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1.0

INTRODUCTION

This Work Plan describes the scope and procedures for a Focused Feasibility Study (FFS)
for the Earthen Lagoons at the Occidental Chemical Corporation (OxyChem) Pottstown
facility. The Work Plan was prepared in response to a formal notification from EPA that
a FFS is required for Operable Unit 2 (OU-2) - the Earthen Lagoons. Occidental
Chemical Corporation executed an Administrative Order on Consent (AOC) with the
U.S. Environmental Protection Agency signed on September 29 and effective October 7,
2005 (Docket No. CERC-03-2005-0090DC). OU-2 consists of four inactive unlined
Earthen Lagoons that contain approximately 32,000 cubic yards of polyvinyl chloride
(“PVC”) material generated from PVC plastic resin manufacturing at the Pottstown
facility up until 1974 when their use was discontinued.

Specifically, the AOC states (Section II - Statement of Purpose, paragraph A, page 2):
“The FFS shall determine and evaluate (based on treatability testing, where appropriate)
alternatives for remedial action to prevent, mitigate or otherwise respond to or remedy the release
or threatened release of hazardous substances, pollutants, or contaminants at or from the Site
consistent with the risk assessment performed by EPA (including any adverse impacts to human
health or the environment that may result from the activities associated with remediation). The
alternatives evaluated must include, but shall not be limited to, the range of alternatives described
in the National Oil and Hazardous Substances Pollution Contingency Plan ['"NCP"], 40 C.F-R.
Part 300, and shall include remedial actions that utilize permanent solutions and alternative
treatment technologies or resource recovery technologies to the maximum extent practicable. In
evaluating the alternatives, the Respondent shall address the factors required to be taken into
account by section 121 of CERCLA, 42 U.S.C. § 9621, and section 300.400(e) of the NCP, 40
C.F.R. § 300.400(e).”

This Work Plan complies with the general requirements of the AOC, and specifically
addresses the following:

Section 2.0 Site location, background, and summary of previous studies;

Section 3.0 Comprehensive summary of known Site conditions;

Section 4.0 Discussion of data gaps;

Section 5.0 Methodology, logistics, and data quality objectives for obtaining
information to meet the objectives of the FFS;

Section 6.0 Treatability studies;

Section 7.0 Evaluation of Remedial Alternatives including preliminary applicable

and relevant and appropriate requirements (ARARs) other advisories,
criteria, and guidance to be considered (TBCs) and a plan for
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refinement of ARARs and TBCs throughout the FFS process including
cleanup goals; and

Section 8.0 Schedule for completion of the FFS.

Miller Springs Remediation Management Inc. (MSRMI) has developed this Work Plan to
describe the nature of OU-2, summarize past evaluations and testing, outline potential
remedies to be evaluated, detail a process to identify ARARs and TBCs, and describe the
methodology for conducting treatability studies for solidification and chemical
destruction technologies.

In order to address known data gaps, MSRMI recently (July 2005) collected additional
samples of the PVC Material for laboratory analysis, primarily to assess the moisture
content of the material in the lagoons. Prior to this sampling, MSRMI contacted several
waste recyclers and disposal sites to confirm analyses of interest. MSRMI prepared two
composite samples for Toxicity Characteristic Leaching Procedure (TCLP) volatile
organic compounds (VOCs), semi-volatile organic compounds (SVOCs), and metals
analyses to update information on these characteristics. The two composite samples
were also analyzed for total VOCs, SVOCs, metals, and RCRA characteristics. A total of
one-hundred seventy-two (172) samples were collected specifically for moisture content
and bulk density. These data provide a comprehensive database regarding current
moisture content of the PVC material, and critical information that will be supplied to
potential waste recyclers and disposal sites. The sampling and results are discussed in
Section 3.1 of this Work Plan. As needed, additional samples will be provided to waste
recyclers and disposal sites for testing,.
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2.0

SITE HISTORY

21 SITE LOCATION AND BACKGROUND

EPA has defined the OxyChem Superfund Site as the approximately 257 acres parcel
surrounded on 3 sides by the Schuylkill River and located Y2-mile southeast of the
borough of Pottstown, Montgomery County, Pennsylvania. Figure 2.1 presents a Site
location map depicting the site boundary as shown in the ROD and designating the
portion owned by OxyChem and the portion owned by others. The Site formerly
contained an active PVC manufacturing plant (the facility). The facility consisted of
manufacturing, office and outdoor storage areas as well as inactive
manufacturing/storage building space. Paved parking areas, roadways, and open land
are also present at the Site. The Site also contains landfills closed under state regulations
and areas where trichloroethylene (TCE) was formerly stored and used. The AOC
specifically addresses OU-2, which are four inactive unlined Earthen Lagoons.

The Site was owned and operated by Jacobs Aircraft Engine Company ("JAEC") during
the Second World War, during which JAEC manufactured aircraft engines. The Defense
Plant Corporation (DPC) purchased the Site from JAEC in 1942. JAEC continued to
operate and manufacture aircraft engines for DPC until late 1944. In 1945, DPC leased
the Site to Firestone Tire and Rubber (FTR). FTR through corporate mergers and/or
reorganization became Bridgestone/Firestone Inc. FTR purchased the Site in 1950 and
manufactured tires and PVC resins at the Site. FTR sold the Site to Hooker Chemicals
and Plastics Corporation (Hooker) in 1980. Hooker, who continued to manufacture PVC
at the Site, later became the Occidental Chemical Corporation (OxyChem). Until
December 2004, OxyChem continued to manufacture PVC plastics resins at the Site, but
has not manufactured tires.

As noted above, the subject of this FFS is OU-2. Figures 2.2 and 2.3 present aerial
photographs of the four Earthen Lagoons showing their location and current
configuration, respectively. When the lagoons were in use, wastewater from the PVC
manufacturing process was first directed to the former concrete holding basins located
at the rear of the wastewater treatment plant prior to being sent to the lagoons.
Unpolymerized PVC solids from this wastewater treatment process settled to the bottom
of the holding basins and the supernatant water was skimmed off and sent directly to
the Pottstown publicly owned treatment works. When the PVC solids accumulated to
the basin capacity, the PVC solids were diverted to the northern most lagoon, with
rotation of flow as solids accumulated in the lagoons. The lagoons were used for the
storage of PVC sludge until 1974 when the Pennsylvania Department of Environmental
Protection (PADEP, then PADER) ordered FTR to discontinue their use. The Earthen
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Lagoons were never formally decommissioned; however, the lagoons have not been
used since 1974. A current description of the lagoons is provided in Section 3.5.

2.2 SUMMARY OF PREVIOUS STUDIES

221 REMEDIAL INVESTIGATION

On June 24, 1988, pursuant to Section 105 of CERCLA. 42 U.S.C. § 9605, EPA proposed to
place the Site on the National Priorities List ("NPL"), set forth at 40 C.F.R- Part 300,
Appendix B (53 Fed. Reg. 23987). The Site was placed on the NPL on September 29.
1989. OxyChem completed a Remedial Investigation/Feasibility Study (RI/FS) in
accordance with the December 1989 Consent Order (Docket No. III-89-20-DC) signed
between EPA and OxyChem. The Earthen Lagoons were an area investigated during
the RI/FS conducted at the Site in the early-1990s. The Final RI report was submitted in
March 1992.

Figure 2.4 presents the locations of borings completed during the RI. Table 2.1 presents
the maximum chemical concentrations detected in the PVC material. Sampling
conducted during the RI detected the presence of VOCs and SVOCs in the material
contained in the four inactive Earthen Lagoons. The following provides a summary of
the RI results.

. Each lagoon is generally composed of three layers; a white, wet material, a gray
to black wet material and a coal fines layer. The white and gray materials are
products of the PVC manufacturing process.

J In the area of Lagoon #1 which lacks the bottom coal fine layer, soil sampling
reveals contaminants are present in the soils directly beneath the lagoons. The
contaminants present in the soils are those that are present in the lagoon material
(Record of Decision (ROD), June 30, 1993). At Lagoons 2, 3, and 4 (southwest,
southeast, and northeast, respectively), it appears that the coal fine material has
served as a collection/adsorption layer for the chemicals. It is believed that the
soil beneath the coal fine layer of Lagoons 2, 3, and 4 has not been affected.

o The chemicals present are the result of the PVC manufacturing process. The
Earthen Lagoons material contains VOCs and SVOCs as a result of past PVC
manufacturing processes at the Site conducted by FTR. VOCs detected in the
Earthen Lagoons include TCE, trans-1,2-DCE, vinyl chloride monomer (VCM),
1,2-dichioroethane (1,2-DCA), styrene, and ethylbenzene.
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. The SVOCs detected were those associated with the process of making PVC.

Benzoic acid and bis(2-ethylhexyl)phthalate were the two SVOCs present. The
concentration of benzoic acid detected in the samples ranged from 1.6 mg/kg to
a maximum of 31 mg/kg. The concentration of bis(2-etbylhexyl)phthalate
ranged from 1.1 mg/ kg to a maximum of 280 mg/kg.

. The soil underlying the lagoons consisted of floodplain deposits, including a

naturally occurring coal fine layer present beneath most of the lagoon area.
Some chemicals found in the lagoon material were also found, generally at lower
concentrations, in the underlying soil. The metal concentrations are not notably
different in the lagoon material than they are in the underlying soils.

222 RECORD OF DECISION

A Record of Decision (ROD) was issued for the Site on June 30,1993. The selected
remedial action for the Earthen Lagoons described in the ROD included:

. excavation of PVC Material, coal fines layer and contaminated soil at the Earthen
Lagoons;

. on-Site drying of PVC Material to reduce levels below RCRA Waste
Characteristics prior to recycling, and landfilling of coal fines layer at the Earthen
Lagoons

. restoration of the earthen lagoon area to original grade.

The ROD requirement of drying the PVC material so that the material no longer exhibits
RCRA Waste characteristics for VOCs has not been reliably attainable in pilot testing to
date, and thus forestalled the implementation of the ROD-specified remedy. Detailed
information about recycling processes under consideration will be assessed to determine
the need for application of this standard to the recycling of this material. The impact of
this provision is discussed further in Section 7.2. Evaluation of recycling options will
include detailed information about the recycling company, end product use, end
product characteristics, raw material components (and composition) regularly used by
the company to make the end product, the recycling process and specific recycling
company requirements.

With respect to the soil underlying the lagoons, a reference to meeting background
concentrations was included in the ROD to meet the state ARAR at that time. The ROD
states that the soil underlying the lagoons will be remediated to background levels as
specified in Table 3 of the ROD.
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An unacceptable level of non-carcinogenic risk is presented by the Earthen Lagoon
soil/sediments in a future land use scenario involving a child residing on the lagoon
who would ingest PVC with contaminants. It should be noted that EPA has
subsequently performed a supplemental Human Health Risk Assessment (see Section
2.2.3.10) and calculated unacceptable risks from leaving the material in place and using
the lagoons and PVC as a site for residential purposes.

223 SUBSEQUENT STUDIES

On June 23, 1994, EPA issued an Unilateral Administrative Order for Remedial Design
and Remedial Action to OxyChem and Bridgestone/Firestone to implement the remedy
in the ROD. Subsequent to the publishing of EPA's ROD, OxyChem and MSRMI have
conducted a number of additional investigations to characterize the nature and extent of
PVC material and pilot studies related to the final treatment of the PVC Material. The
primary focus of these investigations and studies were to determine an appropriate
method to reduce levels below RCRA Waste Characteristics by reducing moisture
content. The following summarizes those efforts and results.

2231 LOW TEMPERATURE THERMAL ABSORPTION - 1997

One of the initial pilot studies conducted was the Low Temperature Thermal Absorption
(LTTA) technology study, which was implemented starting in November 1996 in
accordance with the LTTA Performance Test Plan (August 1996). This treatment
involved the use of an oven to heat the solids to drive off moisture, and used bag houses
to filter solids from the air discharge. In March 1997, after three bag house fires and
numerous operating problems, this pilot test was terminated. Although it was
concluded that this technology might be effective for treating the PVC Material, a
decision was made to not continue with the LTTA technology due to the bag house fires
and operating problems.

223.2 ALTERNATE TECHNOLOGY EVALUATION FOR EARTHEN
LAGOONS - 1997

Following the conclusion of LTTA testing, an evaluation of alternative technologies was
completed to evaluate drying/dewatering technologies that may have the potential to
reduce VCM and TCE concentrations below RCRA waste characteristics.  This
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evaluation was presented in the report entitled "Alternative Technology Evaluation for
Earthen Lagoons - Occidental Chemical Corporation Lower Pottsgrove Township Plant -
EPA Unilateral Order No. I1I-94-26-DC", Smith Technology Corporation. This document
was submitted to USEPA on May 21, 1997. The results of this technology evaluation
identified Mechanical Aeration and Radiant Heat (MA/RH) as a technology that
warranted further investigation through a field pilot study.

2233 MECHANICAL AERATION AND RADIANT HEAT PILOT - 1998

A pilot study was conducted in two phases between August and October 1998 to
evaluate MA/RH for reducing VCM and TCE concentrations. The process involved the
mixing and movement of piles of PVC solids on a concrete pad under a sprung structure
with treatment of the off gas through vapor phase carbon. During the turnover of the
PVC piles in this structure, radiant heat was used to enhance the drying process. The
results of the MA/RH pilot study were presented in the document entitled, "Results of
Mechanical Aeration and Radiant Heat Pilot Test for Earthen Lagoon PVC Material,
Occidental Chemical Corporation, Lower Pottstown Township Plant, Pottsgrove,
Pennsylvania, EPA Unilateral Order No. [[-94-26-C, Conestoga-Rovers & Associates,
December 1998.

Table 2.2 presents a summary of the MA/RH pilot test analytical results. The results of
this pilot test showed that MA/RH drying of the PVC Material, although effective at
reducing moisture content to levels suitable for recycling, would be labor intensive,
relatively slow (estimated duration of 2 to 2.5 years), and very expensive. Drying the
PVC Material using this technology would require excessive handling of the material by
Site personnel. Processing to this level would pose a risk of significant air emissions
should the air control provisions fail. In addition, further measures such as
dehumidification would be needed to make this technology effective. In an April 14,
1999 letter to EPA, OxyChem stated that the MA/RH pilot test had been successful, but
that "both the declining price of PVC resin and the necessity to add de-humidification to
the treatment process have adversely impacted the feasibility" of the MA/RH process.
In summary, it was concluded that it was not a feasible option at that time, but it could
be a useful technology in the future. For this reason, it will be considered in the FFS.

2234 REQUEST FOR EXPLANATION OF SIGNIFICANT DIFFERENCE - 1999

On February 5, 1999, OxyChem requested that EPA issue an Explanation of Significant
Difference (ESD) to revise the clean-up criteria that were selected in the ROD for the soil
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underlying the Earthen Lagoons. This request was based on 1) the adoption by the
Pennsylvania DEP of constituent-specific cleanup standards under the Act 2 Land
Recycling program, and 2) the determination that arsenic is present in the underlying
soil and coal fine materials at local/ regional background levels.

2235 ADDITIONAL SAMPLING - 2001

As a result of MSRMI's request for an ESD and OxyChem'’s concerns regarding the
process for drying the PVC sludge, and the origin of arsenic (related to background and
not to the PVC sludge), EPA determined that it was necessary to conduct additional
sampling in the Earthen Lagoons. In August 2001, this sampling was conducted by
MSRMI in accordance with a November 30, 2000 Sampling and Analysis (SAP) prepared
by EPA. Specifically, three borings were completed in the northwest and southwest
lagoons (empty lagoons), and two borings were completed in the northeast and
southeast lagoons (full lagoons). Multiple depth discreet samples from each borehole
were submitted for laboratory analysis for VOCs, SVOCs, and metals. Surface sampling
was completed by dividing each lagoon into four quadrants, and taking six composites
consisting of material from each quadrant. The six composite samples per lagoon were
then submitted for laboratory analysis for SVOCs and metals. Background soil and
groundwater samples were also collected as part of the sampling program. The results
of the sampling program were submitted to EPA as part of a revised ESD for the Earthen
Lagoons (see next section). Figures 2.5 and 2.6 present the location of samples
completed during the additional sampling program completed in 2001 as per the EPA
SAP dated June 19, 2000 and revised November 30, 2000.

Table 2.3 provides a summary of the 2001 analytical results for the PVC material. The
data were validated. The data validation reports and other assessments provided show
a high level of data usability from the sample analyses. The results indicated that the
PVC material contained elevated concentrations of VOCs (2001 average vinyl chloride =
~80 mg/kg) and SVOCs (2001 average bis(2-Ethylhexyl)phthalate = ~354 mg/kg).
Other VOCs present at elevated concentrations in the PVC material included the
remaining chemicals of concern (TCE, 1,2-DCE, styrene, and toluene). Although these
same chemicals were detected during the RI, the analytical results from the 2001
investigation, as well as analytical results obtained from the MA/RH pilot test, were
higher than the analytical results obtained during the RI. Results of the additional
sampling are discussed further in Section 3.2.
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2.2.3.6 REVISED REQUEST FOR ESD - 2001

On October 31, 2001, MSRMI submitted a revised proposal for an ESD for the Earthen
Lagoons. The revised ESD considered the results of the 2001 SAP that was performed in
response to OxyChem’s original request for an ESD submitted to EPA on February 5,
1999. Based on the results of the 2001 sampling - and considering the potential soil-to-
groundwater pathway - MSRMI proposed the clean-up levels for soil underlying the
lagoons. The proposed clean-up levels were calculated following the EPA’s Soil
Screening Guidance procedures. MSRMI noted that the ESD was justified based on the
post-ROD ARARs (Pennsylvania's Act 2 Program and EPA Soil Screening Guidance).
Adoption of these ARARs through the ESD will allow a reasonable assessment of any
impacts to the underlying soil and completion of the overall earthen lagoon remediation.

2237 DIOXIN AND DIBENZOFURAN SAMPLING -2003

In a letter dated November 30, 2002, EPA informed OxyChem that they believed that
dioxin may be present in the earthen lagoon material as a result of the three fires that
occurred during OxyChem’s implementation of the LTTA pilot system. In a letter dated
May 20, 2003, EPA informed OxyChem that they were going to conduct the dioxin
sampling in the northeast and southeast lagoons at the Site.

EPA conducted the dioxin sampling at the Site on December 12 and 13, 2003 in
accordance with addendum 2 to the Sampling and Analysis Plan, dated June 27, 2003.
OxyChem collected split samples during EPA’s sampling program. Specifically, eight
composite samples were collected from each of the two full lagoons (northeast and
southeast). The samples were collected by compositing four discreet samples (one from
each quadrant of the given lagoon) into one sample. Four shallow (0-6 inches) and deep
(6 to 24 inches) samples were collected, and submitted for laboratory analysis for
dioxin/furan congeners and moisture content.

Table 2.4 presents the results of the split samples collected by OxyChem. In summary
the dioxin concentrations in the OxyChem split sample results ranged from 101 to 448
picograms per gram (pg/g) with a mean of 297 pg/g (equivalent to parts per trillion) of
Toxic Equivalency Quotient (TEQ) to 2,3,78-tetrachlorodibenzo-p-dioxin. The TEQ
results from the EPA samples ranged from 80.5 to 900 with a mean of 204 pg/g. The
species present are primarily heavily chlorinated dioxins/furans. These constituents
being the more heavily chlorinated species are therefore much less toxic, bioavailable,
and soluble than 2,3,7,8-TCDD. Appendix A provides a copy of the analytical results
from the samples collected by EPA.
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In a letter dated May 7, 2004, EPA stated that upon review of the results for the dioxin
samples that they collected from Earthen Lagoons the dioxin levels are below the
current preliminary remediation goal for dioxin of 1,000 pg/g for residential areas and
5,000 to 20,000 pg/g for industrial areas established by EPA in 1998 (OSWER Directive
9200.4.4-26). In addition, the evaluation included the calculated cancer risk for the levels
of dioxin detected for an industrial exposure scenario and a residential exposure
scenario. The calculated cancer risk for an industrial exposure scenario was 5x10-05 and
for a residential exposure scenario was 2x10-04. These levels are within the Superfund
acceptable cancer risk range of 10-06 to 10-04 for an industrial area and at the higher end
of the range for a residential area when compared to the residential risk-based
concentration of 430 pg/g at 10-04.

2238 HUMAN HEALTH RISK ASSESSMENT- 2004

The results of the sampling were used by EPA to determine the levels of contaminants of
concern and to conduct a Human Health Risk Assessment (HHRA) regarding the risk
presented by arsenic and other contaminants detected in the sampling. EPA’s HHRA
calculated health risks associated with exposure to the chemicals detected in the Earthen
Lagoons under current and potential future land use conditions. A copy of the HHRA
risk summary tables and risk characterization summary are presented in Appendix B.

The following specific risks were evaluated:

J The health risk for each individual earthen lagoon at the Site.

J The risk associated with intermittent water accumulated in two empty lagoons
prior to removal and treatment was also evaluated in the HHRA.

. As part of the HHRA, a soil-to-groundwater evaluation was also conducted. The
soil-to-groundwater pathway evaluated the potential for the migration of
contaminants from PVC material and adjacent solids to groundwater beneath the
Earthen Lagoons.

Based on the HHRA results, the EPA concluded the following:

. The lagoons showed a carcinogenic risk and/or non-carcinogenic risk to
potential future residents (either child and adult or adult/child) if exposed to the
contaminants in the lagoons. The primary route of exposure for risk was
ingestion of PVC solids from the lagoons. The risk and the risk drivers varied in
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each lagoon but the main risk drivers were vinyl chloride, bis(2-
ethylhexyl)phthalate, TCE, thallium, and cadmium.

. The results of the PVC solid-to-groundwater pathway showed a list of twenty
nine contaminants in the lagoons that can migrate to the groundwater. The five
contaminants of concern selected in the 1994 ROD (ethyl benzene, styrene, trans-
1,2-DCE, vinyl chloride, and TCE) were also in this list.

EPA's assessment of risks in the HHRA was based on a number of assumptions,

including;:

. Underlying soil permeabilities

. Use of groundwater from under lagoons for drinking water by residents

. Construction of homes on tops of the lagoons without cover, but with grading

and mixture of the PVC solids to homogenize them

o Wading by tresspassers in the empty lagoons where bulk PVC was removed but
where storm water periodically accumulates following rainfall.

Based on the HHRA conclusions, EPA stated that a Focused Feasibility Study was
necessary to re-evaluate options for remediation of this Operable Unit.
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3.0

SUMMARY OF KNOWN SITE CONDITIONS

This section provides a summary of known Site conditions. The data collected during
the investigations and studies detailed in Section 2 were reviewed, and key data was
evaluated to define the current known Site conditions. During both the 1993 and 2001
investigations, samples were collected from the PVC material, the coal fines layer
beneath the PVC material (where present), the underlying soil, and background
locations. During the various pilot studies moisture content and other data were
analyzed from samples collected from the PVC material. As mentioned in Section 1, in
2005 MSRMI collected some information on moisture content and bulk density and total
and TCLP analysis of the PVC material. These data were collected to provide current
data and fill data gaps with regard to evaluation of potential remedies. MSRMI believes
that, based on the comprehensive database compiled over the years combined with the
recent 2005 data, there are no data gaps with regard to characterization of the Earthen
Lagoons. An overview of the 2005 sampling and sample results is provided in Section
3.1. As the 2005 data are believed to be the most accurate representation of current
physical properties (e.g., moisture content, density, etc.) of the PVC Material in the
lagoons, they are included in the evaluation presented later in this section. A conceptual
model for OU-2 based on current known conditions is presented in Section 3.6.

31 JULY 2005 DATA

MSRMI identified some minor data gaps with regard to the evaluation of potential
remedies, which are to be more fully evaluated under the upcoming FFS at OU-2.
Specifically, these data gaps were related to whether an off Site landfill or recycler can
accept the PVC material as is or whether some pre-treatment/ pre-stabilization is first
required. To address these data gaps, MSRMI completed additional sampling and
testing of the material in July 2005 as proposed in a work plan letter to EPA dated July 5,
2005. As described at a June 16, 2005 meeting, the objectives of the sampling were to
collect samples of the PVC solids from the Earthen Lagoons to allow a current general
description of the material and determine some fundamental properties of the material.

On July 27 and 28, 2005, MSRMI collected samples from ten borings using a Geoprobe
unit. The sampling was performed in the northeast and southeast lagoons (five borings
from each), in which the majority of PVC material has resided since 1998. Continuous
sample cores (2-inch diameter, 4 feet long) were collected. Upon retrieval, the cores
were logged to describe the material and scanned with a Photoionization Detector (PID).
Discrete samples at different depths from each borehole were collected and analyzed by
H2M for bulk density (method: Valdosta State University) and moisture content
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(method: ASTM method D2216). In addition, penetrometer measurements were
collected using a pocket penetrometer (Canada Resistance Penetration Test
methodology).  Specifically, the penetrometer test includes slowly pushing the
penetrometer piston into the soil sample (collected in a macrocore) until the prescribed
indentation was achieved. The unconfined compressive strength reading (measured in
penetrometer units equivalent to 125 pounds per square foot) was immediately recorded
from the penetrometer gauge. One-hundred and eighty-eight (188) samples were
collected. Two representative composite samples were also collected and analyzed for
Target Compound List (TCL) VOCs, TCL SVOCs, Target Analyte List (TAL) metals,
RCRA characteristics (cyanide, ignitability, reactivity, corrosivity), TCLP VOCs, TCLP
SVOCs, TCLP metals, total organic carbon, and the paint filter test. Samples for
analytical testing were composited from discrete samples. The first composite (LAG-
9904-107) consists of discrete samples collected at each one-foot interval from borings
BH-1 through BH-5 and the second composite (LAG-9904-192) consists of discrete
samples collected at each one-foot interval from boreholes BH-6 through BH-10. Tables
3.1 through 3.3 present the moisture content and bulk density results, total results, and
TCLP results, respectively.

Figures 3.1 through 3.3 present the penetrometer measurements, moisture content, and
bulk density, respectively, versus depth for the borings completed. The approximate
locations of the soil borings is shown at the bottom of these figures. As shown on Figure
3.1, there appear to be 3 relatively distinct layers - 0 to 8 feet, 8 to 17 feet, and >17 feet.
In layer two (8 to 17 feet), penetrometer measurements are almost zero pounds per
square inch. Penetrometer results are greater in the 0 to 8 foot interval and > 17 feet.
The moisture content results show a similar, yet not as distinct layering. In general, the
shallow PVC material (0 to 8 feet) has moisture content in the 20 to 30 percent range,
while the deeper PVC material (8 to 17 feet) has moisture content in the high 30 and 40
and 50 percent range. A layer below the PVC material has a moisture content in the 20
percent range. The bulk density results show no apparent layering; however, the
underlying soils typically have a bulk density greater than 1.0.

Results of the chemical analyses are summarized in the next section.

3.2 DISTRIBUTION OF CHEMICALS AND TRENDS

Chemical analysis of samples was completed during Site investigations in 1993, 2001,
and 2005. In addition, samples have been collected and analyzed for specific parameters
during several pilot tests.
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Table 3.4 presents the maximum concentrations of chemicals detected in the PVC
material from the 1993, 2001, and 2005 data. Fourteen samples were collected during the
1993 investigation, 40 samples were collected during the 2001 investigation, and 2
samples were collected during the 2005 investigation. Although concentrations vary
between sampling events, the maximum sample results for each event reveal elevated
concentrations of VCM, TCE, and bis-2(ethylhexylphthalate). A trend analysis is not
applicable due to one or more of the following: different sampling techniques, different
laboratories, heterogeneity of the material, and differences in the quantity of samples
collected. Furthermore, trend analysis is not critical as the current state of the PVC
material is the primary factor to be considered in the FFS.

Figure 3.4 presents a graph of the TCE, VCM, and bis-2(ethylhexylphthalate)
concentrations versus depth. All samples are considered to be PVC material; however,
some of the shallow and deeper samples may have minor amounts of soil mixed in with
the material. At all depths, elevated concentrations (1 to 1,000 mg/kg) of TCE, VCM
and bis-2(ethylhexylphthalate) are present in the PVC material. Bis-
2(ethylhexylphthalate) concentrations were typically > 10 mg/kg.

3.21 STATUS OF ARSENIC

Arsenic was previously identified as a chemical of concern. Based on the historical data
and the 2001 SAP results, arsenic is not a COC. The arsenic concentration in the PVC
Material ranged from 1.1 mg/kg to 4.7 mg/kg with an average of 2.1 mg/kg. The
arsenic concentration in the underlying soil beneath the Earthen Lagoons ranged from
0.96 mg/kg to 17.5 mg/kg with an average of 3.81 mg/kg. The arsenic concentration in
the background samples ranged from 2.0 mg/kg to 18.8 mg/kg with an average of 8.08
mg/kg. These data correlate with the fact that arsenic was not used in the PVC process.
Furthermore, arsenic was an analyte in the TCLP tests performed on the PVC material
during the RI and was not detected; this lack of detection further supports that the
arsenic is naturally occurring and has not leached from the lagoon material.

The majority of the elevated arsenic concentrations in the samples collected from the
underlying soil and the background locations occurred when coal fines were present in
the samples. The occurrence of the coal fines can be related to the depositional history
and geomorphology of the floodplain in general. The presence of the coal fines is
typically attributed to extensive coal mining upriver of Pottstown earlier in the 20t
century. Coal dust, which accumulated on the river surface, and heavier coal particles
suspended in the river load, would periodically be deposited in the floodplain of the
Schuylkill River during flood events. The volume and distribution of coal fines
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deposited by any single flooding event would be dependent on the extent of the flood
event and the given volume of coal fines in the river at the time of flooding. Thus, the
coal fines present in the floodplain are the result of several different flood events
throughout the 20th century.

In a July 28, 2005 letter, EPA concurred with MSRMI that arsenic is present in the
lagoons at background levels, and not a COC.

3.3 TCLP RESULTS

TCLP analysis of samples has been completed during the 1993 RI and the 2005
additional data collection. Table 3.3 presents the TCLP data for the two samples
analyzed from the 2005 additional data collection event. The maximum TCLP data for
VCM and TCE are 3,100 pg/L and 9 ng/L, respectively. TCLP was also performed
extensively during the MA/RH pilot test. These results are discussed in the next section
- Section 3.4.

3.4 RESULTS OF MOISTURE CONTENT ANALYSES

Moisture content has been evaluated as part of Site investigations and pilot testing.
Specifically, moisture content was evaluated as part of the 2001 and 2005 investigations
and the MA/RH pilot tests. The additional testing conducted by MSRMI on the PVC
material following issuance of the ROD indicates that the moisture content of the PVC
material typically needs to be 20 percent or less to meet the ROD stipulation that PVC
not exhibit RCRA Waste Characteristics prior to recycling.

Figure 3.5 presents a graph of moisture content versus depth for all samples collected
during the 2001 and 2005 investigations. Thirty-three (33) samples were collected
during the 2001 investigation and 188 samples were collected during the 2005
investigation. The graph shows that a wide distribution of moisture content ranging
from 6 to 59 percent, with an average of 36 percent. The following table provides a
breakdown by depth interval of the minimum, maximum and average percent moisture.
Although the 0 to 1 foot and 1 to 5 foot intervals have lower percent moisture
concentrations in general, the average is still about 30 percent. The average moisture
content of the PVC material from 5 to 20 feet is close to 40 percent. The average
moisture content drops below 30 percent at depths greater than 20 feet.
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Table 3.5 - Summary of Percent Moisture Results versus Depth

Depth Interval Percent Moisture
(ft bgs)
minimum | maximum | average
All depths 6 59 36
0-1 24 37 30
1-5 6 42 31
5-20 9 59 38
>20 12 35 27

Table 2.2 presents the results of the MA/RH pilot test. The table provides data for the 8
piles of PVC solids tested including total and TCLP results for VCM and TCE, and
moisture content. Figure 3.6 present a graph of moisture content and VCM for all
samples. As shown on this graph, as the moisture content is reduced to below 20
percent, the concentration of VCM is reduced to below waste regulatory limits. Figure
3.7 presents a representative graph of total VCM and moisture content over time. This
graph shows that the moisture content is reduced to less than 30 percent in
approximately 5 days and less than 20 percent in 8 days. The results were similar for
other piles of PVC solids.

Based on the above data, it appears that the moisture content of the PVC material
typically needs to be 20 percent or less to meet the current ROD stipulation that PVC not
exhibit RCRA Waste Characteristics prior to recycling. However, it is not clear whether
active or passive drying can achieve this reduction in a reasonable time period and at a
reasonable processing rate for an acceptable process at the facility.

3.5 CURRENT PHYSICAL CONDITIONS

OU-2 consists of four unlined Earthen Lagoons located on the southeastern side of the
property in the floodplain of the Schuylkill River. The Earthen Lagoons were
constructed by creating earthen dikes on top of the native material in the floodplain,
which has an approximate elevation of 120 feet above mean sea level [but bottom
elevation assumed to be 116 MSL]. The dikes are approximately 10 feet high with an
approximate 2x1 slope. The top of the dikes have an approximate elevation of 130 feet
above mean sea level. The dikes form a grid pattern, creating four separate lagoons that
are typically referred to as the northeast, northwest, southeast, and southwest (see figure
2.2). Table 3.6 presents a calculation of the approximate land area of the Earthen
Lagoons.
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Table 3.6 - Approximate Land Area of the Earthen Lagoons

Earthen Lagoon Area of Area of
Lagoons Lagoons
(square feet) (acres)

Northeast 24,433 0.56
Southeast 25,681 0.59
Southwest 24,713 0.57
Northwest 26,804 0.62
Total (without dikes) 101,631 234
Total (with dikes) 125,921 2.89

The lagoons were used for the storage of PVC sludge until 1974 and, although never
formally decommissioned, they have not been used since that time. The majority of the
material in the earth lagoons was moved during the MA/RH pilot test. Consequently,
since 1998 the majority of the PVC material currently resides in the southeast and
northeast lagoons. Table 3.7 presents a current estimate of the PVC material in the
Earthen Lagoons.

Table 3.7 - Current Estimate of the PVC Material in the Earthen Lagoons

Lagoon Volume of Weight of Weight of
PVC PVC PVC
Material Material Material
(cubic yards) (pounds) (tons)
Northeast 14,185 15,287,500 7,644
Southeast 11,995 12,927,287 6,464
Southwest 4,150 4,472,550 2,236
Northwest 1,957 2,109,104 1,055
Total 32,287 34,796,441 17,398
Notes:
Bottom elevation assumed to be 116 feet mean sea level.
Top elevation based on 1-foot contours from Drawing 1- Existing Conditions, RD/RA Work Plan, 2001.
PVC Material average bulk density = 0.64 g/cm? = 488,763 g/yd?* = 1,078 pounds/yd>*.
3.6 CONCEPTUAL MODEL OF OU-2

OU-2 consists of four unlined Earthen Lagoons used for the management of wastewater
generated from the PVC plastic resin manufacturing until 1974. Figure 3.8 presents a
conceptual model schematic of OU-2 for the FFS. The Earthen Lagoons are bounded on
all sides by earthen berms, which were constructed over the native material and rise
approximately 10 feet above the floodplain. The PVC material is predominantly located
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in the southeast and northeast lagoons as a result of consolidation during the 1998
MA/RH pilot test. When placed in the southeast and northeast lagoons, the material
was mounded somewhat above the elevation of the berms in the center of the lagoons,
with a depression in the fill material surface along the inside of the berm to prevent
runoff loss of the PVC material.

The approximate land area of the Earthen Lagoons covers a total 2.89 acres including the
berms. The interior footprint of each lagoon is approximately 0.58 acres in size. Based
on topographic data collected in 2001 and historical data, the total estimated volume of
PVC material is 32,287 cubic yard. At an average bulk density of 0.64 g/cm?, this
correlates to a total weight of 34,796,441 pounds or 17,398 tons. Currently,
approximately 81 percent of this material resides in the southeast and northeast lagoons.
Most of the remainder of the material resides in the southwest lagoon. There are soil
materials in the surrounding berms (approximately 20 feet at base) and beneath the PVC
materials (2 to 5 feet under the lagoons). Based on sampling performed in 2001, some of
these soil materials were impacted with site related constituents as a result of contact
with the PVC solids.

Based on penetrometer measurements, moisture content, and bulk density from
sampling completed in July 2005, there appear to be 3 relatively distinct layers in the two
full lagoons (southeast and northeast) - 0 to 8 feet, 8 to 17 feet, and >17 feet. In layer two
(8 to 17 feet), penetrometer measurements are almost zero pounds per square with a
moisture content in the 40 percent range. Chemical analysis of PVC material reveals
elevated concentrations of VCM, TCE, and bis-2(ethylhexylphthalate). TCLP chemical
analysis of the PVC material reveals elevated levels of VCM and TCE.

Several previously completed pilot tests reveal that a reduction in moisture content to
less than 20 percent typically reduces VCM and TCE to below regulatory limits. Percent
moisture versus bis-2(ethylhexylphthalate) concentrations is not available, but it is
unlikely that bis-2(ethylhexylphthalate) is as directly related to moisture content due to
the less mobile nature of the constituent.
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4.0

DATA GAPS

Based on the comprehensive sampling event in 2001 and recent completed sampling and
analysis in July 2005, MSRMI believes that there are currently no data gaps with regard
to characterization of the PVC Material. Additional data may be collected during the
FFS related to the completion of treatability studies as discussed in Section 5.0.

Although some previous data exists regarding the soils surrounding the PVC material
(i.e., underlying soils and earthen berms), it is not clear that the samples are
representative of the soils that will remain after removal of the PVC material. Previous
sampling of the underlying soils was performed through over 20 feet of overlying PVC
material. The soils surrounding the PVC material will be excavated to appropriate
action levels identified in the FFS, and will either be disposed of off Site (as non-
hazardous or hazardous) or via engineered on-Site closure. Data collected following
removal of the PVC material, will be used to determine the final disposition of this
material (see Section 7.2).
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5.0

METHODOLOGY AND DATA QUALITY OBJECTIVES

5.1 METHODOLOGY

Previous studies at the Site, literature, and other sources of data will be used to obtain
information relevant to successful completion of the FFS. As mentioned in the last
section, MSRMI believes that there are no data gaps with regard to characterization of
PVC solids in the Earthen Lagoons. The methodology and process for conducting
treatability studies are discussed in Section 6. Initial contact with potential off Site
landfills and recyclers reveals that it is likely they will request samples for their own
evaluation(s). As these entities are permitted facilities and the project is no longer in the
characterization phase, MSRMI does not believe that testing provided by these entities
falls under the methodology and data quality objectives of this section.

As requested by potential off Site landfills and recyclers, samples of the PYC material
will be provided to potential landfills/recyclers for their evaluation. MSRMI plans to
collect samples from borings using a Geoprobe, hollow stem auger drill rig, or other
appropriate method. This sampling will be performed in the northeast and southeast
lagoons, in which the majority of PVC material has resided since 1998. Samples will be
collected at the shallow (0 to 5 feet) and deep (8 to 12 feet) intervals to provide
representative PVC material for submittal to potential landfills/recyclers. Upon
retrieval, the samples will be logged to describe the material description and scanned
with a Photoionization Detector (PID). Composite samples consisting of one to five
gallon samples will be created from the material, and shipped off Site as per standard
shipment methods with documented chain-of-custody forms. As the FFS progresses,
larger amounts of PVC material (one ton or more) may also be provided to select
potential landfills/recyclers for additional evaluation. Along with the samples, MSRMI
will also provide existing analytical data to all potential vendors so that they are aware
of the basic constituents and properties of the material. It should be noted that these
potential entities are not EPA contract laboratory program facilities. Their laboratories
are presumed adequate to achieve the DQOs necessary to achieve the regulations
governing their activities. These regulatory requirements and DQOs will be identified
and compliance with them verified with EPA.

5.2 DATA QUALITY OBJECTIVES

Should any sampling and analysis for chemical properties be completed by MSRMI as
part of this Work Plan, it will be conducted following all applicable quality assurance,
quality control, and chain of custody procedures. Specifically, MSRMI will prepare a
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FFS Quality Assurance Project Plan (QAPP) as a stand-alone document. It will be based
on the previously completed QAPP by TetraTech on behalf of EPA Region III (QAPP
Rev. 3 November 2000 - Remedial Action Oversight). MSRMI will also consider the
following in preparation of the QAPP:

1) "Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA" (OSWER  Directive No. 9355.3-01 (1988));

2) "EPA Requirements for Quality Assurance Project Plans for Environmental Data
Operations" March 2001 (EPA QA/R-5);

3) "Guidance for Quality Assurance Project Plans" December 2002 (EPA QA/G-5);

4) "A Compendium of Superfund Field Operations Methods" (OSWER Directive

No. 9355-0-14 (December 1987));

5) “Guidance for Data Quality Objectives Process for Hazardous Waste Sites"
January 2001(QA/G-4HW); and

6) Technical direction received from EPA at the meeting(s) described in Section.

Data generated by others for treatability testing or material characterization will be
determined prior to analysis, and agreed to with EPA. As noted in the previous section,
testing performed by others will be presumed adequate to achieve the DQOs necessary
to achieve the regulations governing their activities. These regulatory requirements and
DQOs will be identified and compliance with them verified with EPA.

MSRMI proposes that any analytical testing completed by MSRMI that will be used to
make remedy decisions will be confirmed through submittal of samples to H2M
Laboratories (H2M) for analysis. H2M is the current EPA-approved analytical
laboratory for the CERCLA project, and participates in the CLP program. Confirmation
samples will be submitted at a rate of 20% of the actual samples being used for a specific
treatability test or material characterization. Laboratory results will be provided to EPA
as electronic data deliverables in EQuIS database format.

For all confirmation samples, H2M will produce and submit a Level III Package, which
will provide sufficient information to enable data validation to be completed (using EPA
Region III's Innovative Approaches guidance and levels IM1 and IM2). All analyses
performed by H2M for the FFS will undergo full data validation.

MSRM will also prepare a FFS Health & Safety Plan (HASP) for field activities.
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6.0

TREATABILITY STUDIES

Treatability studies will be conducted as part of the FFS, if deemed necessary. They
would focus on pre-treatment technologies that may be required to facilitate on Site
disposal, recycling or off Site disposal of the PVC sludge. Pre-treatment technologies
that are may be tested include solidification/stabilization and dewatering. Possible
other pre-treatment technologies that may also be tested include chemical and biological
treatments to reduce VOC and SVOC concentrations to acceptable levels.

. Solidification/stabilization studies would determine the types and amounts of
inert materials required produce a material with a lower bulk water content such
that the PVC solids are suitable for transport and disposal (should such
stabilization be necessary);

. Dewatering studies would examine methods to reduce the moisture content of
the PVC sludge (either passively or mechanically) to reduce transportation
weight and volatile organic compound concentrations (if necessary); and

. Chemical and biological studies would test the ability of these enhancements to
reduce the VOC and SVOC present in the sludge matrix without impacting the
PVC (if such reductions are needed for remediation).

For the reasons described in Section 2, at this time MSRMI does not proposed to perform
additional thermal dewatering treatability studies. Sufficient data is available from
previous studies to understand the treatability of this technology.

The major components of the treatability studies section of the FFS will include
determination of the need for and scope of studies, the design of the studies, and the
completion of the studies. Treatability testing will be conducted by MSRMI, its primary
consultant (CRA), other consultants or potential landfills/recyclers.

Although not considered treatability testing, some testing may be performed by
potential recyclers to test the end use of the product. For example, a small quantity of
PVC material may be test cleaned with bleach to evaluate the ability to lighten the color
for use in blends with other PVC resins. Various types of bleaches may be used for
whitening of the PVC, which could oxidize the vinyl chloride associated with the
moisture in the solids. Under some conditions, chlorine gas could be generated which
could react with organic compounds to produce dioxins, but these could only be
produced at combustion temperatures in the range of 200 to 700°C (See Appendix C -
Evans and Dellinger (2005); Brent and Rogers (2002); and Yasuhara et al. (2001)). It is
anticipated that processing of the PVC Material for recycling would be performed at
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temperatures below 70°C and therefore below the temperature required to produce
dioxins. MSRMI will evaluate the need to monitor for potential dioxin emissions that
could result from testing and/or processing of the PVC material. MSRMI will provide
recommendations for monitoring in the Treatability Testing Work Plan.

A portion of the lagoon PVC may be tested to determine if the material will produce an
acceptable extrusion, and thus meet the end-users needs. End-use testing will be

- communicated to EPA prior to completion. MSRMI is aware of the sensitivity regarding
the end-use of the material, and this will be considered during completion of the FFS
(see Section 7.2).

Requests for samples from treatment, recycling, and disposal facilities will be submitted

-~ to EPA for review. EPA will be notified in advance for oversight or split sampling, if
EPA deems it necessary. Also, analytical data, including the 2001 data and dioxin data,
will be provided to treatment, recycling, and disposal facilities.

The following deliverables will be provided as requested in the AOC with regard to the
— completion of treatability studies:

a) Identification of Candidate Technologies Memorandum identifying candidate
remedial technologies and whether these technologies require testing of the
treatment process to support selection or rejection of the alternative.

b) Treatability Testing Statement of Work describing the treatability testing to be
completed.

C) Treatability Testing Work Plan (assuming treatability testing is required)
including a schedule, sampling and analysis plan, and a health and safety plan.

d) Treatability Study Evaluation Report detailing the treatability study
methodology and results.
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7.0

EVALUATION OF REMEDIAL ALTERNATIVES

This Focused Feasibility Study will evaluate a limited set of potential remedies for
Operable Unit 2, so as to quickly resolve the appropriate remedy and facilitate
subsequent remediation. The general process for evaluation of alternatives, as described
in "Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA" (OSWER Directive No. 9355.3-01 (1988)) will be followed, and is outlined in
Section 7.1. A set of preliminary remedial alternatives for the PVC solids are identified
in Section 7.2.

71 SCREENING OF POTENTIAL TECHNOLOGIES

Based on the ARARs/TBCs and a screening of potential technologies, final potential
remedial alternatives will be selected for further evaluation. For each potential
alternative, an evaluation will be completed including the following: a detailed
description, schedule, costs, treatability study scope of work (if warranted), and
screening following the NCP criteria evaluation protocol. With regard to the NCP
criteria evaluation, each alternative will be evaluated under the nine evaluation criteria
set forth in the NCP at 40 C.F.R. 300.430(e)(9). These criteria are organized according to
the following categories listed in 40 C.F.R. 300.430(f)(1):

Threshold Criteria
. Overall protection of human health and the environment
. Compliance with ARARs

Primary Balancing Criteria
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Threshold criteria must be satisfied in order for an alternative to be eligible for selection.
Primary balancing criteria are used to weigh the strengths and weaknesses of the
alternatives and to identify the altermative which provides the best balance of the
criteria. State and community acceptance are modifying criteria which are taken into
account after public comment is received on the Proposed Plan. Descriptions of the
individual criteria follow:

Overall Protection of Human Health and Environment. Overall protection of human

health and the environment addresses whether each alternative provides adequate
protection of human health and environment and describes how risks posed through
each exposure pathway are eliminated, reduced, or controlled, though treatment/
engineering controls and/ or institutional controls.

