-02 Ps 1.5012+00 Pa i.50E+00 Ps 4.90E-03 I 490E-03 l's
'oIatiles

NAPIITIIALENE 2.OOE-02 I 9.0012-04 I 4.OOE-02. Pa 5.30E-02 Ps NA NA NA NA
CHLOROFORM I.OOE-02 I 8.60E-05 E 1.0012-02 II 7.3012-02 Pa 6.IOE-03 I 8.1012-02

Footnotes:

NA - Not Available
12 - US EPA NCEA piovisoiiaI value
I - IRIS, 2000
IF - values are published in IRIS as Rtt' values and are converted to RID values
II - ItEAST, 1997
NAAQS - National Ambient Air Quality Standard expressed in mg/kg/day
W - Withdrawn horn IRIS or I lEAST
Pa - provisional, ad ministered dose
Ps - provisional, absorbed dose

WUF_tox3 xis \ toxicity
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Table 10
Sun: inary ofHazard and Risk calculations
A TOFINA Chemicals, West Brine Field, Rivervien', MI

Potentially Table

Source/Pathway Exposed Population Total Hazard Index Total Cancer Risk Referenced

Dermal Exposure to Soil Construction Workers 3E-04 I E-08 II

Ingestion of Soil Construction Workers 3E-02 2E-06 12

Inhalation of Fugitive Dust and VOC Vapors Construction Workers 2E-03 4EM8 13

Dermal Exposure to Groundwater Construction Workers 4E-04 9EI0 14

I Total: 3E-02 2E-06

Dermal Exposure to Soil Maintenance Worker 2E-06 2E-I0 15

Ingestion of Soil Maintenance Worker 5EM2 3E-05 16

Inhalation of Fugitive Dust and VOC Vapors Maintenance Worker I E-01 3E-08 17

:2E-OI3EO5

Dermal Exposure to Soil Trespasser IE-07 4E-12 18

Ingestion of Soil Trespasser 6E-03 7E-07 19

Inhalation of Fugitive Dust and VOC Vapors 'trespasser 7E-03 5E-I0 20

Total: I E-02 7E-07

Office Worker IE-Ol NA 21
Inhalation of Vapors from Soil Infiltrating Into Building

Inhalation of Vapors from Groundwater Infiltrating Into Office Worker I E-05 3E-ll 22

Building
______________________________________________________________________________________________

Total: IE-OI 3E-Il

Dermal Exposure to Groundwater in a Construction Pit Utility Trench Workers 7E-04 2E-09 23

Inhalation of VOC Vapors from Groundwater in a Utility Trench Workers 2E-10 2E-14 24

Construction Pit
________________________________________________________________________________________

I Total: 7E-04 2E-09

NA - Not Applicable

summary6xls \ summary
'
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Table]]

Dermal Exposure to Soil (1-14feet bgs) by a Construction Worker
A TOFINA Chemicals, West Brine Field, Riverview, MI

Intake (mg/kg-day) = Cs*SA*AH*ABS*EF*ED*CF
BW*AT

Cs - Concentration in soil = mg/kg see below
SA - Surface area available for exposure = cm2/shift 2570 MDEQ. 1998

AH - Adherence factor = mg/cm 0.143 reasonable maximum
ABS, - Absorption - non-volatiles = 0.01 MDEQ. 1998

ABSV - Absorption - volatiles = 0.1 MDEQ, 1998

EF - Exposure frequency = shifts/year 45 reasonable maximum
ED - Exposure duration = years I reasonable maximum
CF - Conversion factor = kg/mg I .OOE-06

BW - Body weight = kg 70 US EPA, 1991
AT - Averaging time - noncarcinogenic days 365 reasonable maximum

AT - Averaging time - carcinogenic = days 25550 US EPA. 199!

Constituent

Concentration
in Soil
mg/kg .

Average
Daily Intake
mg/kg-day

Oral
Subchronic

RID
mg/kg-day

Hazard
Index

Dioxins
2,3,7,8-TCDDTEQ . 3.47E-05 2.24E-13 NA NA
Inorganics
ARSENIC, TOTAl. 9.53E+00 6.17E-08 3.OOE-04 2.06E-04
Semivolatiles
BENZO(A)PYRENE 8.40E -ol 5.44E-09 1.20E-02 4.53E-07
N-NITROSODIETHYLAMINE 7.80E-0! 5.05E-09 6.GOE-01 8.4IE-09
N-NITROSODIPHENYLAMINE I.39E+02 9.OOE -07 !.50E+00 6.OOE-07
Volatiles
NAPHTHALENE 7.I7E+OI 4.64E-06 4.OOE-02 l.I6E-04

Average
Lifetime Daily Cancer Slope

Intake Factor
me/ke-dav I/(me/ke-davl

3.2lE-15

8.81E-10

7.77E-l I

7.21E-ll
I .2QE-08

6.63 E-08

1.50 E+05

I.50E+00

7 30E+00
1.50E+02
4.90E-03

NA

Cancer Risk!

4.81E-lo

I .32E-09

5.67E-10
I 08E-08
6.30E-!I

NA

NA - Not Available Total Hazard Index = 3.23E-04 Total Cancer Risk = l.33E-08

CW_sowb3.xls \ dermal ENVIRONMENTAL STANDARDS
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Table 12
Ingestion ofSoil (1-14 feet bgs) by a Construction Worker
A TOFINA Chemicals, West Brine Field, Riverview, MI

Intake (mg/kg-day) = Cs*lngR*EF*ED*CF

BW*AT

Cs - Concentration in soil = mg/kg see below
lngR - Ingestion rate for soil = mg/shift 480 US EPA. 1997

EF - Exposure frequency = shifts/year 45 reasonable maximum
ED - Exposure duration = years I MDEQ, 1998

CF - Conversion factor = kg/mg 1.OOE-06
BW - Body weight kg 70 US EPA, 1991

AT - Averaging time - noncarcinogenic = days 365 reasonable maximum

AT - Averaging time - carcinogenic = days 25550 US EPA, 1991

Oral
Concentration Average Daily Subchronic

in Soil Intake RfD
Constituent mg/kg mg/kg-day mg/kg-day

Dioxins
2,3,7,8-TCDD TEQ 3.47E-05 2.93E-1 I NA

Inorganics
-

ARSENIC, TOTAL 9.53E+00 8.06E-06 3.OOE-04

Semivolatiles
BENZO(A)PYRENE 8.40E -OI 7.10E-07 I .20E-02

N -NITROSODIETHYLAMINE 7.80E-0 I 6.59E-0.7 6.OOEM I

N-NITROSODIPHENYLAMINE I .39E+02 l.l8E-04 I .50E+00
Volatiles
NAPHTHALENE 7.I7E+0I 6.06E-05 4.OOE-02

Hazard
Index

Average Lifetime
Daily Intake
mg/kg-day

Oral Cancer Slope
Factor

I/(mg/kg-day) Cancer Risk

NA 4.19E-13 l.50E+05 6.28E-08

2.69E.¯02 l.l5E-07 I .50E+00 l.73E-07

5.92E-05 1.01 E-08 7.30E+00 7.41 E-08
l.I0E-06 9.42 E-09 I .50E+02 1.41 E-06
7.83 E-05 1.68 E-06 4.90E-03 8.23 E-09

I.52E -03 8.66E-07 NA NA

NA - Not Available Total Hazard Index = 2.85E-02 Total Cancer Risk = l.73E-06

CW_so_wb3.xls \ ingestion ENVIONMEITAL STANDARDS
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)13 )
Exposure to Co,:struction Workersfrom Inhalation of VOC Vapors and Fugitive Dust
A TOFINA chemicals, West Brine Field, Rii'erview, MI

Intake (mg/kg-day) ike (mg/kg-day) = Ca*lnhR*EF*ED
BW*AT

Ca - Concentration in air (mg/rn3) see below calculated Ca = Concentration in Air (mg/rn3) = Ei/(llb*W*V)
inliR - inhalation rate (m3/shift) = 20 USEPA 1991 Ei - Emission Rate of Component (rng/sec) see below

EF - Exposure frequency (shifts/year) = 45 reasonable maximum I lb - Downwind i-It (m) = 4.81
ED - Exposure duration (years) I reasonable maximum W - Width (iii) = 50

BW - Body weight (kg) 70 USEPA 1991 V - Wind speed (rn/see) = 5.86
AT - Averaging time - noncarcinogenic ((lays) = 365 reasonable maximum Length (downwind distance) (m) = 50

AT - Averaging time - carcinogenic ((lays) 25550 USEPA 199i r - Roughness lit. (m) 0.20
z - downwind distance (m) = 50

Ft - Emission Rate fbi- dust-entrained chemicals (mg/see) Cs*(PERv+PERe) z = 6.25r[Hb/r * Ln(ilb/r) - I .5891b/r ~ 1.581
Cs - Concentration in soil (mg/kg) = see below Site specific

PERv - Particle Emission Rate (Vehicular movenlent, kg/see) 6.93E-05 Site specific Ei - Emission Rate for VOCs (mg/see) = (Flux*A)/CFb
I'FRc - Particle Emission Rate (Excavation, kg/see) = 3.89E-04 Site specific Flux - Flux rate (mg/day-cm2) = chem. specific

A - Affected area (cm2) = 9.73E-t07
CFb - Conversion thctor (s/day) = 86400

Inhalation Average I nhiaiation
Concentration Emission Concentration Average Subchronic Lifetime l)aily Cancer Slope

in Soil Rate in Air Daily hiitaks Ril) Hazard Intake Factor
Coiistitueiit mg/kg mg/sec mg/ni3 tug/kg-day mg/kg-day index mg/kg-day l/(mg/kg-day) Cancer Risk
Dioxiuis
2,3,7,8 -'rCDD TIEQ 3.47E-05 l.59E-08 l.13E-l I 3.98E-I3 NA NA 5.69E-15 l.50E-f05 8.53E-lo
iiiorganics

ARSENIC,TOTAL 9.53E+00 4.37E-03 3.1 lE-06 I.09E-07 l.OOE-04 l.09E-03 l.56F-09 l.5lE-tOl 2.36E-08
Semivola tiles

BENZO(A)PYRENE 8.40E-0I 3.85E-04 2.74E-07 9.64F-09 l.20E-02 8.03E-07 l.38E-lo 3.l0E+00 4.27F -lo
N -NITROSODIETIIYLAMINE 7.80E -Ol 3.58E-04 2.54E-07 8.95E-09 5 40E-0I I.66E-08 t.28E-lo I.50E-F02 l.92E -08
N -NlTROSO1)lPilENYLAMiNE I.39E-f02 6.38E-02 4 53E-05 l.60E-06 l.50E+00 I.06E-06 2 28E-08 NA NA
\'oialiies

NAPIITIIALENE 7.l7E-FOI 9.99E-0I 7.09E-04 2.50E-05 5.30E-02 4.72E-04 l.79E-07 NA NA

- NUt nvaulal,Ic i otat Hazard tndex = I .7I -'J3 Total Cancer Risk = 4.41 E-08

CWsowb3.xls \ inhalation
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Table 14
Dermal Exposure to Groundwater by a Construction Worker
A TOFINA Chemicals, West Brine Field, Riverview, MI

Intake (mg/kg-day) = Cw*SA*Kp*ET*EF*ED*CF

BW*AT

C, - Concentration in groundwater = mg/L chem. spec.
SA - Surface area available for exposure = cm2 2570 MDEQ, 1998

Kp - Dermal permeability constant = cm/hr chem. spec.
ET - Exposure time hrs/day 4 reasonable assumption

EF - Exposure frequency = days/year 5 reasonable assumption
ED - Exposure duration = years I reasonable assumption
CF - Conversion factor = 11cm3 1.00E-03

BW - Body weight kg 70 USEPA 1997, EFH
AT, - Averaging time - noncarcinogenic = days 365 reasonable assumption

AT, - Averaging time - carcinogenic days 25550 USEPA 1991, HHEM

Concentration in Average Daily Oral
Groundwater Intake Subchronic RfD

Constituent mg/L mg/kg-day mg/kg-day Hazard Index
Inorganics
ANTIMONY, TOTAL 1.84E-02 3.70E-08 4.OOE-04 9.24E-05
ARSENI( , TOTAL 3.44E-02 3.32E-08 3.OOE-04 1.11 E-04
CADMIUM, TOTAL 7.79E-03 l.57E-08 2.30E-03 6.81E-06
CHROMIUM, TOTAL 9.58E-02 4.05E-07 2.OOE-02 2.02E-05
LEAD, TOTAL 9.09E-02 I .47E-08 2.80E-03 5.25E-06
Semivola tiles
BIS(2-ETHYLHEXYL)PHTI- 1.OOE-02 6.64E-07 2.OOE-02 3.32E-05
Volatiles
CHLOROFORM 4.07E-03 I .06E-06 I .OOE-02 I .0'6E-04

Average Lifetime Cancer Slope
l)aily Intake Factor

ng/kg-day I/(mg/kg-day) Cancer Risk

5.28E-10 NA NA
4.74E-lo l.50E+00 7.l1E-lO
2.24E-10 NA NA
5.78E-09 NA NA
2.I0E-10 NA NA

9.48E-09 1.40E-02 l.33E-10

1.52E-08 6.IOE-03 9.27E-I I

NA - Not Available Total Hazard Index = 3.75E-04 Total Cancer Risk = 9.37E-10

CW_gvwb.xls \ dermal ENVlRONMNTAL STANDARDS
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,' Table 15
Dermal Exposure to Soil (1 -3 feet bgs) by a Maintenance Worker
A TOFINA chemicals, West Brine Field, Riverview, MI

Intake (mg/kg-day) Cs*SA*AH*ABS* EF*ED*CF
BW*AT

Cs - Concentration in soil = mg/kg see below
SA - Surface area available for exposure = cm2/shift 2570 MDEQ, 1998

AH - Adherence factor = mg/cm2 0.036 reasonable maximum
ABS,. non -volatiles = 0.01 MDEQ, 1998

ABS. - Absorption - volatiles = 0.1 MDEQ, 1998
EF - Exposure frequency= shifts/year 250 US EPA, 1991
ED - Exposure duration = years 25 US EPA, 1991
CF - Conversion factor kg/mg I .OOE-06

BW - Body weight = kg 70 US EPA, 1991
AT, - Averaging time - noncarcinogenic = days 9125 US EPA, 1991

AT - Averaging time - carcinogenic = days 25550 US EPA, 1991

Co,istituent

Concentration
in Soil
mg/kg

Average
Daily Intake
mg/kg-day

Oral Chronic
RID

mg/kg-day
Hazard
Index

Inorganics
ARSENIC, TOTAL 1.03E+01 3.64E-II 3.OOE-04 I.21E-07
Semivolatiles
BENZO(A)PYRENE 6.70E-OI 2.36E-12 I.20E-03 l.97E-09
N-NITROSODIETHYLAMINE 7.80E-ol 2.75E-12 6.OOE -02 4.58E -I I
N-NITROSODIPHENYLAMINE I .90E+03 6.69E-09 5.OOE-02 I .34E-07
Volatiles
NAPHTHALENE 7.30E+02 2.57E-08 2.OOE-02 I.29E-06

Average Lifetime Cancer Slope
Daily Intake
mg/kg-day

Factor
I/(mg/kg-day) Cancer Risk

I.30E-l I I.50E+00 I.95E-l 1

8.43E-13 7.30E+00 6.I5E-12
9.81 E-13 I.50E+02 1.47E-lo
2.39E-09 4.90E-03 l.17E-I I

9.18E-09 NA NA

NA - Not Available Total Hazard Index = 1.54E-06 Total Cancer Risk = l.85E-10

MW so wb5 XLS \ deal
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Table 16
Ingestion ofSoil (1 -3 feet bgs) by a Maintenance Worker
A TOFINA Chemicals, West Brine Field, Riverview, MI

Intake (mg/kg-day) = Cs*IngR*EF*ED*CF

BW*AT

Cs - Concentration in soil = mg/kg see below
lngR - Ingestion rate for soil = mg/shift 50 US EPA, 1991

EF - Exposure frequency = shifts/year 250 US EPA, 1991
ED - Exposure duration = years 25 US EPA, 1991
CF - Conversion factor = kg/mg I .OOE-06

BW - Body weight = kg 70 US EPA, 1991

AT, - Averaging time - noncarcinogenic = days 9125 US EPA, 1991

AT -Averaging time - carcinogenic = days 25550 US EPA, 1991

Constituent

Concentration
in Soil
mg/kg

Average
Daily Intake
mg/kg-day

Oral Chronic
RID

mg/kg-day
Hazard
Index

Inorganics
ARSENIC, TOTAL 1.03E+01 5.06E-06 3.OOE-04 1.69E-02

SemvolatiIes
BENZO(A)PYRENE 6.70E01 3.28E-07 1.20E-03 2.73E-04
N -NITROSODIETHYLAMINE 7.80E -OI 3.82E-07 6.OOE-02 6.36E-06
N-NITROSODIPHENYLAMINE 1.90E+03 9.30E-04 5.OOE-02 I.86E-02
Volatiles
NAPHTHALENE 7.30E+02 3.57E-04 2.OOE-02 1.79E-02

Average
Lifetime Daily Cancer Slope

Intake Factor
mte/ka-dav 1/(me/ke-day)

l.81E-06

1.17 E-07
I .36E-07
3.32 E-04

I .28E-04

1.50E+00

7.30E+00
I .50E+02
4.90E -OS

NA

Cancer Risk

2.71E-06

8.55 E-07
2.04E-05
I .63E-06

NA

NA - Not Available Total Hazard Index = 5.36E-02 Total Cancer Risk 2.56E-05

MW_so_wb5.XLS \ ingestion
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7)7 .) )
In/s i1a1ion of VOC Vapors and Fugitive Dust by a Maintenance Worker
A TOFINA c/tens icals, !Ves Brine Field, Riverview, MI

Intake (mg/kg-day) = Ca*InhR*EF*ED Ca Concentration of VOC in Air (mg/rn3) = Ei/(Hb*W*\1)
BW*AT Ei - Emission Rate of Component (rng/sec) = see below

I-lb - Downwind lIt (rn) = 7.54
Ca - Concentration in air (mg/rn3) see below calculated W - Width (m) = 98.6

lnhR - Inhalation rate (m3/shift) = 20 US EPA, 1991 V - Wind speed (rn/see) = 5.86
EF - Exposure frequency (shifts/year) 250 U5 EPA, 1991 Length (downwind distance) (iii) = 98.6

ED - Exposure duration (years) = 25 US EPA, 1991 r - Roughness Ut. (m) = 0.20
BW - Body weight (kg) = 70 US EPA, 1991 z - downwind distance (in) = 98.6

AT,, - Averaging time - noncarcinogenic (days) = 9125 US EPA, 1991 z = 6.25rtHb/r * Ln(lIb/r) - I .58*Ilb/r + l.58J
AT - Averaging time - carcinogenic (days) = 25550 US EPA, 1991

Ei - Emission Rate for VOCs (mg/see) = (Flux*A)/Clh
Flux - Flux rate (mg/day-cm2) = chem. specific

Ca for chemical entrained on dust (mg/rn3) = Cs * l/PEF A - Affected area (Cm2) = 9.73E+07
Cs - Concentration in soil (mg/kg) = site specific see below CFb - Conversion factor (s/day) 86400

I3EF - Particulate Emission Factor (m3/kg) = 5.57E+08 calculated

PEF (m'/kg) = (Q/C)*3600/(0.036*(IV)*(U,,,/U,)3*F(x) Q/C (gun2 per kg/ni3) A*(exp((lnAB)2/C)
Q/C - Dispersion factor (g/m2 per kg/rn3) = 74.94 US EPA, 2001 A - dispersion constant (unitless) = 16.8653

V - Vegetative cover (%) = 0.5 site specific B - dispersion constant (itnitless) = 18.7848
Urn - Mean annual windspeed (rn/see) 5.86 site specific C - dispersion constant (unitless) 215.0624

U, - Equivalent threshold value of windspeed at 7m (m/s) 11.32 (iS EPA, 2001 Asite - affected area of site (acres) = 2.4
F(x) - Urn/Ut -dependent function (unitless) = I .94E-0I US EPA, 2001

Constituent

lutorgu tiles

ARSENIC, TOTAL

Seunivolatiles
I3ENZO(A)PYRENE

N -NITRO5ODlETl IYLAMINE
N -N ITROSODIP FIlThY LAM IN E

\'olalilcs

NAIl FI'l IAl.ENE

Average Inhalation
Concentration iii emission Coutcentralion Average liulialation E.ifetiiue l)aily Cancer Slope

Soil Rate Air t)aily Intake Chronic Rh) Hazard Intake Factor
mg/kg mg/sec mg/rn3 lug/kg-day mg/kg-day Index lug/kg-day I/(mg/kg-day) Cancer Risk

l.03E+01 NA l.86E-08 3.63E-09 l.OOE-04 - 3.63E-05 l.30E -09 I.51E101 l.96E-08

6.70E-ol NA I.20E-09 2.35E-I0
7.,80E-ol NA l.40E -09 2.74E-10
I .90E+03 NA 3.41 E-06 6.68E-07

7.30E402 2.23E+00 5.IIE -04
-

I.OOE-04

I .20E-03
5.40E-02
5.OOE -02

9.OOE-04

1.96E-07 8.41E-l I

5.08E-09 9.79E-I I
l.34E-05 2.38E-07

I.IlE-ol 3.57E-05

3.I0E+00 2.6lE-I0
I.50E+02 l.47E -08

NA NA

NA NA

- INUL ICUUiC

M \V so vb5 .X LS \ inhalation
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total I-Iazard Index = 1.1 I E-0I Total Cancer Risk = 3.45E-08
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Table 18
Dermal Exposure to Soil (1 -3 feet bgs) by an Adolescent Trespasser (12-18 years old)
A TOFINA Chemicals, West Brine Field, Riverview, MI

Intake (mg/kg-day) Cs*SA*AH*ABS*EF*ED*CF
BW*AT

Cs - Concentration in soil = mg/kg see below
SA - Surface area available for exposure = cm2/day 4381 US EPA, 1997

AH - Adherence factor = mg/cm2 0.025 US EPA. 1997

ABS0 - non -volatiles = 0.01 MDEQ, 1998

ABSV - Absorption - volatiles = 0.1 MDEQ, 1998
EF - Exposure frequency = days/year 24 reasonable maximum
ED - Exposure duration = years 6 reasonable maximum
CF - Conversion factor = kg/mg 1.OOE-06

BW - Body weight = kg 56 US EPA. 1997

AT, - Averaging time - noncarcinogenic = days 2190 reasonable maximum

AT - Averaging time - carcinogenic = days 25550 US EPA, 1991

Constituent
Inorganics
ARSENIC, TOTAL
Semivolatiles
BENZO(A)PYRENE
N-NITROSODIETHYLAMINE
N-NITROSODIPHENYLAMINE
Volatiles
NAPHTHALENE

Concentration
in Soil
mg/kg

Average Daily
Intake

mg/kg-day

Oral Chronic
RID

mg/kg-day
Hazard
Index

Average Lifetime
Daily Intake
mg/kg-day

Cancer Slope
Factor

I/(mg/kg-day)
Cancer

Risk

l.03E+01 3.03E-12 3.OOE-04 l.OIE-08 2.60E-13 1.50E+00 3.90E-13

6.70E-01 1.97E-13 l.20E-03 l.64E-I0 I.69E-I4 7.30E+00 1,23E-I3
7.80E-0I 2.29E-l3 6.OOE-02 3.82E-12 1.96E-14 l.50E+02 2.94E-12
l.90E+03 5.58E-10 5.OOE-02 l.12E-08 4.78E-11 4.90E-03 2.34E-13

7.30E+02 2.14E-09 2.OOE-02 1.07E-07 l.84E-10 NA NA

NA - Not Available Total Hazard Index = I.29E-07 Total Cancer Risk = 3.69E-12

Tressowb4.XLS \ demal
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Table 19

Ingestion ofSoil (1-3 feet bgs) by an Adolescent Trespasser (12-18 years old)
A TOFIiVA Clienticals, West Brine Field, Riverview, MI

Intake (mg/kg-day) = Cs*lngR*EF*ED*CF

BW*AT

Cs - Concentration in soil = mg/kg see below
lngR- Ingestion rate for soil = mg/day 50 MDEQ, 1998

EF - Exposure frequency days/year 24 reasonable maximum
ED - Exposure duration = years 6 reasonable maximum
CF - Conversion factor = kg/mg 1.OOE -06

BW - Body weight = kg 56 US EPA, 1997
AT - Averaging time - noncarcinogenic = days 2190 reasonable maximum

AT - Averaging time - carcinogenic days 25550 US EPA, 1991

Constituent

Inorganics

ARSENIC. TOTAL
Semivolatiles
BENZO(A)PYRENE
N-NITROSODIETHYLAM INE
N-NITROSODIPHENYLAMINE
Volatiles
NAPHTHALENE

Average
Concentration Average Oral Chronic Lifetime Daily Cancer Slope

in Soil Daily Intake RfD Hazard Intake Factor
mg/kg mg/kg-day mg/kg-day Index mg/kg-day I/(mg/kg-day) Cancer Risk

I.03E+01 6.07E-07 3.OOE-04 2.02E-03 5.20E-08 l.50E±00 7.80E-08

6.70E-0I 3.93E-08 l.20E-03 3.28E-05 3.37E-09 7.30E+00 246E-08
7.80E-01 4.58E-08 6.OOE-02 7.63E-07 3.93E-09 .l.50E+02 5.R9E-07
I.90E+03 l.l2E-04 5.OOE-02 2.23E-03 9.56E-06 4.90E-03 4.68E-08

7.30E+02 4.29E-05 2.OOE-02 2.l4E-03 3.67E-06 NA NA

NA - Not Available Total Hazard Index = 6.43E-03 Total Cancer Risk = 7.38E-07

Tres_so_wb4.XLS \ ingestion
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Table 20
Inhalation of VOC Vapors and Fugitive Dust by an Adolescent Trespasser (12-18 years old)
A TOFINA chemicals, West Brine Field, Rit'erview, MI

Intake (mg/kg-day) Ca*InhR*EF*ED Ca = Concentration ofVOC in Air (mg/ni3) = Ei/(Hb*W*V)
BWAT Et - Emission Rate of Component (mg/sec) = see below

FIb- Downwind lit (m) = 7.54
Ca - Concentration in air (mg/rn3) = see below calculated W - Width (rn) = 98.6

InhR - Inhalation rate (m3/day) = 10 MDEQ, 1998 V - Wind speed (m/sec) = 5.86
EF - Exposure frequency (days/year) = 24 reasonable maximum Length (downwind distance) (m) = 98.6

ED - Exposure duration (years) = 6 reasonable maximum r - Roughness f-It. (m) = 0.20
BW - Body weight (kg) = 56 US EPA, 1997 z - downwind distance (m) = 98.6

AT,, - Averaging time - noncarcinogenic (days) = 2190 reasonable maximum z = 6.25r[l-Ib/r * Ln(l-lb/r) - I .58'Hb/r ± 1.581
AT - Averaging time - carcinogenic (days) = 25550 US EPA, 1991

Ei - Emission Rate for VOCs (mg/see) = (Flux*A)/Ctb
Flux - Flux rate (mg/day-cm2) chem. specific

Ca for chemical entrained on dust (mg/rn3) = Cs * 1/PEF A - Affected area (cm2) = 9.73E+07
Cs - Concentration in soil (mg/kg) = site specific see below CFh - Conversion factor (s/day) = 86400

PEF - Particulate Emission Factor (m3/kg) 5.57E+08 calculated

PEF (rn3/kg) (Q/C)*3600/(0.036*(l _V)*(Um/Ut)3*F(X) Q/C (g/m2 per kg/mi) = A*(exp((InAB)2Ic)
Q/C - Dispersion factor (g/m2 per kg/rn3) = 74.94 US EPA, 2001 A - /kspersion constant (unitless) = 16.8653

V - Vegetative cover (%) = 0.5 Site specific B - dispersion constant (unitless) = 18.7848
U, - Mean annual windspeed (rn/see) = 5.86 Site specific C - dispersion constant (unitless) = 215.0624

U - Equivalent threshold value of windspeed at 7m (m/s) = 11.32 US EPA, 2001 Asite - affected area of site (acres) = 2.4
F(x) - Urn/Ut -dependent function (unitless) = I .94E-01 US EPA, 2001

Concentration in Emission Concentration
Soil Rate in Air

Constituent mg/kg mg/sec mg/rn3
lnorganics

ARSENIC, TOTAL I .03E+OI NA I .86E-08
Seinivolatiles
BENZO(A)PYRENE 6.70E-01 NA 1.20E-09
N -NITROSODIETI JYLAM INE 7.80E-01 NA I .40E-09
N -NITROSODIPI IENYLAM NE l.90E+03 NA 3.41 E-06
Volatiles

NAPI ITI IALENE 7.30E+02 2.23E+00 5 II E-04

Average Inhalation Chronic
Daily Intake
mg/kg-day

RID
mg/kg-day

Hazard
Index

2.I8E-lo l.OOE-04 2 18E-06

l.41E-ll 1.20E-03 l.18E-08
!.64E-l I 5.40E-02 3.05E-10
4.OIE-08 5.OOE-02 8.OIE-07

6.OOE -06 9.OOE-04 6.67E-03

Average Inhalation
Lifetime Daily Cancer Slope

Intake Factor
mg/kg-day I/(mg/kg-day)

l.87E-ll l.51E+01

l.2lE-12 3.l0E+00
l.41E-12 1.5017+02
3.43E-09 NA

5.1417-07 NA

Cancer Risk

2.82 E-10

3.75 E-I2

2.llE-lo
NA

NA

Tressowb S \ inhalation
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Table 21
)

Exposure i'ia Inhalation of Vapors from Soil Infiltrating mlo an Office Building
A TOFINA Chemicals, J1'esi Brine Field, Rivers'ie,v, MI

Cbldg (mg/rn3) = a*Cso*CFa
a (unitless) = (((Dveff*Ab)/(Qbldg*Lt))*exp(Pe))/(exp(Pe)+ liCas < (Si, then equilibrium vapor phase cone. (Cso) Cas

((DveffAb)/(Qbldg*Lt))+((DveflAb)/(Qsoil*Lt))*(exp(Pe)l))) liCas Csi, the equilibrium vapor phase conc. (Cso) = Csi
Ab (cm2) = (L*W)+(2*(Zcr*L)+2*(Zcr*W)) where Cas Equilibrium cone, of VOC vapor in soil air

Qbldg (crn3/s) = (L*W*llgt*ACII)/CFb and Csi Saturation vapor concentration
Pc (unitless) = (Qsoil*Lcr)/(Dcr*Acr)

DvelI (crn2/s) = (D*((ev)33)/(et))))+((DJFlprime)*(ew3 3/et2)) Cst (mg/cm3) = (Mx*VP*M WCFc)/(Rg*T)

II (unitless) = I l/(RgbT) Mx (unitless) = RM F1/RM F,,,0
cv (unitless) = et - (thetam*pb) Cas (mg/cm3 air) = ((I l*Cs*CFd)/((l l*(ev/pb))+thetarn+Kd))*( I -exp(-ui)/ut)
ew (unitless) = et - ev u (days) = In(2)/thalf

Qsoil (cm3/s) = (2*1t*P*kv*Xcr)/(lt*ln((2*Zcr)/rcr)l Intake (mg/kg-day) = (Cbidg*lnhR*EF*ED)/(BW*AT)
rcr (cm) = (t1Ab)/Xcr

Ab - Surface area of walls and floor below grade = 3.84E+06 cm2
ACt I - Air exchange rate = 2 exc!hcur
Aer - Total area of cracks = 3.84E+02 cm

AT - Averaging time carcinogenic 25,550 days

AF,, - Averaging time noncarcinogenic = 7.665 days

BW - Body weight = 70 kg
- Concentration in building air = see below rng/m

CFa - Conversion factor = I .OOE±09 cm3-nig/n13.g
CFb - Conversion factor = 3 60E+03 s/hour
CFc - Conversion factor = I .OOE-F03 mg/g
CFd - Conversion factor = I .OOE -03 kg/g

Cs - Concentration in soil = see below mg/kg

Cs, - ('oncentration in soil of constituent i = see belosv mg/kg

Cso - Vapor phase concentration at the source = see below g/cm3

D1 - Diffusivity in air cheni. specific cni2/s
l)cr - Effective diffusion coefficient through the crack (uDveft) = see below cm2/s

Dveff- Effective ditmusion coefficient through vadose zone = ee below cm2/s
- Ditlusivity in water chem. specific cm2/s

EL) - Exposure duration = 21 years
[F - Exposure frequency = 245 shifts/year

ci - Total soil porosity = 0.329 unitless
cv - Vapor-filled soil porosity = 0.048 unitless
ew - Water-filled soil porosity = 0.281 unitless

II - 1-lenry's Law constant = chem. specific atrn-ni3/mol
II' - Ilenrys Law constant = chern. specific unilless

llgt - Building height 244 cm
lnh R - Inhalation rate = 10 m3/shi ft

Kd - Soil -water partition coefficient = see below crn'/g
kv - Soit permeability to vapor flow = I .25E-I 2 cm

L - Building length = I .93 [-F03 cm
Lcr - Building foundation thickness = IS cm

Ii - Distance between contaminant sottrce and building = 30.48 cm

MW - Molecular weight = chem. specific g/rnol

MW - Mok-!iir weight of constituent i = chem. specific g/rnol

Mx - Mete fraction of constituent see below unitless
pb - Bulk soil density = 1.86 g/cm'

Pc - Peclet number = see below unitless
Qbldg - Building ventitatinn rate 5.04E-405 cm'/s

Qsoil - Convective flow rate from the soil into the building = 1.87 [-03 cm3/s
rcr - Radius of cracks = 4.97E+00 cm

Rg - Untversa gas constant = 6.24E+04 mrnllg-cm3/mot -K
Rgb - Universal gas constant = 8.20E-05 atm-m3/mol-K

RMF - Relative mole fraction = (Cs1/Cs.,,j/MW1 mol/g

T - Temperature = 283.15 K

thalf- lIaR life of compound = l.00E+06 days
thetam - Soil moisture content = 0.151 cm3/g

u - Net degradation rate = see below days

VP - Vapor pressure = chem. specific mrnlIg
W - Building width l.93E+03 cm

Xcr - Length of cylinder modeling vapor flow = 7.7lE+03 cm
Zcr - Building depth below grade to bottom of foundation = 15 cm

a - Attenuation coefficient = see below unitless
- Indoor/outdoor pressure difference 10 g/cm-s2

¯ ratio of area of cracks to area of foundation (Acr/Ab) = 0.0! cm2/cn12
u - Vapor viscosity = I .80E-04 g/cm -s

- Time period = 7.67 [+03 days

Off so wh3.X LS \ soil office
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Table 2!
Exposure via Inhalation of Vaporsfrom Soil Infiltrating Into an Office Building
A TOFINA chemicals, West Brine Field, Riverview, MI

Equilibrium
Concentration of Saturation
VOC Vapor in Vapor Attenuation Peel et Vapor Phase Concentration Average Inhalation Average Inhalation

Concentration Soil Air Concentration Coefficient Number Concentration in Building Daily Chronic lifetime Daily Cancer Slope
in Soil Cas Csi (a) (l'e) (Cso) (Cbldgj intake RID hazard Intake Factor Cancer

('onstituent tug/kg 3.g/crn air mg/cm3 unitless unitless 3g/cm 3mg/rn lug/kg-day mg/kg-day Index mg/kg-day I/(rng/kg-tIa') Risk
Semivolatiles
NAPIITIIALENE 7.17E+Ol 4.71E-05 341E-04 5.I7E-08 7.45E-02 4.71E-05 2.43E-03 I.!7E-04 9.0012-04 l.30E-0I 7.0012-05 NA NA

Fotal Hazard Index: 1.3012 -Of

Off so wb \ soil office
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Lvjosure pj' alatjo,, of Vapors from Grozmndtvarer Infiltrating Into an Office Bulk of 2
A T()FJNA C . iicals, IVest Brine Field, Riverview, MI -'

Chldg (mg/mi) = a*Cso*CFa lfCas <Csi, then equilibrium vapor phase cone. (Cso) = Cas
a (unitless) = (((Dteff*Ab)/(Qbldg*Lt))*exp(Pe))/(exp(pe)+ lfCas ^ Csi, the equilibrium vapor phase conc. (Cso) = Csi

((Dteff'*Ab)/(Qbldg*Lt))+((DteftAb)/(Qsoil*Lt))*(exp(pe)_I where Cas = Equilibrium conc. of VOC vapor in soil air
Pe (unitless) = (Qsoil*Lcr)/(Dcr*Acr) and Csi = Saturation vapor concentration

Dveff(cm2/s) = (D,*((ev3 33)/(e12fl)+((D,lllpritiie)*(ew3 33/et2))
Dteff (cn2/s) = LtJ(((hv 1-Lcr)/Dveff)+(htiDseti)) If Cgw > Solubility (S), then Cgw' = S

Ab (cm4) = (L*W)+(2*(Zcr*L)42*(Zcr*W)) If Cgw Soluhility (S), then Cgw Cgw
Qbidg (cm3/s) = (L*W*IIgt*ACH)/CFb where Cgw = Constituent concentration in groundwater
Dseff(cm2/s) (D,r*(evtl3S/et?))+((DsJFIprime)*(e\vt333/et2)) and Cgw' = Working groundwater Concentration

H' (unitless) = H/(Rgb*T)
ev (uttitless) = et - (thetanipb) Csi (g/cm) = (Mx*VP*MW)/(Rg*T)
ew (unitless) = et - ev Mx (unitless) = RMF/ERMF,
Qsoil (cm/s) = (2*a*P*kv*Xcr)/O.s*ln((2*Zcr)/rcr)) Cas (g/cm' air) = II*Cgw*((I_exp(.u*T))/(u*T))*CFc

rcr (cm) (ll*Ab)/Xcr u (days) = ln(2)/thalf
Intake (mg/kg-day) = (Cbug*InhR*EF*ED)/(BW*AT)

Ab - Surface area of building walls and floor below grade = 3.84E+06 cm2
ACLI - Air exchange rate = 2 exc/hour
Acr - Total area of cracks = 3.84E -f02 cm2

AT - Averaging time carcinogenic = 25,550 days

AT, - Averaging time noncarcinogenic = 7,665 days
BW - Body weight = 70 kg

Cbt, - Concentration in building air = see below mg/tn4
CFa - Conversion factor = I .OOE+09 cm3 -nlg/m4 -g

CFb - Conversion factor = 3.60E+03 s/hour
CFc - Conversion factor = I .OOE -06 g-Llmg-cm4

Cgw' - Working groundwater concentration = see below mg/L
Cgv - Concentration tn groundwater of constituent i = see below mg/L

Cso - Vapor phase concentration at the source = see below g/cm4
- Diffusivity in air = chem. specific cm2/s

Dcr - Etlective dililusion coefficient through the crack (DveIi) see below cm2/s
I)setI- Effective ditilision coefficient through the tension -saturated zone = see below cm2/s

t)tetI- Overall effective porous media diftiusion coefficient see below cm4/s
Dveff- Effective (littusioru coefficient through vadose zone = see below cm2/s

- Diffusivity in water = chem. specific cm2/s
ED - Exposure duration = 21 years

EF - Exposure frequency = 245 shills/year
et - Total soil porosity= 0306 unitless

cv - Vapor-filled soil porosity = 0.03 ttnitless
cvt - Vapor-tilled soil porosity in the tension -saturated zone 0.0612 . cm4/cm3

ew - Water-filled soil porosity = 0.28 unitless
ewt - Water-tilted soul porosity in the tension-saturated zone = 0.2448 Cnl'/c1n2

II - l-ienty's Law constant = chem. specific atm-m4/mol
I-I' - I-lenny's Law constant = chem. specific unitless

l-lgt - Building height = 244 cm
ht - Thickness of tension-saturated zone = 30.7 cm

1w - Thickness of vadose zotie below the foundation = 0.0 cm
lnh R - Inhalation rate tO m3/sh ill

kv - Soil permeability to vapor flow = I .25E- 12 cm2
L - Building length = I .93E+03 cm

Lcr - Building foundation thickness = IS cm
Lt - Distance between contaminant sottrce and building = 45.72 cm

MW - Molecular weight = chem. specific g/mol
MW - Molecular wetght of constituent i = chem. specific g/mol

Mx - Mole fractton of constituent = see below ttnitless
pb - Bilk soil density = 1.86 g/cm4

