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SECTION 1

1.0 INTRODUCTION

ABB Environmental Services (ABB-ES), at the request of Combustion Engineering, Inc. has
prepared this Work Plan for subsurface investigations at the former Taylor Instruments
facility at 95 Ames Street (Ames Street Site), Rochester, Monroe County, New York
(Figure 1-1). The Work Plan presents the technical approach and rationale, as well as the
methodologies, that will be used to conduct soil and groundwater sampling at the Ames
Street Site. The tasks presented in this plan compose Phase 1 of a planned two-phase
voluntary investigation and site restoration.

Phase 1 is designed to identify concentrations of site-related chemicals in overburden soils
that represent soil contact hazards or that may act as sources of contamination to
groundwater. To accomplish this, soil sampling is targeted to areas of concermn (AQOCs)
across the site. The AOCs were developed based on evaluation of historical records,
previous environmental data from the site, and discussions with New York State Department
of Environmental Conservation (NYSDEC) and the New York State Department of Health
(including meetings on September 13 and October 6 and 30, 1995). Additional site
knowledge obtained during observation of the demolition and removal of site structures,
foundation slabs, and underground storage tanks (completed in December, 1995) has been
incorporated in the development of the AOCs.

Phase 1 will also include perimeter groundwater sampling to assess groundwater quality
leaving the site. Three geologic borings extending into bedrock are planned to characterize
subsurface geology in addition to data from soil borings at the AOCs.

In general, the potential impact from historic operations will be assessed through analysis of
soil and groundwater for three types of chemical compounds:

1. volatile organic compounds (VOCs) from petroleum-based products and
cleaning/degreasing solvents.

2. mercury, used in elemental form in the manufacture of various mercury-filled
instruments.

3. metals and cyanide used as part of electroplating processes at a specific area of
the site.

Phase 1 is designed to provide sufficient information about subsurface conditions at the site
to:
] characterize site geology
° complete a risk assessment, setting usage-based soil and groundwater quality
goals for comparison to soil and groundwater analytcial data

ABB ENVIRONMENTAL SERVICES, INC.
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SECTION 1

o provide sufficient soil data from each AQC for comparison to soil quality goals
L assess groundwater quality along the downgradient perimeter of the site

Soil borings to be completed within the AOCs and geologic borings located apart from
potential contaminant sources will provide a comprehensive database to characterize site
geology. Soil samples from all borings within the AOCs and groundwater samples from the
perimeter borings will be analyzed using a field-based laboratory for target contaminants of
concern (COCs) to evaluate impact. Fixed-base (offsite) laboratories will be used to confirm
on-site laboratory results and to provide data on mercury speciation needed to assess potential
risk to human heaith. '

The Phase 1 Report will present the results of the soil and groundwater analyses and the risk
assessment. This information will be used to develop the Phase 2 Work Plan. Depending on
the results of Phase 1, Phase 2 may include soil excavation or treatment and/or further
groundwater investigations. It is possible that additional work beyond Phase 2 will be
required to complete site restoration to site-specific usage-based goals.

The Work Plan is organized with task descriptions in the body of the report and supporting
documentation attached as appendices. Section 2 presents general site history and setting.
Section 3 summarizes previous investigations and/or sampling conducted at the site.

Section 4 summarizes the selection process used to identify areas for investigation in Phase 1
and site-related. Section 5 presents the scope of work to be completed in Phase 1, including
a summary of the analytical program. Section 6 introduces the format of the Phase 1 report,
and Section 7 presents the project schedule.

Appendix A and Appendix B are the site-specific Quality Assurance Project Plan (QAPjP)
and the site-specific Health and Safety Plan (HASP), respectively. In addition, five sections
from the Background Documents, provided to NYSDEC on October 17, 1995, have been
included in a separately bound volume as appendices: Historical Building Usage Table
(Appendix C), First Floor Analytical Data and Map (Appendix D), Potential Areas of
Concern Table (Appendix E), Soil Data and Map (Appendix F) and Outline of the External
Site Investigation (Appendix G).

ABB ENVIRONMENTAL- SERVICES, INC.
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SECTION 2

2.0 SITE HISTORY

The following sections summarize the history of industrial operations at the former Taylor
Instruments facility on Ames Street.

2.1  General History

In 1904, the Taylor Brothers Company purchased a portion of what is now the Ames Street
Site, and construction of the original buildings began shortly thereafter. The building
numbering convention (e.g., 1, 2, 3) appears to have been used from the beginning, and
indicates the general sequence of initial construction. Both the number of buildings and the
overall size of the facility expanded from the original Ames Street frontage, replacing houses
and small businesses, until the plant property reached to Hague Street on the west and the
railroad easement on the north (approximately 1934), and to West Avenue on the south
(approximately 1948) (see Figure 2-1). Over the years a number of buildings were erected
and later removed, so that although the last building number is 60, only approximately 26
buildings existed as of 1992.

In 1982, Taylor Instruments Company merged with the Ritter Pfaudler Company to form
Sybron Corporation (Sybron). Taylor Instruments operated as a division of Sybron until
1983, when it was sold to Combustion Engineering. In January 1990, Asea Brown Boveri,
Ltd. (ABB) acquired Combustion Engineering, including the business now known as Kent-
Taylor. Title to the property continues to be held by Combustion Engineering, a wholly-
owned subsidiary of ABB.

In 1991, ABB began construction of a new facility south of Rochester to house the Kent-
Taylor manufacturing operations. The transfer of operations began in 1992 and was
completed in 1993. Under the direction of the facility environmental manager at the time, a
variety of old and unused chemicals and wastes were removed from the 95 Ames Street
facility and recycled and/or disposed of off-site. The intent of these “close-up” procedures
was to remove everything that was hazardous and not physically part of a structure.
Following close-up, ABB’s corporate real estate department, through the title holder
Combustion Engineering, assumed responsibility for the property.

Once Kent-Taylor made the decision to move to a new facility, ABB’s corporate real estate
department actively began to market the property. A number of prospective purchasers
expressed serious interest in the site but no buyer was found. Prospective purchasers
expressed significant concerns about the environmental condition of the buildings and the
underlying property.

ABB ENVIRONMENTAL SERVICES, INC.

G:\T92KENT_TAY\PHASENFINAL.DOC ) ' ‘ T 7198-23

2-1



aas
m
%G
m
7| é
: 1“7/
Zoio 4 .
4
/53 A
I
H
7
]
ls |

8
%
©)
7
2.
%

.
AMES STREET

HAGUE STREET
varatitslon
v
%

%y W
v
Z
A
7
.
Z
.
A
7
2
2
?

/

%
“
)
4
%
4
—
SIS IS LI

%
7
/%
/Zﬁm/
/
B
2
7,

49 N I\
; 3 48
APPROXIMATELY 270 FEET
TO WEST AVENUE
l NOTES
LEGEND 1. INTERIOR_LAYOUT IS FOR GROUND
[F] DEGREASING EQUIPMENT PIT
FENGE 0 50 100 200
EXI?HNG STRUCTURE FIGURE 2-1
N 41— N BUILDING NUMBER BUILDING LOCATIONS
N Q\M\b EXTERIOR WALL COMBUSTION ENGINEERING PROPERTY
SIS INTERIOR - WALL | 95 AMES STREET ROCHESTER, NEW YORK .
ABB Environmental Services, inc.




SECTION 2

In late 1993, some initial site characterization work was done. In 1994, ABB-ES, another
ABB subsidiary, began the final phase of an asbestos abatement project at the facility and,
simultaneously, a characterization of building materials (e.g., concrete, wood) for disposal.
After completing this characterization, which involved significant interaction with
NYSDEC’s Region 8 Hazardous Waste staff, the demolition contract was let and demolition
activities were initiated in May 1995.

Currently (February 1996), the demolition project is nearing completion. All buildings
(except one that will remain through the site investigation), asbestos, hazardous and non-
hazardous building wastes have been completely removed. Installation of asphalt paving over
the former building areas will be completed in the spring of 1996.