Compliance with Applicable or Relevant and Appropriate Requirements, Compliance

with ARARs addresses whether a remedy will meet all of the applicable or relevant and
appropriate requirements of other federal and state environmental statutes for any
hazardous substances left on Site or whether it provides a basis for invoking a waiver.

Long-Term Effectiveness and Performance. Long-term effectiveness and performance

refers to expected residual risk and the ability of a remedy to maintain its effectiveness
over time. It includes the consideration of residual risk and the adequacy and reliability
of controls.

Reduction of Toxicity, Mobility, and Volume. Reduction of toxicity, mobility, or volume
through treatment refers to the anticipated performance of the treatment technologies a
remedy may employ.

Short-Term, Effectiveness. Short-term effectiveness refers to the period of time needed

to complete the remedy and any adverse impacts on human health and the environment
that may be posed during the construction and implementation of the remedy until
cleanup levels are achieved.

Implementability. Implementability refers to the technical and administrative feasibility
of a remedy, including the availability of materials and services needed to implement
that remedy.

Cost. Cost includes estimated capital, operation and maintenance, and net present
worth cost.
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Community Acceptance. Community acceptance addresses whether or not the public
agrees with the Preferred Remedial Alternative. This is assessed in the Record of

Decision following a review of the public comments received on the Administrative
Record and the Proposed Plan.

State Acceptance. State acceptance addresses whether the State concurs with, opposes,
or has no comment on the Preferred Remedial Alternative.

7.2 PRELIMINARY REMEDIAL ACTION OBJECTIVES

The remedial action objectives (RAOs) for OU-2 will be defined in the FFS so that the
appropriate technologies can be compared and assessed. Preliminary RAOs are
presented herein based on the results of the EPA’s HHRA, and NCP Section 300.430

(©)(2)(1).

Figure 3.8 presents a conceptual model of OU-2. The black box on this figure outlines
the environmental media of concern, which are the PVC material, the soil surrounding
the lagoons (i.e., underlying soils and earthen berms), and shallow (overburden) and
deep (bedrock) groundwater. EPA’s HHRA identified current exposure pathways as the
PVC material and surface water that occasionally is present in the northwest and
southwest lagoons. However, there are provisions in place to prevent current exposure
to both workers and trespassers. EPA’s HHRA identified the lagoons as a carcinogenic
risk and/or non-carcinogenic risk to potential future residents if exposed to the
chemicals in the lagoons.

The FFS will address potential risks identified by the HHRA as required by the Order.
RAOs will be defined to address these risks by establishing protective media-specific
remediation goals. The RAOs and remediation goals will be refined through completion
of the FFS to provide a consistent basis for comparison and assessment of the remedial
alternatives. The following section provides an overview of the preliminary review of
potential remedial alternatives.

7.3 PRELIMINARY IDENTIFICATION OF REMEDIAL ALTERNATIVES

As noted previously, the current ROD requires that the PVC material be dried so that
VOCs are below RCRA Waste Characteristics prior to recycling.. Previous pilot tests
focused on meeting this ROD requirement. The results of some of these pilot tests
showed promising results, but each had significant problems with regard to full scale
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implementation (e.g., health & safety of workers, extensive time and material handling
to complete). Detailed information about recycling processes under consideration will
be assessed to determine the need for application of this standard to the recycling of this
material. Evaluation of recycling options will include detailed information about the
recycling company, end product use, end product characteristics, raw material
components (and composition) regularly used by the company to make the end product,
the recycling process and specific recycling company requirements. MSRMI has
prepared this FFS Work Plan with a focus on viable remedial options without limiting
potential alternatives to those that can meet this current ROD requirement. Recycling
technologies and operations will be evaluated as will end-uses of recycled materials to
determine ARARs.

Various remedial options will be evaluated as part of the FFS. This evaluation will
consider whether a given remedy will meet some or all of the current requirements of
the ROD. As stated above, other potential remedial alternatives will be considered that
may be viable and practical solutions. If selected, these remedial alternatives may
require a revised ROD or ESD.

MSRMI envisions that the screening of alternatives will result in identification of three
major remedial options:

1) On Site Disposal,
2) Oft Site Recycling, and
3) Off Site Disposal.

Table 7.1, which summarizes an initial review of these options, reveals the following
chemical and physical constraints:

Table 7.1 - Potential Remedial Options and Constraints

AR308408

Option Chemical Constraints Physical Constraints

Off Site Recycling None.* May need to be bleached to
brighten color and dried.

Off Site Disposal | None.* Must be stable.

(Canada)

Off Site Disposal (US) | Must meet UTS.** May need to be stabilized or
solidified.

On Site Disposal May need to be stabilized or
solidified.
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Notes:

* - Although not required for remedial option, the ROD requires treatment to below RCRA Waste
Characteristics prior to off Site transport. The TCLP criteria for VCM and TCE are 500 pg/L and 200 pg/L,
respectively. Comparison to TCLP criteria reveals that the PVC material, if treated as waste, would be
considered hazardous due to elevated VCM.

** - The universal treatment standard (UTS) for bis(2-ethylhexyl) phthalate is 28 mg/kg. The average
concentration of bis(2-ethylhexyl) phthalate was 354 mg/kg in the sampling conducted in 2001.

All potential remedies will require some work on Site including excavation, transport,
and loading out of the material. For off Site options, the material would be loaded into
trucks or railcars. Some alternatives may require additional preparation of the material
(pre-treatment) prior to load out or off Site prior to final disposition.

As described in the Section 6.0, potential pre-treatment technologies that may be pilot
tested as part of the FFS include solidification/stabilization and dewatering.
Solidification/stabilization may be beneficial to produce a material with lower bulk
water content such that the PVC solids are suitable for transport and disposal or
recycling. Solidification/stabilization may also be beneficial as a pre-treatment for on
Site disposal. Dewatering is appropriate prior to recycling but addition of stabilizing
compounds may destroy the usefulness of the material for recycling. Dewatering may
be useful in reducing the moisture content of the PVC sludge (either passively or
actively) to reduce transportation weight and chemical concentrations. Dewatering will
consider technologies such as MA/RH, filter presses, and other possible technologies.
Chemical or biological treatability tests may also be conducted. Chemical treatments
(e.g., chemical oxidation) may be beneficial in reducing chemical concentrations.

The following provides a brief description of the three major remedial options.

On_Site Disposal - MSMRI will evaluate the option of on site disposal of the PVC
material. This option will consider construction of one or more secure containment cells

for placement of the PVC material and final closure on site. The containment cells could
be located either within the existing footprint of the lagoons or in adjacent portions of
the upland Site property. The FFS will consider engineering controls as necessary to
address issues of concern (such as isolation flood waters from the ‘footprint’ area). Such
an on Site closure will be evaluated as a final remedy rather than as an interim step in
further processing. This could include either closure in its current state or after reducing
moisture content.

With regard to surrounding soils, EPA has identified concern with contamination of
these soils. This will be handled by scraping soils down to bedrock, placing on a clean

AR308409
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liner. Assessment will be performed on the soil surrounding the lagoons. As the in-
place closure unit is constructed, any soils exceeding remedial action goals will be
staged for closure within the unit or treatment and off site disposal as appropriate.
Following this construction activity, follow up sampling will be performed on shallow
groundwater in the vicinity of the lagoons to identify if further remedial action is
needed on the groundwater media.

Off Site Recycling - Off Site recycling is the remedial alternative selected in the ROD.
The other main advantage to this option is that the material will be re-used as opposed
to contained at the Site or off Site at a landfil. MSRMI will evaluate this alternative
during the FFS. Key considerations in evaluating this remedy will include the current

recycling market for the PVC material, what the material will be used for (end use) and
what, if any, pre-treatment may be required. MSRMI does not consider dioxins/furans
a significant issue with regard to potential remedies; nonetheless the recycling option
will consider the end use of the PVC material and an evaluation of whether such use is
compatible with those detections. Some processing of the material might also be
performed by a recycling operation to be located on the facility property adjacent to the
lagoons. The evaluation of recycling will also consider previous recycling efforts (i.e.,
results of previous pilot studies preparation methods and goals) and recycling efforts
conducted as part of closure of the RCRA lagoons, which contained similar material and
were located adjacent to the Earthen Lagoons. The practices employed for any on site
processing will be evaluated to identify potential constituents that could be emitted to
air or water during site work and what controls if any might be appropriate on those
emissions.

Off Site Disposal - MSRMI will evaluate the option of off Site disposal of the PVC
material. Other pre-treatment options would likely need to be considered. One option

would be stabilization/solidification prior to acceptance by the landfill. There are two
choices: either send it to a solidification facility or solidify it on Site prior to shipping it
directly to a landfill. Solidification on Site prior to transport has the advantage of
improving the handling characteristics of the material for shipment. It is unlikely that
the low levels of dioxins would be a concern to treatment and disposal facilities.

Soils Surrounding the PVC Material - MSRMI will evaluate ARARs for the soils
surrounding the PVC Material (i.e., underlying soils and earthen berms). At this time,
and as previously proposed in the ESD and revised ESD, MSRMI believes that the
Pennsylvania Department of Environmental Protection (PADEP) Land Recycling Act

(Act 2) is the most appropriate ARAR for the surrounding soils.
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The remedies evaluated in the FFS for the surrounding soils will include excavation to
appropriate cleanup standards, and either on Site closure or off Site disposal as
hazardous and/or non-hazardous material. Samples of the underlying soils and earthen
berms will be collected after removal of the PVC material to characterize these materials
for final disposition. The final FFS will describe how the soils will be evaluated: what
action levels should be used, and how delineation and remediation would be performed,
under each scenario.

7.4 PRELIMINARY ARARS AND TBCS

A preliminary listing and discussion of applicable and relevant and appropriate
requirements (ARARs); other advisories, criteria, and guidance to be considered
pursuant to section 300.400(g)(3) of the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP), 40 C.F.R. § 300.400(g)(3) (TBCs) will be completed.
Also, a plan for refinement of ARARs and TBCs throughout the FFS process, including
proposed clean-up levels will be proposed in the FFS. The ARARs and TBCs will
initially be presented in the draft FFS, and used to screen potential technologies, which
will be further evaluated. The ARARs and TBCs will be refined throughout the FFS.
Therefore, the final evaluation of potential technologies using the refined ARARs/TBCs
will be used for preparation of the final FFS.

ARARs and TBCs were identified during the FS completed in 1993 and again in 1997
during the Alternate Technology Evaluation. The ARARs/TBCs identified during these

previous studies will be used as the starting point for the FFS. The following is a list of
those ARARS identified during the 1997 Alternate Technology Evaluation.

. Pennsylvania Solid Waste Management Act, which would pertain to the on Site
closure of the PVC solids at the Site;

. Pennsylvania Clean Streams Law, which would pertain to the closure of waste
disposal facilities on floodplains;

. Wetlands Protection Act, which would pertain to the closure of waste disposal
facilities on or adjacent to wetlands;

. EPA/Pennsylvania Air Pollution Control Regulations, which would pertain to
certain dewatering processes for the PVC solids on Site;

. Federal Clean Air Act;

) Pennsylvania Erosion Control Regulations;

J Pennsylvania Storm Water Management Act;
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. Occupational Safety and Health Act Requirements, which would pertain to the
handling of the PVC solids and other construction-related activities;

- . DOT/Pennsylvania Regulations for Hazardous Material Transport, which would
pertain to the shipment of the solids as waste for disposal and/or treatment off
_ Site;
J Pennsylvania Land Recycling Act (Act 2), which will pertain to cleanup of
B underlying soils after removal of the PVC solids;
L Comprehensive Environmental Response, Compensation, and Liability Act
(Superfund);
B J Resource Conservation and Recovery Act (RCRA); and
. Canadian Regulations.
e e 31 CONESTOGA-ROVERS & ASSOCIATES
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8.0

SCHEDULE AND SUBMITTALS

8.1

SCHEDULE

Figure 8.1 presents an anticipated schedule for completion of the FFS. This schedule is

dependant upon EPA review and approval times. In addition, the schedule is subject to
modification based on the schedule in the Treatability Testing Work Plan.

8.2

SUBMITTALS

Various submittals will be provided to EPA during the FFS process. Specifically, the

following deliverables will be submitted to EPA for review.

Identification of Candidate Technologies Memorandum,
Treatability Testing Statement of Work,

Treatability Testing Work Plan (if required),
Treatability Study Evaluation Report,

Draft Focused Feasibility Study, and

Final Focused Feasibility Study.

In addition to the above, Monthly Progress Reports regarding the FFS will be submitted
to EPA beginning thirty (30) calendar days subsequent to the date on which the Work
Plan is approved by EPA. The FFS Monthly Progress Reports (including a schedule of
activities) will be submitted as a section of the CERCLA Monthly Progress Reports.

At a minimum, these progress reports shall include:

1)

2)

3)

4)

a description of the actions that have been taken toward achieving compliance
with this Consent Order and the tasks set forth in the approved Work Plan;

all results of sampling, tests, analytical data (whether or not it has undergone
Quality Assurance/Quality Control review and interpretations) and all other
information received by the Respondent;

a description of all data anticipated and activities scheduled for the next thirty
(30) calendar day period; and

a description of any problems encountered, any actions taken or to be taken to
remedy or mitigate such problems, and a schedule of when such actions will be
taken.
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figure 22
LOCATION OF EARTHEN LAGOONS

NOTES: T " T T OCCIDENTAL CHEMICAL CORPORATION

AERIAL PHOTOGRAPH - AUGUST 23, 1994. Poltstown, Pennsylvania
PHOTOGRAPH IS NOT REFLECTIVE OF CURRENT CONDITIONS.
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figure 2.3

NOTES: CONFIGURATION OF EARTHEN LAGOONS
AERIAL PHOTOGRAPH - CIRCA 2003.

IN GENERAL, PHOTOGRAPH IS REFLECTIVE OF CURRENT CONDITIONS: HOWEVER, OCCIDENTAL CHEMICAL CORPORATION
THERE IS CURRENTLY MINIMAL SURFACE WATER IN THE LAGOONS AS THIS IS Potistown, Pennsylvania
PUMPED AND TREATED AT THE ON SITE GROUNDWATER TREATMENT SYSTEM.
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LOCATION OF BORINGS - 2001
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LOCATION OF SURFACE SAMPLES -2001
OCCIDENTAL CHEMICAL CORPORATION
Pottstown, Pennsylvania
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From| To 1 2 3 4 5 6 7 8 9 10
0 1
1 2
2 3
3 4 3
4 5
5 6
6 7 1 2 3 3
7 8 0 2 0 0
8 9 0 3 3 0 0 0 0 0
9 10 3 0 0 2 0 0] 0 0 4] 0
10 11 2 0 0 0 0 0 0 0 0 0
11 12 0 0 0 3 3 0 0 0 0 3
12 13 0 2 0 0 0 0 0 0 0 0
13 14 0 0 0 o) 0 0 0] 0 3
14 15 0 0 0 0 0 0 0
15 16 0 0 0 0 0 0 0
16 17 0 0 0 0
17 18 0 2 3 0 0 0
18 19 0 0 0
19 20 0 3 0
20 21 0 0
21 20 0
22 21
23 22 3
LEGEND River
Failure - 2.0 Units 2 1 6 7
passes [ > 3.0 units 5 10
POTENTIALLY FAILS 1.0t0 3.0 Units 3 4 9 8
DEFINITELY FAILS 0.0 Units Plant
No Sample
:())BENSE PENETROMETER UNIT = ~125 POUNDS PER SQUARE figure 3.1
) PENETROMETER READINGS MEASURED Usia sTanoaro PENETROMETER MEASUREMENTS VERSUS DEPTH - 2005
(3) THE PURPOSE OF THE TESYING WAS TO DETERMINE IF THE OCCIDENTAL CHEMICAL CORPORAT'ON
MATERIAL MET THE REQUIREMENTS FOR DISPOSAL AT SARNIA Pottstown, Pennsylvania
LANDFILL IN CANADA.

NAQNA-A7012/N2MGNWANNG MAR 15/200R
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Depth Percent Moisture
From To 1 2 3 4 5 6 7 8 9 10
0 1 32 K} 31 35 31 37
1 2 33 33 34 32 34 31 37 37
2 3 32 32 35 37 32 33 38 39 34 38
3 4 32 33 36 33 33 36 39 39 39
4 5 38 35 39 35 35 33 36 39
5 6 32 38 40 36 35 34 30 39 39
6 7 35 35
7 8 39 38 36
8 9 35 39 39 31 50
9 10 31 37 37 50 53
10 11 35
11 12 37 38 40 36 53 50 51 50
12 13 39 37 56 50
13 14 52 51 52 56
14 15
15 16 36 51
16 17 50 34 38 31 49 52
17 18 38 59 33
18 19 39
19 20 42 32
20 21 313
21 22 32 K2 )
22 23 30
23 24
LEGEND River
<20% 2 1 6 7
20-29% 5 10
30-39% 3 4 9 8
B0 4% Plant
>50 %
No Sample

figure 3.2

MOISTURE CONTENT VERSUS DEPTH - 2005
OCCIDENTAL CHEMICAL CORPORATION
Poltstown, Pennsylvania
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NOTES:
(1) BULK DENSITY UNITS = GRAMS PER CUBIC CENTIMETER
(2) BULK DENSITY DETERMINED USING STANDARD METHODS.

(REFERENCE : VALDOSTA STATE UNIVERSITY)

Depth Bulk Density
From To 1 2 3 4 5 6 7 8 9 10
0 1 0.66 0.61 0.67 0.64 0.62 0.79 0.67 0.63
1 2 0.64 0.65 0.61 0.74 0.70 0.71 0.61
2 3 0.65 0.62 0.68 0.64 0.72 0.65 0.60
3 4 0.65 0.69 0. 0.69 0.64
4 5 0.60 0.72 0.48 0.62 Q. 0.67 0.61 0.66
5 6 0.78 0.67 0.77 0.48 0.62 0.66 0.68
6 7 0.66 0.74 0.75 0.63 0.60
7 8 0.64 0.48 0.7 0.66 0.47 0.61 0.65
8 9 0.66 0.66 0.64
9 10 0.79 0.82 0.69 0.69 0.45 0.67 0.49
10 11 0.69 0.61 0.71 0.69 0.60 0.62 0.68 0.49
11 12 0.78 0.67 0.63 0.65 0.46 0.64 0.49 0.47
12 13 0.66 0.64 0.66 0.38 0.66 0.60
13 14 0.63 0.63 0.48
14 15 0.63 0.64 0. 0.60
15 16 0.78 0.65 0.60
16 17 0.74 0.72 0.60 0.47
17 18 0.78 0.65 0.47
18 19 0.72 0.24
19 20 0.7
20 21 0.64 0.61
21 22 0.67
22 23
23 24
LEGEND River
<0.50 2 1 6 7
I 0 50 - 059 5 10
0.60 - 0.69 3 4 9 8
0.70 - 0.79 Plant
I - o 50
No Sampie
figure 3.3

BULK DENSITY VERSUS DEPTH - 2005
OCCIDENTAL CHEMICAL CORPORATION
Potistown, Pennsylvania
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PERCENT MOISTURE VERSUS DEPTH FOR PVC MATERIAL - 2001 AND 2005
OCCIDENTAL CHEMICAL CORPORATION
Poftistown, Pennsylvania
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PERCENT MOISTURE VERSUS VCM AND TCE - MA/RH PILOT TEST - 1998
OCCIDENTAL CHEMICAL CORPORATION

Polistown, Pennsylvania

09904-A7012(020)GN-WAQ09 DEC 08/2005

AR308426




VCM Concentration (mg/kg}

450 (—— —— - - - 50
400 45
|
] 40
350 + — —
35
300 !
i
| 30 g
| -
250 2
| 3
! 5 =
| &
200 ¢ o
| 20 &
150 | >0
{ \ e 15
i‘
100 + T~
| —— 10
T TTA
1 h
50+ - - - - TR
‘ \\\ G
\'\\\ -
‘ ! v
0 = e e e L 0
0 2 4 6 8
Treatment Days
—®—-VCM —&—% Moist
figure 3.7

PERCENT MOISTURE VERSUS VCM AND TCE - MA/RH PILOT TEST - 1998
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Table 8.1
Anticipated Schedule - Focused Feasibility Study - Earthen Lagoons

, Occidental Chemical Corporation, Pottstown Pennsylvania
2006 2007

Aug

Dec

Jan Mar Apr May Jun Jul Aug

Jan

Nov

Oct

Sep

Jul

EPA Approval of FFS Work Plan

Kick-Off Meeting

Identification of Candidate Tech Memo

Progress Meeting (Alts Screening)

EPA Review

||||| 4||||\11|||
IIIIIIIIII - —
..... 1---—--} _
[ N f i
........... s i
F .- - ---- F~---
..... #l--ll]l---
x P~ 2
S 1w 8
= L 3
Y= E 4
S &
£t o &
o " w
£ 73
Q 3
- o
L] Q2
n (a)
g S
I<] [=2]

O
e 3
2 =
= @
a o
[ P
- o
g ¢
= o

Treatability Testing Work Plan

EPA Review

Treatability Study Evaluation Report

EPA Review

Draft FFS Report

EPA Review
Final FFS Report

EPA Review

Notes: 1. Schedule is based on calendar days. 2. Schedule considers EPA review & approval is completed in 30 days. 3. Schedule is subject to modification per final EPA approval of Treatability Testing Statement of Work.
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TABLE 2.1 993
SUMMARY OF RI ANALYTICAL RESUL'.I‘S'l‘ 0
(Table 3 from the record of décislo

IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN: EARTHEN LAGOON SEDIMENT

OCCIDENTAL CHEMICAL CORPORATION SITE REMEDIAL INVESTIGATION

POTTSTOWN, PENNSYLVANIA
_ Risk-Based Mzxmom PP
Detected . " samte i -
Compounds {Industrial) Concentration| Locstion] Concentrat!
VOLATILE ORGANICS (ug/kg)
'mm mmooo NO 200 TB1-8
) NO 7] TBS-10
NO 2000} TB1-8
- NO 2300 O T818 -
NO 1100 D 818 |
ND 21000 s >
NO 800 1818
* 2] | Os38| 10000] IS
NO- .| 70000E] TB16
_No T.f 9400] T81-8
_ N g it T
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TABLE 2.1 (cont.)
SUMMARY OF RI ANALYTICAL RESULTS 1993
(Table 3 from the record of decision)

IDENTIFICATION QF CHEMICALS QF POTENTIAL CONCERN:; EARTHEN LAGOON SEDIMENT
- OCCIDENTAL CHEMICAL CORPORATION SITE REMEDIAL INVESTIGATION

POTTSTOWN, PENNSYLVANIA
Rigk-Based Maxdirmum Madimum
— Detected Cancentrations | Background | Sample |  Sampie Sample
Compounds (industriel) | Concantration! Location| Concentration Location
INORGANICS (mg/kq) -
_  Aluminume# 300000 30000 0518 | 34000 T86-13A
MM 41 ND 0 THS-13
Arsenic 18 23 FBG-1-8 27 T88-13, TBe-8, TB2-10
Sarium . 7200 20} 08-28 430§ TE8-13A
— . ue? 34 0838 22 TBS-10
51 1} 08.1.8 a3 T388
NA 8800 | 0828 23000 8683
810 ” 0s-1-8 130) a1
- NA L) 0828 s} TES13A ~
3800 100] 0838 61 8808
NA 4%000] | 0838 4000 8792
— NA m) o838 120 T88-8
NA 4800 0318 2900 k 8710 - »
10000 2900 § o828 2800 § TBS12A ‘
1] 0.54 0s18] o T88-0.8
- ] 2000 1] 0s18 » . TBe-10
NA 3800 08-1-8 3200 8114
510 18] |os3s| assy TE695
— 810, T ND o g TBS-13A
NA 420 Fr8G-1-8 a0 )] ™S
720 $0) 0838 ®» TBS-13
31000 470} 0828 17 T88-8.3, T88-10

Renulty sre foundad 1 Wwo significent Ag.res.
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TABLE 2.2
SUMMARY OF ANALYTICAL RESULTS
MECHANICAL AERATION AND RADIANT HEAT PILOT TEST
OxyChem Pottstown, Pennsylvania Facility

Trichloroethene Vinyl Chloride
Pile No. [Sample ID |Total (ug/kg)[Total (mg/ kg] ICLP (mg/L)|Total (ug/kgjTotal (mg/ kg TCLP (mg/L)] % Moisture
Pl P1-825-001 4,800 4.8 ND 0.5 540,000 540 15.0 48
P1 P1-826-001 6,400 6.4 ND 0.25 380,000 380 8.1 47
P1 P1-831-001 9,000 9.0 ND 0.25 240,000 240 9.7 40
P1 P1-903-001 11,000 11.0 ND 0.25 460,000 460 6.7 10
P1 P1-909-001 5,506 5.5 ND 0.25 223,170 220 5.9 37
Pl P1-915-001 16,000 16.0 0.025 51,000 61 0.96 33
Pl P1-925-001 8,200 8.2 nd 0.05 1,200 12 0.012 21
P2 P2-825-002 5,800 5.8 ND 0.25 600,000 600 8.5 52
P2 P2-826-002 3,600 3.6 ND 0.5 370,000 370 15.0 49
P2 P2-831-002 17,000 17.0 ND0.25 400,000 400 9.1 44
P2 P2-903-002 16,000 16.0 ND 0.25 440,000 440 6.4 41
P2 P2-909-002 7,928 7.9 0.039 235,069 240 4.7 35
P2 P2-915-002 16,000 16.0 0.027 50,000 50 0.72 32
P2 P2-925-002 8,600 8.6 nd 0,05 1,400 1.4 ND 0.05 20
P3 P3-825-003) 15,000 15.0 ND 0.25 440,000 40 72 15
P3 P3-826-003 42,000 42.0 ND 0.25 480,000 480 9.4 48
P3 P3-831-003{ 35,000 35.0 ND0.25 380,000 380 8.9 4
P3 P3-903-003 23,000 23.0 0.076 320,000 320 7.4 40
P3 P3-909-003 12,039 12.0 ND 0.25 277,244 280 5.1 36
P3 P3-915-003 23,000 23.0 0.029 38,000 38 0.83 37
P3 P3-925-003 10,000 10.0 0.018 2,200 2.2 0.028 25
P4 P4-825-004 63,000 63.0 0.14 290,000 290 7.8 46
P4 P4-826-004 46,000 46.0 0.11 280,000 280 6.4 42
P4 P4-831-004 40,000 40.0 0.088 370,000 370 9.1 41
P4 P4-903-004 22,000 22.0 ND 0.25 340,000 340 6.0 40
P4 P4-909-004 14,708 15.0 0.072 185,717 190 5.6 37
P4 P4-915-004 24,000 24.0 0.036 44,000 44 1.3 31
P4 P4-925-004 13,000 13.0 0.015 1,100 1.1 0.028 23
P5 P5-825-005 7,800 7.8 0.022 37,000 37 2.8 38
P5 P5-826-005 11,000 11.0 0.013 70,000 70 0.89 27
P5 P5-831-005] 24,000 24.0 0.029 76,000 76 2.8 29
P5 P5-903-005 14,000 14.0 0.014 66,000 66 1.1 31
P5 P5-909-005 3,652 3.7 0.024 3,591 3.6 0.19 29
P5 P5-915-005 13,000 13.0 0.014 5,400 5.4 0.07 30
P5 P5-925-005 7.900 79 -- 610 0.61 - 16
P6 P6-825-006] 12,000 12.0 0.025 930 0.93 ND 0.05 25
P6 P6-826-006 17,000 17.0 0.02 4,200 4.2 ND 0.05 26
P6 P6-831-006 12,000 12.0 0.017 36,000 36 0.47 28
P6 P6-903-006 15,000 15.0 0.02 62,000 62 1.3 31
P6 P6-909-006 4,900 4.9 0.02 2,414 8 0.3 26
P6 P6-915-006 14,000 14.0 0.01 5,600 5.6 0.097 20
P6 P6-925-006 8,100 8.1 — 410 0.41 -~ 17
P7 P7-825-007 23,000 23.0 ND 0.1 200,000 200 2.7 48
Pz P7-826-007 13,000 13.0 ND 0.12 210,000 210 2.8 45
P7 P7-831-007 15,000 15.0 0.052 180,000 180 5.6 40
pP7 P7-903-007 19,000 19.0 0.029 240,000 240 3.7 40
P7 P7-9509-007 7,159 7.2 0.054 137,712 140 39 37
P7 P7-915-007 19,000 19.0 0.021 24,000 24 0.52 33
P7 P7-925-007 11,000 11.0 nd 0.05 1,100 11 0.018 21
P8 P8-825-008] 15,000 15.0 ND 0.5 420,000 420 13.0 16
P8 P8-826-008{ 20,000 20.0 0.062 280,000 280 9.0 16
P8 P8-831-008] 19,000 19.0 0.053 220,000 220 5.6 12
P8 P8-903-008] 20,000 20.0 0.028 240,000 240 36 39
P8 P§-909-008 5,553 5.6 0.052 100,158 100 2.9 27
P8 P8-915-008 18,000 18.0 0.022 23,000 23 0.59 30
PR pR_IR NN 2 0N 24 nd 0.05 1,100 1.1 ND 0.05 22




TABLE 2.3
SUMMARY OF PVC MATERIAL ANALYTICAL RESULTS - 2001
OxyChem Pottstown, Pennsylvania

page 1 0of4

Sample Location: NE1 NE1 NE1 NE1 NE1 NE1 NE1 NE1 NE1 NE1 NE1
Depth (0-2) ft (24) ft {(4-6) ft (6-8) ft (6-8) ft (8-10)ft | (10-12)ft | (12-14)ft | (14-16)ft | (16-18)ft | (18-19) ft
Sample Date: 5/23/2001 | 5/23/2001 | 5/23/2001 | 5/23/2001 | 5/23/2001 | 5/23/2001 | 5/23/2001 | 5/23/2001 | 5/23/2001 | 5/23/2001 | 5/23/2001
Duplicate
Parameter Unit
Volatiles
1,2-Dichioroethane ug/kg 51 55 ND ND ND ND ND ND ND ND ND
1,2-Dichloroethene (total) | ug/k 30,120 8,860 46,000 ND ND 2,900 1,400 62,000 1,530 200 7,300
2-Butanone ug/k ND ND ND ND ND ND ND ND ND ND ND
Acetone ug/k 15 43 ND ND 8,800 4,200 3,500 ND 540 490 ND
Benzene ug/k ND ND ND ND ND ND ND ND ND ND ND
Carbon disulfide ug/k ND ND ND ND ND ND ND ND ND ND ND
Methylene chloride ug/k 2 ND ND ND ND ND ND ND ND ND ND
Styrene ug’kg ND 3 6,200 ND ND ND ND ND ND ND ND
Tetrachloroethene ug/kg 2 ND ND ND ND ND ND ND 190 ND ND
Toluene ug/kg ND 3 1,600 14,000 22,000 13,000 12,000 ND ND ND 120
Total Xylene ug/k ND ND ND ND ND ND ND ND ND ND ND
Trichloroethene ug/kg 260 3,400 12,000 ND ND 2,900 1,600 12,000 560 160 2,500
Vinyl chloride ug/k 5 10 62,000 7,500 ND 200,000 71,000 ND ND ND ND
Semi-Volatiles
2-Methyl naphthalene ug/K ND ND ND ND ND ND ND ND ND ND ND
Acenaphthylene ug/K ND ND ND ND ND ND ND ND ND ND ND
Benzo(a)anthracene ug/K ND ND ND ND ND ND ND ND ND ND ND
Benzo(a)pyrene ug/Ki ND ND ND ND ND ND ND ND ND ND ND
Benzo(b)fluoranthene ug/Kg ND ND ND ND ND ND ND ND ND ND ND
Benzo(k)fluoranthene ug/Kg ND ND ND ND ND ND ND ND ND ND ND
bis(2-Ethylhexyl)phthalate | ug/K 460,000 41,000 150,000 610,000 210,000 240,000 420,000 7,000 26,000 270,000 57,000
Chrysene ug/Ki ND ND ND ND ND ND ND ND ND ND ND
Di-n-butylphthalate ug/Kg 3,600 2,300 3,400 22,000 22,000 17,000 2,900 ND 5,700 ND ND
Diethyl phthalate ug/K ND ND ND ND ND ND ND ND ND ND ND
Fluoranthene ug/Kg ND ND ND ND ND ND ND ND ND ND ND
Naphthalene ug/Kg ND ND ND ND ND ND ND ND ND ND ND
Phenanthrene ug/K ND ND ND ND ND ND ND ND ND ND ND
Pyrene ug/K ND ND ND ND ND ND ND ND ND ND ND
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TABLE 2.3
SUMMARY OF PVC MATERIAL ANALYTICAL RESULTS - 2001
OxyChem Pottstown, Pennsylvania

page 2 of 4

Sample Location: NE2 NE2 NE2 NE2 NE2 NE2 NE2 NE2 NE2 SE1 SE1
Depth (0-2) ft (2-4) ft _(4-6) 1t (6-8) ft (8-10)ft | (10-12)ft | (10-12)ft | (12-14)ft | (14-16) 1t (0-2) ft (2-4) ft
Sample Date: 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001
Duplicate
Parameter Unit
Volatiles
1,2-Dichloroethane ug/k 42 ND 290 ND ND ND ND ND ND ND 1,400
1,2-Dichloroethene (total) | ug/k 47,100 22,530 2,500 ND ND 5,590 1,600 31,500 2,460 36,000 62,300
2-Butanone ug/k ND ND ND ND ND ND ND ND ND ND ND
Acetone ug/k 6 700 870 12,000 ND 840 ND 920 870 ND ND
Benzene ug/k ND ND ND ND ND ND ND ND ND ND ND
Carbon disulfide ug/kg ND ND ND ND ND ND ND ND ND ND ND
Methylene chioride ug/k ND ND ND ND ND ND ND ND ND ND ND
Styrene ug/k ND 780 240 ND ND ND ND ND ND ND 410
Tetrachloroethene ug/k 3 ND ND ND ND ND ND ND ND ND ND
Toluene ug/kg 9 410 3,300 16,000 29,000 430 460 ND ND ND 200
Total Xylene ug/kg 3 ND ND ND ND 140 160 ND ND ND ND
Trichloroethene ug/k 330 5,400 880 ND ND 3,600 2,300 6,300 2,000 6,200 17,000
Vinyl chloride ug/k 9 8,900 73,000 ND ND 4,400 1,800 1,800 ND ND 150
Semi-Volatiles
2-Methyl naphthalene ug/K ND ND - ND ND ND ND ND ND ND ND
Acenaphthylene ug/K ND ND - ND ND ND ND ND ND ND ND
Benzo(a)anthracene ug/Kg ND ND - ND ND ND ND ND ND ND ND
Benzo(a)pyrene ug/K ND ND - ND ND ND ND ND ND ND ND
Benzo(b)fluoranthene ug/K ND ND - ND ND ND ND ND ND ND ND
Benzo(k)fluoranthene ug/Kg ND ND - ND ND ND ND ND ND ND ND
bis(2-Ethylhexylphthalate | ug/Kg| 68,000 31,000 - 360,000 85,000 25,000 31,000 2,000 1,200,000 9,000 26,000
Chrysene ug/K ND ND - ND ND ND ND ND ND ND ND
Di-n-butylphthalate ug/Kg | 2,600 2,500 - 2,500 3,200 ND ND ND ND ND ND
Diethyt phthalate ug/K ND ND - ND ND ND ND ND ND ND ND
Fluoranthene ug/Kg ND ND - ND ND ND ND ND ND ND ND
Naphthalene ug/K ND ND - ND ND ND ND ND ND ND ND
Phenanthrene ug/K ND ND - ND ND ND ND ND ND ND ND
Pyrene ug/K ND ND - ND ND ND ND ND ND ND ND

AR308434




TABLE 2.3
SUMMARY OF PVC MATERIAL ANALYTICAL RESULTS - 2001
OxyChem Pottstown, Pennsylvania

page 3 of 4

Sample Location: SE1 SE1 SE1 SE1 SE1 SE2 SE2 SE2 SE2 SE2 SE2
Depth (4-6) ft (6-8) ft (6-8) ft (8-10) ft | (10-12) ft (0-2) ft (2-4) ft (4-6) ft (6-8) ft (8-10) ft (10-11) ft
Sample Date: 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/24/2001 | 5/25/2001 | 5/25/2001 | 5/25/2001 | 5/25/2001 | 5/25/2001 | 525/2001
Duplicate
Parameter Unit
Volatiles
1,2-Dichloroethane ug/k 2,500 230 190 250 ND ND ND ND ND ND ND
1,2-Dichloroethene (total) [ ug/k 241,900 1,220 2,160 4,100 830 89,000 99,000 8,200 54,000 220,000 14,000
2-Butanone ug/k ND ND ND ND ND ND ND ND ND ND ND
Acetone ug/kg ND 390 380 390 ND ND ND ND ND ND ND
Benzene ug/kg ND ND ND ND ND ND ND ND ND ND ND
Carbon disulfide ug/k ND ND ND ND ND ND ND ND ND ND ND
Methylene chloride ug/kg ND ND ND ND ND ND ND ND ND ND ND
Styrene ug/k 34,000 ND 190 250 ND 3,700 ND 1,300 ND 9,000 ND
Tetrachloroethene ug/k ND ND ND ND ND ND ND ND ND ND ND
Toluene ug/k 4,000 ND ND ND ND 2,500 1,500 1,100 ND ND 9,500
Total Xylene ug/kg ND ND ND ND ND ND ND ND ND ND ND
Trichloroethene ug/k 3,100 880 1,600 1,900 270 14,000 ND 1,500 5,900 11,000 ND
Vinyl chioride ug/kg 210,000 360 610 1,800 1,500 19,000 140,000 23,000 ND 560,000 270,000
Semi-Volatiles
2-Methyl naphthalene ug/Kg ND ND ND ND - ND ND ND ND ND ND
Acenaphthylene ug/K ND ND ND ND - ND ND ND ND ND ND
Benzo(a)anthracene ug/Kg ND ND ND ND - ND ND ND ND ND ND
Benzo(a)pyrene ug/Kg ND ND ND ND - ND ND ND ND ND ND
Benzo(b)fluoranthene ug/Kg ND ND ND ND - ND ND ND ND ND ND
Benzo(k)fluoranthene ug/K ND ND ND ND - ND ND ND ND ND ND
bis(2-Ethylhexyl)phthalate | ug/Kg| 81,000 50,000 37.000 280,000 - 130,000 50,000 58,000 12,000 6,800 7,500,000
Chrysene ug/Kg ND ND ND ND - ND ND ND ND ND ND
Di-n-butylphthalate ug/Kg ND ND ND ND - 2,700 ND ND ND ND ND
Diethyl phthalate ug/Kg ND ND ND ND - ND ND ND ND ND ND
Fluoranthene ug/Kg ND ND ND ND - ND ND ND ND ND ND
Naphthalene ug/Kg ND ND ND ND - ND ND 2,500 2,000 ND ND
Phenanthrene ug/Kg ND ND ND ND - ND ND ND ND ND ND
Pyrene ug/K ND ND ND ND - ND ND ND ND ND ND
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TABLE 2.3
SUMMARY OF PVC MATERIAL ANALYTICAL RESULTS - 2001
OxyChem Pottstown, Pennsylvania

Sample Location: SE2 SE2 Swi1 swi sSwz SW3 SW3 SwW3
Depth (11-12)ft | (12-13) ft (0-2) ft (2-4) ft (0-2) ft (0-2) ft (2-4) ft (2-4) ft
Sample Date: 5/25/2001 | 5/25/2001 | 7/25/2001 | 7/25/2001 | 7/25/2001 | 7/26/2001 | 7/26/2001 | 7/26/2001
Duplicate
Parameter Unit
Volatiles
1,2-Dichloroethane ug’kg ND ND ND ND ND ND ND ND
1,2-Dichloroethene (total) | ug/k 250 81,000 ND ND ND ND ND ND
2-Butanone ug/kg ND ND ND ND ND ND ND ND
Acetone ug/k ND ND 1,700 6 6 ND ND 14
Benzene ug/k ND ND ND ND ND ND ND ND
Carbon disulfide ug/kg ND ND ND ND ND ND ND ND
Methylene chloride ug/k ND ND ND 4 ND ND ND ND
Styrene ug/kg ND ND 1,800 ND ND 10,000 ND ND
Tetrachloroethene ug/k ND ND ND ND ND ND ND ND
Toluene ug/k 170 5,400 3,000 ND ND 19,000 130,000 94
Total Xylene u ND ND ND ND ND ND ND ND
Trichloroethene ug/k ND ND ND ND ND ND ND ND
Vinyl chioride ug/k 2,600 380,000 22 000 ND ND ND ND ND
Semi-Volatiles
2-Methyl naphthalene ug/K ND ND 7,800 9.500 ND 15,000 38,000 ND
Acenaphthylene ug/K ND ND ND ND ND ND ND ND
Benzo(a)anthracene ug/K ND ND ND ND ND ND ND ND
Benzo(a)pyrene ug/K ND ND ND ND ND ND ND ND
Benzo(b)fluoranthene ug/K ND ND ND ND ND ND ND ND
Benzo(k)flupranthene ug/K ND ND ND ND ND ND ND ND
bis(2-Ethylhexyl)phthalate | ug/K 9,200 700,000 91,000 31,000 17,000 60,000 28,000 ND
Chrysene ug/K ND ND ND ND ND ND ND ND
Di-n-butylphthalate ug/K ND ND 37,000 48,000 ND 7,300 4200 ND
Diethyl phthalate ug/K ND ND ND ND ND ND ND ND
Fluoranthene ug/K ND ND ND ND ND ND ND ND
Naphthalene ug/K ND ND ND ND ND 9,400 17,000 ND
Phenanthrene ug/K ND ND ND 6,500 ND ND ND ND
Pyrene ug/K ND ND ND ND ND ND ND ND
ES:

ww - NON DETECT
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TABLE 2.4
ANALYTICAL RESULTS SUMMARY - VALIDATED LAB RESULTS

DIOXINS/FURANS TESTING
POTTSTOWN, PENNSYLVANIA
DECEMBER 2003

Sample Location: NE7 NE7 SE10 SE10
Sample ID: 55-990405-RAM-001 SB-990405-RAM-009 5$5-990405-RAM-008 $B-990405-RAM-016
Sample Date: 12/8/2003 12/9/2003 12472003 1242003

0-6" 624" 0-6" 6-24"
Parameters Units 1989 I-TEF WHO 1998
Dioxins/Furans
1,2,3,4,6,78,9-Octachlorodibenzofuran (OCDF) Pg/g 0.001 0.0001 1020 1520 J3 658 253 )2
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD) Pg/8 0.001 0.0001 145000 J3 201000 J3 133000 J3 38800]2]3
1,2,3,4,6,7.8-Heptachlorodibenzofuran (HpCDF) pe/g 0.01 0.01 399 J4 543 245 107
1,2,34,6,7 8-Heptachlorodibenzo-p-dioxin (HpCDD) pg/g 0.01 0.01 14400 J3 18000 )3 12600 J3 4280
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) pg/g 0.01 0.01 429 53.1 2B7n 10.6 1
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) Pg/8 0.1 0.1 294 J4 283 ]2 155]1 7.5]1
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) pg/g 0.1 0.1 28.7 R 251)1 9.98 J1
1,2,3,6,7.8-Hexachlorodibenzofuran (HxCDF) P8/g 0.1 0.1 136]1 185]1 8431 5.02]1
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) P8/8g 0.10 0.10 178 210 131 55.3
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) pg/sg 0.1 0.1 578 1 6.28J1 211U 168U
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) pg/g 0.1 01 67.9 75.1 58.7 241
1,2,3,7, 8-Pentachlorodibenzofuran (PeCDF) pg/g 0.05 0.05 464U 5.61J1 293U 1.57J1
1,2,3,7 8-Pentachlorodibenzo-p-dioxin (PeCDD) pg/g 05 1 R 163]1 12171 58411
2,3,4,6,7 8-Hexachlorodibenzofuran (HxCDF) pPg/8 0.1 0.1 199]1 24811 1551 6.39]1
2,3,4,7 8-Pentachlorodibenzofuran (PeCDF) pe/g 0.5 05 R 7.69]1 4561 22711
2,3,7,8Tetrachlorodibenzofuran (TCDF) pe/g 0.1 0.1 336U 2140 358U R
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) pg/g 1 1 9.88 109 6.95 2811
Total Heptachlorodibenzofuran (HpCDF) pg/g 1620 ] 2280] 932] 360]
‘Total Heptachlorodibenzo-p-dioxin (HpCDD) P8/8 28500 J 38300 J 25800 ] 8330]
Total Hexachlorodibenzofuran (1ixCDF) pg/8 432] 632] 332] 150]
Total Hexachlorodibenzo-p-dioxin (HxCDD) Pg/8 2130 2380 ] 1460 | 578 ]
Total Pentachlorodibenzofuran (PeCDF) rg/g 103) 904] 321N 35911
Total Pentachlorodibenzo-p-dioxin (PeCDD) Pg/8 67.7] 150 ] 105 ] “#2Nn
Total Tetrachlorodibenzofuran (TCDF) pg/8 7.94] 524] 836] 1291
Total Tetrachlorodibenzo-p-dioxin (TCDD) pe/8 581] 603) 2711 157]1
Toxic Equivalency Quotient (TEQ) pg/g TEQ1989 I-TEF 338.65] 448.17 § 303.05] 100.78 |
Toxic Equivalency Quotient (TEQ) pe/g TEQ WHO 1998 207.23) 274.05] 188.81 ] 6855
Notes:

U - Non«detect at the associated value.

J- Total homolog results are considered estimated.

J1- The amount detected is below the Lower Calibration Limit of the instrument and considered estimated.