Pe - Peclet nutllber = see below tunitless
Qbldg - Building ventilation rate = 5.04E-u-05 Cnì4/s

Qsotl - Convective flow rate from the soil into the building = I .87E-03 cni4/s
rcr - Radius of cracks = 4.97 E+00 cm

Rg - Universal gas constant = 6.24E-I04 mml-lg-cm4/mol -K
Rgb - Universal gas constant = 8.20E-05 atm -m3/mol -K

RMF - Relative mole fraction = see below mol/g
1 -Temperature = 283.15 K

thalf - Half life of compound = I .OOE+06 days
thetam - Soil moisture content = 0.151 cm3/g

u - Net degradation rate see below (lays
VP - Vapor pressure chem. specitic ullilil-Ig
W - Building width = I .O3EfO3 cm

Xcr - Length of cylinder modeling vapor flow = 7.7lE+03 cm
Zcr - Basement depth below grade to bottom of' foundation = 15 cm

a - Attenuation coefficient = see below unitless
- Indoor/outdoor pressure difference = 10 g/cni -s4

- ratio of area of cracks to al-ca of basement (Acr/Ab) = 0.01 cm2/cn12
p - Vapor viscosity = I .80E-04 g/cm -s

t - Time period = 7.67E+03 days

offgwwb3.xls \ gw otlice ENVIRONMENTAL STANDARDS



Table 22
Exposure via Inhalation of Vaporsfrom Groundwater Infiltrating Into a,, Office Building
A TOFINA Chemicals, West Brine Field, Riverview, MI

Page 2 of 2

Working Groundwater
Concentration Groundwater Concentration Attenuation Peclet Vapor Phase Concentration Average Inhalation Average Inhalation

in Concentration Corresponding to Coefficient Number Conceniration in Building I)aily Chronic Lifetime Cancer Slope
Groundwater (Cgw') Csi (a) (Pe) (Cso) (Cbldg) Intake RID Hazard Daily Intake Factor Cancer

Constituent mg/I. ing/L nsg/L unitless unitless g/cm3 mg/ni3 mg/kg-day mg/kg-day Index lug/kg-day l/(mglkg-day) Risk
'oIaIiIes -

('IILOROFORM 4.07E-03 4.07E-03 8.85E+OO 1.86E-08 2.22E-O1 6.11 E-iO t.14E -08 l09E-09 8.60E-05 I.27E-05 3.27E-tO 8,IOE -02 2.65E-l I

Iota! Hazard Index = I .27E-05

Olf_gwwb gw of!ce

Total Cancer Risk = 2.65E-l I
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Table 23
Dermal Exposure to Groundwater by a Utility Trench Worker
A TOFINA Chemicals, West Brine Field, Riverview, MI

Intake (mg/kg-day) = Cw*SA*Kp*ET* EF* ED*CF
BW*AT

- Concentration in surface water = mg/L see below

SA - Surface area available for exposure = cm2 2570 calculated
Kp - Dermal permeability constant = cm/hr chemical specific

ET - Exposure time = hrs/day 4 reasonable assumption
EF - Exposure frequency = days/year 10 reasonable assumption
ED - Exposure duration = years I Carey, 1988
CF - Conversion factor = Ucm 1.OOE -03

BW - Body weight = kg 70 USEPA 1991, HHEM
AT - Averaging time - noncarcinogenic = days 365 Carey, 1988

AT - Averaging time - carcinogenic = days 25550 USEPA 1991, HHEM

Constituent

Concentration
in

Groundwater
mg/I

Kp
cm/hr

Average
Daily Intake
mg/kg-day

Orul
Subchronic

RID
mg/kg-day

Hazard
Index

Average
Lifetime

Daily Intake
mg/kg-day

Cancer Slope
Factor

1/(mg/kg-day) Cancer Risk

Inorganics
ANTIMONY, TOTAL I.84E -02 l.OOE-03 7.39E-08 4.OOE-04 l.85E-04 l.06E -09 NA ¯NA
ARSENIC, TOTAL 3.44E-02 479E-04 6.64E-08 3.OOE-04 2.2lE¯04 9.48E-10 l.50E+00 1.42E-09
CADMIUM, TOTAL 7.79E-03 5.OIE-04 l.57E-08 2.30E-03 6.83E-06 2.24E-10 NA NA

HROMIUM, TOTAL 9.58E-02 2.I0E-03 8.09E-07 2.OOE-02 4.05E-05 l.l6E-08 NA NA
TOTAL 2.09E-02 803E-05 2.94E-08 2.80E-03 l.05E-05 4.20E-10 NA NA

jemivolatiles

BIS(2-ETHYLHEXYL)PHTHALATE l.OOE-02 3.30E-02 I.33E-06 2.OOE-02 6.64E-05 1.90E-08 I.40E-02 2.66E-lo
Volatiles

CHLOROFORM 4.07E-03 l.30E-01 2.13E-06 l.OOE-02 2.13E-04 3.04E-08 6.l0E-03 l.85E-10

NA - Not Available

Utility_wb.xls \ dermal
Page 1 of I

Total Hazard Index = 7.43E-04 Total Cancer Risk = 1.87E-09
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Table 24
Utility Trench Worker Inhalation Exposures to Groundvater VOC Vapors in an Excavation Pit
A TOFIiVA c/ienzicals, JVest Brine Field, Riverview, MI

Intake (mg/kg-day) = Ca*lnhR*EF*ED
BW*AT

Ca - Concentration in air = rig/ni3 them, specific calculatetl
lnhR - lnhaladon rate = m3/day 20 USEPA 99!, HI lEM

EF - Exposure frequency = days/year 10 reasonable assumption
ED - Exposure duration = years I reasonable assumption

BW - Body weight = kg 70 USEPA 1991, HHEM
AT - Averaging time - noncarcinogenic = days 365 USEPA 1991, HIIEM

AT -Averagingtime -carcinogenic= days 25550 USEPA 1991, HHEM

Ca - Concentration in Air (mg/rn3) = (Eiw),' (Hb * W * V)
Eiw - Emission Rate for water (g/sec) = Ki*Cl*Ab*Mxw

Ki - Overall mas transfer coeff. (cn't/sec) I / ((l/(kil)) + (Ri*T)/(Il*kig))
ku - liquid phase mass transfer coefficient (cm/see) = lF(MW>65,( l/3600)*23.5 I *((vcuo 969)/(z0 673))*(SQRT(32/M W)),( I /3600)*20*SQRT(44/M W))

kig - gas phase mass transfer coefficient (cm/see) = IF(M W>65,( I /3600)* II 37.5(Vwind+Vcurr)*SQRT( I 8/M W),( I /3600)*3000*SQRT( 18/MW))

(heniical

\'olatiles
('I ItOROFORM

Mxw - mole li-action of compound in water = gmol/gmol chem. specitic
Kt - overall mass transfer coefficient = cm/sec chem. specific

Cl - liquid phase concentration g/cm3 chern. specific
Ab - exposed area (bottom) = cm2 7.43 E+04

T - absolute temp. Kelvin 283.15
kil - liquid phase mass transfer coefficient = cm/sec chem. speciliC

Ri - ideal gas law constant = atm-m3/mol-K 8.20E-05
H - Henry's Law constant = atrn-m3/mol chern. speciiic

kig - gas phase mass transfer coefficient cm/sec cheni. specific

Exposure Point Coiic.
in Groundwater

4.07 [-03

Et - Emission Rate of Component = mg/sec chem. specific
llb - Down wind Height = rn 0.77

W -Width= m 1.2
V - Wind speed = ni/sec 0.586

Vcurr - Water current = rn/sec 001
Length (downwind distance) = iii 6.1

- Roughness I-It. = rn 0.05
z - downwind distance = m 6.10

z = 6.25r[Hb/r * Ln(Hb/r) - I .589lb/r + 1.581
Z - Depth of water in trench = cm 30.48

Overall Mass Inhalatioii
Transfer Emission Rate Concentration Average laiIy Subch,-onic

Coefficient for Water in Air intake RH)

cm/sec P/see .',,I,.._.1,,, Hazard Index

3.91E-06 l.I8E-09 2.l7E -09 L7OE-l I 7.30E-02 2.33E-I0

Average Inhalation
Lifetime I)aily Cancer Slope

Intake Factor
mg/ku-day i/(mts/ke-dav Cancer Risk

2.43E-I3 8.l0E -02 l.97E-14

ioiai riazaru Inuex = Z.iib-tU Fotal Cancer Risk = I .97E-14

Uttlity_wb' nhalatiou
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Table '

Toxi ,}enc/wlarksfor (lie White-Tailed Deer )
A TOFliVA Chemicals, West Brine Field, Rii'ert'iew, MI

Aiialyle

Benchmark
Toxicity Value

mug/kg-day Safety Factor

Surrogate 1'oxicity

Value
mg/kg-day

_______ _________

Source Reference
l)IOXtNS

2,3,7,8-TCDD 2.81 E-07 NA 0.000001 NOAEL for rat based on reproduction Sample eta!., 1996

INORGANICS
Aluminum 2.93 E-01 NA 1.93 NOAEL for mouse based on reproduction . Sample et al. 1996
Antimony I .90E-02 NA 0.125 NOAEL for laboratory mouse based on longevity Sample ci a!. , 1996

Arsenic 1.91 E-02 NA 0.126 NOAEL for laboratory mouse based on reproduction Sample ci a!. , 1996

llauium I .50E+00 NA 5.06 NOAEL for rat based on growth Sample eta!.. 1996
I3eryllium I.85E-0I NA 0.66 NOAEL for rat based on longevity/weight loss Sample ci a!., 1996

Cadmium 2.71 E-01 NA I NOAEL for rat based on reproduction Sample eta!. , 1996

Chromium 7.68E-f02 NA 2737 NOAEL for rat based on reproduction and longevity Sample et a!. , 1996

Cobalt 5.05E+00 NA 18 NOAEL fur rat based on respiratory and cardiovascular etiects ATSDR, 1990

Copper 4.27E-f00 NA 11.71 NOAEL for mink based on reproduction Sample eta!., 1996
Cyanide l.57E+01 NA 68.7 NOAEL for rat based on reproduction Sample ci a!., 1996
[cad 2.24E+00 NA 8 NOAEL for rat based on reproduction and longevity Sample ci a!. , 1996

Manganese 2.47E+0 I NA 88 NOAEL for rat based on reproduction Sample et al., 1996

Mercury 2.OOE+O0 NA 13.2 NOAEL for mouse based on mortality Sample ci a!. , 1996
Nickel l.I2E* 01 NA 40 NOAEL for rat based on reproduction Sample cia!. 1996
Selenium 5.61 E-02 NA 0.2 NOAEL for rat based on reproduction Sample eta!., 1996
Silver 2.75E+00 NA 18.1 NOAEL for mouse based on systemic ellects ATSI)R, 1990
1hallium 2.l0E-03 NA 0.0074 NOAEL for rat based on reproduction Sample ci (:1., 1996
I'm 3.55E+00 NA 23.4 NOAEL t'or mouse based on reproduction Sample ci a!., 1996
Vanadium 5.47E-02 NA 0.2! NOAEL for rat based on reproduction Sample ci a!. , 1996
Zinc 4.49E+01 NA 160 NOAEL for rat based on reproduction Sample cia!., 1996

ORCANOCIII.ORINE PESTICII)ES

4,4 -I)DD 5.! 6E-i-00 NA 34 NOAEL for mouse based on respiratory and other etIects ATSDR, 1988
4,4 -DDE 6.50E+ol NA 428 NOAEL for mouse based on respiratory and other effects ATSDR, 1988
4,4 -l)1)T 2.24E-01 NA 0.8 NOAEL for rat based on reproduction Sample cia!., 1996
Aldrin 5.61 E-02 NA 0.2 NOAEL for ra' base'.lon reproduction Sample eta!. , 1996

Chlordane 6.98E-0I NA 4.6 NOAEL for mouse based on reproduction Sample cIa!.. 1996
Ktpone l.l2E -0 I NA 0.4 NOAEL for rat based on mortality Sample eta!. , 1996
S EM lVOLA'l'! L ES

2 -Methylnaphthalcne 4.57Et00 tOO 1630 LI)50 value br at based on mortality NIOSIl, 1995

Acenaphthene 4.91 E+0 I NA 175 NOAEL t'or laboratory mammal based on hepatotoxicity IRIS, 1998
Accnaphthylenc 4.77E-FOO 100 1700 LI)50 value for laboratory mammal Lewis, 996

Antliracene 9.26E-4-02 NA 3300 Chronic soxicity vaiue tbr laboratory nianinial baseu on cancer. Maughan, 1994
t3enzo(a)anthracene I .52E-0I NA Value based an toxicity data for benzo(ã)pyrene
0enzo(a)pyrene I .52E-01 NA I NOAEL for mouse based on reproduction Sample eta!. , 1996
I3enzo(g,h,i)perylene I .52E-01 NA I Value based on toxicity data for benzo(a)pyrene

ecoJoxicity_data3.xls \ deer

ENVIRONMENTAL STANDARDS
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Table 25

Toxicity Benchmarks for f/se White-Tailed Deer
A TOFINA Chemicals, Vest Brine Field, Riverview, MI

Analyte

Benchmark
Toxicity Value

niglkg-day Safety Factor

Surrogate Toxicity

Value
mg/kg-day . . Source Reference

Benzo(k)fluoranthene I .52E-0I NA I Value based on toxicity data Ibr benzo(a)pyrene
Bis(2-Ethylhexyl)phthalaie 2.78E+0O NA 18.33 NOAEL for mouse based on reproduction Sample et aL , 1996
Chrysene 4.86E-0I 100 320 LD50 value for mouse based on mortality ATSDR, 1990
Dibenz(a,h)anthracene 1.52 E-ol NA 1 Value based on toxicity data for benzo(a)pyrerie
Fluoranthene 3.79E+0I NA 250 Chronic toxicity value for laboratory mammal based on maternal effects Maughan, 1994
Fluorene l.90E+01 NA 125 NOAEL tbr mouse based on blood chemistiy IRIS, 1998
lndeno( I ,2,3 -cd)pyrene I .52E-0I NA I Value based on toxicity data for benzo(a)pyrene

N -Nitrosodiethylamine 7.86E -0I 100 280 LD value fo rat NTP, 2000
N -Nitrosodiphenylamine 4.57E+OI NA 301 NOAEL for mouse based on mortality . ATSDR, 1991
Naphlhalene 8.09F+0I NA 533 Chronic toxicity value for laboratory mammal based on behavioral effects Maughan, 1994
I'henanihrene I.96E+00 100 700 LD0 value ir laboratory manlnla Maughan, 1994
Phenol 7.94E+OI NA 523 NOAEL for mouse based on systemic effects ATSDR, 1988
Pyrene I.14E+0I NA 75 NOAEL for laboratory mammal based on kidney etiects IRIS, 1998
VOLATILES
I ,2 -Dichloroethene 6.86E+00 NA 45.2 NOAEL for mouse based on weight, blood chemistry, and hepatotoxicity Sample et al. , 1996
Carbon disullide 4.55E+Ol NA 300 NOAEL for mouse based on hepatic effects ATSDR, 1990
Methylenc chloride I .64E+0O NA 5.85 NOAEI. for rat based on liver histology Sample et al., 1996

.:eco toxicity data3.xls \ deer
Page 2 of?
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Ta!" 26
Ti. Benchii:arlcs for the Meadow Vole )
A TOFIiVA Chemicals, IVest Brine Field, Rii'erview, MI

Analyte

Benchmark
loxicity \'alue

mg/kg-slay
I)IOXINS

2,3,7,8-T('DD I .77E-06
IN ORGAN ICS
Alutninuni I .84E-t0O
I\ntiTnony 1.19E-0 I

Arsenic I.20E-01
Barium 9.43E-fO0
Beryllium l.I7Ef00
Cadmium I .70E-f00
Chromium 4.83E+03
Cobalt 3.I8E-f01
Copper 2 .69E+0 I

Cyanide I. I 4E+02

lead l.41E+01

Manganese I .55E+02
Mercury I .26E+01
Nickel 7.06E+0I
Selenium 3.53E-0I
Silver I .73E+01
Thallium I .32E-02

Tin 2.24E+0I

Vanadium 3.44E-0 I

Zinc 2.83E+02

ORGANOCIILORINE rESTICIl)ES

4,4 -I)I)l) 3.25E40l
4,4 -DDE 4.09E+02
4,4 -DDT I.41E+00
Aldrin 3.53E-01
Chloi'dane 4.40E+00
Kepone 7.06E-0I

SErS1IVOLA'FILES
2 -Methylnaphdialene 2.88EfOl

Acenaphthenc 3.09E+02
Acenaphihylene 3.OOE+0 I

Antliracene 5.83E-fO3

Benzo(a)anlhracene 9.55E-0 I

13enzo(a)pyrene 9.55E-0I
l3enzo(g,h,i)perylene 9.55E-0 I

Surrogate Toxicity

Value
Factor mtt/kt-da' Source Reference

eco_toxicity_data3.xls \ vole

Page I of2

NA 0.000001 NOAEL for rat based on reproduction Sample ci at., 1996

NA 1.93 NOAEL for mouse based on reproduction Sample e a!. , 1996

NA 0.125 NOAEL for laboratory mouse based on longevity Sample eta!., 1996

NA 0.126 NOAEL for laboratory mouse based on rproduction Sample cia!., 1996

NA 5.06 NOAEL for rat based on growth Sample cia!., 1996

NA 0.66 NOAEL l'or cat based on longevity/weight loss Sample ci a!. , 1996

NA I NOAEL for rat based on reproduction Sample cia!. , 1996
NA 2737 NOAEL for rat based on reproduction and longevity Sample cia!. , 1996

NA 18 NOAEL for rat based on respiratory and cardiovascular effects ATSDR, 1990
NA 11.71 NOAEL for mink based on reproduction Sample ci a!. , 1996

NA 68.7 NOAEL for rat based on reproduction Sample eta!. , 1996
NA 8 NOAEL for rat based on reproduction and longevity Sample ci a!. , 1996
NA 88 NOAEL for rat based on reproduction Sample eta!. , 1996

NA 13.2 NOAEL for mouse based on mortality Sample eta!., 1996
NA 40 NOAEL for rat based on reproduction Sample eta!. , 1996

NA 0.2 NOAEL for rat based on reproduction Sample ci a!. , 1996
NA 18.1 NOAEL for mouse based on systemic efl'ecls ATSDR, 1990

NA 0.0074 NOAEL for rat based on reproduction Sample ci a!. , 1996

NA 23.4 NOAEL for mouse based on reproduction Sample ci a!. , 1996
NA 0.21 NOAEL for rat based on reproduction Sample ci a!. , 1996
NA 160 NOAEL l'or rat based on reproduction Sample eta!., 1996

NA 34 NOAEL for mouse based on respiratory and other effects ATSDR, 1988
NA 428 NOAEL for mouse based on respiratory and other eli'ecis ATSDR, 1988
NA 0.8 NOAEL for rat based on reproduction Sample ci a!. , 1996
NA 0.2 NOAEL for rat based on reproduction Sample ci a!. , 1996
NA 4.6 NOAEL fur mouse based on reproduction Sample ci a!. , 1996
NA 0.4 NOAEL for rat based on mortality Sample ci a!. , 1996

100 1630 LD0 value for ra based on mortality NlOSl I, 1995

NA 175 NOAEL for laboratory mammal based on hepatotoxicity IRIS, 1998
100 1700 LD50 value for laboratory mammal Lewis. 1996

NA 3300 Chronic toxicity value for laboratory mammal based on cancer Maughan, 1994
NA I Value based on toxicity data for benzo(a)pyrene
NA I NOAEL for mouse based on reproduction Sample ci a!. , 1996
NA I Value based on toxicity (lata for benzo(a)pyrene

ElJVIRONMEtJTAL STANDARDS



Table 26
Toxicity Benchmarksfor the Meadow Vole
A TOFINA Chemicals, Wesr Brine Field, Riverview, MI

Analyte

Benchmark
Toxicity Value

mg/kg-day Safety Factor

Surrogate.Toxicity
Value

mg/kg-day Source Reference
Benzo(k)fluoranthene 9.55E-01 NA I Value based on toxicity data for benzo(a)pyrene
I3is(2-Ethylhexyl)phthalate I .75E+01 NA 18.33 NOAEL for mouse based on reproduction Sample el a!., 1996
Chrysene 3.OÔE+00 100 320 LD50 value for mouse based on mortality ATSDR, 1990
Dibenz(a,h)anthracene 9.55E-01 NA I Value based on toxicity data for benzo(a)pyrene
Fluoranthene 4.41 E+02 NA 250 Chronic toxicity value for laboratory mammal based on matemal effects Maughan, 1994
Fluorene l.l9E+02 NA 125 NOAEL for mouse based on blood chemistry IRIS, 1998
lndeno( I ,2,3 -cd)pyrene 9.55E-01 NA I Value based on toxicity data for benzo(a)pyrene
N -Nitrosodiethylamine 4.94E-00 100 280 LD50 'UiuC tOt rat NTP, 2000
N -Nitrosodiphenylamine 2.88E+02 NA 301 NOAEL for mouse based on mortality ATSDR, 1991
Naphthalene . 9.4! E+02 NA 533 Chronic toxicity value for laboratory mammal based on behavioral effects Maughan, 1994
Phenanthrene I.24E+01 100 700 LD50 value for laboratory mammal Maughan, 1994
Phenol 5.OOE+02 NA 523 NOAEL for mouse based on systemic effects ATSDR, 1988
Pyrene l.32E+02 NA 75 NOAEL for laboratory mammal based on kidney effects IRIS, 1998
VOL ATILES
1,2 -Dichloroethene 4.32E+OI NA 45.2 NOAEL for mouse based on weight, blood chemistry, and hepatotoxicity Sample eta!., 1996
Carbon disultide 2.87E+02 NA 300 NOAEL for mouse based on hepatic effects ATSDR, 1990
Methylene chloride 5.59E+00 NA 5.85 NOAEL for rat based on liver histology Sample el a!., 1996

eco_toxictty_da1a3.xls \ vole .
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Table

Toxit Ancliinarksfor the America,, Robin
ATOFINA Chemicals, Vest Bri,:e Field, Riverview, Ml

Analyte

l)IOXINS

2,3,7,8 -TCDD
IN ORGAN ICS
Aluminum

Antimony
Arsenic
Barium
Beryllium

Chi-omium
Cobalt

Lead

Manganese

Mercury

Nickel

Beitcitniark Surrogate Toxicity
Toxicity 'aIue Value

mg/kg-day Safety Factor mg/kg-day
-

Source Reference

)

I .40E-05 NA 0.000014 NOAFI. for ring-necked pheasant based on reproduction Sample eta!. , 1996

10134 02 NA 109.7 NOAEL for ringed dove based on reproduction Sample ci aL, 1996
I .2513-02 10 0.125 NOAEL for laboratory mouse based on longevity Sample ci aL 1996
2.46E-f00 NA 2.46 NOALL tor brown-headed cowbird based on mortality Sample ci id, 1996
2.0813+01 NA 20.826 NOAEL for chicken based on mortality Sample em a!. 1996
6.60E-02 10 0.66 NOAEL for rat based on longevity/weight loss Sample eta!. , 1996
I .45E+00 NA 1.45 NOAEL for mallard duck based on reproduction Sample et a!. , 1996
I .0013+00 NA I NOAEL for black duck based on reproduction Sample ei a!., 1996
I .8013-f 00 10 18 NOAEL for rat based on respiratory and cardiovascular eftècts ATSI)R, 1990
4.7013+01 NA 46.97 NOAEL for chicken based on growth Sample ei 0/., 1996
6.87E+00 tO 68.7 NOAEL for rat based on reproduction Sample el a!. , 1996
3.8513+00 NA 3.85 NOAEL for american kestrel based on reproduction Sample eta!., 1996
9.7713-f 02 NA 977 NOAEL for Japaiiese quail based on growth and behavior Sample eta!. , 1996
4.50E-01 NA 0.45 NOAEL for Japanese quail based on reprodttction Sample eta!. , 1996
7.7413+01 NA 77.4 NOAEL for mallard duck based on mortality, growth and behavior Sample et 0/. , 1996
4.0013-01 NA 0.4 NOAEL for mallard duck based on reproduction Sample et 0/., 1996
1.81 13+00 10 18.1 NOAEL for mouse based on systemic etIect ATSDR, 1990
7.4013-04 10 0.0074 NOAEL for rat based on reproduction Sample em a!., 1996
6.7613+00 NA 6.76 NOAEL for Japanese quail based on reproduction Sample et a!., 1996
1.1413+01 NA 11.38 NOAEL for mallard duck based on mortality and body weight Sample et a!. , 1996
1.4513+01 NA 14.49 NOA EL for white leghorn hen based on reproduction

.

Sample eta!., 1996

3.40E+00 10 34 NOAEL for mouse based on respiratory and other effects ATSDR, 1988
4.2813+01 10 428 NOAEL for mouse based on respiratory and other effects ATSDR, 1988
2.80E-03 NA 0.0028 NOAEL for brown pelican based on reproduction Sample ci a!. , 1996
2.0013-02 10 0.2 NOAEL for rat based on reproduction Sample eta!., 1996
2.14E+00 NA 2.14 NOAEL for red-winged blackbird based on mortality Sample ci a!., 1996
4.OOE-02 10 0.4 NOAEL for rat based on mortality . Sample eta!., 1996

Silver
Thalliuii

l'in

Vanadium
Zinc

ORGANOCIILORIN 13 PESTICII)ES

4,4 -Dl)D

4,4-1)1)13

4,4 -l)Dl

Aldrin

Keponc

SEM IVOLATILES
2 -Methylnaphtlialene

Acenaphthene

Acenaphthylene

1.6313+00 1000

l.55E+OO 10
I .7013+00 1000

Antliracene 4.0713+01 10
Benzo(a)anthracenc 4.07E+0 I 10
I3enzo(a)pyrene 4.07E-fOl 10
I3enzo(g,h,i)perylene 4.0713+01 10

eco_toxicity_data3.xls \ robin
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1630 LD50 value for rat based on mortality

15.5 LOAEiL for mallard based on hepatic stress

1700 LD50 value for laboratory mammal

407 LOAEL for mallard based on hepatic stress

407 Value based on toxicity data for benzo(a)pyrene
407 LOAEL for mallard based on liepatic stress

407 Value based on toxicity data for benzo(aovrene

NIOSII, 1995

Patton and Dieter, 1980
Lewis, 1996

Patton and Dieter. 1980

Patton and l)ieter, 1980
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Table 27

Toxicity Beiic/wzarks for the America,: Robin
A TOFINA chemicals, !Vesr Brine Field, Riverview, MI

Analyle

Benchmark
Toxicity Value

mg/kg-day Safety Factor

Surrogate Toxicity
Value

mglkg-day Source
Benzo(k)I1uoranthene 4.07E+01 tO 407 Value based on toxicity data for benzo(a)pyrene

Bis(2-Ethylhexyl)phthalate 1.1 IE+00 NA 1.1 I NOAEL for ringed dove based on reproduction
Chrysene 4.07E+Ol 10 407 Value based on toxicity data for benzo(a)pyrene

Dihenz(a,h)anthracene 4.07E+01 10 407 Value based on toxicity data for benzo(a)pyrene

Fluoranthene 4.07E+0I tO 407 LOAEL for mallard based on hepatic stress

Fluorene 4.07E+01 tO 407 LOAEL for mallard based on hepatic stress

lndeno( I ,2,3 -cd)pyrene 4.07E+O I tO 407 Value based on toxicity data for benzo(a)pyrene

Naphthalene l.80E+01 10 180 LOEL for rna11ad based un systemic toxicity

N -Nitrosodiethylamine 2.80E0l 1000 280 LD50 'alue for rat

N -Nitrosodiphenylarnine 3.OIE+01 10 301 NOAEL for mouse based on mortality

t'henanthrene 4.07E+01 10 407 LOAEL for mallard based on hepatic stress

Phenol 5.23E+Ol tO 523 NOAEL for mouse based on systemic effects
Pyrene 4.07E+Ol tO 407 LOAEL for mallard based on hepatic Stress

VOLATILES
I ,2 -Dichloroethene 4.52E+00 10 45.2 NQAEL for mouse based on weight, blood chemistry, & hepatotoxicity
Carbon disulfide 3.OOE+ot 10 300 NOAEL for mouse based on hepatic effects

Mcthylene chloride 5.85E-ol 10 5.85 NOAEL for rat based on liver histology

kelerence

Sample el aL , 1996

Patton and Dieter, I 980

Patton and Dieter, 1980

Eisler, 1987
NTP, 2000

ATSDR, 1991
Patton and Dieter, 1980

ATSDR, 1988
Patton and Dieter, 1980

Sample et a!. , 1996

ATSDR, 1990
Sample et al., 1996

ecojoxicity_data3.xls \ robin .
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Table 28
Statistical S,,,,,,,,aij' ofco,istituei,ts in Surface Soil (1-3 feet bgs for Use in the Ecological Risk Assessii: elit

A TOF!NA Che,nical.s, West Brine Field, Riverview, MI

Analyte

Total Number
of Samjles hits

flit
Frequency

%

Minimum
Detected
mg/kg

Meati
mg/kg

Log Mean
mg/kg

Maximum

SQL
mg/kg

Maximum
l)etected

mg/kg

Standard
Deviation

mg/kg
95% UCt.

mg/kg

Log 95%
LJCL

mg/kg
I)Nlribution

99% Confidence
l)EiECTEI) CONSTITUENTS

ins
2.3,7,8 -TCDI) (TEQ) 3 2 66.67 5.25E-06 I.53E-05 I.28E -05 0.00004789 l.69E-05 9.44E-06 3.I3E -05 5.92E-03 Normal/I.ognormal
Inorganics

ALUMINUM 14 14 100 3.I0Ef00 i.I8E+04 6.71E-FO3 0.OOE+00 I 99E+04 5.13E+03 l.42E+04 I.95E+06 Normal
ANTIMONY IS I 6.67 I.30E+00 3.26E+0O 3.06E-t00 8.OOE+00 I.30E+0O 9.OIE -0I 3.67E+00 4.23E-f00 Unknown
ARSENIC 16 I6 100 I.70E400 8.65E00 7.48E+00 0.OOE+00 I.56E+0I 3.85E00 l.O3EEOI I.33E+0I Normal
IlARILIM 16 16 100 I.44E+0I 8.I7E+01 7.05E+0I 0.OOE+00 I.49E+02 3.83E401 9.85E+0I I.23E+02 Nonrial/Lognormal
I1ERYI.l.IUM 16 5 31.25 4.OOE-02 3.22E-Ot 2.74E -0I 6.70E-01 6.30E -0I I.55IE -01 3.90E-01 5.I7E -0I Unknown
(AI)MItJM 16 2 12.5 5.70E-01 3.47E-0I 3.IOE -0I 6 70E -0I I.OOF+00 I.97E -0I 4.33E -0I 4.53E -0I Unknown
('IIRONIIIIM 16 16 100 2.40E+00 I.88E+0I !.64E+0I 0.00E400 .20E40I 7,74E400 2.22E+0I 2.91E401 Normal
('OIIAI:I' lb 16 100 5.500-01 9.I2Ei00 7.20E+00 0.000+00 l.57E+0I 4.l2E00 I.09E+0I 2.08E0I Normal
('OEPER lb 16 100 9.20E-100 3.44E+0I 2.51E+0I 0.000FCO 1.470+02 3.810+01 5.IIEi0I 4.92E+0I Unknown
IRON . 13 13 100 I.55E+04 2.77E+04 2.62E+04 0.000+00 .66E+04 I.05E+04 3.290+04 3.350+04 Normal/I.ognormal
lEAF) 16 16 100 730E+00 3.070+01 1.780+01 0.000+00 I 570+02 4.60E+0 5.090+0! 4.770+0! Unknown
MANGANESE 13 13 lOG 3.280+02 5.34E+02 4 82E+02 0.000+00 L28E03 2.97E+02 6.80E402 6.82E+02 Unknown
MERCURY lb 5 31 25 1.400-01 I .51F -0I 9.420-02 1.300 -UI 9.75E-01 2.330-OF 2.550-01 2.24E -Ql Unknown
NICKEL 16 16 100 5.000+00 4.180+01 2.990+01 0.000+00 2.400+02 5.38E401 6.540+01 6.26Et0l Unknown
SEI.ENIfJM 16 2 12.5 3.90E -0I 3.22E-0! 2.800-01 6 700-01 9.800-01 1.930-01 4.07E -0I 4.530-01 Unknown
thALLIUM 16 I 6.25 2.40E-01 5.09E-oi 4.330-01 1.300+00 2.400-01 1.940 -OF 5.94E-01 8.830 -OF Unknown

TIN 3 3 100 8.IOE -0I .40E±00 1.120+00 0000400 I.90E+00 5.510-01 2.330+00 8.640400 Notmal/I.ognormal
VANADIUM lb 16 100 2.700+00 2.470+01 1.960+01 O.OOE+00 4.080+01 I.23E+01 3.010401 4.96E+OI Normal
ZINC 16 16 100 2.100+01 9.550+01 8.160+01 0.000+00 3.150+02 6.540+01 1.240+02 I.31E402 Lognomial
Se,nivalatile Organic ('ninpounds (Non-Peslicidcs)

3&4 -METIIYLI'IIENOL 5 I 20 i.40E-,Mi) 8.680+01 I 370+0! 4.75E+02 1.400+00 l.03E+02 I.85E+02 8.710+12 Nornial/Lognormal
ANFIIRACENE 20 I S 3.OOE-Ol 6.840+01 1.010+00 1.500+03 3.OOE-0I I.82ErO2 I.39E4-02 4.460403 Unknown
IlENZO(A)ANTIIRACENE 20 I 5 9 60E-01 6.850+01 1.070+00 1.500+03 9.60E -0I I.82E+02 1.390+02 4.380+03 Unknown
I30NZO(AWYRONE 20 2 hO 4.500-01 6.850+01 l.09E+00 I.500-f03 6.700-01 1.820102 I.39E+02 4.130403 Unknown
IIENZO(I3)FLUORANTIIENE 20 2 10 5.400-0! 6.85E+0I I.I2E+OO 1.500+03 9 90E-01 I.82Et02 1.390402 4.14E403 Unknown
IIENZO(G,II,I)PERYLENE 20 I 5 5.60E -Ol 6.84E+0I l.O4E+00 1.500+03 5.60E-01 1.820*02 .390*02 4.35E+03 Unknown
I1ENZO(K)FI.UORANTIIENIi 20 I 5 5.600-01 6.84E+0I 1.040+00 I.500 -F03 5.600-01 1.820*02 1.390102 4.35Ei03 Unknown
I3lS(2-EFIIYLIIEXYL)PIIIIlALA[0 20 I 5 1.900-01 6.840+01 9.860-0! l.50E-F03 I.90E-0I 1.820+02 1.390*02 4.650103 Unknown
I1UIYIJ3ENZYI.PIITIIALATE 20 I 5 2.10001 6.840~0! 9.910-01 I.50E+03 2.100-01 1.820+02 1.390*02 4.600+03 Unknown
(IIRYSENE 20 I 5 1.200±00 6.850+01 I.08E+00 1.500+03 .200100 1.820+02 1.390402 4.430+03 Unknown
DII)IiNZO(A,II)ANTIIRACENE 20 I 5 1.700 -UI 6.840+0.......OE -01 .3004-03 1.700-01 I,82E+02 l.390i02 4.71E403 Unknown
FIj.IORANTIIENE 20 2 10 5.400-01 6 850+0! I 14E-F00 I.500t03 1.500400 1.810+02 1.390102 4.24E+03 Unknown
FI.L'ORENE 20 I 5 1.000-01 6.840401 9.550-0! 1.500+03 .(IOE -0I .820402 1.390402 5.090+03 Unknown
INDENO(I,2,3-CD)I'YRENE 20 I 5 7.600-01 6.85E01 1.060+00 - 500103 7.600-01 1.820+02 I .39E 402 4.350403 Unknown

VBrineecosiat5.xIs/surthce soil F/PI
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Table 28
Statistical Suizi in ary of Co,,stitue,:ts in Surface Soil (1-3 feet bgsi for Use in the Ecological Risk Assessni eli!
4 TOFINA chemicals, JVest Brine Field, Riverviev, Mi

Hit Minimum Maximum Maximum Standard Log 95%
Total Number Frequency Detected Mean Log Mean SQL Detected I)eviation 95% UCL UCL Distribution

Analyte of Samples tilts % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 99% Confidence
NAPIITIIALENE 19 2 10.53 I.40E+02 9.85E+0! I.8E+00 l.50E+03 7.30E+02 2.34E+02 l.92E+02 2.48E+04 Unknown
N -NITROSODIETHYLAMINE 5 I 20 7.80E -0I 8.67E-fo! I.22E+01 4.75E+02 7.80E-0I I.03E1-02 I.85E+02 6.I3E~13 Normal/Lognormal
N -NITROSODIPIIENYLAMINE 19 2 10.53 4.70E-02 1.90E+02 l.7E+00 I.ROEFO3 I 90E+03 4.89F+02 3.85E -F02 l.07E+05 Unknown
PIIENANTIIRENE 20 I 5 9.80E-0I 6,S5E*Ol 1.07E+00 I SOE+03 .80E -0I l.82E+02 l.39E+02 4.38E+03 Unknown
II1ENOL 19 4 21.05 5.70E+0 I.40E+03 l.65E+00 2.I0E+0I l.55+04 4.09E+03 3.02E+03 6.50E+06 Unknown
IYRENE 20 2 10 4.70E -0I 6.85E+01 I.I5E+00 I.50E+03 2.00E100 L8IE+02 l.39E+02 4.37E+03 Unknown
J'olaiile Organic Compounds

.2 -DICIILOROETIIENE (TOTAL) 6 I 16.67 I.30E+00 4.47E+00 4.ó8E-OI 2.50E+01 I.30E+00 6.05E+0O 9.45E+00 8.59E+I0 Normal/Lognormal
2 -BUTANONE 5 3 60. I.OOE-F0Q I.78E+0I 8.94E+00 9 7OE0I I.OOE+0I I.94E+01 3.64E+0I 6.34E+03 Nomsal/Lognonnal
4-METIIYL-2 -PENTANONE 6 I 16.67 3.70E-02 I.26E+0I 5.18E-0I 9.?OE+OI 3.70E-02 2.OIE~01 2.92E+01 2.I0E+I3 Normal/Lognormal
ACETONE 6 I 16.67 9.OOE-01 l.39E+0I 5.30E+00 9.70E+OI 9.OOE-0I I.92E+01 2.97E+0I I.50Ef03 Normal/Lognormal
CARBON DISULFIDE 6 2 33.33 5.30E-02 9.76E+00 4.94E-01 2.50E+OI 3.40E+OI l.33E+01 2.07E+01 I.07E+I5 Normal/Lognormal
E1IIYLBENZENE 6 2 33.33 I.00E-02 4.24E+ou) ?.04F-01 2 SofI-Ol S.85E -0I 6.22E±00 9.35E+00 2.30E+12 Lognormal
METItYLENECIlLORIDE 6 I 16.67 5.90E+00 5.07E+00 2.29E-01 2.SOE+0I 5.90F+00 6OIE~00 I.OOE+0I 6.I2E+I5 Normal/Lognormal
TETRACIILOROETHENE 5 2 40 I.60E -02 5.1E+00 6.13E -OI 2..50Ei01 160E-02 6.53E00 I.I3E+0I 8.I8E+l I Noimal/Lognormal
IOLUENE 6 2 33.33 2.20E-02 4.29E+00 4.85E-01 2.50E+0I 2.20E-01 6.18E~00 9.37E+00 6.2!E+07 Lognormal
iRICLILOROETIIENE 5 2 40 7.OOE -(D 5.I0E±00 4.7E -0L 2. S0E0l I.20E -02 654E-00 l.13E+01 6.94E -t-I5 Normal/Lognormal
XYLENES (TOTAL) 6 2 33.33 SOOE -03 6.34E+00 2.66E-01 4.90E+01 4.80E-02 I,02E+01 l.47E0I I 63E+13 Normal/Lognornial