2.1.1 Manufacturing Processes and Building Use History

The original products produced at the facility were mercury-filled thermometers, barometers
and related simple instruments. Manufacturing operations changed little during World War I
and World War II, as product lines were varied only slightly to meet military needs. For the
most part, production continued on fluid-filled instruments until the early 1960’s. At that
time, a shift away from the fluid-filled instruments towards electronics-based instrumentation
occurred. By 1965, all “liquid in glass” (i.e., thermometers and barometers) manufacturing
had ceased. With the advent of computers, the various operations required for printed circuit
board manufacture and assembly were introduced. By 1992, mercury-filled instruments, and
consequently mercury-handling operations, represented a very minor aspect of facility
operations.

In addition to mercury, other chemicals and industrial materials considered potentially
environmentally significant were also used. Most prominent among these were petroleum
fuels and oils, metal-bearing plating solutions and paints and organic solvents. These
materials were used in operations by the early 1900’s, and their use continued until 1992.

Appendix C provides a summary of known usage information for each building on a floor-
by-floor basis, as assembled from a number of historical sources. In addition to this
summary, the following sections provide some detail relative to the most significant
operations at the facility. Also, it is known that the facility was connected to the combined
municipal sewer at all times during its history.

Mercury-Filled Instrument Manufacturing and Mercury Use

There were two major types of mercury-containing instruments manufactured at the site:
“liquid-in-glass” instruments and “solid-filled” thermometer systems. All liquid-in-glass

ABB ENVIRONMENTAL SERVICES, INC.
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SECTION 2

instruments, thermometers, sphygmomanometers and barometers, were manufactured in a
similar fashion. Glass tubes were purchased from an outside source, cut to the desired
length and fitted with glass "bulbs" at one end. The instrument was then filled with
mercury, in some cases under a vacuum. Solid filled thermometer systems typically involved
filling narrow stainless steel or other “solid” capillary tubes (some to 200 feet long) with
either a varsol/kerosene mixture or mercury, typically under vacuum or pressure. Both types
of instruments used elemental mercury exclusively.

Mercury coming into the plant was generally shipped in durable metal containers. From the
shipping or initial storage areas, it was brought to a refining operation located for many
years on the third floor of Building 2. In this operation, the commercial-grade mercury was
further purified to make it suitable for use in instrumentation.

Manufacturing of both types of instruments occasionally resulted in mercury being spilled at
the work area. During plant demolition, concrete slabs in some areas were removed as
hazardous waste due to their mercury content and several hundred pounds of liquid mercury
were removed from between the floorboards of second and third floors of buildings.

Overall, the occurrence of mercury in concrete and wood floors in the buildings as observed
during demolition is consistent with the known manufacturing history. Buildings 1, 2, 4, 20,
30, 35, 40 and 44 were most impacted by these mercury releases.

Because mercury was a valuable raw material, significant efforts were made to collect the
spilled liquid and to recover it from instruments broken or rejected during manufacture.
Beginning in approximately 1940 and lasting until the mid 1960’s, broken or rejected
instruments were routinely collected and brought to a reclamation area located in the
northwest corner of Building 40. Reclamation consisted of heating the scrap materials so as
to volatilize the mercury, which was then re-condensed and recovered (a process known as
“retorting”). Although enough mercury was recovered to make this operation worthwhile,
evidently the process was not completely effective in extracting mercury from the small
capillaries in the scrap instruments; mercury is still visible in a percentage of the scrap
(“glass shards™) found in close proximity to this building.

Electroplating

Electroplating operations began at the plant around 1914 to 1915 and are believed to have
been conducted in the same area of Building 4 throughout the site’s history. Electroplating
processes involved various acids, cyanides, alkaline cleaners and metals, including
chromium, copper, brass, tin, lead, nickel, silver, cadmium, gold and zinc. Plating tanks
and baths were set around the concrete-floored room. In and beneath the floors were a series
of troughs and drains carrying discharges from the process, as well as leaks, drips, and

ABB ENVIRONMENTAL SERVICES, INC.
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SECTION 2

spills, to the plant sewer system. A series of tunnels beneath the plating area floor served
both to convey liquids to the sewer system and to allow fumes to be drawn from the plating
area and exhausted from the building. At the time of demolition, most floors and tunnels
appeared to be original, although several patched areas were obvious.

In later years, measures to improve the operations included eliminating the use of cyanides
and most “hard” (hexavalent) chromium and enhancing management practices to minimize
spills and excessive dripping. These measures were implemented primarily in response to
increasingly strict effluent discharge requirements, and the efficiency of the drainage systems
in conveying process-related liquids to the sewer, which resulted in exceedances of those
effluent discharge requirements.

Solvent Degreasing

Major solvent vapor degreasing occurred in two areas, one in Building 4 and the other in
Building 48. Both operations used tricholoethene (TCE) and began operation in the
mid-1960s. Other smaller desk top-scale degreasing units were also used at various locations
at various times.

Each of the two major areas included one vapor degreaser located in a concrete sump
designed, in part, to contain any spills. Both sumps exhibited staining. The third unit was a
conveyor degreaser set at floor level in Building 48. Nearby this unit was distillation
equipment used to reclaim spent TCE. Fresh TCE was stored in Tanks 13 and 14, in an
interior “courtyard” outside the Building 48 area, and in Tank 15, behind Building 40. TCE
drawn from Tank 15 was dispensed in the Building 40 garage into smaller containers for use
in many minor degreasing operations throughout the plant.

Several spills onto the concrete floors of the two vapor degreasing areas have been noted.
Both sumps were connected to the plant sewer system.

Machining

Small parts machining operations occurred in various locations of Buildings 2, 3, 30, 44, 48
and 49 over the years. For the most part machines were self-contained, and the operations
used the typical quantities of lubricant and cooling oils and fluids. The lack of significant oil
staining on the concrete in most areas indicates the operations were either not very dirty
and/or housekeeping was good.

Buildings 48 and 49 housed the most extensive machining operations and were expressly built
for that purpose. An advanced (at the time) oiler system consisting of a rooftop filtration

ABB ENVIRONMENTAL SERVICES, INC.
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SECTION 2

plant, a central collection sump, and a piping network was used to collect and clean used
cutting oil and re-distribute it to each machine. Existence of this system is most likely the
reason very little evidence of oil releases was noted during demolition of these buildings.

Chemical and Waste Storage and Handling

Manufacturing operations utilized numerous chemicals and some hazardous materials, and
generated a number of hazardous waste streams. Bulk chemicals were stored in underground
and aboveground tanks, in drums and other smaller containers. Buildings 12, 34 and 42
were all significant storage areas. However, with the exception of mercury, which was used
in relatively large quantities, overall chemical throughput was low, consistent with the
manufacture of small precision instruments.

Detailed records relative to waste generation and handling at the facility prior to
approximately 1980 are not available. Based on interviews of facility personnel, available
documentation, and observations during demolition, materials, such as coal slag, ash, and
glass scrap and shards were used as fill for construction of both buildings and utilities.
There is no information developed to date suggesting that waste materials other than this
“fill” were disposed of at the site.

2.2 Site Description

The Ames Street Site covers approximately 13 acres north of West Avenue in the city of
Rochester. The site is bounded on the south by West Avenue, the west by Hague Street, east
by Ames Street and to the north by Conrail railroad tracks. The site is in the final stages of
demolition. Final grading plans, to be completed in the spring, call for asphalt paving over
the entire site with a maximum slope of 3 percent. There are no identified wetlands or
surface water bodies on-site.

The area within one-half mile of the site is primarily mixed residential and light industrial.
Rochester Gas and Electric has a leased facility on the west side of Hague Street. South of
West Avenue and east of Ames Street is predominantly residential.