J2- The amount reported is the maximum possible concentration due to possible chlorinated diphenylether interference.
J3- The amount detected 15 above the Upper Calibration Limit of the instrument and is considered estimated.
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TABLE 3.1
BULK DENSITY AND MOISTURE CONTENT RESULTS - JULY 2005
OxyChem Pottstown, Pennsylvania

|Sample Location:
Boring No:
§amglz Depth:
Sample ID:
Sample Date:
General Chemistry
Bulk Density
Percent Mowture

|Sample Location:
Boring No:
Sample Depth:
Sample ID:
|Sample Date:
General Chemistry
Bulk Density

Percent Moisture

SAm;lt Location:
Boring No: T
| Sample Depth:
Sample ID:
Sample Date:
|General Chemistry
Bulk Density
Percent Moisture __

Sample Location:
Boring No:
Sample Depth:
Sample 1D:
|sample Date:

Bulk Density
[Percent Moisture

Sample Locatton:
|Boring No:
Sample Depth:
Sample 1D:
Sample Date:
General Chemistry
Bulk Density
Percent Mossture

Sample Location:
Boring No:
Sample Depth:
Sample 1D:
Sample Date:
General Chemistry
Bulk Density
Percent Mowsture

General Chemistry
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B8 ®0 w7 = I 2 T = N < B

RN , - - = S

"EARTHEN LAGOONS| EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS' EARTHEN LAGOONS EARTHEN LAGOONS i’zu{mm LAGOONS

___EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS 'EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS|

B2 B2 B-2 B-2 B-2 B2 B-2
ey 9-10' ' win T 112 ) 1213 ' 13-14' ’ 14-15'
LAG-9904-030 ~  LAG-9904-031 LAG-9904-032 LAG-9904-033  LAG-9904-034 LAG-9904-035 LAG-9904-030
. 726/2005 ' V62005 7262005 7/26/2005 " 2602005 ) 7/26/2005 ) 726/2005
Units L o
‘gfem3 064 i 0.66 ' 082 o Tae ) 067 ' 57 ) 055
T 385 T390 S 74 422 o 384 76 467
_EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS
B2 B2 ' B2 R o B3 ' 8-3 i B-3
1516’ L T ey ' 1718 ' 1819’ ST er ' 12 ' 2.3
LAG-9904-037  LAG-9904-038  LAG-9904-039  LAG-9904-040  LAG-9904-041  LAG-9904-042 LAG-9904-043
‘ ) 7262005 726/2005 i 7/26/2005 ) 7/26/2005 ' ner00s 7/26/2005 ) 7/26/2005
| Units |
“g/em3, 0.64 - 073 ) 10 ) 11 ) 061 ) 053 ) 0.50
% 459 ' 359 L ' 231 : 57 ) 74 ) 350

AR308438
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TABLE 3.1 Page20of 5
BULK DENSITY AND MOISTURE CONTENT RESULTS - JULY 2005
OxyChem Pottstown, Pennsylvania

Sample Location: "EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS
Boring No: ' 83 ) ' B3 - 83 ' B-3 ) B3 ‘ B-3

Sample Depth: ) 34 T se 67 ] 78 8-9' B 4
SampleID: | LAG-9904-04 LAG-9904-045 LAG-9904-046  LAG-9904-047  LAG-9904-048  LAG-9904-049  LAG-9904-050
Sample Date: L memes 005 a0 T 7em00s 00560005 6005
General Chemistry Lnits | . L 3 L ) o L ) . R o
Bulk Density ‘g/em3 052 R 052 S es6 088 i 02 0%

Percent Moisture Lox 33 389 . 398 .o 404 R _ 424 R 45 . a0

Sample Locatio:~'EARTHEN LAGOONS'EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS'EARTHEN LAGOONS|
Boring No: ) B3 B3 T e3 T B-3 » B3 ) B3 B3

Sample Depth: . 1par oz 12-13' L 134 s N L 16-17
SampleD: T LAG-9904051 | LAG-9904052 ' LAG-9904-053 LAG-9904-054  LAG-9904-055 _ LAG-9904-056  LAG-9904-057
Sample Date: ) 7/26/2005 C 62005 7P62005 7262005 72602005 N 7/26/2005 . neR00s
General Chemistry JUmts , . e . S,

Bulk Density “g/em3 058 - 063 ' 0.64 055 0s8 0.57 i 074
Percent Moisture % 452 1 -~ Y T35 o e 23 %64

e —— — . - . — . . [ S

" EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS|

' ) B-3 _ B3 B-3 B-4 L B4 - B4 B4
Sample Depth: IR v w19 1927 T o1 o 1.7 ] 23 EY
Sample ID: | | LAG-904058 | LAG-9%904050 | LAG-9904-060 | LAG-9W4061  LAG-9904-062 ' LAG-904-065 = LAG-S904-064
|Sample Date: . l 72602005 . MER005  TR6R005 1262005 L pens T 76005 . 262005
General Chemistry Units e . . . o , e
Bulk Density g/cm3. 057 . on 084 o 067 065 o __0e8 078
Percent Monsture % wa “7 ) 289 e B8 %7 ' 3.0
Sample Location: ~  EARTHEN LACOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS
Boring No: i ' B-4 o B4~ L . B4 ) B4 . B4
Sample Depth: ' ‘ 45 56 &7 ' 7-8 - 89" i %10 1010
SampleID: | LAG-9904-065 _  LAG-9904-066  LAG-9904-067 LAG-9904-068  LAG-9904-069  _ LAG-9904-070  LAG-9904-071 _
|Sampie Date: ‘ 7/26/2005 7/26/2005 C o epe0s 7/26/2005 ) 262005 726/2005 i 72612005
General Chemistry T unmits L T i . .
Bulk Density ‘g/em3 080 2 ) 073 o8 i 0.69 o on
Percent Moisture % Mg 31 o 402 ) w9 B8 . as 410
Sample Location: ) 'EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS
Boring No: i " B4 T B T B4 _ B4 B4~ B4 B4
Sample Depth: 11-12' 1213 13-14' ' 1415 ’ 15-16' i 16-17' 1718
Sampie 1D: | LAG-9904-072 | LAG-994-073  LAG-9904-07¢  LAG-9904-075  LAG-904-07%6  LAG-9904-077  LAG-9904-078
Sample Date: ‘ ' 762005 72612005 726/2005 ) 262005 726/2005 , 726/2005 262005
General Chemistry CUnmits R - ) . R . .
Bulk Density g/em3 065 - 0.66 i 0.63 - 08 065 ¥e! _ 065
Percent Morsture I 40,6 R % T w1 88 N L) i 400 L
Sample Location: 'EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS
Boring No: ‘ B4 ’ B4 ) B4 [ B4 o B5 ’ B-5
Sample Depth: ST 1819 19-20° 0220 T T nar 22-23 : o1 : 1-2'
Sample ID: ) LAG-9904-079 LAG-9904-080 IAG-904-081 LAG-9904-082 LAG-9904-083 LAG-9904-08¢  LAG-9904-085
Sample Date: _ ‘ 77262005 72612005 ’ 726/2005 ' 7/26/2005 7726/2005 72672005 i 726/2005
General Chemistry Units - ' ) ) . .
Bulk Density “g/em3 0 098 10 1 B . Ub4 . 038
Percent Moisture % 43.3 31.9 299 315 30.0 27.4 319

AR308439
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TABLE3.1
BULK DENSITY AND MOISTURE CONTENT RESULTS - JULY 2005
OxyChem Pottstown, Pennsylvania

erlw " EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS

Bonng No: B-5 B-5 B 5 B-5 B-5 B-5 B8-5

Sample Depth: ‘ 23 ST _ a5 ) 56 ' 7 -8 o 89

[Sample 1D: o LAG-9904-086  LAG-9904-087  LAG-9904-088 _ LAG-9904-089  LAG-9904-090  LAG-9904-091 LAG-9904-092 b

[ Sampie Date: o 126/2005 262005 62005 JR62005 7262005 ] ne200s 126/2005

General Chemurg Units T . ’ o : T B . ) o iww . ) ]

Bulk Density | gfem3 0ss o2 oss 0.48 o057 ¢ 0.66 05

Percent Moisture % 320 333 o 350 L 3.5 , 902 39 o2

Sample Location: \EARTHEN LAGOONS "EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS | EARTHEN LAGOONS | EARTHEN LAGOONS

| Boring No: o B5 B5 B - __ _BS ,,‘,; B-5 . B5

Sample Depth: o 5-10° _10ar . na o - JERT N s ' R

Sample ID: i LAG-904-093_  LAG-9904-094  LAG-9904-095 LAQ:9904—096/ | LAG-9904-097 LAG-9904-098 = LAG-9904-099

Sample Date: L T peRroos 726/2005 ) 726/2005 i 7/26/2005 TR62005 7262005 726/2005

| General Chemistry ' Units ] T _ X - o o , - .

[Bulk Density __g/emd, o069 069 059 055 ; 048 057 L

Percent Moisture % 374 . 349 30 ) 434 ) 4.0 465 . 450
o o e . . s S e .

[Sampie Location: = "~ _'EARTHEN LAGOONS_EARTHEN LACOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS|

Boring No: o o Bs T B5 i B-5 ) Bs B ; B5 85

| Sample Depth: 1617 . 17-18' I L > T 19-20' - T20-21 ) 2122 . ney

[Sample 1D: T LAGBS0100 | LAG-9904101 LAG-9904-102 ~ ~ LAG-9904-103 LAG-9904-104 ' LAG-904-105  LAG-9904-106

ISample Date: U wmenees T 72602005 T 260005 CTupen00s | ipen005 62005 i 726/2005

General Chemﬂ " Units - . - o o L , o

Bulk Densnxii 7 g/cm3‘ 038 o 0 ) 0.567~ ) 05 0.61 . )sz, . 1.0

Percent Moisture - % . 308 . a7 392 R, <X . 33 . 342 o 275

Sample Location: 'EARTHEN LAGOONS' EARTHEN LAGOONS  EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN 'LAGOONS’ EARTHEN LAGOONGT

Boring No: - B-6 T B  Bs B i B6 B-6 ~ B%

Sample Depth: i o1 1-2' 23 4 45 o 56 : 67

Sample 1D: . . LAG-9904-108 | T LAG-9904-109 | LAG-9904-110 LAG-9904-111 LAG-9904-112  LAG-9904-113 LAG-904-114

[Sample Date: ‘ M2005 22005 w005 7272005 T pees WR00s | 72972005

General Chemistry | Units o L . B B . S R

Bulk Density ‘g/em3 o062 ol i 064 052 . 062 T e 05% |

Percent Moisture . % . ~ 7 , B7 7 . 3.3 L - 333 ) M3 40.7

o . . o . . I

Sample Location: " EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS

Boring No: ) B6 B ) T B6 ) B-6 o B6 B-6 N

Sample Depth: 7-8 89 ) 9-10° . 10-11° R 11-12' ) 2-13" . 14-15'

Sample ID: . LAG904115 | LAG-9904-116  LAG-904-117 | LAG-9904-118  LAG-9904119 LAG-04120  LAG-9904-121

Sample Date: L 1272005 ' 72772005 . 7727/2005 ) 72772005 ‘ w005 7272005 i 2772005

General Chemistry Unuts ) - . B ) o . B 7 :

Bulk Density “g/em3. 047 ' 051 ) 045 0.60 ) 046 ) 038 ) 055

Pervent Moisture % 479 . 405 . 495 , 423 , 533 . 56.3 . 523

Sample Lacation: i "EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS

Boring No: ) ) B6 "B7 . B7 B7 B-7 " B7 8.7

Sample Depth: ESTY ; or 1 2.3 e ' 5 56'

Sample ID: ' | LAG-9904122 | LAG-9904-123 LAG-9904-124 = LAG-9904-125 LAG-904-126  LAG-9904-127  LAG-9904-128

Sample Date: ) i 12712005 ) 72772005 : s 7272005 " 9005 . 72772005 . 2702005

General Chemustry Units . .7 ' ) ) . )

Bulk Density giemd 15 i 079 ) 074 . 080 i 076 ) 0.70 i 097

Percent Mowsture % 18.9 299 307 381 387 42.1 304
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TABLE 3.1 Page 4 of 5
BULK DENSITY AND MOISTURE CONTENT RESULTS - JULY 2005
OxyChem Pottstown, Pennsylvania

Sample Location: EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS
Boring No: o B7 87 B7 87 B7 ~ B7 BT

Sample Depth: - er i 78 &9 o100~ 101 ) o 1213
Sample ID: T L LAG-9908-129 T [AG-9904-130 LAG-9904-131 LAG-9904-132 LAG-9904-133  LAG-9904-13¢  LAG-9904-135
Sample Date: ) ) 7272005 ) 7272005 R005 22702005 T pp00s 12772005 L 7272005
Goweral Chemistry ~—“umts o T BT o e T
Bulk Density g/em3_ 063 T Tom T s o5 ok o8 059
Percent Moisture % 468 ' . 478 . X ) _ 530 i 70 495 49.2

[Sample Location: " |EARTHEN LAGOONS |EARTHEN LAGOONS |EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS]|
| Boring No: S B-7 o B8 B8 ] BS B8 B8 B§
[Sample Depti: . B er 12! 23 R 45 . __5¢
SampleD: LAG-990¢13% LAG-9904137 __  LAG-9904-138  LAG-9904-138 LAG-9904-140  LAG990+141 . LAG-9904-142
|sample Date: ' 277005 12772005 27/2005 772005 . _wprpees vooes popos |
General Chemistry CUnits o o o o T - . o

Bulk Density _ g/emd 15 067 070 I 0y 067 R )

Percent Mosture % 26 B0 ¥ 88 /s 4 L me

Sample Location: 'EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS|

BoringNo: B8 . B8 . B8 . B8 B3 . B8 _____ B8 __
|Sample Depth: ey N B 89 s e T ww 1213
Sample ID:_ C . LAG-9904-143  LAG-9904-144 ___ LAG-9904-145 _ LAG-9904-146 __ LAG-9904-147 LAG-9904-148 = LAG-9904-149

| Sample Date: R /. - S 7272005 C . rp005 005 NIR005 292005 i 7/27/2005
General Chemistry Units . i ) o L B
Bulk Density T gem3) _os0 065 13 L eer T Toes | oes o 066 7‘1
Percent Maisture % 45 o 5 w8 427 . 424 463 454

Sample Location: EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN | LﬂngNﬂj
|Boring No: o B-8 N B-8 B8 B8 B8 B-s , B8

Sample Depth: . B 415 15160 16-17" X _17-18" S 1819 1920
Sample ID: LAG-9904150 LAG-9904151 LAG-9904152 | LAG9904153  _ LAG-9904154 _ LAG-9904-155_ LAG-9904-156
Sample Date: : 7272005 7005 272005 0005 Q7005 7272005 IR72005
General Chemistry Units ’ T L o o o i Lo

Bulk Densaty _ g/em3, 0s6 060 057 060 . _ 047 oo C 12 7}
Percent Moisture % 51.2 _ _ 475 . __ 505 ) _ 493 . 88 X 268 . 273
Sample Location: " " "LARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS)
Boring No: T By B9 B9 B9 B9 ' B-9 T By
Sample Depth: ' , o1 ) 12 Ty 34 = T s 4 67

Sample 1D: ) _ LAG-9904157 | LAG-9904-158  LAG-9904-159  LAG-9904-160  LAG-9904-161  LAG-9904-162  LAG-9904-163
Sample Date: ) nes npRees nNR05 7272005 ) 0 727/2005 7277005
General Chemistry Umts _ i o i o o o L .

Bulk Density g/cm3. 063 i 071 . 065 ’ At i _ 081 . 057 ) 057

Percent Maisture % W06 . 289 . w7 Y © T ass T 388 i 0.0

Sumple Location: ) 'EARTHEN LAGOONS'EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS
Boring No: ) i B9 B9 B9 B-9 B-9 ' B9 B

Sample Depth: ‘ 2% ' T8y ) 910 10-17° . n- ) 1213 , 1314

Sample 1D: ] | LAG-9904-164  LAG-9904-165 LAG-9904-166 LAG-9904-167 _ LAG-9904-168 LAG-9904-169  LAG-9904-170
Sample Date: ) wypes 22772005 ) s 1272005 ) 7/27/2005 ) 7/27/2005 ) 7/27/2005
General Chemistry '_ Unts ‘ . - ) .

Bulk Density “g/cm3 0s7 - 064 ' 0.49 o 13 049 ST o0 051

Percent Moisture % 45.4 44.4 487 18.0 50.9 45.4 51.8

AR308441
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TABLE 3.1 Page5of 5
BULK DENSITY AND MOISTURE CONTENT RESULTS - JULY 2005
OxyChem Pottstown, Pennsylvania

15.3.?& Locatior | EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS]
Boring No: _ B9 B9 B9 B9 B9 B-9 B0

Sample Depth: . L 1415 — 15-16' . 16-17" . 17-18' o 18-19° o 19-20' L 70-1'

Sample ID: o T LAG9904-1T1 | LAG99081T2 LAG-99041T3 LAG-9904-174 _ LAG-9904-175 _ LAG-990417%6  LAG-9904-177
[Sample Date: ) 770005  77/2005 © 72372005 727/2005 T w2008 V22005
General Chemistry  Unmits C o - S o . ]
Bulk Density g 3o iz ew o Tl o1z T 089
Percent Moisture % 176 259 S1.5 328 : 272 288 37.0 T
Tf A . - —_ U —_— —_— C————— 2 PR A

Sample Location: ) "EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS|
BoringNo: ' m1e ~ Bw B0 . sw T ewm 810 B10
Sample Depth: ) LTy = T 45 56' = B 78

Sample ID: T LAG-9904178 | LAG-90417 LAG-9904-180  LAG-9904-181 LAG-9904-182  LAG-9904-183  LAG-9904-184 _
Sample Date: ) M5 72772005 L Tyopees. | T n3pe0s L Twnees W27/2005 i 72712005
General Chemistry _  Units '"j,i, T T - S o
Bulk Density - _ycm.?‘ 061 X ~_0e0 . 0s4 . Oes _ Oes 050 . 050

Percent Moisture L o _ B2 . 0 . ¥ , 338 . 474 . 485
Sample Locatio: | EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGOONS EARTHEN LAGODNS EARTHEN LAGOONS EARTHEN LAGOONS -
Boring No: B0 TB10_ T B0 T B o B-10 ! B-10 T

Sample Depth: Y * 3 R A = { S == - N = T L ST o
Sample ID: _ . LAG-9904-185 LAG-9904-18  LAG-9904-188 LAG-9904-189  _ LAG-9904-1%0  _ LAG-9904-191

Sample Date: R 7ﬂ7ﬂ0V0_5¥ m]ﬂwi . 7/27/2005 727/2005 7272005 72772005 o
General Chemistry  Units o o o ;47 ' ' - ' - ) |
Bulk Density _ B/cm3: 057 . 050 . b4 047 - 052 - 052 L

Percent Moisture . % o a7 92 464 . 499 , 497 ) 5885 B
Sao'n};l:Lioﬁatiom . o T o 7, o ) o T - T - 7J
BOfiﬂerlJ.‘ T T T T T T

Sample Depth: _ B ) L T T T ' — - T

Sampie ID: : - § e T — — o
Sample Date: R S , _ . . . . _ .
General Chemistry Units ‘ ’ ‘1
Bulk Density g/em3 0 - 'r* T T — o ’
Percent Moisture % - . - - o

Sample Location: - T B o ' - - '7 B
Boring No: N '7.' - T - - N -

Sample Depth: o o - o T B '

Sample 1D: ' -

Sample Date: B N B B

General Chemistry “Units R - B T

Bulk Density “g/emd o o - ' )

Percent Moisture % ) - . .

Sample Location: ' )

Boring No: B '

Sample Depth: ) B ) '

Sample 1D: ) B

Sample Date: .

General Chemistry " Units '

Bulk Density “g/em3 N o

Percent Moisture %

AR308442
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ANALYTICAL RESULTS SUMMARY - JULY 2005

TABLE 3.2

OxyChem Pottstown, Pennsylvania

Page 10of 3

Sample Location: EARTHEN LAGOONS EARTHEN LAGOONS
Sample 1D: LAG-9904-107 LAG-9904-192
Sample Date: 7/26/2005 /2712005
Parameters Units

Volatile Organic Compounds

1,1,1-Trichloroethane mg/kg 017U 018U
1,1,2,2-Tetrachloroethane mg/kg 017U 0.18U
1,1,2-Trichloroethane mg/ kg 017U 018U
1,1-Dichloroethane mg/kg 017U 0.18U
1,1-Dichloroethene mg/kg 017U 0.18U
1,24-Trichlorobenzene mg/ kg 017U 0.18 U
1,2-Dibromo-3-chloropropane (DBCP) mg/kg 017U 018U
1,2-Dibromoethane (Ethylene Dibromide) mg/kg 017U 0.18U
1,2-Dichlorobenzene mg/kg 017U 018U
1,2-Dachloroethane mg/kg 017U 0.046 J
1,2-Dichloropropane mg/k 017U 018 U
1,3-Dichlorobenzene mg/ kg 017U 0.18U
1,4-Dichlorobenzene mg/kg 017U 0.18 U
2-Butanone (Methyl Ethyl Ketone) mg/kg 017U 0.18U
2-Hexanone mg/kg 017U 0.18 U
[-Methy[-2-Pentanone (Methyl Isobutyl Keton mg/kg 0170 018U
Acetone mg/kg 017U 0.18 U
Benzene mg/kg 017U 0.18 U
Bromodichloromethane mg/kg 017 U 018U
Bromoform mg/ ke 017U 0.18U
Bromomethane (Methyl Bromide) mg/kg 017 U 0.18U
Carl disulfide mg/kg 017U 0.056 |
Carbon tetrachloride mg/kg 017U 0.18U
Chlorobenzene mg/kg 0.17U 018U
Chloroethane mg/kg 017U 018U
Chloroform (Trichloromethane) mg/kg 0.17U 018U
Chloromethane (Methyl Chloride) mg/ kg 0.17U 018U
cis-1,2-Dichloroethene mg/kg 14 180 D
cis-1,3-Dichloropropene mg/k 017 U 018U
Cyclohexane mg/kg 0.17 U 0.18U
Dibromochloromethane mg/kg 017U 018U
Dichloredifluoromethane (CFC-12) mg/kg 017U 0.18U
Egﬂlﬁmzene mg/kg 0.54 0.55
Isopropylbenzene mg/kg 0170 0.18U
Me%l acetate mg/kg 017U 018U
Methyl cyclohexane mg/kg 017U 0.18 U
Methyl Tert Butyl Ether mg/kg 017U 018U
Methylene chloride mg/kg 028 0.21B
Styrene mg/kg 0.17 U 0.28
Tetrachloroethene mg/kg 017 U 018U
Toluene mg/kg 0.068] 0.078]
trans-1,2-Dichloroethene mg/kg 0.14] 0.32
trans-13-Dichloropropene mg/kg 017U 0.18U
Trichloroethene mg/kg 0.23 0.78
[Trichlorofluoromethane (CFC-11) mg/kg 0.17U 0180
[Triffluorotrichloroethane (Freon 113) mg/kg 0.17U 0.18 U
Vinyl chloride mg/kg 14 9 D
Xylene (total) mg/kg 017U 018U

AR308443
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ANALYTICAL RESULTS SUMMARY - JULY 2005

TABLE 3.2

OxyChem Pottstown, Pennsylvania

Sample Location: EARTHEN LAGOONS EARTHEN LAGOONS
Sample 1D: LAG-9904-107 LAG-9904-192
Sample Date: 7/26/2005 7272005
Parameters Units
Semi-volatile Organic Compounds
2,2'-oxybis(1-Chloropropane) (bis(2-chloroisol mg/ kg 55U 29U
2,4, 5-Trichlorophenol mg/kg 14U 74U
2,4,6-Trichlorophenol mg/kg 55U 29U
2,4-Dichlorophenol mg/kg 55U 29U
2,4-Dimethylphenol mg/kg 55U 29U
2,4- itrophenol mg/kg 14U 74U
2.4 Dinitrotoluene my/kg, 55U 290
2,6-Dinitrotoluene mg/kg 55U 29U
2-Chloronaphthalene mg/kg 55U 29U
2 orophenol mg/kg 55U 29U
2-Methylnaphthalene mg/kg 55U 29U
2-Methylphenol mg/kg 5.5 U 29U
2-Nitroaniline me/kg 14U 740
2-Nitrophenol mg/kg 55U 29U
3:3'-15;' hlorobenzidine mg/kg 55U 29U
3-Nitroaniline mg/kg 14U 74U
4z6-ﬁ' itro-2-methylphenol mg/kg 14U 74U
4-Bromophenyl phenyl ether mg/kg 55U 29U
4-Chloro-3-methylphenol mg/kg 55U 29U
oroaniline mg/kg 550U 29U
4-Chlorophenyl phenyl ether mg/ kg 55U 29U
4-mYlghenol mg/ kg 55U 29U
3-Nitroaniline mg/kg 14U 74U
[-Nitrophenol me/kg 14U 740
Acenaphthene mg/kg 55U 29U
Acenaphthylene mg/kg 55U 290
Acetophenone mg/kg 10 29U
Anthracene mg/kg 55U 29U
Atrazine mg/kg 55U 29U
Benzaldehyde mg/kg 55U 29U
Benzo(a)anthracene mg/kg 55U 29U
Benzo(a)pyrene mg/kg 55U 29U
Benzo(b)fluoranthene mg/kg 55U 29U
Benzo(g,h,i}perylene mg/kg 55U 29U
Benzo(k)fluoranthene mg/kg 55U 29U
iphenyl mg/ kg 5.5U 29U
bis{2-Chloroethoxy)methane mg/kg 55U 29U
bis{2-Chloroethyl)ether mg/kg 55U 29U
bis(2-Ethylhexyl)phthalate me/kg 40 47D
Butyl benzylphthalate mg/kg 55U 29U
Caprolactam mg/kg 55U 29U
Caizole mg/kg 55U 29U
Chrysene mg/keg 55U 29U
ibenz(a, h)anthracene mg/kg 55U 29U
ibenzofuran mg/kg 55U 29U
iethyl phthalate mg/kg 55U 29U
Dimethyl phthalate mg/kg 55U 29U
Di-n-butyiphthalate mg/kg 55U 0.81]
Di-n-octyl phthalate mg/kg 55U 29U
Fluworanthene mg/kg 55U 29U
Flaorene mg/kg 55U 29U
Hexachlorobenzene mg/kg 55U 29U
Hexachlorobutadiene meg/kg 55U 29U
Hexachlorocyclopentadiene mg/kg 55U 29U
Hexachloroethane mg/kg 55U 29U
Tndeno(1,2,3cd)pyrene mg/kg 55U 29U
Isophorone mg/kg 55U 29U
Naphthalene mg/kg 55U 29U
Nitrobenzene mg/kg 55U 29U
N-Nitrosodi-n-propylamine mg/kg 55U 29U
N-Nitrosodiphenylamine mg/kg 55U 29U
Pentachlorophenol mg/kg 14U 74U
anthrene mg/kg 55U 29U
Phenol mg/kg 55U 29U
Pyrene mg/kg 55U 29U

AR308444
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TABLE 3.2 Page 3 of 3
ANALYTICAL RESULTS SUMMARY - JULY 2005
OxyChem Pottstown, Pennsylvania

Sample Location: EARTHEN LAGOONS EARTHEN LAGOONS
Sample 1D: LAG-9904-107 LAG-9904-192
Sample Date: 7/26/2005 772772005
Parameters Units

Metals

Aluminum meg/kg M/0E 9140 E
Antimony meg/kg 0.55 UN 0.58 UN
Arsenic mg/kg 094U 1.0U
Barium mg/kg 13.9 BE 32.3 BE
Qe%;um mg/kg 28U 3.0U
Cadmium mg/kg 034B 19
Calcium mg/kg 8490 E 15400 E
Chromium Total mg/kg 549E HIE
Cobait mg/kg 238 3.7B
Copper mg/kg 14.1E 125E
Iron mg/kg 6430 E 10200 E
Lead mg/kg 103 E 554 E
Magnesium mg/kg 1350 E 2110E
IManganese mg/kg 107 E 14E
Mercury mg/kg 0.11 0.21
[Nickel mg/kg i3B 75
Potassium mg/kg 73.0 BE 289 BE
Selenium mg/kg 089U 095U
Silver mg/kg 0.60U 0.64 U
Sodium mg/kg 5358 764 B
Thallium mg/kg 083U 085U
Vanadium mg/ kg 13 B 9.2
Zinc mg/kg 452 E 192E
General Chemistry

Free Liquid mL 01U 01U
[gnitability Deg C 60U 60 U
Percent Moisture % 40.0 43.7

pH {water) pH Units 7.6 77
Reactive Cyanide mg/kg 100U 100U
Reactive Sulfide mg/kg 100U 1580

T Organic Carbon (TOC) mg/kg 360000 316000
Notes:

B - Analyte was found in associated blank.

B - {(Metals) Reported value is less than the CRD limit but greater than the IDL.
DL - {[vietais) keportea value 1§ (ess than tne

CRD limit but greater than the IDL.

Estimated due to the presence of interference.

D - Compounds at secondary dilution factor.

E - Estimated due to the presence of interference
] - Estimated value.

U - Analyte was analyzed but not detected.

UN - Analyte was analyzed but not detected.
Sample recovery not within control limits.

SA4 KPTID THA 2q0MAAL T2 Farthen Lagoon T8 @y, by 17 PF)
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TABLE 3.3 Page 1 of 1
TCLP ANALYTICAL RESULTS SUMMARY - JULY 2005
OxyChem Pottstown, Pennsylvania

Sample Location: ‘ EARTHEN LAGOONS EARTHEN LAGOONS

_ Sample ID: ; ' LAG-9904-107 ) LAG-9904-192
Sample Date: ' ' 7/26/2005 ) 7/27/2005
Parameters ' Units

- |

Volatile Organic Compounds TCLP

1,1-Dichloroethene ug/L 10U ’ 10U
1,2-Dichloroethane ug/L’ 5] ‘ 2]
- 2-Butanone (Méi}{}?l Ethyl Ketone) ' I ug/L ‘ 10U 4]
Benzene ug/L! 10U A 10U
Carbon tetrachloride C ug/L 10U 10U
Chlorobenzene ) | ug/L ' 10U » 10U
- Chlorqfofrﬁ (Trichloromethane) ' )> ug/ L l ' 1ou ) 10U
Tetrachloroethene ug/L wou 10U
Trichloroethene ug/L 6] ‘ 9]
_ Vinyl chloride ' ug/L a 3100 D

Semi-volatile Organic Compounds TCLP A ’

1,4-Dichlorobenzene Cug/L 10U 7 U
- 2,4,5-Trichloropherol ’ ug/L 25U ’ 23U
2,4,6-Trichlorophenol ' o lug/i 10U : 10U
2,4-Dinitrotoluene “ug/L | 100 ? 10U
2-Methylphenol ug/L’ 10U : 10U
- 3&4-Meth§zlphenol ug/L ' 10U ' 10U
Hexachlorobenzene iug/L 10U 4 10U
Hexaéhlo;obuiadiene ' ] ' 1 ug/L ‘ 10U 100
N Hexachloroethane "ug/L’ 10U 10U
Nitrobenzene ug/L 10U ' 10U
Pentachlorophenol ‘ ug/L » 25U A 25U
Pyridine [ug/L 10U ' 10U
Metals TCLP !
Arsenic ug/L 106 ‘ 129
Barium  ug/L 160 : 386
- Cadmium "ug/L| 42B _ 037U
Chromium Total ug/L’ 14.7 64 B
Lead ug/L 102 ' 248
Mercury ug/L 0.10U ’ 010U
- Selenium ug/L 95 ' 101
Silver “ug/L 10.7 UN ' 107 UN
Notes:

B - Reported value is less than the CRD limit but greatér than the IDL.
D - Compounds at secondary dilution factors. i ‘
] - Estimated value. ‘ |
— U - Analyte was analyzed but not detected. ) ‘

UN - Analjg; was anélyzéd but not detected. Sample 'recovery not within control limits.

9904-RPT20-ThI3.3{9904-q067Al-XT2-Earthen Lagoon 0705 TCLP-37-PF)
2005-09-08

— AR308446



TABLE 3.4
SUMMARY OF MAXIMUM PVC MATERIAL CONCENTRATIONS
OxyChem Potistown, Pennsylvania

AR308447

Maximum Maximum Maximum
Parameter Units PVC Material PVC Material PVC Material
Concentration Concentration Concentration
1993 2001 2005

Volatiles
1,2-Dichloroethane mg/Kg 0.32 2.5 0.046 J
1,2-Dichloroethene (total) | mg/Kg 48] 2419 180.32
2-Butanone mg/Kg 0.027 J ND ND
Acetone mg/Kg 1.2] 12 ND
Benzene mg/Kg 02] ND ND
Carbon disulfide mg/Kg 23 ND 0.056 ]
Methylene chloride mg/Kg 11 0.004 021 B
Styrene mg/Kg 21] 34 0.28
Tetrachloroethene mg/Kg 0.85 0.19 ND
Toluene mg/Kg 16] 130 078 ]
Total Xylene mg/Kg 7] 0.16 ND
Trichloroethene mg/Kg 0.94 ] 17 0.78
Vinyl chloride mg/Kg 1.7 560 99

Semi-Volatiles
Benzoic Acid* mg/Kg 31] 31 ND
2-Methyl naphthalene mg/Kg 0.088 | 38 ND
Acenaphthylene mg/Kg 010} ND ND
Benzo(a)anthracene mg/Kg 027 ] ND ND
Benzo(a)pyrene mg/Kg 022] ND ND
Benzo(b)fluoranthene mg/Kg 023 ] ND ND
Benzo(k)fluoranthene mg/Kg 013 ] ND ND
bis(2-Ethylhexyl)phthalate } mg/K 280 ] 7,500 47
Chrysene mg/Kg 0.36] ND ND
Di-n-butylphthalate mg/Kg 1.6 ] 48 0.81 ]
Diethyl phthalate mg/Kg 0.092 ) ND ND
Fluoranthene mg/Kg 0.23] ND ND
Naphthalene mg/Kg 3.8] 17 ND
Phenanthrene mg/Kg 0.70 ] 6.5 ND
Pyrene mg/Kg 0.33] ND ND
Metals

Aluminum mg/Kg 34,000 831 9,140
Antimony mg/Kg 30 2 0.58
Arsenic mg/Kg 27 1.1 ND
Barium mg/Kg 430 ] 4 323 B
Beryllium mg/Kg 2.2 0.1 ND
Cadmium mg/Kg 33 0 19
Calcium mg/Kg 23,000 1,020 15,400
Chromijum mg/Kg 130 J 20 54.9
Cobalt mg/Kg 36 ] 1.0 37 B
Copper mg/Kg 61 6 125
Iron mg/Kg 49,000 1,030 10,200
Lead mg/Kg 120 2 55.4
Magnesium mg/Kg 3,900 362 2,110
Manganese mg/Kg 2,800 16 114
Mercury mg/Kg 0.59 0.1 0.21
Nickel mg/Kg 39 2 7.5
Potassium mgﬁg 3,200 21 289
Selenium mg/Kg 0.95 1.1 ND
Silver mg/Kg 11 - ND
Sodium mg/Kg 100 22 764 B
Vanadium mg/Kg 49 13 9.2
Zinc mg/Kg 170 15 19.2
NOTES:

ND- Non detect.

B - Not detected substantially above the level reported in the laboratory or field blanks.

J - Estimated.
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APPENDIX A

DIOXIN RESULTS FROM
EPA SAMPLES - EPA LETTER DATED MAY 7, 2004
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‘o‘“\«’ 97’0.%

; A% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
] W

3 3 REGION Il

;% I 1650 Arch Street

74, mgo‘ Philadeiphia, Pennsylvania 19103-2029
May 07, 2004

AR308450

David P. Steele

Director, Operations
2480 Fortune Dr_, Ste 300
Lexington, KY 40509

Dear Mr. Steele:

Enclosed please find the results of the dioxin sampling conducted in the PVC sludge in
the lagoons at the Occidental Chemical Superfund Site on December 8 & 9, 2003. The data s
submitted in 2,378-Toxicity Equivalents (TEQs). The data is presented in two sets, one which
calculated the TEQs using the 1989 Interim Scheme and the other one using the latest WHO
1999 Scheme. Results show that levels of dioxin ranged from 121 to 900 parts per trillion (ppt)
using the 1989 Interim Scheme and from 81 to 534 ppt using the WHO 1999 Scheme.

[ submitted these data to the EPA toxicologist for an evaluation to determine if the results
represented a nisk.  According to her evaluation, these levels are below the current preliminary
remediation goal for dioxin of 1,000 ppt for residential areas and 5,000 to 20,000 ppt for
mmdustnat areas established by EPA in 1998 (OSWER Directive 9200.4.4-26). In addition, the
evaluation included the calculated cancer risk for the levels of dioxin detected for an industrial
exposure scenario and a residential exposure scenario. The calculated cancer nsk for an
industrial exposure scenario was 5E-05 and for a residential exposure scenario was 2E-04. These
levels are within the Superfund acceptable cancer risk range of 1E-06 to 1E-04 for an industria)
area and at the higher end of the range for a residential area when compared to the residential
risk-based concentration of 430 ppt at 1E-04.

If you have any questions about the data or the toxicologist assessment, please call me at
215-814-3199 or e-mail me at garcia.maria@epa.gov.

LA Printed an 100% recycled/recyclable paper with 100% post-consumer fiber and process chiprine free.
Customer Service Hotline: [-800-438-2473
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cC:

Anthony Dappolone, EPA
Dave Minsker, PADEP
Wendy Jastremski, EPA
Nancy Rios-Jafolla, EPA
Robert Hasson, EPA

Singerely,
,
1a de los A, %é

Remedial Project Manager

I'd



MAY 11T 2034 ) T o
DATA SUMMARY FORM: PCDOs & PCDFs Page __i_of _8_
Water Sampies (pg/L)

Case % R31737 SDG R3173701 Number of Wetar Sampes : 2
Stte : Qocidential Chamucal Coporation/TFrestons Tire and Rubber Lab’ SWRI
(| Sample Numoe: - R3173701 T R¥173702 T [

Sampbng Location . Prafix ot OXY- EQ01-1208 l F601-1203 ! a
H Fiaid QC Rinsate Biank ! Fiold Blank |
| Dato Sampied 12/8/03 12/8/03 ] .
| Tima Sampled - 09:25 1520 ‘ .
‘ Ditution Factor to , 1.0 _ ) ) ‘ ‘ . o

Analte / TEF QL ICONC: TEQ i Q| GONC : TEQ : Q| CONC | TEQ ( Q| CONC : TEQ Q| CONC ' TEQ : Q|
r—— N T I o
,{ 12378-PeCDD (1.0) 10 of 0! Y o | 5
| 123478-HxCOD (0.10) 10 | o o o o | ¢ |
l 123878-HxCDO (0.10) 10 n41£ 0,0475: J o% o' i al ; o E‘l

123783-HxCDD (0.10) 10 0! o o | of | o
. 1234878-HpCDD (0.01) 10 4.«§ o048 J o! 0 0, ‘ 0! i(
| 12348785-0CDD (0.0001) |20 || ve) cowiB| 2720 oi® o o} ! o l
‘E 2378 TCDF (0 1) { 4 f o o.va% o B oé; a s a 1
| 12878-PeCOF (0.05) ‘10 o; u; af oi | o
|| 23478-PeCOF (0.50) 0 | 0 o o! o o
’ 123478-HXCOF (0.10) 10 o] o} o! 3 ] o |

123878-HxCOF (0.10) 10 o o o ! o ; o
| 123789-HxCOF (0.10) 10 o} ; og o I ol
| 234878-HXCDF (0.10) 10 o} Lol of 0! ' o
- 1234878-HpCDF (0.01) 10 eé ; o,no’; ootuo o% oé | og K

1234789-HpCOF (0.01) 1w ! o} S o o ) i
| 12346789-0COF (0.0001) ™ Y Poof 0! o; o
{Other TCDD R - !
‘;om« PeCOD ': ' :
|other HecDO . f
!}om HPCDD |
. Othar TCDF : . i
{Other PeCDF | I
'giOther HxCDF : ‘ : “
I r HoCDF ; : | ) :
e o T T T T

TEQs are 2ased on -TEFES Scheme

AR308452




DATA SUMMARY FORM: PCDDs & PCDFs Page_2_cf B
Soil Samples (pg/g)
Case ¥ R31737 SOG RATI7T0N Number of Soi Samples 18
Site : Qocdentiat Chamical Corporstion/Firestone Tire and Ruboer Lab: SWRI
| Sample Number T Re 173703 ] Ra173704 " R3173708 | R3173708 R3173707 ’l
|| Semphng Locaton : Prefix of OXY- SB-NE10(6-24) | SBNETIE24) SB-NES(8-24) SB-NES(E-24) | SB-SE10/5-24) |
" Fieid QC ' )
it Date Sampied 12/903 12/9/03 ! 12/5/03 | 12//03 12803
Time Sampiad 13:48 10.48 | 1118 1310 16:15 :
|| %Solias a7 824 04 ats | 773 H
" Diubon Factor 1.68/19.8 ' 198188 i 19818.8 . 19187 197187 o
inm 1 TEF QL (CONC! TEQ Q| CONC ' TEQ Q! CONC : TEQ ‘Q' CONG . TEQ Q| conNc ' TEQ Q
: : : : : ; : IR : C
l| 2378-TCDD (1.0) 08 | 981; Bo1iJ RN TN 568; 568l 67si ars; | 738 73si ‘
12378-PeCDD (1.0) 2 | 20 = 22 22 170f 170 w7, 81T w7 27y
| 123478-HxCDD (0.10) 2 | s 228 CTHEET'Y 386i 388 J 1. 281 28l 228 |
_ 123678-HxCDD (0.10) 2 | 238 23 a2 72, 0 208l 2054 HERTE 1370 137
! ; ; : : ; : : S : o
| 123786-HxCDD (0.10) 2 | w3l el M9 040 2230 anis| 73 7 506 508 J !
| 1234678-HpCDD (0.01) 2 | ae00i 3s0i+| ese0 964+ | 11300] 3]s e sas. o] 400 %40, b
4 H i : : : : i ; ; T
1 12348789-OCDD (0.0001) | & | 40500; 40514+ 113000 1131041 145000 14.57J¢ mooof 127{ 4+ 1050000 13.5: .+
| 2a78-TcOF (©.1) 08 i olusl  3cel amis| szl omiu| 227 omy Y
! { ' : : : : ; : : oo
| 12378-PeCDF (0.05) 2 b ol s43l 027} 293 0151 J 027 031 L ot
l| 23478-PeCOF (0.50) 1 2 510! 256 631; 3.18! e53 227 ) 700 3s0: oj ual;
i 123478-HxCDF (0.10) 2 27.9? zn§ u,eif 3;9;3 ‘u; 4.11§ J ar: 287! -.e.a.f 188 J
< 123878-+HxCDF (0.1Q0) 2 1u§ uui [ w.si wsi 17.7§ 1.77§ J 98! 106 a8 aes’ J
| 123788-+ixcOF (0.10) 2 .o Y . oiw|  oeei ooee o cw
—_ 234678 HxCDF (0.10) 2 17 a ﬂ.745; . 44.75, 4473, 24 3 2.13‘; J 3 af; 1380 528 083, ¢
i ! | ) ; H ! i i : [ Z t
,‘ 1234878-HpCDF (0.01) | 2 s0i  5.00; s42]  542; 489; 488i a5; a3s; | w2 282° 4
1234789-HpCDF (0.01) | 2 l 18] 118 132% 132 503: 090%J 02 o0& 7 048 U
| 12348788-QCOF (0.0001) | 4 11g§ 012! 1470 &gf 100i 011 J N30l aar 664 o.oss’_J_]
) i ' ; : : : : . !
COther TCDD ; i \ ! : : : : oo |
-Other PaCDD o 3 : ) : ; ' I
| Other HXCDD L T P ' “
. Other HPCDD I P l d
! ! ! ! ! : : i i
;’Other TCDF : i : ; : : : :
| : ; : : : : : o
'Other PeCDF é a P : : : :
. N : ‘. . : ! |
{Other HxCDF i : S ;_ - :
Cther HpCOF o L ] _
| ‘
HTOTAL TEQ 1238 2030 \ 198.9 l 1763 ! _sa2f

~ = Resuit Reponed from dilkuted Bnalyxs.
TLQs wre basad or -TEF/B9 Schemra.