CONSTITUENTS NOT DETECTED
2,4.5-T 3 0 0 0.00E-00 I.65E-OI 9.0E-02 ó.OOE -01 0.OOE+00 !.67E-0 4.46E -0I 2.51E+09 Nomsal/Lognormal
24,5 -TP(SILVEX) 2 0 0 0.OOE+00 2.39E-01 2.I4E -01 6.90E-01 aooEi-oo i.50E-01 9.I0E -0I 7.23E+04 Unknown
2,4-I) 2 0 0 0.QOE+00 2.39E+00 2.t4E+00 6.90E~00 0.OOE+00 I.SOE+00 9.IOE-4-00 7.23E+05 Unknown
CYANIDE, TOTAL 3 0 0 0.OOE±00 2./5E-01 2JIE-0I 6 60E -0I 0.OOEFOO 5.SOE -02 3.68E-01 4.46E-01 Normal/Lognormal
SILVER, TOTAL 16 0 0 0.OOE+00 5 02E-01 4.2E -0I L3OE+00 0.OOE+00 2.05E -OI 5.92E -OI 8.83E-01 Unknown
DIMETIIOATE 3 0 0 0.00Ei-00 LO8E+0I 5.5E+00 5.20E+OI l\OOE+O0 l.34E+OI 3.33E+01 8.69E+II Normal/Lognormal
DISULFOTON 3 0 0 0.OOE+00 1.OSE+0I 5.15E-t-00 5.20E+OI 0.OOE+00 I.34E+OI 3.33E+01 8.69E -t-I Normal/Lognormal
EThYL PARAThION 3

-

0 0 0.OOE+00 I.08E -t-01 5.I5E-'-OO 5.20Ei-0I 0.OOE+00 I.34E+0I 3.33E -i-0I 8.69E+I I Normah/Lognorinal
FAMPIIUR 3 0 0 0.OOE+00 I.08E+01 5.15E+60 5.20Ei0I 0.OOE+00 L34E+01 3.33E+OI 8.69E -i-I I Normal/Lognormal
METHYL PARATHION 3 0 0 0.00E--00 LO8E±01 5.5E+00 520E+01 0.OOE+00 I.34E+0I 3.33E+0I 8.69E+l I Normal/Lognormal
O.O.O-TRIETIIYL PFIOSPHOROTHIOATE 3 0 0 0.OOE-fOo i.08E-0I 5.I5E00 5.20E+0I 0.OOE+00 I.34E+0I 3.33E+OI 8.69EfI I Normal/Lognormal
PIIORATE 3 0 0 0.OOE+00 I 08E+01 5.I5E+00 5.20E+OI 0.OOE+00 I.34E-fol 3.33E+01 8.69E+I I Normal/Lognormal
SULFOTEPP 3 0 0 0.OOE+00 LOSE+OI S I5E--00 5.20E+01 0.OOE+00 I.34E-i-OI 3.33E+OI 8.69E~I I Normah/Lognormal
LINOPIIOS 3 0 0 0.OOE+00 .08E+0h 5.I5E+00 5.20E.i-01 0.OOE+00 l.34E+01 3.33E-f0I 8.69E+I I Norrnal/Lognormah
AROCLOR-lOlo 3 0 0 0.OOE~00 8.I8E~0I 3.42E+0I 3.I5E+02 0.OOEi-00 7.73E+01 2.I2E+02 5.66E+20 Normal/Lognormal
AROCLOR-I22l 3 0 0 0.OOE+00 8.18E+01 3.42E*0I 3.I5E -i-02 0.OOE±00 7.73E+0I 2.I2E+02 5.OOE~20 Norrnal/Lognornial
AROCLOR-I232 3 0 0 0.OOE+00 8.18E4-CI -3.42E+OI 3.JSE+02 0.OOE+O0 7.73E±0I 2I2E~02 5.ÔÔE~20 Nommal/Lognormal
AROCLOR -I242 3 0 0 0.OOE+00 8.I8E--OI 3.42E+0 3.SF+02 0.OOE+00 7.73E+0! 2.I2E-f02 5.6615i-20 Normal/1.ognorrnal

WBrineeco xIs/surface soil
'5;
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Table 28
Statistical Summary ofConstitue,,ts in Surface Soil (1 -3 feet bgs for Use in tile Ecological Risk Assessn:e,ir

A TOFINA Che,nicals, West Brine Field, Rii'ervieu, MI

Ainalyle
Total Number

of Samples Hits

I lii
Irequency

%

sI john urn
Detected

mg/kg
Ieaii.

mg/kg
Log Mean

mg/kg

Maxim u in

SQL
mg/kg

Maxim u in

Detected
mg/kg

Standard
I)eviatio.i

nng/kg
95% UCL

mg/kg

Log 95%
UCL

mg/kg

I)islribtitiou

99% Confidence
AROCLOR -I248 3 0 0 0.0OEt00 8.I8E+Ol 3.42E+01 3.15E+02 O.OOE+00 7.73E±01 2.12E+02 5.66E+20 Nomial/Lognormal
AROCLOR -1254 3 0 0 0.OOE+00 l.ö2E+02 6/F--0I 6.30E+02 0.OOE+O0 L55E+02 4.23E+02 8.62E+20 Normal/lognormal
AROCLOR -1260 3 0 0 0.OOE100 l.62E'02 .7SE-0l 6.3clE -H32 0.00F00 l55F+O2 4.23E02 8.62E+20 Normal/Lognoimal
44 -I)D1) 3 0 0 0.OOE+00 I.62Ei01 6.78E:00 6.30E1-OI 000E+00 l.55E+0I 4.23Ef0I 8.62E+I9 Normal/Lognormal
44'-DI)E 3 0 0 0.OOE+00 l.62Ei-01 6.78E+00 630Et0I 000Ei00 I55E+0I 4.23E+01 8.62E+19 Normal/Lognormal
44 -DDT 3 0 0 0.00E09 L62E,01 6.78E00 6.3CE- (ii 000EIOO i.55E+01 4.23Ef0l 8.62E+19 Nonsial/Lognormal
Ali)RIN 3 0 0 0.OOEi-00 8.18E+00 3.42Ei-00 3.l5E0l O.OOE+00 7.73E100 2.I2E+01 5.66E+I9 Norrnal/Lognornial
AII'IlA-UIIC 3 0 0 0.OOE+00 8l8EfO0 3.42E+00 3.15E+01 0.OOE-foo 7.73Ef00 2.12E+0I 5.66E+I9 Normal/lognoi-rnal
AIl'ItA-CIILORI)ANE 3 0 0 0.OOE+00 8.I8E -*01 342E+01 3i5Ei02 0.00E00 7.73Et0I 2.I2E-+02 5.66E~20 Noumal/Lognoniial
I3ETA-BIIC 3 0 C 0.OOE+00 8.I8E400 3.42E -F00 3.15E+0I 0.OOE+00 7.73Ei00 2I2EfOl 5.66E+I9 Normal/Lognormal
DELFA-BIIC 3 0 0 0.OOE+00 8.ISE+00 3.42E-FOC' 3 ;5E-,-0I GMOEi-00 7.73E400 2.I2Et0I 5.66Eft9 Nonmal/Lognorma!
DII LI)RIN 3 0 0 0.OOE+00 L62E0I 6.78EfOO 6.30E -i-01 0OOEiOo l.55E401 4.23E+OI 8.62E -i-19 Normal/Lognonnal
ENDOSULFAN I 3 0 0 0.OOE+00 8.I8E'-OO 3.42E1-00 3.lSF401 0.OOE-FOO 7 73E00 2.I2E-fOl 5.66EFl9 Normal/Lognormal
ENDOSULFAN II 3 0 0 0.OOE+00 i.62E+0I 6.78E -i-00 6.30E~01 0.OOE/00 I55E-fOl 423E+01 8.62FF 9 Nornial/lognormal
ENI)OSULFAN SULFATE 3 0 0 0.OOE+00 I.62E+0I 6 78E+00 6.30E+0I 0.00EF00 l.55E-FOI 4.23E+0I 8.62E~I9 Nornialfl.ognornial
ENDRIN 3 0 0 0.OOEFOO 1.62E/0I 6.78E+00 6.3OEFOI 0.00Ef00 I.55E+0I 4.23E+ot 8.62EF19 Nonmal/Lognornial
ENI)RIN ALDEIIYI)E 3 0 0 0.OOE+00 IM2E-f0I 6.78E+00 6.30E+0I 0.OOEi-00 I.55E+01 4.23E+0I 8.62Cr 19 Normal/Lognornial
GANIMA-BIIC(I.INDANE) 3 0 0 0.OOEI-00 8.I8EFOO 3 42E+0O 3.I5E+0I 000E+00 7.73E+00 2.I2Ei0I 5.66E+19 Normal/Lognormal
(IAMMA-CIILORI)ANE 3 0 0 0.OOEi0o 8.I8E+0l 3.42E-FOI 3.I5E02 Ii00C-FOO 7.73E-F0l 2.I2E-02 5.66E+20 Nornial/lognormal
IIEPTACIILOR 3 0 0 0.OOE+00 8.18E+00 3.42E~00 3.I5E+01 0.00Ei-00 7.73EFOO 2.I2E0I 5.66E-:-I9 Noimal/I.ognormal
IIEI'TACIILOR EPOXIDE 3 0 0 0.OOE+00 8.I8E+00 3.42E+00 3.15E-rol 0.OOE+00 7.73Et0() 2.12Ef01 5.66Ei-19 Normal/Lognotmal
ISODRIN 3 0 0 - O.OOE+0O 8I8E+00 3.42E+00 3.I5E-iol 0.00Ei00 !.73E+00 2.I2E+0I 5.OÔE+I9 Nonnal/Lognormal
KEPONE 3 0 1) 0.OOE-iO0 I.62E+0I 6.78E-00 6.30E -F0l 0.OOE+00 I.55E+0I 4.23E+01 8.62Ei-l9 Norma/Lognormal
METIIOXYCIILOR 3 0 0 0.00E-O0 8.I8E0i 3.42E -0l 3.i.SEi02 0.00E0O 7.73E+01 2.I2Et02 5.66E~20 Norrna/LognormaI
1OXAIIIENE 3 0 0 0.00E400 I.62E+02 6.78E-FOI 630E1M2 0.90EtO0 L55E+02 4.23E+02 8.62E~20 Normal/Lognornial
L24.5 -TETRACIILOROBENZENE 5 0 0 0.OOE+00 8.6oF+)I 9.28E+00 4.75F -f02 0.OOE+00 l.03E+02 l.85E+02 2.56E1-l6 Noimal/Lognormal
I.24 -TRICIILOROBENZENE 19 0 0 0.OOE+00 7.20E+01 l.08E-00 l.50E403 0 OOE -t00 l.86E1-02 l.46E402 8.28EF03 Unknown
l2 -DICIILOROBENZENE 19 0 0 0.00E -FOO 7.20+0l l.08E-FOO I.505+03 0.00E00 I 86E+02 L4ÔE102 8.28EF03 Unknown
.3.5 -TRINITROBENZENE 5 0 0 0.OOE-FOO 8.66E 07 9.28E~0 4 75Et03 0OOF+00 l.03E~03 l.85Ef03 2.56E1-I7 Normal/I.ognormal

l,3 -DICIILOROBENZENE 19 0 0 0.OOEi-D0 70E+01 I.O8EFOO I.50E/03 1000+00 l.86EO2 I.46E102 8.28E+03 Unknown
L3 -DINIFROBENZENE 5 0 0 0.00E00 74E-f02 l.86E+0! 9.55E±02 0.OOE+00 2.07E.02 3.71E+02 5.24EF16 Normal/Lognorinal
I,4 -DICIILOROI3ENZENE 19 0 0 0.OOE+00 7.200FOI .08E*0O I.50EF03 0.000+00 18oCt02 !.46Ei02 8.28E03 Unknown
L4DIOXANE 5 0 0 0.OOEt01' i.74E+02 1:8601 9.55E+02 0.OOE+00 2.07E402 3.71E+02 5.24Erl6 Normal/I ognormal
L4 -NAPItTIIOQUlNONE 5 0 0 0.00Et(J0 4.25E -t02 4.bOEtOI 2.35E03 0.OOE+00 5.07E+02 9.09E+02 I.05ErI7 Nornial/Lognornal
l -NAI'lII'IIYLAMINE 5 0 0 0.OOE+00 I.74E+02 I.86EtOl 9.55E+02 0.OOE+00 2.07002 3.71E402 5.24E+16 Normal/I ognornial
2.2'-OXYBIS(l-CIII.OROIROpANF) I') 0 0 0.OOEt00 7.20E+01 i.OSE -00 I SOEFO3 0.OOE+00 l.86E -t02 I.46E102 8.28E103 Unknown
2346-TETRACIILOROPIIENOL 5 0 0 0.OOE+00 8.66E+-0I 9.28E-00 475E+02 0.OOE0O I.03E+2 l.SSE -F02 2.56EF16 Normal/I.ognorrnal
2,4,5 -1RICIILOR()PIIENOI. 19 0 0 0.00E+00 2.I3E+(I2 OSE*00 3 70E+1i3 0.OOEIOO 5.04E~l)2 4.I3E+02 l.69Et05 Unknown

\Vl3rine eco s1at5.xls/surlhce soil
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Table 28
Statistical Summary ofConstit:ie,,ts in Surface Soil (1 -3 fret bgs) for Use ii: the Ecological Risk Assessment
A TOFINA Chemicals, IVest Bri,,e Field, Rivervie,v, Ml

Analyle -

Total Number
of Samples flits

Flit
Frequency

%

Minimum
Detected

mg/kg
1ean

mg/kg
og Mean
mg/kg

Maximum

SQL
mg/kg

Maximum
Detected

mg/kg

Standard
Deviation

mg/kg
95% UCL

mg/kg

Log 95%
UCL

ing/kg
Distribution

99% Confidence
246-TRICIILOROPIIENOL 19 0 0 0.OOE+00 7.20E+Ol 1.OSE+00 i.50E+03 0OOE+00 l86E+02 l.46E -i-02 8.28E+03 Unknown
2,4-DICIILOROPIIENOI. 19 0 0 0.00E~)L) 7 20EiCi I.08E+00 .50Et03 (.00Ef00 l.86E+02 I.46E1-02 8.28E-i-03 Unknown
2,4-DIMEFIIYLPIIENOL 19 0 0 0.00E+00 7.20E+01 I.08E+flo l.50E+03 0OOE+00 186E+02 l.46E+02 828E+03 Unknown
2,4-DINITROPIlENOt. 19 0 0 0.OOE+00 2.15E+02 4.87E+00 3.70E+03 0.OOE -i-00 5.03E+02 4.15E+02 I58E+04 Unknown
2,4-I)INITROTOLUENE 19 0 0 0.OOE+00 720E+01 LO8E-i-00 L5OE-'-03 0.OOE+00 l.86E±02 l.46E+02 8.28E+03 Unknown
2,6-l)ICFILOROPIIENOL 5 0 0 0.OOE+00 8.66E+01 9.2E+00 4.75E~02 0.OOE+00 l.03E+02 I.85E+02 2.56E-'-ló Normal/lognormal
2,6-DINITROTOLUENE 19 0 0 0.OOE+00 7.20E+01 !..08Ei0O i.SOE--03 0.00Ei-00 L86E+02 l.46E+02 8.28E+03 Unknown
2 -ACETYLAMINOFLUORENE 5 0 0 0.OOE+O0 I.74E-i-02 I.86E+01 9.55E+02 0.OOE+00 2.07E+02 3.71E -i-02 5.24E+I6 Normal/Lognornial
7 -AMINONAPIITHALENE (BETA NAPIIT 5 0 0 0.OOE+00 2.l6tO2 2.3?F+0I l.19E+03 0.iX)E+00 2.57E+02 4.oOE+02 6.I5E+16 Nornial/Lognormal
2 -CIILORONAPHTIIALENE 19 0 0 0.OOE+00 7.20E+0I l.08+00 i.50E-i-03 0.OOE+00 l.86E02 l.46E+02 8.28E403 Unknown
2-CIILOROPHENOL 19 0 0 0.OOE+00 7.20E1-0I 1.08E-i-00 l.50E+03 0.QOE+00 l.86E --02 l46E+02 8.2gE+03 Unknown
2 -MET11YLNAP11THALENE 19 0 0 0.OOE+00 7.20E~01 l.0F~00 LSOE+03 0.OOE±00 l.86E-'-02 l.46E~02 8.28E+03 Unknown
2 -METIIYLPIIENOL 19 0 0 0.OOE-t-00 7.20Ei-0 i.ORE+00 l.50E+03 0.OOE -i-00 1.86E+02 l.46E+02 828E+03 Unknown
2 -NITROANILINE 19 0 0 0.OOE+0O 2.i5E+02 4.87E+00 3.70E+03 0.OOE+00 5.03E+02 4.ISE+02 l.58E+04 Unknown
2 -NITROPIIENOL 19 0 0 0.OOE+00 7.20E+0i I.08E -t-00 tSOE+03 000E~00 l.86E-t-02 l46E -i-02 8.28E+03 Unknown
2 -PICOLINE 5 0 0 0.OOE+00 8.66Et) 9.28E+00 4 '73E+02 0.OOE+00 l.03E~02 L85E~02 256E~I6 Noimal/Lognormal
3,3'-D1C11L0R013ENZ1D1NE 19 0 0 0.OOE+00 8.g7E+01 365E+00 LSOE*03 0.OOE~00 2.03E+02 l69E+02 2.67Ef03 Unknown
3,3'-DIMETIIYLBENZIDINE 5 0 0 0.0oE+00 &25Fi-02 46UEi-Ul 2.s5E+03 o.OOE+00 5.07E+02 9.0)E~02 I05E~17 Norrnal/Lognormal
3 -METllYLCtlOLANT1lRENE 5 0 0 0.OOE+00 8.66E+01 928E1-00 4.75E--02 0OOE+O0 t.03E+02 l.85E+02 2.56E~16 Normal/Lognoimal
3 -NITROANILINE 19 0 0 0.OOE+00 2.15E-02 4.8'E --OO 3.70E+03 O.OOE+00 5 03Ei-02 415E+02 I.58E+04 Unknown
4,6-DINITRO-2 -MET11YLP11EN0L 19 0 0 0.OOE+00 2.I5E~02 4.87E+00 3.70El-03 0.OOE~00 5.03E-1-02 4.15E+02 l58E+04 Unknown
4 -AM1N0131P11ENYL 5 0 0 0.OOE+00 I.74E+02 LSoE+01 9.55E+02 0.OOE+00 207E+02 3.71E-F02 524E -'-lO Noimal/Lognorma!
4-BROMOPIIENYL-PlIENYLEflIER 19 0 0 0.OOE+00 7.20E+0I I.0S2i00 1.50E03 0.OOE+O0 I.86E+02 l46E-i02 8.28Ei-03 Unknown
4 -CIILORO -3 -METllYLPllENOL 19 0 0 0.OOE+00 720E+01 l.08E+O0 I.50E+03 0.OOE+00 I86E+02 I.46E+02 8.28Ei-03 Unknown
4-CIILOROANII.INE 19 0 0 O.OOE+00 7.20E+01 !.08E+00 I.SOE -1-03 0.OOE+00 I.86E+02 I.46E402 8.28Ei-03 Unknown
4-CllLOROPIlENYL-PIIENYLETIIER 19 0 0 0.OOE+00 720E0l i.08E+00 LSOE+03 0.OOE-toO l.86E -i02 l46E+02 828E -i-03 Unknown
4 -METIIYLPIIENOL 17 0 0 0.OOE -i-00 8.OSE+01 L3IE+O0 l.50E±03 0.OOE+00 !.95E+02 l.63E+02 3.29E+04 Unknown
4 -NITROANILINE 19 0 0 0OOE+00 2.15E+02 4.87E -i-00 3.70E+03 0OOE+00 5.03E+02 4.15E-f02 I.58E+04 Unknown
4-NITROPIIENOL 19 0 0 0.00E400 2.I5E+02 4.87E+00 3.70E-f03 0OOE+00 S.03E+02 4.I5E+02 l.58E+04 Unknown
4-NlTROQUlNOLlNE-l -OXlDE 5 0 0 0OOE -.0Q 4.2sEJ! 4.OOE±01 2.35E--03 0.00E00 5.07E±02 9.09E+02 l.05E-iI7 Nou-mal/Lognormal
5 -NITRO-O-TOLUIDINE 5 0 0 0OOE -0Q l.74E02 l.86E-0I )55E~02 0OOE+00 2.07E+02 3.7iE+02 5.24E~!6 Normal/Lognormal
7,12 -DlMElIIYI.BENZ(A)ANFIIRACENE 5 0 0 0.OOE+0O l.74Ei-02 I.86E-fol 9.55E -i-02 0OOE+O0 207Ei-02 371E-i-02 5.24E4-16 Normal/l.ognoi-nial
A,A-DIMETIIYLPIIENETIIYLAMINE 5 0 0 0OOE-foo 4.25E+02 4.ô0E0t 2.35E-503 0.OOE+00 507Er02 9.09E-iM2 l05E+17 Normal/Lognornial
ACENAPIITIIENE 19 0 0 0OOE+00 7.20Er01 J.08E--00 l.50Lt03 ).OOESOO l.86E--02 .46E+02 828EsO3 Unknown
ACENAPIITIIYLENE 19 0 0 0.OOE+00 720E-i-01 l.OSE -i00 I50E+03 0.OOE+00 l.86E±02 l.46Ef02 8.28E+03 Unknown
,\CETOPIIENONE 5 0 0 Q.OOE -i-O0 866E~0I 928EI-00 4.75E+02 000E+00 l.03E-f02 i.85E+02 256E+I6 Normal/Lognormal
ANILINE 5 0 0 0.OOE+00 425E+02 4.oOE+0I 2.3.5E03 0OOE+00 5.07E -F02 9.09E -i-02 I.05E -i-I7 Norrnal/Lognormal
ARAMITE 5 0 0 0.OOE+00 L74E+02 l.86E+0 955E-02 0OOE+00 207E+02 3.71E+02 5.24E+I6 Normal/lognoi-rnal

WBrineeco XIs/surface soil ,
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Table 28
Statistical Summary of Co,,stitsie,,ts in Surface Soil (1 -3 feet bgs for Use in the Ecological Risk Assessmne,ut

A TOFINA Chemicals, West Brine Field, Riveri'ie,v, MI

)

Analyte
'lotal Number

of Samples hits

hit
Frequency

%

Minimum
Detected

mg/kg

Meaji

mg/kg
Log Mean

mg/kg

Maxitnuni
SQL

mg/kg

Niaximum
Detected
mg/kg

Standard
Deviation

mg/kg
95% UCL

mg/kg

Log 95%
UCL

mg/kg
Distribution

99% Confidence
I3ENZYLALCOIIOL 5 0 0 O.00E400 8.66E+01 9.28E400 4.75E-f02 0.00E00 l.03E102 l.85E+02 2.56E+I6 Noimal/Lognormal
I3IS(2-CIILOROETIIOXY)MEIhIAN[ 19 0 0 0.00E+00 7.20E-fol l.08E-fcjO I.50Ef03 0.OOE+00 l.86E-f02 I.4ôE02 8.28E+03 Unknown
bIS(2-ChILOROETIlYL)ETIIER 19 0 0 0.00E+00 7.20E -f01 I.08Ef00 l.50E+03 000E+00 I.86E+02 I.46Ef02 8.28E+03 Unknown
('ARI3AZOLE 17 0 0 0.00E+00 8.05E+0I I.31E±00 L50EF03 0.00Ef00 I95E-f02 I.63E+02 3.29E+04 Unknown
('IhlORODhiNZhLATE 5 0 0 0.00E400 8.66E+01 9.28E+00 4.75Ef02 0.00E00 I.03Et02 l.85E102 2.SbE+16 NomaI/LognorrnaI
l)l -N -RUTYIJ'ItThIALA'I'E 19 0 0 0.00E+00 7.20E -i-01 1.08E+00 l.50Ef03 0OOEFOO I.86E+02 I.4ôE-02 8.28E+03 Unknown
l)I -N -OCiYIPhlThlALATE 19 0 0 0.OOE+00 7.20E+01 1.08E+00 I.50E+03 0.OOE-f00 h.86E-F02 l.46E+02 8.28E+03 Unknown
I)IALLATE 5 0 0 0.00E+00 .66+0 9.28E±00 4.75E02 0.00[t-00 LO3E+02 l.85E+02 2.56E+16 Nornial/Lognoimal
DIIIENZOFURAN 19 0 0 0.OOE+00 7.20E+01 i.08E+00 l.50E+03 0.OOE -100 l.86E+02 I.46E -F02 8.28E+03 Unknown
I)IEFIIYLPIIFIIALA1'E 19 0 0 0.00E+00 7.20E+OI l.08E-toO l.SOE-F03 0.OOE+00 I86E-f02 I.46E+02 8.28E+03 Unknown
l)IME1IlYLPhlTh1ALATE 19 0 0 0.OOE -F00 7.20E+01 I08E+O0 i.50E+03 000E+00 I.86E-102 I.46E+02 8.28EF03 Unknown
l)INOSEl3 5 0 0 0.OOE -*00 I.74E-f0 I.86Er01 9.55E-02 000E00 2.07E402 3.71E-f02 5.24E -i-16 NormaliLognoi-nial
I)IPIIENYLAMINE 5 0 0 0.00E-f00 8.66E+01 9.28E+0Q 4.75E+02 0.OOE+00 l.03E+02 I.85E+0! 2.56E+I6 Normal/Lognornial
IiFIIYLMETIIANESULFONA'lE 5 0 0 0OOF -f00 8.ttE --0I 9.28iL -0i3 4.75E+02 0.30E -i-00 l.03E+02 l.85E+02 2.56E+I6 Noimal/Lognormal
IIEXACIILOROI3ENZENE 19 0 0 0.OOE+00 7.20E+01 l.08E+00 1.50E+03 0.Oi)E+00 I.S6E+02 l.46Et02 8.28E -f03 Unknown
IIEXACIILOROBUTADIENE 19 0 0 0.OOE+00 7.20EF0l .0SE+00 I.SOE-f03 000Ei00 l.86E+02 l.46E+02 8.28EF03 Unknown
lIEXAChILOROCYCLOPINTADlENE 19 0 0 0.00E+00 7.46E+01 3.I6E00 l.50E+03 000k+00 l.85E+02 I.48E02 l.98Ei-03 Unknown
IIEXACIILOROE'hIIANE 19 0 3 0.OOE+00 7.20E401 i.08E-f00 I.50E+03 0.OOE+00 l.86E1-02 I46Ei-02 8.28E+03 Unknown
IIEXACIILOROPIIENE 5 0 0 OMOEFOO 7.76E02 8.90E~0! 385Eui3 O0iiL00 8.73E02 I.6IEi-03 9.63E+I6 Noumal/Lognonnal
IlLXAChILOROPROIENE 5 0 0 0.OOE+00 425E -i-02 4.60E -i-0I 2.35Ei03 000E00 5.07I+02 909E -u02 I.05Ei-I7 Nournal/Lognoi-mal
ISOPlIORONE 19 0 0 0.00E+O0 720E401 l.08E+00 l.50E+03 0.00E -i-00 l.86E+02 l.46E402 828E+03 Unknown
ISOSAFROI,E 5 0 0 0.OOE+00 8.66E-;0! 9 2gE+Oo 4 75E+02 0.OOE+00 l.03E -i-02 l85Ei02 256Ef lb Normal/lognoimal
MEIlhAl>YRILENE 5 0 0 0.OOE -i-00 2.16E-'-02 2.32E -i-01 I.19E+03 0.liOE -f01) 2.57E-t02 4.b0Eu02 6.l5Ei16 Noumal/lognornial
MEIIIYLMETIIANESULFONATE 5 0 0 0.OOE-F00 8.66E+01 9.28i+O0 4.75E -u02 0.OOEf00 l.03E+02 l.85E+02 2.56E+I6 Normal/I ognormal
N -NIlROSOI)h -N -BU'h'YLAMINE 5 0 0 0.OOE+0Q 8.66E+01 9.28E+0O 475E402 0.OOE+00 l.03E+02 I.85E402 2.56E~I6 Normal/Lognonnal
N -NITROSODI -N -PROPYLAMhNE 19 0 0 0OOE+00 7.20E-0l i.08E+00 I.50E+03 0.00F00 I.86E+02 l46E+02 8.28E-F03 Unknown
N -NITROSODIMEIlhYLAMlNE 5 0 0 0OOE+00 8.66E+0I 9.28E+00 4.75E+02 0.OOE+0O l03E-f02 I.85E~02 2.56E-'Ib Normal/Lognormal
N -NITROSOME'FIIYLEFlhYLAMINE 5 0 0 0OOE+00 8.66E+01 925E+00 4.75E+02 0.OOE-+00 l.03E-f02 l85E+02 2.56Ei-I6 Normal/Lognommi
N -Nl'FROSOMORh'lIOlINE 5 0 0 0.OOE+00 l.74E+02 L86E+0I 9.55E±02 0.OOE -F00 2.07E -f02 3.71E+02 5.24Ei-I6 Normal/Lognormal
N -Nlt'ROSOPIPERIDINE 5 0 0 0.00EiO0 8.66E-f01 9.28E+00 4.75E102 0.O0Et-00 l.03E±02 l.85E+02 2.56E416 Noniial/Lognonial
N -NITROSOPYRROLIDINE 5 0 0 0.00E+00 425E-t02 4.bOE-FOI 2.35E-f03 0.00E400 5.07Et02 909E+02 l05E+17 Normal/Lognormal
NIFROBENZENE 19 0 0 0.OOE+00 7.20E+Oh h.OSE+00 I.50E+03 0.OOE+00 I.86E+02 l.46E+02 8.28Et03 Unknown
O:FOLUIDINE 5 0 0 000E400 8.66E-i-Ol 9.28E+0O 4.75E+02 0OOE -i-00 l.03Ei-02 l.85E -f02 2.56Ef 16 Nonnal/Lognoi-mal

5 0 0 0.00E400 h.74E-l-02 I.86E+01 9.55E-i-02 0OOE+00 2.07Ef02 371E-+02 5.24Etl6 Nornial/Lognormal
I' -PIIENYLENEDIAMINE 5 0 0 0.OOE-#00 l.74Etl2 h.86E+01 9 55E+02 000E+O0 207E-+02 3.7IE+02 5.24Ei 6 Noimal/Lognoumal
PENlACIILOROISENZENE 5 0 0 0.00E00 &66Ei0l 9.2/E+OCI 4i5I02 ).0t)Ei00 I.03E-u02 l.85E+02 2.56Et lb Nournal/Lognormal
PENTACIILORONFI'ROI3ENZENE 5 0 0 0OOEFOO 8.66E+0I 9.28E+00 4.75E402 0OOE-f0Q I.03E1-02 l.85E+02 2.56E'16 Noimal/Lognomial
PENI'ACIILOROPIIIjNOI, 19 0 0 0OOE -F00 2 3E+02 loSE-fOb 37uEt)3 U.)OE+00 5.04E+02 4.l3Ei02 l.69E~05 Unknown

Wl3rineecosuat5xls/surthce soil
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Table 28
Statistical Siiiii in ary of Constimneists in Surface Soil (1-3 feet bgs) for Use in tile Ecological Risk Assessisi ent
A TOFINA Ozeinicals, I Vest Brijie Field, Riverview, MI

hit Minimum Maxhnum Maximum Standard Log 95%
Total Number Frequency Detected Mean Log Mean SQL Detected Deviation 95% UCL IJCL Distribution

Analyte of Samples tilts % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 99% Confidence
PIIENACETIN 5 0 0 0.OOE+00 8.66E±0I 9.28E-i-00 4.75E+02 0OOE+00 l.03Ei-02 l.85E -i-02 2.56E+16 Nonual/Lognomal
PRONAMIDE 5 0 0 0.OOE+O0 8.66E+Oh 928E-f00 4.75E-02 0.OOE-FOO l03E-f02 I.85E+02 2.56E+16 Normal/Lognoi-mal
PYRIDINE 5 0 0 0.OOE+00 l.74E+02 l.86E+0I 9.55E+02 0OOE+00 2.07E-l-02 3.71E+02 5.24E-i-16 Norrnal/Lognoi-rnal
SAFROLE 5 0 0 0.OOE+00 8.66E+OI 9.28E+0O 4.75E+02 0.OOE+00 I03E+02 l.85E~02 2.56EfI6 Normal/Lognormal
l.I,I,2-TETRACIILOROETIIANE 5 0 0 0.OOE-i00 5.41E+00 I.45E-0I 5.00E+01 0OOE+00 II0E+0I L59E+01 I.65E~16 Lognorrnal
I,l,l-TR!CIlLOROEThIANE 6 0 0 0.OOE-f00 'l.25E+00 l.70E-01 250E+01 0OOE+00 6.21EI-00 936E -fO0 9.31E~13 Lognoimal
I,I2,2-TETRACHLOROETLIANE 6 0 0 0.OOEi00 4.25E+00 I70E-0I 250E+0I 0OOE+00 6.21E -f00 936E+00 9.31E -i13 Lognornial
lI,2-TRICIILOROETIIANE 6 0 0 0.OOE+00 4.25E+00 I.70E-01 2.50E-FOl 0.OOE+00 6.21E -F00 9.36E+00 9.3lEi13 Lognormaf
Il-DICtILOROEThIANE 6 0 0 0OOE+00 4.25E+00 I.70E-01 2.50E1-0I 0.OOE+00 6.21E+00 936E+00 9.31Ei-13 Lognormal
Il-DIChILOROEThtENE 5 0 0 0.00E+00 5.lQE -00 2.67E-0! 2.50EF01 0OOE+00 6.54E -'-OO l.I3E+01 l.87E -'-21 Normal/Lognormal
I,2,3 -TRlCtlLOROPROPANE 5 0 0 0.OOE+00 541E+O0 L45E -0I 5.OOE+0I 0.00E+00 I.IOE+01 l59E+01 l.65Ei16 Lognormal
L2 -DIBROMO -3 -CIILOROPROPANE 5 0 0 0.OOE+00 l.08E+0I 289E-01 tOOE-f02 0OOE -i-00 220E+0I 3.I8E+01 3.47Ei-I6 Lognomial
12 -DIBROMOETIIANE 5 0 0 0.00E+00 h08E+01 2.89E -Ol I.OOE+02 0.OOE+00 220E+01 318E -f0I 347E+16 Lognormal
I2-DICIILOROETIIANE 5 0 0 0.OOE+O0 5.IOE+00 2.67E -Ol 2.50E+0I 0.OOE+do 6.54E+00 l13E+01 t.87E~21 Normal/Lognormal
l2 -DlChtLOROPROPANE 6 0 0 0.OOE+00 425E+O0 l.70E -01 2.50E+01 0OOE+00 621E+00 9.36F+00 9.3lEi-13 Lonorma!
2 -CIILORO-I3 -BUTADIENE 5 0 0 0.00E+00 5.41E-i-01 I.45E+00 5.OOE+02 0.OOEI-00 lIOE+02 l.59Ei-02 l.65E -i-I7 Lognoimal
2 -IlEXANONE 6 0 0 0.OOE+00 l.26E+01 3.83E-0I 9.70E+01 0.OOE+00 2OIE+01 2.92E+0I 342E+15 Normal/Lognormal
ACEI'ONITRILE 5 0 0 0.00E+00 54lE-0l L45E+00 5OOE-'02 000E+00 l.I0E+02 I.59E+02 l.65E -+-i7 Lognormal
ACROLEIN 5 0 0 0.OOE+00 2.70E+02 7.27E-foo 2.50E-i-03 0.00Ei00 5.19E±02 794E~02 8.25E -+-I7 Loiinormal
ACRYLONITRILE 5 0 0 0.OOE+00 5.41E+01 L45E-i-00 500E+02 0.OOE+00 l.10E+02 I.59E~02 I65E*17 Loisnorma!
ALLYL CHLORIDE 5 0 0 0OOE~00 l.08E+0I 2.89E -0I l00Ef02 000E~00 2.20Ei01 3.18E+0I 3.47E+16 Lognormal
IIENZENE 5 0 0 0OOE+00 5.02E+00 2.42E-01 2.50E0I 0.OOE+00 6ÔOE~00 lI3E+0I 7.84E -f20 Normal/Lognormal
RROMODICIILOROMETIIANE 6 0 0 0OOE+00 425E+00 I70E -01 2.50E+01 0.OOE+00 621E+00 ').36E~00 9.31E+I3 Lognorma!
[IROMOFORM 6 0 0 0.OOE+00 4.25E+00 I.70E-01 2.50E+01 0.OOE+00 621E+00 9.36E+00 9.31E -i-I3 Lognormal
BROMOMETLIANE 6 0 0 0.OOE+00 8.59E+00 342E-0I 5OOE+0I 0.OOE+00 t.25E+0I l89Eiol 2.02E -i14 Lognorma!
CARBON TETRACIILORIDE 5 0 0 0.OOE+00 5.I0E+00 267E-01 250E+0I 0.OOE -i-00 6.54E+00 .13E+01 I87E+21 Normal/Lognormal
('HLOROBENZENE 5 0 0 0.OOE+00 5I0E+00 2.67E-0I 250E+01 0OOE+00 6.54E+0O L13E-+01 h.87E+21 Normal/Lognormal
(IlLOROETIlANE 6 0 0 0.OOE+00 8.59E+00 3.42E-0I 5.OOE+0I 0.OOE+00 l.25E+0I l89E+01 2.02E -i-14 Lognormal
('IILOROFORM 5 0 0 0.OOEi-00 5.IOE+00 2.67E-01 2.50E+0I 0.OOE+00 654E+00 t.I3E+0I l.87E+21 Normal/Lognormal
('ItLOROMETIIANE 6 0 0 0OOE+00 859E-i-00 3.42E-01 5.OOE~0I 0.OOE+00 I.25E+01 I.89E+01 202Ei-I4 Lognormal
ChS-I,3 -DlClhLOROPROPENE 6 0 0 0.OOE+00 4.25Er00 70E-0I 2.50E+01 0.OOE~00 621E+0O 9.36E+00 931E+I3 Lognormal
l)lBROMOChILOROMEThIANE 6 0 0 O.OOE+00 4.25E+Iv) '70E -0I 2.50Ei-Ol .0.OOE+00 6.21E~00 0.36E+00 931E -i-I3 Lognormal
l)113R0M0METF1ANE 5 0 0 0.OOE+00 5.41E±00 l.45E -0I 5.OOE+OI 0.00Ei-00 l.I0E-0I l59E -i-0I l.65E-II6 Lognorma!
DICIILORODIFLUOROMETIIANE 5 0 0 0.OOE+00 08E+ot 289E-0 l.OOE+02 0OOEi00 2.20E+0I 3.I8Ef0l 3.47E -l6 Lognomial
ETIIYLMETIIACRYLATE 5 0 0 000E+00 lOSE+0I 289E-01 lOOE -i-02 0.OOE+00 2.20E -i-0I 3.I8E+01 3.47E+16 Lognorrnal
IODOMETIIANE 5 0 0 0.OOE+00 5.25E+00 l31E -01 5.00E-0l 000E -O0 h.IIE-FOI l58E+01 2.53E+I5 Lognormal
ISOBUTANOL 5 0 0 0OOE+00 l.08E+03 289E+0! lOOE+04 0OOE+00 2.20E+03 3.I8E+03 3.47E -i-18 Lognormal
METIIACRYLONITRILE 5 0 0 0.OOE+00 I.08E-i-01 2.89E-01 I.OOE+02 0.OOE+00 220E-f01 3.I8Er0l 3.47E+16 Lognormat

WBrineeco
-
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Table 28
Statistical Swis in at)' ofConstitue,:ts in Surface Soil (1-3 feet bgs) for Use iii the Ecological Risk Assess,,, e,,r
A TOF!NA Che,,:ica!s, West Rri,,e Field, Riverview, 1k!!