2.2.1 Site Geology

The surficial geology of the site area is dominated by Late Pleistocene glacially-deposited
stratified sands and silty sands. According to previous investigations, overburden on the site
ranges from 14 to 28 feet thick (Lozier, 1983). The overburden consists of 3 to 9 feet of fill
overlying the glacial till. The fill material consists largely of clayey silt and includes at
various locations coal slag, ash, building debris, and refuse (e.g., bottles, etc.). The till is

ABB ENVIRONMENTAL SERVICES, INC.
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SECTION 2

composed of dense silt and sand with some gravel and rock fragments. The till is
characterized as a red-brown basal till overlying the bedrock and a laterally discontinuous
layer of yellow-brown ablation till overlying the basal till in some areas. The ablation till is
generally slightly more sandy and less dense than the basal till.

‘Bedrock underlying the overburden has been identified as the upper Silurian-age Lockport
dolomite (Rickard and Fisher, 1970). Regionally this formation consists of flat to very
gently dipping medium- to thick-bedded fine-grained dolomite with interbedded shales
(Williams, 1990). The highest bedrock elevations were observed in the southeast sloping
toward the northwest (Lozier, 1983).

2.2.2 Hydrogeology

Groundwater is present within the overburden between 5 and 10 feet below the ground
surface with a 4- to 5-foot seasonal fluctuation (Lozier, 1983). According to the Water
Resources Investigations Report -- Groundwater-water Availability in the Genesee River
Basin, New York and Pennsylvania, prepared by the United States Department of the Interior
Geologic Survey (1986), the overburden yields less than 1 gallon per minute and the
underlying bedrock less than 50 gallons per minute.

Overburden groundwater flow is believed to be generally from the south and west to the
north and east. This general flow direction was described in the Lozier report and confirmed
by water level measurements made on October 25, 1995 by ABB-ES. According to the
Lozier report, hydraulic conductivities range from 1.6x10°to 8.8x10”° centimeters per second
(cm/s) with a geometric mean value of 5.2x10° cm/s. Using Lozier’s measured hydraulic
gradient of 0.0095 feet per foot and an representative porosity of 0.15, average horizontal
groundwater velocity in the overburden is estimated at 3.4 feet per year.

ABB ENVIRONMENTAL SERVICES, INC.
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SECTION 3

3.0 SUMMARY OF PREVIOUS ENVIRONMENTAL INVESTIGATION

Since 1982, several environmental investigation efforts have been undertaken at the Ames
Street Site. Soil sampling has also occurred relative to facility maintenance and demolition
issues. This section describes the rationale and scope of each known effort. Except for the
mercury contamination area north of Buildings 34 and 40, soil sampling locations and
analyses are provided on a figure and table in Appendix F. (Sampling locations and results
from the area north of Buildings 34 and 40 can be found in the various reports and
correspondence submitted to NYSDEC at the time of the investigation.)

In addition to the work described below, a large number of building materials samples (e.g.,
wood, concrete) were collected during 1993 and 1994 to characterize wastes for disposal
during plant demolition. Since all the building materials will have been removed by the time
the Phase 1 field work begins, these analytical results will not be discussed in this report.
However, these results were evaluated in selecting Areas of Concern (AOCs) for Phase 1
(see Section 4.0), and are included as Appendix D.

3.1 CLASS 4 AREA INVESTIGATIONS (1981-1986)

Mercury contamination in the area north of former Buildings 34 and 40, now referred to as
the “Class 4 area”, was first identified in 1981 (see Figure 2-1). Glass instrument shards,
some containing visible mercury, were observed on the surface and in shallow subsurface
soil. In late 1981, Taylor’s consultant, Lozier, installed borings and wells to provide soil
and groundwater samples in the immediate shard areas. Results showed total mercury
concentrations up to 52,000 milligrams per kilogram (mg/kg) in shallow soil in the shard
areas with much lower levels outside the areas (Lozier, 1983). NYSDEC became involved
in early 1982, and another round of investigation, including installation of additional soil
borings and shallow monitoring wells and lysimeters, was completed late that year. By the
end of this field effort, a thorough characterization of soil within the 1/2 acre area was
completed. The investigation also detected mercury in groundwater above the Class GA
standards, primarily at the source areas.

NYSDEC subsequently approved installation of asphalt paving over the entire area as a
remedial measure, and this was completed in late 1982 and early 1983. Quarterly
groundwater monitoring was initiated and continued until September 1986, by which time
mercury concentrations had generally fallen to below the Class GA standard. The area
continues to be listed as a “Class 4” on the New York Registry of Inactive Hazardous Waste
Sites (Registry), indicating the site is properly closed and requires continued management.
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SECTION 3

3.2  WATER TOWER AREA INVESTIGATION (1984-1985)

Discovery of glass shards in the area beneath the former water tower near the center of the
property led to a soil investigation in late 1984 and early 1985. Approximately 16 samples
from depths of 2 to 10 feet were collected and analyzed for mercury by the EP Toxicity
method. Mercury concentrations in the extractions ranged from non-detectable up to 0.0094
milligrams per liter (mg/1). NYSDEC accepted the characterization and approved installation
of asphalt paving in order to close the site. This was completed in late 1986, and the
location was deleted from the Registry in approximately 1990.

3.3 BUILDING 4 SAMPLING (1987)

According to a 1987 Taylor interoffice memorandum, an “area under the old zinc cyanide
tank will have to be excavated because of poor structural integrity.” The memo describes
“several core samples and the soil underneath” composited and analyzed by the EP Toxicity
method for cadmium, chromium, lead and mercury to determine if the material constituted a
hazardous waste. The results were below the EP Toxicity limits, and apparently no further
sampling was performed.

3.4 BUILDING 8 SAMPLING (1989)

According to a 1989 Combustion Engineering interoffice memorandum, a composite sample
of soil from several locations beneath Building 8 was collected to characterize soil to be
excavated during a construction project. Samples were presumably collected just beneath the
floor slab. According to the EP Toxicity results, the soil was determined to be non-
hazardous, based on Resource Conservation and Recovery Act metals. The total
concentration of each metal ranged from 0.7 mg/kg for chromium to 231 mg/kg for copper.

3.5 TANK CLOSURES

Tank 2. In September 1986 this 1000-gallon gasoline underground storage tank (ust), was
suspected to have leaked several hundred gallons of gasoline. With NYSDEC’s
concurrence, Taylor sampled nearby wells and lysimeters that had been installed for the
NYSDEC Class 4 area investigation. No evidence of groundwater impact was found, and on -
this basis NYSDEC allowed the tank to be closed in place with no further groundwater or
soil sampling or remediation. The Taylor correspondence file also indicates that “a 12/23/86
inspection of the tank site by the Rochester Fire Department revealed no significant soil
contamination”, although the scope of this inspection is not discussed.
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SECTION 3

Tank 2 was removed during demolition activities in November 1995. The tank had been
closed by filling it with concrete. Samples were collected from the excavation and excavated
material. Results indicated VOC levels beneath the STARS guidance values for gasoline
contaminated soils. However, VOCs were present in a water sample that was collected from
standing water in the excavation. The excavation has been backfilled. ABB-ES plans to
investigate groundwater in this area as part of the site-wide investigation. It is unclear
whether the presence of VOCs is a result of the 1986 release or from other potential sources
in the immediate area. SVOCs detected in the soil are believed to be indicative of coal
combustion by-products historically used as fill

Tank 16. This 3,000 gallon underground tank used to store paint thinner was removed in
early 1993 by ABB Kent-Taylor. The initial set of soil samples from the excavation
sidewalls showed levels of toluene, xylene and 4-methyl-2-pentanone above the NYSDEC
Spill Technology and Remediation Series guidelines. At NYSDEC’s request, additional soil
was removed from the excavation and a second set of samples was obtained. These samples
indicated the impacted soil had been removed, and tank closure was granted.