AR308453



PRS-l 1 TS ST

DATA SUMMARY FORM: PCDDs & PCDFs Page 3 ot _S
Soil Samples (pg/g)
Casa# R31737 SDG ' R31TITON Numbar of Sod Semples . 18
Stte ' Octdent:al Chernicel Corporation/Firastone Tirs and Rubber lab- SWRI

i sampia Number | R3173708 [ rRa173709 R3173710 [ R3173711 [ R3t7an2
Samphing Locston - Prefix of OXY- ! SB-SE7(6-24) l SB-SEB{G-24) SB-SES(G-24) ! SS-NE10{0-8) " SSNET7(0-3}
Foaid QC 3 ‘ ”

| Dote Semped - 125903 12/8/03 12/9003 12780 2803 |

~ Time Samgied 1425 15:00 15.40 14.35 frag '

| %Solide . 738 779 793 . 769 827

|| Diiuton Factor 198198 | 188198 ~ j1senss o 1eene2 R 211 '

! Anatyts | TEF | aL CONC TEQ (O] CONC ' TEQ 9 CONC | TEQ (Q| CONC ; TEQ _Q CONC ' TEQ Q!

| 2378-TCDD (1.0) !o.e 779l 179! 7780 774! 588! 88804 TYINTYIN ! 845. 845y :
g 12378-PeCDD (1.0) 2 14.0% u.o% 12.65, 12.5% 1015; 101% 2375: 7. 03 103% J !
| 123478-HxCDD (0.10) L2 zaag 218; za.o:f 2.3:2 zsn§ z.ssz 544§ 5u_§ I 2890 259

123678-HxCDD (0.10) 2 qu 1412 m% 14 7z : m% 1355 3315 331% 60T 1821 |

123788-HxCDD (0.10) 2| ss7 ser 5a8i 3.88] PTIYY 1260 126 | 508 508’y
1234878-HpCOD (0.01) | 2 | sso0i 50 +| 10100! 101:; o| t0800i 08i+! ee00i 388 o 1m0 vial o]
12348788-0CDD (0.0001) | 4 sa800! e.as:i o 111ooo:§ 11 ]  7e000! 7.ao:§ b 4zwoo:§ a1 | 85900 860l

2378-TCDF (0.1) a8 220 I : ' ‘ : . : ‘
- { 12378-PeCDF (0 05) 2| 200 mog J Eoof Y 5030 028i, e8! 10

H

022! J S Poo'w! 22 oz 4 oW

23478-PeCDF (0.50) 2 18] 210: 4 342} 1.71§J o} 7380 369, 0w
| 12347B-RxCDF (0.10) {21 288 268! 285! zss 193] 189}

652 8s2i | 307 307 4

i 1 : ' : ' 3 : ! { ' X |

| 123678-HxCDF (0.10) 2 1255 mzsi © 124 124! : o 304! 304’ 105 108, 0

| 123788-HXCOF (0.10) 2 | o8l 008! Y S Y o olwg

L _— S a | o

— « 234878-HxCOF (0.10) 2 3.7 337 986 090 807! 061! 2300 23, ;106 06 4 |

1234878-HpCDF (0.01) 2 2975: 297! 382 362; | 275! 278! amé 8.04! | 321? 1
1234789-HpCDF (0.01) 2 5o.4§ 050 (X5 eni 450; 048! 183} Laa'; © 5580 058 J)j

";MF {0.0001) | ? o.oao§ | il 093 | 2! cosal 210 02 om0l 011 4
[oertcon — T
{Other PeCOD L A P ”
lother HxcoD Lo o : | '

| Other HpCDD oo F II
- | Other TCOF | |
|other PecDF L
' Other HXCDF | o

— : H . : - . . ]
OtheHpcF A L ] & | ]
|LIOTAL TEQ | 118.5 168.1 158,1 | 5138 <78,
_ + < Regult Raponad wvom diuled analys:s.
T£Qs are basea on |-TEF/B9 Schama

AR308454



RLSTRNE AR S B Pt A
DATA SUMMARY FORM: PCDDa & PCDFs Poge 4__A_5
Soll Samples {pg/g)
Coee # R31737 SDG . R3173701 Number of Soil Samples . 18
Site : Occxtantal Chemical Corparation/Firestone Tire and Rubber lab: SWRI
i Semple Number - | R3t73713 [ Ra17a714 ! RITIT1S T Ra173718 T R317an7 7
I Sampiing Location : Prefix of OXY- | ss-NES(o-8) SS-NED{0-6) SS-SE10(0-8) [ SS-SE11(0-6) SS-SE12(08) u
" Foid QC Oup of R3T3717 | Dup of RAITAT2D | Dup. of RITITIS
| Date Samplad 12/8103 127803 12003 12/9/03 2
'} Time Sampled - 14:18 14.30 10:00 11:00 S 11,18 l
. %Solds . 788 70 721 737 1 729 il
it Dihation Foctor 1.98/19.6 197M9.7 ey e - aonge
| Analyts / TEF | oL [conc’ TEQ i Q CONC _TEQ 'Q| CONG @ TEQG - Q| CONC | TEQ ' Q| CONC . TEQ Qiii
! ! } | ! ! ) : H : ) o
I!} 2378-TCDD (1.0) o8 | e8! 681 928 928 549 540! j o?w‘_ 218 218 J
 12378-PeCDD (1.0) 2 128 126! el t1ral 1,07'5 807} 1o.a'§ ‘08 J 885 aes
;(‘ 123478-HxCDD (0.10) 2 | 2120 21 IR YTH 20! 220 w0i 2000 | e 208 ‘
~ 123678-HxCDD (0.10) 2 149 149 137 a7 1150 115! 01 109 o1 ar
i s : ; : i Lo s o : Lo
! 123788-HxCDD (0.10) 2 | 557 857 e0.2; 602 568 558! 5237 52 386 388 |
1234678-HpCDD (0.01) 2, meol 7isi+ 7630; 763 + 8% 563!+ 8280 828 7200 7291 -,
” 12348788-OCDD (0.0001) | s | 77400! 774{+| o000} 980 sr| ss700i s557ise| 65000 630 4 88700 aavao!
2378-TCOF (0.1) 08 | 337 o034 278 028} J 1 1280 013 4 L oiug o
| 12378-PaCOF (0.05) L2 | a3l oz2!y Lo | Poa 008! 0osi ST
| 23478-PCOF (0.50) 2 ss0 2718 fool ., 2e0 1214 Y rs0 08y |
! ! ; : : ; : : : : o
i123478-HxCDF 0.10) P2 N7 a7 250; 2.60: 1.6 118 e, 108 04 104 }
~ 123878-HxCDF (0.10) | 2 1200 120 1ol 110 essi ose se7i o8y ' see ;595 |
f{ 123788-HxCDF (0.10) | 2 'Y Y 0e2; 0.0 J 100} 0.10: 4 e
izwa-HxCDF 0.10) 2 9.822 o.ss;; s,ué o.ae;" rsaé a.nf ( : o )
| P P P P S
' 1234678-HpCDF (0.01) ‘ 2 298] 288! as1: 301! 171 L ‘ 185 186! o l‘
i i ! : i ; i : . : :
! 1234783-HpCDF (0.01) l 2 598 080! aslz? oBsi ! 26, 03! »n2 0% 270 Cc27 '|
_12348789-OCDF (0.0001) . 4 768" ool | es7. 010 I 21 004y 608 posti 408; 004t
Other TCOD | o :
) . i .
Other PeCDD : : : | ; : ! - :
|otrer a0 - L oy
|Other HPCDO | | !.
“mmrcm o P A .
| other PECDF A L ! o
‘Other HxCDF | : i " : . ; : |
- Other HpCOF P R R 5 L L
TOTAL TEQ 136] 138.1 29.9] 1217 L—:‘?-’-_J

+ = Result Reponed from diuted analysis.
TEQS sre tased on L TEF/BY Scheme.

AR308455



Case # R31737

MRY -7 -2 L

»

80G R3173701

DATA SUMMARY FORM: PCDDs & PCOFs

Soil Samples (pg/g)

Site . Oosidantial Chemical Carporeton/Firestone Tire and Rudbber

Number of Sod Samples .

Led

18

SWRI

.

PSR

Page __5__ of

- Sample Numper

— m

Sampling Location : Prefix of OXY-
Fiaid QC

Cats Sampiad

.. Tima Semglea .

: Dvuton Factor

t\

i
i

L Anahyte | TEF
| 2378-TCOD (1 0)

‘- 12378-PeCDD (1.0)

I R317I718
| S5-SE?(0-8)

128003
14:50
743
1.0819.8
CONC

I

R3173710
SS-SEN0-6)

12/8/03
15:00
Tos
1.09/10.9

CONC : TEQ

| rarzar20
88-3E9(0-8)

Dup. of R$173T18
12803

09:50

729

198198

CONC | TEQ |

jo

I
|

123478 HxCDD (0.10)
123678-HxCDD (0.10)
123789-HxCDD (0.10)

-
?.56§
oo

iTEQ O

o!
-
25!
165.

578

5070 507

102i 102]
87 287!
12 132!

626! 628!

343 24

arsi 676
77 177
P86 266

Mai 24!

_ AR308456

_ 1234878-HpCDD (0.01) 2 | wano! sl el 7200 7i2ie ] ar0l 470, - o: %
“ 12346789-OC0D (0.0001) | 41noo§ uoé.:o ssaoo asaéh sosoo s.osé» o} l o
; 2378-TCOF (0.1) 08 o'gu.: o ': ogw o o
- | 12378-PeCDF (0.05) 2 us 0.072 J z.ng o.11§ J us§ o.ové J i n l o ]
| 23478-PeCOF (0.50) 2 | 2000 13is! 288 14y . o ol | o
. i; 123478-HxCDF (0.10) 2 13.4§ 134 u‘a.; ua; 132% :‘ng g ! o i o !
123878-HxCOF (0.10) 2 a8y oss | 7.27;5 0.7y a‘eag o,ss;E I PE
123788-HxCDF (0.10) 2 o.ug o.o:ug J o; aé u'; 1 ol
~ | 234678-HXCDF (0.10) 2| s om 950] 08, s 038! o | a
- 1234678-HpCOF (0.01) 2 | 28l 248 i el 82} ez o ¢
B 1234783-HpCDF (0.01) 2 «.92 0.653: 45 5 o.aaé 29.35 0 :m? o ; o; “
!szg;ggOCDF (0.0001) | 4 579? ovgf J{ soa% o;ogf «a _ggu 0 o |
_Other TCDD j Lo ; i
~ foprpecno SR
| Other HxCOD
—— AN O A
- HOIMTCDF o : |.
'Other PeCDF : |
B Other HxCOF , ! 1
i I A T A
TOTAL TEQ ] 88,0 1z28] sos| | 0 )
. + = Result Reported from diluted analys:s.
“EQs3 wre 5azed on 1. TEF/89 Scheme



DATA SUMMARY FORM: PCDDs & PCDFs

soew T T

Water Samples (pgil)

Case #: R3 1737 SDG - R3172701 Number of Water Samoies . 2

Sae : Qocicenziai Chemical Corparabor/Firesiona Tire and Rubber tab: SWRI

Sample Number - R3173701 | R3173702 | | i
1] Samping Location - Prafix of OXY- | EQO1-1203 FB01-1203 l ’

| Fiald OC Rinsate Biank Fioid Blank : i
Feteed Nt | |
Dilution Factor . 10 T ' _ ‘ _ ‘
_Aasis ! TEF { ot llcoNc  TEQ . O/ COWC | TEQ Q) CONC [ TEQ 1@ CONC  TEQ G CONC__TEQ Q
‘*! 2378-TCDD (1.0) TT Pl i ol o ¥ ] o

12378-PeC0D (0.50) 10 oif E oé oé o =R
| 123478-HxCDD (0.10) 10 Lol of o! Y l s
;1 123878-HxCDD (0.10) 10 0.47 uon; J o oé o ! 0 |
| 123788-HxCDD (0.10) 10 o o} o! Poo o
~ 1234678-HpCOD (0.01) w0 | 4 o.o‘sg J o 0! o o !
! 12348789-0C0D (0.007) | || 478! aoco% 8| 2mi ol o c ' 2. |
" 2378-TCOF (0.1) « E o% ons% o 8 o o | o !
| 12378-PeCOF (0.05) | 0 o " o 0 o 0
. 23478-PeCDF (0.50) o o o 3 o' o
\ 123478-HxCOF (0.10) 10 o o 0} of | I
I} 123878-HxCDF (0.10) | 10 ; oé oi oé o ; 5 i
 123789-HXCDF (0 10) 10 o o { o 2 o
!l 234878-HxCDF (0.10) 19 0, P 0, - s
| 1234878-HpCDF (00T | 10 o} 040} 00040 l 0, o} ‘ ¢
| TETEOHRCOF OO 0 o; I o 0 0o
L 12348789-0OCDF (0.001) I 2 ) F YO o | 0| o b
Other TCDD N | |
%Iomer PeCDD i , ; ' ?
Other HxCOD S ! \
é.omer hpCDD ‘ : !

Othet TCOF | : ‘ !
loter Pecor 1 l ‘ l il
+ Qther HxCDF ! ; i
Otnge HOCOF | | i | _
_JOTAL TEQ ! 0.09 0.0040 l ) o o

TECs ars based on -TEF/83 Scheme.

AR308457




ME - -0 L2 TS AP R
DATA SUMMARY FORM: PCDDs & PCDPs Page _2_of _6_
Soil Samples (pg/g)

Casa® R3'737 SDG R3173701 Number of Soi Sampies = 18
Sita  Oendentisl Chemicat Corporation/Firestons Tire and Rubbar b SWRI

T Sample Nuber - [ R3173703 T R3173704 3173708 [ R3173708 | R3173707 ;
Sampling _ocation  Prefx of OXY- | SB-NE10(8-24) SB-NE7(6-24) SB-NEB(8-24) SB-NES(6-24) | SB-SE16(6-26) !
Fisid OC ' ’

’ Date Sampiod . 128/03 1208 i 12903 12/8i03 12/9;03 :
Tund Sampled 13:45 10:45 1118 13:10 | 16,18
%Sokds 837 B4 794 816 7.0 ‘
_ Diytion Factor : 198198 1.08/10.8 158/19 8 o lvemey 197187 !

| Anaigte | TEF oL conc: TEQ Q| conc | TEG ‘a| conc | TEQ Q' conc | TEQ Q! conc | TEQ iq

| 2378-TC0D (1.0) 08 | ami seiy B0 131 ] sesl sesiy:  ers] a&rsi 7l 73y Ii

H . : ! H : ' !
! 12378-PeCDD (0.50) 2 220! 110! 22 na 170, 850: 3 870 9380 ) 127 535
) ' : ) : : ! M :

| 123478-HxCDD (0.10) "2 a8 338 05 396 58 358: 21; 281} 26 2%

| 123878-HxCDD (0.10) 2 230 283! i 272 208 205 4. 7 ant l 137 1370y |

! : : : : : ; ; : : :

£ 123789-HxCDD (0.10) 2 80.3:  9.93: 949! 9.48; 823; 231 I 7a3f 783. | 08 $06' .
_ 1234878-HpCDD (0.01) 2 | 3e00i 360 + 9540 8541+ 113000 133 4+ 9480 348 « 8400, 330 v
i H : : : : [ : ; : T
| 12346786-0CDD {0.001) 4 | 408007 40S5{J+| 113000i  193iJe| 145000 1455J*| 127000  127iJe| 108000 108! o

” : : : i ; F : : :

' 2378-TCDF (0.1) 0. P ooiw|  aoe omi 3200 033} 221, o024 o Ul

| 12378-PeCDF (0.05) 2 Y sa; o2t | 203 oasiy. e 03t 2 u.:l!

H 23478-PeCDF (0.50) 2| s assl 631 38; as3i 2270y 700! 350° ‘ o Uy

| 123478-HxCDF (0.10) 2 | 279 2m! ual 349 RRHEPRI 287 287 168. 188
123878-HxCOF (0.10) 2 13.45 1843 17.5'; 1.755 177§ 177. 4 19_52 1,955 876 088 .

‘ 123789-HxCOF (0.10) 2 o o o%w 0.58: 0098 J T
234878-HxCDF {0.10) P2 17.4§ 1.74§ “?r a4 213 zué Ji 138 138 E a.28. 3&3% J

i . | : . . ) : . .

f 1234678-HpCLF (0.01) 2 sac 5.00! 542; s542] | 488; 488 ) 4381 4358; 282, 262:J

1234788-HpCDF (0.01) 2 | 18 118! 132! 122 %03 090! J a32. oasf ! a7 949" .

1 12348785-0CDFE (0.001) . 11&5 118 1470} 1.47; g@; 11Q§ J 11307 113 | 564 68 J_‘&
‘Othar TCDD | ' f . ; : .

‘ : Do I :

{Cther PeCDD : Co ; : )

‘Otner HxCOD : .

. : v : |
Cther HpCDD P ; ; ‘

. Other TCOF : : i
iOther PeCDF D ;' | ‘i

. Other HxCDF 1 . '

o COF . }I

_TOTAL TEQ 1502 249 1219 223 | 26c

~ = Resut Ropoitas ‘rom diluted snalysia,

TEQs are masec on |-TEF/B0 Scheme.

AR308458




MET - -0 D236 P13
DATA SUMMARY FORM: PCDDs & PCDFs Page_3_ of 6
Soil Samples (pg/g)
Casg #: R3:1797 S0G: RI73I7TN Number of Soil Samples . 18
Site - Qecidantial Chamical Corporation/Firestana Tire and Rubber Lab: SWRI
- Sampie Number - | R3173708 [ R3173708 [ R31Ta7T10 [ R317a711 [ Ratrare2 -
“ Sampling Location  Prefix of OXY- SB-SE7(6-24) ! SB-SEA(6-24) $8-SE(6-24) ! SS-NE10{0-8) ! SSNETIC8]
. Fiaia QC .
| Date Sampiea 1270000 12709 12/%03 12/8/00 12803
Time Sempled 1428 1500 15:40 1435 | 1410
' %Sotas 736 71 73 76.1 827 ‘,
Dikution Factor . 1981198 | 164198 | 108n98 {19892 198199 A ‘]
' Analye ! TEF a.cosc%m:io CONC‘TEQQ coucEITeafo CoNc  TEQ . Q) CONC _TEQ :Q
| 2378-TCDD (1.0) 0.8 90 778! 174l 774 555 5884 170 197y 845 Bus! J—]l
‘\ 12378-PeCDD (0.50) 2 140;  7.00} 128, 623 101 sosi 287; 144 03 5150y "
123478-HxCDD (0.10) 2 | 206 218 2330 238) | 268 269! $adi Ses 259; 288 |
|, 123878-HXCDD (0.10) 2 | ezi a2 Wi 17 18] 138 w3 60} 80i s
| 123789-HXCDD (0.10) 2 | sa1i ser sesi  ses! 626! 628! 128: 128 | sesi ses 4.
H 1234878-HpCDD (0.01) 2 | ssa0i ss0ie| 10100] 10vi.| tosoci o8] ! eso0i 368 .| 1800° 18 e
l 12348789-0CDD (0.001) | « | 680! samise| 1110000 a13ie| 7BS00! 70.9i+| 42r0000 421.4e| 85800 859 ue
. 2378-TCDF (0.1) o8 | 220 oz .o i ous 2200 022 4 . cfwi‘
1 12378-PeCDF (0 .05) 2| 2000 o104 Y 0 ' sosi 025 198. 610} g ||
© 23478-PeCDF (0.50) 2 | am 21w} 22 i of ' 738 3es | 0 U
] 123478-HxCDF (0.10) 2 | 288 208 255, 256! 193 163 t 852 652 K7 307 |
! ; { : : ! : ; f
" 123878-HxCDF (0.10) 2 125! 128} 124) 124 ’ : ai | s ao0s 1050 108 L
| 123789-HxCDF (0.10) 2 | ossi oosiy S ! Y ‘ o ! S |
1 t H . i : H : i !
l 234878-HxCOF (0.10) 2 337 aar: | 988: 089 607, 061 ‘ 230, 230 ' ‘08 105 g,
‘I 1234878-HpCOF (0.01) 2 207} 297 362 1:12;E zrsf 2.75-§ | s0s. 804! | 3200 321 4 |
| 1234789-HpCDF (0.01) 2 50.4,5 050; 1078 o7 85’ o.ss:f 183 183 556 08 4 ij
L1 89-OCDF (C. 4 sa3i ol | a0l .31 9;§§ 0.9 210! mf’ ! 1078, 107 4,
Other TCDD Pty S o | oo
i { ! ' : !
‘;Othu PeCDD : ! ;
glmhor HxCOD | |
1Other HpCDD i ! : j
| Other TCDF ! ; '
: . p!
Ioumr PeCOF ‘ é : | | !
Other HXCDF ‘ : ~; | |
: i ; . : . 1
Otheg HpCOF P : | | ! L
JOTAL TEQ 1897 f 00| | 249 scoef [ 2622

- = Result Reponad from diluted anatysis.

TEQ& are based on -TEF/BS Schems

AR308459




PR STAd L2 AT Poos ie
DATA SUMMARY FORM: PCDDs & PCDFs Page 4 6
Soll Samples {pg/g)
Casa ® R31737 SDG R3173701 Number of Soi Samnles * 18
Site : Oegwienndal Chamical Corporation/Firsstons Tire and Rubber Lab: SWR|
[ Sampis Number | R3173713 | R3173714 T RMTATIS | R3173718 i R317ATIY o
; Sampling Locator  Prefix of OXY- SS-NES(0-8) 55-NES(0-6) | ss-sE10¥0-8) | s5-s€11(06) | ss-sE12(06) '
|i Fisia aC - " Dup ofRITINT  Dup of R317I720  Oup. of R3ITITIS
" Dats Sampied 12/8403 12/803 12/9/03 120803 { “z9m3 !
+ Time Sampiead i 14:18 14:30 10.00 11.00 *1.15
%Salide 788 70 721 77 1728 |
.| O1ution Factor "1o8n88 | 187197 | remey | remer 1661109 d
| Anaiyw s TEF CONC! TEQ i Q| CONC : TEQ Q| CONC | TEQ iQ| CONC_ TEQ iQ' CONC ' TEQ iaQ
| 2378-7¢00 (1.0) o8 | &eti ee 826} 928! 5400 548 o?m‘ 21 218 4 |!
“ 12378-PeCDD (0.50) 2 | 126 8% ne: 80 BOT. 404 106; 530 885 443
! 123478-HxCDD (G 10) 2 | 212} 212 200) 2l 2o. 220} 2000 200 l 208 208’
|| 123878-HxCDD (0.10) 2 | a8l 148 137 SCHENETY) 101; 101! 01, w1 |
| 123789-HxCDD (0.10) 2 | ss7i ss7i .2 e02i 558! 556 | 23] smi | s s
|| 1234678-+pCOD (0.01) 2 | 7ol 7eie!  7es0) veaje; ssa0i ssai. ezl m2a’e 20 720 o
TI‘ 12348789-0CDD (0.001) 4 | 7Tr00i Tr4ile| sooci  #8ise| s&700) ss.7§4~; 85000 650i4r| 87001 687i.e
I : H : ; , ' ’ . |
ll 2378-TCDF (0.1) 08 | 3370 034 278} o028 1280 013, 4 ‘ ¢ ul o !
| 12378-PeCDF (0.05) 2 | 430 o022y Y P 085! 0048} ' > )
| 23478-PeCOF (0.50) 2 5.sa§ 2,752 oﬁ zao-ﬁ 1.205 J ' of | 180, C95 .
. 123478-HxCDF (0.10) 2 | sz aar 20 250i | 18 118 108, 108 | 104 104
! ! : : : ; i : oo . i
1l 123878-HxCDF (0.10) 2 1200 1.20; 11.00 vigt 368: 086 887. 088 588 053
. 123789-HxCDF {0.10) 2 : o o) ‘ o.azé 0.082; 4 100 010} 4 ’ a! ll
| ; : i ; ; s ; :
1 234878-HxCDF (0.10) 2 982: 098 a86: 0.8s: 758! 078: 8 S ‘
: ; ! : : : ; ' Do : ;
i 1234878-HpCOF {0.01) 2 ' 205! 295: seti  ae1: 7 L 185: 195 1 am oam !
' P P : : : ; J
1234788-HpCDF (0.01) 2 ss8; o050 8525 085! 28] 033 2. 033 | 276. 027
| 12348798-OCDF (0.001) 4 788, 077! so7i 100! 211 o4z _so6 ostl a6l o4l |
:lomencoo | i ' ' |
Qtnher PeCDO l
|other HxCDD ; |
lOther HpCOD , '
Other TCOF : : § ‘ |
| : s ' |
lotner PecoF - | g | .
| Other HXCDF : ' l ; f v
Qtheg HpCOF | P i
,.: . ] '
3 OT& TEQ _j l 197.8 ! 214 1464] | 1753 '892

+ = Resuh Reponad fram divied analyss.

TEQS are tased on |-TEF/89 Schemea.

AR308460




Pz

DATA SUMMARY FORM: PCDDs & PCDFs

Page __5__ ot _

Soll Samples {pg/g)
Case® M31737 SDG R3173701 Number of Soi Sampias - 18
Sta Qegdental Chemicai Carporation/Firestone Ting and Rubber Lab- SWRI
. Samgla Number 'R3173718 [ rRa78719 [ A3171720 | |
{| Semping Locatian . Prafix of OXY- SS-SET(C-6) SS-SE8(0-6) 3S-SES(0-8) |
| Pkt aC Dup. of R3173715
' Date Sempled . 12/8003 127803 12903 :
| Time Sampied 1450 15:00 £9.50 i
|| ssoide 243 708 729
| Diution Factor 158108 | vesas | rews _ ,
! Analyse / TEF | oL lconc. TEQ (o] conc | TEQ i Q| conc | TEQ (Q i TEQ iQ CONC TEQ . Q
© 2378-TCDD (1.0) ‘08 : o} 507 so7i 343’ 343}y 0 ¢ '
|‘ 12378-PeCDD (0.50) | 2 | sos spai 02  5.10] 678; 338 6 c: |
1 123478-HxCDD (.10) 2| 255 258! 287; 2087 7om o | ¢ |
| 123878-HxCDD (0.10) 2| 188 188 w2 32! t6s. ses’ o | ¢
© 123789-HxCDD (0.10) 2 | s78 87 628! 625 M4 las o ol .
! : : : : : ; : .
i 1234878-HpCDD (0.01) 2 | 4aB0; 448+ N2 72 470 4700 - c. o '
;i 12348789-0COD (0.001) | & | 41000)  41ide| 65300} 683°Je| 50500 BOBJe: o} ai
2378-TCOF (0.1) 08 L olw Y Looiw o 5 !‘
J 12378-PeCOF (0.05) D2 | resi oooria] 2w omiy 145. 0071 ) o: o
. M | H H H N : .
23478-PeCOF (0.50) 2 260 430} 4 288; 1441y § o; 0: 9; !
123478-HxCOF {0.10) P2 34l 136 PESIRPTY 12l 182}4 o: ‘ 6
gl 123678-HxCDF (0 10) 2 | ss7i ossi 7270 on! 883 o088 0 2 |
| 123789-HXCOF (0.10) 2 | o034 coseld Y Y o} ] of
i : P : : : : P
234878-HxCDF (0.10) 2 623 0B 9.58; 096 149 035.J o 0 ’f
q 1234878-HpCDF (0.01) 2 za% zaé m_} 1.93§ 1ez§ 1.022 o,; \ o !
! 1234783-HpCDF (0.01) |2 44.9§ o.‘sé 45.5:f o«s% ! zso'é 030! o 2 H
‘ ] 83-OCDF (0.001} ) 4 579! asa! 08! _ceo f 004} o l 8
;lOther TCOD | ' s Py ’ P L
Other PeCDD C | ’
,Other HxCDOD : ! !
1other HPCOD i l .
: : : , il
i{Olher TCOF g : l ! i
! | [ )
.Other PeCDF . g s ‘
i other HxCOF ' ‘ ' |
|Other HpCOF L J
ru..... H
JOTALTEQ —_ 1214 1807 1236 ¢ o
+ = Redutt Reported from diutad analys:s.
TEQs are besed on I-TEF 88 Schome.
A

AR308461
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Tetra Tech, Inc.
* Risk Assessment Report- Occidental Chemical Superfund Site
April 2004

6.0 RISK CHARACTERIZATION

The objective of the risk characterization is to infegrate the information developed in the exposure
assessment (Section 4.0) and the toxicity assessment (Section 5.0) to estimate the potential current and future
health risks associated with exposure to the COPCs at the Occidental Chemical Superfund Site.

Risk characterization is presented in two separate se¢tions — carcinogenic and noncarcinogenic — because
of the differences in toxicological endpoints, relevant exposure averaging times, and risk characterization
methods. In general, the evaluation of carcinogenic effects is limited only to those COPCs that EPA
categorizes as carcinogens (EPA 1989). However, a]l COPCs (including those identified as carcinogens)
are evaluated for noncarcinogenic health effects, althqugh not all chemicals may produce noncancer effects.

of 1x10™ is expressed as “1E-04,” which denotes jone excess cancer case in a population of 10,000
individuals over a lifetime. Cumulative exposure route- or media-specific cancer risk probabilities are also

Cancer risk probabilities are expressed as unitless vaiuw in scientific notation. For example, a cancer risk
represented as a unitless value in scientific notation.

Noncancer hazards are expressed as a unitless ratio of| icalculated intake to acceptable daily intake (i.e., HQ).
Cumulative exposure route- or target organ-specific nqncarcinogenic hazards represent the sum of individual
HQs and are presented as hazard indices (HI).

6.1  APPROACHES TO EVALUATING RISK

Approaches to evaluating cancer risk probabilities a#d noncancer hazards are presented in the following
subsections.

6.1.1 Cancer Risk Probability

Cancer risk probability is calculated by multiplying the estimated daily intake (I) or dose of a compound that
is averaged over a lifetime by an exposure route-specific (oral, dermal, or inhalation) CSF. The calculation
of cancer risk probability for a specific chemical via a specific exposure pathway, assuming a low dose,
linear relationship, is illustrated by the following equation:

Cancer risk ‘ = I-SF

where

1 = Intake (averaged oyer a 70-year lifetime) for a specific exposure pathway
(mg/kg-day) accorfling to the equations described and parameters given
in Tables 4.1 through 4.24 of Appendix A.

SF = Chemical- and route-specific cancer slope factor ([mg/kg-day]™)

The linear equation is valid only at low risk levels (i e., below estimated risks of 1E-02). The combined
potential upper-bound cancer risk for a particular exposure pathway (e.g., soil ingestion) is then estimated
by summing the nisk estimates for all COPCs for that pathway. This approach is in accordance with EPA
guidelines on chemical mixtures in which risks ciated with carcinogens are considered additive
(EPA 1986). This approach assumes independent actions by the chemicals (i.e., that there are no synergistic
or antagonistic interactions), and that all of the chemicals have an identical toxicological endpoint
(i.e., cancer). The total potential upper-bound lifetime cancer risk probability to an individual in a specified
population (e.g., adult worker) is estimated by summing the combined cancer risk probabilities for all
chemicals from all relevant exposure pathways.

In assessing cancer risk probabilities posed by potenti il exposure to chemicals at a site, the NCP establishes
an excess cumulative cancer risk of 1E-06 as a “pojnt of departure” for establishing remediation goals
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(EPA 1994). Excess cumulative cancer risks lower 1E-06 are not addressed by the NCP. EPA clarified
its position on risk management decisions and the rol¢ of the baseline risk assessment as follows:

“Where the cumulative carcinogenic site risk to an individual based on reasonable
maximum exposure for both current and land use is less than 1E-04, and the
noncarcinogenic HI is less than 1, action generglly is not warranted unless there are adverse
environmental impacts” (EPA 1991).

Therefore, it is EPA’s general policy to consider cancer risk probabilities up to 1E-04 as acceptable.
However, it is important to note that according to the NCP, excess cumulative cancer risks in the range of
1E~06 to 1E-04 may or may not be considered acceplable, depending on site-specific factors such as the
potential for exposure, technical limitations of remediation, and data uncertainties. That is, EPA bas
comsidered lifetime cumulative cancer risks of greater than 1E-06, and up to 1E-04, as acceptable either
because of cost, feasibility, or the size of the exposed population. The aforementioned target cancer risk
leveis are based on cumulative risks and not on risks by individual chemicals. Exposure scenarios that
generate cumulative cancer risks in excess of 1E-05 apd up to 1E-04 will generally have cancer risks from
individual chemicals that exceed 1E-06. For example,|it would take 100 chemicals with a 1 E-06 cancer risk
to generate a cumulative cancer risk of 1E-04.

6.1.2 Noncancer He-lth Hazard

Noncancer health hazards are evaluated by calculating HQs and HIs. This is accomplished by comparing
the estimated daily intakes of COPCs, which are averaged over the period of exposure, to chemical- and
route-specific RfDs. RiDs represent the daily intake pf a chemical to which a person can be exposed over
a given [ength of time without any reasonable expectation of adverse noncancer health hazards. The HQ for
a particular chemical is the ratio of the estimated daily intake through a given exposure pathway to the
applicable RfD. The HQ-RfD relationship is illustrated by the following equation:

S |
HQ = —
' RD
where: '
HQ = Hazard quotient :
I = Intake (averaged aver the exposure period) (mg/kg-day)
RED =

Chemical- and route-specific reference dose (mg/kg-day)
|

The HQs determined for each COPC by exposure pathway are summed within an exposure scenario to obtain
a total HI. The HI expresses the additivity of nontancer health hazards from all exposure routes and
pathways for a given age group within an exposed population. The principle of additivity conservatively
assumes that for a given age group and scenario, all COPCs have the same toxic endpoint. This is
conservative (health-protective) because there may be a broad range of toxic endpoints at the critical doses
for each COPC, and therefore they may not be truly additive. For this reason, EPA requires a separate
evaluation of the target organs for each COPC to detérmine which COPC noncancer health hazard may be
expected to be additive. Following RAGS Part A, this evaluation gives a more accurate picture of
cumulative noncancer health hazards (EPA 1989). Fdr Occidental Chemical Superfund Site COPCs, target
organs are listed in Tables 5.1 and 5.2 of Appendix A, and Hls were summed for those COPC groups that
were likely to act additively via the same mechanisp] or on the same target organ.

The methodology used to evaluate noncancer health , unlike the methodology used to evaluate cancer
risk probabilities, is not a quantitative measure of risk; i.e., it does pot result in a probability for potential
occurrence of adverse noncancer health effects. The HQ or Hl is not a mathematical prediction of the
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incidence of severity of those effects (EPA 1989). Iflan HQ or HI exceeds unity (one), noncancer health
effects could potentially occur under the defined expospre conditions. Note, however, that the determination
of an individual RfD assumes a margin of safety (referjto Section 5.0 for a description of safety factors used
in determining RfDs), and the range of RfDs for a serieg of chemicals in an exposure scenario can potentially
represent a number of individual toxic endpoints (as di above). Therefore, an HQ or HI greater than
one does not necessarily indicate that an adverse noncancer health effect is likely to occur, since the
derivation of the *“safe” RfD includes a UF of 10 to 10,000. Furthermore, an HI less than or equal to one
indicates that it is unlikely for even sensitive populatipns to experience adverse noncancer health effects.

For the purposes of this risk assessment, an HI greater than 1.4 will be considered an exceedance of unity
for discussion purposes. Technically, an HI up to 1.4 is considered to be the same as an HI of 1, since
remediation decisions are based on HI values of ong significant digit only. Note however that Hls are
presented as two significant digits throughout the text/tables to provide more information regarding
uncertainty in the hazard.

6.2 SUMMARY OF RESULTS

resulting in the final cancer risks and noncancer HI values for each receptor and pathway. The following

The risk characterization combines the exposure assessment (and intake calculations) and toxicity evaluation,
provides a reference to the summary of the findings of the risk characterization:

. Noncancer health hazards are discussed in Seftion 6.2.1;
. Cancer risk probabilities are discussed in Secfion 6.2.2;
. Tables 9.1 through 9.9 of Appendix A for each lagoon present combined summaries of cancer risks

and noncancer hazards foc each receptor and ¢xposure pathway across all media;

. Tables 10.1 through 10.9 of Appendix A for gach lagoon present combined summaries of cancer
risks and noncancer hazards for the main risk and hazard drivers for the site, and include a summary
of both those risks and hazards that are acceptable (i.e., no action required) and those that may
trigger the need for remedial actions (i.e., HI P> 1 or risk >1E-4), based on final risk management
decisions. These tables also identify COPCs which are present at concentrations that are similar to
background for evaluation purposes.

1t should be noted that while both RME and CT scenaqos are evaluated in a typical Superfund HHRA, EPA
has bad a long-standing policy of placing more weight on RME scenario results when making risk
management decisions. Therefore, the discussion of résults presented below focuses on the RME scenario
calculations presented in Appendix A. CT results are qresented on the corresponding tables in Appendix B
for comparison only. However, in scenarios where there are cancer risk or HI value that exceeds the
threshold (1.0E-04 for cancer risk and 1 for HI), the CT results are also discussed for completeness.

For ease of discussion, grey shaded cells in the l.q‘bles presented in the following sections indicate
exceedances of the risk (1.0E-04) or HI (1) thresholds,

6.2.1 Noun-Cancer Health Hazards
Note that target organ information is presented in detail on Tables 5.1 and 5.2 of Appendix A. Where total

HIs for all COPCs exceeded the threshold, then a discpssion of target-organ specific Hls follows for each
scenario in the following sections.
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6.2.1.)  Current/Future Industrial Worker Noncander Health Hazard

The Occidental Chemical Superfund Site is an i trial facility, and noncancer health hazards were
evaluated quantitatively for current/future industrial worker exposures to surface soil, subsurface soil, and
surface water (sce Table 1 of Appendix A). Current industrial worker exposures to groundwater potentially
impacted by the site’s soil contamination was not evaluated quantitatively in this risk assessment.
Groundwater risks were addressed in the Record of Decision for the site.

Surface Soil Exposures for Industrial Workers

Based on conditions at the Occidental Chemical S d Site, reasonable potential surface soil exposure
pathways for industrial workers include direct ingestion and dermal contact with soil during outdoor
activities across the site (see Table 1 of Appendix A). In addition to this exposure pathway, inhalation of
particulates from surface soil during outdoor activities was also evaluated. Noncancer HQ and HI values
for surface soil exposure for the industrial worker are presented separately for each lagoon on Tables 7.1 and
7.8 of Appendix A. The Table 6 below summarizes the noncancer hazard indices for industrial worker
exposure to surface soil for each lagoon:

Current/Future Industrial Worker - Surface g:ljl;lxoposure Summary - Noncancer Hazard Indices
Industrial Worker Ingestion Dermalr Inhalation Total

Exposure to Surface Soil H1 HI 1 HI HI Table Reference
NE Lagoon 0.038 0.1 :T 0.0013 0.014 7.1 and 7.8
NW Lagoon 0.011 0.18 . 0.004 03 7.1 and 7.8
SE Lagoon 0.044 0.1 Tj 0.0013 0.16 7.1and 7.8
SW Lagoon 0.2 0.42 : 0.002 0.6 7.1and 7.8

T

The current/future industrial worker noncancer HI : r each of the individua} and combined surface soil
exposure routes for each lagoon did not exceed the HI threshold.

surface Soi for Industrial Work

Based on conditions at the Occidental Chemical Superfund Site, reasonable potential subsurface soil
exposure pathways for industrial workers include inhalation of vapors in the air from the soil during outdoor
activities. (see Table 1 of Appendix A). Noncancer HQ and HI values for exposure to vapors from the
subsurface soil for the industrial worker are presented separately for each lagoon on Table 7.15 of
Appendix A. Table 7 summarizes the noncancer HIg for industrial worker exposure to subsurface soil:

The current/future industrial worker noncancer Hl for each of the individual and combined subsurface soil
exposure routes for each lagoon did not exceed the HI threshold.
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!
Table 7
Current/Future Industrial Worker - Subsurface Soil Exposure Summary - Noncancer Hazard
Ind
Industrial Worker
Exposure to Ingestion Dermal ! Inhalation Total Table
Subsurface Soil HI HI HI1 Hi Reference
NE Lagoon N/A N/A 0.0026 0.0026 7.1
NW Lagoon N/A N/A 0.0000001 0.000000! 7.15
SE Lagoon N/A N/A 0.0075 0.0075 7.15
SW Lagoon N/A N/A 0.0007 0.0007 7.15
N/A - not applicable. This route was not evaluated for subpurface soil exposure.

‘

Surface Water Exposures for Industrial Workers

Based on conditions at the Occidental Chemical Su nd Site, reasonable potential surface water exposure
pathways for industrial workers include ingestion anfl dermal contact with surface water during outdoor
activities. Noncancer HQ and HI values for ex; to surface water for industrial workers are shown
separately for each lagoon on Table 7.20 of Appendix A Only two of the lagoons have the potential for
retaining surface water. The NW and SW lagoons were evaluated for potential exposure to surface water.
Table 8 summarizes the noncancer HIs for industrial worker exposure to surface water. Grey shaded cells

indicate the HI threshold was exceeded.

Table 8
Current/Future Industrial Worker - Surface Water Exposure Summary - Noncancer Hazard
: Indi
Industrial Worker I
Exposure to Ingestion Dermal | Inhelation Total Table
Surface water HI HI H1 Hi Reference
NW Lagoon 0.026 0.25 N/A 03 7.20
SW Lagoon 0.15  Faeh3 NA O LSpEY, 7.20
N/A - not applicable. This routc was not evaluated for surface water exposure.
|

Forthe SW lagoon industrial worker, the target organ s":eciﬁc HI value that exceeded the HI threshold and/or

contributed to the total HI is shown on Table 9:

. Table 9

Current/Future Industrial Worker - SurfaceWater Exposure Summary - Target Organ
Specific Haznrd Indices

Lagoon Target Organ * Target Organ HI COPC Contributors®
SW Kidney 1.44 Cadmium
Central Nervous - 0.06 Mangancse
System ;

a The primary target organ for this exposure route is [isted first.
b Lists the COPCs for the target organs that were the primary targets for noncancer effects.
T

The CT calculations for the SW lagoon are similar to(the RME calculations, with a total HI of 1.4 for the
surface water exposure pathway (see Table 7.20 CT).

4y
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C ined Exposure for Industrial Wor|

The total HiIs (including all target organs) across all media and exposure routes for the current/future
industrial worker at the Occidental Chemical Suy; d Site are summarized in Table 10 for each lagoon
(see Tables 9.1 of Appendix A for each lagoon). '

Il

Table 10
Current/Future Industrial Worker - Summary of Total
Hazard Indices - All Medla and Exposure Routes
i Total HI
Lagoon Industrial Worker
NE 0.4
Nw 0.6
SE 0.17
SwW B R g 2 I N

i
The total HI (including all target organs) across all media for the average exposure conditions CT scenario
forthe SW lagoon is 1.6 (see Table 9.1 CT), which is also in excess of the HI threshold. The HI exceedance
for the SW lagoon is due to cadmium in surface water which is intermittent.

6.2.1.2 Current/Future Visitor/Trespasser

Noncancer health hazards were evaluated quantitatively for current/future visitors and trespasser combined.
These populations are exposed to surface soil, subs e soil, and surface water (See Table 1of Appendix
A) at the Occidental Chemical Superfund Site. Nongancer health hazards to surface soil are presented on
Tables 7.2 and 7.9 of Appendix A. Subsurface soil exposure for the visitor/trespasser are presented
separately for each lagoon on Table 7.16, and surface water exposure is presented on Table 7.21 of
Appendix A.

Surface Soil Exposure for Current/Future Visitor/T @passer Noncancer Health Hazard

Surface soil exposure for current/future visitor/ sser is presented on Table 7.2. The ingestion and
dermal contact and inhalation of particulates from gurface soil exposure routes were evaluated for this
pathway. Table 11 presents a summary of the HI for|each lagoon:

Table‘ 1

Current/Future Visitor/Trespasser - Surface Soil Exposure Summary - Noncancer Hazard Indices
Visitor/Trespasser Ingestion Dermal Inhalation Total Table
Exposure to Surface Soil HI HI HI HI Reference
NE Lagoon 0.002 0.05 0.000052 0.052 72,79
NW Lagoon 0.006 0.09 0.0002 0.09 72,79
SE Lagoon 0.0022 0.056 0.000055 0.058 72,79
SW Lagoon 0.01 0.21 0.0000085 0.22 72,79

The current/future visitor/trespasser noncancer Hl for each of the individual and combined surface soil
exposure routes for each lagoon did not exceed the HJ threshold.
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Subsurface Soil ure for Current/Future Visitor/I're and Noncancer Health

Current and future visitors, trespassers were evaluated for exposure to vapors in the air from the soil. The
visitor/trespasser scenario is evaluated on Table 7.16 of Appendix A for inhalation of vapors from subsurface
soil. Table 12 presents the Hls for each lagoon:

|
, Table 12
Current/Future Visitor/Trespasser - Subsurface Soil Exposure Summary - Noncancer Hazard
In
Visitor/Trespasser L
Exposure to Ingestion Dermal . Inhalation Total Table
Subsurface Soil HI HI HI HI Reference

NE Lagoon N/A N/A 0.00011 0.00011 7.16
NW Lagoon N/A N/A 0.000000005 0.000000005 7.16
SE Lagoon N/A N/A - 0.00031 0.00031 7.16
SW Lagoon N/A N/A | 0.00003 0.00003 7.16
N/A not applicable. The exposure route was not evelustpd.

=

The current/future visitor/trespasser noncancer HI for|each of the individual and combined subsurface soil
exposure routes for each lagoon did not exceed the l-& threshold.

Surface Water Exposure for Current/Future Vigitorﬂﬁpasser

Surface water exposure was evaluated for the two Jagoons that intermittently retain water. The NW and SW
lagoons were evaluated for receptor population ex: to surface water while wading or during outdoor
activities. Tables 7.21of Appendix A evaluate this pathway for each lagoon. Table 13 summarizes the
noncancer Hls for visitor/trespasser exposure to surfade water. Grey shaded cells indicate the HI threshold
was exceeded.

Table 13
Current/Future Visitor/Trespasser - Surface WLtcr Eiposure Summary - Noncancer Hazard

1

Visitor/Trespasser
Exposure to Ingestion Dermal ‘Inhalation Total Table
Surface water HI H1 . HI HI Reference
NW Lagoon 0.1 0.71  N/A 0.8 7.21
SW Lagoon 057 | 387 :4] . NA Do 43T 7.21

N/A - aot applicable. This route was not evaluated for vaacc water exposure.
I

The current/future visitor/trespasser noncancer HI fo ' each of the individual and combined surface water
exposure route for the NW lagoon did not exceed the HI threshold.

For the SW lagoon visitor/trespasser, the target organ SQeciﬁc HI value that exceeded the HI threshold and/or
contributes to the total HI is shown on Table 14:
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Table 14
Current/Future Visitor/Trespasser - Surface Water Exposure Summary - Target Organ
Specific H d Indices
Lagoon Target Organ * Tafget Organ HI COPC Contributors®
SW Kidney T 4.15 Cadmium
Central Nervous 0.18 Manganese
System i

a The primary target organ for this exposure route is §isted first.

b Lists the COPCs for the target organs that were the pri targets for noncancer cffects.
1§

The CT calculations for the SW lagoon are substanti | y less than the RME calculations, with a total HI of
1.07 for the surface water exposure pathway (see Table 7.21 CT), which is essentially equal to the HI
threshold. :

Combined Exposure for Visitor/Trespasser

The total Hls (including all target organs) across all media and exposure routes for the combined visitor and
trespasser for each lagoon at the Occidental Chemical Superfund Site is shown on Table 15 below.

|
Table 15

Current/Future Visitor/Frespasser - Summary of
Total Hazard Indices - All Media and Exposure
Roytes
Lagoon - 11 Visitor/Trespasser HI

NE : 0.05

NW | 0.9

SE ! 0.058

Sw R B

The total HI (including all target organs) across all mI ia for the average exposure conditions CT scenario
for the SW lagoon is only 1.09 (see Table 9.2 CT), which is essentially equal to the HI threshold.

6.2.1.3  Current/Future “Other” Receptor Noncancér Health Hazard

The ‘other’ exposure population is defined as an aduit on-site visitor. These populations are exposed to
surface soil, subsurface soil, and surface water (see Table 1 of Appendix A) at the Occidental Chemical
Superfund Site. Noncancer health hazards to surfage soil are presented on Tables 7.3 and 7.9 for this
receptor population. Subsurface soil exposure for the adult on-site visitor is presented separately for each
lagoon on Table 7.17 and surface water exposure is presented separately for each lagoon on Table 7.22 of

Appendix A.
Surface Soil Exposure for “Other” Noncancer Healg Hazard

Surface soil exposure for the adult visitor is presenttd on Table 7.3 and 7.10 of Appendix A. Ingestion,
dermal contact, and inhalation of particulates from surface soil exposure routes were evaluated for this
pathway. Table 16 presents a summary of the HI forieach lagoon:
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' Table 16
Current/Future “Other” - Surface Sofl Expgsure Summary - Noncancer Hazard Indices

“Other” Exposure | Ingestion Dermal Inhalation Total Table

to Surface Soil HI HI HI HI Reference
NE Lagoon 0.00016 0.0028 0.0000081 0.003 7.3,7.10
NW Lagoon 0.00045 0.0049 0.00003 0.005 7.3,7.10
SE Lagoon 0.00018 0.0031 0.0000086 0.0033 7.3,7.10
SW Lagoon 0.00083 0.012 0.000013 0.013 7.3,7.10

The current/future “other’”noncancer HI for each of thé individual and combined surface soil exposure route
for all lagoons did not exceed the HI threshold.