S

Analyte
1'olal Number
of Samples llits

lilt
Frequency

%

Minimum
Detected
mg/kg

Mean
mg/kg

Log Meats
mg/kg

Ma%imum

SQL
mg/kg

Maximum
Detected
mg/kg

Standard
Deviation

mg/kg
95% UCL

mg/kg

Log 95%
UCL

mg/kg

l)istribution

99% Confidence
METlIYLMETllACRYLATE 5 0 0 0.OOE+00 I.OSE+01 2.89E -0I l.OOE-f02 0.00E00 2.20Et0l 3.18E+Ol 3.47E1-I6 Lognot-mal
PENTACIILOROETIIANE 5 0 0 0.QOE+00 l.08E+01 2.89E-01 I.OOE+02 0.OOE+00 220E+01 3.18E401 3.47E~16 Lognormal
PROPIONITRILE 5 0 0 O.OOE+00 2.70E+0I 7.27E-01 2.50E+02 0.OOE+00 5.49E101 7.94Ef01 8.25E+16 Lognot-mal
STYRENE
'fRANS

6 0 0 OSOOE+00 4.25E-FOO I.70E -01 2.50E+01 0.OOE-foQ 6.21E+00 9.36E-00 9.31E+13 Logtiormal
-I,3 -DlClILOROpROpNI 6 0 0 0.OOE+00 4.25E+00 l.70E-01 2.50E+0I 0.OQE+00 6.2lE-00 9.36E-foo 9.31E -i-13 Lognornial

IRANS-l,4 -DlCllLORO -2 -131jTENE 5 0 0 0.OOEFOO l.08E-FOl 2.R9E-Ql I.00F402 0.OOE -i-0O 2.20E+0I 3.I8E-0l 3.47E-4-16 Lognormal
TRICIILOROFLUOROMETIIANE 5 0 0 0.00E-too 5.41E+00 l.45E -01 5.OOE-f01 0.OOE+00 l.I0Ef0I l.59E+01 I 65E+I6 Lognormal
VINYL ACETATE 5 0 0 0.00E+00 5.41E400 l.45E-01 5.OOE+01 0.00E+00 l.IOE-+01 I.59E+0I l.65E~I6 Lognormal
VINYLCIILORIDE 5 0 0 0.00E00 I.03E+01 5.36E-01 5.OOE+01 0OOE+00 l.32E+01 2.29E+OI 4.I9E+21 Normal/Lognomial

WRuineecostai5.xIs/surf,ce soil
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Table 29
Sa'atistical Summary of Constigue,,ts in Sedi,ucutfor Use in the Ecological Risk Assessment
A TOFINA chemicals, West Brine Field, Rivervietv, MI

Hit Minimum Log Maximum Maximum Standard Log 95%
Total Number Frequency Detected Mean Mean SQL I)etected Deviation 95% UCL UCL Distribution

Analyle of Samples Hits mg/kg mglkg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 99% Confidence
I)ETECTED CONSTITUENTS
Dioxins

2.3.7.8 -TCDD(TEQ) 3 3 tOO I.75E-06 602E-06 4.35E-06 0.OOE+OO I.26E-05 5.75E-06 I.57E-05 6.48E-02 Normal/Lognonnal
Iflorganics

ANTIMONY 2 2 100 2.40E+00 0.OOE+00 3.50E+00 3.32E±00 4.60E+00 I.56E+00 I.04E+01 8.84E+02 Unknown
ARSENIC 3 3 100 3.50E+00 9.38E+O0 8.09E+OO 0.OOE+00 I.32E+OI 5.17E+0O I.81E+OI I.4IE+03 Normal/Lognonnal
BARIUM 3 3 100 3.O6E-O1 9.53E+tJi 7.53EWI O.)0Ei00 L76E+02 7.40E+OI 2.20E+02 l.3lE05 Nonnal/Lognormal
BERYLLIUM 3 3 tOO 5.80E-OI 9.48E-OI 9.06E-Ol O.OOE+OO I.I7E+OQ 3.21E-Ol I.49E+0O 3.9IE+OO Norrnal/Lognoniial
CADMIUM 3 3 100 6.30E-OI I.I0E+OO 9.92E-Ol. 0.OOE+00 I.80E+00 6.20E-OI 2.I4E+0O I.66E+0I Normal/Lognormal
CHROMIUM 3 3 tOO I.I2E+OI 2.5OE+0I 2.25E+0I 0.OOE+00 3.30E+OI I.20E -I-01 4.52E+0I 7.75E+02 Normat/Lognormal
COBALT 3 3 tOO I.SOE+0O 8.63E -FOO 6.20E+00 0.OOE+00 I.56E+OI 6.90E+00 203E+0I I.O8E+06 Normal/Lognormal
COPPER 3 3 100 l.09E+OI 4.62E+01 3.26E+0I 0.OOE+0O 9.37E+OI 4.27E+OI LI8E+02 2.56E+06 Normal/Lognormal
CYANIDE 3 I 33.33 6.60E+O0 2.35E+OO 6.75E-OI 6.OOE-OI 6.60E+00 3.68E+O0 8.56E+00 6.27E -i-I6 Nomial/Lognormal
I.EAI) 3 3 100 I.I2E+02 I.50E+02 I.47E*02 0.OOE+00 I.77E402 3.39E+OI 2.07E+02 2.80E+02 Normal/Lognormal
MERCURY 3 3 100 5.OOE-02 I.03E -0I 9.44E-02 0.OOE+00 I.40E-OI 4.73E-02 I.83E-0I I87E-t-00 Normal/Lognonnal
NICKEL 3 3 100 6.OOE-f00 2.47E+OI L9OErOI 0.OOE+00 3.82Ef0I I.67E+oi 5.28E±0I 3.51E+05 Nomial/I.ognonnal
SEI.ENIUM 3 3 100 2.OOE-0I 6.57E-OI 5.I5E -0I 0.OOE+00 i.20E-I-00 5.06E-OI I.5IE+00 I.36E+03 Nonnal/Lognonnal
SILVER 3 2 66.67 6.80E-0I 6.27E -OI 3.93E-0I I.60E-Qt I.I2E+00 5.22E -0I I.5IE-foO 8.I0E+07 Normal/Lognormal
FIIAI.LIUM 3 I 33.33 2.50E-0I I.50E-0I I.34E-01 2.40E -OI 2.50E -0I 8.89E-02 3.OOE-OI 3.40E+00 Normal/Lognorinal
FIN 3 I 33.33 3.80E+00 I.58E-00 9.40E-OI I.12E+O0 3.80E-foO I.92E+00 4.82E -foO 2.OIEI-06 Nomial/I.ogiiorrnal
VANADIUM 3 3 100 8.OOE+O0 2.86E+01 2.29E+Ol 0.OOE+00 4.38E+01 I.85E+01 5.98E-0I 8.21E+04 Normal/1.ognormal
ZINC 3 3 100 7.77E+0I 2.23E+02 I.88E+02 O.OOE~0Q 3.25E+02 I.29E+02 4.40E+02 6.36E+04 Normal/Lognormal
Pesticides

4.4 -DDD 3 3 100 2.30E-02 9.60E-02 6.28E-02 0.OOE+O0 2.!5E-OI I.04E-OI 2.71E-OI l.74E-l-04 Norinal/Lognormal
44 -DDE 3 2 66.67 7.30E-03 2.29E -OI 6.78E-02 I.40E-01 6.I0E-Ol 3.3IE-OI 7.88E-01 3.59E+I9 Normal/Lognormal
44DDf 3 I 33.33 7.65E-02 6.42E-02 6.27E-02 I.40E-0I . 7.65E-02 I.61E-02 9.13E-02 I.36E-0I Normalll.ognorniat
ALDRIN 3 I 33.33 4.70E-02 3.50E-02 3.36E-02 7.OOE-02 4.70E-02 I.20E-02 5.52E-02 I.I9E-Ol Normal/Lognormal
ALPIIA-CIILORDANE 3 3 100 7.30E-03 l.59E-02 I.29E -02 0.OOE+O0 3.I0E-02 l.3IE-02 3.80E-02 4.23E1-0O Normal/Lognormal
GAMMA-CIILORDANE 3 3 100 I.70E-02 2.30E-02 216E-02 0.OOE+OO 3.50E-02 LO4E-02 4.05E-02 I.I7E-0I Unknown
ISODRIN 3 I 33.33 8.80E-03 2.23E-02 I.92E-02 7.OOE-02 8.80E-03 l.3IE-02 4.44E-02 2.49E-i-OO Normal/I.onormat
KEPONE 3 I 33.33 6.9OE-Ol 2.69E -OI L3OE-OI I.40E-Ol 6.90E-01 3.65E-OI 8.84E-0I I.26E+OS Normal/Lognormal
Seinivolatile Organic Conipounds (Non-Pesticides.)
2-NIETIIYLNAPIITIIALENE 3 2 66.67 I.20E-Ol I.56E-OI L53E-OI 3.80E-OI I.58E-Ol 3.50E-02 2.I5E-OI 2.80E-OI Normal/Lognormat
ACENAPIITIIENE 3 3 tOO 8.90E-02 I.68E-OI I.55E-OI O.OOE-'-OO 2.40E-O! 7.57E-02 296E-O! I.87E+OO Normal/Lognoniial
ACENAPIITIIYLENE 3 I 33.33 6.50E-02 2.08E-O! I.72E-O! 5.90E-OI 6.5OE -02 I.25E-Ol 4.I9E-Ol I.75E+02 Normal/I ognormal
ANTIIRACENE 3 3 100 2.9OE-OI 5.20E-OI 4.80E-O! O.OOE -t-OO 7.80E-OI 2.46E -OI

-

9.35E-OI 5.I5E+OO Normal/Lognormal
BENZO(A)ANTIIRACENE 3 3 100 I.4OE+OO l.62E+OO I.61E+OO O.OOE+OO I.80E~OO 2.02E-OI I.96E+OO 2.IOE+OO Normal/Lognormal
RENZO(A)PYRENE 3 3 tOO l.4OE+OO I.57E+OO I.56E+OO O.OOE±OO i.70E+OO l.53E-Ol I.82E+OO I.9OE-tO0 Normal/Lognomial
BENZO(B)FLUORANTHENE 3 3 100 I.SOE+OO 2.30E±OO 2.27E+OO OOOE+OO 2.OOE+OO 4.36E-OI 3.03E400 3.72E+OO Norntal/I.ognormal
BENZO(G,II.I)PERYLENE 3 3 100 &40E-OI l.O6E+OO I.OSE+OO OOOE+OO I25E-fOO 2.O7E-OI I.41E+OO I.72E+OO Normal/Lognormal

WBrineecosiat5.xls \ sediment - .-.. .

Page I of 6 -

ENVIRONMENTAL STANDAI



)
Table 29
Sü,ijsiical Su,inzary of Consiihie,:rs in Sedi,nei:Ifor Use in tile Ecological Risk Assessineiit
A TOFINA Chemicals, JJ'es, Brine Field, Rivers'ien', MI

liii Minimum Log Maximum M aximuni Standard Log 95%
lotal Number Frequency t)elecletl Mean Mean SQL Detected Deviation 95% LJCL UCL I)Istril,tillon

Analyte of Samples Hits % iug/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 99% Confidence
RENZO(K)FIUORANTIIENE 3 3 100 8.40E-01 9.OOE-0I 8.99E-01 0.00Ei00 9.40E-01 5.29E-02 9.89E-01 l.OIE+00 Normal/Lognormal
BIS(2-EFIIYLIIEXVL)PIITIIALATE 3 3 100 7.40E -QI I.61E+00 1.46E400 0.OOE+00 2.20E -IMO 7.71E-0I 2.9IEi00 4.33E+01 Normal/Lognormal
I3UTYLIIENZYI.PIIFIIALAiE 3 2 66.67 I.70E-0I 3.12E-01 2.82E -0I 5.30E-0I 5.OOE-01 I.70E -01 5.98E-01 4.88E400 Normal/Lognormal
('IIRYSENE 3 3 100 I.60F+00 2.I3E-00 2.I0E400 O.00Ei-00 2.50E -+OO 4.73E-0I 2.93E+00 3.92E-fOo Normal/Lognornnal
I)Il3ENZO(A.ll)ANTIIRACFNE 3 3 100 2.I0E-0I 2.70E -0I 2.66E-01 0.OOE+00 3.IOE -01 5.29E-02 3.59E-01 4.46E-01 Normal/Lognoninal
l)Il3ENZOFURAN 3 3 100 7.80E-02 L23E -0I l.16E-0I 0.OOE+00 l.SOE -01 5.22E-02 2.IlE -0I 6.42E-0I Normal/Lognonnal
I)l -N-13UlYIJ'lliIIALATE 3 I 33.33 I.IOE-01 2.58E -Ql 2.ISE-01 9.5IJE-iJl I.l0l -0I I 92E-0I 5.82E -0I 4.34EIOI Normal/Lognormal
II.UOI&ANTIIENE 3 3 100 I.90E+00 2.75E+00 2.66E+00 0.OOEfoo 3.60Etoo 8.50E-01 4.I8E+00 7.46E-I00 Normal/Lognormal
FI.UORENE 3 3 100 l20E-01 l.73E-01 I.67E-0I 0.OOEfoo 2.30E -0I 5.51E-02 2.66E-01 4.83E-Ol Nomal/LognoniaI
INDENO(I23-CD)PYRENE 3 3 100 9.50E -0I l.33E+00 !.30E+00 0.OOE+00 I.55E+00 3.33E-0I l.89E+00 2.86E+00 Nonnal/Lognormal
NAPIITIIALENE 3 2 66.67 6.90E-02 l.19E-OI LO8E-0I 3.80E-01 9.70E-02 6.33E-02 2.25E-01 I.42E+00 Nonilal/Lognonoal
PIIENANTIIRENE 3 3 100 l.20E+00 I.58E400 i.56E+00 0.OOE+O0 I.SSEIOO 3.40E-0I 2.16E+00 2.82E-+00 Nomnal/Lognonnal
PYRENE 3 3 tOO 2.30E+00 3.52E+00 3.3913-f 00 O.OOE-f00 4.20E-f 00 l.06E+00 5.30E+00 1.0513+01 Nonhial/Lognonnal
Jo/agile Organic ainpou,uls
M13T11YL13N13C111.ORII)E 3 2 66.67 9.OOE-03 8.0013-03 7.52E-03 9.OOE -03 1.0513-02 3.1213-03 1.3313-02 5.4113-02 Normal/Lognormal

(ONSTFIIJENTS Nor I)ETECI'ED

2,45-T 3 0 0 0.OOE-F00 1.9413-01 l.15E-0I 6.OOE-0I 0.OOE+00 l.52E -01 4.51E-0I !.28E+09 Nonnal/Lognormal
245 -TP(SII.VEX) 3 0 0 0.OOE+00 l.49E -0I 9.04E-02 6.0013-0! 0.00134-00 I.42E-0! 3.8713-0! l.62E+07 Normal/Lognormal
2.4-I) 3 0 0 0.OOE-f 00 l.50E+00 9.!2E-01 6.OOE+00 0.0013400 I.41E+00 3.88E+0O l.80E -f08 Nonua!/Lognormal
I)IMEFIlOATE 3 0 0 0.OOE-f00 4.97E-0I 4.8913-0! I.20E+00 0.00E400 I.05E-0I 6.7413-0! 8.4313-01 Nonnal/Lognormal
!)!SULFOTON 3 0 0 0.OOE-foo 5.0713-0! 4.9913-0! 1.2013+00 0.OOEFOO I.07E-0I 6.87E-0I 8.78E-01 Nonnal/Lognonnal
E11IYL PARAThION 3 0 0 0.OOE-f00 5.07E-0I 4.99E-01 l.20E -f 00 0.OOE+00 I.07E -0I 6.8713-0! 8.7813-0! Nonnal/Lognormal
FAMPIIUR 3 0 0 0.0013+00 5.0713-0! 4.99E-01 1.20E+00 0.OOE+0O 1.0713-01 6.8713-0! 8.7813-0! Nonnal/Lognormal
MEIIIYLPARATIIION 3 0 0 0.OOE+00 5.0713-0! 4.99E-0I h.20E-foo 0.0013+00 1.0713.01 6.87E-0I 8.78E -0I Nonnal/Lognomiat
OOO-i'Rth3ThlYL PhhOSPIhOROTtlIOAFE 3 0 0 0.0013+00 5.07E-0I 4.99E-01 l.20E400 0.OOEi-00 l.07E-01 6.8713-0! 8.7813-0! Normal/Lognonnal
PIIORATE 3 0 0 0.0013-f00 5.0713-0! 4.99E-0I l.20EfO0 0.OOEf 00 I.07E-0I 6.8713-0! 8.7813-0! Normal/Lognormal
suirorEM' 3 0 0 0.00E400 5.0813-0! 5.0013-01 I.20E+00 0.OOE+00 1.0813-01 6.9013-0! 8.85E -0I Normal/Lognormal
ZINOPIIOS 3 0 0 0.OOE+00 5.08E-0I 5.0013-01 .2013+00 0.00E-f00 LO8E-01 6.9013-01 8.8513-0! Nonnal/Lognonnal
AROCLOR-1016

.
3 .0 0 O.OOE+00 3.OOE-01 2.95E-01 7.0013-0! 0.OOE+00 6.24E-02 4.0513-0! 5.1913-01 Nomial/Lognonnal

AROCLOR-I22I 3 0 0 0.0013+00 3.0013-01 2.95E-0! 7.0013-Of 0.OOE+00 6.2413-02 4.0513-0! 5.1913-01 Normal/Lognormal
AROCLOR -I232 3 0 0 0.0013-f00 3.0013-0! 2.9513-0! 7.OOE -0I 0.0013-f00 6.2413-02 4.0513-01 5.1913-01 Normal/Lognonnal
AROCLOR -I242 3 0 0 0.OOEf 00 3.OOE -01 29513-0! 7.0013-0! 0.0013+00 6.24E-02 4.0513-0! 5.1913-01 Nomnit/Lognoniia!
AROC!.OR-1248 3 0 0 0.00E-100 3.0013-0! 2.95E-01 7.0013-0! 0.0013+00 6.24E-02 4.0513-0! 5.1913-01 Nonnal/Lognorrnal
AROCLOR -I254 3 0 0 0.OOE+00 5.95E-0I 5.8613-01 l.40E+00 0.OOE+00 I.23E-0I 8.0213-01 1.0113-400 Nonnah/Lognonnal

AROCI.OR -I260 3 0 0 0.OOE+00 5.9513-0! 5.8613-0! 1.4013+00 0.OOE+00 I.23E -0! 8.0213-0! 1.0113100 NomaI/I.ognommI
ALP!IA-l!IIC 3 0 0 0.0013+00 3.OOE-02 2.95E-02 7.OOE-02 0.0013+00 6.2413-03 4.0513-02 5.1913-02 Normat/Lognomial
llEiA-HIIC 3 0 0 0.OOE+00 3A10E -02 2.95E-02 7.0013-02 0.0013100 6.2413-03 4.0513-!)? 5.1913-02 Norinal/I.ognorrnai
DELTA -B!IC 3 0 0 0.OOE+0O 3.0013-02 2.9513-02 7.0013-02 0.0013+00 6.24E-03 4.0513-02 5.1913-02 Norrnal/Lognonnat
DIELDRIN 3 0 0 0.0013400 5.9513-02 5.86E-02 1.4013-01 0.0013+00 I.23E-02 8.0213-02 1.0113-0! Nonual/I.ognorinal

WI1iincecos(a15.xls \ sedinieni
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Table 29
Statistical Suni:nary of Co,,stitue,:ts in Sedi,ne,stfor Use in the Ecological Risk Assessnient
A TOFINA Chemicals, 'est Brine Field, Rivervie,v, MI

hit Minimum Log Maximum Maximum Standard Log 95%
Total Number Frequency Detected Mean Mean SQL Detected Deviation 95% UCL UCL Distribution

Aiialyte of Samples Hits % mg/kg mg/kg - mg/kg mg/kg nig/kg mg/kg mglkg mg/kg 99% Confidence
ENI)OSULFAN I 3 0 0 0.OOE+O0 3OOE-02 2.95E-02 7.OOE-02 0.OOE+00 624E-03 4.05E-02 5.I9E-02 Normal/Lognormal
ENDOSULFAN II 3 0 0 0.OOE+00 5.95E-02 5.86E-02 I.40E-0I 0.00E-f00 I23E-02 8.02E-02 I.OIE-01 Normal/Lognormal
ENDOSULFAN SULFATE 3 0 0 a00E-r0o 5.95E-02 5.86E-02 I.40E-OI 0.00E+00 L23E -02 8.02E-02 I.OIE-01 Nonnal/Lognonnal
IiNDRIN 3 0 0 0.OOE+0Q 5.95E-02 5.86E-02 I.40E-0I 0.00E+00 I.23E -02 8.02E-02 .OIE-0l Normal/Lognorma!
ENDRIN ALDEIIYDE 3 0 0 0OOE+0Q 5.95E-02 5.86E-02 I.40E-0I 0.00Ei-00 I.23E-02 8.02E-02 lOt E-0 Normal/Lognormal
GAMMA-l3tIC(IJNDANE) 3 0 0 0OOE+00 3.OOE-02 295E-02 7.OOE-02 0OOE+00 6.24E-03 4.05E-02 5.19E-02 Normal/Lognormal
IIEPrACIlLOR 3 0 0 0OOli -i-0Q 3OOE-02 295E-02 7QOE -02 0.OOE+00 6.24E-03 4.05E02 5I9E-02 Normal/Lognormal
IIEPTACIILOR EPOXIDE 3 0 0 000E+00 3.00E-02 2.95E-02 7.OOE-02 0.OOE+00 6.24E-03 4.05E-02 5.I9E-02 Normal/Lognomsal
MEIJIOXYCIILOR 3 0 0 000E+00 3.00E-0I - 2.95E-01 7OOE-01 0OOE+00 6.24E-02 4.05E0l 5.I9E-0I Normal/Lognormal
TOXAPI-IENE 3 0 0 0OOE+00 5.95E-01 5.86E-QI L4OE+00 0OOE+O0 t.23E-01 8.02E-0I t.OIE+00 Normal/Lognormal
I.2,4,5 -TETRACHLOROI3ENZENE 3 0 0 0.OOE-i-00 250E-01 2.46E-0I 5.90E-0I 0.OOE+00 5.41E-02 3.41E-ot 446E-01 NormaI/LonorrnaI
I.2.4-TRICIILOROt3ENZENE 3 0 0 0OOE+00 2.50E-01 246E-0I 590E-0I 0OOE-t00 541E-02 3.41E-0I 4.46E-0I Normal/Lognormal
I,2 -DICIILOROBENZENE 3 0 0 Q.OOE+00 250E-0I 2.46E-01 5.90E-0l 0.OOE+00 5.41E-02 3.41E-01 4.46E-0I Normat/Lognormal
I.3.5-TRINITROBENZENE 3 0 0 0.OOE+00 2.50E+00 2.46E -i-DO 5.90E+00 0OOE+O0 5.41E-0I .34IE+00 4.46E+O0 Normat/Lognormal
I.3 -DICIILOROBENZENE 3 0 0 0.OOE+00 2.50E-01 2.46E-01 5.90E-01 0.00E+00 541E-02 3.41E-0I 4.46E-0I Nonnat/Lognou-mal
I,3.DINITRODENZENE 3 0 0 0.OOE+00 5.03E-0I .94E-01 I.20E00 0OOE+00 I.I2E-ot 693E-0I 9.2IE-01 Normab'Lognormal
t4 -DICIILOROBENZENE 3 0 0 0.OOE+00 2.50E-01 2.46E-01 5.90E-01 000E+00 5.41E-02 3.41E -0I 4.46E-0I Normat/Lognormat
.4-DIOXANE 3 0 0 0.OOE+00 5.03E 0! 4.94E -0i i20E:00 0.OOE -i-00 I.t2E-01 6.93E-01 9.21E-01 Normat/Lognormat

I.4 -NAPIITIIOQUINONE 3 0 0 000E+00 l.26E-l-00 I.24E+00 3.00E -i-00 0.00E+OO 2.8IE-OI I.73E+O0 2.30E+00 Normat/Lognormal
l -NAPIITHYLAMINE 3 0 0 O.00E+00 5.03E-0! 4.94E-01 I.20E+00 0OOE+00 LI2E-01 6.93E.01 921E -ot Normat/Lognormal
2.2'-OXYI3IS( I -CtILOROPROPANE) 3 0 0 0.OOE+00 250E-01 2.46E-0I 5.90E.01 0 OOE~00 5.4! E-02 34! E -ot 4 46E-)I Normat/Lognomsal
2.3,4,6 -TETRACIILOROPIIENOL 3 0 0 0.OOE -1-00 2SOE -0I 2.46E-9I 5.90E -0I 0.OOE+00 5.4IE-0 3.41E.0I 4.46E -0I NonnaI/LunomsaI
2,4,5 -TRICIILOROPIIENOL 3 0 0 0.OOE+00 I26E+00 I.24E+00 3.OOE+00 0OOE+00 2.8tE-01 t73E+00 230E-f 00 Normal/Logisonsial
2,4b-TRICIILOROPIIENOL 3 0 0 0OOE+00 250E-01 2.46E -0I 5.90E-0I 0OOE+00 5.4tE-02 34IE-01 446E-0I Normat/Lognonnal
2,4 -DICIILOROPIIENOL 3 0 0 0.OOE+00 2.50E-0I 2.46E-OI 5.90E -0I 0OOE+00 5.4tE-02 341E-01 44&E-Ot Normal/Lognonnal
2.4-t)IMETItYLPIIENOL 3 0 0 0OOE+00 2.50E-0I 2.46E-OI 5.90E-01 0.OOE-foo 5.41E-02 341E-0I 446E-ot Normat/Lognomial
2,4 -DINITROPIIENOL 3 0 0 0OOE+00 I.26E+00 I.24E~00 3.OOE -i-00 0.OOE+00 2.81E-01 I.73E -i-00 2.30E+00 Normal/Lognormal
2.4-DINITROTOLUENE 3 0 0 0OOE -t-00 2.50E -0I 2.46E-0I 5.90E-0I 0.OOE+O0 5.41E-02 3.41E-0I 4.46E-01 Normal/Lognormat
2.6.I)ICIILOROPIIENOL 3 0 0 0.OOE+00 2.50E-0I 2.46E-0I 5.90E-0I 0OOE+00 541E-02 3.4!E-0I 4.46E.01 Normal/Lognormal
2.6-DINITROTOLUENE 3 0 0 0OOE~00 2.50E-0I 2.46E-01 5.90E -0I 0OOE+00 541E-02 3.41E-0I 4.46E-0I Nomiat/Lognormat
2 -ACETYLAMINOFLUORENE 3 0 0 0OOE-F00 503E-0I 4.94E-0I I20E+00 0.OOE+00 tI2E-0I 693E-01 921E-ot Nonnat/Lognormat
2 -AM!NONAPHTIIALENE 3 0 0 0.OOE+00 6.27E-0I 616E-OI I.50E+00 0OOE+00 t.37E-OI 857E-0I I.! IE-F00 Normat/Lognomiat
2-CItLORONAPtITlIALENE 3 0 0 0.OOE+00 2.50E-0I 2.46E-ot 5.90E-Ot 0.OOE+00 541E-02 341E-0I 446E-Ot Nonnat/Lognormal
2 -CIILOROPIIENOL ,

3 0 0 0.OOE -F00 2.50E-0! 2.46E -0I 5.90E-01 000E4-00 541E-02 3.41E-0I 446E-0I Norinal/Lognormal
2 -METIIYLPIJENOL 3 0 0 0OOE+O0 2.50E-OI 2.46E-01 5.90E-OI 0.OOE -i-0O 5.41E-02 3.41E-0I 4.46E -0I Nonnat/Lognormat
2 -NITROANIUNE 3 0 0 0OOE+00 I26E+00 I.24E±00 3.OOE+00 0OOE+00 2.81E-0I I73E+00 2.30E+00 Normal/Lognonnat
2 -NITROPIIENOL 3 0 0 0OOE-F00 2.50E-0I 2.46E-0I 590E-0I 0UOE~00 541E-02 3.41E-0I 446F-01 Nonnal/Lognormat
2 -PICOI.INE 3 0 0 0OOE-foo 2.50E -0I 24E-0I S.90E-01 0OOE+00 5.4!E-02 34tE -0I 4.46E-0I Normat/Lognormat
3&4-METIIYLPIIENOL 3 0 0 0OOE -1-00 2.SOE-OI 246E-0I 590E-0I 000Ei-00 541E-02 341E-01 446E-0I Nonnat/Lognormat
3.3DICIILOROBENZIDINE 3 0 0 0OOE+00 5.03E-01 494E-0I t20E+00 0OOE+00 II2E-01 693E -Ot 921E-01 -Nonsiat/Lognonnal
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)
Table 29
Statistical Siiiiiinary ofCoi,stiiuei,ts in Sedim Ciiifor Use iii the Ecological Risk Assessment
A TOFINA Cite,,, icals, I Vest Brine Field, Ris'erviesv, MI

)

tilt Minimum Log Maxiinuni Maximum Standard Log 95%
Total Number Frequency Detected Mean 'Mean SQL l)etecled l)evlation 95% UCL UCL l)istribution

Analyte orSatu;des Hits % mg/kg mg/kg mg/kg nig/kg mg/kg nig/kg mg/kg mg/kg 99% Confidence
3.3 -DIMETIIYLBENZIDINE 3 0 0 0.OOE+00 l.26E+00 l.24E400 3.OOE+00 0.OOE-f 00 2.81E-01 l.73E+00 2.30E1O0 Nonnal/Lognornial
3-METIIYLCIIOLANTIIRENE 3 0 0 O.OOE-i 00 2.50E-Ot 2.46E-0I 5.90E-01 0.00E+00 5.41E-02 3.41E-01 4,46E-01 Nornial/Lognonnal
3 -Nl'l'ROANIIJNE 3 0 0 0OOE-'OO i.26E00 l.24E'i-OO 3.OOL+O0 0.OOE+(J0 2.81E-01 I.73E+00 2.30E100 Nonnal/Lognormal
4,b-DlNlTRO -2-METllyLPlllENoL 3 0 0 0.OOEf00 l.26E+00 I.24E'*OO 3.OOE+00 0.OOE+00 2.81E-Ol t.73E*00 2.30E+00 Normal/Logiiormal
4-AMINOBII'IIENYI. 3 0 0 0.00E400 5.03E-Oi 4.94E-0I I.20E+O0 O.00E00 l.12E-0t 6.93E-ol 9.21E-01 Nonnal/Lognonnal
4 -13R0M0P11ENYL-PlIENYLETllER 3 0 0 0.OOE+00 2.50E-01 2.46E-0I 5.90E-01 0,00E-f 00 5.41E-02 3.41E-01 4.46E -0I Nonnal/Lognonnal
4-ClllORO-3-METlIYLPllENOL 3 0 0 0.00E400 2.50E -ol 2.46E-0I 5.90E-01 0.00E00 5.41E-02 3.41E-ol 4.46E -0I Nonnal/Lognormal
4 -CtlLOROANlLlNE 3 0 0 0.OOE*00 2.50E-0I 246E-ol 5,90E-01 0.OOE-F00 5.41E-02 3.41E-01 4.46E-0I Nonital/Lognormal
4CIlLOROPIlENYLPIIENYLETIIER 3 0 0 0.OOE+00 2.50E-01 2.46E -Ol 5.90E-0I 0.OOE'400 541E-02 3.41E -OI 4.46E-0I Normal/Logiionnal
4 -NlTROANlLlNE 3 0 0 0.OOE+00 l.26E-FO0 l.24E+0O 3.OOE+00 0.OOE -f 00 2.81E -0I t.73E-FOO 2.30E+00 Normal/Lognonnal
4 -NlTROPllENOL 3 0 0 0.OOE+00 I.26E+00 l.24E+00 3.OOE+00 0.OOE+00 2.8lE-0I l.73E-F0Q 2.30E#00 Normal/Lognormal
4 -NiTkOQUlNOliNE-l -OXIDE 3 0 0 0,00E-f 00 l.26E+00 l.24E+0O 3.OOE+00 0.00E00 2.8lE -01 I.73E+0O 2.30E+00 Nornial/Lognormal
5 -NITRO-O-TOLUIDINE 3 0 0 0.OOE+00 5.03E-01 4.94E -0I l.20E*00 0.OOE+00 l.12E-01 6.93E-01 9.21E-0I Noniial/Lognorrnal
7.I2 -DIME'l'llYLBENZ(A)ANlIIRACENE 3 0 0 0.OOE+00 5O3EMI 4.94Er0t i.2OEIOO 0,00EIOO l,I2E-0I 693E-01 9.21E-0I Normat/lognoimal
AA -l)lMETllVl,PllENETlIYLANtlNE 3 0 0 0.OOE+00° l.26E+00 l.24E400 3,00E+00 0,00E -FOO 281E-0I l.73E -too 2.30E+00 NormalfLognoniial
ACElOlllENONE 3 0 0 0.OOE'+OO 2.SOE -01 246E-01 5.90F -0I 0,00Ei00 5,4lE -02 3,41E-01 4.46E-ot Normal/Lognoniial
ANILINE 3 0 0 0.OOE+O0 l.26E+00 l.24E+0O 3.OOE100 0.OOE+00 2.8lE-0I l.73E400 2.30E+00 Normal/Lognonnal
ARAMI1'E 3 0 0 0.00Ef00 5.03E-01 4.94E-0I I.?OF+00 0.OOE+00 l.I2E -01 6.93E-0I 9.21E-01 Nonnat/Lognonnal
IiENZYLAIfOllOL 3 0 0 0.OOE+00 2.50E-01 2.46E -0I 5.90E-01 000E+00 5.41E-02 3.41E -0I 4.46E-01 NoniialfLognonnal
IlIS(2-Clll.OROETIIOXY)ME'l'llANE 3 0 0 0.OOE+00 2.49E-01 2.45E-0I 5.90E-01 0.OOE+00 5.38E-02 3.40E-01 4.42E-Ol Nonnal!Lognorrnal
I3IS(2-CllLOR()E'l'IlYL)E't'llER 3 0 0 0.OOE-+00 2.50E-01 2.46E-0I 5.90E-01 0.OOE+00 5.41E-02 3.41E-01 4.46E-01 Norinal/Lognormal
('lIIOROIIENZII.ATE 3 0 0 0.OOE+00 2.50E-ol 2.46E -0I 5.90E-01 0.OOE+00 5.41E-02 3.41E-01 4.46E-0I Nonnal/Lognormal
l)I -N -OC'I'YLI'ilTllALATE 3 0 0 0.OOE+00 2.50E-Ol 2.46E-0I 5.90E-0I 0.OOE+00 5.41E-02 3.41E-0I 4.46E-0I Nomiat/Lognormal
t)iALLA'I'E 3 0 0 0.OOE+O0 2.50E-0I 2.46E-0I 5.90E -0I 0.00E00 5.41E-02 3.41E-0I 4.46E-ol Nornial/Lognonnal
I)IE1'll\'LPiI'FllALATE 3 0 0 0.OOE+00 2.50E-0I 2.46E-ol 5.90E-01 000E+00 5.41E-02 3.41E-Ol 4.46E -ol Nornsal/I.ognonna!
I)lMEFilYI.PIITIIALATE 3 0 0 0.OOE+00 2.50E-0I 2.46E-Ol 5.90E-ol 0.OOE+00 5.41E-02 3.41E-01 4.46E-01 Nonnal/Lognonnal
I)INOSEB 3 0 0 0.OOE+00 5.03E-0I 4.94E-01 l.20E00 0.OOE+00 i.I2E-0I 6.93E -ol 9.2lE-0I Nonital/Lognormal
I)il'IlENYLAMlNE 3 0 0 0.OOE+00 2.50E-0I 2.46E-0I 5.90E -0I 0.OOE+00 5.41E-02 3.41E-0I 4.46F-ol Normal/Lognormal
It II\'LMEFIIANESIJLFONA'I'E 3 0 0 0.OOE+00 2.50E-ol 2.46E-0I 5.90E-01 0,00E-f00 5.41E-02 3.41E-0I 4.46E-0I Normal/Lognornial
IIEXACIILOROBENZENE ' 3 0 0 0.OOFi-00 2.50F-01 2.46E -0I 5.90E-0I 0.OOE+00 5.41E-02 3.41E-0I 4.46E-01 Normal/Lognonnal
IIEXACIILOROBUTADIENE 3 0 0 0.OOE$00 2.50E-0I 2.46E-ol 5.90E-01 0.00E400 5.41E-02 3.41E-01 446E-0I Nonnal/Lognormal
lIEXACllLOROCYCLOlENTADitNE 3 0 0 0.00Ff 00 2.50E-01 2.46E-01 5.90E-0I 0.0OE00 5.4lE-02 3.41E-ol 4.46E-0I Normat/Lognonnal
IIEXACIILOROETIIANE 3 0 0 0.OOE+00 2.50E-ol 2.46E-01 5.90E -0I 0.OOE'soo 5.41E-02 3.41E-01 4.46E-0I Normat/Lognorniat
liEXACtlLOROl'itENE 3 0 0 0.00Ef0O 2,SOE+00 .46EC'0 5.90E00 U.OOE-tO0 5.-'IE-OI 3.41E100 4.46E00 Nonnat/I.ognormal
ItEXAClILORl'R()i'ENE 3 0 0 0.OOE+00 l.26EF00 I.24E'tOo 3.00E00 0.OOE+00 2.81E-01 l.73Ei00 2.30E+O0 Nonsialfl.ognonnal
ISOI'IIORONE 3 0 0 0.OOE+00 2.52E-01 2.47E -oi 5.90E-ol 0.OOE'f 00 5.48E-02 3.44E-01 4.54E-0I Nonnal/Lognonnat
ISOSAFROLE 3 0 0 Q.OOEioo 2.SOE-01 2.46E -0I 5.90E-0I 0.00E400 5.41E-02 3.41E-Ol 4.46E-0I Nornsal/Lognoniial
NIL I IIAI'YRII.ENE 3 0 0 0.OOE 00 6.27E-01 6.IbE.0i l.50E.: 'JO O.OOE '00 t.37E-0I 8.57E-01 I.! IE400 Noriiiai/Lognon,ial
ME'FIIYI.METtlANESuLFONATE 3 0 0 0.OOE'too 2.50E-0I 2.46E-0I 5.90E-01 0.OOE+00 5.41E-02 3.41E-0I 4.46E.0I Nornial/Lognonnal
N-NliROSOI)I -N -l3UTYLAMlNE 3 0 0 0.OOE+00 2 50E-0I 2.46E -0I S.90E.0I 0.OOE-f00 5.41E.02 3.41E-0I 4.46E-01 Nontiai/l.ognonnal
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Table 29 V

Statislical Su,,, mary ofConstitimeizis in Sedimentfor Use in the Ecological Risk Assessment.
A TOFINA Omeimmicals, West Brute Field, Ris'ervie,v, MI

lilt Minimum Log Maximum Maximum Standard Log 95%
Total Number Frequency Detected Mean Mean--' SQL Detected Deviation 95% UCL UCL Distribution

Analvte of Sam1des tilts % mg/kg mg/kg. mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 99% Confidence
N-NITROSODi-N-PROPYLAMiNE 3 0 0 0,00E-f00 2.50E-01 2.46E-OI 5.90E-01 0.OOE+00 5.41E-02 3.41E -0I 4.46E-OI Nonital/Lognormal
N-NITROSODIETFIYLAM(NE 3 0 0 0.OOE+00 2.50E-01 2,46E-01 5.90E-0I 0.OOE+00 5.41E-02 3.41E-01 4.46E-OI Normal/Lognormal
N -NF[ROSODiMETI-IYLAMINE 3 0 0 0.00Ef00 2.50E -ol 246E-0I 5.90i -0I 0OOE+00 5.41E-02 3.41E-OI 4,46E-0I Normal/Lognormal
N -NlTROSODIPtlENYLAMiNE 3 0 0 0.OOE+00 2.50E-Ol 2.46E-01 5.90E-01 0.OOE --0O 5.41E-02 3.41E-01 4,46E -Ol Normal/Lognormal
N-NlTROSOMETttYLETlfYLAMlNE 3 0 0 0OOE+00 2.50E-01 2.46E-01 5.90E -Oi 0.OOE+00 5.41E-02 3.41E-01 4.46E -ot Normal/Lognormal
N -NITROSOMORPIIOLINE 3 0 0 0OOE+00 5.03E-Ol 4.94E-0I l.20E+00 0.OOE+0Q i.I2E-01 6.93E-0I 9.21E-01 Normat/Lognormal
N-NITROSOPIPERIDINE 3 0 0 0.OOE+00 25Ot -0t 2.4bE-01 5,90E-01 U.OOE+00 5.4E-02 3.41E-01 4.46E -0I Normal/Lugnormal
N -NITROSOPYRROLiDiNE 3 - 0 0 0.OOE+00 I.26E+00 I.24E+00 3OOE+O0 0.OOE+00 2.81E-01 l.73E±00 230E+00 Normal/Lognoi-mat
NITROI3ENZENE 3 0 0 0.OOE+00 2.SOE-01 2.46E-01 5.90E-01 0OOE+00 5.41E-02 34tE-01 4,46E-01 Normal/Lognormal
0-TOLUIDiNE 3 0 0 0OOE+00 2.50E-OI 2.46E-01 5.90E-01 0.OOE-f00 5.41E-02 3.41E-01 4.46E-01 Normal/Lognormal
I'-DIMETIIYLAMINOAZOBENZENE 3 0 0 OVOOE+00 503E-0I 4.94E-01 l.20E+00 0.OOE+00 l12E-01 6,93E-0I 9.21E-01 Normal/Lognormal
i'-PHENYLENEDIAMINE 3 0 0 0.OOE+00 5.03E-01 4.94E-0I l,20E4-00 0OOE+00 l.I2E-01 6.93E-0I 9.21E-01 Normal/Lognou'mal
l'ENTAC11L0R013ENZENE 3 0 0 0.00E+00 2.50E-01 2.46E-01 5.90E-01 0OOE+00 541E-02 3.41E -0I 4,46E-0I Nonnal/Lognou-mal
PENTACULORONITROBENZENE 3 0 0 0.OOE~00 2.50E-01 2.46E-01 V 5 90E-OI 0OOE+00 5.41E-02 3.41E -0I 446E-01 Normal/Lognormal
PENTACliLOROPliENOL 3 0 0 0.OOE±00 l.26E±00 l.24E+00 3.OOE+00 0,00E'FOO 2V8tE -01 I.73E+00 2.30E+00 Nomlal/Lognormal
PLIENACETIN 3 0 0 0.OOE+00 2.50E-01 2.46E-01 5.90E-01 0,00E+00 5.41E-02 3.41E-Ot 4,46E-01 Normal/Lognormal
PhENOL 3 0 0 0.00E+00 2.SOE-0I 246E-01 5.OOE-01 000E+00 5.41E-02 3.41E-0I 4.46E-OI Normal/Lognormal
l'RONAMIDE 3 0 0 0.OOE+00 2.50E-01 246E-01 5.90E-01 0.OOE+00