Tanks 11/12. These former xylene and toluene tanks were removed in December 1995.
After initial field PID screening, unsaturated contaminated soil was excavated. This soil was
shipped off site for proper disposal. Analytical results indicate that standing water in the
excavation and surrounding soils (bottom and east sidewall) remain impacted. The extent of
remaining contamination is unclear. Additional investigation is planned for this AOC. The
excavation has been lined with polyethylene plastic sheeting and temporarily backfilled.

Tanks 17/18/19. These three 54-gallon tanks were removed in December 1995. Sampling
of sidewalls and bottom of the excavation indicated remaining contamination at the bottom of
the excavation. An additional three feet was excavated and the bottom resampled in January
1996. The contaminated soil was shipped off site for proper disposal. Analytical results
indicate no remaining contaminated soil. The excavation was backfilled and no further
investigation is planned.

3.6 SITE INVESTIGATION (1993)

In May 1993, ABB-ES conducted a limited site investigation to establish the general
environmental condition of the property through selected sampling of potentially suspect
areas. Outside the buildings, ABB-ES used a drill rig to collect soil samples from borings
completed near each existing underground tank; the former Building 42 solvent
recovery/drum storage area, the former Tank 15 area, and several other locations. Inside the
buildings, shallow soils samples were collected by hand from beneath floor slabs in several
areas, including the plating and degreasing areas, Building 30 mercury filling room, Building
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12 and the former Tank 13 and 14 locations.

Results of field screening, field lab analysis and off-site lab analysis of the samples indicated
the presence of mercury, metals and VOCs in some areas, and led to a report to NYSDEC
regarding suspected releases from Tank 9 and former Tanks 13/14. The results suggested
the need for further work in some areas and formed the basis for selection of some of the
AQCs described in Section 4.0 of this workplan.

3.7 SUB-SLAB SOIL SAMPLING (1993)

During a September 1993 effort to sample concrete and other materials for waste
characterization, several soil samples (that may have contained floor material) from beneath
floor slabs were collected to augment the information from the May 1993 work. Samples
were analyzed in a field laboratory for mercury only, with results ranging from not detected
to 360 mg/kg.

3.8 SAMPLING DURING DEMOLITION (1995)

Plans for plant' demolition included the possibility of removing obvious contaminant source,
or limited areas of impacted soil, if encountered. In addition, regulatory requirements
require sampling during underground tank closures.

Two areas of impacted soil were excavated during demolition activities in 1995. One area is
located at the west end of former Building 49, where hydraulic pistons for the loading docks
apparently leaked oil into the. surrounding soil. The second area included apparently VOC-
impacted soil around an old brick structure found several feet below grade between former
Buildings 5 and 8. At both locations, ABB-ES collected soil samples from the excavation
sidewalls to evaluate whether the impacted material was completely removed. Results
indicated that all contaminated soils had been removed at these locations.

In November 1995, a 25,000 gallon underground storage tank was removed during the
demolition project. While the tank itself appeared to be intact, visible material that appeared
to be fuel oil was observed in the excavation. Notification was provided to NYSDEC. The
liquid material was subsequently removed by a vacuum truck. Approximately 150 tons of
soil were removed and sent off-site for treatment and/or disposal. The remaining soil was
sampled. Analytical results indicate that soil above NYSDEC guidance values was removed.
No further investigation is planned for this AOC.
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SECTION 4

4.0 POTENTIAL AREAS OF CONCERN AND CHEMICALS OF CONCERN

This section presents the Phase 1 potential AOCs and COCs identified for investigation at the
Ames Street Site and the basis for the identifications.

4.1 AREAS OF CONCERN

ABB-ES reviewed all available site information, historical use information, and previous
environmental analytical data to identify areas of the site that would be most likely to exhibit
impact from historical plant operations. This information, supplemented by observations of
shallow soils during demolition of the plant buildings, were used to develop AOCs that will
be investigated during Phase 1.

Types of AOCs include:

o broad areas of potential soil impact (e.g. areas of the site containing glass
shards as fill or soils beneath a building where soil impact was observed during
removal of ground level floors)

] potential point sources such as underground storage tanks

o potential non-point background sources (e.g. soils beneath floors that were
removed as hazardous waste due to elevated concentrations of COCs )

Table 4-1 and Figure 4-1 (attached at end of report) summarize the AOCs that will be
investigated during Phase 1. A complete listing of all site features evaluated during selection
of Phase 1 AOCs is located in Appendix E. Table 4-1 is organized as follows:

COLUMN DATA PRESENTED

1 Area number and site description

2 Historical usage summary based on interviews with current and former
employees; fire insurance maps from 1913,1934,1952,1986,1979, and
1988; mercury vapor/mercury problem reports and measurements circa
1946 to 1949 and 1963; Building Floor Area Report, July 1990, Rev 1
(8/14/90); and handwritten notes, circa 1982 to 1983, on “Places Where
Mercury Has Been Used and Probably Spilled.

3 Results of concrete and wood floor analyses from the overlying first
floor collected during four stages of building material characterization
(see Appendix D)
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TABLE 4-1

AREA OF CONCERN SUMMARY
AMES STREET INVESTIGATION WORK PLAN - PHASE 1

during demolition and
in previous studies

Shard density varies from absent to
foot+ near-surface fill layer.

concentrations ranging from 20 to
12,800 mg/kg.

potential for mercury in
associated/underlying soils]

VISUAL OR SCREENING PLANNED | PHASE |
POTENTIAL OVERLYING FLOOR ANALYTICAL EVIDENCE DURING AVAILABLE SOIL ANALYTICAL PHASE | AREA OF CONCERN? PHASE| | CHEMICALS OF
AREA OF CONCERN HISTORICAL USAGE RESULTS DEMOLITION RESULTS [RATIONALE] ACTIONS | CONCERN
1 Areas udnderlymg floors Various mercury-intensive operations, Contained total mercury at concentrations | Floors largely in good condition - no | Concentrations of mercury range from | Yes Shallow Mercury
r;r:?:;e;;c e.g., instrument manufacturing. exceeding 550 mg/kg. visual evidence of mercury in ND to 360 mg/kg in several isolated [Elevated mercury results in floors Soil
hazardeus wasta due 'o undarlying sail. samples. indicate need o look at underlying soils.] | Sampling
mercury.
2 Areas underlying Painting operations, paint chemical and | Total VOC concentrations ranged from ND | Floors in good condition - no visual None Yes Shallow VOCs
Building S floors waste use/generation. to 4,000 ug/kg. evidence of YOC impacts in soils. [Potential for VOC concentrations in Soil
removed as hazardous underlying soil] Sampling
waste.
3 Area underlying former || Metal plating and degreasing. Concentration ranges: Fioors in fair condition but evidence Metal concentration ranges: Yes Shallow VOCs,
electroplating area VOCs 7 to 312 ug/kg of historical deterioration/patching - Cd ND - 260 mg/kg [Use history:; floor condition may have Sail
floors removed as Cr’ ND - 34 mgikg no visual evidence of releases to soil. | Cr”>  ND - 6,000 mg/kg allowed soil impacts ] Sampling | Metals and
hazardous waste. Cr'® 1.4-68 mg/kg Cr*™ ND - 6,300 mg/kg Cvanide
Building 4. Cd 1.2-26mg/kg Pb  ND - 500 mg/kg v
Pb  ND-0.76 mg/kg Ni ND - 5,500 mg/kg
CN ND -98 mg/kg Zn 40 - 12,000 mg/kg
Floors/debris not characteristic hazardous .
waste based on TCLP results. No VOC results available.
4 Area underlying Chemical/waste drum storage (also Floor materials removed as listed Floors in fair-to-good condition, but Six shallow soil samples showed TCE | Yes Shallow VOCs,
Building 34 adjacent to former TCE use/storage hazardous waste due to low levels of staining, drum rings visible. Some ranged from ND to 910 ug/kg. [Presence of VOCs in soil suggests Soil Mercury
area) VOCs, CN, metals. shards observed during demolition potential impact.] Sampling
5 Area underlying TCE dispensing/degreasing; garage Total VOCs ranged from 32to 9,000 Floors largely intact, some limited None Yes Shallow VCCs,
Building 40 garage maintenance operations. Floor drainto | ug/kg. staining; Glass shards observed [Known bulk TCE use] Sail
area. sewer present. during removal of floors Sampling | Mercury
6 Area near and 1940's-era solvent recovery operations | No sampling. Floors intact;no shards observed Eight soil samples with PCE in one at | Yes Shallow | VOCs
underlying former {(north end) and waste drum storage. during floor removal 280 ug/kg, TCE ranging from 4 to 260 [History of bulk chemical operation Sail
Building 42 Minimal knowledge of actual operations ug/kg and BTEX up to 1,000 ppm and known soil impacts]} Sampling
or locations.
7 Area underlying Oil and chemical storage in subgrade No sampling of concrete. No visible impacts Shallow soil samples contained Yes Shallow VOCs
Building 12 vaulted concrete building. Possible soil TCE/N1,1-TCA/PCE ranging from 10 [History of bulk chemical storage and | Soil
floor. to 200 ug/kg and TEX ranging from 14 | existing scil data indicate potential for Sampling
to 8,970 ug/kg soil impact]
8 Area where giass Broken instruments cbserved. NA - shards apparently deposited prior to Shards easily identifiable visually, 1980 Soil samples (from different Yes Soll Mercury
shards were observed floor construction, or no floors over areas. | liquid mercury observed occaisionally | shard areas) show total mercury [History and existing soil data indicate | Sampling