Subsurface Soil Exposure for Current/Future “Q_Jgerj Noncancer Health Hazard

Current and future adult visitors (“other”) were cvah')ated for exposure to vapors in the air from the soil.
The other scenario is evaluated on Table 7.17 of Appdndix A for inbalation of vapors from subsurface soil.
Table 17 presents the Hls for each lagoon:

L
Table 17
Current/Future “Other” - Subsurface Sofl Exposure Summary - Noncancer Hazard Indices
“Other” Exposure o
to Subsurface Ingestion Dermal ‘Inhalation Total Table
Soil HI HI + HI HI Reference
NE Lagoon N/A N/A 0.000017 0.000017 717
NW Lagoon N/A N/A 0.0000000007 { 0.0000000007 7.17
SE Lagoon N/A N/A 0.000049 0.000049 7.17
SW Lagoon N/A N/A D.0000047 0.0000047 7.17
N/A - not applicable. This route was not evaluated for soil exposure.

The current/future “other’noncancer HI for each of the individual and combined subsurface soil exposure
route for all lagoons did not exceed the HI threshold.

Syrface Water Exposure for uture er”
lagoons were evaluated for receptor population exposure to surface water while wading or during outdoor

activities. Tables 7.22 of Appendix A evaluate this pathway for each lagoon. Table 18 summarizes the
noncancer Hls for “other” exposure to surface water: -

Surface water exposure was evaluated for the two lagogn: that intermittently retain water. The NW and SW

Table|1
Current/Future “Other” - Surface Water Elx’p;:re Summary- Noncancer Hazard Indices
“Other” Exposure | Ingestion Dermal 'Inhalation Total Table
to Surface water H1 HI + HI H1 Reference
NW Lagoon 0.016 0.15 . N/A 0.2 7.22
SW Lagoon 0.088 08 1 N/A 09 7.22
N/A - not applicable. This route was not evaluated for surfice water exposure.

t

The current/future “‘other”noncancer HI for each of tﬁc individual and combined surface water exposure
route for both lagoons did not exceed the HI threshold,
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Combined sure for * er

The total Hls (including all target organs) across all media and exposure routes for the “*other” scenario for
each lagoon at the Occidental Chemical Superfund Site is shown on Table 19. None of the Hls exceeded

the threshold of HI>1.

Table 19
Current/Future “Other”- Summary of
Total Hazard Indiges - All Media and
Exposurp Routes

Lagoon “Other” H1
NE i 0.003

NW 0.2
SE i 0.0034
SW N 0.90
li

6.2.1.4 Current/Future Resident Noncancer Heallﬂ Hazard at the Fence Line

Based on RME assumptions, the most reasonable exposure pathways for current/future residents is inhalation
of particulate and vapor from both surface and subsurface soil at the fence line. Noncancer health hazards
were evaluated quantitatively for future adult and child residential exposures to a surface and subsurface soil.
(see Table 1 of Appendix A).

Surface and Subsurface Soil res for Current/FHuture Residents
For ease of presentation, inhalation of particulates | m surface soil and the inhalation of vapors from

subsurface soil have been combined and presented on Table 20 (adult) and Table 21 (child). Tables 7.12 and
7.19 for the adult and 7.11 and 7.18 for the child of Appendix A present this information in detail.

L
Table 20

Current/Future Resident Adult at the Fenceline - Surface and Subsurface Soil Exposure
Summary - Noncaricer Hazard Indices

Current/Future ‘

Adult Exposure to 3,
Surface and Ingestion | Dermal - Inhalation Total Table

Subsurface Soil HI HI H]particulate/vapor HI Reference
NE N/A N/A 0.00026 | 0.00053 | 0.00079 7.12,7.19
NW N/A N/A 0.0008 1.9E-08 | 0.0008 7.12,7.19
SE N/A N/A 0.0003 0.0017 0.002 7.12,7.19
sSw N/A N/A 0.0004 0.000! 0.0005 7.12,7.19
N/A - not applicable. These routes were not evaluated for the current/future resident at the fenceline.
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Table 21
Current/Future Resident Child at the Fenceline - Surface and Subsurface Soll Exposure
Summary - Noncancer Hazard Indices

Current/Future ’

Child Exposure to
Surface and Ingestion | Dermal Inhalation Total Table

Subsurface Soil HI HI HI particulate/vapor HI Reference
NE N/A N/A 0.00082 0.002 0.002 7.11,7.18
Nw N/A N/A 0.00 6.2E-08 0.003 7.11,7.18
SE N/A N/A 0.00098 0.0056 0.00658 7.11,7.18
SwW N/A N/A 0.001 0.0005 0.0015 7.11,7.18
N/A - not applicable. These routes were not evaluated for| the current/future resident at the fenceline.

The current/future residents {(adult/child) noncancer I for each of the individual and combined surface soil
exposure route for all lagoons did not exceed the HI hold.

6.2.1.5 Future Resident Noncancer Health Hazard

Based on RME assumptions, the most reasonable expogure pathways for future residents are direct ingestion,
inhalation, and dermal contact with soil that could be potentially mixed during construction activities and
is therefore a combination of surface and subsurface soil (*s0il”’), and incidental ingestion and dermal contact
with surface water. Noncancer health hazards were evaluated quantitatively for future adult and child
residential exposures to soil and surface water (see Tdble 1 of Appendix A).

il Exposures for Future Residents

The most reasonable soil exposure pathways for futured residents are the direct ingestion of (1) surface soils
during future outdoor activities or (2) subsurface soil {dlie to soil mixing) during possible future development
(see Table 1 of Appendix A). The data used in this evaluation is a combination of the samples collected at
land surface and the samples collected at depth from tﬂe soil borings in the lagoons. Noncancer HQ and HI
values for soil exposures for future residents are presented in Tables 7.4, 7.5, 7.6, 7.7, 7.13 and 7.14 for each
lagoon in Appendix A. All three exposure routes werd calculated. Inhalation of particulates and vapor are
presented on Table 7.6, 7.7, 7.13 and 7.14 for each lagoon in Appendix A. The inhalation pathway exposure
concentration was calculated using air modeling presénted in Appendix H. Table 22 summarizes the Hls
for adult residents. Grey shaded cells indicate the HI threshold was exceeded.

Table 22
Future Resident Adult - Sofl Exposure Summary - Noncancer Hazard Indices
Future Adult Ingestion | Dermal Blﬁnhtion HI Total Table
Exposure to Soil Hi HI1 particulate/vapor HI Reference
NE Lagoon 0.39 0.11 0.0027 0.0059 0.51 74,717,714
NW Lagoon 042 0.21 0.02 2.5E-07 0.7 74,717,714
SE Lagoon 1.1 0.29 0.004 0.017 1.4 74,7.7,7.14
SW Lagoon - 1.1 0.01 0002 }..621 :|74,77,714

The future adult resident noncancer HI for the NE and NW lagoons did not exceed the hazard threshold.
However, the threshold was exceeded for the SW lagopn, and the SE lagoon was essentially equivalent to
the HI. Table 23 details the target organ HIs that exceefl the HI threshold and/or contributes to the total HI.
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b Lists the COPCs for the target organs that were the
Additional target organs are listed on Table 9.4 of A

dix A.

Table 23
Future Resident Adult - Soil Exposure Sumniary - Target Organ Specific Hazard Indices
Lagoon Target Organ * Target Organ HI COPC Contributors®
SE Liver 1.21 BEHP (0.73), vinyl chloride
(0.26), and iron (0.09)
Kidney 0/09 trichloroethene
Fetus 0,09 trichloroethene
SW Kidney 532 Cadmium
None Reported 052 Chromium
& The primary target organ for this exposure route is listed first.

imary targets for noncancer effects.

The CT calculations for the SE and SW lagoons were|less than the RME calculations, with a total HI of 0.6
and 2.67, respectively, for the adult soil exposure pathway (see Tables 7.4 CT, 7.7 CT, and 7.14 CT).

Table 24 summarizes the HI for child residents. Greyu shaded cells indicate the HI threshold was exceeded.

Table 24
Future Resident Child - Soil Exposurej ;ummary - Noncancer Hazard Indices
Future Child Ingestion Demmal " Inbalation HI Table
Exposure to Soil Hl particulate/vapor Reference
NE Lagoon 0.64 0.0087 0.01% 7.5,7.6,7.13
NW Lagoon 0.07 7.9E-07 7.5,7.6,7.13
SE Lagoon e D013 0.055 7.5,7.6,7.13
SW Lagoon Sy 0.05 0.005 7.5,7.6,7.13

The total Hls for the resident child were all greater than HI threshold in all lagoons. Table 25 details the
primary target organs HIs for each lagoon.
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b 25
Future Resident Child - Soil Exposure Summary - Target Organ Specific Hazard Indices
Lagoon Target Organ " J'Target Organ HI COPC Contnbutors
NE Liver T30 BEHP (0.91), vinyl chloride
, (0.80), wron 59}
| trichlorocthene (0.52)
NW Centra) Nervous System ! 3.0 Manganese (2.5),
Liver i 1.5 Iron
SE Liver 9.7 BEHP (5.7), vinyl chloride
(2.2), ron (5 80),
txmhlorocthenc SO 3)
) thallium (0
SW Kidney " 43 Cadmium
None Reported . 4 Chromium
Liver ' 14 Iron; thallium; BEHP; viny!
! chloride
Central Nervous System ] 0.6 Manganese
Th for this exposure listed first.
: L::tspm‘%l’cg :nts%u ovga s that met;lse o ‘gm'y targets for noncancer cffects.
Additional target organs are listed on Tahle 9.5 of A
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The CT calculations for the NE, NW, SE, and SW lagoon were 1.8, 2.1, 5.0, and 22.4, respectively, for the
soil exposure pathway (see Tables 7.5 CT, 7.6 CT, 7.11 CT). All lagoons exceed the hazard threshold for the
average exposure scenario.

Sugface Water Exposures for Future idents

Potential surface water exposure pathways for future residents include direct ingestion and dermal contact
during outdoor activities in the lagoons (see Table I of Appendix A). Noncancer HQ and HI values for
surface water exposures for future residents are presented in Tables 7.23 and 7.24 of Appendix A for both
the SW and NW lagoons. Table 26 summarizes the adult resident exposure to surface water. Grey shaded
cells indicate the HI threshold was exceeded.

Table 26

Fuature Resident Adult - Surface Water Expgsure Summary - Noncancer Hazard Indices
Adult Exposure to Ingestion Dermal Inhalation Total Table
Surface water HI HI HI HI Reference
NW Lagoon 0.063 0.6 N/A 0.7 7.23
SW Lagoon 036 hEv32 e N/A LA B D 7.23
N/A - not applicable. This route was not evaluated for|surface water exposure.

The future adult resident noncancer HI for each individual and combined surface water exposure route for
the NW lagoon did not exceed the HI threshold. Howgever, the threshold was exceeded for the SW lagoon.
Table 27 details the target organs Hls that exceed the!HI threshold.

Tabtle 27
Future Resident Adult - Surface Water Exposure Summary - Target Organ Specific
Hazard Indices
Lagoon Target Organ * Tatget Organ Hl COPC Contributors®
SwW Kidney 34 Cadmium

a The primary target organ for this exposure route is listed first.
b Lists the COPCs for the target organs that were the primary targets for noncancer effects.
Additiona! target organs are listed on Table 9.4 of Appdndix A.

The CT calculations for the SW lagoon are substantial'ly less than the RME calculations, with a total HI of
0.89 for the surface water exposure pathway (see Table 7.23 CT), which does not exceed the Hl threshold.

Table 28 summarizes the child resident exposure to;surface water. Grey shaded cells indicate the HI

threshold was exceeded.
Table 28
Future Resident Child - Surface Water Exposure Summary - Noncancer Hazard Indices
Child Exposure Ingestion Dermal " Inhalation Total Table
to Surface water HI HI ) HI Reference
NW Lagoon 1.3 1 TON/A 7.24
SW Lagoon o4 EEes ssi] T NIA o 7.24
N/A - not applicable. This route was not cvaluated for sqrface Water exposure.
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The total Hls for the resident child were all greater than HI threshold in both lagoons. Table 29 details the
primary target organs HIs for each lagoon.

Tabjﬁ 29
Future Resident Child - Surface Water Exposure Summary - Target Organ Specific Hazard
Ind
Lagoon Target Organ * Target Organ HI COPC Contributors®
NW Kidney 20 Cadmium
Central Nervous 0.7 Manganese
System
SW Kidney 123 Cadmium

a The primary target organ for this exposure route is listéd first.
b Lists the COPCs for the target organs that were the primary targets for noncancer effects.
Additional target organs are listed on Table 9.5 of Appegdix A.

The CT calculations for the NW and SW lagoon were 0.6 and 3.25, respectively, for the surface water
pethway (see Table 7.24 CT). The SW lagoon exceeds the hazard threshold for the average future resident

child exposure scenario for surface water.
bined r Future Residents

The total His (including all target organs) across all mgdia and exposure routes for the future child and adult
residents at the Occidental Chemical Superfund Site were calculated on Table 9.4 and 9.5 of Appendix A
for both child and adult residents (for each lagoon), and are summarized on Table 30. Surface water
exposure was included for the NW and the SW lagoons. Section 6.2.1.6 presents a summary of the health

hazards.

Table 30
Future Resident - Summary of Tothl Hazard Indices - All Media and

Lagoon Resident (Adult)
NE 0.51
NwW 1.3
SE 14
SW R L SR

The total HI (including all target organs) across all mexlia for the average resident child exposure CT scenario
for the NE, NW, SE, and SW lagoons is 1.8, 2.7, 5.0, and 25.6, respectively. All the lagoons exceed the
hazard threshold for future resident child. The total HI for the average resident adult exposure CT scepario
for the SW lagoon is 3.56, which also exceeds the HI threshold.

6.2.1.6 Noncancer Risk Summary
Tables 31 through 34 present the RME noncancer HI values for (1) all receptors scenarios in all media
evaluated quantitatively at the Occidental Chemical $uperfund Site, and (2) COPCs that had HQs greater

than the threshold. These summaries are based on the Table 10's of Appendix A developed for each scenario
for each lagoon. Each lagoon is presented separately,

Note that where the Hl exceeds 1, the CT value is also presented in parenthesis for comparison purposes.
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Table 31
Noncancer Risk Sumamary - NE Lagoon
Receptor(NE) Exposure Pathways: | Noncancer HI (a) COPC with
, o g HQ>1(b)
Current/Future Surface Soil 0.14 None
Industrial Worker Subsurface Soil 0.0026 None
(Adult) Total (all media, all routes) 0.14
Current/Future Surface Soil 0.053 None
Visitor/Trespasser Subsurface Soil 0.00011 None
(Pre-Adolescent/ Total (all media, all routes) 0.05
Adolescent)
Current/Future Other Surface Soil 0.003 None
(c) (Adult) Subsurface Soil 0.000017 None
Total (all media, all rouges) 0.003
Future Resident (Adult) | Soil(d) 0.51 None
Future Resident (Child) | Soil(d) 3.03(c) None
(1.4)
Current/Future Surface Soil 0.00026 None
Resident (Aduit) Subsurface Soil 0.00053 None
Tota] (all media, all ron?s) 0.00079
Current/Future Surface Soil 0.00082 None
Resident (Child) Subsurface Soil 0.0017 None
Total (all media, all routes) 0.0025
Notes

a A hazard index (HI) greater than ] is considered an excess risk for noncarcinogenic health effects. All HI
values are based on the RME assumption, and whereapplicable, the CT assumption values are presented in

(parenthesis)

b  Constituents of potential concern (COPC) with an individual HQ greater than | in the medium of concem for

the RME exposure.

c Includes any visitor on-site, not a trespasser.
d  The Jagoon’s soil is assumed to be mixed during conéltmction and is evaluated as a mixture of surface and

subsurface soil.

c.  See Table 25 for COPCs contributing to the total mréa organ for HI>1,
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Table 32
Noncancer Risk S ary - NW Lagoon
RgoépwkaW) Exposare Pithyu_yl ‘ | Noncsmeer HI (2) COPC with
' : L _ L HQ>1 (b)
Current/Future Surface Soil 0.3 Nore
Industrial Worker Subsurface Soil 0.0000001 None
(Adult) Surface Water (g) . 0.3 None
Total (all media, all routes) 0.6
Current/Future Surface Soil 0.09 None
Visitor/Trespasser Subsurface Soil 5.0E-09 None
{Pre- Adolescent/ Surface Water (g) 0.8 None
Adolescent) Total (sll media, all routes) 09
Current/Future Other Surface Soil 0.005 None
(c) (Adult) Subsurface Soil 7E-10 None
Surface Water (g) 0.2 None
Total (all media, all route’) 0.2
Future Resident (Adult) | Soil(d) 0.7 None
Surface Water (g) 0.7 None
Total (all medis, all route+) 1.4 (0.4)
Future Resident (Child) | Soil(d) 4.5 (19X Iron {¢), Manganese(e),
Surface Water (g) : 23(0.6) Cadmium
Total (all media, all routeL) 6.8(2.5)
Current/Future Surface Soil 0.0008 None
Resident (Adult) Subsurface Soil , 2E-08 None
Total (all media, all routes) 0.0008
Current/Future Surface Soil ‘ 0.003 None
Resident (Child) Subsurface Soil 6E-08 None
Total (all media, all routes) 0.003
Notes:

8 A hazard index (H1) greater than 1 is considered en equaess risk for noncarcinogenic health effects. All Hi values
are based on the RME assumption, and where applicabile, the CT assumption values are presented in

{parenthesis)

b Constituents of potential concem (COPC) with an individual HQ greater than | in the medium of concemn for the

RME exposure.

¢ Includes any visitor on-site, not a trespasser. _
d  Thelagoon's soil is assumed to be mixed during construction and is evaluated as a mixture of surface and

subsurface soil.

¢  Background analysis (see Appendix J and Section 7.2.2 for additional discussion) indicates no significant
difference in the average or median concentration of these COPCs in the NW lagoon and background.
f.  See Table 25 for COPCs contributing to the tota) target organ for HI>1.

g  Lagoon surface water is intermittent. Water is pumped to the facility for treatment.
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Table 33
Noncancer Risk Summary - SE Lagoon
c . Exposure Pathways " Noncancer HI (a) COPC with
Receptor (SE) - T : ' : HQ>1(b)
Current/Future Industrial | Surface Soil 0.16 None
Worker (Adult) Subsurface Soil 0.0075 None
Total (all media, all routes) 0.17
Current/Future Surface Soil 0.058 None
Visitor/Trespasser Subsurface Soil 0.00031 None
(Pre- Total {all media, all routes) 0.058
Adolescent/Adolescent)
Current/Future Other (c) | Surface Soil 0.003 None
(Adult) Subsurface Soil 0.000049 None
Total (all media, all routes) 0.0034
Future Resident (Adult) | Soil(d) 1.3(0.5) None
Total (all media, all routes)
Future Resident (Child) | Soil(d) 10.1 (4.6)e) bis(2-ethylhexyl)
Total (all media, all routes) phthalate
vinyl chioride
Current/Future Resident | Surface Soil 0.0003 None
(Adult) Subsurface Soil 0.0017 None
Total (all media, all routes) 0.002
Current/Future Resident | Surface Soil 0.00098 None
{Child) Subsurface Soil 0.0056 None
Total (all media, all routey) 0.0066
Notes:

a ;\hazxrdindcx(ﬂl)greaxathnn lis considered an ex

risk for noncarcinogenic health effects. All Hl values

are based on the RME assumption, and where applicablp, the CT assumption values are presented in (parenthesis)
b  Constituents of potential concern (COPC) with an individual HQ greater than 1 in the medium of concem for the

RME exposure.

c Includes any visitor on-site, not a trespasser.
d  The lagoon’s soil is assumed to be mixed during construction and is evaluated as a mixture of surface and

subsurface soil.

e See Table 25 for COPCs contributing to the total target organ for HI>1.

53



Tetra Tech, Inc.
Risk Assessment Report- Occidental Chemical Superfund Site

April 2004
- Tabje 34
Noncancer Risk Smpmary SW Lagoon
' Expowre Pathwny- Nonum:er HI COPC with
- _ Receptor (SW) () HQ>1()
Currentv/Future Industrial | Surface Soil 0.624 None
Worker (Adult) Subsurface Soil 0.00072 None
- Surface Water (g) 1.44 (1.3) Cadmium
Total (all media, all routes) 2.06(1.6)
Current/Future Surface Soil 0.21 None
- Visitor/Trespasser Subsurface Soil 0.00003 None
(Pre-Adolescent/ Surface Water (g) 4.15 (1.02) Cadmium
Adolescent) Total (all media, all routes) 4.4(1.03)
- Current/Future Other (c) Surface Soil 0.012 None
(Adult) Subsurface Soil 0.0000047 None
Surface Water (g) 0.89 None
Total (all media, all routes) 0.90
Future Resident (Adult) | Soil(d) 5.36(2.33) Cadmium
Surface Water () 3.4 (0.85) Cadmium
Total (all media, all routes) 8.8(3.17)
B Future Resident (Child) Soil(d) 49.1 (22.1)(%) Cadmium, chromium, iroa (c)
Surface Water (g) 129 (3.24) Cadmium
Total (all media, all routes) 62.0(25.3)
B Current/Future Resident | Surface Soil 0.0004 None
{Adult) Subsurface Soil 0.00014 None
Total (all media, all routes) 0.00054
- Current/Future Resident Surface Soil 0.0013 None
(Child) Subsurface Soil 0.00045 None
Total (all media, all routes) 0.0017
- Notes:

AR308480

a A hazard index (HI) greater than 1 is considered an exdess risk for noncarcinogenic health effects. All HI values are
based on the RME assumption, and where applicable, the CT assumption values are preseated in (parenthesis)
b  Constituents of potential concem (COPC) with an individual HQ greater than 1 in the medium of concern for the

RME exposure.

c Includes any visitor on-site, not a trespasser.
d  Thelagoon’s soil is assumed to be mixed during construction and is evaluated as a mixture of surface and

subsurface 20oil.

c Background analysis (see Appendix J and Section 7.2.2 for additional discussion) indicates no significant difference
in the average or median concentration of this COPCs in the SW lagoon and background.
f  See Table 25 for COPCs contributing to the total target organ for HI>1.

g  Lagoon surface water is intermittent. Water is pumped to the facility for treatment.
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6.2.2 Cancer Risk Probabilities

Cancer risk probabilities were calculated for all carcinogenic COPCs, media, receptors, and exposure
pathways identified in Table | of Appendix A. As stated previously, the discussion of results presented
below focuses on the RME scenario calculations presented in Appendix A. CT results are presented on the
corresponding tables in Appendix B for comparison only. However, in scenarios where there are cancer risk
exceeds the threshold (1.0E-04), the CT results are also discussed for completeness. For ease of discussion,
grey shaded cells in the tables presented in the following sections indicate exceedances of the risk threshold.
Tables 8, 9, and 10's, which are included in Appendix A (or Appendix B for the CT scenario), are key
references to this discussion.

6.2.2.1 Current/Future Industrial Worker Cancer Risk Probabilities
il Cancer Risk Probabilities for Current/Fu Industrial Worker

Current/Future industrial worker incidental ingestion, dermal contact, and inhalation of particulate from
surface soil and inhalation of vapors from subsurface soil were evaluated as the most reasonable exposure
pathways. These were evaluated for each lagoon. The following tables detail the cancer risk probabilities
for surface soil and subsurface soil. Tables 35 and 36 present the total cancer risk probabilities for each
receptor across all media and all exposure routes.

Table 38
Current/Future Industrial Worker - Surface Soil Exposure Summary - Cancer Risk
Current/Future Industrial
Worker Exposure to Ingestion Dermal Inhalation Risk Total Table Reference
Surface Soil Risk Rigk (particulate) Risk (Appendix A)
NE 5E-07 4.5E-07 | 8E-08 1E-06 8.1,8.8
NwW 1E-06 4.2E-07 7E-08 2E-06 8.1,88
SE 9E-07 8.6E-07 8E-08 1.9E-06 8.1,88
sSw 1.2E-06 5.1E-07 3E-07 2E-06 81,88
Table 36
Current/Future Industrial Worker - Subsurface Soil Exposure Summary - Cancer Risk
Current/Future Industrial Inhalation
Worker Exposure to Ingestion Dermal Risk Total
Subsurface Soil Risk Risk Vapors Risk Table Reference
NE N/A N/A 6E-07 6E-07 8.15
NwW N/A N/A ' 3E-1t 3E-11 8.15
SE N/A NA . 1E-06 1E-06 8.15
SwW N/A N/A | 2E-08 2E-08 8.15
N/A - not applicable. These routes were not evaluated for the current/future industrial worker.

The cancer risk probabilities for current/future industrial worker incidental ingestion of surface soil, dermal
contact with surface soil, inhalation of particulate from surface soil, and the inhalation of vapors from
subsurface soil, for each lagoon, are within or slightly above the lower end of the incremental risk range of
1.0E-04 to 1.0E-06.
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Sugface Water Cancer Risk Probabilities for Current/Future Industria] Worker

Surface water was evaluated for the two lagoons that intermittently receive storm water. The NW and SW
surface water data are summarized on the tables below. Total risk across all media and all exposures is
calculated on Table 37 for each lagoon (see Section 6.2.2.6).

Table 37
Current/Future Industrial Worker - Surfa¢e Water Exposure Summary - Cancer Risk
Current/Future Industrial
Worker Exposure to Ingestion Dermal Inhalation Total Table
Surface Water Risk Risk Risk Risk Reference

NW 2.3E-08 1E-08 N/A 3E-08 8.20
SwW 2.8E-08 1E-08 N/A 4E-08 8.20
N/A - not applicablc. This route was not evaluated for the qurrent/future industrial worker.

The cancer risk probabilities for industrial worker incidental ingestion of surface water and dermal contact
with surface water are below the lower end of the incremental risk range of 1.0E-04 to 1.0E-06.

6.2.2.2 Current/Future Visitor/Trespasser Cancer Risk Probabilities

Sqil Cancer Risk Probabilities for Current/Future Visjtor/Trespasser

Cancer probability risks were evaluated quantitatively for a visitor or trespasser to the Occidental Chemical
Superfund Site. Incidental ingestion, dermal contact, and inhalation of particulate from surface soil and
inbalation of vapors from subsurface soil were evaluated as the most reasonable exposure pathways (See
Table 1 of Appendix A). Tables 38 and 39 detail the cancer risk probabilities for surface soil and subsurface
soil.

Table 38
Current/Future Visitor/Trespasser - Surface Soil Exposure Summary - Cancer Risk
Current/Future Inhalation
Visitor/Trespasser Ingestion Dermal Risk Table
Exposure to Surface Soil Risk Risk (particulate) Total Risk Reference
NE 1.3E-08 1.1E-07 2E-09 1E-07 82,89
NW 1.3E-08 1E-07 1E-09 1E-07 82,89
SE 2.3E-08 21E-07 2E-09 2E-07 82,89
SwW 3.2E-08 1.2E-07 6.7E-09 1.6E-07 82,89
Table 39
Current/Future Visitor/Trespasser - Subsurface Soil Exposure Summary - Cancer Risk
Current/Future
Visitor/Trespasser Inhalation
Exposure to Subsurface | Ingestion Dermal Risk Total Table
Soil Risk Risk Vapors Risk Reference
NE N/A N/A 1E-08 1E-08 8.16
NW N/A N/A 6E-13 6E-13 8.16
SE N/A N/A 3E-08 3E-08 8.16
Sw N/A N/A 5E-10 SE-10 8.16
N/A - not applicable. These routes were not evaluated for the current/future
visitor/trespasser.
56

AR308482



Tetra Tech, Inc.
Risk Assessment Report- Occidental Chemical Superfund Site
April 2004

- The cancer risk probabilities for current/future visitor/trespasser incidental ingestion of surface soil, dermal
contact with surface soil, inhalation of particulate from surface soil, and the inhalation of vapors from
subsurface soil, for each lagoon, are below the lower end of the incremental risk range of 1.0E-04 to 1.0E-06.

- Sugface Water Cancer Risk Probabilities for Current/Future Visitor/Trespasser

Surface water was evaluated for the two lagoons that intermittently receive stormwater. The NW and SW
- surface water risks for the current/future visitor/trespasser are summarized on the Table 40.

Table 40
Current/Future Visitor/Trespasser ~ Surface Water Exposure Summary - Cancer Risk
. Current/Future
Visitor/Trespasser
Exposure to Surface Ingestion Dermal Inhalation Total Table
Water Risk Risk Risk Risk Reference

NwW 4E-08 1.4E-08 N/A 5E-08 8.21

SwW 5SE-08 1.7E-08 N/A TE-08 821
_ N/A - not applicable. This route was not evaluated for the current/future visitor/trespasser.

The cancer risk probabilities for current/future visitor/trespasser incidental ingestion of surface water and
dermal contact with surface water, for the NW and SW lagoons, are below the lower end of the incremental
- risk range of 1.0E-04 to 1.0E-06.

6.2.2.3 Current/Future “Other” Cancer Risk Probabilities

Sojl Cancer Risk Probabilities for Current/Future ¢ er’

The “other” exposure population is defined as an adult visitor to the site and not a trespasser (See Table 1

- of Appendix A). This population was evaluated similarly to the visitor/trespasser and industrial worker.
Incidental ingestion, dermal contact, and inhalation of particulate from surface soil and inhalation of vapors
from subsurface soil were evaluated as the most reasonable exposure pathways (See Table 1 of Appendix A).
Tables 41 and 42 present the surface and subsurface soil cancer risk probabilities.

Table 41
Current/Future “Other” - Surface Soil Exposure Summary - Cancer Risk
- Current/Future “Other”
Exposure to Surface Ingestion Dermat Inhalation Risk Total Table
Sail Risk Risk vapors Risk Reference
_ NE 2E-09 1.2E-08 SE-10 1E-08 83,8.10
NW 4.1E-09 1.1E-08 4E-10 2E-08 8.3,8.10
SE 3.6E-09 2.3E-08 5E-10 3E-08 8.3,8.10
- Sw 4.9E-09 1.4E-08 2E-09 2E-08 8.3, 8.10
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Table 42

Current/Future “Other™- Subsurface $oil Exposure Summary - Cancer Risk
Current/Future *“Other” Inhalation
Exposure to Subsurface | Ingestion Dermal Risk Total Table

Soil Risk Risk Vapors Risk Reference
NE N/A N/A 4E-09 4E-09 8.17
Nw N/A N/A 2E-13 2E-13 8.17
SE N/A N/A SE-09 S3E-09 8.17
sw N/A N/A 1.5E-010 1.5E-010 8.17
N/A - not applicable. These routes were not evaluated for the current/future “other.”

The cancer risk probabilities for “other” incidental ingestion of surface soil, dermal contact with surface soil,
inhalation of particulate from surface soil, and the inhalation of vapors from subsurface soil, for each lagoon,
are below the lower end of the incremental risk range of 1.0E-04 to 1.0E-06.

Surface Water Cancer Risk Probabilities for Current/Future “Other”

The NW and SW surface water risks for the current/future “Other” are summarized on the Table 43.

AR308484

Table 43
Current/Future “Other”- Surface Water Exposure Summary - Cancer Risk
Current/Future “Other”
Exposure to Surface Ingestion Dermal Inhalation Total Table
Water Risk Risk Risk Risk Reference
NwW 1.3E-08 5.7E-09 N/A 2E-08 8.22
SW 1.6E-08 6.9E-09 N/A 2E-08 8.22

N/A - not applicable. This route was not cvaluated for the current/future “other.”

The cancer risk probabilities for “other” incidental ingestion of surface water and dermal contact with
surface water, for the NW and SW lagoons, are below the lower end of the incremental risk range of 1.0E~-04
to 1.0E-06 for the “other” receptor.

6.2.2.4 Current/Future Resident Cancer Risk Probabilities at the Fenceline

Soil Cancer Risk Probabilities for Current/Future Resident at the Fenceline

Cancer risks were evaluated for the current/future adult and child residents at the Occidental Chemical
Superfund Site. Surface and subsurface soil were evaluated for inbalation of particulates and vapors for the
current/future resident at the fenceline. The Tables 44 (adult) and 45 (child) summarize the risks for each
lagoon. The tables show the inhalation cancer risk for both the inhalation of particulates from surface soil
and the inhalation of vapors from subsurface soil.
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Table 44
Current/Future Resident Adult at the Fenceline - Surface and Subsurface Sofl Exposure Summary -
Cancer Risk
Current/Future Adult
Resident Exposure to
Surface Soil and Ingestion Dermal Inhalation Risk Total Table
Subsurface Soil Risk Risk Particulate/Vapors Risk Reference
NE N/A N/A 2E-08 1E-07 1E-07 8.12,8.19
NW N/A N/A 1E-08 5E-12 1E-08 8.12,8.19
SE N/A NA 1.9E-08 3E-07 3E-07 8.12,8.19
SwW N/A N/A 6.3E-08 SE-09 6.7E-08 8.12, 8.19
N/A - not applicable. These routes were not evaluated for the current/future adult resident.
Table 45
Current/Future Resident Child at the Fenceline - Surface and Subsurface Soil Exposure Summary -
Cancer Risk
Current/Future Child
Resident Exposure to _
Surface Soil and Ingestion Dermal Inhalation Risk Total Table
Subsurface Soil Risk Risk Particulate/Vapors Risk Reference
NE N/A N/A 1E-08 TE-07 7.5E-07 8.11,8.18
NwW N/A N/A 1E-08 1E-t1 1E-08 8.11,8.18
SE N/A N/A 2E-08 2E-06 2E-06 8.11,8.18
SW N/A N/A 4.9E-08 | 4.8E-08 9.6E-08 8.11,8.18
N/A - not applicable. These routes were not evaluated for the current/future child resident.

Cancer risk was calculated for the current/future adult and child residents for inhalation of particulates from
the surface soil and inhalation of vapors from the subsurface soil. The risks across all exposure pathways
for the adult residents at each lagoon are below the lower end of the incremental risk range of 1.0E-04 to
1.0E-06. The risk across all pathways for child residents were also below the lower end of the risk range for
the NE, NW, and SW lagoons, and slightly within the range for SE lagoon (2E-06).

6.2.2.5 Future Resident Cancer Risk Probabilities

Soi] Cancer Risk Probabilities for Future Residents

Cancer risks were evaluated quantitatively for future adult and child residents for exposure to a mixture of
surface and subsurface soil (referred to as soil, see Table 1 of Appendix A) and surface water where it is
applicable. Direct ingestion, dermal contact, and inhalation of particulates and vapors exposures to soil were
evaluated for the resident. Ingestion and dermal contact with surface water were also evaluated, where
applicable for the future residents. Tables 46 (adult) and 47 (child) summarize the risk to the future
residents. Gray shaded cells indicate an exceedance of the threshold value (1.0E-04).
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Table 46
Future Resident Adult - Soil Exposure Summary - Cancer Risk
Future Adult Ingestion Dermal Inhalation Risk Total
Exposure to Soil Risk Risk Particulate/Vapors Risk Table Reference
NE 3.8E-06 1E-07 1E-06 9E-05 84,8.7,8.14
NwW 4.4E-07 SE-08 7E-11 4E-06 8.4,8.7,814
SE 2.1E-05 1E-07 3E-06 oAb 8.4,8.7,8.14
SW 4E-07 1.5E-06 5E-08 9.4E-06 84,87, 814
Table 47
Future Resident Chlld - Soil Exposure Summary - Cancer Risk
Future Child
Exposure to Ingestion Dermal Inhalation Risk Total
Subsurface Soil Risk Risk Particulate/Vapors i Table Reference
NE ey & 8.1E-06 9E-08 8E-06 | sQiee 8.5,8.6,8.13
NwW 7.7E-06 6E-07 4E-08 2E-10 8.5,8.6,8.13
SE Y 3.8E-05 8E-08 2E-05 8.5,86,813
SW , " 36 7.6E-07 1E-06 SE-07 8.5,8.6,8.13

Cancer risk was calculated for the future adult resident for ingestion of soil, dermal contact with soil,
inhalation of particulates from soil, and inhalation of vapors. Total exposure to the adult resident across all
exposure pathways is within the incremental risk range of 1.0E-04 to 1.0E-06 for all the lagoons except the
SE lagoon, which exceeds the risk threshold (3E-04).

Cancer risks were also calculated for the child resident for ingestion of soil, dermal contart with soil,
inhalation of particulates from soil, and inhalation of vapors. Total exposure to the child resident across all
exposure pathways exceeds the incremental risk range of 1.0E-04 to 1.0E-06 for the NE, SE, and SW
lagoons. Note that the risk in the SW lagoon (1.4E-04) only slightly exceeds the risk threshold.

The risk across al} soil media for the average resident adult exposure CT scenario for the SE lagoon is SE-05.
The risk across all soil media for the average resident child exposure CT scenario for the NE, SE, and SW
lagoons is 9E-04, 2.5E-03, and 6.4E-05, respectively.

Note that the total cancer risks for the child and adult resident are additive (e.g., lifetime risks). Therefore,
the total lifetime cancer risks forthe NE, SE, and SW lagoons are greater than that presented in the preceding

tables, although the child resident risk is the driver of the combined risks in NE, SE and SW lagoons. The
total lifetime risks are discussed in more detail in Section 6.2.2.6., and presented on Tables 50 through 53.
CT scenario risks as also discussed further in Section 6.2.2.6.

Surface Water Cancer Risk Probabilities for Future Residents

Cancer risk probabilities were calculated for the NW and SW lagoons. Incidental ingestion and dermal
contact with surface water risks are presented on Tables 48 (adult) and 49 (child).
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Table 48
Future Resident Adult - Surface Water Exposure Summary - Cancer Risk
Future Adult
Resident Exposure Ingestion Dermal Inhalation Total Table
to Surface Water Risk Risk Risk Risk Reference
NW 5.3E-08 2.3E-08 N/A 7.6E-08 8.23
SwW 6.4E-08 2.9E-08 N/A 9.3E-08 8.23
N/A - not applicable. This route was not evaluated for the future adult resident.
Table 49
Future Resident Child - Surface Water Exposure Summary - Cancer Risk
Future Child
Resident Exposure Ingestion Dermal Inhalation Total Table
to Surface Water Risk Risk Risk Risk Reference
NwW 2.8E-07 1E-08 N/A 2.9E-07 8.24
Sw 3.4E-07 1.2E-08 N/A 3.5E-07 8.24
N/A - not applicable. This route was not evaluated for the future child resident.

The cancer risk probabilities for incidental ingestion of surface water and dermal contact with surface water,
for the NW and SW lagoons, are below the lower end of the incremental risk range of 1.0E-04 to 1.0E-06

for the future adult and child receptors.

6.2.2.6 Cancer Risk Probability Summary

Tables 50 through 53 present (1) receptor- and media-specific cancer risk probabilities for RME scenarios,
and (2) COPCs with cancer risk probabilities greater than the higher end and the lower end of the acceptable

risk range. Each lagoon is presented separately.

These summaries are based on the Table 10's of Appendix A developed for each scenario for each lagoon.

The Table 10's of Appendix A summarize the primary risk drivers for the site, and also identify the

inorganics that are considered background (see Section 7.2.2 for additional discussion of the background
. study, including a summary of which inorganics were considered background).

For each lagoon, the future resident risk is presented as the combined adult/child risk, as the total lifetime
resident cancer risk is the sum of both the adult and child residential risks in all pathways. Note that where
the lifetime risk exceeds 1.0E-4, the CT value is also presented in parenthesis for comparison purposes. The
CT value represents an average exposure scenario, and combined with the RME value, provides a range of

the potential risks for the exposure pathway.
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Table 50
NE Lagoon - Cancer Risk Probability Summary

"+ Receptor

' _ , ~ COPC* with COPC with
 (NE) . Exposure Pathways - - | Cancer Risk’ Risk > 10° Risk > 10
Current/Future Industrial | Surface Soil 1.03E-06 None Nomne
Worker (Adult) Subsurface Soil 6.CE-07 Nonc Nooe
Total (all media, all routes) 2E-06
Cugrent/Future Surface Soil 1E-07 Noane None
Viaitor/Trespasser Subsurface Soil 1E-08 None None
(Pre- Total (all media, all routes) 1E-07
Adolescent/Adolescent)
Cutrent/Future “Other” Surface Soil 1E-08 Nope None
(Adult) Subsurface Soil 4E-09 None None
Total (all media, sl} routes) 2E-08
Future Resident (Adult) | Soil’ bis (2-ethythexyl) None
' phthalate
Total (all media, all routes) 8E-05 TCE
Vinyl chloride
Future Resident (Child) | Soil* Vinyl Chloride Vinyl
. bis(2- Chloride
Total (all media, all routes) 2E-03 ethylhexyl)phtbalate
(9E-04) TCE
Futurc Resident Soil* Vinyl Chionide Vinyl
Adult/Child® bis(2- Chloride
Total (all media, all routes) 2E-03 cthylhexyl)phthalate
(9E-04) TCE
Current/Future Resident | Surface Soil 2E-08 None None
At the Fenceline (Adult) | Subsurface Soil 1E-07 None
Total (all media, all routes) 1.3E-07
Current/Future Resident | Surface Soil 1E-08 None None
At the Fenceline (Child) | Subsurface Soil 74E-07 None
Total (all media, all routes) 7.5E-07
Current/Future Resident | Surface Soil 3E-08 None None
Al the Fenceline Subsurface Soil 8.5E-07 None
Adult/Child® Total (all media, all routes) 9E-07

a Cancer risk probabilitics above 1x10-4 are generally considered unacceptable.

b Constituents of potential concem with a combined medium exposure (ingestion, dermal and inhalation) cancer risk
probability greater than 10x*,

¢ COPCs with a combined medium exposure (ingestion, dermaf and inhalation) cancer risk probability greater than 1x10™.

d Combined surface soil and subsurface soil.

e Total lifetime residential cancer risk is the sum of both the adult and child residential risks.
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Table 51
NW Lagoon - Cancer Risk Prabability Summary
Receptor . ]| COPC*with | COPC with
A INW) Exposure Pathways Cancer Risk® | Rbsk> 10 Risk > 10
Cunrent/Future Industrial | Surface Soil 2E-06 Arsenic None
Worker (Adult) Subsurface Soil 3E-011 None
Surface Water 3E-08 . None
Total (all media, all routes) 2E-06
Curent/Future Surface Soil 1E-07 None None
Visitor/Trespasser Subsurface Soil 6E-013 None
(Pre- Surface Water SE-08 None
Adolescent/Adolescent) | Total (all media, all routes) 2E-07
Current/Future “Other” Surface Soil 2E-08 None
(Adult) Subsurface Soil 2E-013 None None
Surface Water 2E-08 None
Total (all media, all routes) 3E-08
Future Resident (Adult) | Soil 4E-06 Arsenic None
Surface Water SE-08 None
Total (al] media, all routes) 4E-06
Future Resident (Child) | Soil* 8E-06 Arsenic None
Surface Water 3E-07 None
Total (all media, all routes) 9E-06
Future Resident Soil® 1E-05 Arsenic None
AdulvChild* Surface Water 3E-07 Nope
Total (all media, all routes) 1E-05
Current/Future Resident | Surface Soil 1E-08 None None
At the Fenceline (Adult) | Subsurface Soil SE-12 None
Total (all media, all routes) 1E-08
Cwrrent/Future Resident | Surface Soil 1E-08 None None
At the Fenceline (Child) | Subsurface Soil 1E-11 None
Total (all media, all routes) 1E-08
Current/Future Resident | Surface Soil 2E-08 None None
At the Fenceline Subsurface Soil 2E-11 None
Adult/Child* Total (all media, all routes) 2E-08
a Cancer risk probabilities above 1x10-4 are generally considered unacceptable.
b Constituents of potential concern with a combined medium exposure (ingestion, dermal and inhalation) cancer risk
probability greater than 10x-6.
¢ COPCs with a combined medium exposure (ingestion, dermal and inhalation) cancer risk probability greater than 1x10-4.
d Combined surface and subsurface soil.
e Total lifetime residential cancer risk is the sum of both the adult and child residential risks.
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Table 52
SE Lagoon - Cancer Risk Probability Summary
Receptor ‘ - _ . Cancer COPC" with Risk | COPC with Risk >
) (SE) . Exposure Pathways - | .. Risk* . >10* 10
Current/Future Industrial | Surface Soil 1.9E-06 bis (2-
Worker (Adult) ethylhexyl)phthalate
Subsurface Soil 1E-06 None None
Total (all media, all 3E-06
routes)
Current/Future Surface Soil 2E-07 None
Visitor/Trespasser Subsurface Soil 3E-08 None
(Pre- Total (all media, all 3E-07 None
Adolescent/Adolescent) routes)
Current/Future “Other” Surface Soil 3E-08 None
(Adult) Subsurface Soil 8E-09 None None
Total (all media, all 4E-08
routes)
Future Resident (Adult) Soil’ bis (2- Vinyl Chloride
ethylhexyl)phthalate
Total (all media, all 3E-04 Vinyl Chloride
routes) (5E-05) TCE
Future Resident (Child) Soil* 5E-03 bis (2- bis (2-ethythexyl)
Total (all media, all (2.5E-03) | ethylhexyl)phthalate phthalate
routes) Vinyl Chioride Vinyl Chlonde
TCE
Future Resident Soil? bis (2- bis (2-ethylhexyl)-
Adulv/Child* ethylhexyl)phthalate phthalate
Total (ail media, all 5.7E-03 Vinyl Chloride Vinyl Chloride
routes) (3E-03) TCE
Current/Future Resident Surface Soil 2E-08 None
At the Fenceline Subsurface Soil 3E-07 None None
(Adult) Total (all media, all 3E-07
routes)
Currcnt/Future Resident Surface Soil 2E-08 None
| At the Fenceline Subsurface Soil 2E-06 Vinyl Chloride
(Child) Total (all media, all 2E-06 None
routes)
Cwirent/Future Resident Surface Soil 3.47E-08 None
At the Fenceline Subsurface Soil 2.64E-06 Vinyl Chloride None
Adulv/Child* Total (all media, all 2.67E-06
routes)

Cancer risk probabilities above 1x10-4 arc generally considered unacceptable.

a
b Constituents of potential concem with a combined medium exposure (ingestion, dermal and inhalation) cancer risk

probability greater than 10x-6.