V

.4lE-02 3.41E-0I 4.46E-0I Normal/Lognormal
PYRIDiNE 3 0 0

V

0.OOE+00 5.03E-cI 4.94E-01 i.20E-FOO OOOE+00 !.12E-01 693E-ot 9.21E -0I Normal/Lognormal
SAFROIE 3 0 0 0.OQE+00 250E-Ol 246E-0I 5.90E-01 0.OOE+00 5.41E-02 3.4tE -0I 4.46E-0I NormaI/LognomaI
LI,I.2-TETRACIILOROETIIANE 3 0 0 0.OOE+00 7.67E-03 7.56E-03 t.80E-02 0.OOE -f00 t.53E-03 LO2E-02 l.27E -02 Nonnal/Lognormal
lIl-TRIChiLOROETliANE 3 0 0 0.OOE+00 3.83E-03 3.78E-03 9.OOE-03 OVOOE+00 7.64E-04 5.12E-03 6.33E-03 Normat/Lognornial
I,I,2,2-TETRACIILOROE'UIANE 3 0 0 OVOOE~00 3.53E-03 3V78E-03 9.OOE -03 0.00Ef00 7.64E-04 5.I2E-03 6.33E-03 Normal/Logiioniial
11.2-TRICIILOROETIIANE 3 0 0 0.OOE+00 3.83E-03 378E-03 9.OOE-03 0.OOE+00 7.64E-04 5.12E-03 6.33E-03 Normat/Lognormal
I.I-I)ICIILOROETIIANE 3 0 0 0.OOE+00 383E03 3.78E03 900E03 OVOOE+00 7.64E-04 5.12E-03 6.33E-03 Nomiat/Lognormal
It -DICttLOROE'ft-IENE 3 0 0 0.OOE+O0 3.83E-03 3.78E-03 9OOE-03 0.OOE-i-00 7.64E-04 5.12E-03 6.33E-03 Normat/Lognormal
123 -TRICIILOROPROPANE 3 0 0 0.OOE+00 7.67E-03 7.56E-03 t.80E-02 0OOE+00 l.53E-03 l02E -02 t.27E-02 Normal/Lognorrnat
I2 -DII3ROMO-3 -CIILOROpROpANE 3 0 0 0.OOE+00 i.53E-02 t.51E-02 3 bOE-02 OOOE+00 3OÔE-03 2.05E-02 2.53E-02 Normal/Lognormal

2 -DIBROMOETIIANE 3 0 0 0.OOE+00 l.53E-02 t.5tE-02 3.60E-02 0.OOE+00 3.06E03 205E-02 2.53E-02 Normat/Lognormat
l2 -DICilLOROETHANE 3 0 0 0.OOE+00 3.3E-O3 378E-03 9.OOE -03 0OOE+00 7.64E-04 5.12E-03 6.33E-03 NommtfLognormat

2 -DICIILOROETIIENE (TOTAL) 3 0 0 0.OOE+00 3.83E-03 378E-03 9.OOE-03 0.OOE-I-00 764E-04 5.I2E-03 633E-03 Normal/Lognonna
2 -DtCFILOROPROPANE 3 0 0 0.OOE+00 3V83E-03 3.78E-03 9.OOE-03 0.OOE+00 7.64E-04 5.I2E-03 6.33E-03 Noniia/Lognormat

2 -BJTANONE 3 0 0 0.OOE+00 7.67E-03 756E-03 I.80E-02 0.OOE~00 I.53E-03 I.02E-02 I.27E -02 Normat/Lognonnal
2 -CIILORO-t,3-BU'iAi)IENE 3 0 0 0.OOE-i-00 7.67E-07 7.56E 02 l,SOE-OI 0.OOEIOO tV53E-02 I.02E-01 ,27E -0I Nonnal/Lognormat
2 -IIEXANONE

'

3 0 0 0OOE+00 7.67E-03
-

756E-03 l.80E-02 0.OOE+0O t.53E-03 t.02E-02 l,27E-02 Nornial/Lognoniiat
4-METIiYL-2 -PENTANONE 3 0 0 0,00E-.-00 7.67E-03 756E-03 I.80E-02 0.00Ei-00 l.53E-03 t,02E -02 l.27E-02 Nonnal/Lognonnal
ACETONE 3 0 0 0.OOE+00 7.67E-03 7.56E-03 i.SOE-02 0.OOE+00 i.53E-03 LO2E-02 IV27E -02 Normal/Lognormal
ACETONITRILE 3 0 0 0.OOE+00 7.67E-02 7.56E-02 l.80E-0I 0.OOE+00 i.53E-02 t.02E-0I l.27E -0I Nornial/Lognomiat
ACROLEIN 3 0 0 0,00E-f00 3.83E-0I 3.77E-0I 900E-0I 0.00E00 7.97E-02 5I8E-flt 6.59E-0I Normal/Lognormal
ACRYLONITRILE 3 0 0 0.OOE±00 7.67E-02 7,56E-02 I.80E -01 0,00E+00 l,53E -02 I.02E -01 l,27E -0I Normat/Lognormal
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Table 29

Stalistical Suininarj' of Co,,stiiiienis ii, Sedimentfor Use in i/ic Ecological Risk Assessm ciii

A TOFINA chemicaLs, IVest Brine Field, Riven'iew, MI

)

liii Minimum Log I%1axiinuiii Maximum Stamitlaril Log 95%
Tolal Number Frequency I)etecled Mean Mean SQL fletecled 1)evialion 95% UCL LJCL flistribuliomi

AmmaI'te olSampks hits % mg/kg mg/kg mg/kg mg/kg mg/kg mug/kg ing'kg mg/kg 99% Conlidence
ALLYLCULORIDE 3 0 0 0.OOE+00 l.53E-02 l.51E-02 3.6OE -02 0.OOE-i-00 3.06E-03 2.05E-02 2.53E-02 Normal/Lognonnal
RENZENE 3 0 0 0.OOE+00 3.83E-03 3.78E-03 9.OOE-03 0OOE-F00 7.64E-04 5.I2E-03 6.33E-03 Normal/Lognormal
IlROIODICllLOROMETllANE 3 0 0 0.OOE:00 3.83E-03 3.78E-03 9.OOE -03 0.00Ef00 7.64E-C.4 5.I2E-03 6.33E-03 Normal/Lognormal
1ROMOFORM 3 0 0 0.OOE+00 3.83E-03 3.78E-03 9OOF -03 0.OOE+00 7.64E-04 5.I2E-03 6.33E-03 Nonnal/Lognonnal

IIROMOMETUANE 3 0 0 0.OOE -f 00 767E-03 7.56E-03 l.SOE-02 O.OOE+0O l.53E-03 I.02E-02 l.27E-02 Nonnal/Lognormal
CARBON DISULFII)E 3 0 0 0.00Ef 00 3.83E-03 3.78E-03 9.OOE -03 0.OOE-f00 7.64E-04 5.12E-03 6.33E-03 Nonnal/Lognonnal
CARBON FEFRA('IILORII)E 3 0 0 0OOE-FOO 383E-03 3.78E-03 9.00E-03 OAJOE+00 7.64E-04 5.I2E-03 6.33E-03 Normal/Lognonnal
CIII ROIIENZENE 3 0 0 0.OOE -f 00 3.83E-03 3.78E-03 9OOE-03 000E+00 7.64E-04 5I2E-03 6.33E-03 Nonnal/Lognormal
CIILOROETIIANE 3 0 0 0.OOE+00 7.67E-03 7.56E-03 I.80E -02 0.OOE+00 I.53E-03 I.02E-02 I.27E -02 NormalfLognonnal
(III OROFORM 3 0 0 0.OOE-FOO 3.83E-03 3.78E-03 9.OOE -03 0.OOEf00 7.64E-04 5.I2E -03 633E-03 Nonual/Lognou-mal
CULOROMETIIANE 3 0 0 0.OOE+00 7.67E-03 7.56E-03 l.80E-02 0.OOE+00 I.53E -03 I02E-02 l.27E-02 Normal/Lognornsal
('IS-l.3 -DICIILOROPROPENE 3 0 0 0.OOEF00 3.83E-03 3.78E-03 9OOE-03 0.OOE+00 7.64E-04 5.I2E-03 6.33E-03 Normal/Lognormal
l)IROMOCIILOROMETUANF 3 0 0 0.00E400 3.83E-03 3.78E-03 'i.OOE-03 0.OOE -f 00 7.64E-04 5.12E-03 6.33E-03 Nomial/Lognormal

I)II3ROMOMEFIIANE 3 0 0 0.OOE-i00 7.67E-03 7.56E-03 l.80E-02 0.OOE -f 00 I.53E-03 I.02E-02 I27E-02 Nonnal/Lognormal
I)ICIILORODIFLUOROME1IIANE 3 0 0 0.00E0I) I.53E-02 .51E-02 3.60E-02 0.OOE-iOo 306E-03 2.05E-02 2.53E-02 Nonnal/Lognormat
EIIIYLI3ENZENE 3 0 0 0.OOE-FOO 3.83E-03 3.78E-03 9.OOE-03 0.OOE -f00 764E-04 5.I2E -03 6.33E-03 Normal/Lognormal
ETIIYLMETIIACRYLATE 3 0 0 0OOE+00 i.53E-02 1.51E-02 3.60E-02 0.OOE+00 3.OÔE-03 2.05E-02 2.53E-02 Normal/Lognormal
I000NIETIIANE 3 0 0 0.OOE-FOO 7.67E-03 7.56E-03 lSOE -02 0.OOE+00 I.53E-03 I.02E-02 I.27E-02 Nonimal/Lognormal
ISOIlIJIANOL 3 0 0 0.00L00 I.53EG0 i.51E+00 3.o0E-00 OCOE-tO0 3.06E-01 205E100 2.53Ei00 Normal/Lognommal
METIIACR'u'LONITRILE 3 0 0 0.OOE -f 00 l.53E-02 I.51E-02 3.60E-02 0.OOFI-00 3OÔE-03 205E-02 253E02 Normal/Lognomial

ME1IIYLMETIIACRYLATE 3 0 C 0.0OE-0Q I.53E-02 I.51E-02 3.60E-02 000E400 3.OÔE-03 2.05E-02 2.53E-02 Nonnal/Lognormal
FENTACIILOROEIIIANE 3 0 0 0.OOEt00 I.53C-02 I51E-02 3.60E-02 Cu.OOE+00 3.O6E -03 2.05L-02 2.53E-02 Normal/Lognonnal
I'ROPIONITRILE 3 0 0 0.OOE+00 3.83E-02 3.77E-02 9.OOE -02 0.OOE+00 7.97E-03 5.I8E-02 6.59E-02 Nonnal/Lognormal
SF's'RENE 3 0 0 0.OOEFOO 3.83E-03 378E-03 9.OOE -03 0.OOEiOo 7.64E-04 5.I7E-03 6.33E-03 Normal/lognormal
[El RACIILOROETIIENE 3 0 0 0.OOE+00 3.83E-03 3.78E-03 900E-03 0.OOE+00 7.64E-04 5.I2E-03 ó.33E-03 Normal/Lognormal
FOIUENE 3 0 0 0.OOE+00 383E-03 3.78E-03 9.OOE-03 0.OOE-f00 7.64E-04 5.I2E-03 6.33E-03 Normal/Lognormal
FRANS-I,3 -DICIILOROPROPENE 3 0 0 0.OOE-s00 3.83E-03 3.78E-03 9.OOE-03 0.OOE+00 7.64E-04 5.I2E-03 6.33E-03 Nommal/Lognormal
FRANS-I.4 -DICIILORO -2 -BUTENE 3 0 0 0.OOE+0O I.53E-02 l5lE -02 3.60E-02 0.OOE+00 3.O6E -03 205E-02 2.53E-02 Normal/Lognormal
TRICIILOROETIIENE 3 0 0 0OOE-tOo 3.83E-03 3 78E-03 9.OOE-03 0.OOE+00 7.64E-04 5.I2E-03 6.33E-03 Nonnal/Lognormal
FRICIILOROFLUOROMETIIANE 3 0 0 0.OOE+00 7.67E-03 756E-03 I 80E-02 0OOF+0O I.53E-03 I.02E-02 I.27E -02 Normal/Lognonnal
VINYL ACETATE 3 0 0 0.OOE+00 7.67E-03 7.56E-03 I.80E-02 oooE+oo I.53E-03 I.02E -02 I.27E-02 Normal/Lognormal
\'INYLCIILORJI)E 3 0 0 0.OOE+00 7.67E-03 7.56E-03 l.80E-02 0.OOE+00 l.53E-03 l.02E -02 l.27E -02 Nonuial/Lognonnal
XYLENES(IOTAL) 3 0 0 0.OOE-FOO 3.83E-03 3.78E-03 9.OOE-03 0.OOE-foo 764E-04 5.I2E -03 6.33E-03 Nonnal/Lowionnal
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Table 30
Statistical Stun in ary of Constituents in Surface Waterfor Use in the Ecological Risk Assessin ent

A TOFINA Qiemicals, West Brine Field, Riverview, MI

liii Minimum Log ,Maximum Maximum Standard Log 95%
Total Number Frequency Detected Mean Mean SQL Detected Deviation 95% UCL UCL Distribution

Anatyte of Samples flits % mg/L mg/L mg/I mg/L mg/I mg/I mg/I mg/I 99% Confidence
I)ETECTEI) CONSTITUENTS
hnn'gauics

ARSENIC, SOLUBLE 3 I 33.33 I.50E -03 I.OOE-03 9.39E-04 I.70E-03 l.50E -03 4.44E-04 I.75E -03 5.50E-03 Normal/Lognormal
I3ARIUM, SOLUBLE 3 3 100 4.I8E-02 5.00E-02 4.97E-02 0.OOE+00 5.58E-02 7.32E-03 6.24E-02 6.94E-02 Normal/Lognormal
BARIUM, TOTAL 3 3 100 4.35E-02 5.I0E-02 5.06E-02 0.00E+00 5.71E-02 6.88E-03 6.25E-02 6.8IE -02 Normal/Lognormal
CADMIUM, SOLUBLE 3 I 33.33 2.I5E-03 l.42E-03 I.33E -03 2.101-03 2.I5E-03 6.35E-04 2.49E-03 7.03E-03 Unknown
COIPER, SOLI.JP.I.E 3 1 33.33 220E-03 i.25E-03 I.07E-03 I.50E -03 2.20E-03 8.371-04 2.64E-03 4.55E-02 Unknown
COPPER, TOTAL 3 3 100 2.101-03 2.40E-03 2.39E-03 0.00E+00 2.60E-03 2.65E-04 2.85E-03 3.01E-03 Normal/Lognormal
SELENIUM, SOLUBLE 3 2 6667 I.85E -03 I.62E-03 1.521-03 I.80E-03 2.I0E-03 6.331-04 2.681-03 I.I5E-02 Normal/Lognormal
VANADIUM,TOTAL 3 I 33.33 1.851-03 I.18E -03 I.I0E-03 I.70E-03 l.85E -03 5.77E-04 2.I6E -03 7.76E-03 Unknown
Semivolafile Ora,,ic compounds
BIS(2-ETIIYLIIEXYL)PIITIIALATE 3 I 33.33 LOOE-02 6.671-03 6.30E-03 I.OOE -02 I.OOE-02 2.891-03 t.I5E-02 2.99E-02 Unknown

('ONSTITUENTS NOT DETEC1'ED
2,3,7,8 -TCDD 3 0 0 0.OOE-rO0 6:481-07 5.82E-07 2.t0E -06 0.OOE+00 3.66E-07 I.26E-06 I.39E-05 Nornial/Lognormal
2,4,5-F 3 0 0 0.001+00 5.58E-05 5.58E-05 LISE -04 0.OOE+00 I 44E-06 5.83E-05 5.841-05 Unknown
2,4,5 -TP (SILVEX) 3 0 0 0.OOE+00 5.581-05 5.58E-05 1.151-04 OMOE+00 I 44E-06 5.83E-05 5.84E-05 Unknown
2,4-1) 3 0 0 0.00E+00 5.581-04 5.581-04 1.151-03 0.001±00 I 441-05 5.831-04 5.84E-04 Unknown
ANTIMONY, SOLUBI.E 3 0 0 0.001+00 8.001-03 8.001-03 I .60E-02 0.1)01+00 0 001+90 8.OOE-03 8 001-03 Unknown
ANTIMONY. TOFAL 3 0 0 0.OOE+00 8.OOE-03 8.001-03 I.ó0E -02 0.001+00 0.001+00 8.OOE -03 8.00E-03 Unknown
ARSENIC, TOTAL 3 0 0 0.OOE+00 6.501-04 6.50E-04 I.30E -03 0.001+00 0.00E+00 6.50E-04 6.501-04 Unknown
BERYLLIUM, SOLUBLE 3 0 0 0.OOE+00 2.001-04 2.001-04 4.001-04 0.OOEf 00 0.001+00 2.001-04 2 OOE-04 Unknown
BERYLLIUM, TOTAL 3 0 0 0.OOE+00 2.00E-04 2.00E-04 4.OOE -04 0.001+00 0.001+00 2.OOE -04 2.OOE -04 Unknown
('ADMIUM, TOTAL 3 0 0 0.001+06 051-03 1.051-03 2.101-03 0.001+00

,
0.OOE+00 I.05E-03 I.05E -03 Unknown

ChROMIUM, SOLUBLE 3 0 0 0.OOE+00 8.50E-04 8.501-04 1.701-03 0.OOE+00 0.OOE+00 8.50E-04 8.SOE -04 Unknown
C'IIROMIUM, TOTAL 3 0 0 0.OOE+00 8,501-04 8.50E-04 L7OE -03 0.061+00 0.OOE±00 8.50E-04 8.501-04 Unknown
COBALT, SOLUBLE 3 0 0 0.001+00 1.401-03 1.401-03 2 80E-03 0.00E+00 0.00E+00 l.40E -03 l.40E -03 Unknown
COBALt', TOTAL 3 0 0 0.001+00 I.40E -03 I.40E -03 2.80E-03 0.OOE+00 0.001+00 I.40E -03 I.40E -03 Unknown
CYANIDE, TOTAL 3 0 0 0.OOE+00 5.OOE-03 5.OOE -03 I.OOE -02 0.001+00 0.OOE+00 5.OOE -03 5.OOE -03 Unknown
LEAD, SOI.UBLE 3 0 0 0.OOE+00 3.70E-04 3.69E-04 8.20E-04 0.OOE+00 3.46E-05 4.28E-04 4.42E-04 Unknown
LEAD, TOTAL 3 0 0 0.OOE+00 8.33E-04 8.2IE-04 2.OOE-03 0.OOE+00 1.761-04 i.I3E -03 I.42E -03 Normal/Lognormah
MERCURY, SOLUBLE 3 0 0 0.OOE-i-00 5.001-05 5.OOE-05 I.OOE-04 0.001+00 0.OOE+00 5.001-05 5.OOE-05 Unknown
MERCURY, TOTAL 3 0 0 0.OOE+00 5.OOE-05 5.OOE-05 1.001-04 0.OOE+00 0.OOE+00 5.OOE-05 5.001-05 Unknown
NICKEL, SOLUBLE 3 0 0 0.0E4-0 3.35E-03 3.35E-03 6.70E-03 0.OOE+00 0.OOE+00 3.351-03 3.35E-03 Unknown
NICKEL, TOTAL 3 0 0 0.OOE+00 3.351-03 3.351-03 6.701-03 0.001+00 0.OOE+00 3.351-03 3.35E-03 Unknown
SElENIUM, i'OTAL 3 0 0 0.001+00 9.OOE -04 9.OOE-04 i.80E -03 0.OOE+00 0.OOE+00 9.OOE -04 9.001-04 Unknown
SILVER, SOLUBLE 3 0 0 0.OOE+00

'

.00E-04 9.001-04 I.80E-03 C.00E00 0.00E--00 9.001-04 9.001-04 Unknown
SILVER, 1'OTAL 3 0 0 0.OOE+00 9.001-04 9.OOE -04 I .80E-03 0.001+00 0.001+00 9.OOE -04 9.OOE-04 Unknown
II IALLIUM, SOLUBLE 3 0 0 0.OOE+00 6.50E-04 6.50E-04 I 30E-03 0.001+00 0.001+00 6.50E-04 6.501-04 Unknown
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Table 30
Statistical Summary of 'onsrituents in Surface Waterfor Use in f/se Ecological Risk Assessment
A TOFINA chemicals, IJ'est Brine Field, Rii'eri'ieiv, MI

liii M inirnu ni Log M axint U m .l axini U tO Standard Log 95%
Total Number Fretueiic,' l)elected Mear Mean SQL Iejecled l)evialiou 95% UCL UCL Distribution

Aunaivle of Samples tills % mg/L ring/i. mg/i. tug/I. org/I. mg/L mg/L nirg/L 99% Confidence
Fl lALLIUM, TOTAL 3 0 0 0.OOE+00 6.50E-04 6.SOE -04 l.30E -03 0,00E 4-00 0.OOE+00 6.50E-04 6.50E-04 Unknown
FIN, SOLUBLE 3 0 0 0.OOE+00 4.35E-03 4.35E-03 8.70E-03 0.OOE+00 0.OOE+00 4.35E-03 4.35E-03 Unknown
FIN, lOTAL 3 0 0 0.0GB-fOG 4.3W -lU 4.35E-03 8.70F-03 0.3BE00 0.BOE+00 4.35E-03 4.35B-03 Unknown
VANAI)ILJM, SOLUBLE 3 0 0 0.000+00 8.50E-04 8.50E-04 1.700-03 0.OOE+00 0.000f0() 8.500-04 8.500-04 Unknown
ZINC', SOLUBLE 3 0 0 0.OOE+00 3.580-03 3.52E-03 8.950-03 0.000+00 7.80E-04 4.890-03 5.880-03 Normal/tognomml
ZINC, TOTAL 3 0 0 0.OOE+00 4.94E-03 4.930-03 1.090-02 0.000+00 4.880-04 5.760-03 6.OOE -03 Normal/Lognormal
DIMETIIOATE 3 0 0 0.OBF+CO 01W-fl 000-03 2.OOE -03 O.00E00 0.OOE+0O I.OOE -03 LOOE-03 Unkp,owc
I)ISULFOTON 3 0 0 0.000+00 i.OOE -03 1.000-03 2.000-03 0.000+00 0.OOE+ 00 i.OOE -03 1.000-03 Unknown
EThYl. PARAThION 3 0 0 0.000+00 1.000-03 I OOE-03 2.000-03 0.OOE-+ 00 0.OOE+00 I OOE -03 I.OOE-03 Unknown
FAMPIIUR 3 0 0 0.OOE+00 1.000-03 1.000-03 2.OOE-03 0.000+00 0.000-f 00 1.000-03 .000-03 Unknown
MEIllYL PARAFIIION 3 0 0 0.000+00 I.OOE -03 !.000-03 2.000-03 0.OOE+00 0.000+00 .000-03 1.000-03 Unknown
0.0,0 -TRIE1IlYL PIIOSPIIOROTIIIOATE 3 0 0 0.000-f00 i.OOE -03 I OOE -03 2.000-03 0.000+00 0.OOE+00 .000-03 I.OOE -03 Unknown
I'IIORAiE 3 0 0 0.OOE+00 i.OOE -03 .OOE-03 2.000-03 0.000-00 0.OOE+00 I.OOE -03 1.000-03 Unknown
StJLFOTEPP 3 0 0 0.000+00 1.000-03 LOOE -03 2.000-03 0.000+00 0.000+00 1.000-03 1.000-03 Unknown
/INOI'IIOS 3 0 0 0.000-400 I.OOE -03 L000-03 2.000-03 0.000 -n-GO 0.000+00 1.000-03 1.000-03 Unknown
AROC'LOR-IOIb 3 0 0 0.OOEfoo 2.500-04 2.50E-04 5.000-04 0.OOE+O0 0.00E400 2.500-04 2.500-04 Unknown
AROCLOR-I22I 3 0 0 0.000+00 2.50E.04 2.500-04 5.00E-04 0.000+00 0.000+00 2.500-04 2.500-04 Unknown
AROCI.OR -I232 3 0 0 0.OOE+0O 2.50E-04 2.50E-04 5.000-04 0.000400 11.000+00 2.50E-04 2.500-04 Unknown
ARO('I.OR -I242 3 0 0 0.000100 2.50E-04 2.500-04 5.000-04 0.000+00 0.011E-fOO 2.500-04 2.500-04 Unknown
AROCIOR -I248 3 0 0 0.OOE+00 2.50E-04 2.SOE-04 5.00004 0u00n-00 0.000+00 2.500-04 2.500-04 Unknown
AICOCLOR-1254 3 0 0 0.000400 5.000-04 5.000-04 I000-IP 0.OOE+00 0.000+00 5.000-04 5.000-04 Unknown
AROCLOR -I260 3 0 0 0.000+00 5.000-04 5.OGE -04 i.OOE -03 000EOO 0.00E00 5.000-04 5.000-1)4 Unknown
4,4-1)1)1) 3 0 0 0.OOE+00 5000-05 5.000-05 I 000-04 0.000~00 0.OOE+00 5000-05 5.000-05 Unknown
4.4 -DDE 3 0 0 0.000+00 5.00-05 5.000-05 I 000-04 0.000+00 0.OOE+00 5.OOE -05 5.000-05 Unknown
4,4' -DDT 3 0 0 0.000+00 5.OOE-05 5.OOE -05 1.000-04 0.000+00 0.OOE+00 5.000-05 5.000-05 Unknown
ALDRIN 3 0 0 0.000~00 2.500 -C'S 2.500-05 5.000-05 4.1)00+00 0.000+00 2.500-05 2.500-05 Unknown
AI.PIIA-BIiC 3 0 0 0.OOE+0O 2.500-05 2.500-05 5.000-05 0.000-f00 0.000+00 2.500-05 2.500-05 Unknoxvn
AI.PiIA-CIiI.ORDANE 3 0 0 0.OOE+00 2.SOE-04 2.500-04 5.000-04 0.00Et00 0.000-4-00 2.500-04 2500.04 Unknown
IlETA-I3IiC 3 0 0 0.000+00 2.500-05 2.50E-05 5.000-05 0000+00 0.000+00 2.500-05 2.500-05 Unknown
DELFA-i)I IC 3 0 0 0.000-rO0 2.500-35 2.50E-05 5.000-05 0 000+00 0.000+00 2.500-05 2.500-05 Unknown
DIELDRIN 3 0 0 0.000+00 5.00E-05 5.000-05 I 000-04 0.OOE+00 0.000+1)0 5.000-05 5.000-05 Unknown
END()SUI.FAN I 3 0 0 0.000+00 2.50E-05 2 500-05 5.000-05 0.000 fOG 0.000~00 2.500-05 2.500-05 Unknown
ENDOSUIFAN II 3 0 0 0.OOE+0O 5000-05 5.000-05 1.000-04 0.000fOO 0.000+00 5.000-05 5.000-05 Unknown
I:NDOSUIFAN SULFATE 3 0 0 0.000+00 5.000-05 5.000-05 l.OOE -04 0.000+00 0.00E+00 5.000-05 5.000-05 Unknown
ENDRIN 3 0 0 0.OOE+00 5.000-05 5.000-05 1.000-04 0.000100 0.000400 5.000-05 5.000-05 Unknown
ENDRIN AI.DEIIYDE 3 0 0 0.000~00 5.OOE-05 5000-05 1.000-04 0.000~00 0.000400 5.000-05 5.000-05 Unknown(IAMMA-BIIC (I.INDANE) 3 0 0 0.000-1-00 2.50F-0 2 500-05 5.00E-05 0.OOE+00 0.000-4-00 2.500-05 2500.05 UnknownGAMMA -CIILORDANE 3 0 0 0.000+00 2.500-04 2.500-04 5.000-04 0.OOE+00 0.000+00 2.500-04 2.500-04 Unknown
IlEPTACIlLOR 3 0 0 0.000~00 2 50E -0S 2.SOE -05 5.000-05 0.000+00 0.000~00 2500.05 2.500-05 Unknown
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Table 30
Statistical Suns in ary of Constituessis in Surface Waterfor Use ii: the Ecological Risk Assessi,: ent

A TOFJIVA chemicals, JVest Brine Field, Riverviesv, MI

Hit Minimum Log Maximum Maximum Standard Log 95%
Total Number Frequency Detected Mean Mean SQL Detected Deviation 95% LJCL IJCL I)istribution

Analyte of Samples Hits % mg/I. mg/L mg/L
-

mglL mglL nig/L mg/I. mg/I. 99% Confidence
IIEPTACIILOR EPOXIDE 3 0 0 0.OOE+00 2.50E-05 2.50E-05 5.OOE-05 0.OOE~00 0.OOE+00 250E-05 2.50E-05 Unknown
ISODRIN 3 0 0 0.O0E -0O 2.50E-05 2.SOE-05 5.OOE -05 0.OOE+00 0.OOE -i-00 2.50E-05 2.50E-05 Unknown
KEPONE 3 0 0 0.OOE+QO 5.OOE-05 5.OOE-05 l.QOE -04 0.OOE+00 0.OOE+0t) 5OOE -05 5.OOE -05 Unknown
NIETFIOXYCIILOR 3 0 0 0.OOE+O0 2.SOE -04 2.SOE-04 5:ooE -04 0.OOE+00 000E+00 2.SOE -04 2.50E-04 Unknown
IOXAPIIENE 3 0 0 0.OOE+O0 5OOE -04 5.OOE -04 I.OOE-03 0.OOE+00 0.00E+00 S00E -04 5.OQE -04 Unknown
I24,5 -TETRACIILORODENZENE 3 0 0 0.OOE+00 5OOE -03 500E-03 t00E -02 000E-F00 0.OOE+00 5.OOE-03 5OOE-03 Unknown
I24-TRICIILOROBENZENE 3 0 0 0.OOE-WO .500F. 0 .0OE -03 tOOE -02 000E+00 0.OOE+00 5.00E-03 5.00E-03 Unknown
I2 -DICHLOROUENZENE 3 0 0 OOOE+00 5.00E-03 5.OOE-03 LOOE -02 0.OOE+00 0.OOE+00 5.00E-03 5.OOE -03 Unknown
I35 -TRINITROBENZENE 3 0 0 0OOE+00 5.00E-02 5.OOE -02 l.00E-01 0.00E+00 000E+00 5.00E-02 5.00E-02 Unknown
I3 -DICIILOROI3ENZENE 3 0 0 0.OOEI-00 5OOE-03 5.OOE-03 l.OOE -02 0.OOE-foO 0.OOE+00 5.OOE -03 5.OOE-03 Unknown
I,3 -DINITRODENZENE 3 0 0 0.OOE-r00 LOOE -02 .00E -O2 2.OOE-02 0.00E-fOo O.00E-i-00 l.OOE-02 l.OOE -02 Unknown
I4-DICtILOROBENZENE 3 0 0 0.OOE-t-00 5.OOE -03 5.OOE -03 LOOE -02 0.OOE+00 0.OOE+00 5.OOE -03 5.OOE -03 Unknown
L1-DIOXANE 3 0 0 0.00Ei-00 l.OOE-02 OOE-02 2.OOE -02 0.OOE-1-00 0.00E+00 l.OOE-02 l.OOE -02 Unknown
I,4-NAPIITHOQUINONE 3 0 0 0.00E+00 2.50E-02 2.50E-02 5.00E-02 0OOE+00 0.OOE+00 2.50E-02 2.50E-02 Unknown
1 -NAPlIlilYLAMINE 3 0 0 0.OOE+00 LOOE-IJ2 l.00E -02 2.OOE -02 0.00E+00 0.OOE+00 l.OOE-02 I.OOE-02 Unknown
22 -0XY131S(I-CllLOROPROl'ANE) 3 0 0 0.00E+00 5.OOE-03 5.OOE-03 LOOE -02 0.00E+00 000E+00 5.OOE -03 5.00E-03 Unknown

3,46-TETRACIlLOROPliENOl. 3 0 0 0.00E+0O 5.OOE-03 5.OOE -03 LOOE -02 0.OOE-t-00 0.00E -i-00 500E-03 5.QOE -03 Unknown
245 -TRICIILOROI'IIENOL 3 0 0 0.00E+00 2.SOE-02 2.50E02 5.OOE -02 0.OOE+00 0.OOE~00 2.50E-02 2.50E-02 Unknown
24lRlCl1LOROPlIENOI. 3 0 0 0.OOE+00 5.OOE -03 5.00E-03 I.00E -02 0.OOE -i00 0.00E+0O 5.OOE-03 5.00E-03 Unknown
14-DIClILOROPIlENOL 3 0 0 0.OOE-t-00 5.OOE-03 5.00E-03 l.OOE -02 0.OQE+00 0.00E+00 5.OOE-03 5.00E-03 Unknown
24-DIMETIIYLPIJENOL 3 0 0 0.OOE+00 5.OOE -03 5.OOE -03 I.00E -02 000E -i-O0 0.00E+00 5.OOE-03 5.00E-03 Unknown
24-DINITROPIlENOt. 3 0 0 0.OOE+00 2.50E-02 2.50E-02 5J0E -02 0.00E+00 0.00E-00 2.50E-02 150E-02 Unknown
24-DINI1KOTOLUENE 3 0 0 0OOE+00 5.OOE-03 5.00E-03 LOOE-02 0.00E+0() 0.OOE+00 5.OOE-03 5.OOE-03 Unknown
2ô-DICIILOROPIIENOL 3 0 0 0.OOE+00 5.OOE -03 5.OOE -03 LOOE -02 0.00E+00 O.OOE+00 5.00E-03 5.00E-03 Unknown
2ô -DINITROTOLUENE 3 0 0 0.OOE+00 500-03 i.OOE-03 l.OOE-02 0.00E+00 0.OOE+00 5.OOE-03 5.OOE-03 Unknown
2 -ACETYLAMINOFLiJORENE 3 0 0 0.00E+0( I OOE -02 LOOE -02 2.OOE-02 0.OOE+00 0.OOE -100 l.OOE-02 I.OOE -02 Unknown
2 -AMINONAPIITIIALENE 3 0 0 0.OOE -i-00 I.25E-02 l.25E-02 2.50E-02 0.OOE+00 0.OOE+00 l.25E-02 t.25E -02 Unknown
2 -CItLORONAPlITIlALENE 3 0 0 0.OOE+00 5.OOE -03 5.OOE -03 I.OOE -02 0.OOE+00 0.OOE+00 5.OOE -03 5.OOE -03 Unknown
2 -CIILOROPIIENOL 3 0 0 0.OOE+00 5.OOE -03 5.OOE-03 I OOE -02 0.OOE+00 O.OOE+00 5.OOE -03 5.OOE -03 Unknown
2 -METIIYLNAPIITIIALENE 3 0 0 0.OOE+00 5.OOE -03 S.OOE -03 I.OOE -02 0.OOE+00 0.OOE+00 5.OOE -03 5.OOE -03 Unknown
2 -METlIYLPllENOL 3 0 0 0.OOE+00 5.OOE-03 5.OOE-03 l.OOE -02 0.OOE-F00 0.OOE+00 5.OOE -03 5.OOE -03 Unknown
2 -NITROANILINE 3 0 0 0.OOE+00 2.50E-02 2.50E-02 5.OOE -02 0.OOE+00 0.OOEf 00 2.50E-02 2.50E-02 Unknown
2 -NITROPIIENOL 3 0 0 0.OOE+00 5.OOE -03 S.OOE-03 IOOE -02 0.OOE+00 0.OOE-f 00 5.OOE -03 5.OOE -03 Unknown
2 -PI(OLINE 3 0 0 0.00E+00 5.0iE -O3 U0E -O3 LOOE -02 (i.00E -i00 0.OOE±00 5.OOE -03 5.OOE-03 Unknown
3&4-METIIYLPIIENOI. 3 0 0 0.OOE+00 5.OOE-03 5.OOE-03 I.OOE-02 0.OOE+00 0.00E+00 5.OOE-03 5.OOE -03 Unknown
33'-DICIILOROL3ENZIDINE 3 0 0 0.OOE+00 l.OOE-02 I.OOE -02 2.OOE -02 0OOE -i-00 0.OOE-foO I.OOE -02 I.OOE -02 Unknown
33'-DIMETIIYLI3ENZIDINE 3 0 0 0.OOE+00 2.50E-02 2.SOE-02 .03E-02 O.OOE+00 0.OOE+00 2.50E-02 2.50E-02 Unknown
3 -MIiTIIYLCIIOLANItIRENE 3 0 0 0.OOE+00 5.OOE -U3 5UOE -(J3 iu0E -02 0.OOE -i-00 0.OOE+uo 5.OOE-03 5.OOE-03 Unknown
3 -NITROANILlNE 3 0 0 0002+0O 250E-02 2.50E-02 5OOE-02 0.OOE~00 0.OOE+00 2.50E-02 2.50E-02 Unknown
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Table 30
Statistical Suin,narj' ofconstituents in Surface Waterfor Use in the Ecological Risk Assessment
A TOFINA chei,uicals, West Brine Field, Riverview, MI

liii Minimum Log Maximuuii Maximum Slandard Log 95%
Total Number Frequency Detected Mean Mean SQL Detected I)eviation 95% LJCI. UCL Distribution