TABLE 4-1

AREA OF CONCERN SUMMARY
AMES STREET INVESTIGATION WORK PLAN - PHASE 1

VISUAL OR SCREENING PLANNED | PHASE |
POTENTIAL OVERLYING FLOOR ANALYTICAL EVIDENCE DURING AVAILABLE SOIL ANALYTICAL PHASE | AREA OF CONCERN? PHASE! | CHEMICALS OF
AREA OF CONCERN HISTORICAL USAGE RESULTS DEMOLITION RESULTS [RATIONALE] ACTIONS | CONCERN
] Degreasing area, TCE vapor degreasing TCE from ND - 11,000 ug/kg . Floors in fair-to-good condition but One soil sample showed TCE 11,000 | Yes Shallow VOCs
Building 48. stained; no obvious soil impact. ug/kg, PCE 97 ugr/kg . {History of butk chemical use and salil
existing scil data suggest potential soil sampling
impact]
10 Ar=sabeneath Various mercury-intensive operations Some overlying floor areas (AOC-1g.1h) Floors in good condition. Mercury None Yes Shallow Mercury
Building 2. | contained total mercury above 550 mg/kg. | observed in shallow soils beneath ' . soit
floors, especially associated with mercury present in soils sampling
subsurface drainlines/air tunnels.
11 Areabeneath Various mercury-intensive operations | Some overlying floor areas contained total | Floors in goed condition. Mercury None Yes Shallow Mercury
Building 44. mercury above 550 mg/kg (AOCs- observed in drainlines beneath floors. soil
1i,1j,1k,11.13e) mercury observed in drainlines of sampling
unknown integrity
12 Areas underlying floors | Various mercury-intensive storage and | Some overlying floor areas contained total | Ficors in goad condition. No obvious | Nene Yes Shallow Mercury
removed as fisted handling areas. mercury above 550 mg/kg and all overlying | impact to underlying soils ' ' soil
hazardous waste due to areas correspond to NYSDEC listed areas Investigateﬂto assess impact beneath a | sampling
mercury. due to mercury operations. NYSDEC iisted mercury storage area.
Storage Tanks
Tank 1/9 (USTs) Tank 1:Fuel oil storage (25,000 gal.) NA Visually stainad soil present around Prior samples contained TPH up to No None None
) bottom of Tank 1. 64,000 mg/kg and BTEX between 3
Tank 9: Gasoline storage (1,000 gal.) mg/kg and 12 mg/kg. Results during
Visually impacted soil around fill port demolition found no residual impact to
reported to NYSDEC in 1993. soils in immediate underlying soails.
Tank 2 (UST) Gasoline storage (1,000 gal) adjacent | NA VOCs detected in soils around tank. | See results for Tank 15. Yes Soil VOCs
to Tank 15. Tank known to have [Existing soil data indicates potential soil | sampling
leaked, cleanup/tank closure done impact]
under Fire Dept./ NYSDEC
supervision in 1986.
Tank 15 (AST) TCE storage (8,000 gal.), adjacent to NA TBD (slab/foundation to be removed) | Samples adjacent to Tank 15/Tank 2 Yes Sail VOCs
Tank 2. area showed 0.4 mg/kg to 930 mg/kg | [Existing soil data indicates potential sail | sampling

Removed 19392.

TCE, and BTEX from 2 mg/kg to 60
mg/kg.

impact]




TABLE 4-1

AREA OF CONCERN SUMMARY
AMES STREET INVESTIGATION WORK PLAN - PHASE 1

VISUAL OR SCREENING PLANNED | PHASE|
POTENTIAL OVERLYING FLOOR ANALYTICAL EVIDENCE DURING AVAILABLE SOIL ANALYTICAL PHASE | AREA OF CONCERN? PHASE| | CHEMICALS OF
AREA OF CONCERN HISTORICAL USAGE RESULTS DEMOLITION RESULTS [RATIONALE] ACTIONS | CONCERN
Tank 10 (AST) Various organic solvent/paint thinner NA Starage vault. No tanks present or None No. [Aboveground staorage vaults with None None
storage (285 gal.) staining observed during demaolition. no tanks present or indications of
. releases to concrete.]
Tanks 13/14 TCE storage (1,500 and 1,000 gal.) NA Some soil staining present. PCE/TCE/,2-DCE present in nearby Yes_‘ ' ) o ) | Sail VOCs
Removed 1992 soils from 0.2 mg/kg to 150 mg/kg, [Existing soil data indicates potential soil | sampling
BTEX from 70 to 270 mg/kg. impact]
Tank 11/12 (USTs) Toluene/xylene storage (200 gal. each). | NA Visually stained soils were removed No VOCs detected in four samples Yes. [Need to determine if soils are Soil VOCs
during tank excavation. beneath tanks. contaminated beyond lateral boundary | sampling
of tank excavation.]
18 Areas underlying As described, locations of bulk oil- Oils did not contain PCBs, floors managed | Oii-stained soils were removed Soils resuits show no residual impact No. [No remaining impact ] None None
hydraulic hoists, containing equipment. as non-hazardous solid waste. during demolition from ane area beyond area of removed sails.
elevator pistons, and (AOC-18a)
machine ail sumps,
cutting ail storage
locations.
19 Sewerlines and Potential for contamination via floor None available Shallow pipes removed during Low concentrations of mercury in water | Yes. [AOCs established as footprint of | Soail Mercury
buried pipes drains in chemical use areas demoition. Mercury observed in in sewers leaving site. Building 2 (AQC-10) and Building 44 Sampling
shallow soils beneath Building 2 and (AQC-11).]
in piras beneath Building 44. Some
sewers left in place.
20 Areas identified NA NA Soils examined during the removal of | None Yes. [AOCs 10 and 11 identified during | Sail Mercury
during demalition ground-level floors and inground demolition and extent of glass shards in | Sampling

pipes resulted in the creation of
AOC-10 and AOC-11.

soil (see AOC-8) partially determined.]

Notes:

Only first floor use/condition of floor considered because focus is underlying soil.
All mercury results expressed as total mercury.
NA = Not available. ND = Not Detected.