CQPCs with a combined medium exposure (ingestion, dermal and inhalation) cancer risk probability greater than 1x10-4.

c
d Combined surface and subsurface soit
¢ Total lifetime residential cancer risk is the sum of both the adult and child residential risks.
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Table 53
SW Lagoon - Cancer Risk Probability Summary
Receptor : o Cancer COPC* with | COPC with
(SW) Exposure Pathways Risk* Risk > 10°¢ Risk > 10™
Current/Future Surface Soil 2E-06 Arsenic
Industrial Worker Subsurface Soil 2E-08 None None
(Adult) Surface Water : 4E-08 None
Total (all media, all routes 2.4E-06
Current/Future Surface Soil 1.6E-07 None None
Visitor/Trespasser Subsurface Soil 4.9E-10 None
(Pre-Adolescent/ Surface Water 6.7E-08 None
Adolescent) Total (all media, all routes) 2.3E-07
Current/Future “Other” | Surface Soil 2.1E-08 None None
(Adult) Subsurface Soil 1.5E-10 None
Surface Water 2.3E-08 None
Total (all media, all routes) 4.4E-08
Future Resident (Adult) | Soil 9.4E-06 Arsenic None
Vinyl
Chloride
Surface Water 9.3E-08 None
Total (all media, all routes) 9.5E-06 i
Future Resident (Child) | Soil® 14E-04 Arsenic Vinyl Chloride
Vinyl
Chloride
Surface Water 3.5E-07 None
Total (all media, all routes) 1.4E-04
(6.4E-05)
Future Resident Soil* 1.4E-04 Arsenic Vinyl Chloride
Adult/Child* Cadmium
Chromium
Vinyl
Chloride
Surface Water 4.5E-07 None
Total (all media, all routes) 1.4E-04
(6.6E-05)
Current/Future Surface Soil 6.3E-08 None None
Resident At the Subsurface Soil 5.0E-09 None
Fenceline Total (all media, aill routes) 6.7E-08
(Adult)
Current/Future Surface Soil 4 9E-08 None None
Resident At the Subsurface Soil 4.8E-08 None
Fenceline Total (all media, all routes) 9.6E-08
(Child)
Current/Future Surface Soil L1E-07 None None
Resident At the Subsurface Soil 5E-08 None
Fenceline Adult/Child* | Total (all media, all routes) 1.6E-07
a Cancer risk probabilities above 1x10-4 are generally considered unacceptable.
b Constituents of potential concern with a combined medium exposure (ingestion, demnal and inhalation) cancer nsk
probability greater than 10x-6.
¢ COPCs with a combined medium exposure (ingestion, dermal and inhalation) cancer risk probability greater than
1x104.
d Combined surface and subsurface soil.
¢ Total lifetime residential cancer risk is the sum of both the adult and child residential risks.
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6.2.2.7 Lead Toxicity
6.2.2.7.1 Child Lead Toxicity Evaluation

Although there is a great deal of information on its health effects, there is not an EPA slope factor (SF) or
reference dose (RfD) for lead. It appears that some health effects, particularly changes in the levels of
certain blood enzymes and in aspects of children’s neurobehavioral development, may occur at blood lead
levels so low as to be essentially without a threshold. Therefore, EPA considers it inappropriate to develop
an RfD for inorganic lead (EPA, 2001). Quantifying lead’s cancer risk involves many uncertainties, some
of which may be unique to lead. Age, health, nutritional state, body burden, and exposure duration influence
the absorption, release, and excretion of lead. In addition, current knowledge of lead pharmacokinetics
indicates that an estimate derived by standard procedures would not truly describe the potential risk. Thus,
EPA’s Carcinogen Assessment Group recommends that a numerical estimate not be used (EPA, 2001).

In the absénce of lead health criteria, the Integrated Exposure Uptake Biokinetics (IEUBK) Model
(IEUBKwin 32 Mode! 1.0) was the approach used to predict the mean lead blood levels in children exposed
to lead at the Occidental Chemical Superfund Site.

[EUBK Mode!

Blood levels of lead in the age group ranging from 0 to 7 years of age can be predicted with the [IEUBK
Model. EPA Region 3 recommended its use to provide an estimation of chronic blood lead concentrations
in children based, as much as possible, on site-specific data. Such data can assist in the risk management
decision regarding cleanup of lead at hazardous waste sites. The IEUBK mode) was used to evaluate
hypothetical risks from exposure to lead at the Occidental Chemical Superfund Site.

Neurotoxic effects of chronic low-level lead exposure in children may occur at lead blood levels as low as
10 ug/dL.. Therefore, a blood-lead level of 10 ug/dL is utilized as a standard for this analysis and the site is
considered to be of concern for lead if the model predicts that more than 5 percent of a population will
exceed this level.

The model allows the input of specific lead exposure parameters associated with the site, where available.
Where site-specific information is not available, standard default factors are substituted. The information
that was available for inputs included the concentrations of lead detected in surface soil and air. In
accordance with Region 3 guidance, the average detected lead concentrations were input into the model.

For the current/future resident at the fenceline scenarios, it is assumed that residents may be exposed to
contaminants in air that originate from the soil (particulates). Therefore, the average lead concentration in
air for each lagoon (NW, NE, SE, and SW) was input into the model to derive predicted blood lead levels
for children who may be exposed to contaminants in air at the Occidental Chemical Superfund Site. Model
defaults were used for the soil and water parameters.

The mean blood level and the percentage of measurements above 10 ug/dL for the 0-7 year old child
hypothetically exposed to air in the NW, NE, SE, and SW lagoons at the site are presented on Figures 1
through 8 of Appendix L. The Child Lead Model Worksheets summarize the results and are located in

Appendix L.

For the future resident scenarios, it is assumed that residents may be exposed to contaminants in both soil
and air. Therefore, the average lead concentrations in soil and air for each lagoon (NW, NE, SE, and SW)
was input into the model to derive predicted blood lead levels for children who may be exposed to lead in
both soil and air at the Occidental Chemicat Superfund Site. The average lead concentrations in soil and air



) Tetra Tech, Inc.
Risk Assessment Report- Occidental Chemical Supexrfund Site
April 2004

for the future scenarios are presented in Appendix L Table 1. Soil boring data were used to determine
average lead concentrations.

The geometric mean blood level and the percentage of measurements above 10 ug/dL for the 0-7 year old
child hypothetically exposed to soil and air in the NW, NE, SE, and SW lagoons at the site are presented on
Figures 1 through 8 of Appendix L. The Child Lead Model Worksheets summarize the model inputs and
are located in Appendix L.

The mean blood levels of children for the current scenarios in the NW, NE, SE, and SW lagoons ranged from
1.66 ug/dL to 3.33 ug/dL. These levels are below EPA’s current health-based level of concem of 10 ug/dL..

The mean blood levels of children for the future scenarios in the NW, NE, SE, and SW lagoons ranged from
1.66 ug/dL to 25.2 ug/dL. With the exception of the SW lagoon, the levels in all lagoons were below EPA's
health-based level of concern. The mean blood level of 25.2 ug/dl (2.47E-02 ug/m’ [air concentration] and
4481 mg/kg [soil concentration)) in the SW lagoon soil is above EPA’s current health-based level of concern
10ug/dL.. Under the future scenario, 97 percent of the children exposed to contaminants in the SW lagoon
could develop blood-lead levels above the target level 10 ug/dL.

Child Lead Toxicity Conclusions

There is scientific but controversial evidence that subtle neurobehavioral effects in children such as lowered
IQ scores, learning disabilities, and attention deficits may occur at chronic blood levels between 10 and 15
ug/dL. These blood lead levels may also be associated with decreased hemoglobin production in the red
blood cells with resultant anemia. This is potentially applicable to the SW lagoon exposure scenario.

EPA bas established a National Ambient Air Quality Standard (NAAQS) for lead of 1.5 ug/m’ (quarterly
average). The air concentrations in all lagoons at the Occidental Chemical Superfund Site were below the
NAAQS.

Soil iead concentrations greater than 400 mg/kg in residential areas should be considered a potential health
threst. The degree of threat depends on the bicavailability of the lead. The lead model applies defauit
assumptions in estimating the bioavailability of lead; however, the bicavailability of lead at the Occidental
Chemical Superfund Site was not measured. Exposure to lead in the SW lagoon may present a significant
risk to receptors if incidental ingestion and inhalation of dust occurs, due to the concentrations of lead in
soil.

6.2.2.7.2 Adult Lead Toxicity Evaluation

The adult lead model (Recommendations of the Technical Review Workgroup for Lead for an Approach to
Assessing Risks Associated with Adult Exposures to Lead in Soil, December 1996) is used to assess risk
associated with non-residential adult exposure to lead in soil. In this case the model was used to address risk
to an industrial worker at the Occidental Chemical Superfund Site. The results of the model are presented
in Appendix L. The default model values were used except for the exposure frequency value. The exposure
frequency was set at 250 days/year as opposed to the model default value of 219 days/year.

Surface soil Cmax values were used as the soil concentrations in the model since the Cmax is a reasonable
estimate of the average concentration in the surface soil. The surface soil samples were collected as
composite samples across each lagoon. The adult lead model was used to estimate risk for each lagoon
individually. The following values were used in the model for each lagoon:

NE lagoon 164 mg/kg SE lagoon 282 mg/kg
NW lagoon 49.9 mg/kg SW lagoon 5920 mg/kg
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"Two equations are presented in the lead model. The first equation uses the default value of 0.05 g/day as
the daily soil ingestion rate (Ir,). By using the single Irs parameter to describe all sources of ingested soil,
the methodology is consistent with all of the Superfund program and their implementation for risk
assessment. Equation 2 provides as alternative approach to addressing the daily soil ingestion rate. The
equation calculates separate estimates of lead intake from the direct ingestion of outdoor soil and from the
ingestion of indoor dust. (EPA, 2003).

Results of the Model

The lead model uses the geometric mean blood level concentration and geometric standard deviation for
adults to calculate the adult blood concentration. The model also shows the 95* percentile blood lead
concentration among fetuses born to women having exposures to the site specific soil lead concentrations.
The model shows the target blood lead level of 10 ug/dL, and then shows the probability of the site derived
blood lead level to be greater than the target blood level.

The results of the model indicate that lead at the Cmax concentration of 5,920 mg/kg at the SW lagoon would
result in adult blood levels to be in excess of the target blood lead level of 10 ug/dL. At this concentration,
the probability that a fetus is born to a woman exposed at the site would bave blood lead levels in excess of
the target level is approximately 50 percent. The concentration of lead in the surface soil in the SW lagoon
exceeds the preliminary remedial goals (PRG) as well. The other lagoons do not have lead in excess of the
PRGs. See Appendix L for model results.

6.2.3 Qualitative Risk Evaluation

Table 1 of Appendix A identifies two scenarios for a qualitative risk evaluation (1) future soil-to-
groundwater for a potential residential population or future industrial workers, visitors, and trespassers; and
(2) future surface water to air for a potential residential population along with current/future surface water
to air exposure for an industrial worker, visitor/trespasser, and other population. The surface water pathway
applies only to the NW and SW lagoons.

6.2.3.1 Soil-to-Groundwater Pathway
Pypposc

The soil-to-groundwater pathway is evaluated to assess the potential for soil contamination at the site to
impact groundwater quality. The groundwater originating below the lagoons could potentially be impacted
by the lagoon soil as rain water flows through the contaminated soil and percolates into groundwater. Future
regidents, as well as future industrial workers, visitors, and trespassers may be exposed to this groundwater
from a private potable well at the site through ingestion by drinking tap water, and by inhalation and dermal
exposure during showering or bathing.

This pathway is qualitatively evaluated by comparing soil concentrations to site specific soil-to-groundwater
screening levels (SSLs - as described previously in Section 3.1.4), based on USEPA Soil Screening Guidance
(July 1996). This evaluation is qualitative because multiple lines of evidence and assumptions are used to
calculate the SSLs, which are indicators of potential impacts to groundwater. Therefore, given the variety
of complex conditions and processes that can affect the migration of contaminants in the soil to the
groundwater, there is some uncertainty about the adequacy of the assumptions used in the calculation.
Consequently, a qualitative assessment is more appropriate to address the risk uncertainties associated with
the soil to groundwater calculation assumptions and results.
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Methodology

SSLs were used to screen for COPCs in the soil for each detected chemical for each lagoon. This screening
is presented on Table 2.1 of Appendix A for each lagoon. The concentrations used for screening are included
in Appendix M. The concentrations were based on the Soil Screening Guidance, and are discussed in the
appendix. The concentration used for screening is the average concentration from the individual boring with
the highest concentration. Discussion on the use of non-detected data is also included in Appendix M.

The chemicals of potential concern are presented on Table 3.1 of Appendix A. These are the chemicals
which exceeded the site specific SSLs and are retained for this qualitative assessment.

Findings

Tables 54 through 57 presents all the COPCS from each lagoon, respectively, that exceeded the SSLs. The
tables also indicate:

« The COPCs that are the human health risk drivers based on the quantitative risk assessment (i.e., HQ >1
or risk > 1E-6), and also provides the receptor affected;

» An order of magnitude for each chemical in terms of how it exceeded the SSL. For example
concentrations of antimony in the NE lagoon exceed the SSL by 2.7 times; and

+ ‘The COPCs for which there was no significant difference in the average or median concentrations
detected in the subsurface soil in the lagoon and background locations (i.e., those COPCs that appear to
be background and attributable to natural or anthropogenic contributions rather than site-related - see
Section 7.2.2 and Appendix J for additional background discussion).

Note that many chemicals were infrequently detected but retained for screening. Chemicals were retained
as COPCs even if they were only detected in a single sample. For the purposes of this discussion, chemicals
that were detected in less than 10 to 15% of the total number of subsurface samples collected at each lagoon
are shaded grey in the following tables. Infrequent detections should be carefully considered during the risk
management evaluation of the soil-to-groundwater pathway.

All of the COPCs listed on Tables 54 through 57 could potentially pose a risk for the soil-to-groundwater
pathway.
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Table 54
NE Lagoon ~ Soil-to-Groundwater Pathway Summary
COPCs Soil-to- Potential Risk Number of times the
- Groundwater Drivers for HHRA | concentration used for screening
NE lagoon (marked with +) exceeds the SSL*
Antimony® - - 2.7
- Arsenic® 46
Barium® 1.3
Cadmivm® 1.2
- Chromium 53
Iron® 73
Manganese® 54
- Accetophenone 140000
Acetone ' 5
1,1 Dichloroethene 6
- 1,2 Dichloroethane , 340
cis 1,2 Dichloroethene 187
Ethyl Benzene 1.6
- Toluene 38
trans 1,2- 33
Dichloroethene
- Trichloroethene v (future resident) 38
Tetrachloroethene 273
Vinyl Chloride ¢ (future resident) 1159
- Carbon Disulfide 26
4-Methyl 2-pentanone . o 16
a This was calculsted by dividing the concentration used for screening by the SSL.
b Background analysis (seec Appendix J and Section 7.2.2 for additional discussion)
- indicates no significant difference in the average or median concentration of this COPC in
the lagoon and background.
Grey fill distinguishes the chemicals that were infrequently detected (i.c. detected in less
- than 10-15% of the total number of samples from this lagoon).
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Table 55
NW Lagoon - Soil-to-Groundwater Pathway Summary
COPCs Soil-to- Potential Risk
Groundwater Drivers for HHRA Number of times the concentration
NW lagoon used for screemng exceeds the SSL'
Arsenic®
industrial worker;
future resident)
Barium® 3
Chromium® 16
Cobalt® 2
Iron® v (future resident 242
child)
Manganese® v (future resident 103
child)
Nickel 2

a This was calculated by dividing the concentration used for screening by the SSL.

b Background analysis (sec Appendix J and Section 7.2.2 for additional discussion) indicates no
significant difference in the average or median concentration of this COPC in the lagoon and
background.

Grey fill distinguishes the chemicals that were infrequently detected (i.c. detected in less than
10-15% of the total number of samples from this lagoon).

A
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Table 56
SE Lagoon - Soll-to-Groundwater Pathway Summary
COPCs Soil-to- Potential Risk Number of times the
Groundwater Drivers for HHRA | concentration used for screening
SE lagoon (marked with v) exceeds the SSL*
Antimony® 4
Arsenic” 40
Cadmium® 2
Chromium 50
Iron® 74
Manganesc® 10
Benzaldehyde . 3
Benzene 2144
Naphithalene o 30
1,2 Dichlorocthane » 770
Chloromethane : 73
cis 1,2 Dichloroethene 926
Ethyl Benzene 3
Toluene 2.5
trans 1,2-Dichloroethene 7
Trichioroethene v (future resident) 75
Vinyl Chloride v (future resident; 5728
current/future
resident at
fenceline)

Carbon Disulfide . 7
4-Methyl 2-pentanone ' 9

a This was calculated by dividing the concentration used for screening by the SSL.

b Background analysis (see Appendix 3 and Section 7.2.2 for additional discussion)
indicates no significant difference in the avarage or median concentration of this COPC in
the lagoon and background.

Grey fill distinguishes the chemicals that were infrequently detected (i.e. detected in less
than 10-15% of the total number of samples from this lagoon).
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Table 87
SW Lagoon - Soil-to-Groundwater Pathway Summary
COPCs Soil-to- Potential Risk
Groundwater Drivers for HHRA Number of times the concentration
SW lagoon (marked with v) used for screening exceeds the SSL*
Arsenic® ¢ (current/future 80
industrial worker;
future resident)
Barium 4
Cadmium v/ (current/future 1069
industrial worker/
visitor/trespasser;
future resident)
Chromium ¢ (future resident 540
child)
fron® v (future resident 170
child)
Lead 180
Manganese® 21
Mercury” 12
Nickel” 3.5
Benzene 160
Naphthalene 77.6
1,2 Dichloroethane 355
cis 1,2 Dichloroethene 9
Toluenc 13
Trichloroethene : 1.5
Viny!t Chloride v (future resident) 200
2-Methyl naphthalene 7.5
Dibenzofuran 4
2,4 Dimethylphenol 10.7
Phenanthrene 40
4-Methylphenol 53
Mcthylene Chloride 9

a This was calculated by dividing the concentration used for screening by the SSL.
b Background analysis (see Appendix J and Section 7.2.2 for additional discussion) indicates no
significant difference in the average or median concentration of this COPC in the lagoon and

background.

Grey fill distinguishes the chemicals that were infrequently detected (i.c. detected in less than
10-15% of the total number of samples from this lagoon).
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6.2.3.2 Surface Water Air Pathway

Table 1 of Appendix A indicated that qualitative review of the surface water to air pathway is to be
completed. Based on the review of the semivolatile and volatile organic data, there are no substantial
detections of compounds that exceed the screening criteria, and consequently, no quantitative evaluation is
necessary, Table 58 summarizes the semivolatile and volatile organic compounds detected in the NW and
SW lagoons at the Occidental Chemical Superfund Site. Therefore, this pathway is insignificant for future
residents or current/future industrial workers, visitors, or trespassers.

Table 58
Surface Water Air Pathway - Summary of Organic Compound Detections
Concentration &

Chemical Name Qualifier Code* Lagoon
2-Butanone 1] One detection in each lagoon
Acetone 5 detections from NW and SW

8t013]
Diethyl phthalate 2] Sw
a Jisdefined as an Analyte present. Reported value may nat be accurate ot precise.
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3.0 RISK ASSESSMENT SUMMARY

The following is a summary of the results of the risk assessment for each exposure scenario for each lagoon
at the site. This discussion includes: 1) a summary of carcinogenic and noncarcinogenic risks for each
exposure pathway (presented on a summary table derived from Tables 10.1 through 10.9 of Appendix A),
for both the reasonable maximum exposure (RME) and central tendency (CT) exposure scenarios (as
necessary if the RME values exceed the threshold for action to show the range of potential risks at the site);

2) a summary of lead toxicity, 3) a summary of soil-to-groundwater pathway qualitative assessment; and 4)
a discussion of background (if necessary).

8.1 NORTHEAST LAGOON RISK SUMMARY

A summary of the risks for each exposure scenario for the NE lagoon is presented in Table 60. Highlighted
areas on the table indicate risks above acceptable levels (cancer risk >1E-04 or HI>1). Note that there is no
surface water exposure in the NE lagoon.

Table 60
Risk Summary - Northeast Lagoon
Total Carcinogenic Risk
Across All Total Hazard Index
Media and All Exposure | Across All Media and All
Time Frame Population Routes Exposure Routes
Current/Future Industrial Worker 2E-06 0.14
Current/Future Visitor/ Trespasser 1E-07 0.05
2E-08 0.003
8E-05 0.51

. 3.03(!4) LG

Current/Future Adult at Fence
line

Current/Future Child at Fence 7.5E-07 0.0025
line

Current/Future Adult/Child at 9E-07 n/a
Fence line

The following are the primary conclusions about the risks assessed for the NE lagoon:

The off-site air risks for the exposure of current/future residents at the fence line are 3 orders of
magnitude below the acceptable risk levels for the NE lagoon.

The risks to current/future visitor/trespassers, and “Others”™ are several orders of magnitude below the
acceptable risk levels for the NE lagoon.

The carcinogenic risk to current/future industrial workers is slightly above the 1E-06 “point of

departure,” but still below the acceptable risk levels for the NE lagoon. The noncarcinogenic risk for
this receptor is well below the HI threshold of 1.

The cumulative carcinogenic risk to future onsite residents (adult/child) is above the acceptable risk level
for the NE lagoon for both the RME (2E-03) and CT (9E-04) scenarios. Future onsite resident child
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ingestion of soil is the primary route of exposure for this risk, and vinyl chloride is the primary risk
driver.

The noncarcinogenic risk to future onsite resident children is above the acceptable risk level for the NE
lagoon for the RME scenario (3.03), and nearly equivalent to the acceptable risk level forthe CT scenario
(1.4). Ingestion is the primary route of exposure for this risk, and the target organ is the liver. Bis 2-
ethylhexy] phthalate, vinyl chloride, iron, thallium, and TCE are the primary risk drivers. Although iron
is considered to be attributable to “background” in the NE lagoon, its contribution to the HI is not
substantial, and the RME risk scenario would still be above the acceptable risk level if iron was
eliminated from the risk calculation.

The noncarcinogenic risk to future onsite resident adults is below the acceptable risk level for the NE
lagoon.

The results of the IEUBK mode] indicate that the level of lead in the NE lagoon is below EPA's current
health-based level of concern for both children and adults. Results of the adult lead model protect the
pregnant woman’s fetus in the workplace. Refer to Appendix L for the adult and child lead modeling.

8.2 NORTHWEST LAGOON RISK SUMMARY

A summary of the risks for each exposure scenario for the NW lagoon is presented in Table 61. Highlighted
areas on the table indicate risks above acceptable levels (cancer risk >1E-04 or Hi>1). Note that surface
water exposure is included in the NW fagoon assessment.

Table 61
Risk Summary - Northwest Lagoon
Total Carcinogenic Risk
Across All Total Hazard Index
Media and All Exposure | Across All Media and All
Population Routes - Exposure Routes
Industrial Worker 2E-06 0.6
Visitor/Trespasser 2E-07 0.9
Other 3E-08 02
Adult 4E-06 o 1A Q4) .
FPuture 3t e o |Gl e 9E-06 w6 B QRSY A
Future AdulvChild 1E-05 n/a
Current/Future Adult at Fence 1E-08 0.0008
line
Current/Future Child at Fence 1E-08 0.003
line
Current/Future Adult/Child at 2E-08 n/a
Fence line

The following are the primary conclusions about the risks assessed for the NW lagoon:

The off-site air risks for the exposure of current/future residents at the fence line are at least 3 orders of
magnitude below the acceptable risk levels for the NW lagoon.

The risks to current/future visitor/trespassers, and “Others™ are below the acceptable risk levels for the
NW lagoon.
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The carcinogenic risk to current/future industrial workers is slightly above the 1E-06 “point of
departure,” but still below the acceptable risk level for the NW lagoon. The noncarcinogenic risk for
this receptor is well below the HI threshold of 1.

The cumulative carcinogenic risk to future residents (adult/child) for the NW lagoon is above the 1E-06
“point of departure,” but is still one order of magnitude below the acceptable risk level.

The noncarcinogenic risk to future resident children is above the acceptable risk leve! for the NW lagoon
for the RME scenario (6.8) and CT scenario (2.5). Ingestion of soil (primary route), as well as ingestion
of and dermal exposure to surface water (secondary route) are the major routes of exposure for this risk.
The primary target organs are the kidney, liver and central nervous system. Manganese and iron are the
primary risk drivers in the soil, and cadmium is the primary risk driver in the surface water.

Although manganese and iron are considered to be attributable to ‘“background™ in the NW lagoon soil,
the RME risk scenario (but not the CT scenario) would still be above the acceptable risk level if the
“background” COPCs were eliminated from the risk calculation because of the surface water exposure.
However, it should be noted that the presence of surface water in the NW lagoon is intermittent, and its
presence is related to precipitation. The surface water is currently being pumped to the facility for
treatment. This should be considered as part of any risk management decision related to the NW lagoon.

The noncarcinogenic risk RME to future resident aduits is equivalent to the acceptable risk level for the
NW lagoon (1.3), but is below the acceptable risk level (e.g., HI=1) for the CT scenario (0.4).

The results of the IEUBK model indicate that the level of lead in the NW lagoon is below EPA’s current
health-based level of concern for both children and adults. Results of the adult lead model protect the
pregnant woman’s fetus in the workplace. Refer to Appendix L for the adult and child lead modeling.

SOUTHEAST LAGOON RISK SUMMARY

A summary of the risks for each exposure scenario for the SE lagoon is presented in Table 62. Highlighted
areas on the table indicate risks above acceptable levels (cancer risk >1E-04 or HI>1). Note that there is no
surface water exposure in the SE lagoon.

Table 62
Risk Summary - Southeast Lagoon
Total Carcinogenic Risk
Across All Total Hazard Index
Media and All Exposure | Across All Media and All
Population Routes Exposure Routes
Industrial Worker 3E-06 0.17
Visitor/Trespasser 3E-07 0.058
Other 4E-08 0.0034
1oy Al 1.4“3&9?4153%}” B :
Adult at Fence 3E-07
line
Child at Fence 2E-06 0.016
line
Adult/Child at 3E-06 n/a
Fence line
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The following are the primary conclusions about the risks assessed for the SE lagoon:

84

The cumulative carcinogenic risks for the exposure of current/future resident at the fence line is slightly
above the 1E-06 “point” of departure,” but still below the acceptable risk level for the SE lagoon. The
noncarcinogenic risk for the current/future resident adult and child are both well below the HI threshold
of 1.

The risks 1o current/future visitor/trespassers, and “Others” are well below the acceptable risk levels for
the SE lagoon.

The carcinogenic risk to current/future industrial workers is slightly above the 1E-06 “point of
departure,” but still below the acceptable risk level for the SE lagoon. The noncarcinogenic risk for this
receptor is well below the HI threshold of 1.

The cumulative carcinogenic risk to future residents (adult/child) is above the acceptable risk level for
the SE lagoon for both the RME (5.7E-03) and CT (3E-03) scenarios. Future resident adult and child
ingestion of soil is the primary route of exposure for this risk, and bis2-ethylhexyl phthalate, vinyl
chloride, and TCE are the primary carcinogenic risk drivers.

The noncarcinogenic risk to future resident children is above the acceptable risk level for the SE lagoon
for both the RME scenario (10.1) and CT scenario (4.6). Ingestion of soil is the primary route of
exposure for this risk, and the target organ is the liver. Bis 2-ethylhexyl phthalate and vinyl chloride are
the primary noncarcinogenic risk drivers.

The noncarcinogenic risk to future resident adults is equivalent to the acceptable risk level of Hi=1 for
the SE lagoon for the RME scenario {1.3), but is below the acceptable risk level for the CT scenario (0.5).

The results of the IEUBK model indicate that the level of lead in the SE lagoon is below EPA’s current
health-based level of concern for both children and adults. Results of the adult lead model protect the
pregnant woman'’s fetus in the workplace. Refer to Appendix L for the adult and child lead modeling.

SOUTHWEST LAGOON RISK SUMMARY

A summary of the risks for each exposure scenario for the SW lagoon is presented in Table 63. Highlighted
areas on the table indicate risks above acceptable levels (cancer risk >1E-04 or HI>1). Note that surface
water exposure is included in the SW lagoon assessment.
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Table 63
Risk Summary - Southwest Lagoon
Total Carcinogenic Risk
Across All Total Hazard Index
Media and All Exposure Across All Media and All
Routes Exposure Routes
2.4E-06 AL L ) RN
2.3E-07 -SSR R)

4.4E-08 0.90
9.5E-06 £ +8. 8 @IP o ra
RG0S [0 e 20 @) e,
‘i e P duMICild Xy, o US04 (6.0F 08357 n/a
Current/Future .lt'\duh at Fence 6.7E-08 0.00054
ine
Current/Future Child at Fence 9.6E-08 0.0017
line
Current/Future Adulv/Child at 1.6E-07 n‘a
Fence line

The following are the primary conclusions about the risks assessed for the SW lagoon:

AR308505

The off-site air risks for the exposure of current/future residents at the fence line are at least 2 orders of
magnitude below the acceptable risk levels for the SW lagoon.

The risks to current/future “Others” are well below the acceptable risk levels for the SE lagoon.

The carcinogenic risk to current/future industrial workers is slightly above the 1E-06 “point of
departure,” but still below the acceptable risk level for the SW lagoon. However, the noncarcinogenic
risk for this receptor is slightly above the acceptable risk level for the SW lagoon for both the RME
(2.02) and CT (1.6) scenarios. Dermal contact with the surface water is the primary route of exposure
for this risk, and the target organ is the kidney. Cadmium is the primary noncarcinogenic risk driver.

" The carcinogenic risk to current/future visitors/trespassers is below the acceptable risk level for the SW

lagoon. However, the noncarcinogenic risk for this receptor is slightly above the acceptable risk level
for the SW lagoon for the RME scenario (4.4), and equivalent to the acceptable risk level for the CT
scenario (1.03). Dermal contact with the surface water is the primary route of exposure for this risk, and
the target organ is the kidney. Cadmium is the primary noncarcinogenic risk driver.

The cumulative carcinogenic risk to future residents (adult/child) is slightly above the acceptable risk
level for the SW lagoon for the RME scenario (1.4E-04), but slightly below the acceptable risk level for
the CT (6.6E-05) scenario. Future resident child ingestion of soil is the primary route of exposure for
this risk and viny] chloride is the primary carcinogenic risk driver.

The noncarcinogenic risk to future resident children is above the acceptable risk level for the SE lagoon
for both the RME (62) and CT (25.3) scenarios. Soil ingestion (primary) and ingestion and dermal
contact with surface water (secondary) are the routes of exposure for this risk, and the target organs are
the kidney and liver. Cadmium, chromium, and iron are the primary noncarcinogenic risk drivers for
the soil, and cadmium is the primary driver for the surface water.
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Although iron is considered to be attributable to “background™ in the SW lagoon soil, the RME and CT
scenario risk values would still be above the acceptable risk level if this “background” COPC was
eliminated from the risk calculation because of the other COPCs and the surface water exposure.

It should be noted that the presence of surface water in the SW lagoon is intermittent, and its presence
- is related to precipitation. This should be considered as part of any risk management decision related
to the SW lagoon. However, the RME and CT scenario risk values would still be above the acceptable
risk level if the surface water was eliminated from the risk calculation.

» The noncarcinogenic risk to future resident adults is also above the acceptable risk level for the SW
lagoon for both the RME (8.8) and CT (3.17) scenarios. Soil ingestion (primary) and dermal contact with
surface water (secondary) are the routes of exposure for this risk, and the target organ is the kidney.

— Cadmium is the primary noncarcinogenic risk driver for the soil and the surface water.

It should be noted that the presence of surface water in the SW lagoon is intermittent, and its presence
is related to precipitation. The surface water is currently being pumped to the facility for treatment. This
should be considered as part of any risk management decision related to the SW lagoon. However, the
RME and CT scenario risk values would still be above the acceptable risk level if the surface water was
climinated from the risk calculation.

o The results of the IEUBK model indicate that the level of lead in the soil of the SW lagoon is above

EPA’s current health-based level of concern for both children and adults for the residential exposure

scenario. Soil ingestion is the primary exposure route for this potential risk. Blood lead levels were also

- exceeded for the industrial work. Results of the adult lead model protect the pregnant woman’s fetus in
the workplace. Refer to Appendix L for the adult and child lead modeling.

8.5 SUMMARY OF SOIL-TO-GROUNDWATER PATHWAY SUMMARY
The following is a summary of the soil-to-groundwater pathway for each earthen lagoon.

- The earthen lagoons are located in the 100-year floodplain of the Schuylkill River. Most of the lagoons are
composed of white and gray materials (sludge) which are products of the PVC manufacturing process. The
underlying soil beneath the sludge consists generally of a coal fine layer, clay and bedrock. The stratigraphy
logs revealed the absence of sludge in the North West (NW) lagoon, and only 0 to 4 feet of sludge in South
West (SW) lagoon. The coal fine layer is completely absence in the North West Lagoon.

The average soil concentration for each contaminant in each lagoon was used as the screening concentration

- and then compared to the SSL for that contaminant to determine if it would likely leach to groundwater at
a concentration greater than the RBCs and/or MCLs. A table with the concentrations used for screening and
the SSLs are included in appendix M.

The following is a summary of the soil-to-groundwater pathway for each earthen lagoon.
NORTHEAST LAGOON

» Sludge is currently present from 16 to 19 feet below land surface.

» Sixteen (16) VOCs were detected in this Jagoon (seec Appendix M).

e The screening concentration of twelve of the detected VOCs were above the Soil Screening Levels
(SSLs). These were: 1, 1-Dichiroethene, 1, 2-Dichloroethane, 4-Methyl-2-pentanone, Acetone, Carbon
Disulfide, cis-1, 2-Dichloroethene, Ethyl benzene, Tetrachloroethene (TCA), Toluene, trans-1, 2-
Dichloroethene, Trichloroethene (TCE), and Vinyl Chloride. All of these VOCs were detected in the soil

- beneath the studge, except for 1, 1-Dichlroethene, 1, 2-Dichloroethane, Acetone, and TCA.
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Four (4) SOVs were detected in the northeast lagoon. Of those, only Acetophenone was above the SSL.
Seven metais: antimony, arsenic, barium, cadmium, chromium, iron, and manganese, were above the
SSLs.

NORTH WEST LAGOON

e Sludge is not present in this lagoon.

+ Four (4) VOCs were detected in the southwest lagoon (see Appendix M).

» None of the concentration of the detected VOCs was above the SSLs

* No SVOCs were detected in the Northwest lagoon..

+ Eight metals: antimony, arsenic, barium, chromium, cobalt, manganese, and nickel, were above the SSLs
SOUTH EAST LAGOON

Sludge is currently present from 10 to 13 feet below land surface.

Fifteen (15) VOCs were detected in the southeast lagoon (see appendix M).

The concentration of eleven (11) of the detected VOCs were above the SSLs. These were: 1, 2-
Dichloroethane, 4-Methyl-2-pentanone, Benzene, Carbon Disulfide, Chloromethane, cis-1, 2-
Dichloroethene, Ethyl benzene, Toluene, trans-1, 2-Dichloroethene, TCE, and Vinyl Chloride. Eleven
of these VOCs were detected in the soil! beneath the sludge except for 1, 2-Dichloroethane, and
Chloromethane.

Five (5) SOVs were detected in the southeast lagoon. Of those, only Benzaldhehyde and Naphthalene
were above the SSLs.

Six metals: antimony, arsenic, cadmium, chromium, iron, and manganese, were above the SSLs.

SOUTH WEST LAGGON

B.6

Sludge is currently present from O to 4 feet below land surface.

Twelve (12) VOCs were detected in the southwest lagoon (see appendix M).

The concentration of seven (7) of the detected VOCs were above the SSLs. These were: 1, 2-
Dichloroethane, Benzene, cis-1, 2-Dichloroethene, Methylene Chloride, Toluene, TCE, and Vinyl
Chloride. All of the VOCs were detected in the soil beneath the sludge.

Ten (10) SVOCs were detected in the northeast lagoon. The concentration of seven SVOCs (2,4-
Dimethyphenol, 2-Methyl naphthalene, 4-Methylphenol, Benzaldehyde, Dibenzofuran, Naphtalene,
Phepanthrene) were above the SSL.

Nine metals (arsenic, Barium, cadmium, chromium, iron, lead, manganese, Mercury and Nickel) were
above the SSLs.

SUMMARY OF MEDIA/EXPOSURE POINTS THAT MAY TRIGGER REMEDIAL ACTION

A summary of the media/exposure points identified in the quantitative nisk assessment that may trigger
remedial action at the Occidential Chemical Superfund site are presented in Table 64. All of these exposure
pathways exceed a cancer risk >1E-04 or a noncarcinogenic risk HI>1. Both RME and CT (in parenthesis)
values are provided in the table. In addition, potential soil-to-groundwater risks that may trigger remedial
action are presented on Table 65. See Section 7.2.2 and Appendix J for a detailed discussion regarding
contaminants attributable to background.
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Table 64
Summary of Media/Exposure Points that May Trigger Remedial Action
Occidental Chemical Site
Cumulative
Carcinogenic | Total Hazard
Risk Index
Receptor Population >10E4 >1] Main Risk Drivers *
NE Lagoon
Future Resident Child 2E-03 3.03 vinyl chloride; bis
(risks driven by soil ingestion) (9E-04) (14) 2-ethythexyl
Future Resident Adult/Child 2E-03 wa phthalate; TCE
(carcinogenic risk driven by soil ingestion) (9E-04) thailium; (iron]
NW Lagoon
Future Resident Child ® No 68 Soil - {manganese;
(noncarcinogenic risk driven by soil ingestion | Cumulative 2.5) iron]
[primary risk driver] and ingestion of and Risk >10E-4 Surface water -
dermal contact with surface water {secondary cadmium
risk driver])
SE Lagoon
Future Resident Adult 3E-04 No
(risks driven by soil ingestion) (5E-05) Commutative
Hazard > | bis-2 ethylhexyl
Future Resident Child 5E-03 10.1 phthsiate; vinyt
(risks driven by soil ingestion) (2.5E-03) 4.6) chloride; TCE
Future Resident Adult/Child 5.7E-03 n/a
{carcinogenic risk driven by soil ingestion) (3E-03)
SW Lagoon
Current/Future Industrial Worker No 2.06 Cadmium
(noncarcinogenic risk driven by dermal Cumulative (1.6)
contact with surface water)® Risk >10E-4
Current/Future Visitor/Trespasser No 44 Cadmium
(noncarcinogenic risk driven by dermal Cumulative (1.03)
contact with surface water)* Risk >10E-4
Future Resident Aduit No 88 Soil and Surface
(noncarcinogenic risk driven by soil ingestion Cumulative 3.17) Water - cadmium
[primary risk driver] and dermal contact with | Risk >10E-4
surface water {secondary risk driver”]). Soil
lead exposure also exceeds target levels for
this receptor.
Future Resident Child 1.4E-04 62.0 Soil - vinyl
(carcinogenic risk driven by soil ingestion (6.4E-05) (25.3) chloride;
and noncarcinogenic risk driven by soil cadmium;
ingestion (primary risk driver} and ingestion chromium,; {iron]
of and dermal contact with surface water Surface Water -
[secondary risk driver]). Soil lead exposure cadmium
also exceeds target levels for this receptor.
Future Resident Adult/Child 1.4E-04 n/a vinyl chloride
(carcinogemic risk driven by soil ingestion) (6.6E-05)
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Table 64
Summary of Media/Exposure Points that May Trigger Remedial Action
Occidental Chemical Site
Cumulative
Carcinogenic | Total Hazard
Risk Index
Receptor Population >10E4 >1 Main Risk Drivers *

Central Tendency Exposure Value presented in parenthesis.

a - These are the chemicals that are the main risk drivers for the exposure pathway that are attributable to site
contamination. Any main risk drivers attributable to background are presented in brackets.

b - Noncarcinogenic risk for this pathway is related to soil COPCs which are considered to be actributable to
background. Elimination of background COPCs from the risk calculations would reduce the CT value to below the
acceptable risk level, but the RME value would remain above the acceptable risk level because of surface water
exposure. However, surface water is intermittent in the lagoon and pumped to the facility for treatment, so this risk
"is probably overestimated given that the exposure assumptions would probably not be satisfied. This should be
carefully considered as part of any risk management decision.

¢ - Surface water is intermittent in the lagoons and is currently collected and pumped to the facility for treatment.
Thercfore, any surface water risk is probably overestimated given that the exposure assumptions would probably
not be satisfied. This should be carefully considered as part of any risk management decision.

The lead content in the SW lagoon surface and subsurface soil (which is in excess of the EPA residential
preliminary remedial goal of 400 mg/kg) may also trigger remedial action for the current/future industrial
worker and future resident.

Based on the soil to groundwater analysis, the following COPCs were identified for each of the lagoons.
These COPCs may trigger remedial action for groundwater in the earthen lagoons (see Table 65).

None of the concentration of the detected VOCs and SVOCs are above the SSLs at the NW lagoon. All the
metals detected at the NW lagoon, except nickel, are below background. Based on the soil to groundwater
analysis, the NW lagoon may not trigger any remedial action.

The analysis shows that vertical migration of leachate into bedrock is occurring. With the exemption of the
NW Lagoon contaminants are present in the soils directly underlying the sludge. These contaminants
detected in the underlying soils are those that are present in the sludge inside the lagoons.

The 1994 Record of Decision (ROD) for Occidental Chemical Corporation Site states that the coal fine
material has served as a collection/adsorption for the chemicals and that the soil beneath the coal fine
material of the earthen lagoons has not been affected. However, this soil to groundwater pathway analysis
shows that this is not the case at this time, where the soil underlying the sludge and the coal fine material
has been impacted by the contaminants. The high concentrations of several contaminants in the underlying
soils show that the coal fine material is no longer preventing the vertical migration of the contamination.

The five volatile organic compounds identified as chemicals of concerns (COCs) in the 1994 ROD for the
groundwater were detected in the earthen lagoons. These compounds are ethyl benzene, styrepe, trans-1, 2-
Dichloroethene (trans- 1, 2-DCE), Vinyl Chloride, trichloroethylene (TCE). All of these COCs were detected
in the sludge and in the underlying soils. The migration of these chemicals represents a continuous source
of contamination for the groundwater.
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Table 65
Summary of Soil-to-Groundwater Pathway Contaminants
that May Trigger Remedial Action
Occidental Chemicsl Site
Chemical NE Nw SE sSwW
Lagoon | Lagoon Lagoon | Lagoon
1-1 dichloroethene X
1-2 dichlorocthene X X X
4-methyl-2 acetone X X
acetone X
benzene X X
carbon disulfide X X
cis, 1-2 dichloroethene X X X
methylene chloride X
ethyl benzene X X
trichloroethene X X X
tetratechloroethene X
toluene X X X
trans 1,2 - dichloroethene X X
vinyl chloride X X X
chloromethane X
acctophenone B
benzaldehyde X
dibenzofuran X
napthalene X X
phenanthrene X
2-4 dimethylphenol X
2-methylnapthalene X
4-methylphenol X
arsenic B B B B
antimony B B B
barium B B X
cadmium B B X
chromium X B X X
colbalt B
iron X B B B
lead X
manganesc X B B B
mercury B
nickel X B
X = Contaminant present at concentration in excess of SSLs.
B = Contaminant present, but background analysis indicates no significant difference between the
average or median concentration of this COPC in the lagoon and background locations.
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It should be noted that there are various uncertainties associated with this risk assessment. Most
uncertainties identified will result in the potential for overestimation of risk for both the RME and CT
scenarios (i.e., the combination of several upper-bound assumptions for most exposure scenarios). These
uncertainties should be considered as part of any risk management decision about the site.
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ABSTRACT

Air pollution control devices (APCDs) are not compul-
sory for medical waste incinerators (MWTs) in developing
countries. In South Africa, combustion gases are usually
vented directly to the atmosphere at temperatures greater
than the formation temperature of dioxin. The possibil-
ity of dioxin formation outside the incinerator stack has
been hypothesized. A plume model has been developed
and tested in the wind tunnel with a scale model of an
incinerator stack. The plume temperature and trajectory
predictions of the plume model were verified within a
13% experimental accuracy. Using South African data, the
plume model predicts that the residence time of gases in
the temperature range of 150-450 °C in a plume is 1.3 sec
on average for 5% of a year (18 days) at meteorological
conditions resulting in wind speeds of less than 1 m/sec.
Two published dioxin formation models were used to as-
sess the probability of dioxin formation in the plume. The
formation models predict that the average polychlorinated

IMPLICATIONS

At present, waste managers in developing countries as-
sume that direct venting to the atmosphere acts as an
adequate quenching process to prevent the formation of
dioxin compounds n the plumes of MWIs. The results
indicate that the temperatures and residence times in
plumes above an incinerator can be similar to those in
the post-combustion zone of incinerators where dioxin
compounds have been measured. When these tempera-
tures and residence times are used in the most recent
dioxin formation models, the predicted amounts of diox-
ins exceed the emission cancentration guidelines of the
South African government.

Volume 52 July 2002

dibenzodioxins/furans (PCDD/Fs) formed in the plume
will exceed the stack emission regulations in South Africa
of 0.2 ng/Nm’ toxic equivalent quotient (TEQ) by between
2 and 40 times. The calculated concentrations do not in-
clude additional gaseous PCDD/F compounds that may
be formed at high-temperature post-combustion zones
through pyrosynthesis mechanisms.

INTRODUCTION

Regulatory guidelines! for the incineration of medical waste
are not strictly enforced by the South African authorities,
because of ongoing changes in the current legislation and
national waste management strategies.? Air pollution con-
trol devices (APCD) are not compulsory, and combustion
gases may be emitted directly to atmosphere at high tem-
peratures. For some incineration processes in South Africa,
temperatures as high as 900 °C have been recorded.’ Al-
though dioxins are formed at temperatures lower than this,
there is no measurement data to indicate the amounts
formed in the plumes from incinerator stack tips.

A survey of the literature has shown that no calcula-
tions are available to estimate dioxins formed within the
first section of the plume. Measurements of dioxins
present in stacks have been correlated with the concen-
trations of particulates, inorganic chlorides, metallic spe-
cies, and organic precursors,*? and with the residence time
of the gases within the temperature ranges of 150-450
°C’# and 250-450 °C.° To determine whether these condi-
tions exist for significant periods, a model for plume be-
havior close to the tip of the stack is required.