Analyte of Samples tIlts % mg/I. ni/L mg/I mg/I mg/L mg/I iiig/l. mg/I. 99% Confidence
4,O -DINITRO -2-METIIYLPIIENOL 3 0 0 0.0qE+00 2.501-02 2.50E-02 5.001-02 0.000+00 0.000+00 2.501-02 2.501-02 Unknown
4 -AMINORIPIIEN's'l. 3 0 0 0.001+00 1.001-02 I.OOE -02 2.001-02 0.000F00 0.000+00 1.001-02 1.001-02 Unknown
4 -I3ROMO1IIENYL-I'lIENYLIflIIER 3 0 0 0.OOE+00 5.000-03 5.001-03 (.000-02 0.00E100 0.00EF00 5.000-03 5.001-03 Unknown
4 -CIIL000-3 -METIIYLPIIENOL 3 0 0 0.001+0(1 5.001-03 5.001-03 LOOE-02 0001+00 0.001+00 5.00E-03 5.001-03 Unknown
4 -CIILOROANI!JNE 3 0 0 0.OOE+00 5.001-03 5.001-03 I 001-02 0.OOE+00 0.OOE+00 5.001-03 5.001-03 Unknown
4 -CIILOROPIIENYL-PIIENYLITIIER 3 0 0 0.OOE+00 5.001-03 5.001-03 l.OOE-02 0.000t-00 0.OOE -F00 5.000-03 5.001-03 Unknown
4 -NITROANILINE 3 0 0 0.OOE+00 2501-02 2.SOF02 3.001-02 0.001101) 0.001+00 2.501-02 2.501-02 Unknown
4 -NI I ROPIIENOL 3 0 0 0.00E+00 2.501-02 2.501-02 5.001-02 0.001+00 0.001+00 2.501-02 2.501-02 Unknown
4 -NITROQUINOI.INE-l -OxIDE 3 0 0 0.001+00 2.501-02 2.50E-02 5.001-02 0.001+00 0.OOE+00 2.501-02 2.501-02 Unknown
5 -NITRO -O-TOLUIDINE 3 0 0 0.OOE+00 I.OOE-02 I.OOE -02 2.001-02 0.001+00 0.001+00 1.001-02 1.001-02 Unknown
7J2 -DIMETIIYLRENZ(A)ANTIIRACENE 3 0 0 0.000+00 (.00102 L001-02 2.00-02 0.001101) 0.001100 1.001-02 1.001-02 Unknown
Aj\-DIMETIIYI.PIIENETII\'LAMINI3 3 0 0 0.OOE+00 2.50E-02 2.501-02 5.001-02 0.00E00 0.001100 2.501-02 2.501-02 Unknown
ACENAPIITIIENE 3 0 0 0.001100 5.001-03 5.001-03 1.001-02 0(101100 0.001FOO 5.000-03 5.001-03 Unknown
AC'ENAPIIFIIYLENE 3 0 0 0.001+00 5.001-03 5.OOE -03 !.000-02 0(101+00 0.OOE+00 5.001-03 5.001-1)3 Unknown
A('E1OI'IIENONE 3 0 0 0.OOE-f 00 5.001-03 5.001-03 1.001-02 0.001 100 0.OOE+00 5.OOE-03 5.001-03 Unknown
ANII.INE 3 0 0 0.OOE+00 2.501-02 2.501-02 5.001-02 0.000f00 IJ.OOE -100 2 50E-02 2.501-02 Unknown
ANIIIRACENE 3 0 0 0.000+00 5.001-03 5.001-03 1.000-02 0.001f00 0.OOE+00 5.001-03 5.001-03 Unknown
ARAMI II 3 0 0 0.000+00 (.000-02 I 001-02 2.001-02 .00E+O0 0.00E-O0 (.001-02 (.001-02 Unknown
I10N2'O(A)ANIIlRACENE 3 0 0 0.001+00 5.0(10-03 5000-03 .OOE -02 0 001100 0.001+00 5.000-03 5.001-03 Unknown
IIENZO(A)PYRENE 3 0 0 0.600406 5.000-03 5.OOE -03 1.000-02 C.'JOEOO 0.001+00 5.001-03 5.000-03 Unknown
I(I:NZO(I3)FI.UORANFIIFNF 3 0 0 0.OOE+00 5.000:03 5.001-03 I.OOE -02 5.OOE+0O 0.001+00 5.000-03 5.000-03 Unknown
I1ENZO(G,lI,I)PERYLENE 3 0 0 0.001+00 5.000-03 5.000-03 I.OOE -02 0.OOE+00 0.001+00 5001-03 5.001-03 Unknown
UENZO(K)FLUORANTIIEN[ 3 0 0 0.001+00 5.OOE -03 5.001-03 I.OOE-02 0.OOE+00 0.001+00 5.0013-03 5.000-03 Unknown
I)ENZYL AI.COIIOL 3 0 0 0.OOE+00 5.001-03 5.001-03 (.001-02 0.000+00 0.001+00 5.001-03 5.000-03 Unknown
I1IS(2-CIII.OROI3TIIOXY)METIIAN 3 0 0 0.000+00 5.001-03 5.OOE-03 i.001-02 0.001+00 0.000+00 5.000-03 5.000-03 Unknown
I1IS(2-CIII.OROETIIYL)IflI IER 3 0 0 0.001+00 s.ooo -o: 5.000-03 (.000-02 0.000+00 0.000+00 5.OOE-03 5.OOE-03 Unknown
I1UTYLBENZyLpIITIIALA'ft 3 0 0 0.OOE+00 5.001-03 5.OOE -03 i.OOE -02 0.OOE+00 0.000+00 5.000-03 5.000-03 Unknown
('IILORol3ENzILAro 3 0 0 0.OOE+00 5.000-03 5.001-03 1.001-02 0.001+00 0.000~00 5.001-03 5.000-03 Unknown
('IIRYSENE 3 0 0 0.001+00 5.OOE-03 5.001-03 1.001-02 0.OOE+00 0.OOE+00 5.001-03 5.000-03 Unknown
l)I -N -BUTYLI'II]IIALAFE 3 0 0 0.000tOO 5.001-03 5.000-03 1.000-02 0.001F0O 0.000100 5.000-03 5.000-03 Unknown
l)l -N -OCTYLPIITIlALATI 3 0 0 0.000+00 5.001-03 5.OOE-03 (.000-02 0.000+00 0.000+00 5.000-03 5.000-03 Unknown
DIAI.I.Aft 3 0 0 0.001+00 5.OOE-Ol 5.000-03 I.OOE-02 O.OOE+00 0.00E00 5.001-03 5.000-03 Unknown
I)II3ENZO(A.II)ANTIIRAC'I3NIE 3 0 0 0.001+00 5.000-03 5.OOE-03 LOOE -02 0.000+00 0.000+00 5.000-03 5.001-03 Unknown
UIISENZOFURAN 3 0 0 0.0QE0u 5.006-03 5.000-1)3 .OOE -02 0.000100 0.000400 5.000-03 5.000-03 Unknown
UIETIIYI.I'IITlIAI.ATE 3 0 0 0.00E00 5.000-03 5.000-03 I.OOE -02 0.000+00 0.0013f00 5.001-03 5.001-03 Unknown
DIMETIIYLI'IlTlIALATI3 3 0 0 0.000+00 5.OOE -03 5.000-03 I OOE -02 0.OOE -f00 0.000+00 5.0013-03 5001-03 UnknownI)INOSEI) 3 0 0 0.001400 (.001-02 l.OOE -02 2000-02 0.000+00 0.000f00 .000-02 .000-02 Unknown
[)II'IIENYLAMINE 3 0 0 0.000400 5.000-03 5.006-03 1.000-02 0.000+00 0.000+0)) 5.OOE -03 5.001-03 unknown
E1II\'I.MI3TIIANESULFONATI: 3 0 0 0.000+00 5.OOE -03 5.000-03 (.000-07 (1001FOO 0.001400 5.0013-03 5.000-03 Unknown
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Table 30

Statistical Sawn: ary of Co:,stituents iii Surface Water for Use in the Ecological Risk Assessw eat

A TOFINA chemicals, West Brine Field, Riverview, MI

lilt Minimum Log Maximum Maximum Standard Log 95%
Total Number Frequency Detected Mean Mean SQL Detected Deviation 95% UCL UCL Distribution

Analvte of Samples Hits % mg/L mglL mg/L mg/L mg/L nig/L mg/L nmg/L 99% Confidence
FLUORANTIIENE 3 0 0 0.OOE+00 5.OOE -03 5.OOE-03 I.OOE -02 0.OOE+Q0 0.00E00 5.OOE -03 5.OOE -03 Unknown
FLUORENE 3 0 0 0.00E+00 5.OOE -03 5.00E-03 t.OOE-02 0.OOE+00 0.00E-i-00 5.00E-03 5.00E-03 Unknown
IIEXACHLOROBENZENE 3 0 0 0OOE+00 5.OOE-03 5M0F3 I 0IIE-0? 0.OOF+00 0.OOE-fOo 5.00E-03 5MOE -03 Unknown
lIEXACtILOROl3UTADIENE 3 0 0 0.00E+00 5.00E-03 5.OOE-03 I00E-02 0.00E+00 0.00E+00 5.00E-03 5.00E-03 Unknown
IIEXACIILOROCYCLOPENTADIENE 3 0 0 0.00E-00 5.OOE-03 5.OQE -03 i.00E-02 0.OOE+00 0.00E1-00 5.OOE-03 5.OOE -03 Unknown
ItEXACULOROETIlANE 3 0 0 0.OOE+00 5.OOE-03 5.OOE-03 l.OOE -02 0.OOE+00 0.OOE~00 5.OOE-03 5.00E-03 Unknown
IIEXACULOROPHENE 3 0 e 0.00F00 5.OOE -02 S OOE-07 !.OOF-i)I ¯fl,fl0E+00 0!3-005.00E -Q2 5.OOE -02 Unknown
IIEXACIILOROPROPENE 3 0 0 0.OOE+0O 2.50E-02 2.50E-02 .5.OOE -02 0.OOE+00 0OOE+00 2.50E-02 2.50E-02 Unknown
INDENO(I.2,3-CD)PYRENE 3 0 0 0.OOE+00 5.OOE -03 5.OOE -03 I.OOE-02 0.OOE+00 000E+00 5.OOE-03 5.OOE -03 Unknown
LOliIORONE 3 0 0 0.OOE+00 5.00E-03 5.OOE -03 1.000-02 0.OOE+00 0.OOE+00 5.OOE-03 5 OOE -03 Unknown
ISOSAFROLE 3 0 0 0.OOEt-00 5.000-03 5.OOE -03 ;.OOU -02 0.OCE-f 00 0.000+00 5.OOE -03 5.OOE -03 Unknown
METIIAPYRILENE 3 0 0 0.000+00 I 25E-02 L250-02 2.500-02 0.OOE-i-00 0.OOE+00 l.25E -02 t.25E -02 Unknown
METIIYLMETHANESULFONATE 3 0 .0 0.000+00 5.OOE-03 5.OOE -03 l.OOE -02 0.OOE+00 0.OOE+00 5.OOE-03 5.OOE-03 Unknown
N -NITROSODI -N -I3UTYLAMlNE 3 0 0 ¯. 0.000+00 5.OOE-03 5.OOE -03 l.OOE-02 0.OOE~00 0.OOE+00 5.00E-03 5.00E-03 Unknown
N -NFrROSODI -N -PROPYLAMINE 3 0 0 0.000+00 5.OOE -03 5.000-03 l.OOE -02 0.OOE+00 0.OOE+00 5.000-03 5.OOE -03 Unknown
N -NITROSODIETHYLAMINE 3 0 0 0.OOE+00 5.000-03 5.OOE -03 1.000-02 0.OOE±00 0.000+00 5.000-03 5.OOE-03 Unknown
N -NFFROSODIMETIIYLAMINE 3 0 0 0.OOE+00 5.OOE-03 5.OOE-03 l.00E-02 0.00E+00 0.000+00 5.000-03 5.000-03 Unknown
N -NITROSODIPIIENYLAMINE 3 0 0 0.OOE+00 5.000-03 ).000-03 l.00E -02 t).OOE+00 0.00E+00 5.000-03 5.OOE -03 Unknown
N -NEFROSOMETIIYLETIIYLAMINE 3 0 0 0.000+00 5.000-03 5.OOE -03 l.OOE -02 0.OOE+00 0.0001-00 5.OOE-03 5.OOE-03 Unknown
N -NFFROSOMORPIIOLINE 3 0 0 0.OOE+01) 1.000-02 LOOE-02 2.OOE-02 0 OOE+0O 0.OOE-+00 1.000-02 I 000-02 Unknown
N -NITROSOPIPERIDINE 3 0 0 0.OOE+00 5.000-03 5.OOE -03 l.OOE-02 0.000+00 0.OOE+00 5.000-03 5.OOE -03 Unknown
N -NFFROSOPYRROLIDINE 3 0 0 0.OOE+00 2.)F-02 2.500-02 5.00002 0.000400 0.00Ef0 2.SOE -02 2.50E-02 Unknown
NAPIITIIALENE 3 0 0 0.OOEi-0O 5.OOE-03 5.OOE -03 I.OOE -02 0.000+00 0.OOE+00 5.000-03 5.OOE-03 Unknown
NITROI3ENZENE 3 0 0 0.OOE+00 5.000-03 5.OOE -03 1.000-02 0.000+00 0.OOE+00 5.OOE -03 5.OOE -03 Unknown
O:FOLIJIDINE 3 0 0 0.OOE-s-00 5.OOE-03 5.OOE-03 1.000-02 :.OOE+00 0.OOE+00 5.000-03 5.OOE -03 Unknown
P-DIMETIIYLAMINOAZOBENZENE 3 0 0 0.0004-00 MOE -fl? 000-02 2,000-02 0.000+00 0.000+00 1.000-02 I.OOE-02 Unknown
P-PIIENYLENEDIAMINE 3 0 0 0.000+00 1.000-02 1.000-02 2.000-02 0.000+00 0.OOE+00 .000-02 1.000-02 Unknown
PENFACIILOROBENZENE 3 0 0 0.OOE+00 5.000-03 5.000-03 I.OOE -02 0.OOE+00 0.OOE+00 5.OOE-03 5.000-03 Unknown
IENTAC1ILORONITR000NZENE 3 0 0 0.000+00 5.000-03 5.000-03 1.000-02 0.000+00 0.OOE+00 5.000-03 5.OOE -03 Unknown
PFNTACFILOROPHENOL 3 0 0 0.OOE±00 2.500-02 7.500-02 5.000-02 0.OOE+00 0.000+00 2.500-02 2.500-02 Unknown
I'IIENACETIN 3 0 0 0.OOE+00 5.OOE -03 5.OOE-03 I.OOE -02 0.OOE+00 0.OOE+00 5.000-03 5.000-03 Unknown
I'IIENANTIIRENE 3 0 0 0.000+00 5.000-03 5.OOE-03 l.OOE-02 0.OOE+00 0.OOE+00 5.000-03 5.000-03 Unknown
PhENOL 3 - 0 0 0.OOE+00 5.000-03 5.000-03 I.OOE-02 0.000+00

-

0.000+00 5.OOE-03 5.OOE-03 Unknown
I'RONAMIDE 3 0 0 0.000+00 5.OOE -03 5.600-03 1.000-02 0.OOE+00 0.00E00 5.000-03 5.000-03 Unknown
PYRENE 3 0 0 0.OOE+00 5.000-03 5.000-03 I.OOE-02 0.000+00 0.000~00 5.000-03 5.000-03 Unknown
PYRIDINE 3 0 0 0.00E-00 I 000-02 LOOE-02 2.OOE -02 0.OOE+00 O.OOE+00 l.OOE -02 1.000-02 Unknown
SAFROLE 3 0 0 0.OOE+00 5.OOE -03 5.000-03 l.QOE -02 0.000+00 0.000+00 5.000-03 5.000-03 Unknown
LI,I,2-TETRACIILOROETUANE 3 0 0 0.000+00 50OEO3 5.00-03 j.000-02 0.000+00 0.000i-00 5.000-03 5.OOE -03 Unknown
LI,I-TRICIILOROETIIANE . 3 0 0 0.OOE+00 2.50E-03 2.50E-03 5.OOE-03 0.000+00 0.000+00 2.50E-03 2.50E-03 Unknown
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Table 30
Statistical S:iiiz inaiy of Constituents in Surface Waterfor Use in the Ecological Risk Assessment
-l TOFINA chemicals, West Brine Field, Rii'ervietv, MI

PHJ

Hit !1inirnum Log Mannuin '~larrnum Standard Log 95%
Total Number Frequency Detected Mean Meal! SQL l)eteted Deviation 950/,, LJCL UCL Djstrit,ution

Analvie of Samples hits % rug/C mg/L mg/i rug/i rug/i nig/L mg/i mg/h. 99% Confidence
l,l,2,2-TETRACIILOROETIIANE 3 0 0 0.0013+00 2.50E-03 2.5013-03 5.t30E-03 (3.000+0(3 0.OOE+00 2.50E-03 2.5013-03 Unknown
I,l,2:FR1C11L0R013T11AN0 3 0 0 0.000+00 2.5013-03 2.50E-03 5.0013-03 0.0013400 0.000*00 2.5013-03 2.5013-03 Unknown
I. I -DlCtll.OROI3fllANE 3 0 0 0.0013+00 2.5013-03 25013-03 5 000-03 0.00E 00 0(100 00 2 5013-03 2.5013-03 Llnknown
I,I-DICIILOROI3TIIENE 3 0 0 0.0013+00 2.5013-03 2.50E-03 5.0013-03 0.0013+00 0.OOE+00 2.5013-03 2.5013-03 Unknown
I,23 -TRICIILOROPROI'ANE 3 0 0 0.0013+00 5.0013-03 5.000-03 l.00E -02 0.0013400 0.000*00 5.OOE -03 5.00E-03 Unknown
I2 -DI000MO -3 -CIILOROI'ROPANI3 3 0 0 00013+00 1.0013-02 1.0013-07 2.OOE -02 0.00E100 0.OOE-~00 I.OOE -02 l.00E -02 Unknown
(.2 -D113R0M00T11AN13 3 0 0 0.0013400 1.0013-02 l.39E -02 2.0013-02 0.oo[00 0.00(3+00 .0013-02 1.000-02 Unknown
I.2DICIILOROETIIANI3 3 0 0 0.0013+00 2.5013-03 2.5013-03 5.0013-03 0.U0E00 0.0013-100 2.5013-03 2.5013-03 Unknown
l.2 -DICIILOROETIIENE (TOTAL) 3 0 0 0.000400 2.5013-03 2.5013-03 5.0013-03 0.0013+00 0.0013+00 2.5013-03 2.5013-03 tlnknown
I.2 -l)(CIILOROPROI'ANI3 3 0 0 0.0013+00 2.5013-03 2.50E-03 5.0013-03 0.OOE+00 0.0013+00 2.5013-03 2.5013-03 Unknown
2 -1311FANONI3 3 (1 0 0.0013o00 5.0013.03 5.0013-03 (.0013-02 0.0013+00 0.0013+00 5.0013-03 5.0013-03 Unknown
2 -CIIIDRO -I,3 -IM'TADtI3NE 3 0 0 0.0013+00 5.0013-02 5.00(3-02 1.0013-01 0.000400 0.000+00 5.000-02 5.0013-02 Unknown
2 -III3XANONI3 3 0 0 0.OOE+00 5.000-03 5.000-03 1.0013-02 0.0013+00 0.000400 5.000-03 5.0013-03 Unknown
4-MEFIIYI.-2-013NTAN0N13 3 0 0 0.OOE+00 5.000-03 5.000-03 .000-02 0.0013+00 0.000+00 5.1)013-03 5.0013-03 Unknown
ACEFONI3 3 0 0 0.00E-00 5.0013-03 5.0013-03 (.000-02 2.00(3400 0.000+00 5.0013-03 5.0013-03 Unknown
AC010N1TR11.E 3 0 0 0.000+00 5.OOF. -02 5.0013-02 l.00E -01 0.0013+00 0.000*00 5.000-02 5.000-02 Unknown
ACROLEIN 3 0 0 0.0013+00 2.5013-01 2.50E-01 5.000-0! 0.0013*00 0.0013+00 2.5013-01 2.5013-01 Unknown
A(RV(.ONITRILE 3 0 0 0000~00 5.0013-02 5.0013-02 l.000-0 00013100 0.OOEIOO 5.OOE-02 5.000-02 Unknown
ALI.YI.Clll.ORID[ 3 0 0 0.OOE+00 1.0013-02 1.0013-02 2.0013-02 0.0013*00 0.000+00 1.0013-02 (.0013-02 Unknown
I(I3NZI3NE 3 0 0 0.00E00 2.500-03 2.SOE -03 5.0013-03 0.000+00 00013+00 2.500-1)3 2.500-03 Unknown
I)ROMOI)ICIlLOROMETllANl3 3 0 0 0.OOEr00 2.500-03 2.5013-03 5.000-03 0.000+00 0000*00 2.500-03 2.500-1)3 Unknown
I(ROM0130RM 3 0 0 0.00131-00 2.5(10-03 50E-03 5.0013-03 0.000+00 0.0013+00 2.5013-03 2.500-03 Unknown
I(ROMOMEFI lANE 3 0 0 0.0013+00 5.000-03 5.OOE -03 I 000-02 0.0013-4 00 0.0013+00 5.1)00-03 5.0013-03 Unknown
('ARI)ON DISULFIDE 3 0 0 0.0013+00 2.500-03 2.5013-03 5.0013-03 0.000400 0.000+00 2.500-03 2.5013-03 Unknown
(ARIION T13TRAC11L0R1DE 3 0 0 0.000*00 2.500-03 2.5013-03 5.OOE -03 0.0013+00 0.0013+00 2.500-03 2.500-03 Unknown
CUI.ORORI3NZENE 3 0 0 0.0013+00 2.500-03 2.500-03 5.0013-03 0 00E00 0.OOEIOO 2.500-03 2.5013-01 Unknown
(IILOROi?F11AN13 3 0 0 0.OOE+00 5.OOE -03 5.0013-03 1.000-02 0.00E400 0.000*00 5.0013-03 5.0013-03 Unknown
('IILOI(OFORNI 3 0 0 0.000+00 2.500-03 2.5013-03 5.OOE -03 0.000+00 0.6013+0)) 2.5013-03 2.5013-03 Unknown
('IlI.0R0M13F11AN13 3 0 0 0.OOE+00 5.OOE-03 5.OOE -03 1.000-02 0.000+00 0.0013~00 5.OOE -03 5.0013-03 Unknown
(IS -I3 -DIC(lI.OROPROPENE 3 0 0 0.0013+00 2.500-03 2.50E-03 5.0013-03 0.OOEIOO 0.0013+00 2.5013-03 2.500-03 unknown
l)Il)R0M0C11130R0M0T11AN13 3 0 0 0.OOE+00 2.5013-03 2.5013-03 5.000-03 0.000+00 0.00E-0() 2.5013-03 2.50E-03 Unknown
F)ll)ROMOMEFIIANE 3 (3 0 0.0013+00 5.0013-03 5.000-03 1.000-02 0.0(10400 0.000400 5.000-03 5.000-03 Unknown
l)IClll.OROI)11313U0R0M0T11AN13 3 0 0 0.0013+00 L0013-02 1.0013-02 2.0013-02 0.0013+00 0.0013~00 1.0013-02 1.000-02 Unknown

Ii IVI.I(I3NZI3NI3 3 0 0 0.000+00 2.500-03 2.013-O3 5.000-03 0.00000 0.0013+00 2.5013-03 2.5013-33 Unknown
I1FIIYI.MEIIIACRYLATI3 3 0 0 0.0013+00 LOOE-02 1.000-02 2.0013-02 0.000~00 0.OOE+00 1.000-02 1.0013-02 Unknown
IODOMETIIANE 3

-
0 0 0.0013+00 5.OOE-03 5.0013-03 (.000-02 0.0013+00 0.OOE+00 5.0013-03 5.000-03 Unknown

ISOl(UTANOI. 3 0 0 0.0013t00 l.00E00 l.OOE+0O 2.000+00 0.00134 00 0.OOE~O0 1.000+00 (.00(3+00 Unknown
M13F(IACRYI.ONFFRILI3 3 0 0 0.000+00 1.000-02 4.0013-02 2.0013-02 0.000+00 0.0013+00 (.0013-02 1.000-02 Unknown
METHYI.ENE CHLORIDE 3 0 0 0.000+00 2.500-03 2.50E-03 .5.00003 0.00040(1 0.0013400 2.5013-03 2.50(3-03 Unknown
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Table 30
Statistical Suni in ary of Constitue,sis in Surface Waterfor Use in the Ecological Risk Assessmciii

A TOFINA Chemicals, West Brine Field, Rivet-vie,,', MI

Lilt Minimum Log Maximum Maximum Standard Log 95%
Total Number Frequency Detected Mean Mean SQL. Detected Deviation 95% tJCL UCL Distribution

Analyle of Samples Hits % mgIL m/L mg/i mg/i mg/L mg/i mg/L mg/i 99% Confidence
METIIYLMETIIACRYLATE 3 0 0 0.OOE+00 I.OOE -02 LOOE-02 2OOE -02 O.OOE+00 0.OOE+00 I.OOE-02 I.OOE-02 Unknown
PENTACIILOROETIJANE 3 0 0 O.OOE+0O I.OOE-02 LOOE-02 2.OOE -02 0.OOE+00 0.OOE+00 I.OOE -02 I.OOE -02 Unknown
PROPIONITRILE 3 0 0 0.OIIF+0() 2.50E-02 2 50F-02 5 (10E-02 0.OOE+00 0.OOEI00 2.50E-02 ?.50E-02 Unknown
SIYRENE 3 0 0 0OOE+OO 250E-03 2.50E-03 5.OOE-03 0.OOE+00 0.OOE+O0 2.50E-03 2.50E-03 Unknown
IETRACItLOROETIIENE 3 0 0 0OOE+00 2.50E-0 2.50E-03 5.OOE-03 0.OOE+00 0.OOE+00 2.50E-03 2.SOE -03 Llnknown
FOLUENE 3 0 0 0.OOE+0O 2.50E-03 2.50E-03 5.OOE -03 0.OOE+0O 0.00E+00 2.50E-03 2.50E-03 Unknown
TRANS-I,3 -DICIILOROPROPENE 3 0 0 OMOE+00 20E-O3 2.50E-03 5.OOE -03 0.l)OE+00 0.OOE-i-00 2 50E-03 2.50E-03 Unknown
TRANS-}4-DICIILORO -2 -BUTENE 3 0 0 0.OOE+O0 i.OOE-02 I.OOE -02 2.OOE -02 0.OOE+00 0.OOE+00 IOOE-02 IOOE-02 Unknown
iRICIILOROETHENE 3 0 0 0.OOE+00 250E-03 2.50E-03 5.00E-03 0.OOEi-00 0OOE+00 2.50E-03 2.50E-03 Unknown
FRICIILOROFLUOROMETIIANE 3 0 0 0OOE+00 5.OOE-03 5.OOE-03 l.OOE-02 0.OOE+00 0.OOEf 00 5.OOE-03 5.OOE -03 Unknown
VINYL ACETATE 3 0 0 0OOE -f 00 5.OOE-03 5.OOE-03 l.OOE-02 0000E+00 0.OOE+00 5OOE-03 5.OOE-03 Unknown
VINYL CHLORIDE 3 0 0 0.OOE+00 5.OOE-03 5.OOE -03 IOOE-02 0.OOE+00 0.OOE+00 5.OOE-03 5.OOE-03 Unknown
XYLENES (TOTAL) 3 0 0 0.OOE+00 2.SOE -03 2.50E-03 5.OOE -03 0.OOE+00 0.OOE-f 00 2500-03 2.50E-03 Unknown

\VBrineecostai5.xls surface water -
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Table 31
Ecological Screening of Constituents in Soil
A TOFINA Chemicals, West Brine Field, Riverview, MI

ORNL Soil
Maximum Detected US EPA Region 5 Soil Screening

Concentration EDQL Benchmark
Analyte mg/kg mg/kg mg/kg COPC?
Dioxins
2,3,7,S-TCDD(TEQ) I.69E-05 l.99E-07 YES-COPC
Inorganics

Aluminum I.99E+04
Antimony l.30E+00
Arsenic 1.56E+OI
Barium I.49E+02
Beryllium 6.30E-0I

Cadmium I .OOE+00
Chromium 3.20E+01
Cobalt I.57E+ol
Copper I .47E+02
Iron 5.66E+04
Lead l.57E+02
Manganese 1.28E+03
Mercury 9.75E-ol
Nickel 2.40E+02
Selenium 9.80E-ol
Thallium 2.40E-Ol
Tin l.90E+00
Vanadium 4.08E+ol
Zinc' 3.15E±02
Semivolatile Organic Compounds, Non-Pesticides
3 and 4-Methyiphenol I .40E+00
Anthracene 3.OOE-Ol
Benzo(a)anthracene 9.60E-ol
Benzo(a)pyrene 6.70E-0 I

Benzo(b)tluoranthene 9.90E-0 I
Benzo(g,h,i)perylene 5.60E-01
Benzo(k)fluoranthene 5.60E-0 I
Bis(2.Ethylhexyl)phthalate I .90E-01
Butylbenzylphththalate 2. IOE-01
Chrysene I .20E+00
Dibenz(a,h)anthracene I .70E-ol
Fluoranthene I .50E+00
Fluorene l.OOE-ol
lndeno( I ,2,3 -cd)pyrene 7.60E-0 I
N-Nitrosodiethylamine 7.30E+02
N-Nitrosodiphenylamine 7.80E-0 I
Naphthalene I .90E+03/
Phenanthrene 9.80E-ol
Phenol I.55E -04
Pyrene 2.OOE±00
Volatile Organic Compounds
I .2 -Dichloroethene, total
2 -Butanone
4-Methyl -2-pentanone

Acetone

NA
l.42E-01
5.70 E+00
l.04E+00
l.06E+00
2.22E-03
4.OOE -01
I .40E-01
3.13 E-01

NA
5.37E-02

NA
I .OOE-0I
I.36E+0I
2.77 E-02
5.69E-02
7.62E+00
I.59E+00
6.62E+00

3.49E+00
1.48E+03
5.2lE+00
l.52E+00
5.98E+01
I.l9E+02
5.98E+01
9.26E-0 I

2.39E-0I
4.73 E+00
I .84E+01
I .22E+02
I .22E+02
1.09E+02
9.94E-02
6.93 E-02
5.45E-0I
4.57E+01
I .20E±02
7.85E+01

I.30E+00 7.84E-01
l.OOE±01 8.96E+0I
3.70E-02 4.43E+02
9.OOE -01 2.50E±00

6.OOE+02

2.OOE+02

I .OOE+02

YES -COPC
YES-COPC
YES -COPC
YES-COPC

no
YES-COPC
YES-COPC
YES -COPC
YES-COPC
YES -COPC
YES -COPC
YES -COPC
YES -COPC
YES-COPC
YES -COPC
YES -COPC

no
YES -COPC
YES-COPC

no
no
no
no
no
no
no
no

no
no
no
no
no
no

YES-COPC
YES-COPC
YES -COPC

no
YES -COPC

no

YES -COPC
no
no
no

eco_COPC_screening_5.xls / soil
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Table 31
Ecological Screening of Constituents in Soil
A TOFINA Chemicals, West Brine Field, Riverview, MI

ORINL Soil
Maximum Detected US EPA Region S Soil Screening

Concentration EDQL Benchmark

Analyte mg/kg mg/kg mg/kg COPC?
Carbon disulfide 3.40E+Ol 9.41E-02 YES-COPC
Ethylbenzene 885E-O1 5.16E+OO no

Methylene chloride 590E+OO 4.05E+OO YES-COPC
Tetrachloroethene 3.oOE-02 9.92E+OO no

Toluene 2.20E-Ol 5.45E+OO no

Trichioroethene l.20E-02 l.24E±O I no

Xylenes, total 4.80E-02 l.OOE+Ol no

NA - Not Available

eco_COPC_screening5xls / soil
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Table 32
Ecological Screening of Constituents in Sedi,nent

A TOFINA chemicals, West Brine Field, Riverview, MI

Maximum Detected
Concentration

Constituent mg/kg

US EPA Region 5
Sediment EDQL

mg/kg COPC?
Dioxins
2.3,7.8 -TCDD (TEQ) l.26E-05 3.30E-06 YES
Inorganics
Antimony 4.60E+00
Arsenic l.32E+01 5.90E+O0 YES
Barium I .76E -O2
Beryllium l.17E+0O
Cadmium l.80E+OO 5.96E -0I YES
Chromium 3.30E+ol 2.60E+01 YES
Cobalt l.56E+0l 5.QQE+01 no
Copper 9.37E4-0I l.60E+Ol YES
Cyanide 6.60E-'-OO l.OOE-04 YES
Lead l.77E+02 3.l0E+01 YES
Mercury l.40E-01 l.74E-0I no
Nickel 3.82E+0l l.60E+01 YES
Selenium l.20E+00
Silver l.12E~00 5.OOE-ol YES
Thallium 2.50E-01
Tin 3.80E+00
Vanadium 4.38E±ol
Zinc

-

3.25E--02 1.20E+02 YES
Semivolatile Organic Compounds. Organochiorine Pesticides
4,4'-DDD 2.l5E-01 5.53E-03 YES
4,4 -DDE . 6.IOE-01 l.42E-03 YES
4,4'-DDT 7.65E-02 l.19E-03 YES
Aldrin 4.70E-02 2.OOE -03 YES
Aipha-Chlordane 3.IOE-02 4.50E-03 YES
Gamma-Chlordane 3.50E-02 4.50E-03 YES
Isodrin 8.80E-03 5.52E-02 no
Kepone 6.90E-0 I 3.31 E-03 YES
Semivolatile Organic Compounds, Non-Pesticides
2-Methylnaphthalene l.58E-01 2.02E-02 YES
Acenaphthene 2.40E-0 I 6.71 E-03 YES
Acenaphthylene 6.50E-02 5.87E-03 YES
Anthracene 7.SOE-01 4.69E-02 YES
Benzo(a)anthracene 1.SOE+00 3.17E-02 YES
Benzo(a)pyrene l.70E+00 3.19E-02 YES
Benzo(b)fluoranthene 2.60E+00 I .04E+01 no
Benzo(g,h.i)petylene l.25E+00 l.70E-01 YES
Benzo(k)fluoranthene 9.40E-01 2.40E-0I YES
Bis(2-Ethylhexyl)phthalate 2.20 E+00 I .82E-0 1 YES
Butylbenzylphthalate 5.OOE-ol 4.l9E+00 no
Chrysene 2.50E-00 S.71E-02 YES
Dibenz(a,h)anthracene 3.l0E -01 6.22E-03 YES
Dibenzofuran l.80E-01 I.52E+00 no
Di -n-butylphthalate 1.l0E-01 1.1 IE-Ol no
Fluoranthene 3.60E-'-OO 1.1 lE-Ol YES
Fluorene 2.30E-0I 2.l2E -02 YES
lndeno( I ,2.3 -cd)pyrene I .55E-'-OO 2.OOE-0 I YES
Naphthalene 9.70E-02 3.46E-02 YES
Phenanthrene I.85E-00 4.19E-02 YES
Pyrene 4.20E+00 5.30E-02 YES
Volatile Organic Compounds
Methylene chloride I .05E-02 I .26E--00 no

ecoCOPC_screening_5.xls \ sediment
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Table 33
Ecological Screening of Constituents in Surface Water
A TOFINA C'/zenzicals, West Brine Field, Riverview, MI

Constituent

Maximum Detected
Concentration

mglL

US EPA Region 5
Surface Water EDQL

mglL COPC?
lnorganics
Arsenic 1.50E-03 5.30E-02 no

Barium 5.71E-02 5.OOE+OO no

Cadmium 2.15E-03 6.60E-04 YES

Copper 2.60E-03 l.60E+O1 no

Selenium 2IOE-03 5.OOE-03 no

Vanadium l.85E-03 I.90E -02 no

Semivolatile Organic Compounds, Non-Pesticides

Bis(2-Ethylhexyl)phthalate l.OOE-02 2.IOE-03 YES

eco_COPC_screening5xls \ surface water
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Table 34
Uptake Factorsfor Ecological COPCs
A TOFIiVA Chemicals, West Brine Field, Rivervie,v, MI

Constituent

Soil-Invertebrate
Uptake Factor

(UF.1) Reference

Soil-Plant Uptake
Factor
(UF) Reference

Dioxi ns/Fu rails

2,3,7,8-TCDD l.l7E+01 Sample eta!.. 1998 5.62E-03 Travis and Arms. 1988
lnorganics

Aluminum 5.30E-02 Sample ci a!.. 1998 4.OOE-03 Baes eta!., 1984
Antimony I .OOE+00 No data (assumed value) 2.OOE -O 1 Baes et a!.. 1984
Arsenic 2.58E-ol Sample eta!.. 1998 3.71E-02 Bechtel -Jacobs, 1998
Barium 3.60E-01 Beyerand Stafford 1993 l.50E-01 Baes eta!., 1984
Cadmium 1.71 E+01 Sample et a!.. 1998 5. 14E-0 I Bechtel -Jacobs, 1998
Chromium 1. IOE+00 Sample et a!.. 1998 7.50E-03 Baes eta!., 1984
Cobalt I .OOE+00 No data (assumed value) 2.OOE-02 Baes eta!., 1984
Copper 7.54E-0 I Sample et a!., 1998 1.23 E-0 I Bechtel -Jacobs, 1998
Iron 3.80E-02 Sample eta!., 1998 4.OOE -03 Baes eta!., 1984
Lead 9.50E-ol Roberts and Dorough 1985 3.77E-02 Bechtel -Jacobs, 1998
Manganese 6.40E-02 Sample eta!., 1998

. 2.50E-01 Baes eta!., 1984
Mercury 5.23E+00 Sample eta!.. 1)98 3.44E-01 Bechtel-Jacobs, 1998
Nickel l.66E+00 Sample eta!., 1998 3.42E-02 Bechtel -Jacobs, 1998
Selenium l.80E+00 Sampleeta!.. 1998 5.67E-01 Bechtel-Jacobs, 1998
Thallium I .OOE+00 No data (assumed value) 4.00E-03 Boes et a!., 1984
Vanadium 3.90E-02 Sample eta!., 1998 5.50E-03 . Baes eta!., 1984
Zinc 5.77E+00 Sample eta!., 1998 3.58E-01 Bechtel -Jacobs, 1998
Semivolatiles
N-Nitrosodiethylamine 4.65E-Ol Connell 1990 2.04E+01 Travis and Arms, 1988
N-Nitrosodiphenylamine 6.07E-01 Connell 1990 9.45E-01 Travis and Arms, 1988
Naphthalene 6.49E-0! Connell 1990 t.37E-01 Travis and Arms, 1988
Phenol 5.2IE-0I Connell 1990 5.55E+00 Travis and Arms, 1988
Volatiles
I,2 -Dichloroethene 5.45E-ol Connell 1990 3.26E+00 Travis and Arms, 1988
Carbon disulfide 5.64E-0I Connell 1990 2.19E±00 Travis and Arms, 1988
Methylene chloride 5.08E-0I Connell 1990 7.34E+00 Travis and Arms, 1988

Llptakc_factors.xls soil uptake
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Table 35
Incidental Ingestion ofSoil by the White-Tailed Deer
A TOFINA Chemicals, West Brine Field, Riverview, MI

Ingestion of Soil

Intake (mg/kg-day) = jflg_Rr*CF*PS*EF*SFF

BW

C - Concentration in soil = mg/kg chem. spec.

lngR- Food ingestion rate for receptor = kg/day 1.7 Sample and Suter, 1994

CF - Plant wet-to-dry weight conversion factor = 0.18 IJSEPA 1993, WEFH

PS - Soil consumed as a proportion of food intake = 0.02 Beyer et aL, 1994

EF - Proportion of time exposed -to soil = 0.99 site-specific

SFF - Site foraging factor 0.13 Sample and Suter, 1994

BW - Body weight = kg 56.5 Sample and Suter, 1994

Concentration in Average Daily Benchmark
Soil Intake Toxicity Values Ecological Hazard

Constituent mg/kg mg/kg-day mg/kg-day Quotient
Dioxins
2,3,7,8-TCDD (TEQ) I .69E-05 2.35E-l 0 2.81 E-07 8.37E-04
Inorganics

Aluminum 1.42E+04 I.98E-0I 2.93E-01 6.76E-Ol
Antimony l.30E+00 l.81E-05 I.90E-02 9.54E-04

Arsenic 1.03E+01 1.44E-04 1.9lE-02 7.51E-03
Barium l.23E+02 1.71E-03 l.50E+00 1.I4E-03

Cadmium 4.53E-01 6.32E-06 2.71E-01 2.33E-05

Chromium 2.22E+ol 3.09E-04 7.68E+02 4.03E-07

Cobalt 1.09E+01 l.52E-04 5.05E+00 3.O1E-05
Copper 4.92E+0I 6.86E-04 4.27E+00 1.6lE-04

Iron 3.35E+04 4.67E -0I NA

Lead 4.77E+ol 6.65E-04 2.24E+00 2.96E-04

Manganese 6.82E+02 9.5lE-03 2.47E+0I 3.85E-04
Mercury 2.24E-0I 3.12E-06 2.OOE+00 1.56E-06

Nickel 6.26E+0I 8.73E-04 I.12E+0I 7.78E-05

Selenium 4.53E-0J 6.32E-06 5.61E-02 l.l3E-04

Thallium 2.40E-0I 3.35E-06 2.IOE-03 l.59E-03

Vanadium 3.OIE+0I 4.20E-04 5.47E-02 7.67E-03
Zinc 1.3lE+02 l.83E03 4.49E+01 4.07E05

Semivolatiles
N-Nitrosodiethylamine 7.80E-0 I I .09E-05 7.86E-0 I I .38E-05

N-Nitrosodiphenylamine I .90E+03 2.65E-02 4.57E+01 5.80E-04
Naphthalene 7.30E+02 I .02E-02 8.09E+0 I I .26E-04