TBD = To Be Determined.
IRM = Interim Remedial Measure.
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4 Observations, both visual and screening by PID and mercury vapor
analyzer, made during building demolition and tank and sewer pipe
removal (demolition is not yet complete and additions to this data are
expected prior to Phase 1 on-site work)

Results of soil analyses from May 1993 site investigation (see Appendix
5 F)

6 Findings of the data review, including yes or no decision for Phase 1
sampling and rationale for decision

7 COCs detected in floorihg or soils in the area that will be analyzed
during Phase 1

4.2 POTENTIAL CHEMICALS OF CONCERN

Potential COCs can be grouped into three categories based on the information developed
during the selection of the Phase 1 AOCs: (1)VOCs, (2) mercury, and (3) metals/cyanide.

VOCs of concern are primarily aromatic hydrocarbons associated with petroleum products
(fuel oil, gasoline),toluene or xylene (stored in product form), and chlorinated hydrocarbons
used in cleaning and degreasing operations (e.g. TCE and PCE). Mercury was used in large
quantities over the lifetime of the facility in the manufacture of various mercury-filled
instruments throughout large areas of the building complex. Metals and cyanide are COCs at
a specific area of the site where electroplating activities were carried out.

The potential COCs are presented in Table 4-2. In addition to identified COCs, selected
other samples will be subjected to target compound list analyses as discussed in Section 5.5
to ensure that there are no additional site-related compounds that should be considered
COCs.

The COCs listed are site-related compounds and metals detected in floors or soils at the site
during previous site sampling events. Vinyl chloride is included as a possible degradation
product of chlorinated compounds at the request of NYSDEC. Significant new site-related
metals and VOCs identified by off-site laboratory analysis during the Phase 1 field
investigations will be added to the calibration standards for the field laboratory in Phase 1.
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TABLE 4-2

CHEMICALS OF CONCERN
AMES STREET SITE INVESTIGATION WORK PLAN -

PHASE 1
Parameter Analytes
VOCs Tetrachloroethene

Trichloroethene
1,1-Dichloroethene
1,2-Dichloroethene
1,1,1-Trichloroethane
Benzene

Toluene

Ethyl Benzene
Xylenes

Acetone
4-Methyl-2-pentanone
Vinyl Chloride

Metals Mercury

Cadmium

Chromium (trivalent)
Chromium (hexavalent)
Lead

Zinc

Nickel

Other Cyanide




SECTION 5

5.0 SCOPE OF WORK

The following sections describe the activities planned as part of the Phase 1 site
investigation. The field investigations will be conducted in accordance with the specifications
presented in the QAPP (ABB-ES, August 1995)) and the site-specific QAPjP (Appendix A).
Quality Assurance/Quality Control (QA/QC) procedures for sample handling, sample
shipment, and data validation are presented in the program QAPP (ABB-ES, August 1995)
and QA/QC sample frequencies are presented in the site-specific QAP}P (Appendix A).
Health and safety procedures for all on-site activities are presented in Appendix B, the Site-
Specific HASP.

5.1 AOC INVESTIGATIONS - PHASE 1 SOIL BORING PROGRAM

The scope of work that will be completed during Phase 1 consists principally of a boring
program targeted to the identified AOCs. Borings will be drilled at each AOC to collect soil
samples for field and laboratory analysis. The primary objective of the soil sampling
program is to provide data for comparison to usage-based soil quality goals to identify which
AQCs will require further action. To accomplish this, a minimum number of borings will be
drilled at each AOC and soil samples from each boring will be analyzed for specific COCs.
Target COCs have been identified for each AOC based on AOC type, previous
environmental data, and demolition observations as detailed in Table 4-1. Some selected soil
samples may also be analyzed for speciation and bioavailability. Additionally, the soil boring
observations will be used to characterize the physical setting. Three geologic borings are
planned (outside the AOCs) to further characterize the overburden and shallow bedrock at the
site.

5.1.1 Boring Location and Rationale

The final location and number of borings planned for each AOC will depend on the size of
the AOC, site history, and analytical results generated during the field investigation. The
AOQCs vary in size from the locations of former underground storage tanks to broad areas of
potential impact beneath former buildings or related to contaminated fill (glass shards).
AOCs targeted for different COCs often overlap or are located in close proximity. For
example, AOC-2 (consisting of soils beneath former painting operations) is potentially
impacted by VOCs and is located partially within AOC-8, a large area of potentially
mercury-contaminated fill soils. Because of this complexity, a minimum number of borings
have been assigned specific locations within each AOC to provide an initial understanding of
soil concentrations. These assigned borings and the rationale for locations are listed in
Table 5-1. Figure 5-1 (attached at end of report) shows the location of each boring.
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TABLE 5-1

SOIL BORING SUMMARY

AMES STREET INVESTIGATION WORK PLAN - PHASE 1

DEDICATED

AREA OF SOIL

CONCERN BORINGS NOTES ON BORING LOCATION/RATIONALE

AOC-1 3 These areas are located apart from other mercury AOCs in the southern

1a, 1b, 1c portion of the site. One initial boring will be drilled at each to determine if
mercury is present in soils. Up to three additional borings will be located
based on field results to provide additional data on distribution in soils.

AOC-1 4 These four mercury AOCs are located within a large potential area of impact

1d, 1e, from glass shard fill (AOC-8). One initial boring will be drilled within each

in, 1m AOC. Other dedicated borings will be located nearby to assess the overall
impact within AOC-8.

AOC-2 8 Eight borings will be drilled to assess impact from VOCs. The borings at

2a, 2b, 2¢ AOC-2a and 2b are located at former degreasing operations. Borings at
AOC-2c include locations of former drum storage and paint storage areas.

AOC-3 7 AOC-3 is an area including former electroplating operations. Seven

3a, 3b, 3¢ dedicated borings will collect samples for off-site analysis of metals/CN.
Soils will be also analyzed for VOCs from the borings located within AOC-
3b. Boring locations include the former location of a zinc cyanide tank and
concrete floor containing elevated levels of metals.

AOC-4 4 Four borings will be drilled initially to assess impact from VOCs/mercury.
Up to 2 additional borings will be located downgradient of the AOC based on
field results.

AOC-5 2 Two borings will be drilled initially to assess impact from VOCs/mercury.
One is located at a former TCE dispensing area.

AOC-6 2 Two borings will be located to determine impact from VOCs at this former
1940s-era solvent recovery/storage area. VOCs will also be screened in
adjacent AOC-1n borings.

AOC-7 1 One boring will be drilled to determine impact from VOCs beneath the floor
of this former oil/chemical storage area. Downgradient boring(s) in AOC-10
will provide additional information on potential impact.

AOC-8 6 A minimum of 6 borings will be drilled within this large area of suspected
impact from glass shards. Three of these borings are at specific locations
of shards observed during demolition and three are located to provide
spatial information on overall soil impact within the AOC. These borings are
in addition to more than 10 borings at smaller AOCs within the boundary of
AOC-8 that will include screening for mercury. Up to 4 additional borings
may be added based on field results.

AOC-9 1 One initial boring will be drilled at this former degreasing area. Additional
borings may be drilled to examine the extent of impact based on field
results from this AOC or at adjacent T-13/14

AOC-10 4 Four borings will be drilled beneath Building 2 to assess the distribution of

10, 1f, mercury, observed in shallow soils during demolition. This AOC includes

1g, 1h AOC- 1f, 1g and 1h, areas of mercury-impacted concrete floor.
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TABLE 5-1 (cont’d.)

DEDICATED

AREA OF SOIL

CONCERN BORINGS NOTES ON BORING LOCATION/RATIONALE

AOC-11 7 At least seven borings will be drilled beneath Building 44 to assess impact

11, 1i, 1j from mercury. Mercury was observed in excavated drainlines in shallow

1k, 11, 12e soils during demolition. This AOC includes smaller mercury AOCs 1i, 1j, 1k,
11, (impacted concrete floor) and 12e (a NYSDEC listed area for Hg).

AOC-12 6 These AOCs are considered listed areas for mercury under NYSDEC. Two

12a, 12b, borings will be drilled at AOC-12a, a receiving area for mercury shipments

12c, 12d to the site. At least 4 borings will be drilled at AOC-12b, 12c¢, and 12d in
Building 3.