The plume region prior to the establishment of hori-
zontal flow has been described using fluid dynamic prin-
ciples'® and by the classical empirical equations derived by
Briggs.'' At the exit of the stack tip, the plume is assumed
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to be a round, perpendicular jet issuing into a horizon-
tal flow of ambient air. The physical conditions of the
plume are described by dividing the plume'? into a zone
of laminar flow [i.e., the zone of flow establishment
(ZFE)}, and a zone of cyclonic flow [i.e., the zone of
established flow (ZEF)]. The ZFE has the characteristic
parameters of a jet.'® It has been found that inside the
ZFE, the flow distribution does not follow a Gaussian
profile because of eddy exchange coefficients.!* The ZEF
takes into account the conditions above the jet caused
by turbulence of both the jet and the ambient flowing
medium, where the plume bends over and a Gaussian
profile occurs.™*

Studies on a medical waste incinerator (MWI) in
South Africa!*'® indicate that the temperature range of
150-450 °C, where dioxins may be formed, occurs in the
transition from the ZFE to the ZEF after the gases have
left the stack tip. The MWI is a simple retort-type mul-
tiple-charmnber design'’ without APCD, and is a semi-
batch operation.'*'* The importance of dioxin formation
was emphasized as the result of work carried out by the
CSIR for a multi-pathway health risk assessment
(MPHRA) of this MWI'* during which conditions in the
stack of the incinerator were extensively measured.'
However, dioxins and furans could not be sampled, be-
cause the gas temperature in the stack is greater than
the 450 °C temperature during normal operation.'* Be-
cause dioxin was the key risk driver in the MPHRA, a
scientific basis for obtaining an upper estimate of the
dioxin emissions was required.

A two-stage model] (PlumeDIOX) was developed by
the CSIR to provide estimates of the concentration of
dioxin compounds formed in the MWI plume.
PlumeDIOX combines a hot plume model, describing
the physical characteristics of the plume during the cool-
down to ambient temperatures, with published dioxin
formation models.”*

DEVELOPMENT OF A HOT PLUME MODEL
Empirical equations derived by Briggs'! are applicable only
to determine the final plume height and cannot be used
to estimate the plume characteristics close to the stack
exit. In addition, the Lagrangian velocity correlation co-
efficient indicates that a Gaussian model is not applicable
very close to the source, where diffusion is rapid.'® A simi-
larity or Gaussian model can, however, be used when the
plume is in the established flow region.

In the ZFE, the necessary equations were derived from
the properties of a deflected turbulent jet.’®!'+!? [n the
ZEF, the physical characteristics of the plume were deter-
mined from the conservation of mass, momentum, and
energy.'’ ' 2" Appendix A summarizes the equations uscd
to describe these two zones of the hot plume.

812 Journa: of the Ar & Maste Management Association

Assumptions Used in the
Development of the Plume Model
The following assumptions simplify the mathematical
description of the model:

*  The ZFE corresponds to calculations of a deflected
jet,'® and viscous effects can be neglected. How-
ever, some corrections are made for the density
and velocity changes caused by buoyancy."” The
bend-over of the plume that does occur in this
zone is calculated from a modification to the
Briggs equation for a bent-over buoyant plume;"

¢ Inthe ZEF, the mean flow velocity perpendicular
to the main flow along the length of the plume
is small in comparison with the main flow ve-
locity. The secondary flows perpendicular to the
plume axis caused by bend-over of the plume are
consequently ignored;

¢ In the ZEFE, the turbulence is uniform, giving a
Gaussian concentration distribution profile;?

*  Molecular transports are considered negligible in
comparison with turbulent transports;

s Once released into the atmosphere, the plume is
an isobaric system;*

* Aerodynamic effects such as down-wash of the
plume caused by surrounding structures are
neglected;

* Linear mixing occurs after the stack exit (i.e., the
density of the mixture is a volume-weighted av-
erage of the densities of the components);!

¢ The molecular weight and specific heat of the
exit gases are approximately the same as those of
the surrounding air; and

¢ The model is formulated as a steady-state model
in which time derivatives are set equal to zero.

Plume Coordinates Used in the
Model Calculations
The equations are based on the system illustrated'” in
Figure 1. The system can briefly be described as follows:
¢ The ambient wind velocity is unitorm and hori-
zontal over the whole height of the plume and is
given by the term U

¢ The first part of the plume is already known as
the ZFE. [ts length is given by the term 3. The
characteristics of the plume at the end of this
zone will describe the origin of the coordinate
system tor the ZEF;

* The ZEF is treated as an axis-svmmetric turbu-
lent plume with a temperature gradient only in
the vertical direction. Consequently, only a two-
dimensional coordinate system is considered,
with v being the distance above the origin and +
the approximate distance from the origin; and
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Flgure 1. Piume coordirates used for mathematical formulation.

¢ 5,1, and ¢ are taken as the plume coordinates in
the ZEF, as shown in Figure 1.

Hot Plume Model Verification

An experimental study was conducted at the wind tunnel
facilities of the Division of Aeronautical Science and Tech-
nology (Aerotek) of the CSIR, South Africa.”* The experi-
mental design consisted of a hot plume ejected into a
steady horizontal cross flow. The stack was (0.2 m in di-
ameter and 1.2 m high, and was insulated to prevent ex-
cess heat loss. Cyclonic flow in the stack was prevented
by a flow distributor system at the bottom of the stack.
The stack was placed close (0.5 m) to the inlet of the
wind tunnel. The total flow height of the tunnel is 1.5 m,
with 1 m above ground level. The stack therefore extended
into the horizontal flow region by 0.2 m. An average cross
flow of between 1.3 and 1.6 m/sec was maintained in the
wind tunnel. Further stability could not be attained be-
cause of the influence of ambient conditions outside the
inlet and outlet of the tunnel at these low velocities.

A liquid petroleumn gas (LPG) burner, operating at an
LPG-to-air ratio slightly higher than the stoichiometrically
requirement, was used to generate the hot plume from the
stack. Dilution air was injected at the bottom of the ex-
perimental stack to obtain an adequate exit flow rate and
also consumed the remaining excess LPG. The L.PG gas and
burner airflow rates were controlled using calibrated rota-
meters. The total airflow (burner and dilution) was con-
trotled using a 28-mm orifice plate and water u-tube
manometer.® The exit velocity of the stack gas was caleu-
lated from a mass balance over the burner/stack system
and the measured exit temperature. The ambient cross-flow
velocity was measured with a hot wire anemometer.

The temperatures along the plume trajectory were
measured using five thermocouples, placed in line with
the cross wind as indicated in Figure 2. The central ther-
mocouple at the stack exit was taken as the zero reference
point in space. The five thenmocouples were mounted on
a computerized vyvz table. The linear movement of the
plume toward the tunnel exit was confirmed by a smoke
releaser. The thermocouples were theretfore moved only
in the v direction. Random incremental steps were taken
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Figure 2. Tenmocoupie cositor ng at the stack exil

until the highest temperature was observed between the
five thermocouples. The position of the thermocouples
was maintained at this location for ~5 min to reach tem-
perature stability. A third-order polynomial curve was fit-
ted to the data at cach measurement location to determine
the plume center location and temperature (Figure 3).

Table 1 summarizes the conditions of the exit plume
and the ambient conditions generated inside the wind
tunnel. In Table 1, the experimental values are compared
with those of an industrial incinerator, which the experi-
mental stack simulates. For an accurate simulation, the
Reynolds number of the exiting plume and the velocity
ratio (U, /U ) should be similar for both the scaled-down
stack and the industrial process. The values given for the
industrial process in the table are tvpical of conditions
that have becn measured at some plants in South Africa.’
The results of one measurement cycle are compared with
the model predictions in Figures 4 and 5.

Verification Discussion. The accuracy of the model was
estimated from the correlation coefficient between the
measured values and the vatues predicted by the model.
This coefficient mceasures the relationship between two
data sets independent of the unit of measurement. The
population correlation calculation returns the covariance

Plume Wind Tunnel Experiment
Location #5 polynomia! curve fit

.
180
160
140 | 7 - . ‘

O oo
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100

80
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B0 e e

o] 50 100 150 200
Position of the Five Thermocouples

Figure 3. Polrom.a: curve ited 1o the Sh measursment 0Cahon s ata
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Table 1. Curditions of the CSIR wing lurel exper mer:

Property Units Experiment Industrial Process
Temperatui: °C 286 &G
Velccity misec 149 g

Crameter M 02 92

Dansity kgim’ 0.36 0.27
Yiscosity Kg/m sec 029 047

Wind velcc ty rsec 142 5

Reyrokds ~.mbar 5740 37

¥ oGty rat o 135 0

of two data sets divided by the root product of their
standard deviations?®
Cov(&,n)

= {1
yVarg-Vam

where v is the correlation coefficient, v is the model data
set, and ¢ is the measured data set. The data set of the CSIR
wind tunnel experiment consisted of two independent sets
of 11 values each, on which a correlation calculation could
be carried out with eq 1. The results are given in Table 2.

Conclusions from the Model \Veritication. The temperature
prediction along the plume trajectory is accurate within
3%, with a correlation coefficient of more than 99%. This
discrepancy tends toward an overprediction, which leads
to aslight overestimate of the residence time within a tem-
perature range. Additional verifications will have to be made
at real stack locations to substantiate these conclusions.

APPLICATION OF THE PROPOSED PLUME MODEL
The model was applied to a high-temperature plume from
the stack of a medical waste incinerator (MWD in South
Africa. This incinerator underwent intensive evaluation
by the CSIR over a two-year period.' The meteorological
conditions for the region are often relatively warm and

Cartesian Coordinates
{CSIR wind tunnel)

Model
o Measurements

yim)

0 02 04 06 08 1 12
x (my

Figure 4. Piume cath results o t2 CSIR measurement camgaigr.
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Temperature vs. Distance
(CSIR wind tunnel)

T(*C)

Figure 8. “emperature resu ts ot the CSIR meas_rermert campa gn

calm. It is known that dioxin compounds are formed in
the post-combustion gases of MWIs when the gases are
cooled.* The highest amount of dioxins are formed when
*  The combustion efficiency is low (<99%);
* Chlorinated plastics are present in the feed (e.g.,
PVC); and
* High concentrations of metallic species are
present on the emission particulates ti.e., Fe and
Cu).
The latter two conditions are true for the MW/ in South
Africa, and it is hypothesized that dioxins are formed in
the plume.

Mechanisms for Dioxin Compound Formation
The dioxin group of compounds includes polychlorinated
dibenzodioxins (PCDD) and polychlorinated dibenzo-
furans (PCDF). Four possible pathways have been proposed
for the observed presence of the dioxin group of com-
pounds in the flue gases from combustion processes,**’
although the contributions of ditferent mechanisms are
still under debate.”™

¢ The presence of PCDD and PCDF in the waste
that is burnt;

s Pyrosynthesis (i.e., high-temperature gas-phase
formationy;

e Formation by way of reactions between chemi-
cally related compounds (precursors), such as
chlorophenols, condensed on the fly ash; and

¢ Formation via de novo svnthesis from chemically
unrelated compounds and chlorine donors on the
fly ash between temperatures of 250 and 450 °C.

Table 2. Correialicr coat.Ce v o 172 magsurement Zamoaign at ne CSIR
Parameter Correlation

€ hi above Sae it « P EiEee) %
“emparature al « ! 3319 %o
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It is assumned, from available evidence,™ that medi-
cal waste contains no dioxins. The pyrosynthesis path-
way is considered less important at the lower
temperatures in the plume.?” However, formation of
PCDD/Fs through this mechanism® could take place in
the high-temperature post-combustion zones before the
stack tip. The reaction of condensed precursors and de
novo synthesis pathways are considered as possible post-
combustion formation mechanisms® in the plume. Me-
tallic species, especially Fe and Cu,* have also been
shown to catalyze these formation mechanisms.” A large
concentration of metallic species, especially Fe, Cr, Cu,
and Mn, has been measured at the MWI considered
here. » This emphasizes the importance of these two
mechanisms for the potential risk of PCDD/F formatlon
in the plume.

Condensed Precursor Pathway of PCDD/F Formation. This
heterogeneous model’® for the formation of dioxins be-
tween temperatures of 150 and 450 °C follows a gas-fly
ash reaction mechanism for the formation of the dioxin
group of compounds. The fly ash from the incineration
process is a catalyst for surface reactions, The total con-
centration of dioxins in the solid phase can be calculated
from the actual residence time t of the gas and particulate
mixture and the average particulate concentration M, in
a temperature range T, using the equations summarized
in Appendix B. The equations also calculate the desorbed
dioxin. These, however, do not include all the dioxin in
the gaseous phase.

De Novo Synthesis Pathway of PCOD/F Fornation. The pro-
posed empirical model® for de novo synthesis on incin-
erator fly ash between 450 and 225 °C assumes that the
reaction of Cl from HCl with carbon on the fly ash results
in PCDL)/F formation. All reactions, therefore, take place
on the surface of the fly ash, where metals act as catalyst.
Empirical eq 34 in appendix C can be numerically inte-
grated assuming a linear cooling rate and an initial di-
oxin concentration from the combustion process.” Again,
the calculated concentration does not include the gas-
eous phase because formation in the high-temperature
post-combustion stages is not considered and desorption
is ignored in the model.

Case Study Incinerator Conditions
The initial conditions at the stack tip of the case study
MWI are summarized in Table 3. For a conservative as-
sessment, calm atmosphere conditions were considered,
because it is not expected that the residence time of
the plume within the required temperature range will
be significant at higher wind speeds. The wind speed
for extremely calm conditions was taken to be less than
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Table 3. Initial conditions 4 the siack ip of *he case study 1cinerator

Parameter Value

Mezn wind velceity ¢ 05 m/sec
Ambient lempe-ature : ‘97 °C
Ampient dens ty P, 1062 kg/m?
Emission ax:t velzcily Y, 462 m/sec
Emission ex-t temgerature T, 460 °C
Emission exit dens:y p; 0402 kg/m*
intia: ¢ ume angle P, 1571 rad
Stack Zigmeter ¢ 0315 .

1 m/sec. An average ambient velocity of 0.5 m/sec was cho-
sen for the model calculations because of wind fluctuations.

Plume Model Predictions
ZFE. Following the proposed plume model, the relevant
parameters were calculated at the end of the ZFE. These
values are summarized in Table 4. Figure 6 is a graphical
representation of the calculated plume path over the
whole temperature range. The transition from the ZFE to
the ZEF is indicated by the arrow.

ZEF. For the ZEF, the parameters were calculated over the
additional section of the plume trajectory until the target
temperature was reached. The results of the calculations are
plotted in Figures 6 and 7. A comparison of the two figures
indicates the distance along the plume trajectory to the tar-
get cool-down temperature. The calculated values of the
other plume characteristics are summarized in Table S.

Estimation of Dioxin Formation with the
Precursor Condensation Model

Using the results obtained from the plume model and
specifically the residence time in the temperature range
450-150 °C, the potential for the formation of dioxin in
the plume can be estimated using the precursor conden-
sation pathway. The particle concentration at the target
cool-down temperature of 150 °C is calculated from the
ratios of the plume cross-sectional areas.

Table &. Plure 31341075 & the 305 of the JFE

Parameter

Value
Patn length of the ZFE I3 4575 m
Plume velocty u 51 TJ/SEC
Cnaracier stiz ume wigth 5 0647 m
Piume ce~sily p. 0562 kg’
Pluma ‘err serat 72 2431 o
Plyme angie 0, 1488 13d
Res:gence i me ‘. 1938 8¢
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Carteslan Coordinates of the Plume Path

Yy (m)

x (m)

Figure 8. Plume Cartesian coordinates over the whole plume trajectory.

. . A

Garget = Co A . 2)
“target
with* C,= 0.22 x 10* g/cm? 3)
n 2 .

Ao=-_;-D =0.66 )

T 12
Atarget = z : (b(a[ge() =3.38 (S)

The following parameters are used in the model with the
assumptions and cquations of Appendix B:
e An average particulate concentration of 73.2
mg/Am?;
* Aresidence time of the plume of 1.3 sec between
450 and 150 °C; and
*  An average temperature of 300 °C, which is also
the temperature of maximum dioxin formation.*
Assuming that tetrachlorinated dioxins are formed with
a molecular mass of 321 g/mol, the total solid-phase di-
oxins are calculated to be 6.97 ng/Nm?*. The desorbed con-
centration is insignificantly small. The results are shown
in Table 6.

Sensitivity of the Condensed Precursor Model. A change in
the particulate concentration has a very small influence
on the PCDDV/F solid-phase formation calculation with

Temperature vs. Residence Time

i a0 0z00 Q40 06 0800 1200 1200 1420
L 1 {sac)

Figure 7. Cool-down rate over the trajectory of the case study dlume.
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Table 5. Parameter vaiues at the targe! e perature atter zool-down 2f the plume

Parameter Value

Taiget remperature T v 150 C
Raferance densily . J654 i
Density ¢.ere~ca 0 -0.308 </m
Plume w dth %, 2075 m
Height above Ir2 stack o 5277 ha
Distance from the stack £, 1428 T
Distance alcng frajestory 5. £325 m
Plume velccity us, ) 5.7 m/sec
Res dence time in ZEF u 1252 53¢

the precursor condensation modecl. The calculation is lin-
ear with residence time (i.e., a fluctuation of 10% in the
total residence time results in a similar change in
PCDD/F concentration prediction). The average plume
temperature, however, has a significant influence on the
overall concentration, with a 10% higher temperature
resulting in a factor 2 increase in concentration. This is
shown in Figure 8.

Estimation of Dioxin Formation with the
De Novo Synthesis Model
Similar to the precursor formation model, the average
particulate concentration required for the de novo syn-
thesis model can then be calculated using eq 3. The fol-
lowing parameters are used together with the equations
of Appendix C:
*  Anaverage particulate concentration of 78.8 mg/
Am?;
* Aresidence time of the plume of 0.98 sec between
450 and 225 °C; and
¢ Anaverage temperature of 337.5 °C.
The results are shown in Table 7. The total PCDD/F calcu-
lation is higher than the calculation estimate of the pre-
cursor condensation model by a factor of 16.

Semsitivity of the De Novo Symthesis Model. The PCDID/F
sotid-phase formation calculation is linear with particulate
concentration (i.e., a fluctuation of 10% in the average

Table 6. Sciid-phase PCOD/F caicy &100s using *he 2-ecurso” Condersandt mole

Parameter Precursor
Condensation
Model
Acplicable larrperalue range 45C-53C 0
Res denzet e r2oge 1252 $27
“otal pred clec dicxins and ‘urars T raNe
TZQ sstimated as 121580 ol the a concertrans” 236 et
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Figure 8. Sensitivity analysis of the precursor condensat on model
Wwith temperature.

particulate concentration results in a similar change in
PCDD/F concentration prediction). The residence time
and average plume temperature do not have a significant
influence on the de novo synthesis model.

Discussion on the Dioxin Formation in an
Incinerator Plume
Dioxin formation in plumes from MWIs can be reduced
by a rapid decrease in the stack temperature and the pre-
cursor and metallic emission concentrations from the stack.

Exit Temperature. A rapid quench in the stack with a con-
sequent exit temperature of 250 °C would reduce the
amount of dioxins formed through both formation
mechanisms. The PlumeDIOX model predicts a reduction
in the residence time by up to 16% at an average tem-
perature of 200 °C (precursor mechanism) and up to 66%
at an average temperature of 237.5 °CC {de novo mecha-
nism). A total absorbed dioxin concentration of 0.28
ng/Nm' is calculated through the precursor condensation
mechanism (i.e., a factor of 25 lower than 7 ng/Nm*), while
the PCDD/F formation through the de novo synthesis
mechanism is insignificant.

Precursor Concentrations. The PlumeDIOX model predicts
that reducing the precursor concentration of polychlori-
nated phenol to 150 ug/m by increasing the combustion
efficiency of the incinerator would lower the total amount

Table 7. Song-ghase PCOOF cale. lations using the de rava synthesis modes.

Parameter De Novo

Synthesis Model
Applicatie r2Teraure range 453-225 °C
Residenca tira n-a~ge 0977 N
“cral pred Stec & Sxins and 'urans 1101 ng/Hm®
TEQ estimated 35 1715t of the ital concantrat o 734 AN

Voiume 52 July 2002

rther reproduction prohibited without permission.

Brent and Rogers

of dioxins formed by a factor of 2 (i.e., to 3.45 ng/Nm?). [f
the toxic equivalent quotient {TEQ) of dioxin is further
estimated at one-fifteenth of the total concentration,'*
the emission of dioxins is 0.23 ng/Nm* TEQ, which is
approximately equal to the South African and United
States regulations.

Metal Emissions. A reduction in the concentration of me-
tallic species, especially Cu and Fe, in the stack emissions
would reduce the catalysis of the formation reactions. As
an example,* lowering the Fe concentration by a factor of
2 could reduce the concentration of absorbed dioxins on
incineration ash by a factor of 2.4.

CONCLUSIONS

A plume model (PlumeDIOX) has been developed to de-
scribe the cool-down of a hot plume to ambient tempera-
ture. A verification of the model against temperature
measurements along the plume trajectory reveals the
model to agree within an experimental accuracy of $3%.
The model was incorporated into a computer program
that can be used to determine the residence time, together
with other characteristics, of a hot plume within a cer-
tain temperature range in a calm atmosphere.

The model was used to estimate the formation of
the dioxin group of compounds by previously published
mechanisms of condensed precursor reactions and de
novo synthesis. The calculated values are summarized
in Tables 6 and 7. The current regulation of South Af.
rica’ for dioxin emissions from hazardous waste incin-
erators, similar to that of the U.S. Environmental
Protection Agency” in 1996, is 0.2 ng/Nm' TEQ. Using
the proposed PCDD/F formation mechanisms, and as-
suming a TEQ fraction of one-tifteenth of the total diox-
ins,'* this model calculates the PCDD/F formed in the
plume to be above the current regulations for calm
weather conditions by a factor of 2-40.

The compiled plume model (PlumeDIOX) can, there-
fore, be used to indicate possible PCDD/F formation in
the plume from high-temperature processes. This does not
include the gaseous formation of these compounds at
high-temperature post-combustion zones through possible
pyrosynthesis mechanisms. The inaccuracies of
PlumeDIOX in terms of overall PCDD/F concentrations
in the plume need to be verified further. However,
PlumeDIOX does indicate that atmospheric quenching
of incinerator plumes may not be adequate to prevent
the formation of dioxins.

NOMENCLATURE FOR THE HOT PLUME MODEL

bis) Local characteristic width of the plume, or radial
length scale (m)
c, Drag coefficient
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D Stack diameter (m) 8 Length of the zone of flow

F, Densimetric Froude number establishment (m)

£ Gravitational acceleration (m/sec?) £ Fddy energy dissipation (m3/m?)

¢ Characteristic length (m) If not stated otherwise, the subscripts

p Pressure of the ambient s “0" refer to conditions at the stack exit,
atmosphere (kg/m.sec?) e “1” refer to the conditions where the flow

r Radial distance of a point inside changes from one zone to the other, and
the plume to the plume axis (m) e “target” or “2” refer to the target temperature and

R Radius of the plume (m) density to which the plume gases must cool down.

s Distance along the plume axis
from the origin of the zone of NOMENCLATURE FOR CONDENSATION REACTION
established flow (m) CALCULATIONS

t Residence time for cool down (sec) g, Gas-phase precursor number

T Temperature of the plume (°Q) density (molec/cm*)

T, Ambient tempcrature (°C) k, Rate constant for dioxin formation (sec')

T, Target temperature for the k, Rate constant for dioxin desorption (sec ')
cool-down evaluation of N, Fly ash number density (particles/am®
the plume °C) M, Fly ash concentration tg/cm?)

u(s,r,9) Plume velocity at a point in the P Equation variable
plume along the direction of Q Equation variable
the tangent to the plume axis (m/sec) . Radius of a fly ash particle {cm)

w(s,I,¢) Plume velocity, perpendicular to R Universal gas constant J/mol/K)
the plume axis (m/sec) t Residence time for cool down

u(s) The maximum plume velocity at to the reference temperature (sec)

a certain point on the plume axis, T Absolute temperature of the plume (K)
relative to the surrounding Py Density of the tly ash (g/cm?)
atmosphere, in the direction of a, Effective precursor radius (cm)
the tangent to the plume axis {m/sec) a, Effective fly ash radius {cm)

w Entrainment velocity caused by 8, Fractional coverage of fly ash by
atmospheric turbulence (m/sec) precursor molecules

U, Exit velocity from the stack (m/sec)

U, Mean wind velocity (m/sec) NOMENCLATURE FOR DE NOVO SYNTHESIS

X Cartesian coordinate {m) CALCULATIONS

¥ Cartesian coordinate (m) A, Surface area available for reaction (m-/g}

z Cartesian coordinate (m) d Surface mean diameter {m)

o, Entrainment coefficient of a free jet M Molecular mass of HC! (g/mol)

a, Entrainment coefficient of a line thermal m, Concentration of PCDD/F g/

a, Entrainment coefficient caused by atmaspheric R Universal gas constant {J/mol/K)
turbulence Foss Rate of adsorption (mol/m3/sec)

Al Turbulent Schmidt number T e Rate of thermal destruction (sec’)

p(s,1) Plume density at a point inside T Absolute temperature of the plume (K)
the plume (kg/m*) t Residence time for cool down (sec)

P, Density of the atmosphere (kg/m*) X, Moles of PCDL/F (mol)

[ Density of the ambient at the o Fraction of gaseous molecules
stack exit (kg/m*) partaking in the reaction

p*(s) Density difference between the B Rate of cooling {K/scc)
plume axis and the ambient (kg/m?) p Density of the flv ash (kg/m')

[ Density difference between the
plume and the ambient at the REFERENCES
k) e e et S e e e

¢ Angle between the plume axis ment of Environmental Affairs and Tourism: Pretoria, South Africa, 1965.

. . 2. National Waste Management Strategies and Action Plans South Africa: Ac-
and the horizontal tion Plan for Waste Treatment and Disposal; Version C; South African
B Temperature coefficient (K" Department of Environmental Affairs and Tourism: South Africa, 1999.
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APPENDIX A: MATHEMATICAL EQUATIONS OF
THE HOT PLUME MODEL

ZFE
A deflected jet approximates the first part of the trajec-
rory path. However, in the case of 4 plume with a high
temperature, buovancy will play an important role in the
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rise of the plume. As has been shown, ' the ratio of veloc-
ity to the initial exit velocity will have its maximum at
the end of this zone

u

| .
—— = f Fpy! (6)
Uo
where
1.66 Foo' <8
Jueifpad s <|l.‘)0—|12-ulnl_lm." i, for s Fea <128 (7)
gL A’ > 128
and
2 Uoz
Fpg* = ——— (8)
Ry x{(p, - plo
with
D
Ry = > 9

R, represents the radius of the stack as shown in eq 10,
and replaces the Gaussian radial length of the plume at
the source. The local Gaussian characteristic radial width
of the plume at the origin of the ZEF is defined as

b] = ‘.':2 x Rﬂ (10)

The radial width is defined'*“ as the “e folding distance”
{i.c.. the point along radial plume cross-section where the
velocity is that of u, (center of plume) divided by the
transient number é]

The density can be determined from

1432 :
(Pa=Pl = ~—— 5 ————xX(Ppa-plg (1D
2% A% x ful Fg )
with
A=1.257 - 1.606/ k,° (12)
and
Fpy® = {13)

Equation 14 is taken tor a jet region™ as assumed by this
model. The temperature can subsequently be calculated
from P=p R I'. The length is defined from published stud-
ies of turbulent defected jets in a cross flow,' where the
maximum turbulence intensity has been noted ii.e., the
uniform core of the jet has been totally eroded)

S=35xD (4

The length of this zone will be overestimated slightly be-
cause of the buovancy characteristics in the first part of
the plume. This length is only true for exit-velovity to
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wind-velocity ratios (U/U)) of more than 4. Because of
the volumetric difference of stack plumes as opposed to
experimental jets, the path of the jet is not taken to be
vertical in the ZEF, as expressed in eq 15. Instead, the path
is taken to follow a slight modification of the Briggs equa-
tion for bent-over buoyant plumes"

i

5 Y 5
(DY T - 1(15)
g Uy | =t ———} xx3xU,

{

v=32x

{ 2y Ty

The angle (9) and the path length of the plume at the end
of this zone is determined by differentiating e 17 at small
increment steps of x over the path trajectory until the
length § is reached.

ZEF
For the ZEF, changes of the plume properties with time
have been modeled through the conservation of mass,
momentum, and energy. Through these conservation fun-
damentals, the entrainment properties of a plume,™>!*2*
and the Gaussian similarity profile assumed in the
ZEE2 7 ™ the conservation equations can be expressed as

The Equation of Conservatiorn of Muss

‘b2 )
:‘:5—’ quan..!r 1=anpa{uq]u"(s)|*mZUJ‘sin«p{cosv.p} (16)

‘-. R /
The Equation of Conservation of Momentum in the x Direction

b2
d 27 - - 2nhy I ! *iy
— | pu2rrcos@dr |=2xn ded{a[iu ‘s)i
0

61) h
|

(17)

2

sin? ‘pi

The Equation of Conservation of Momentwn in the y Direction

+a U, [sin o) coszp} + Cymbp,U,

h.2 \i b2

. jpt«zznrsir\w.rlri: jx{p‘,-p)hr.dr

> ;
U 0 (18)

2 .
+Cymbp, U~ sin 20 COS§P

-rf2<¢<0
O<psn/2

with plus sign for
minus sign tor

The Equation of Conservation of Energy

i jh“ SO |

= J‘ pu[—-———}err.dri:() (19

ds \ PPy
0

Equation 20 implies that the layer of atmosphere through
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which the plume rises is neutrally stratified

P.= P 20

APPENDIX B: MATHEMATICAL EQUATIONS FOR
THE CONDENSATION REACTION MECHANISM
FOR PCDD/F FORMATION

The reaction mechanism of the precursor condensation
formation of dioxins can be summarized as follows:™*

ka
{+s — g\
kl .
gty — d (21)
k,

d — d

where g is the gaseous precursors (e.g., polychlorinated
phenol), s is the solid fly ash particles, g is the absorbed
precursors, d_ is the absorbed dioxin, and d is the desorbed
gaseous dioxin.

The assumptions for the model are*

*  The post-combustion zone (after the secondary
combustion chamber) of the incineration pro-
cess is characterized by an average temperature
of 700 °C;

*  (as-phase polychlorinated phenols are present
at concentrations of ~300 ug/m?;

* The average diameter of the fly ash particles is 10
um, and the particles have the same composition;

* The particles are spherical solids;

¢ Fly ash has the same density as silica (i.e., 2.5
g/cm’®y;

*  The number of adsorption sites on the fly ash is
3 x 10" sites/cm? of surface area;

e The molar ratio of polychlorinated phenols to
other molecules capable of undergoing adsorp-
tion is 10 :1; and

*  Molecular species that compete with polychlorinated
phenols for adsorption sites on the fly ash have ad-
sorption and desorption rates approximately the
same as those of polychlorinated phenols.

The following mathematical relations have been derived ™
for the condensation reaction mechanism of eq 2:

d, =" Q xil—uH“"l tmolec/cm*y (22)
P .
(kY “h>Qy Pty ,
g2 hQ 1= moleciem (23)
t 4 FARE P L d
with

Q =k g8, (molec/cm'/secr (24
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2
[o
PJ:’S? i) +ky  (sech) 125)
I - ‘\P ‘ Op
and
8, =0.01 {(molec/cm?®)  (26)
o, =5x10* (cm) 270
Gy =3x 107® {cm)  (28)
s
k, =275 — .0 RT (sec’) (29
R
15740 0
RT (sec)y  (
k=100 7
M
lv = p

(particles/cm*)  (31)

APPENDIX C: MATHEMATICAL EQUATIONS FOR
THE DE NOVO SYNTHESIS MECHANISM FOR
PCDD/F FORMATION

‘The model assumes the halogenation of the carbon-con-
taining surface of tly ash, either directly from gaseous HCl
or from metallic chlorides already absorbed on the surface

(COH + CuCl, —- (CHHCI + CuCl 32)
{CHCI* + CuCl, — (C)Cl + CuCl + HCL - (33)

where (C) denotes a carbon atom in the edge of graphitic
layers or in aromatic compounds. Because the carbon is
comparatively prevalent, the Cl supply for the reaction
mechanism is taken as limiting. The average (.l atoms per
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molecule of PCDDY/F is taken as six, and the rate of PCDD/F
formation is, therefore, one-sixth of the Cl absorption rate,
The change in concentration of PCDD/F is then caleu-
lated from the difference in formation (r_ /6) and ther-
mal destruction rates (r,_ )

d’"p "\rr.hls . PCDD/ i 145
— =,sso-?t-6—— wew - Xp | (PCDD/F g/gisec) (34

with
as = ——==—— (mol of HCl/m?/sec) (33)
y2rMRT
i A
Tqet = 0.3 % l()lzexp‘a _167.000 {sech) (36)
N RT !
and )
4 = - (mi/g) (37)
77000 p-d g !
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Mechanisms of Dioxin Formation
from the High-Temperature
Oxidation of 2-Bromophenol
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The homogeneous, gas-phase oxidative thermat degradation
of 2-bromophenol was studied in a 1 cm i.d., fused

silica flow reactor at a concentration of 88 ppm, reaction
time of 2.0 s, over a temperature range from 300 to

1000 °C. Observed products in order of yield were dibenzo-
p-dioxin (DD) > 4,6-dibromodibenzofuran (4,6-DBDF) >
4-monobromadibenzofuran (4-MCDF), dibenzofuran (DF),
1-monobromodibenzo- g-dioxin (1-MBDD), naphthalene,
bromonaphthalene, 2,4-dibromophenol, 2,6-dibromophenal,
phenol, bramobenzene, and benzene. This result is in
contrast to the oxidation of 2-chlorophenol, where the major
product is 4,6-dichlorodibenzofuran {4,6-DCDF). 4,6-DBDF
was observed in high yields in contrast to our previous results
for the pyrolysis of 2-bromophenol, where 4,6-DBDF was
not detected. The increase in 4,6-DBDF yields is attributed
to hydroxyl radical being the major chain carrier under
oxidative conditions, which favors hydrogen-abstraction
reactions that lead to formation of 4,6-DBDF. However, DD
is still the highest yield product under oxidative conditions
because of the relative ease of displacement of Bre in
the ring-closure reaction.

Introduction

Over the past decade there has been an increase in concern
over the risk of environmental exposure to brominated flame-
retardant-containing materials (1, 2). Many of these materials,
such as electronic or “E-wastes”, find their way to waste-
treatmment facilities where they are burned (3—7). They are
also subject to thermal degradation during accidental fires
{8). Because of their chemical composition and combustion
inhibition properties, they are prone to forming products of
incomplete combustion, including polybrominated dibenzo-
p-dioxins and dibenzofurans (PBDD/Fs).

Previous research has indicated that the presence of
bromine during the combustion of hazardous wastes in-
creases the production of PBDD/Fs and well as polychlo-
rinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and
mixtures of brominated and chlorinated dibenzo-p-dioxins
and dibenzofurans (PXDD/Fs) (2, 9). It has also been
established that brominated phenols and brominated flame
retardants, e.g., polybrominated biphenyl ethers (PBDEs),
are known precursors to PBDD/Fs (2, 3, 10-12). More
importantly, some studies have shown that brominated
phenols form more PBDD/Fs than the analogous chlorinated
phenols form PCDD/Fs (10, 13, 14). With this knowledge, it
is important to note that the toxicity of the PBDD/Fs has
been shown to be similar to the analogous PCDD/Fs (15, 16).

* Corresponding author phone: (225) 578-6759; fax: (225) 578-
3458; e-mail: barryd@lsu.edu.
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Previous works on the oxidation of chlorinated phenols
under “slow combustion conditions” (i.e., T = 300-600 °C,
reaction times between 10 s and 10 min) have reported the
formation of PCDFs as the major products (17-20). However,
in our recently reported studies on the high-temperature
pyrolysis of both 2-chlorophenol and 2-bromophenol we
reported the formation of PCDDs (dibenzo-p-dioxin (DD)
and 1-monochloradibenzo- p-dioxin (1-MCDD) or 1-mono-
bromodibenzo-p-dioxin (1-MBDD)) was favored over the
formation of PCDFs (4,6-dichlorodibenzofuran (4,6-DCDF)
or 4,6-dibromodibenzofuran (4,6-DBDF)) (14, 21). There is
an apparent contradiction that suggests that molecular
oxygen is playing a large role in the product distribution and
PCDD/F ratio.

In this paper, the thermal degradation of 2-bromophenol
under oxidative conditions is reported for a reaction time of
2.0 s over the temperature range from 300 to 1000 °C and we
compare these results to the results from previous studies
of the pyrolysis of 2-bromophenol (14) as well as oxidation
and pyrolysis of 2-chlorophenol (22).

Experimental Section

All experiments were performed using a high-temperature
flow reactor system referred to in the archival literature as
the System for Thermal Diagnostic Studies (STDS). The
detailed design has been published elsewhere (23). In short,
the STDS consists of a high-temperature, 1 cm i.d., fused
silica flow reactor equipped with an in-line Varian Saturn
2000 GC/MS. The flow reactor is housed inside a furnace
located inside a Varian GC, where the temperatures sur-
rounding the reactor are controlled. Pressure inside the
reactor is also maintained at 1.00 £+ 0.15 atm. Gas-phase
products are cryogenically trapped at the head of the GC
column in preparation for chemical analysis.

To maintain a constant concentration of 88 ppm, 2-mono-
bromophenol (2-MBP) (Aldrich) was injected into a 20% O,
in helium gas stream by a syringe pump through a vaporizer
maintained at 280 °C. Gas-phase samples of 2-MBP then
were swept by the 20% O; in helium flow through heated
transfer lines (300 °C) into a 35 cm long, 1.0 cm id., fused
silica tubular flow reactor where the temperature was
maintained between 300 and 1000 °C in individual experi-
ments. The 20% O, in helium flow rate was varied with
temperature, so that the residence time within the reactor
was held at 2.0 s. The unreacted 2-MBP and thermal
degradation products were then swept through a heated
transfer line to another Varian GC, where they were cryo-
genically trapped at the head of a CP-Sil 8 phase capillary
column (30 m, 0.25 mm i.d., 0.25 um film thickness). To
separate the individual reaction products the column was
temperature programmed from —60 to 300 °C at 15 °C/min.
Detection and quantification of the products were obtained
using a Varian Saturn Mass Spectrometer which was operated
in the full-scan mode (40—650 amu) for the duration of the
GC run. The length of each experimental run was ap-
proximately 45 min.

Product concentrations were calculated based on the
calibrations with standards of the products (Aldrich and
Cambridge Isotope Lab) and the peak area counts from the
chromatogram. The yields of the products were calculated
using the expression

yield = {[product|/(2-MBP],} x 100
where [product] is the concentration of the particular product
formed (in moles) and [2-MBP, is the initial concentration
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TABLE 1. Percent Yield of Products of Gas-Phase Dxidation of 2-Bromophenol®

temp {°C}

product 350 400 450 500 550 600 650 00 750 800 850 900
2-bromophenol 99.2 747 69.3 66.9 54.7 36.2 16.7 4.07 1.90 1.09 0.22 0.06
dibenzo-p-dioxin 1.36 3.27 126 22.2 17.0 16.6 8.01 3.30 0.18 0.12
1-bromaodibenzo-p-dioxin 0.04 008 0.13 0.15 0.12 0.07 0.06 003 0.02
dibenzofuran 0.02 0.16 0.90 0.64 0.11 0.05
4-bromodibenzofuran 0.06 0.22 0.52 0.58 0.82 0.46 0.17 0.10 0.005
4,6-dibromodibenzofuran 0.46 1.14 1.69 1.89 2.40 1.25 0.22 01N
naphthalene 0.04 0.07 0.08 006 0.04 0.08 006 0.03 0.02 0.02 0.02
1-bromonaphthalene 0.04 0.10 0.06
phenol 0.37 0.61
2,4-dibromophenol 0.008 004 006 007 0.04 0.03 003 0.03 0.03 0.01 0.006
2,6-dibromophenol 0.03 0.1 0.10 0.17 0.04 0.03 0.01 0.007 0.005
benzene 0.002 0.02 0.02
bromobenzene 0.005 0.02 0.02 0.005 0.004 0.03 0.06
phenylethyne 0.007 0.005

2 Percent yield = {(productl/[2-MBP]s} x 100.

of 2-MBP (in moles) injected into the reactor. Multiple runs
were performed for each temperature to ensure the repeat-
ability of the experiments. Once the experimental procedure
was fully developed, the repeatability of the experiments was
within 10%.

Products (other than PBDD/Fs) were identified based on
the NIST mass spectral library as well as the GC retention
times and mass spectra of the standards for each product.
Product concentrations were calculated based on the cali-
brations with standards of the products (Aldrich and
Cambridge Isotope Lab) and the peak area counts from the
chromatogram.

Standards for PBDD/Fs with less than four bromines were
not available. Concentrations of observed PBDD/Fs are
reported based on calibrations for the analogous PCDD/F.
This is areasonably accurate approach as the peak area counts
for various chlorinated and brominated aromatics and
PCDD/Fs and PBDD/Fs were compared, and it was found
that the difference in calibration factors for brominated
aromatic hydrocarbons and chlorinated aromatic hydro-
carbons varied less than 10%.

Only three chromatographic peaks were observed that
were tentatively identified as PBDD/F based on their mass
spectra: 1-bromodibenzo-p-dioxin, 4,6-dibromodibenzo-
furan, and 4-bromodibenzofuran. The mass spectral library
match qualities for each of these species were 264, 326, and,
248, respectively. These products are the same three PBDD/
Fs that were anticipated based on the predicted pathways
from previous research on formation of PCDD/F from the
analogous 2-chlorophenol (22). In the 2-chlorophenol study
the PCDD/F standards were available to confirm the iden-
tifications based on GC retention time and mass spectral
pattern. Although standards were not available to confirm
the identifications of PBDD/F, we are confident in the
assignments based on the following: combination of mecha-
nistically anticipated product formation; comparison of GC
retention times, mass spectral response, and mass spectral
patterns of chlorinated and brominated hydrocarbons; and
previous studies of the formation of PCDD/F from 2-chlo-
rophenol (22).

The heats of reaction, AHn,, for key steps in product
formation pathways were calculated using AM1, semiem-
pirical molecular orbital formalism. The calculations were
performed using the MOPAC computation program that is
contained within the ChemBats3D Pro computer application
(24). Without experimental benchmarks the calculated AH,
cannot be considered to be completely accurate. They are
shown to assess the likelihood of potential parallel pathways.

Pseudo-equilibrium calculations were performed to es-
timate the concentrations of reactive species such as "OH,

700
Temperature/C

FIGURE 1. “Dioxin” products from the gas-phase oxidation of 2-MBP.
[2-MBP], = 88 ppm in helium. Gas-phase reaction time of 20 s.

O, H', and Br". The Chemkin Equil code was used to calculate
the concentrations of these species over a range of reaction
temperature from 300 to 1000 °C (25). The initial inputs for
the calculations were the same as the experimental runs in
that the initial 2-MBP concentration was held at 88 ppm and
the initial O, concentration was held at 20%. Over this
temperature range the major molecular species are CO», H,0,
HBr, and Br,. Other species of interest included in the
calculation were *OH, O, H°, Br. HO.., H;, and CO.

Results

The temperature dependence of the oxidative thermal
degradation of 2-MBP and the yield of “dioxin” products are
presented in Figure 1 and Table 1 for a reaction time of 2.0
s. The non-dioxin products are presented in Figure 2 and
Table 1. Figures 1 and 2 are presented on a semilogarithmic
scale in which the percent yields of products (or percent
yield of unconverted 2-MBP) are presented on a logarithmic
scale versus temperature. The thermal degradation of 2-MBP
initially increased gradually from 350 to 600 °C, achieving
99% destruction at 800 °C.

The predicted PBDD/F products, dibenzo-p-dioxin (DD),
1-bromodibenzo-p-dioxin (1-MBDD), and 4,6-dibromodi-
benzofuran (4,6-DBDF), were all observed for the oxidation
of 2-MBP (cf. Figure 1 and Table 1). Other detected PBDD/F
products were 4-bromodibenzofuran (4-MBDF) and diben-
zofuran (DF). The two PBDD products, DD and 1-MBDD,
were observed between 400 and 850 °C, reaching maximum
yields of 22.2% and 0.15% at 550 °C, respectively. 4,6-DBDF
and 4-MBDF were detected between 450 and 850 °C, reaching
maximum yields at 650 °C of 2.40% and 0.82%, respectively.
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FIGURE 2. “Non-dioxin™ products from the gas-phase oxidation of
2-MBP. [2-MBP], = 88 ppm in helium. Gas-phase reaction time of
20s.

The final product, DF, was not detected until 550 °C and
achieved a maximum yield of 0.90% at 650 °C. No brominated
dioxin products were detected above 900 °C.

Non-PBDD/F products were also detected for the oxida-
tion of 2-MBP (cf. Figure 2 and Table 1). Initially, at 400 °C
2,4-dibromophenol, 2,6-dibromophenol, and naphthalene
were observed. 2,4-Dibromophenol and 2,6-dibromophenol
achieved maximum yields of 0.07% and 0.17% at 550 °C,
respectively. Naphthalene remained at a relatively constant
yield from 400 to 700 °C and then decreased in yield at 900
°C, where it was no longer detected. Phenol, benzene, and
phenylethyne were detected between 550 and 750 °C,
achieving their respective maximum vyields of 0.61%, 0.02%,
and 0.007% at 650 °C. Bromobenzene was observed between
550 and 750 and 825-925 °C with local maximum yields of
0.02% at 650 °C and 0.06% at 900 °C.

Discussion
The formation of dioxin products (DD, 1-MBDD, and 4,6-
DBDF) indicates that stable phenoxyl radicals are formed in
significant yields through loss of the hydroxyl hydrogen. The
formation of aromatics (phenol, bromobenzene, and ben-
zene) indicates that simple substitution reactions are oc-
curring. The formation of 2,4-dibromophenol and 2,6-
dibromophenol indicate evidence of bromination of 2-MBP.
The formation of larger aromatic molecules at low temper-
atures (naphthalene and bromonaphthalene) is the result of
reactions involving the release of CO from the phenoxyl and
bromophenoxyl radicals that will then recombine to form
naphthalene and bromonaphthalene.