Phenol l.55E+04 2.l6E-ol 7.94E+0I 2.72E-03

Volatiles
1,2-Dichloroethene l.30E+00 1.81 E-05 6.86E+00 2.64E-06

Carbon disulfide 3.40E+01 4.74E-04 4.55E+01 I .04E-05
Methylene chloride 5.90E+00 8.22E-05 l.64E+00 SOlE-OS

NA - Not Available Hazard Index = 7.OOE-01

deer4.xls \ Soil
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Table 36
Incidental Ingestion ofSediinent by the White-Tailed Deer
A TOFINA Chemicals, West Brine Field, Riverview, MI

Ingestion of Sediment

Intake (mg/kg-day)

BW

Cd - Concentration in sediment mg/kg chem. spec.
lngR1- Food ingestion rate for receptor = kg/day 1.7 Sample and Suter, 1994

CF - Plant wet-to-dry weight conversion factor = 0.18 USEPA 1993, WEFH
PD - Sediment consumed as a proportion of food intake = 0.02 Beyer et al. 1994

EFd - Proportion of time exposed to sediment = 0.0! site -specific

SFF - Site foraging factor 0.13 Sample and Suter. 1994
SW -Body weight = kg 56.5 Sample and Suter. 1994

Concentration in Average Daily Benchmark
Sediment Intake Toxicity Values Ecological Hazard

Constituent mg/kg mg/kg-day mg/kg-day Quotient
Dioxins
2,3.7,S-TCDD(TEQ) 1.26E-05 l.77E -12 2.81E-07 6.30E-06
inorganics

Antimony 4.60E+00 6.48E-07 I.90E -02 3.4lE -05
Arsenic l.32E+01 l.86E -06 l.91E -02 9.72E-05
Barium l.76F.+02 2.48E-05 l.50E~00 l.65E -05
Beryllium I.17E+00 l.65E -07 l.85E -01 8.90E-07
Cadmium l.80E+00 2.53E-07 2.71E-01 9.37E-07
Chromium 3.30E+01 4.65E-06 7.685~02 6.05E-09
Copper 9.375+0! 1.325-05 4.27E+00 3.09E-06
Cyanide 6.60E+00 9.295-07 l.57E+01 5.92E-08
Lead I .775+02 2.49E -0S 2.24E+00 1.115-05
Nickel 3.82E+ol 5.385-06 l.l2E~Ol 4.79E-07
Selenium l.20E+00 1.695-07 5.6lE -02 3.0lE-06
Silver 1.125+00 1.585-07 2.75E+00 5.74E-08
Thallium 2.50E-01 3.52E-08 2.IOE -03 l.68E -05
Tin 3.80E+00 5.35E-07 3.55E+00 1.51E-07
Vanadium 4.38E+01 6.175-06 5.47E-02 l.13E-04
Zinc 3.25E+02 4.58E-05 4.49E+01 l.02E -06
Organochiorine Pesticides
4.4' -DDD 2.155-01 3.03E-08 5.16E -i-00 5.875-09
4.4' -DDE 6.IOE-ol 8.59E-08 6.50E+ol l.32E -09
4,4' -DDT 7.65E-02 1.08E-08 2.24E-01 4.80E-08
Aldrin 4.70E-02 6.62E-09 5.6lE -02 1.18E-07
Alpha-Chlordane 3.IOE-02 4.37E-09 6.985-0! 6.25E-09
Gamma-Chlordane 3.50E-02 4.935-09 6.98E-ol 7.06E-09
Kepone 6.90E -Ol 9.72E-08 l.12E -01 8.665-07
Semivolatiles
2-Methylnaphthalene 1.58E -Ol 2.225-08 4.57E+00 4.87E-09
Acenaphthene 2.40E-0 I 3.38E-08 4.91 E4-0l 6.88E -l 0
Acenaphthylene 6.50E-02 9.15E-09 4.77E+00 l.92E -09
Anthracene 7.80E-01 l.IOE -07 9.26E+02 1.19E-10
Benzo(a)anthracene I .80E+00 2.53E-07 I .52E-0 I 1.67E-06
Benzo(a)pene l.70E±00 2.39E-07 I.52E-01 I.58E -06
Benzo(g,h,i)perylene I .25E+00 I .76E-07 I .525-01 I.16E -06
Benzo(k)fluoranthene 9.40E -0I l.32E -07 l.52E -0I 8.72E-07
Bis(2-Ethylhexyl)phthalate 2.20E-00 3.! OE -07 2.785+00 III E-07
Chrysene 2.SOE~00 3.52E-07 4.865-01 7.25E-07
Dibenz(ah)anthracene 3.I0E -0 I 4.37E-08 I .52E -0I 2.88E-07
Fluoranthene 3.60E=00 5.075-07 3.79E--0 I I .34E-08
Fluorene 2.30E-01 3.24E-08 I.90E+01 I.71E -09
Indeno(I.2.3-cd)pyrene l.55E-00 2.!8E-07 1.525-01 I.44E -06
Naphthalene 9.70E-02 l.37E -08 8.09E-01 l.69E-lO
Phenanthrene I.85E00 2.6lE -07 l.96E~00 l.33E -07
Pyrene 4.20E=00 5.91E-07 l:14E±01 5.19E-08

Hazard Index = 3.14E-04
deer4.xls Sediment
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Table 37
Ingestion ofSurface Water by the White-Tailed Deer
A TOFJiVA Chemicals, West Brine Field, Riverview, MI

Ingestion of Surface Water

Intake (mg/kg-day) = cVOgRVSEE

BW

- Concentration in surface water mglL chem spec.

lngR - Ingestion rate for surface water = Uday 3.7 Sample and Suter, 1994

SFF - Site foraging factor = 0.13 Sample and Suter, 1994

BW - Body weight = kg 56.5 Sample and Suter, 1994

Concentration in Average Daily Benchmark
Surface Water Intake Toxicity Values Ecological Hazard

Constituent mg/L mg/kg-day mg/kg-day Quotient
Inorgarlics

Cadmium 2.15E-03 1.83E-05 2.71E-01 6.76E-05

Semivolatiles
Bis(2-Ethylhexyl)phthalate I.OOE -02 8.51E-05 2.78E+00 3.06E-05

Hazard Index = 9.82E-05

dcer4.xls \ Surface Water
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Table 38
Ingestion of Vegetation by the White-Tailed Deer
A TOFIiVA che,nicals, West Brine Field, Rivers'iew, MI

Ingestion of Vegetation

Intake (mg/kg-day) C*lngRr *PV*EF*SFF

BW

C - Concentration in soil-dwelling vegetation = mg/kg chem. spec.
lngR1- Food ingestion rate for receptor = kg/day 1.7 Sample and Suter, 1994

PV - Percent of plants in receptor diet 1.00 Sample and Suter, 1994
EF - Proportion of time exposed to soil = 0.99 site-specific

SFF- Site foraging factor= 0.13 Sample and Suter, 1994
BW - Body weight kg 56.5 Sample and Suter, 1994

Concentration in
Concentration in Soil-Dwelling Average Daily Benchmark Ecological

Soil Vegetation Intake Toxicity Values Hazard
Constituent mg/kg mg/kg mg/kg-day mg/kg-day Quotient
Dioxins
2,3,7,S-TCDD (TEQ) l.69E-05 9.48E-08 3.67E-10 2.81E-07 l.3lE-03
Inorganics

Aluminum l.42E+04 5.68E+ol 2.20E-01 2.93E-ol 7.5lE-ol
Antimony l.30E+00 2.ÔOE-ol l.0lE-03 1.90E-02 5.30E-02
Arsenic l.03E+01 3.82E-ol l.48E-03 l.9lE-02 7.74E-02
Barium 1.23E+02 l.85E+ol 7.14E-02 l.SOE+0O 4.77E-02
Cadmium 4.53E-OI 2.33E-01 9.02E-04 2.7lE-Ol 3.33E-03
Chromium 2.22E+ol l.67E-Ol 6.45E-04 7.68E+02 8.40E-07
Cobalt l.09E+ol 2.18E-01 S.44E -04 5.05E+00 l.67E-04
Copper 4.92E+01 6.05E+00 2.34E-02 4 27E+00 5.49E-03
Iron 3.35E+04 I.34E+02 5.19E-01 NA
Lead 4.77E+ol . l.80E+00 6.96E-03 2.24E+00 3.l0E-03
Manganese 6.82E4-02 l.7lE+02 6.60E-01 2.47E+01 2.67E-02
Mercury 2.24E-01 7.71E-02 2.98E-04 2.OOE+00 l.49E-04
Nickel 6.26E+Ol 2.l4E+00 8.29E-03 l.12E±ol 7.39E-04
Selenium 4.53E-01 2.57E-ol 9.95E-04 5.61E-02 l.77E-02
Thallium 2.40E -OI 9.60E-04 3.72E-06 2.l0E-03 l.77E-03
Vanadium 3.OIE+OI I.66E-Ol 6.4lE-04 5.47E-02 l.l7E-02
Zinc l.3lE+02 4.69E+ol l.82E-01 4.49E+01 4.05E-03
Semivolatiles
N-Nitrosodiethylamine 7.80E-0 I 1.59E-3-0 I 6.17E-02 7.86E-0 I 7.86E-02
N-Nitrosodiphenylamine I .90E+03 I .SOE+03 6.95E+00 4.57E+0 I I .52E-0 I
Naphthalene 7.30E+02 3.l9E+02 l.23E+00 8.09E+01 l.53E-02
Phenol l.55E+04 8.60E+04 3.33E+02 7.94E+01 4.19E+O0'
Volatiles
1,2-Dichloroethene 1.30E+00 4.24E+00 I .64E-02 6.86E+00 2.39E-03
Carbon disulfide 3.40E+ol 7.43E+ol 2.88E-ol 4.55E+Ol 6.32E-03
Methylenechloride 5.90E+00 4.33E+01 l.68E-ol l.64E+00 l.02E -01

NA - Not Available

deer4.xls \ Vegetation
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Table 39
Incidental Ingestion ofSoil by the Meadow Vole
A TOFINA Chemicals, West Brine Field, Riverview, MI

Ingestion of Soil

Intake (mg/kg-day) = *CF*PS*EF,*SFF

BW

C, - Concentration in soil = mg/kg chem. spec.

lngR - Food ingestion rate for receptor kg/day 0005 USEPA 1993, WEFH

CF - Plant wet-to-dry weight conversion factor= 0.18 USEPA 1993, WEFH

PS - Soil consumed as a proportion of food intake = 0.024 Beyer el al., 1994

EF5 -Proportion of time exposed to soil = 0.99 site-specific

SFF - Site foraging factor 1.00 US EPA 1993, WEFH

BW Body weight kg 0.036 USEPA 1993, WEFH

Concentration in Average Daily Benchmark
Soil Intake Toxicity Values Ecological Hazard

Constituent mg/kg mg/kg-day mg/kg-day Quotient
Dioxins
2,3,7,8-TCDD (TEQ) 1.69E-05 1.OOE-08 1.77E-06 5.67E-03

Inorganics

Aluminum I.42E+04 8.43E+00 1.84E+00 4.57E+00

Antimony 1.30E+00 7.72E-04 1.19E-ol 6.47E-03

Arsenic l.03E+01 6.12E-03 l.20E -01 5.08E-02

Barium l.23E+02 7.31E-02 9.43E-l-00 7.74E-03

Cadmium 4.53E-01 2.69E-04 1.70E+00 1.58E-04

Chromium 2.22E+01 l.32E-02 4.83E+03 2.73E-06

Cobalt LO9E+01 6.47E-03 3.18E+01 2.04E-04

Copper 4.92E+01 2.92E-02 2.69E+ol 1.09E-03

Iron 3.35E+04 l.99E+ol NA NA

Lead 4.77E+01 2.83E-02 l.41E+01 2.OIE-03

Manganese 6.82E+02 4.05E-01 1.55E+02 2.61E-03

Mercury 2.24E-01 l.33E-04 l.26E+01 l.06E-05

Nickel 6.26E+01 3.72E-02 7.06E+01 5.26E-04

Selenium 4.53E -Ol 2.69E-04 3.53E-01 7.62E-04

Thallium 2.40E-01 I .43E-04 I .32E-02 I .08E-02

Vanadium 3.OIE+01 1.79E-02 3.44E-01 5.l9E-02

Zinc l.3lE+02 7.78E-02 2.83E+02 2.75E-04

Semivolatiles
N-Nitrosodiethylamine 7.SOE-0 I 4.63E-04 4.94E+00 9.37E-05

N-Nitrosodiphenylaniine I .90E+03 1.l3E-i-00 2.88E+02 3.92 E-03

Naphthalene 7.30E+02 4.34E-0 1 9.41 E+02 4.61 E-04

Phenol l.55E+04 9.21E+00 5.OOE+02 l.84E-02

Volatiles
l,2-Dichloroethene l.30E+00 7.72E-04 4.32E+Ol l.79E -05

Carbon disulfide 3.40E+ol 2.02E-02 2.87E+02 7.05E-05

Methylene chloride 5.90E+00 3.50E-03 5.59E+00 6.27E-04

NA - Not Available Hazard Index = 4.74E+OO

vo1e4.xls \ Soil
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Table 40
Incide,ital Ingestion ofSediment by the Meadosv Vole
A TOFIiVA chemicals, West Brine Field, Riverviesv, iWI

Ingestion of Sediment

Intake (mg/kg-day) = C*1ngRc *CF*PD*EF,SFF

BW

Cd - Concentration in sediment mg/kg chem. spec.
lngR- Food ingestion rate for receptor kg/day 0.005 USEPA 1993, WEFH

CF - Plant wet-to-dry weight conversion factor 0.18 USEPA 1993, WEFH
PD - Sediment consumed as a proportion of food intake = 0.024 Beyer eta!. 1994

EF - Proportion of time exposed to sediment = 0.0! site -specific

SFF - Site foraging factor 1.00 US EPA 1993, WEFH
BW - Body weight = kg 0.036 USEPA 1993, WEFH

Concentration in Average Daily Benchmark
Sediment Intake Toxicity Values Ecological Hazard

Constituent mg/kg mg/kg-day mg/kg-day Quotient
Dioxins
23,7,8-TCDD (TEQ) l.26E -05 7.54E-!! L77E -06 4.27E-05
Inorganics

Antimony 4.60E+00 2.76E-05 l.!9E-0! 2.31E-04
Arsenic l.32E+0! . 7.92E-05 l.20E-01 6.58E-04
Barium !.76E+02 !.06E-03 9,43E+00 l.!2E -04
Beryllium l.l7E+00 7.02E-06 l.l7E+00 6.02E-06
Cadmium I .80E+00 I .08E-05 I .70E-4-00 6.34E-06
Chromium 3.30E+Ol I.98E -04 4.83E+03 4.IOE -08
Copper 9.37E+0! 5.62E-04 2.69E+01 2.09E-05
Cyanide 6.60E+.00 3.96E-05 I.I4E+02 3.47E-07
Lead l.77E+02 !.06E-03 l.41E+0! 7.52E-05
Nickel 3.82E+0! 2.29E-04 7.06E+01 3.24E-06
Selenium I.20E+00 7.20E-06 3.53E-0! 2.04E-05
Silver I.12E+00 6.72E-06 I.73E+0I 3.89E-07
Thallium 2.50E-01 l.50E -06 I.32E -02 !.I4E-04
Tin 3.SOE+Q0 2.28E-05 2.24E+OL I.02E -06
Vanadium 4.38E0 I 2.63E-04 3 .44E-0! 7.63E-04
Zinc 3.25E+02 I.95E -03 2.83E+02 6.90E-06
Organochlorine Pesticides
44' -DDD 2.I5E-OI I.29E -06 3.25E+ol 3.97E-08
4,4 -DDE 6.IOE-ol 3.66E-06 4.09E+02 8.95E-09
4.4' -DDT 7.65E-02 4.59E-07 l.4lE+00 3.25E-07
Aldrin 4.70E-02 2.82E-07 3.53E -OI 7.99E-07
Alpha-Chlordane 3.! OE -02 I .86E-07 4.40E+00 4.23E-08
Gamma-Chlordane 3.50E-02 2.IOE -07 4.40E~00 4.78E-08
Kepone 6.90E -OI 4.I4E -06 7.06E-0! 5.86E-06
Semivolatiles
2-Methylnaphthalene l.58E-OI 9.48E-07 2.88E+01 3.29E-08
Acenaphthene 2.40E-01 I.44E06 3.09E+02 4.66E09
Acenaphthylene 6.SOE -02 3.90E-07 3.OOE+01 l.30E-08
Anthracene 7.80E-01 4.68E-06 5.83E+03 8.03E- 10
Benzo(a)anthracene I .80E+00 I .08E-05 9.55E -ol 1.! 3E-05
Benzo(a)pene I .70E+00 I .02E-05 9.55E-0 I I .07E-05
Benzo(g,h,i)perylene I .25E+00 7.50E-06 9.55E-0I 7.85E-06
Benzo(k)fluoranthene 9.40E -ol 5.64E-06 9.55E -OI 5.90E-06
Bis(2-Ethylhexyl)phthalate 2.20E+00 I .32E-05 I .75E±0 I 7.54E-07
Chrysene 2.50E-00 I .50E-05 3.06E00 4.91 E-06
Dibenz(a,h)anthracene 3.IOE -0 I 1.86E-06 9.55E-0 I I .95E-06
Fluoranthene 3.60E+00 2. I 6E-05 4.4! E-02 4.39E-08
Fluorene 2.30E -OI I.38E -06 I.I9E+02 I.I6E -08
Indeno(l,2,3-cd)pyrene I.55E+00 9.30E-06 9.55E -OI 9.73E-06
Naphthalene 9.70E-02 5.82E-07 9.41E-02 6.ISE -I0
Phenanthrene 1.85E±00 1.! IE -05 I.24E-OI 8.98E-07
Pyrene 4.20E+O0 2.52E-05 I.32E-02 I.90E -07

Hazard Index 2.I2E-03
vo1e4.xls \ Sediment
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Table 41
Ingestion ofSurface Water by the Meadow Vole
A TOFIiVA C/tern icals, West Brine Field, Riverview, MI

Ingestion of Surface Water

Intake (mg/kg-day) =

BW

C,. - Concentration in surface water = mg/L chem spec.

LngR. - Ingestion rate for surface water Liday 0.006 USEPA 1993, WEFH

SFF - Site foraging t'actor 1.00 US EPA 1993, WEFH

BW - Body weight = kg 0.036 USEPA 1993, WEFH

Concentration in Average Daily Benchmark
Surface Water Intake Toxicity Values Ecological Hazard

Constituent niglL mg/kg-day mg/kg-day Quotient
Inorganics

Cadmium 2.15E-03 3.58E-04 1.70E+00 2.IOE -04
Semivolatiles
Bis(2.Ethylhexyl)phthalate 1.OOE-02 1.67E-03 1.75E+01 9.52E-05

Hazard Index 3.06E-04

vole4.xls \ Surface_Water
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Table 42
Ingestion of Vegetation by tile Meadow Vole
A TOFINA Chemicals, West Brine Field, Riverview, MI

Ingestion of Vegetation

Intake (mg/kg-day) = C*lngR *PV*EF,*SFF

BW

C - Concentration in soil -dwelling vegetation = mg/kg chem. spec.

lngR1- Food ingestion rate for receptor= kg/day 0.005 USEPA 1993, WEFH

PV - Percent of plants in receptor diet = 1.00 USEPA 1993, WEFH
EF - Proportion of time exposed to soil = 0.99 site-specific

SFF - Site foraging factor = 1.00 US EPA 1993, WEFH

BW - Body weight kg 0.036 USEPA 1993, WEFH

Concentration in
Concentration in Soil-Dwelling Average Daily Benchmark Ecological

Soil Vegetation Intake Toxicity Values Hazard
Constituent mg/kg mg/kg mg/kg-day mg/kg-day Quotient
Dioxins
2,3,7,8-TCDD (TEQ) l.69E-05 9.48E-08 l.30E -08 1.77E-06 7.38E-03
Inorganics

Aluminum 1.42E+04 5.68E+Ol 7.81E+00 l.84E+00 4.24E+00
Antimony l.30E+00 2.60E-01 3.58E-02 1.19E-01 2.99E -Ol
Arsenic l.03E+01 3.82E-01 5.25E-02 1.20E-01 4.36E-01
Barium l.23E+02 l.85E+01 2.54E+00 9.43E+00 2.69E-01
Cadmium 4.53E-01 2.33E-01 3.20E-02 l.70E+00 1.88E-02
Chromium 2.22E+01 1.67E-01 2.29E-02 4.83E+03 4.74E-06
Cobalt l.09E+01 2.l8E-01 3.OOE-02 3.l8E+Ol 9.43E-04
Copper 4.92E+Ol 6.05E+00 8.32E -Ol 2.69E+01 3.IOE-02
Iron 3.35E+04 l.34E+02 1.84E+ol NA NA
Lead 4.77E+01 l.80E+00 2.47E-01 I.4lE+Ol 1.75E-02
Manganese 6.82E+02 l.71E+02 2.34E+01 l.55E+02 l.51E-01
Mercury 2.24E-01 7.71E-02 l.06E-02 l.26E+ol 8.40E-04
Nickel 6.26E±01 2.14E+00 2.94E-01 7.06E+01 4.l7E-03
Selenium 4.53E-01 2.57E-01 3.53E-02 3.53E-01 l.OOE -01
Thallium 2.40E-01 9.60E-04 l.32E-04 I.32E-02 1.OOE-02
Vanadium 3.0lE+01 l.66E-01 2.28E-02 3.44E-01 6.61E-02
Zinc l.31E+02 4.69E+01 6.45E+00 2.83E+02 2.28E-02
Senjivolatiles

N-Nitrosodiethylamine 7.80E-0 1 l .59E+0 I 2.19E+00 4.94E+0O 4.43 E-0 I
N-Nitrosodiphenylamine 1.90E+03 1.80E+03. 2.47E+02 2.88E±02 8.58E-0 I
Naphthalene 7.30E+02 3.19E+02 4.38 E+0 1 9.41 E+02 4.66E-02
Phenol 1.55E+04 8.60E+04 1.18E+04 5.OOE+02 2.37E+0l -

Volatiles
1,2-Dichloroethene 1.30E+00 4.24E+00 5.82E-01 4.32E+ol l.35E-02
Carbon disulfide 3.40E+OI 7.43E+01 1.02E+0I 2.87E+02 3.56E-02
Methylene chloride 5.90E+00 4.33E+01 5.95E±00 5.59E+00 l.06E+00 -

NA - Not Applicable

vo1e4.xls \ Vegetation
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Table 43
Incidental Ingestion ofSoil by the American Robin
A TOFIiVA Chemicals, West Brine Field, Riverview, MI

Ingestion of Soil

Intake (mg/kg-day) = cjng_Rr*CF*pS*EF*SFF

BW

- Concentration in soil = mg/kg chem. spec.
lngRç - Food ingestion rate for receptor = kg/day 0.011 USEPA 1993, WEFH

CF - Food wet-to-dry weight conversion factor 0.20 US EPA 1993, WEFH

PS - Soil consumed as a proportion of food intake = 0.104 Beyer el al. , 1994

EF5 - Proportion of time exposed to soil 0.99 site-specific

SFF - Site foraging factor = 1.00 US EPA 1993, WEFH
BW - Body weight = kg 0.080 USEPA 1993, WEFH

Concentration Average Daily Benchmark
in Soil Intake Toxicity Values Ecological Hazard

Constituent mg/kg mg/kg-day mg/kg-day Quotient
Dioxins
2,3,7,8 -TCDD (TEQ) 1.69E-05 4.77E-08 1.40E-05 3.41E-03
lnorganics

Aluminum l.42E+04 4.02E+Ol l.IOE+02 3.67E-01

Antimony l.30E+00 3.68E-03 1.25E-02 2.94E-01

Arsenic 1.03E+01 2.92E-02 2.46E+00 l.I9E-02

Barium 1.23E+02 3.48E-01 2.08E+Ol l.67E-02

Cadmium 4.53E-01 1.28E-03 1.45E+00 8.85E-04

Chromium 2.22E+O1 6.29E-02 1.OOE+00 6.29E-02

Cobalt 1.09E+01 3.09E-02 1.80E+00 1.7lE -02

Copper 4.92E+01 1.39E-01 4.70E+Ol 2.97E-03

Iron 3.35E+04 9.49E+01 NA NA

Lead 4.77E+01 l.35E-0I 3.85E+00 3.51E-02

Manganese 6.82E+02 1.93 E+00 9.77E+02 I .98E-03

Mercury 2.24E-01 6.34E-04 4.50E-01 1.41E-03

Nickel 6.26E+0I 1.77E-ol 7.74E+01 2.29E-03

Selenium 4.53E-0I l.28E-03 4.OOE-Ol 3.21.E-03
Thallium 2.40E-0I 6.80E-04 7.40E-04 9.18E-01

Vanadium 3.OIE+01 8.52E-02 1.14E+01 7.49E-03

Zinc 1.31E+02 3.71E-01 l.45E+01 2.56E-02

Semivolatiles
N-Nitrosodiethylamine 7.80E-0 1 2.21 E03 2.80E-0 I 7.89E03

N-Nitrosodiphenylamine 1.90E+03 5.38E+00 3.01 E+0 I 1.79E-ot

Naphthalene 7.30E+02 2.07E+0O 1.SOE+ol 1.15E-ol

Phenol 1.55E+04 4.39E+01 5.23E+01 8.39E-01

Volatiles
1,2 -Dichloroethene l.30E+00 3.68E-03 4.52E+00 8.l4E-04

Carbon disulfide 3.40E+0I 9.63E-02 3.OOE+01 3.21E-03

Methylene chloride 5.90E+00 1.67E-02 5.85E -0I 2.BÔE-02

NA - Not Available Hazard Index = 2.95E+OO

robin4.xls \ Soil
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Table 44
Incidental Ingestion ofSediment by the America,: Robi,,

A TOFIiVA Che,nicals, Wesr Brine Field, Riverview, iWI

Ingestion of Sediment

Intake (mglkg-day) *CF*PD*EF,,*SFF

BW

Cd - Concentration in sediment = mg/kg chem. spec.
IngR - Food ingestion rate for receptor = kg/day 0.0 I I USEPA 1993, WEFH

CF - Food wet-to-dry weight conversion factor 0.20 USEPA 1993. WEFH
PD - Sediment consumed as a proportion of food intake = 0.104 Beyer eta!. . 1994

EFd - Proportion of time exposed to sediment 0.01 site-specific

SFF -Site foraging factor= 1.00 US EPA 1993. WEFH
BW -Body weight = kg 0.080 USEPA 1993. WEFH

N,

Constituent

Concentration in
Sediment

mg/kg

Average Daily
Intake

mg/kg-day

Benchmark
Toxicity Values

mg/kg-day
Ecological Hazard

Quotient
Dioxins
2,3.7.8 -TCDD (TEQ) l.26E-05 3.59E-lo 1.40F-05 2.57E-05
Inorganics

Antimony 4.b0E+00 l.32E -04 I.25E -02 1.05E-02
Arsenic l.32E+01 3.78E-04 2.46E"OO l.53E -04
Barium I.76E+02 5.03E-03 2.08E=01 2.42E-04
Beryllium l.17E+00 3.35E-05 6.60E-02 5.07E-04
Cadmium

.
l.80E+00 5.I5E -05 1.45E'00 3.55E-05

Chromium 3.30E+01 9.44E-04 I.OOE'-OO 9.44E-04
Copper 9.37E+0I 2.68E-03 4.70E401 5.71E-05
Cyanide 6.60E+00 I.89E -04 6.87E+00 2.75E-05
Lead V.7'7E+02 5.06E-03 3.85E400 1.31E-03
Nickel 3.82E+01 1.09E-03 7.74E-1'OI l.41E -05
Selenium I.20E~00 3.43E-05 4.OOE-01 8.58E-05
Silver I.12E±00 3.20E-05 l.SIE+00 l.77E-05
Thallium . 2.50E -Ol 7.I5E-06 7.40E-04 9.66E-03
Tin 3.80E+00 T.09E -04 6.76E-00 l.6lE -05
Vanadium 438E+0I l.25E-03 l.14E-Ol l.IOE-04
Zinc 3.25E+02 9.30E-03 I.45E+0I 6.41E-04
Organochlorine Pesticides
4,4' -DDD . 2.15E-01 6.l5E -06 3.40E±00 l.8lE -06
4,4 -DDE 6.lOE-Ol l.74E -05 4.28E+ol 4.08E-07
4,4 -DDT 7.65E-02 2.I9E -06 2.80E-03 7.81E-04
Aidrin 4.70E-02 l.34E-06 2.OOE-02 6.72E-05
Aipha-Chiordane 3.I0E -02 8.87E-07 2. 14E+00 4.I4E-07
Gamma-Chlordane 3.50E-02 l.OOE-06 2.14E+00 4.68E-07
Kepone 6.90E-01 1.97E-05 4.OOE -02 4.93E-04
Semivolatiles
2 -Methylnaphthalene l.58E -01 4.52E-06 1.63E+00 2.77E-06
Acenapthene 2.40E-01 6.86E-06 l.55E+00 4.43E-06
Acenaphthylene 6.50E-02 l.86E-06 l.70E"OO 1.09E-06
Anthracene 7.SOE-ol 2.23E-05 4.07E~ol 5.48E-07
Benzo(a)arithracene I .80E+00 5.15E-05 4.07E+0 I I .26E-06
Benzo(a)pyrene I .70E+00 4.86E-05 4.07E0 1 I.l9E -06
Benzo(g,hi)perylene I .25E--00 3.58E-05 4.07E'-O I 8.78E-07
Benzo(k)fluoranthene 9.40E-0 I 2.69E-05 4.07E+0 I 6.61 E-07
Bis(2-Ethylhexyl)phthalate 2.20E+00 6.29E-05 1.1 IE+00 5.67E-05
Chrysene 2.50E±00 7.I5E -05 4.07E±OI l.76E -06
Dibenz(a.h)anthracene 3. IOE -0 I 8.87E-06 4.07E-"O I 2.I8E -07
Fluoranthene 3.60E-1-00 LO3E -04 4.07E-i-0 1 2.53E-06
Fluorene 2.30E-01 6.58E-06 4.07E~Ol l.62E -07
Indeno( 1,2,3 -cd)pyrene I.55E-'OO 4.43E-05 4.07E~0 I I .09E-06
Naphthalene 9.70E-02 2.77E-06 I .SOE'-O I I .54E-07
Phenanthrene l.85E±00 5.29E-05 4.07E+01 I.30E06
Pyrene 4.20E+00 1.20E-04 4.07E-0l 2.95E-06

robin4.xls \ Sediment
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Table 45
Ingestion ofSurface Water by tile America,, Robin
A TOFINA C'he,nicals, West Brine Field, Riverview, MI

Ingestion of Surface Water

Intake (mg/kg-day) =

BW

- Concentration in surface water = mg/L chem spec.

IngR - Ingestion rate for surface water = Uday 0.011 USEPA 1993, WEFH

SFF - Site foraging factor = 1.00 US EPA 1993, WEFH

BW- Body weight = kg 0.080 USEPA 1993, WEFH

Concentration in Average Daily Benchmark
Surface Water Intake Toxicity Values Ecological Hazard

Constituent mg/L mg/kg-day mg/kg-day _Quotient
Inorganics

Cadmium 2.I5E-03 2.96E-04 I.45E+00 2.04E-04

Seniivolatiles
Bis(2-Ethylhexyl)phthalate I ,00E-02 I .38E-03 1.11 E±00 I :24E-03

Hazard Index = I.44E-03

rohin4.xls \ Surface Water
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Table 46
Ingestion of Vegetation by the American Robin
A TOFINA Chemicals, West Brine Field, Riverview, MI

Ingestion of Vegetation

Intake (rnglkg-day) = C*IngRf *PV*EF*SFF

BW

C - Concentration in soil-dwelling vegetation = mg/kg chem. spec.

lngR1- Food ingestion rate for receptor kg/day 0.011 USEPA 1993, WEFH

PV - Percent of plants in receptor diet 0.52 USEPA 1993, WEFH

EF5 - Proportion of time exposed to soil = 0.99 site-specitic

SFF - Site foraging factor = 1.00 US EPA 1993, WFFH

8W - Body weight kg 0.080 USEPA 1993, WEFH

Corcentration lu
Concentration in Soil-Dwelling Average Daily Benchmark Ecological

Soil Vegetation Intake Toxicity Values 1-lazard
Constituent tug/kg mg/kg tug/kg-day mg/kg-day Quotient
Dioxins
2,37,8-TCDD (TEQ) 169E-05 9.48E¯.08 '.71E-09 l.40E-05 4.79E-04
Inorganics

Aluminum l.42E+04 5.68E-01 4.02E -:-0O l.10E+02 3.67E-02
Antimony I.30E+00 2.OOE -01 1.84E-02 l.25E-02 1.47E(O

Arsenic l.03E+0! 3.32E-01 2.70E-02 2.4cE+00 l.IOE-02
Barium l.23E+02 1.85E01 l.31E=00 2.0E -I-0l 6.27E-02
Cadmium 4 53E-01 2.33E-01 I.&5E 02 l.45E+00 l.14E-02
Chromium 2.22E+01 1.67E-01 L18F-02 l.00Ef00 .ISE-02
Cobalt l.09E-fOl 2.l8E-0I L54E-02 1.80E+00 S.57E --03
Copper 4.92E+01 6.05E+00 4.28E--01 4.70E+01 9.12E-03
Iron 3.35E-I--04 I.34E±02 9,49E-00 NA NA
Lead 4.77Ef0l 1 80E+00 1.27E -ol 3.85LF00 3.3lE -02
Manganese 6.82E±02 L7IE+02 1.21E:0I 9.77E-F02 1.24E-02
Mercury 2.24E-01 7.71E-02 5.45E-03 4.50E-0I l.2lE-02
Nickel 6.26E+01 2.14E+00 1.52E-0I 7.74E+ol 1.96E-03
Selenium 4.53E-01 2.57E-01 l.82E-02 4.OOE-Ol 4.55E-02
Thallium 2.40E-01 9.60E-04 6.SOE-05 7.40E-04 9.18E--02
Vanadium 3.OIE+ol 1.66E-Ol 1.17E-02 l.14E+ol l.03E-03
Zinc 1.31E+02 4.69E+01 3.32E+00 l.45E+01 2.29E-01
Semivolatiles
N-Nitrosodiethylamine 7.80E-01 l.59E+01 l.13E+00 2.80E-01 4.03E+00
N-Nitrosodiphenylamine l.90E±03 1.80E+03 l.27E+02 3.OIE-fOl 4.22E+00
Naphthalene 7.30E+02 3.19E+02 2.26E+01 l.80E±01 l.25E+00
Phenol 1.55E±04 8.60E--04 6.09E+03 5.23E+01 1.I6E+02
Volatiles
1,2 -Dichloroethene 1.30E±00 4.24E+00 3.OOE-01 4.52E+00 6.63E-02
Carbon disulfide 3.40E+01 7.43E±0I 5.26E+O0 3.OOE+01 l.75E-01
Methylene chloride 5.90E+00 4.33E±01 3.OoE+00 5.85E-01 5.24E±00

NA - Not Applicable Hazard Index = I.33E -I-02

robin4.xls \ Vegetation
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Table 47
Ingestion ofSoil Invertebrates by the American Robin
A TOFINA chemicals, West Brine Field, Riverview, MI

Ingestion of Soil Invertebrates

Intake (mg/kg-day) = *S1*lngRr *PI*SFF

BW

C, - Concentration in soil = mg/kg chem. spec.

SI - Soil -w-invertebrate uptake factor = chern. spec Various'
lngRç- Food ingestion rate for receptor = kg/day 0.011 USEPA 1903, WEFH

P1. Proportion of invertebrates in diet = 0.48 USEPA 1993, WEFH

SFF - Site foraging factor = 1.00 US EPA 1993. WEFH

BW- Body weight kg 0.08 USEPA 1993, WEFH

Concentration Average Daily Benchmark
in Soil - Intake Toxicity Values Ecological Hazard

Constituent . mg/kg mg/kg-day mg/kg-day Quotient
Dioxins
2J,7,8 -TCDD (TEQ) l.69E-05 1.31E¯¯05 140F.-05 9.33E-01
Inorganics -

Aluminum I.42E±04 4.97E01 l.I0E+02 4.53F.MI
Antimony 1.30E+00 8.58E-02 l.25E-02 6.86E+00

Arsenic l.03E+01 I.75E-0I 2.46E+00 7.13E-02
Barium I .23E+02. 2.92 E~00 2.08 E±01 1.40E-0 1

Cddmium 4.53E-0l 5.IIE--01 l.45E+00 3.53E-01

Chromium 2.22E+01 1.6lE -00 l.OOE+00 i.GIE+00

Cobalt 1.09E+01 7.19E-0i 1.80E+00 4.OOE -01

Copper 4.92E+Ol 2.45E--00 4.7OE+01 5.2lE-02

Iron 3.35E+04 8.40E-'-Ol NA NA

Lead 4.77E+01 .2.99E±00 3.;5E+0O 7.77E-ol

Manganese o.82E+02 2.88E-'-OO 9.77E+02 2.95E-03
Mercury 2.24E-01 7.73E-02 4.50E-01 i72E-ol

Nickel 6:26E+01 6.84E±00 7.74F.+01 8.84E-02

Selenium 4.53E-01 5.38E-02 4.OOE-Oi l.34E -01

Thallium 2.40E-01 i.58E02 7.40E-04 2.i4E+01

Vanadium 3.01 E+0 I 7.75E-02 1.1 4E+01 6.81 E-03

Zinc l.3lE+02 4.99E+01 l.45Ei-01 3.44E+00
Semivolatiles
N-Nitrosodiethylamine 7.80E-01 2.39E-02 2.80E-01 8.55E-02
N-Nitrosodiphenylamine l.90E+03 7.6lE+ol 3.OIE+ol 2.53E+00
Naphthalene 7.30E+02 3.12E+01 l.80E+01 1.74E+00

Phenol l.55E+04 5.33E+02 5.23E+Ol l.02E+01

Volatiles
I ,2-Dichloroethene 1.30E+00 4.68E-02 4.52E+00 I .03E-02
Carbon disulfide 3.40E+01 t.27E+00 3.OOE+01 4.22E-02
Methylene chloride 5.90E+0O l.98E-0I 5.85E-01 3.38E-01

NA - Not Applicable Hazard Index = 5.18E+OI

'Roberts and Dorough, 1985; Connell, 1990; Beyer and Stafford, 1993; Sample et a!.. 1998

robin4.xls Soil Invertebrates
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Table 48
Summary ofHazards Posed to Ecological Receptors
A TOFINA Chemicals, West Brine Field, Riverview, MI

White-Tailed Deer

Exposure Pathway Ecological Hazard Index Risk "Drivers"
ncidental Soil Ingestion 7.OOE-Ol
ncidental Sediment Ingestion 3.14E-04
ngestion of Surface Water 9.82E-05
ngestion of Vegetation 5.56E+00 Phenol

Meadow Vole

Exposure Pathway Ecological Hazard Index Risk "Drivers"
ncidental Soil Ingestion 4.74E+00 Aluminum
ncidental Sediment Ingestion 2.12E-03
ngestion of Surface Water 3.06E-04
ngestion of Vegetation 3.1 SE+0 I Phenol, Aluminum

America,z Robin

Exposure Pathway Ecojgie51ffazi?tI\lndex Risk "Drivers"
ncidental Soil Ingestion

-

2.95E+00
ncidental Sediment Ingestion 3.14 -04
ngestion of Surface Water I.44E-03
ngestion of Soil Invertebrates 5.1 8E+O I Thallium, Phenol, Antimony
ngestion of Vegetation I.33E+02 Phenol

hazard ind1ces3.xls
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APPENDIX K 

DEED RESTRICTIONS 

CRA 14027 (5) 



 



 

DECLARATION OF RESTRICTIONS 
AND 

NOTICE OF STATUTORY OBLIGATIONS 

THIS Declaration of Restrictions and Notice of Statutory Obligations ("Declaration") is executed 
and recorded as of 4, 2001, by ATOFINA Chemicals, Inc. ("ATOFINA'), a Delaware  
corporation, with principal offices at 2000 Market Street, Philadelphia, Pennsylvania 

ATOFINA is the owner of several parcs of real property located in Riverview, Wayne County, 
Michigan, and Wyandotte, Wayne Coun, Michigan, all of which are more particularly described in  
Exhibit A attached hereto (the "Property"). 