T-1/9 1 One boring will be drilled at the downgradient edge of these former fuel
tanks to assess if any VOCs remain in soils below the excavated depth (12
ft bgs)

T-2/15 1 One boring will be drilled downgradient adjacent to the location of these
former tanks. Up to two additional borings will be added to assess the
extent of VOC-impacted soils, if any.

T-11/12 1 One boring will be drilled at the location of former tanks 11/12 to assess if
VOCs remain below the level of excavated soils. The downgradient boring
in AOC-1m will provide additional information on potential impact.

T-13/14 1 One initial boring will be drilled at the location of these former TCE storage
tanks. Additional borings may be drilled downgradient based on field
results from this boring or adjacent AOC-9.

Total 60 Minimum soil borings to be completed during Phase |
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SECTION 5

Additional borings may be completed, if required to assess the feasibility of remedial
measures such as soil excavation or treatment. The number and location of these additional
borings will be determined in the field. The project team will continually evaluate the
analytical findings generated by the on-site field laboratory and revise the conceptual model
for the site accordingly. Factors that will be used to decide on additional sampling include;
‘the nature of contaminants found at an AOC, the distribution and concentration of chemicals
vertically within the overburden soils, and the existence of quality goals for a compound. A
budget for Phase 1 has been established that will allow the completion of up to 20 additional
borings.

Three geologic borings will be drilled to provide additional information about the overburden
and bedrock geology at the Ames Street Site. The geologic borings will be drilled in areas
near the northern, eastern and south-western areas of the site, respectively, to provide
representative coverage. Each boring will be drilled outside an AOC to avoid the potential
for contamination of the upper bedrock groundwater system.

5.1.2 Soil Sampling

In each soil boring, samples will be collected continuously at 2-foot intervals starting at the
top of the original fill and ending at boring refusal or bedrock, whichever comes first.
Borings will be advanced using conventional hollow-stem augers. Drilling, sampling, and
decontamination procedures are described in the QAPP (ABB-ES, August 1995). In addition
to PID screening for VOCs, a mercury vapor analyzer will be used to assist in selecting
samples for analysis.

A minimum of two soil samples will be selected from each boring for analysis. The
selection criteria will depend on the COCs at each AOC. In general, the sampling is
intended to identify soils that may have concentrations of site chemicals above soil quality
goals. The following paragraphs describe the COC-specific selection criteria:

Mercury AOCs Samples for mercury analysis will be collected from every split spoon and
visually inspected for the presence of free mercury. Samples will be submitted to the field
laboratory and analyzed sequentially. If mercury is detected, samples will be run from
shallow to deep until concentrations are less than the method detection limit (0.1 parts per
million) or until the overburden soil has been fully characterized. If no mercury is detected
in the first two shallow soil samples, a third sample will be selected from the surface of the
first less permeable layer or the overburden/bedrock interface, whichever is encountered
first. This sample is intended to evaluate the potential for elemental mercury to move down
through the water/soil column and accumulate on less permeable layers.
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VOC AOCs Samples from each boring will be screened for the presence of VOCs using a
PID. A minimum of two samples from each boring will be selected for field analysis; one
each from both the saturated and unsaturated zones. As at other AOCs, the unsaturated zone
samples are intended to identify soils that may have concentrations of site chemicals above
soil quality goals. Saturated zone VOC samples are intended to identify site chemicals that
may be migrating via overburden groundwater flow. Samples will be selected from the most
likely impacted areas, based on PID meter screening results and visual observations. If there
is no visual or PID evidence of VOCs, one sample from the original fill material and one
from near the overburden bedrock interface will be selected.

Metals/Cyanide AOCs Two samples will be collected from the unsaturated zone of each
boring. One sample will be selected from 2 feet below the top of the original fill in order to
avoid the upper layers that may have been disturbed by demolition activities and therefore
not representative of the original fill. A second sample will be collected for analysis at the
water table or at the base of the fill, whichever is encountered first, to characterize the
vertical distribution of metals.

Geologic borings. Soil samples will be collected continuously at 2-foot intervals using either
conventional hollow-stem auger or drive and wash drilling techniques. Each boring will be
backfilled with a cement/bentonite grout mixture following sampling. The upper ten feet of
bedrock will be drilled using “N” size rock core bit and barrel. Overburden and bedrock
drilling and split-spoon sampling procedures are outlined in the QAPP (ABB-ES, August
1995).

5.1.3 Analysis

Chemical analysis for selected VOCs and mercury will be performed at an on-site field
laboratory as a rapid and cost-effective means of data acquisition. Field analysis will provide
same-day results to assist in decision making about future boring locations. Samples from
each AOC will be analyzed for the COC list chemicals (Table 4-1) targeted for that specific
AOC. Details of the field analytical program are provided in Section 5.4. Five percent of
the total VOC and mercury samples field analyzed, will be split and sent for off-site analysis.
For the VOC splits, the analytes of interest will include all VOCs from the Target
Compound List (TCL) for VOCs, plus up to ten library search compounds. The metals
analysis will be done at an off-site laboratory for the Target Analyte List (TAL) inorganics
and will also include hexavalent and trivalent chromium, which are site-specific COCs.
Section 5.4 and the site-specific QAPjP (Appendix A) describe the analytical methodology
for both on-site and off-site laboratory analysis. Table 5-2 contains a breakdown of
anticipated soil analyses for each AOC.
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TABLE 5-2

SOIL ANALYTICAL PROGRAM

AMES STREET SITE INVESTIGATION WORK PLAN - PHASE 1

AQC 1 (a-n) Mercury X 5% TBD

AQC 2 (a-d) VOCs X 5%

AOC 3(a) Select metals X X

AOC 3(b) VOCs, Select metals X X 5%

AOC 3(c) Select metals X

AOC 4 VOCs, mercury X X 5%

AOC 5 VOCs, mercury X X 5%

AOC 6 VOCs X 5%

AOC 7 VOCs X 5%

AOC 8 Mercury X 5% TBD

AOC 9 VOCs X 5%

AOC 10 Mercury 5%

AOC 11 Mercury 5%

AOC 12 Mercury X 5%

Tank 1/9 VOCs X 5%

Tank2 VOCs X 5%

Tank 15 VOCs X 5%

Tank 13/14 VOCs X 5%

Tank 11/12 VOCs X 5%

NOTES: 1 - Field laboratory analysis for the following:
COCs = Chemicals of Concern Tetrachloroethene  Toluene
VOCs = Volatile Organic Compounds Trichloroethene Ethylbenzene
UNK = Unknown 1,1-Dichloroethene  Xylenes

TBD = To Be Determined

1,2-Dichloroethene
1,1,1-Trichloroethan
Benzene

2 = Qff-site laboratory analysis for Target Compound List (TCL) VOCs plus up to 10 library search compounds.

3 = Off-site laboratory analysis for Target Analyte List (TAL) inorganics plus trivalent and hexavaient chromium.

4-Methyl-2-Pentanone
Acetone
Vinyl Chloride

4 = Analysis for mercury speciation and bicavailability. Number and location of samples will be dependent on mercury concentrations measured by on-site laboratory.
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Additional split samples may be collected for mercury speciation and bioavailability analysis
in areas with high mercury concentration. The rationale for conducting these analyses is
discussed in Section 5.3.4.

5.2 GROUNDWATER SAMPLING

Groundwater sampling will be performed at existing monitoring wells and at temporary well
points to be installed along the northern and eastern boundaries of the Ames Street Site. The
intent of the groundwater sampling program is to characterize overburden groundwater
quality along the down-gradient site perimeter for comparison to groundwater quality goals,
and to determine the optimal location for permanent monitoring wells that may be installed
during Phase 2. At least eight existing monitoring wells and a minimum of 20 teniporary
well points will be sampled. The location of each monitoring well and planned temporary
well point is shown on Figure 5-1.