2-MBP Decomposition. The addition of oxidative de-
struction pathways with the addition of molecular oxygen
results in the decomposition of 2-MBP initiating at 600 °C
rather than 650 °C, the temperature observed under pyrolytic
conditions (14). The decomposition of 2-MBP can, in
principle, be initiated by loss of the phenoxyl hydrogen by
unimolecular, bimolecular, or possibly other low-energy
pathways (including heterogeneous reactions). Unimolecular
decomposition of the oxygen—hydrogen bond (eq 1} is rapid
with a reported rate coefficient for phenol of k,(430—930 °C)
= 3.2 x 10'S exp(—86 500/RD s ' (26, 27). The direct
bimolecular reaction with O; via reaction la is endothermic
by 28 kcal/mol and viable only as minor initiation reaction

CgH,BrOH — C,H,BrO" + H* AH,, = 79 kcal/mol (1)

C¢H,BrOH + O, —
CgH,BrO" + HO,. AH,,, = 31 kcal/mol (la)

Bimolecular propagation reactions under oxidative con-
ditions include attack by H', Br, “OH, and O". In our previous
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paper on the thermal degradation of 2-MBP under pyrolytic
condition, AH, for reactions with H* and Br* was discussed
(14). It was determined that the most favorable reactions for
generating the bromophenoxyl radical were the abstraction
of hydrogen by H* or Br'. With the addition of O; ane can
easily generate ‘OH and O- that can also abstract hydrogen
via highly exothermic reactions (eqs 2 and 3)

CeH,BrOH + "OH —
CgH,BrO* + H,0 AH,,, = -39 kcal/mol (2)

C4H,BrOH + 0" —
C¢H,BrO" + "OH AH,,, = —22 kcal/mol (3)

Rate coefficients based on analogous reactions with
phenol for eqs 2 and 3 are k; (1000-1150 K) = 6.0 x 10'?
cm3/mol/s (28) and k3 (340—870K) = 1.28 x 10'? exp(—2900/
RD cm3/mol/s (28). We used equilibrium calculations and
other formalisms from the literature to estimate the *OH and
O concentration in our system (26, 28). Using these
concentrations and the rate expressions given above (using
E: (eq 1) = AHxn = 79 kcal/mol), the rate of eq 2 is ~200x
faster than eq 3 and a factor of 30 faster than eq 1. Thus, eq
2 is the dominant source of phenoxyl radical under oxidative
conditions.

Formation of Phenol, Bromobenzene, Benzene, 2,4-
Dibromophenol, and 2,6-Dibromophenol. The formation
of phenol is likely due to the exothermic displacement of
bromine by H*(AHn» = —2%kcal/mol). The temperature range
at which phenol is detected is much lower than for previous
results of 2-MBP under pyrolytic conditions (14). This is due
to the early onset of reaction of 2-MBP under oxidative
conditions and the oxidation of phenol at higher temper-
atures.

This result is very similar to that observed for pyrolysis
and oxidation of 2-MCP (17, 22). The yield of phenol for the
oxidation of 2-MBP is slightly higher than the yield for 2-MCP,
which reflects the relative ease of bromine displacement
compared to chlorine displacement due to the 15.5 kcal/mol
lower carbon—bromine bond energy (29).

Bromobenzene and benzene are formed with much lower
yields than phenol. These lower yields are due to the slightly
endothermic displacements of hydroxyl by H* to form
bromobenzene (AHnn = 2 kcal/mol) and hydroxyl from
phenol by H* to form benzene (AHx, = 4 kcal/mol). However,
bromobenzene reaches a maximum at 650 and 900 °C. The
lower temperature maximum is due to the displacement of
hydroxyl from 2-MBP by H*. The higher temperature maxi-
mum of bromobenzene is due to well-documented molecular
growth pathways resulting from fragmentation of 2-MBP into
Cz species (30—32).

2,4-Dibromophenol and 2,6-dibromophenol are produced
from bromination of the 2-MBP. Since displacement of
hydrogen by Br is endothermic, the direct reaction of Br
with 2-MBP is unlikely. The formation of dibromophenol is
instead due to recombination of phenoxyl radicals and Br-.
Scheme 1 depicts the formation of 2,4-dibromophenol and
2,6-dibromophenol by Br- attack at the resonance-stabilized,
ortho- or para-carbon sites of the bromophenoxyl radicals
(AHpn = —29 kcal/mol). Subsequent tautomerization results
in the formation of the respective dibromophenols (AHx, =
—17 kcal/mol) (33). The dibromophenols were also detected
in our previous study of 2-MBP under pyrolytic conditions
(14). However, they were observed over a narrower tem-
perature range and lower yields (14).

On the basis of our pseudo-equilibrium calculations at
700°C, the concentrations of Br; (9.4 x 10 *mol) and Br* (9.6
x 1077 mol) are, respectively, 3 and 1 orders of magnitude
higher than the concentration of HBr (5.4 x 10 ® mol). This
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SCHEME 1. Reaction Mechamism for the Formation of
2.4-Dibromophenol and 2,6-Dibromophenol from
2-Bromophenoxyl Radical

Br
Br Br Br

H
Br Br
H Br

Br

Br

—

+ Bre

is in contrast to the results for 2-MCP, where the concentra-
tion of HCl (1.7 x 1075 mol) was greater than that of Cl,
(1.3 x 10°¢ mob) and CI* (1.5 x 107 mol) (22) and our
calculations for the pyrolysis of 2-MBP for which the HBr,
Br, and Br concentrations were 4.2 x 1077, 2.0 x 107'?, and
2.7 x 10'° mol, respectively. The addition of oxygen creates
*OH, which converts HBr into water and Br, the latter being
in equilibrium with Br; (28). The increased yield of bromi-
nated products under oxidative conditions is likely due to
the release of strong brominating agents, Br, as well as the
increase in bromophenoxyl radical concentration.
Formation of Naphthalene and Bromonaphthalene.
Formation of polycyclics such as naphthalene and bro-

monaphthalene has been traditionally ascribed to molecular
growth pathways involving largely C2 fragments (30—32).
However, the low-temperature onset of formation of naph-
thalene (400 °C) suggests a pathway that does not require
the complete fragmentation of 2-MBP. In our previous work
on the pyrolysis of 2-MBP we presented a reasonable pathway
for the formation of naphthalene from the 2-bromophenoxyl
radical through elimination of CO to form a cyclopentadienyl!
radical (14). The recombination of two cyclopentadienyl
radicals has been previously shown to be a favorable pathway
for formation of naphthalene (34, 35). A similar low-
temperature route to the formation of naphthalene from the
recombination of bromophenoxyl radicals is described in
Scheme 2 (vide infra) as a competitive pathway to the
formation of 4,6-DBDF. This formation of naphthalene is
based on a previously proposed pathway of the recombina-
tion of two chlorophenoxyl radicals to form naphthalene
(36).

The yields of naphthalene and bromonaphthalene are
significantly lower under oxidative than pyrolytic conditions,
most probably due to the more rapid rate of oxidation of the
cyclopentadienyl radical (14). Also, with the increase in the
concentration of brominated phenoxyl radicals, the rate of
PBDD/F formation will increase in competition with elimi-
nation of CO. The oxidation rate of naphthalene is also
increased. Thus, the concentration of naphthalene is dra-
matically lowered and never becomes a major product as it
did under pyrolytic conditions.

SCHEME 2. Pathways for Formation of DD, 1-MBDD, and 4.6-DBDF
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SCHEME 3. Pathways (or the Formation of 4-MBOF
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The formation of naphthalene for the oxidation of both
2-MCP and 2-MBP occurred over a similar temperature range.
However, higher yields of naphthalene were observed for
the oxidation of 2-MCP than for 2-MBP (22). This may be
due to the higher concentration of bromophenoxyl than
chlorophenoxyls radicals, leading to an increased rate of
formation of PBDD/F by radical recombination processes at
the expense of CO elimination, leading to naphthalene
formation.

Formation of Dibenzo-p-dioxin, 1-Bromodibenzo-p-
dioxin, 4,6-Dibromodibenzofuran, 4-Bromodibenzofuran,
and Dibenzofuran. Scheme 2 summarizes previously identi-
fied reaction pathways to DD, 1-MBDD, and 4,6-DBDF from
reaction of the different mesomers of 2-bromophenoxyl
radical.

Pathway 1a in Scheme 2 depicts the mechanism for DD
formation; the oxygen-centered radical mesomer recombines
with the carbon- (bromine substituted) centered radical
mesomer to form a keto—ether. Following abstraction of
bromine by H* or ‘OH, DD is formed by intra-annular
elimination of Br. Another possible pathway for the formation
of DD is through a radical—molecule reaction, pathways 1b,
shown in parentheses below the radical —radical pathway in
Scheme 2. This reaction depicts the oxygen-centered radical
mesomer reacting with 2-MBP via Br displacement to form
a bromohydroxy diphenyl ether (HDE) followed by abstrac-
tion of hydrogen by *OH. Finally, DD is formed by intra-
annular displacement of Br. It has been previously suggested
that this radical—molecule reaction is too slow to account
for the observed yvields of the DD (37—39).

Formation of 1-MBDD, shown as pathway 2a in Scheme
2, is initiated by recombination of the oxygen-centered radical
mesomer and the carbon (hydrogen)- centered radical
mesomer to form a keto—ether. Following loss of hydrogen
to form the phenoxyl phenyl ether (PPE), ring closure to
form 1-MBDD occurs through intra-annular displacement
of Br'. Pathway 2b depicts an alternate unimolecular pathway
for the formation of 1-MBDD.

Pathway 3a depicts a possible pathway to 4,6-DBDF
formation. Initially, for both pathways 3a and 3b two carbon—
hydrogen-centered radical mesomers react to give the diketo
dimer. The dimer can follow the upper pathway, 3a, by
abstraction of hydrogen by *OH and then undergo tau-
tomerization followed by displacement of *OH to form 4,6-
DBDE. Pathway 3b is the alternative pathway to formation
of naphthalene through CO and Br elimination (36).

We believe that DF is simply a recombination of unbro-
minated phenoxyl radical formed from decomposition of
phenol {(40). The reaction proceeds by mechanisms analogous
to those shown for formation of 4,6-DBDF in Scheme 2.

Scheme 3 depicts proposed pathways for the formation
of 4-MBDF. Two pathways are depicted: (1) the carbon
(hydrogen)-centered radical mesomer recombines with the
carbon (bromine}-centered radical mesomer or (2) the carbon
(hydrogen)-centered radical mesomer recombines with an
unbrominated carbon-centered phenoxyl radical to form a
diketo dimer. For the first pathway H* abstracts bromine,
and in the second ‘OH abstracts another hydrogen. Both
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pathways then undergo tautomerization followed by dis-
placement of hydroxyl to form 4-MBDF. Under oxidative
conditions the latter pathway is more favorable, while under
pyrolytic conditions the former is dominant.

Oxidation versus Pyrolysis of 2-MBP. DD is the major
product of both pyrolysis and oxidation of 2-MBP. However,
the yield of DD is 4 times greater for oxidation than for
pyrolysis (14). This is primarily due to the increase in
bromophenoxyl radicals at lower temperatures for oxidative
conditions, which react to form PBDD/Fs. Under pyrolytic
conditions bromophenoxyl radicals form at higher temper-
atures, where their rate of decomposition is greater and yields
of PBDD/F are reduced. The yield of 1-MBDD is 5x greater
under oxidative conditions than pyrolytic conditions. Its
formation is again facilitated by the increase in bromo-
phenoxyl radicals. However, the presence of *OH facilitates
hydrogen abstraction in pathway 2a, which further promotes
formation of 1-MBDD.

Detection of 1-MBDD is also observed as low as 400 °C.
This is a dramatically lower than the 650 °C formation
temperature observed under pyrolytic conditions (14). This
suggests another pathway is involved in the low-temperature
formation. In our previous study of the oxidation of 2-MCP
similar results were observed where 1-MCDD was detected
aslowas 400 °C (22). We suggested that at lower temperatures
1-MCDD can be formed by a unimolecular pathway following
the formation of the keto—ether intermediate via radical—
radical recombination. An analogous pathway is proposed
for formation of 1-MBDD (cf. pathway 2a in Scheme 2).
Alternately to the abstraction of hydrogen by *OH in pathway
2a in Scheme 2, a simple, intra-ring, single-proton tau-
tomerization results in the formation of a hydroxyl—diphenyl
ether intermediate that can then form 1-MBDD by inter-
ring elimination of HBr. This proposed mechanism is based
on the similar observation of naphthalene at temperatures
as low as 400 °C. Previous work has proposed that after
recombination of chlorinated phenoxyl radicals to form the
diketo intermediate, the formation of naphthalene shown in
pathway 3b in Scheme 2 is unimolecular (39). Following
recombination the resulting intermediate eliminates two CO
moieties, resulting in the formation of bicyclopentadienyl.
On the basis of their similarity to the chlorophenoxyl radicals,
naphthalene can be formed by the bromophenoxyl radicals
in a similar manner. Naphthalene is then formed by the
rearrangement pathways previously proposed in the literature
(14, 34, 35). Once the diketo intermediate is formed, the entire
process is unimolecular. This can explain the high yields at
low temperatures before the radical pool has developed.
However, above 500 °C the radical pool increases rapidly
and bimolecular pathways involving H* and Br* abstraction
begin to dominate the formation of 1-MBDD and other
PBDD/F products. The formation of DD and 4-MBDF at 400—
450 °C is attributed to the lower temperature formation of
the bromophenoxyl radical precursor.

One product not observed under pyrolytic conditions,
4,6-DBDF, was detected in high yields under oxidative
conditions (14). This behavior is similar to that observed for
2-MCP (22). With the addition of oxygen, *OH becomes the
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major carrier over H*. Hydroxyl radical facilitates highly
exothermic hydrogen-abstraction reactions in pathways 2a
(—46 kcal/mol) and 3a (-47 kcal/mol), resuiting in the
formation of 1 -MBDD and 4,6-DBDF, respectively. However,
the abstraction of bromine by "OH is 40 kcal/mol endothermic
and not favorable. Thus, the increase in "OH concentration
increases the rate of 1-MBDD and 4,6-DBDF formation but
does not increase the rate of DD formation, which requires
abstraction of bromine.

However, 4,6-DBDF is not the major PBDD/F product
like 4,6-DCDF is for the analogous oxidation of 2-MCP (22).
In the competing pathway to formation of DD from 2-MBP
or 2-MCP, the final ring closure involves elimination of Br
or Cl', respectively. For 2-MBP this step is 12 kcal/mol
exothermic, while it is 12 kcal/mol endothermic for 2-MCP.
The addition of *OH to the system increases the rates of
formation of both 4,6-DBDF and 4,6-DCDF by promoting
hydrogen abstraction in pathway 3a. However, this increase
is insufficient to dominate over the exothermic formation of
DD from 2-MBP, whereas it is sufficient to compete with the
endothermic formation of DD from 2-MCP (14). Therefore,
DD remains the dominant PBDD/F product for 2-MBP.

The yields of 4,6-DBDF and 1-MBDD are ~5x less than
the yields of 4,6-DCDF and 1-MCDD. This may be due to the
more exothermic abstraction of hydrogen by *OH by 12 kcal/
mol for the chlorinated reaction intermediates than the
corresponding brominated intermediates as well as the 28
kcal/mol mare exothermic abstraction of hydrogen by CI*
than hydrogen by Br'. On the basis of our pseudo-equilibrium
calculations for 2-MBP and similar calculation for the 2-MCP
system, the addition of oxygen to the system increases the
concentrations of *OH and Br. However, the hydrogen-
abstraction reactions necessary for formation of 4,6-DBDF
and 1-MBDD from 2-MBP are not as favored by this increase
as in the 2-MCP system.

The maximum yield of 4-MBDF is 16 times higher under
oxidative conditions than pyrolysis (14). This can be explained
in the same way as the formation of 4,6-DBDF is explained.
With the addition of oxygen, the lower pathway in Scheme
3 is the more favorable pathway in that the addition of *OH
will lower AH, for the abstraction of hydrogen (—47 kcal/
mol) by 17 kcal/mol over the abstraction of hydrogen by H".
The upper pathway in Scheme 3, the abstraction of bromine
by "OH, is endothermic by 35 kcal/mol. Thus, the upper
pathway is not affected by the addition of oxygen other than
with the increase in bromophenoxyl radicals.

In summary, we proposed reasonable mechanisms for
the formation of each observed product of the oxidation of
2-MBP. We also identified mechanistic rationales for the
differences in product distribution and PBDD to PBDF
branching ratios for oxidative versus pyrolytic conditions.
Comparison of oxidation and pyrolysis results has also
identified possible lower temperature, primarily unimolecular
routes to formation of naphthalene and 1-MBDD that can
occur before the radical pool increases significantly at 600
°C. On the basis of a comparison of the oxidation of 2-MBP
and 2-MCP, there is a 20 x greater yield of DD formation for
2-MBP (22). This indicates the increased propensity for dioxin
formation from brominated precursors. Thus, the presence
of brominated flame retardants in incinerators and energy-
recovery devices as well as accidental fires suggests that
additional attention should be paid to PBDD/F formation
from combustion of brominated chemicals and materials.
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Exhaust gases from the combustion of newspaper alone,
from branches of London plane tree alone, and from
newspapers mixed with sodium chloride (NaCl), polyethylene,
or poly{vinyl chloride) (PVC) were collected. The samples
were analyzed for dioxins by gas chromatography/mass
spectrometry. Total amounts of dioxins found in the samples
were 0.186 ng/g from newspapers alone, 1.42 ng/g from
the branches of London plane, 102 ng/g from newspapers
impregnated with sodium chloride (Cl wt % = 3.1), 101
ng/g from newspapers impregnated with sodium chloride
mixed with PVC (Ci wt % = 2.6), and 146 ng/g from newspapers
mixed with PVC (Cl wt % = 5.1). Samples with a higher
chloride content produced more dioxins, and there is a clear
correlation between dioxin formation and chloride
content. The amount of dioxins formed in the samples
according to the number of chlorides was Cls > Cly > Clg
> Cl; > Clg in PCDD isomers and Cly > Cls > Clg > Cly

> Clg in PCDF isomers, except in the case of newspapers
alone. Benzofurans composed 78—92% of the total
dioxins formed in the exhaust gases. The higher the
number of the chlorides, the lower the production of
benzofuran observed. NaCl vaporized at the temperature
of the flame used for combustion of the samples (760—1080
°C). The resuits indicate that NaC! and PVC contribute
significantly to dioxin formation from waste materials
combusted in incinerators.

Introduction

Major sources of dioxins in the environment are the
combustion of waste materials as well as many other high-
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temperature processes commonly used in industrial settings
(1, 2. For example, dioxins are formed from natural woods
and waste woods by combustion (3, 4). They are also formed
from sodium chloride (NaCl)-impregnated woods (3) and a
mixture of wood and plastic wastes (5} upon combustion.

There have been many studies on the formation of dioxins
under various conditions (6—9. However, formation mech-
anisms of these dioxins are not yet completely understood
because many complex reaction pathways seem to be
involved in the process. There are some reports on hypoth-
esized formation pathways in dioxin formation (1, 2. For
example, dioxins form from precursors via organic chemical
reactions, such as the condensation reaction of two molecules
of chlorophenols and the cyclization reaction of polychlo-
rinated biphenyls (I10). They are formed from the reaction
involving a radical reaction between simple carbon radicals
and chioride radicals ({1, 12). They are released from
polymers with dioxin moieties (13). In addition to these major
pathways, dioxins form via many complex combustion
processes (14). The chemical reactions involved in dioxin
formation are extremely complex and heterogeneous (12);
therefore, it is quite difficult to know all the formation
mechanisms of dioxins in a combustion chamber. These as
yet not fully understood formation mechanisms are no doubt
the main reasons why dioxin formation varies within different
combustion chambers.

It is important to determine how much dioxins form from
various materials in high-temperature processes in order to
reduce their role in environmental contamination. Many
hypotheses about dioxin formation in combustion systerns
have been advanced, but most of them are based on results
obtained from dioxins collected from the recombustion of
exhaust gas or from the exhaust gas that has already passed
through a device for exhaust gas treatment. However, it is
important to collect dioxins before treatment of exhaust gas
in order to investigate their formation mechanisms.

The source of chloride has been one of the major concerns
in studies of dioxin formation in incinerators. It appears that
both organic and inorganic chlorides can be a precursor of
dioxins in incinerators. There are two hypotheses about the
role of chloride percentages in dioxin formation upon
combustion. One is that the percentage of chloride plays an
important role in dioxin formation (15— 17). The other is that
the percentage of chloride is independent of dioxin formation
during combustion (18, 19). However, there are still many
unknown formation mechanisms of dioxins in high-tem-
perature processes. More experiments and theoretical studies
to elucidate the details of dioxin formation in combustion
are a pressing need.

In the present study, exhaust gas was collected at the
outlet of a small-scale incinerator in which nespaper alone,
branches of London plane tree alone, and newspapers mixed
with NaCl, polyethylene, or poly(vinyl chloride) (PVC) were
combusted. Samples collected were analyzed for dioxins by
gas chromatography/mass spectrometry (GC/MS) in order
to investigate the factors influencing dioxin formation.

Experimental Section

Chemicals. Isotope-labeled dioxins for internal standards
(10 pg/mL n-nonane) were purchased from Cambridge
Isotope Laboratories, Inc. (Andover, MS). For the solution of
the sampling-spike recovery test, a 1-mL n-nonane solution
containing 0.0005 ng/ul each of ['3C,]-1,2,3,4-T,CDD,
1.2,3,47,8-HsCDF, and 12,3.4,7.89-H;CDF solution was
prepared. For the solution of the cleanup-spike recovery test,
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a 100-«L n-nonane solution containing 0.005 ng/uL each of
['*C,,]-2,3.7,8-T,CDD, 1,2,3,7,8-PsCDD, 1,2,3,6,7,8-HsCDD,
1,2,3.4.6,7.8-H,CDD, 1,2,3,4,6,7,89-0sCDD, [*3C,;}-2,3,7.8-
T.«CDF, 1,2,3,7,8-PsCDF, 1,2,3,4,7,8-HsCDF, 1,2,3,4,6,7,8-H;-
CDF, and 1,2,3,46,7,8,9-O4CDF was prepared. For the
solution of the internal standards, a 2-u4L n-nonane solution
containing 0.25 ng/uL each of ['3C,,]-1,3,6,8-T«CDD and
1,2,3,7.8,9-H¢CDD was prepared. n-Nonane for dioxin analy-
sis was bought from Kanto Chemical Co., Inc. (Tokyo, Japan).

Instruments. The chloride content in the samples was
measured by a TOX-100 total organic halogen analyzer (Dia
Instruments Co., Ltd., Chigasaki, Japan). Metal contents in
the samples were measured by an IRIS-AP IPC mass
spectrometer (Jarrellash Co., Ltd., Franklin, MA). Combustion
chamber and flame temperatures were measured by a LK-
1200 thermocouple conductor interfaced to a CT-1310 digital
thermometer (Custom Co., Ltd., Tokyo, Japan). Pretreatment
for water removal from exhaust gas was conducted by PS-
200SCR (Horiba, Ltd., Kyoto, Japan). Continuous measure-
ment of carbon monoxide, carbon dioxide, and oxygen in
samples was performed by a Horiba PG-230 gas analyzer
(Horiba, Ltd., Kyoto, Japan). Hydrogen chloride concentration
in exhaust gas was measured by a Yokogawa IC-7000S ion
chromatograph (Yokogawa Analytical Systems Inc., Tokyo,
Japan).

A Hewlett-Packard (HP) model 5890 gas chromatograph
(GC) interfaced to Micromass double-focus MS (Auto Spec
ULTIMA, England) and equipped witha 60 m x 0.25 mm i.d.
(df = 0.2 um) SP-2331 bonded-phase fused-silica capillary
column (Supelco, Bellefonte, PA) for Cly_g dioxins or a 30 m
x 0.25 mm i.d. (df = 0.25 gm) DB-5 bonded-phase fused-
silica capillary column (J &W Scientific, Folsom, CA) for Cl74
dioxins was used. Gas chromatographic oven temperatures
were programmed from 130 to 190 °C at 20 °C/min and then
to 250 °C at 2 °C/min for the SP-2331 column and pro-
grammed from 130 to 280 °C at 10 °C/min for the DB-5
column. The linear velocity of the helium carrier gas was 30
cm/s. The injector temperatures were 250 °C for the SP 2331
column and 280 °C for the DB-5 column. MS ion source
temperatures were 250 °C for the SP-2331 column and
289 °C for the DB-5 column. MS ionization voltage was
35 eV.

Materials for Combustion Experiments. Newspapers (top
circulation in Japan) purchased from a local store were soaked
in a 3% NaCl solution for 20 min. The newspapers were dried
in an electric dryer at 120 °C prior to use in the experiment.
The percentage of impregnated chloride was 3.1% (w/w).

A polyethylene sheet (0.3 mm thickness), of which the
chloride content was less than 0.005% (w/w), was purchased
from Shinkobe Electric Co., Ltd. (Tokyo. Japan). A PVC sheet,
of which the chloride content was 35.7% (w/w), was bought
from Hiroshima Kasei Co., Ltd. (Fukuyama, Japan). Branches
of London plane (Platanus hispanica Muenchh), of which
the chloride content was 0.028% (w/w), were collected from
a local tree planted along the main street in the city of Gifu,
Japan (population 400 000).

Fuel for the subsidiary combustion burner was low-sulfur-
content heavy oil A (density = 0.8748) containing 0.0036%
(w/w) chloride, 0.25% (w/w) sulfur, and 0.02% (w/w) nitro-
gen.

Combustion of Samples. Six different samples were
combusted in an incinerator used in a previous study (16).
The volume of the firebrick combustion chamber was 0.89
m?3, and the area of the grate was 1.2 m?. The incinerator was
equipped with a subsidiary combustion burner, which is a
rotary burner for heavy oil combustion (30 L/h). Sample |
{blank): low-sulfur-content heavy oil A was combusted alone
for 4 h at the rate of 15 L/h. Sample II: 5 kg of newspapers
was combusted at 25-min intervals for 4 h (total 55 kg). Sample
III: 2.5 kg of London plane tree branches was combusted at
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10-min intervals for 3 h and 40 min (total 60 kg). Sample 1V:
5 kg of NaCl-impregnated newspapers was combusted at
25-min intervals for 3 h and 55 min (total 50 g). Sample V:
NaCl-impregnated newspapers (3.17 kg each) were com-
busted with 0.8 kg of polyethylene (PE) at 25-min intervals
for 3 h and 20 min (total 31.78 kg). Sample VI: 3 kg of
newspapers was combusted with 0.5 kg of PVC at 25-min
intervals for 3 h and 20 min (total 28 kg).

Sample Collections for Carbon Monoxide (CO), Carbon
Dioxide (CO), and Hydrogen Chloride (HCI) in Exhaust
Gas. Gas samples were collected at the sampling port located
between the combustion chamber and the cyclone. Sample
collection for analysis of CO and CQO; in the exhaust gas was
conducted continuously throughout combustion. Sample
collection for HCl analysis in the exhaust gas was performed
by drawing exhaust gas for 20 min twice.

Sample Collections for Dioxin Analysis in Exhaust Gas.
The exhaust gas samples for dioxin analysis were collected
using the apparatus previously reported (20). Dust in the
exhaust gas was trapped in an in-line silica fiber thimble
filter. The exhaust gas was nextdrawniinto three 1-L impingers
connected in series. The first impinger contained 150 mL of
hexane-washed distilled water. Dioxin standards were added
here to the first impinger for sampling-spike recovery tests.
The first impinger was connected to the second impinger,
which contained 300 mL of hexane-washed distilled water,
and then interfaced to the third empty impinger. The empty
impinger was further connected to a column packed with 40
g of XAD-2 resin, which was interfaced to a 1-L impinger
containing 250 mL diethylene glycol and an empty impinger
connected in series. The impingers were kept at 5 °C in an
ice-cooled water bath during sample collections. The exhaust
gas was drawn using a diaphagm vacuum pump with the
flow rate the same as that of the exhaust gas in the duct
(21-23 L/min).

Dioxin Analysis in Samples. Analysis of dioxins in the
collected exhaust gas was conducted according to the official
method of the Japan Ministry of Health and Welfare using
a GC/MS (17). The dust trapped in the silica fiber thimble
filter (approximately 1 g) was washed with a 2 mol/L
hydrochloric acid solution (20 mL) and combined with the
XAD-2 resin. The resin was extracted for 16 h with toluene
(200 mL) using a Soxhlet extractor. The water (500 mL) and
diethylene glycol (250 mL) in the impingers as well as the
water trapped (trace) in the empty impingers were combined
and extracted with toluene (500 mL). Dioxin standards were
added here for cleanup recovery tests. After extraction, each
extract was condensed by distillation using a rotary flash
evaporator, and the combined samples were cleaned with
multilayer silica gel chromatography (21). The sample was
further cleaned with a 120-mL hexane/dichloromethane (1/
1) solution using alumina column chromatography. Each
sample was condensed using a rotary flash evaporator. and
the condensed sample was subsequently dissolved into a
minimal amount of n-nonane. After 0.5 ng each of [3C;]-
1.3,6,8-T,CDD and 1.,2,3,7,8,9-H¢CDD was added to each
sample as internal standards for the quantitative analysis of
dioxins, the volume of the samples was adjusted to exactly
50 4L with n-nonane. The samples were analyzed by GC/MS
for dioxins.

Determination for Rate of Vaporization of NaCl. High-
purity NaCl (2 g) was placed in a boat-shaped quartz container
and heated with a Bunsen burner (air and propane gas) for
10 min. The temperature of the flame at the sample container
was measured by a thermocouple conductor. The same
container containing 1 g of the same NaCl was placed in an
electric furnace and heated for 15 min. The furnace was
heated to the specific temperature prior to introducing the
sample. Residual NaCl was weighed to determine the rate of
vaporization.
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TABLE 1. Conditions and Contents of Incinerator and Concentrations of C0;, CO, and HCI in the Exhaust Gases

sample | sample Il
heavy oil A newspaper
chamber temp (°C)
range 407492 560—-907
av 457 653
av exhaust gas temp (°C) 378 526
av amt of dry exhaust gas (m3/h) 898 918
oxygen concn (%)
range 18.6-19.0 14.2-179
av 18.8 17.2
av CO, concn (%) 1.3 2.4
av CO concn (ppm)? 87 1000
av HCI concn (mg/m?3)? nd® nd

* Relative to 12% oxygen. ® nd, not detected.

sample V sample Vi
sample Hil sample IV newspaper +  hewspaper +
London plane  newspaper + NaCl! NaCt & PE PVC
403-525 445-703 350-630 38-542
456 510 473 456
435 415 434 416
907 995 1020 967
145-173 13.2-17.7 12.3-18.5 15.0-185
16.5 16.7 17.2 17.4
37 3.4 3.2 3.0
1090 1200 930 1500
23 59 640

Results and Discussion

The recovery efficiencies of standard dioxins with sampling-
spike were 89% for ['3Cy,]-1,2.3,4-T,CDD, 82% for 1,2,3.4,7,8-
HeCDF, and 91% for 1,2,3,4,7,8,9-H;CDF. The recovery
efficiencies of standard dioxins with cleanup-spike were 83%
for [13C2]-2,3,7.8-T,CDD. 82% for 1,2,3,7,8-PsCDD, 88% for
1,2.3,6,7,8-H¢CDD, 92% for 1,2,3,4,6,7.8-H,CDD, 95% for
1,2,3,4,6.7,8.9-04CDD, 84% for ['3C,;]-2.3,7,8-T,CDF, 84% for
1,2,3,7,8-PsCDF, 92% for 1,2,3,4,7,8-HsCDF, 94% for 1,2,3,4,-
6.7.8-H,CDF,and 89%for 1.2,3,4,6,7.8,9-OsCDF in the present
study. Values are the averages of six experiments. The results
indicate that the recovery of dioxins throughout the experi-
ments was satisfactory.

The total heat generation of low-sulfur-content heavy oil
A was 10 800 kcal/kg. The total heat generations of the
samples were 4420 kcal/kg from newspaper, 11 200 kcal/kg
from PE, and 6240 kcal/kg from PVC.

Table 1 shows the conditions and contents of the
incinerators during the experiments and the results of carbon
monoxide (CO) and hydrogen chloride (HCl) analyses in
exhaust gas. The average temperatures in the combustion
chamber ranged from 460 to 650 °C during combustion. The
CO contents in the exhaust gases were consistent among the
samples. When newspapers were combusted without NaCl,
HCl was not detected in the exhaust gas. On the other hand,
when NaCl-impregnated newspapers were combusted, 23
mg/m?* HCl was found.

Table 2 shows the results of dioxin analyses of the exhaust
gas samples obtained from the incinerator. There were no
significant differences in dioxin composition among the
different samples. The amount of dioxins formed in the
samples according to the number of chlorides was Cl; > Cl,
> Clg > Cl; > Clg in PCDD isomers and Cly > Cls > Clg > Cl;
> Cly in PCDF isomers, except in the case of newspapers
alone. PCDFs composed 78-92% of the total dioxin formed
in the exhaust gases. The higher the number of chlorides,
the less PCDF was produced. Formation of total PCDFs was
considerably higher than that of total PCDDs in all six
samples. For example, total PCDFs was 11.4-fold total PCDD
in sample III (London plane). The total PCDF/total PCDD
ranged from 3.04 (sample IV) to 11.4 (sample IIT). These results
were consistent with the results obtained from municipal
solid waste combustion (7). Also the composition of dioxins
with different numbers of chlorides found in the present
study was consistent with that found in exhaust gas from
combustion of woods containing NaCl (3). TEQ values ranged
from 10 (sample I, heavy oil A alone) to 4250 (sample VI,
newspaper + PVC).

When newspapers alone {(sample II) and London plane
tree branches alone (sample IIT) were combusted. the total
amounts of dioxin formed were 0.18 and 1.4 ng/g (the amount

formed from fuel was subtracted), respectively. These values
are quite low as compared with those of samples with
chloride. They are similar to those reported in the combustion
of woods (4. 5. When newspapers were impregnated with
3% NaCl as an inorganic chloride source (sample IV),
formation of dioxins increased 100-fold, suggesting that NaCl
is a possible chloride source for dioxin formation. In fact,
some food products containing NaCl have reportedly pro-
duced dioxins upon combustion (22). When newspapers were
combusted with PVC (sample VI), of which the chloride
content was 5.1%, 147 ng of dioxin was formed.

The chloride contents of the samples were 0.0064% for
newspapers alone, 0.028% for London plane tree branches,
3.1% for NaCl-impregnated newspapers, less than 0.005%
for PE, and 35.7% for PVC. It is obvious that the samples with
a higher percentage of chloride content produced more
dioxins when burned with newspapers and that there is a
clear correlation between dioxin formation and chloride
content (23). For example, London plane tree branches
(sample III) produced a higher percentage of dioxins than
newspapers alone (sample II) did because of differences in
their chloride percentages. The addition of PE (sample V)
did not result in appreciable changes in dioxin formation,
suggesting that PE does not significantly contribute to dioxin
formation. Samples with inorganic chloride (NaCl) or with
organic chloride (PVC) produced significantly higher amounts
of dioxins as compared with newspapers alone.

In the present study, both organic and inorganic chloride
were shown to be a source of chloride for dioxin formation.
There are many reports on dioxin formations from the
combustion of various waste materials with organic chloride.
In particular, PVC produced dioxins in high amounts via
combustion or thermal degradation (24). It is reported that
chloride sources in municipal wastes are 50% from NaCl and
45% from PVC (6). However, there have been only a few
reports on the possible formation of dioxins from a reaction
of inorganic chloride, such as NaCl and HCI, with waste
materials during combustion. When HClwas injected in gasoil
combustion gases—including methane, propane, and eth-
ylene—production of dioxins was observed (25). It is hy-
pothesized that HCl is formed at first from NaCl or PVC by
high temperature and that dioxins are produced subsequently
(26). Dioxins were formed under electrostatic precipitation
conditions in the presence of HCl and/or CuCl; (10). Organic
chloride (tetrachloroethylene) with a catalyst such as iron-
(D), tin(I), and copper(Il) promoted the formation of
particle-bound dioxins in combustion experiments. On the
other hand, inorganic chloride (NaCl) promoted the forma-
tion of dioxins more effectively in the gas phase than in the
particle phase (27).
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TABLE 2. Dioxin Analyses of Exhaust Gases of Incinerated Substances
amt of dioxins (pg/g of sample)”

sanlple sannple satll'TIe sallvle sav»le Sil‘llTle

dioxin

1,2,3,4,6.8-
- 124629
-1.2,4,6,8,9-
1,236,779
+1.23,689-

total

1,234,679
total

1.2.3.46,7,8,9-

,3.46- +1,2,48-
,2.4,6- +1,2,68-
,4,7.8-+136,9-
~-1,23.7-
1.6,78-+1234-
2,46,8-
1,238 -+ 1,486,7-
+1,2,3,6-
1,3.4,9-

total

1.3.4,6,8-
1,2,46,8-
1,3.6,7.8-
1.3.4,7.9-
1,2,36,8-

- 1,3,4,7.8-
1.2.47.8-
12,479

+1,3.4.6,7-
1.2,4.6,7-
1,4,6.7.8-
1.2.3.4,7-

1.3.46,9-
1.2.3.4,8-
+1,2,3.7.8-

total
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5.75
2.84
1.99

- 1.48

0.0008
0.0011
0.669
1.0

15.5

6.27

3.99
1.36
2.5

1.43

18.0

8.04

4.26

133

10.9
26.8

21.3

14.2
22.3
11.5
9.19
129
14

10.4
24.9
40.2
300

39.3
10.6
316

4.76
447

6.17
9.19
415
1.21
1.4

8.55
7.56

B.44

4.69
4.69

1.76
10.8

133

7.49
4.26
2.73
5.2

1.49
0.96
1.48
3.72

36.5

7.52

5.92
1.37
3.95
5.43

354

35.0

121
24.5

18.3
25.2
12.7
13
141
14.6
n.7
27.7
48.8
338

325
12.8
454

4.5
537

.3
9.09
6.05
1.54
133

101
8.89

151

13.7
7.07
71

9.09

3.4
1.3
3.9
2.88

75.2

10.6

7.64
2.78
4.98
4.65

43.9

13

6.72

26.5

9.83
18.4

9.85

449
83.4
34.1
28.9
46.6
40.7
3.9
78.3
106

100

89.8
35
99.5

10.5
1470

16.7
218
12.6
3.07
34.2

259
21.3

231

9.62
14.1

3.4
30.1

363

506
mn
766
788

370
127
332
451

6700

1230

825
EL)
660
550

7510

1760

1830

5940

1840
3940

1370

686
1680
623
456
1010
756
643
1380
1690
1730

2250
919
1890

Kk}
33500

956
1000
926
294
2220

1470
1410

1340

457
746

332
1970

23700

474
327
887
573

363
149
475
41

7080

971

698
760
625
494

6940

974

930

3080

577
1260

298

944
2780
846
574
1110
1310
860
1670
2280
2130

2040
1180
2540

409
44900

914
1020
1100
355
2680

1820
1430

1420

51
707

296
2380

24500

430
421
1090
745

412
227
524
762

8870

1430

1020
1130
882
968

10900

1770

2020

6410

1410
3060

21

565
2040
718
447
1010
899
772
1420
1470
2270

1990
1280
2760

273
42600

1370
1460
1720
423

3670

2280
2180

1910

1310
1410

403
3420

37100

dioxin

T.DD
1.234-+1,246-

+1.249-+1238

36-+1279
6.9-

1.2,
1.4,
1.2,
12,39
1.2,
1.2,

1.2,4,8,9-
1,2,3.4,6-
1.23.6,7-
1.2,3,8,9-

HCDD
1,23.4,7.8-
1.2,3,6,7.8-
1.2,3,46,9-
1.2,3.7.8,9-
1.2,34,6,7-

H.DD
1.2,3,46.78-

0,CDD
PCDD total

T.CDF
1,2,7.8-
1,2,6,7-+1,2,79-
1,4.6,9-
1,249
2,3.6,8-
2,467
1.2.3.9-
2,347-
1.2.6.9-
2,3,7.8-
2,3.4,8-
2,3.4.8-
2.3.4.6-
2.3,6,7-
3.46.7-
1,2.89-

PsCDF
1.2,3,4.6-
123,79
1.2,3,6,7-
1.2,4,6,9-

+1,2,6,7.8-
1.2,6,7.9-
1,2,3,6,9-
2,3,4,6,8-
1.2,3.4,9-
1,2,4,89-
2,3.4,7.8-
1.2,3.8.8-

PsCOF
2,346.7-

sm?ph

1.01

0.754

0.0007
0.0008
0.0019
0.0015
0.0025
0.0015

0.947
0.44
0.407
0.677
0.0007
0.001
0.001

0.398
0.621
0.001
0.0006
0.0012

94.9

2.98
21.4
2.61
13
113
19.3
8.66
8.66
1.76
18.4
12.9
129
158
236
116
0.36

6.07
0.907
6.01
9.3

1.44
0.667
7.8
1.57
1.38
8.3
0.851

sa1?ﬂe saTHﬂe sa:yﬂe saﬁrﬂe sa:nue

3.72

332
0.357
0.357
0.687
0.455
0.236
0.0005

1.8

1.76
1.46
1.49
1.63
173
1.29

1.44
2.82
2.07
1.17
218

149

313
21.4
2.54
14.8
148
22.8
9.4

9.4

2.58
20.3
15.6
15.6
18

26.3
13.1
1.62

6.07
15

6.62
103

1.69
0.903
9.44
1.32
1.34
8.17
0.919

9.29

5.63
5.59
0.307
1.68
1.28
1.6
1.43

293
1.26
1.68
21
1.58

PR
w ™
~

1.46
1.25
0.748

—_

8.54

106
69.4
317
713
77.4
57
6.23
38
4.96
67.7
37.4
37.4
45.5
84
36.2
4.04

15

2.57
16.4
26.7

372
1.6

20.9
3.07
2.85
25.1
2.33

935

677
654
16.3
249
139
169
210

929
213
448
§22
209
539
644

494
500
120
505
732

2100

25600

2040
1710
70.2
236
1540
1640
279
1170
193
1550
783
783
1700
2590
1790
187

828
226
1239
1680

3N
162
1220
225
252
1810
244

2330

918

727
840
323
277
164
202
269

978
218
462
452
200
493
593

238
272
63.2
293
307

678

18700

3310
2420
126
288
2260
2020
357
1610
227
2440
1290
1290
1890
3600
2120
230

691
274
1406
1660

345
17
1030
166
231
1770
228

1800

1270

841
933
28.5
383
249
261
285

1380
480
639
680
438
835
996

525
508
218
641
729

1650

30000

2880
2120
71.3
272
2470
2220
470
2150
298
2270
1940
1940
1870
3580
1770
303

1080
335

1904
2380

645
320
2090
437
n
2540
329

2700
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TABLE 2 (Continued)

amt of dioxins (pg/g of sample)*
le sample sample sample e sample sample sample e e e sample
dioxin sa"I'P '“P 'I'llr 'l’\r' “'V' ,\’I",l dioxin | ] wﬂ" saa'ra)l ”'V' ,\’IT’
H«CDF
1,2,3,4,6,8- 566 652 131 1184 890 2460 1,24,6,89- 0.87 1.34 13 209 139 330
1,3.46,7.8- 793 848 203 2510 2070 4590 1.2,3.4,6,7- 544  7.62 175 2010 1380 3150
+ 134,679 1.2,36.7.9- 0828 0956 1.79 422 n 663
1,2.4.6,7.8- 803 953 221 2240 1740 3760 1,2,3,4.6,9- 2.22 192 29 527 386 887
1,2.46,7,9- 158 2 298 505 388 820 +1.2,3,6.8,9-

1.23478- 5.57 6.76 127 1770 1480 3770 1.23,1.89- 0001 026 113 332 191 470
+1.2,3,4,1.9- 1,2,3.489- 0775 1.29 1. 285 153 481
1,2,3,6,7.8- 5.64 5.91 863 1370 1390 3260 2,3,4.6,7.8- 413 566 15 1190 855 2050

total 48.7 58.2 121 14600 11400 26700
H,CDF
1.2,3,4.6,7.8- 13.1 198 264 2820 1390 5590 1.2,3,4.6,89- 253 377 329 5N 215 895
1,234,679 289 416 389 890 325 1580 1,2,3.4,7,89- 1.3 1.97 1.73 679 201 1140
total 19.8 297 353 4960 2130 9200
OsCOF
12346789 236 714 365 1080 220 1690
PCODF total 651 783 1890 77800 83200 117000
grand total 746 932 2170 103000 102000 147000
PCDF/PCOD 6.84 526 114 304 4.45 30
total TEQ® 10 13 30 2650 2700 4250

* Samples as defined in Table 1. ® pg TEQ/g.

TABLE 3. Results of Experiments on Rate of NaCl Vaporization

temp time NaCl amtreduced % of
heat sowrce (°C} (min) (mg) (mg) vaporization

gas burner 750 10 19911 1.2 0.06

800 10 19899 2.3 0.12

850 10 19876 370 1.9

900 10 19506 40.8 21
electric furnace 750 15 941.0 0.5 0.05

800 15 9420 0.6 0.06

850 15 9977 56.0 56

Metal contents in the newspapers used in the present
study were 0.33 ug/g Cr, 2.7 ug/g Mn, 33 ug/g Fe, 0.23 ug/g
Ni, 8.6 ug/g Cu, 2.3 ug/g Zn, 0.01 ug/g Cd., and 0.75 ug/g Pd.
As (arsenic) was not detected. The calculated amounts of Cu
and Fe present in the incinerator during combustion of 50
kg of newspapers were 0.43 and 1.65 g, respectively, sug-
gesting that the low concentrations of these metals did not
significantly contribute to dioxin formation.

Table 3 shows the rate of NaCl vaporization at various
temperatures. The results indicate that NaCl vaporizes slightly
at temperatures above 850 °C. Temperatures of a flame at
the outlet of the subsidiary combustion burner and the tip
of the flame were above 1200 and 1076 °C, respectively.
Therefore, it is hypothesized that NaCl was vaporized and
that vapor-phase chlorides subsequently reacted with car-
bons in the newspapers to form dioxins.

No significant differences in the composition of dioxin
isomers were observed between the samples obtained from
the newspapers combusted with inorganic chloride (NaCl)
and those combusted with organic chloride (PVC). Formation
of dioxin isomers from different samples is quite complex
and difficult to rationalize for a specific pattern of dioxin
compositions. When heavy oil A was combusted alone, the
1,3.6.8-isomer composed over 35% of the total isomers of
T.CDD formed. Generally, 1,3,6,8-, 1.3,7.8-, and 1,4,6,9-
isomers formed in high concentrations among T4CDDs
formed. Formation of the 2,3,7 8-isomer—which is the most
toxic dioxin/furan congener—also increased with the addition

of chloride sources. Newspapers with PVC produced 0.5 ppb

of this particular dioxin. It seems that the higher the chloride
concentration, the higher the dioxin formation. It is obvious
that increases of chloride concentrations at temperatures
under 450650 °C increased dioxin formation. However, as
mentioned above, the exact role of chloride concentration
in dioxin formation is not well understood. Further inves-
tigation of the role of chloride in PCDD/F formation is in
order.
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