Notice is hereby given in accordance with Michigan Administrative Code Rule 299.9525, 
promulgated pursuant to Part 111, Hazardous Waste Management, of the Natural Resources and 
Environmental Protection Act, 1994 PA 451, as amended ("NREPA"), that the Property has been used to 
manage hazardous waste, and that it is subject to the corrective action requirements of Part 111 of 
NREPA and the Resource Conservation and Recovery Act, 42 USCA 4251 et seq. (ROSA), as amended 
by the 1984 hazardous and solid waste amendments. 

ATOFINA hereby declares that, from and after the date hereof, the permissible uses of the 
Property shall be restricted to the land use categories of Industrial and Commercial Il, as defined in 
Section 20120a(1) of Part 201 of NREPA, and the Michigan Department of Environmental Quality 
("MDEQ"), Operational Memorandum 18, Revision 1, dated June 7,2000. See Exhibit B for descriptions 
of the land use categories of Industrial and Commercial II. Cleanup criteria and associated land-use 
descriptions are located in the Government Documents section of the State of Michigan Library. The use 
of any groundwater located upon the Property for any purpose shall be prohibited. 

The foregoing restrictions on each parcel of the Prope shall benefit each of the other parcels of 
the Prope, and shall inure exclusively to the benefit of ATOFIN and to ATOFINA's successors, lessees, assigns, 
agents, employees, and all persons acting under any of their direction and control. These restrictions do 
not create any interests or enforcement rights for any governmental agency or for any member of the 
public. 

The restrictions set forth in this Declaration shall be perpetual, shall run with the land, and shall 
be binding upon the future owner of all or any portion of each of the parcels which comprise the 
Property. It shall be the obligation of each and every owner of any portion of the Property to provide a 
copy of this Declaration to all of its heirs, successors, lessees, assigns and transferees. 

This Declaration shall be effective withstanding any modification of its terms, until terminated 
or rescinded. 

ATOFINA may amend this declaration by endirc written ncUce to the Environmental Protection 
Agency ("EPA"), F.ec:cr' V, of such cr:pcsed amered eclaracr,. If the EPA does not object to the



 

amendment within thirty (30) days after receipt of such notice, then the amended Declaration may be recorded 
and shall take effect immediately upon recording. 

The undersigned person executing this Declaration represents and certifies that he or she is duly 
authorized and has been empowered to execute and deliver this Declaration. 

Signed in the presence of: ATOFINA Chemicals, Inc., a Delaware corporation 

m e : C E .  .  i ? i - I - 1  

" N a m e :   ;    

 

 Its: q 

Sy: 

ACKNOWLEDGMENT  

STATE OF _________   
SS. 

COUNTY OF _________   

Thç foregoing instrument was acknowIedd before me this /5 day of _________ 2001, by 
4. ,April, of ATOFINA Chemicals, Inc., a Delaware  

 corporacn, onbehaif of the corporation. 
 

 
Nota ry7±Uc ,   i  , ,  , ,   
S t a t e Y 7 7 J 1 -   
My commission ekpires:  '- c  

County t  -  

JANICE M. LECNARD 
Ncry Public, Wayre Ccuiy, Mi 

My nric E.xplrs ¼g. 2., X4 

Prepared by 
Suzanne T. Croissant 
Dickinson Wright PLLC 
38525 Wccdward Avenue, Suite 2000 
8lccmfield Hills, Michigan 48304 

LCCMF1CL 77- 421-49 

NCS Drsi1 
1Q50 V(tizhiru Jr.. 31Q  

Tt MI 48084 
Callo.  ____________________   

 

 



EXHIBIT A 

Legal Descriptions c The Property 

PARCEL A: 

THAT PART OF THE NORTHWEST l/4 OF FRACTIONAL SECTION 5, DESCRIBED AS: BEGINNING AT 
THE INTERSECTION OF THE NORTH SECTION LINE AND THE WESTERLY LINE OF WEST 
JEFFERSON AVENUE, 106 FEET WIDE, AND PROCEEDING THENCE NORTH 89 DEGREES 45 
MINUTES WEST ALONG THE NORTH SECTION LINE, 1614.71 FEET; THENCE SOUTH 14 DEGREES 
30 MINUTES WEST ALONG THE EASTERLY LINE OF THE DT AND I RAILROAD RIGHT-OF-WAY, 
1651.08 FEET; THENCE NORTH 66 DEGREES 55 MINUTES 45 SEOONDS EAST, 244.79 FEET; 
THENCE SOUTH 89 DEGREES 43 MINUTE EAST, 937.15 FEET; THENCE ALONG THE WESTERLY 
LINE OF WEST JEFFERSON AVENUE NORTH 29 DEGREES 07 MINUTES EAST, 838.16 FEET AND 
NORTH 31 DEGREES 01 MINUTE EAST, 893.98 FEET TO THE PLACE OF BEGINNING, EXCEPTING 
THEREFROM 078 ACRES LYING WITHIN THE RIGHT-OF-WAY, 24 FEET WIDE, OWNED BY THE 
'dWANDOT1E SOUTHERN RAILROAD COMPANY, AS NOW LOCATED. 

Tax Parcel No 51 007 99 0003 000 

PARCEL B: 

THAT PART OF FRACTIONAL SECTION 5, DESCRIBED AS: BEGINNING AT THE INTERSECTION 
OF THE EASTERLY LINE OF WEST JEFFERSON AVENUE, 106 FEET WIDE, AND THE NORTH 
SECTION LINE AND PROCEEDING THENCE SOUTH 89 DEGREES 43 MINUTES EAST ALONG 
SAID NORTH LINE, 646.48; THENCE SOUTH 33 DEGREES 17 MINUTES 30 SECONDS WEST, 
170.38 FEET; THENCE SOUTH 56 DEGREES 42 MINUTES 30 SECONDS EAST, 149.55 FEET; 
THENCE SOUTH 33 DEGREES 02 MINUTES 30 SECONDS WEST, 275.14 FEET; THENCE SOUTH 
56 DEGREES 49 MINUTES 30 SECONDS EAST, 27.16 FEET; THENCE NORTH 33 DEGREES 10 
MINUTES 30 SECONDS EAST, 163.98 FEET; THENCE SOUTH 56 DEGREES 46 MINUTES 30 
SECONDS EAST, 154.34 FEET; THENCE NORTH 33 DEGREES 13 MINUTES 30 SECONDS EAST, 
62.41 FEET; THENCE SOUTH 56 DEGREES 46 MINUTES 30 SECONDS EAST, 62.05 FEET; 
THENCE SOUTH 33 DEGREES 04 MINUTES 30 SECONDS WEST, 164.49 FEET; THENCE SOUTH 
56 DEGREES 55 MINUTES 30 SECONDS EAST, 139.98 FEET; THENCE NORTH 33 DEGREES 04 
MINUTES 30 SECONDS EAST, 300 FEET; THENCE NORTH 56 DEGREES 55 MINUTES 30 
SECONDS WEST, 62.55 FEET; THENCE NORTH 33 DEGREES 04 MINUTES 30 SECONDS EASE, 
100.66 FEET; THENCE SOUTH 56 DEGREES 45 MINUTES 30 SECONDS EAST, 85.59 FEET; 
THENCE NORTH 33 DEGREES 22 MINUTES 30 SECONDS EAST, 14.63 FEET; THENCE NORTH 
17 DEGREES 32 MINUTES 45 SECONDS EAST, 77.65 FEET; THENCE NORTH 56 DEGREES 42 
MINUTES 45 SECONDS WEST, 165.10 FEET; Thence SOUTH 89 DEGREES 43 MINUTES EAST 
ALONG THE NORTH Section LINE, 371.20 FEET; THENCE SOUTH 31 DEGREES 41 MINUTES 30.4 
SECONDS 'NEST ALONG THE US. HARBOR LINE, 1760.64 FEET; THENCE SOUTH 89 DEGREES 
43 MINUTES WEST, 1402.36 FEET; THENCE ALONG THE EASTERLY LINE OF JEFFERSON 
AVENUE NORTH 29 DEGREES 07 MINUTES EAST, 776.04 FEET AND NORTH 31 DEGREES 01 
MINUTES EAST, 955.24 FEET TO THE PLACE OF BEGINNING. EXCEPTING 7.49 ACRES 
THEREFROM LYING Within THE 24 FOOT RIGHT-OFWAY OWNED BY THE WYANDOTTE 
SOUTHERN RAILROAD COMPANY, AS NOW LOCATED. 

Tax Parcel No. 51 007 99 0001 CCC 



THAT PART OF THE NORTHEAST 1/4 OF FRACTIONAL SECTION 5, DESCRIBED AS: BEGINNING 
AT A POINT ON THE NORTH SECTION LINE DISTANT SOUTH 89 DEGREES 43 MINUTE EAST, 
646.48 FEET FROM THE INTERSECTION OF SAID LINE AND THE EASTERLY LINE OF WEST 
JEFFERSON AVENUE, 106 FEET WIDE, AND PROCEEDING THENCE SOUTH 89 DEGREES 43 
MINUTES EAST ALONG SAID NORTH LINE, 438.00 FEET; THENCE SOUTH 56 DEGREES 42 
MINUTES 45 SECONDS EAST, 165.10 FEET; THENCE SOUTH 17 DEGREES 32 MINUTES 45 
SECONDS WEST, 77.65 FEET; THENCE SOUTH 33 DEGREES 22 MINUTES 30 SECONDS WEST, 
146.63 FEET: THENCE NORTH 56 DEGREES 46 MINUTES 30 SECONDS WEST, 85.59 FEET; 
THENCE SOUTH 33 DEGREES 04 MINUTES 30 SECONDS WEST, 100.66 FEET; THENCE SOUTH 56 
DEGREES 55 MINUTES 30 SECONDS EAST, 62.55 FEET; THENCE SOUTH 33 DEGREES 04 
MINUTES 30 SECONDS WEST, 300 FEET; THENCE NORTH 56 DEGREES 55 MINUTES 30 
SECONDS VIEST, 139.98 FEET; THENCE NORTH 33 DEGREES 04 MINUTES 30 SECONDS EAST, 
164.49 FEET; THENCE NORTH 56 DEGREES 46 MINUTES 30 SECONDS WEST, 62.05 FEET; 
THENCE SOUTH 33 DEGREES 13 MINUTES 30 SECONDS WEST, 62.41 FEET; THENCE NORTH 56 
DEGREES 46 MINUTES 30 SECONDS WEST, 154.4 FEET; THENCE SOUTH 33 DEGREES 10 
MINUTES WEST, 163.95 FEET; THENCE NORTH 56 DEGREES 49 MINUTES 30 SECONDS WEST, 
27.16 FEET; THENCE NORTH 33 DEGREES 32 MINUTES 30 SECONDS EAST, 275.14 FEET; 
THENCE NORTH 56 DEGREES 42 MINUTES 30 SECONDS WEST, 149.55 FEET; THENCE NORTH 33 
DEGREES 17 MINUTES 30 SECONDS EAST, 170.38 FEET TO THE PLACE OF BEGINNING. 

Tax Parcel No. 51 007 99 0002 000 

THAT PART OF FRACTIONAL SECTION 5, DESCRIBED AS BEGINNING AT A POINT ON THE U.S. 
HARBOR LINE DISTANT SOUTH 31 DEGREES 41 MINUTES 30.4 SECONDS WEST, 1760.64 FEET 
FROM THE INTERSECTION OF SAID LINE WITH THE NORTH LINE OF FRACTIONAL SECTION 5 
AND PROCEEDING THENCE SOUTH 31 DEGREES 41 MINUTES 30.4 SECONDS WEST ALONG THE 
U.S. HARBOR LINE, 433.28 FEET; THENCE NORTH 89 DEGREES 43 MINUTES 00 SECONDS WEST, 
703.23 FEET; THENCE NORTH 71 DEGREES 58 MINUTES 56 SECONDS WEST, 604,93 FEET TO 
THE EASTERLY LINE OF RIVER ROAD; THENCE NORTH 28 DEGREES 55 MINUTES 40 SECONDS 
EAST ALONG SAID LINE, 213.03 FEET; THENCE SOUTH 89 DEGREES 43 MINUTES EAST, 1402.36 
FEET TO THE POINT OF BEGINNING. 

Tax Parcel No. 51 007 99 0005 000 

PARCEL C:  

THAT PART OF SECTION 5 AND 6 DESCRIBED AS BEGINNING AT A POINT ON THE SOUTH LINE 
OF PENNSYLVANIA ROAD, DISTANT SOUTH 83 DEGREES 57 MINUTES EAST ALONG THE NORTH 
SECTION LINE, 693 FEET AND SOUTH 0 DEGREES 18 MINUTES WEST, 60 FEET FROM THE 
NORTH 1/4 CORNER OF SEOTIONS AND PROCEEDING THENCE SOUTH as DEGREES 57 MINUTES 
EAST ALONG SAID SOUTH LINE, 1832.17 FEET; THENCE SOUTH C DEGREES 13 MINUTES WEST, 
103 FEET; THENCE NORTH 88 DEGREES 57 MINUTES WEST, 46.79 FEET; THENCE SOUTH 0 
DEGREES 18 MINUTES WEST, 735.04 FEET; THENCE SOUTH 88 DEGREES 57 MINUTES EAST, 
402.41 FEE; THENCE SOUTH 15 DEGREES 27 MINUTES WEST ALONG THE WESTERLY LINE OF 
ELECTRIC AVENUE, 1004.91 FEET; THENCE NORTH 88 DEGREES 57 MINUTES WEST ALONG THE 
NORTH LINE OF OOLV1N AVENUE, 1925.32 FEET; THENCE NORTH 0 DEGREES 18 MINUTES EAST 
ALONG THE EAST LINE OF CLARK AVENUE, 1811.47 FEET TO THE POINT OF BEGINNING. 

Tax Parcel Nc. 51 010 99 0002 000 



THAT FART OF THE NORTHEAST OF SECTION 6, DESCRIBED AS BEGINNING AT A POINT ON THE 
SOUTH LINE OF COLVIN AVENUE, DISTANT SOUTH 88 DEGREES 57 MINUTES EAST, 663 FEET 
AND SOUTH 0 DEGREES 18 MINUTES WEST, 1931.47 FEET AND SOUTH 88 DEGREES 57 MINUTES 
EAST, 692.17 FEET FROM THE NORTH 1/4 CORNER OF SECTION 6 AND PROCEEDING THENCE 
SOUTH 83 DEGREES 57 MINUTES EAST ALONG SAID SOUTH LINE, 794.55 FEET; THENCE SOUTH 
14 DEGREES 44 MNUTES WEST, 133.12 FEET; THENCE NORTH 88 DEGREES 57 MINUTES WEST, 
760.21 FEET; THENCE NORTH 0 DEGREES 18 MINUTES EAST ALONG THE EAST LINE OF KRAUSE 
AVENUE, 134.20 FEET TO THE POINT OF BEGINNING. 

Tax Parcel No. 51 010 99 0004 000 

THAT PART OF THE NORTHEAST 1/4 OF SECTION 6, DESCRIBED AS BEGINNING AT A POINT ON 
THE SOUTH LINE OF COLVIN AVENUE, DISTANT SOUTH 83 DEGREES 57 MINUTES EAST, 663.0 
FEET AND SOUTH 0 DEGREES 18 MINUTES WEST, 1931.47 FEET AND SOUTH 88 DEGREES 57 
MINUTES EAST, 1548.47 FEET FROM THE NORTH 1/4 CORNER OF SECTION 6 AND PROCEEDING 
THENCE SOUTH 88 DEGREES 57 MINUTES EAST ALONG SAID SOUTH LINE 390.68 FEET TO THE 
WESTERLY LINE OF ELECTRIC AVENUE; THENCE SOUTH 15 DEGREES 27 MINUTES WEST ALONG 
SAID WESTERLY LINE, 140.09 FEET; THENCE NORTH 88 DEGREES 57 MINUTES WEST, 338.99 
FEET; THENCE NORTH 14 DEGREES 44 MINUTES EAST, 138.12 FEET TO THE POINT OF 
BEGINNING. 

Tax Parcel Nc. 51 010 99 0005 000 

PARCEL D: 

PART OF THE SOUTHEAST 1/4 OF FRACTIONAL SECTION 32, TOWN 3 SOUTH, PNGE 11 EAST, 
BEGINNING AT THE INTERSECTION OF THE SOUTHEASTERLY LINE OF BIDDLE AVENUE, 120 
FEET 'DE, WITH THE SOUTHERLY LINE OF WE STREET, 66 FEET WIDE; THENCE SOUTH 54 
DEGREES 49 MINUTES EAST, 1176.81 FEET; THENCE SOUTH 31 DEGREES 25 MINUTES WEST, 
503.6 FEET; THENCE SOUTH 69 DEGREES 43 MINUTES WEST, 335.69 FEET; THENCE NORTH 56 
DEGREES 42 MINUTES 45 SECONDS WEST, 209 FEET; THENCE NORTH 33 DEGREES 14 
MINUTES 15 SECONDS EAST, 52.42 FEET; THENCE NORTH 56 DEGREES 47 MINUTES 45 
SECONDS WEST, 78.2 FEET; THENCE NORTH 33 DEGREES 14 MINUTES 15 SECONDS EAST, 
129.52 FEET; THENCE NORTH 56 DEGREES 47 MINUTES 45 SECONDS WEST, 52.36 FEEt; 
THENCE SOUTH 33 DEGREES 12 MINUTES 15 SECONDS WEST, 63.46 FEET; THENCE NORTH 56 
DEGREES 25 MINUTES 30 SECONDS WEST, 27.89 FEET; THENCE SOUTH 33 DEGREES 17 
MINUTES 30 SECONDS WEST, 357.52 FEET; THENCE SOUTH 89 DEGREES 43 MINUTES WEST, 
646.43 FEET; THENCE NORTH 30 DEGREES 30 MINUTES 10 SECONDS EAST, 317.3 FEET; 
THENCE NORTH 34 DEGREES 07 MINUTES EAST, 1000.09 FEET TO THE POINT OF BEGINNING. 

Tax Parcel Nc.: 57 023 99 0002 000 

PART OF THE SOUTHEAST FFCTIONAL 1/4 CF SECTION 32, TOWN 3 SOUTH, RANGE 11 EAST, 
BEGINNING NORTH 89 DEGREES 43 MINUTES EAST, 546.48 FEET FROM THE INTERSECTION OF 
THE SOUTHEASTERLY LINE OF BIDOLE AVENUE, 120 FEET WiDE, 1/11TH THE CENTERLINE OF 
PENNSYLVANIA AVENUE, 56 FEET WiDE, EXTENDED: THENCE NORTH 89 b'zz ----------------------------  43 MINUTES  
EAST, 433,3 FEET: THENCE NORTH 56 DEOF.EES 42 MINUTES 4.5 SECONDS 'iVEST, 209 FEET,; 



THENCE NORTH 33 DEGREES 14 MINUTES 15 SECONDS EAST, 52.42 FEET; THENCE NORTH 55 
DEGREES 47 MINUTES 45 SECONDS WEST, 78.2 FEET; THENCE WEST 33 DEGREES 14 MINUTES 
15 SECONDS EAST, 12962 FEET; THENCE NORTH 56 DEGREES 47 MINUTES 45 SECONDS WEST, 
52.86 FEET; THENCE SOUTH 33 DEGREES 12 MINUTES 15 SECONDS WEST; 53.46 FEET; 
THENCE NORTH 56 DEGREES 26 MINUTES 30 SECONDS WEST, 27.89 FEET; THENCE SOUTH 33 
DEGREES 17 MINUTES 30 SECONDS WEST, 357.52 FEET TO THE POINT OF BEGINNING. 

Tax Parcel Nc.: 57 023 99 000 3000 

L3OMFLQ 1577- 42149 



EXHIBIT B 

GENERIC INDUSTRIAL LAND USE CATEGORY  

A generic industrial site will include sites with the following characteristics: 

1. The primary activity at the prope/ is and will continue to be industrial in nature (e.g., 
manufacturing, utilities, industrial research and development, petroleum bulk storage) and access 
is and will continue to be reliably restricted consistent with its use (e.g., by fences, security 
personnel, or both). Inactive or abandoned properties can be included in this category if the use 
was and/or will be industrial, as described above and access is controlled as necessary to assure 
unacceptable exposures do not occur. The industrial category does not include farms, gasoline 
stations, or other commercial establishments where children may commonly be present. 

0. The current zoning of the property is industrial, the zoning is anticipated to be industrial or the 
current industrial use is a legal nan-conforming use. This may include different zoning designations, 
depending on the community, such as "light industrial" or "heavy industrial. 

GENERIC COMMERCIAL LAND USE CATEGORY  

generic commercial site would include sites with the following characteristics: 

The primary activity at the property is and will continue to be commercial in nature (e.g., retail, 
warehouse, office/business space). This could include abandoned or inactive commercial properties 
as long as they fit both the definition of a commercial land use and one of the subcategory 
definitions described below. 

2. The current zoning of the propej is commercial, future zoning is anticipated to be commercial, or 
the current commercial use is a legal nonconforming use. This may include different zoning 
designations, depending on the community, such as "community commercial," "regional 
commercial," "retail," or "office-business." 

Subcategory, II:  This commercial land use subcategory is characterized by the following features. 
Access to the public is reliably restricted, consistent with its use, by fences, security, or both. 
Affected surficial soils are located in unpaved or landscaped areas that are frequently contacted 
by worker populations such as groundskeepers, maintenance workers, or other employees whose 
primacy duties are performed outdoors. If groundwater is relied an for drinking water, it is 
assumed that worker populations receive half of their total daily drinking water exposure from 
the facility. 
This subcategory could include, but is not limited to, the following uses: 

• large-scale commercial warehouse operations 
• wholesale lumber yards 
• building supply warehouses 

The degree of exposure for such employees under subcategory Il property is assumed to be 
equivalent to the exposures used to model outdoor activities in the development of the generic 
industrial criteria. As a result, a unique set of generic criteria has not been defined for this 
subcategory of commercial land use. Properties that fall into this subcategory should be 
addressed through the application of the generic industrial criteria or through a ability-specific 
risk assessment 
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NOTICE REGARDING STATUTORY OBLIGATIONS APPLICABLE TO THE PROPERTY 

THIS Notice Regarding Statutory Obligations Applicable to the Property ("Notice") is executed 
and recorded by ATOFINA Chemicals, Inc. ("ATOFlNA"), a Delaware corporation, with principal offices 
located at 2000 Market Street, Philadelphia, Pennsylvania. ATOFINA is the owner of real property 
located in Riverview, Wayne County, Michigan, and Wyandotte, Wayne County, Michigan, which 
property is more particularly described in Exhibit A attached hereto (the "Property"). 

Notice is hereby given in accordance with Michigan Administrative Code Rule 299.9525, 
promulgated pursuant to Part 111, Hazardous Waste Management, of the Natural Resources and 
Environmental Protection Act, 1994 PA 451, as amended ("NREPA"), that the Property has been used 
to manage hazardous waste and that it is subject to the corrective action requirements of Part 111 of 
NREPA and the Resource Conservation and Recovery Act, 42 USCA 4251 et seq. ("RCRA"), as 
amended by the 1984 hazardous and solid waste amendments. 

The undersigned person executing this Notice represents and certifies that he or she is duly authorized 
and has been empowered to execute and deliver this Notice. 

ATOFINA Chemicals, Inc., a Delaware corporation 

a m e :  A  A c . .  
By: 

I t s :   l C i t .   

Signed in the presence of: 

)me:kViCAJL E. _____________ ,)c,/L)44 

/ 
Nam   i t - I .  7 - i>1 . 1oj/  

STATE OF  rn  ACKNOWLEDGMENT 
)SS. 

COUNTY OF ______ 

The foregoing instrument was acknowledged before me this1 __________  day of.j4' 200, by 
,. 4(1  , the YYuF  ATOFINA Che fais, ln a Delaware  

corporation, on behalf of the corporation. 

T   
Not Public,  19n4,71 ,  County 
Staof  '7fl ________   

Prepared by and when recorded return to: 
Suzanne T. Croissant 
Dickinson Wright PLLC 
38525 Woodward Avenue, Suite 2000 
Bloomfield Hills, Michigan 48304  

My commission eires:  --O?)   

JANI0 . LEONA0 
Nctaiy Pub Wayne Ccunri, Ml 

My Cmmaacq Expe Aug. 25, 2004 

 



EXHIBIT A 

Legal Descriptions of The Property 

PARCEL A: 

THAT PART OF THE NORTHWEST 1/4 OF FRACTIONAL SECTION 5, DESCRIBED AS: BEGINNING 
AT THE INTERSECTION OF THE NORTH SECTION LINE AND THE WESTERLY LINE OF WEST 
JEFFERSON AVENUE, 106 FEET WIDE, AND PROCEEDING THENCE NORTH 89 DEGREES 45 
MINUTES WEST ALONG THE NORTH SECTION LINE, 1614.71 FEET; THENCE SOUTH 14 
DEGREES 30 MINUTES WEST ALONG THE EASTERLY LINE OF THE DT AND I RAILROAD RIGHT-
OF-WAY, 1651.08 FEET; THENCE NORTH 66 DEGREES 58 MINUTES 45 SECONDS EAST, 244.79 
FEET; THENCE SOUTH 89 DEGREES 43 MINUTE EAST, 937.15 FEET; THENCE ALONG THE 
WESTERLY LINE OF WEST JEFFERSON AVENUE NORTH 29 DEGREES 07 MINUTES EAST, 838.16 
FEET AND NORTH 31 DEGREES 01 MINUTE EAST, 893.98 FEET TO THE PLACE OF BEGINNING, 
EXCEPTING THEREFROM 0.78 ACRES LYiNG WITHIN THE RIGHT-OF-WAY, 24 FEET W1DE, 
OWNED BY THE \1WANDOTTE SOUTHERN RAILROAD COMPANY, AS NOW LOCATED. 

Tax Parcel No 51 007 990003 000 

PARCEL B:  

THAT PART OF FRACTIONAL SECTION 5, DESCRIBED AS: BEGINNING AT THE INTERSECTION 
OF THE EASTERLY LINE OF WEST JEFFERSON AVENUE, 106 FEET 'MDE, AND THE NORTH 
SECTION LINE AND PROCEEDING THENCE SOUTH 89 DEGREES 43 MINUTES EAST ALONG 
SAID NORTH LINE, 646.48; THENCE SOUTH 33 DEGREES 17 MINUTES 30 SECONDS WEST, 
170.38 FEET; THENCE SOUTH 56 DEGREES 42 MINUTES 30 SECONDS EAST, 149.55 FEET; 
THENCE SOUTH 33 DEGREES 02 MINUTES 30 SECONDS WEST, 275.14 FEET; THENCE SOUTH 
56 DEGREES 49 MINUTES 30 SECONDS EAST, 27.16 FEET; THENCE NORTH 33 DEGREES 10 
MINUTES 30 SECONDS EAST, 163.98 FEET; THENCE SOUTH 56 DEGREES 46 MINUTES 30 
SECONDS EAST, 154.34 FEET; THENCE NORTH 33 DEGREES 13 MINUTES 30 SECONDS EAST, 
62.41 FEET; THENCE SOUTH 56 DEGREES 46 MINUTES 30 SECONDS EAST, 62.05 FEET; 
THENCE SOUTH 33 DEGREES 04 MINUTES 30 SECONDS WEST, 164.49 FEET; THENCE SOUTH 
56 DEGREES 55 MINUTES 30 SECONDS EAST, 139.98 FEET; THENCE NORTH 33 DEGREES 04 
MINUTES 30 SECONDS EAST, 300 FEET; THENCE NORTH 56 DEGREES 55 MINUTES 30 
SECONDS WEST, 62.55 FEET; THENCE NORTH 33 DEGREES 04 MINUTES 30 SECONDS EASE, 
100.66 FEET; THENCE SOUTH 56 DEGREES 46 MINUTES 30 SECONDS EAST, 85.59 FEET; 
THENCE NORTH 33 DEGREES 22 MINUTES 30 SECONDS EAST, 14.63 FEET; THENCE NORTH 17 
DEGREES 32 MINUTES 45 SECONDS EAST, 77.65 FEET; THENCE NORTH 56 DEGREES 42 
MINUTES 45 SECONDS WEST, 165.10 FEET; THENCE SOUTH 89 DEGREES 43 MINUTES EAST 
ALONG THE NORTH SECTION LINE, 371.20 FEET; THENCE SOUTH 31 DEGREES 41 MINUTES 
30.4 SECONDS WEST ALONG THE U.S. HARBOR LINE, 1760.64 FEET; THENCE SOUTH 89 
DEGREES 43 MINUTES WEST, 1402.36 FEET; THENCE ALONG THE EASTERLY LINE OF 
JEFFERSON AVENUE NORTH 29 DEGREES 07 MINUTES EAST, 778.04 FEET AND NORTH 31 
DEGREES 01 MINUTES EAST, 955.24 FEET TO THE PLACE OF BEGINNING. EXCEPTING 7.49 
ACRES THEREFROM LYING WITHIN THE 24 FOOT RIGHT-OF-WAY OWNED BY THE WYANDOflE 
SOUTHERN RAILROAD COMPANY, AS NOW LOCATED. 

Tax Parcel Nc. 51 007 99 0001 000 
* 1 *  



THAT PART OF THE NORTHEAST 1/4 OF FRACTIONAL SECTION 5, DESCRIBED AS: BEGINNING 
AT A POINT ON THE NORTH SECTION LINE DISTANT SOUTH 89 DEGREES 43 MINUTE EAST, 
646.48 FEET FROM THE INTERSECTION OF SAID LINE AND THE EASTERLY LINE OF WEST 
JEFFERSON AVENUE, 106 FEET WIDE, AND PROCEEDING THENCE SOUTH 89 DEGREES 43 
MINUTES EAST ALONG SAID NORTH LINE, 438.00 FEET; THENCE SOUTH 56 DEGREES 42 
MINUTES 45 SECONDS EAST, 165.10 FEET; THENCE SOUTH 17 DEGREES 32 MINUTES 45 
SECONDS WEST, 77.65 FEET; THENCE SOUTH 33 DEGREES 22 MINUTES 30 SECONDS WEST, 
146.63 FEET; THENCE NORTH 56 DEGREES 46 MINUTES 30 SECONDS WEST, 85.59 FEET; THENCE 
SOUTH 33 DEGREES 04 MINUTES 30 SECONDS WEST, 100.66 FEET; THENCE SOUTH 56 DEGREES 
55 MINUTES 30 SECONDS EAST, 62.55 FEET; THENCE SOUTH 33 DEGREES 04 MINUTES 30 
SECONDS WEST, 300 FEET; THENCE NORTH 56 DEGREES 55 MINUTES 30 SECONDS WEST, 
139.98 FEET; THENCE NORTH 33 DEGREES 04 MINUTES 30 SECONDS EAST, 164.49 FEET; 
THENCE NORTH 56 DEGREES 46 MINUTES 30 SECONDS WEST, 62.05 FEET; THENCE SOUTH 33 
DEGREES 13 MINUTES 30 SECONDS WEST, 62.41 FEET; THENCE NORTH 56 DEGREES 46 
MINUTES 30 SECONDS WEST, 154.4 FEET; THENCE SOUTH 33 DEGREES 10 MINUTES WEST, 
163.98 FEET; THENCE NORTH 56 DEGREES 49 MINUTES 30 SECONDS WEST, 27.16 FEET; THENCE 
NORTH 33 DEGREES 32 MINUTES 30 SECONDS EAST, 275.14 FEET; THENCE NORTH 56 DEGREES 
42 MINUTES 30 SECONDS WEST, 149.55 FEET; THENCE NORTH 33 DEGREES 17 MINUTES 30 
SECONDS EAST, 170.38 FEET TO THE PLACE OF BEGINNING. 

Tax Parcel No. 51 007 99 0002 000 

* 4 *  

THAT PART OF FRACTIONAL SECTION 5, DESCRIBED AS BEGINNING AT A POINT ON THE U.S. 
HARBOR LINE DISTANT SOUTH 31 DEGREES 41 MINUTES 30.4 SECONDS WEST, 1760.64 FEET 
FROM THE INTERSECTION OF SAID LINE WITH THE NORTH LINE OF FRACTIONAL SECTION 5 
AND PROCEEDING THENCE SOUTH 31 DEGREES 41 MINUTES 30.4 SECONDS WEST ALONG THE 
U.S. HARBOR LINE, 433.23 FEET; THENCE NORTH 89 DEGREES 43 MINUTES 00 SECONDS WEST, 
703.23 FEET; THENCE NORTH 71 DEGREES 58 MINUTES 56 SECONDS WEST, 604.93 FEET TO THE 
EASTERLY LINE OF RIVER ROAD; THENCE NORTH 28 DEGREES 55 MINUTES 40 SECONDS EAST 
ALONG SAID LINE, 213.03 FEET; THENCE SOUTH 89 DEGREES 43 MINUTES EAST, 1402.36 FEET 
TO THE POINT OF BEGINNING. 

Tax Parcel No. 51 007 99 0005 000 

4 * *  

PARCEL C: 

THAT PART OF SECTION 5 AND 6 DESCRIBED AS BEGINNING AT A POINT ON THE SOUTH LINE 
OF PENNSYLVANIA ROAD, DISTANT SOUTH 88 DEGREES 57 MINUTES EAST ALONG THE NORTH 
SECTION LINE, 693 FEET AND SOUTH 0 DEGREES 18 MINUTES WEST, 60 FEET FROM THE NORTH 
1/4 CORNER OF SECTION 6 AND PROCEEDING THENCE SOUTH 88 DEGREES 57 MINUTES EAST 
ALONG SAID SOUTH LINE, 1832.17 FEET; THENCE SOUTH 0 DEGREES 18 MINUTES WEST, 103 
FEET; THENCE NORTH 88 DEGREES 57 MINUTES WEST, 46.79 FEET; THENCE SOUTH 0 DEGREES 
18 MINUTES WEST, 735.04 FEET; THENCE SOUTH 88 DEGREES 57 MINUTES EAST, 402.41 FEET; 
THENCE SOUTH 15 DEGREES 27 MINUTES WEST ALONG THE WESTERLY LINE OF ELECTRIC 
AVENUE, 1004.91 FEET; THENCE NORTH 88 DEGREES 57 MINUTES WEST ALONG THE NORTH 
LINE OF COLVIN AVENUE, 1925.32 FEET; THENCE NORTH 0 DEGREES 18 MINUTES EAST ALONG 
THE EAST LINE OF CLARK AVENUE, 181147 FEET TO THE POINT OF BEGINNING. 

Tax Parcel No. 51 010 99 0002 000 



THAT PART OF THE NORTHEAST 1/4 OF SECTION 6, DESCRIBED AS BEGINNING AT A POINT ON 
THE SOUTH LINE OF COLVIN AVENUE, DISTANT SOUTH 88 DEGREES 57 MINUTES EAST, 663 
FEET AND SOUTH 0 DEGREES 18 MINUTES WEST, 1931.47 FEET AND SOUTH 88 DEGREES 57 
MINUTES EAST, 692.17 FEET FROM THE NORTH 1/4 CORNER OF SECTION 6 AND PROCEEDING 
THENCE SOUTH 88 DEGREES 57 MINUTES EAST ALONG SAID SOUTH LINE, 794.55 FEET; 
THENCE SOUTH 14 DEGREES 44 MINUTES WEST, 138.12 FEET; THENCE NORTH 86 DEGREES 57 
MINUTES WEST, 760.21 FEET; THENCE NORTH 0 DEGREES 18 MINUTES EAST ALONG THE EAST 
LINE OF KRAUSE AVENUE, 134.20 FEET TO THE POINT OF BEGINNING. 

Tax Parcel No. 51 010 99 0004 000 

THAT PART OF THE NORTHEAST 1/4 OF SECTION 6, DESCRIBED AS BEGINNING AT A POINT ON 
THE SOUTH LINE OF COLVIN AVENUE, DISTANT SOUTH 88 DEGREES 57 MINUTES EAST, 663.0 
FEET AND SOUTH 0 DEGREES 18 MINUTES WEST, 1931.47 FEET AND SOUTH 88 DEGREES 57 
MINUTES EAST, 1548.47 FEET FROM THE NORTH 1/4 CORNER OF SECTION 6 AND PROCEEDING 
THENCE SOUTH 88 DEGREES 57 MINUTES EAST ALONG SAID SOUTH LINE 390.68 FEET TO THE 
WESTERLY LINE OF ELECTRIC AVENUE; THENCE SOUTH 15 DEGREES 27 MINUTES WEST 
ALONG SAID WESTERLY LINE, 140.09 FEET; THENCE NORTH 88 DEGREES 57 MINUTES WEST, 
388.99 FEET; THENCE NORTH 14 DEGREES 44 MINUTES EAST, 138.12 FEET TO THE POINT OF 
BEGINNING. 

Tax Parcel No. 51 010 99 0005 000 

PARCEL D:  

PART OF THE SOUTHEAST 1/ OF FRACTIONAL SECTION 32, TOWN 3 SOUTH, RANGE 11 EAST, 
BEGINNING AT THE INTERSECTION OF THE SOUTHEASTERLY LINE OF BIDDLE AVENUE, 120 
FEET WIDE, WITH THE SOUTHERLY LINE OF iWE STREET, 66 FEET WIDE; THENCE SOUTH 54 
DEGREES 49 MINUTES EAST, 1176.81 FEET; THENCE SOUTH 31 DEGREES 25. MINUTES WEST, 
503.6 FEET; THENCE SOUTH 89 DEGREES 43 MINUTES WEST, 335.69 FEET; THENCE NORTH 56 
DEGREES 42 MINUTES 45 SECONDS WEST, 209 FEET; THENCE NORTH 33 DEGREES 14 
MINUTES 15 SECONDS EAST, 52.42 FEET; THENCE NORTH 56 DEGREES 47 MINUTES 45 
SECONDS WEST, 78.2 FEET; THENCE NORTH 33 DEGREES 14 MINUTES 15 SECONDS. EAST, 
129.62 FEET; THENCE NORTH 56 DEGREES 47 MINUTES 45 SECONDS WEST, 52.86 FEET; 
THENCE SOUTH 33 DEGREES 12 MINUTES 15 SECONDS WEST, 63.46 FEET; THENCE NORTH 56 
DEGREES 26 MINUTES 30 SECONDS WEST, 27.89 FEET; THENCE SOUTH 33 DEGREES 17 
MINUTES 30 SECONDS WEST, 357.52 FEET; THENCE SOUTH 89 DEGREES 43 MINUTES WEST, 
646.48 FEET; THENCE NORTH 30 DEGREES 30 MINUTES 10 SECONDS EAST, 317.3 FEET; 
THENCE NORTH 34 DEGREES 07 MINUTES EAST, 1000.09 FEET TO THE POINT OF BEGINNING. 

Tax Parcel Na.: 57 023 99 0002 000 

PART OF THE SOUTHEAST FRACTIONAL 1/4 OF SECTiON 32, TOWN 3 SOUTH, RANGE 11 EAST, 
BEGINNING NORTH 89 DEGREES 43 MINUTES EAST, 646,48 FEET FROM THE INTERSECTION OF 
THE SOUTHEASTERLY LINE OF BIDDLE AVENUE, 120 FEET WIDE, WITH THE CENTERLINE OF 
PENNSYLVANIA AVENUE, 66 FEET WiDE, EXTENDED; THENCE NORTH 69 DEGREES 43 MINUTES 
EAST, 438.8 FEET; THENCE NORTH 56 DEGREES 42 MINUTES 45 SECONDS WEST, 209 FEET; 



THENCE NORTH 33 DEGREES 14 MINUTES 15 SECONDS EAST, 52.42 FEET; THENCE NORTH 56 
DEGREES 47 MINUTES 45 SECONDS WEST, 78.2 FEET; THENCE WEST 33 DEGREES 14 MINUTES 
15 SECONDS EAST, 129.62 FEET; THENCE NORTH 56 DEGREES 47 MINUTES 45 SECONDS WEST, 
52.86 FEET; THENCE SOUTH 33 DEGREES 12 MINUTES 15 SECONDS WEST; 53.46 FEET; THENCE 
NORTH 56 DEGREES 26 MINUTES 30 SECONDS WEST, 27.89 FEET; THENCE SOUTH 33 DEGREES 
17 MINUTES 30 SECONDS WEST, 357.52 FEET TO THE POINT OF BEGINNING. 

Tax Parcel Nc.: 57 023 99 000 3000 

BLOOMFIELD 1737-37 .4€742 
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