5.2.1 Temporary Well Point Locations

A total of 20 temporary well points are planned along the northern and eastern boundary of
the Ames Street Site as part of the groundwater sampling program to provide a relatively
inexpensive means of providing groundwater samples. Additional well points may be added
after the initial 21 points have been sampled and analyzed, to trace chemicals detected back
to possible on-site sources. The location and distribution of the initial 20 well points is based
on:

1) Groundwater flow. A prior investigation conducted within the northwest portion of the
Ames Street Site showed an interpreted north and east groundwater flow direction in the
overburden groundwater system (see Section 2.2.2). In addition, analytical results from
previous groundwater samplings show the presence of chemicals suspected of having
migrated toward the northeast from paossible sources on-site. Based on the location of the
different AOCs at the site relative to the predominant groundwater flow direction, the
northern and eastern property boundary are considered to be hydraulically downgradient of
the site.

2) Dispersion. Assuming 50 feet as a conservative estimate of average source area width,
an average distance to the property boundary of 100 feet, and estimates of flow velocity from
previous investigations (Lozier, 1983), a minimum hypothetical plume width of
approximately 75 feet is estimated as a result of dispersion mechanisms. Based on this
width, spacing of the initial 21 temporary well points was set at 60 foot intervals along the
northern and eastern property boundaries (see Figure 5-1).
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3) Location of AOCs The location of the AOCs is concentrated within the central and
northern sections of the Ames Street Site. The position of all AOCs relative to that of the
interpreted groundwater flow, exposes approximately 700 feet of the eastern, and nearly all
of the northem boundary of the site, as areas of potential off-site migration. The temporary
well points are located in these areas. ‘

5.2.2 Groundwater Sampling and Analysis.

Temporary wells will be installed using a conventional augering. Two inch ID PVC with 5-
foot wellscreens will be installed in an open auger hole and backfilled with clean sand. The
bottom of the screen will be placed at least 5-feet below the top of the water table.
Following installation, the wells will be purged and sampled similar to the existing site
monitoring wells. After sampling, the PVC will be removed and the remaining open
borehole filled with bentonite grout.

Groundwater samples will also be collected from at least eight existing on-site overburden
monitoring wells (see Figure 5-1) in conjunction with the temporary well point sampling.
Procedures for groundwater sampling will follow those in the United States Environmental
Protection Agency (USEPA) Region I guidance for low-flow purge and sampling (USEPA,
1994) and the “clean-hands technique” for water sampling of mercury. These procedures are
outlined in the site-specific QAPjP (Appendix A).

Samples from both temporary well points and existing monitoring wells will be analyzed at
the ‘on-site field laboratory for selected VOCs and mercury. All water samples will be split
for off-site analysis of Target Compound List VOCs. Ten percent of these will also be
analyzed off-site for mercury. Table 5-3 is a summary of the analytical groundwater
program. Section 5.5 describes the analytical methodology to be employed for the on-site
analysis.

53 RISK ASSESSMENT AND DERIVATION OF RISK-BASED GOALS

A human health risk assessment (HHRA) will be performed for the Ames Street Site. The
HHRA activities will be conducted consistent with NYSDEC guidance and guidance
developed for the federal Superfund program. Because the purpose of the HHRA is to
provide the information required to develop risk-based soil and groundwater quality goals for
the site, the risk assessment will be documented in the Site Investigation Report - Phase 1 but
a separate formal baseline risk assessment report will not be prepared. The risk-based soil
and groundwater quality goals for the site will be derived based on the site-specific risk
assessment information.
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TABLE 5-3

GROUNDWATER ANALYTICAL PROGRAM
AMES STREET SITE INVESTIGATION WORK PLAN - PHASE 1

VVOCs = Volatile Organic Compounds

1 = Minimum of 20 temporary well point samples; additional samples may be collected to further delineate the distribution of
VVOCs and mercury.

2 - Field laboratory analysis for the following:

Tetrachloroethylene Ethylbenzene
Trichloroethylene Xylenes
1,1-Dichloroethylene 2-Butanone
1,2-Dichloroethylene 2- Hexanone
1,1,1-Trichloroethane 4-Methyl-2-Pentanone
Benzene Acetone

Toluene Vinyl Chloride

3 = Off-site laboratory analysis for Target Compound List (TCL) VOCs and SVOCs (including search for tentatively identified compounds) and
Target Analyte List (TAL) metals.
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No ecological risk assessment is proposed since the site is and will continue to be an
industrial/commercial property without significant habitat, and no surface water or sediments
are present at the site.

Risk-based soil and groundwater quality goals at the site will be developed based on the
current and foreseeable uses of the property, using a methodology similar to that in
NYSDEC’s Revised TAGM - Determination of Soil Cleanup Objectives and Cleanup Levels
TAGM HWR-94-4046, except that: the human health levels will be based on the planned
future use of the site, i.e. as a commercial or an industrial property and on the current and
reasonably foreseeable uses of the underlying groundwater; achieving background levels of
contaminants will not be a site goal, unless merited by the risk analyses; and no goal will be
set lower than the site-specific quantitation level for a contaminant. The future land uses,
which are the basis of the goals, will be enforced via deed restrictions and no other land uses
will be implemented without further review by NYSDEC.

The HHRA will include the following tasks:

data evaluation and summarization

identification of HHRA chemicals of potential concern (CPCs)
exposure assessment (for both current and future land uses)
toxicity assessment

risk characterization

derivation of risk-based goals

5.3.1 Data Evaluation and Summarization

The Phase 1 analytical results will be compiled and evaluated for suitability of use in the risk
assessment. The data will be summarized by media and by separate areas of concern
(AOCs). The product of this task will be a series of media-specific data summaries to be
used in determining exposure point concentrations.

5.3.2 Identification of HHRA Chemicals of Potential Concern
HHRA CPCs are those chemicals which are included in the quantitative risk assessment.

CPCs are COCs most likely to be risk contributors based on their toxicity, frequency of
occurrence and their concentrations in soil or groundwater.
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5.3.3 Exposure Assessment
The exposure assessment involves:

characterization of the exposure setting (including current and future land use)
identification of exposure pathways (including receptor identification)
identification of exposure point concentrations

quantification of exposures (including speciation and bioavailability issues
potentially important for mercury or other CPCs)

° summary of exposures by receptor and land use

The exposures will be estimated for reasonable maximum exposure scenarios. Under
current land use there is very limited exposure potential and the future use will be
industrial/commercial with virtually the entire site being paved or covered by buildings. The
only foreseeable potential soil exposures are those associated with construction activities
during site redevelopment and more limited periodic below-ground maintenance activities.
Exposure to potentially hazardous vapors potentially entering buildings through basement
walls and/or floors will also be considered. Table 5-4 presents theoretically possible
exposure pathways and identifies those pathways and receptors to be evaluated. A
groundwater receptor analysis will be conducted to determine if there are any potential
receptors for groundwater by any environmental pathway. Figure 5-2 presents the
theoretically possible mercury migration pathways and exposure pathways for the site. The
Phase I investigation will determine which of these pathways are in fact complete or likely to
be complete given the planned use of the site. In particular, information will be gathered to
determine 1) if there is mercury contamination in groundwater, and if so, if it is volatile; 2)
if there are any potable or non-potable uses of the groundwater; 3) if there is mercury at
depth such that partitioning between soil, soil gas and groundwater is occurring. Only those
pathways which are determined to be complete will be evaluated quantitatively. '

Quantification of exposures to soil and groundwater may include an assessment of
bioavailable mercury as discussed below.

5.3.4 Toxicity Assessment

The toxicity assessment will identify available information on the potential toxic effects of
CPCs and the relationship between exposure (and dose) and likelihood and/or severity of
adverse human health effects associated with potential exposures. The toxic effects
associated with each of the CPCs will be summarized. The dose-response values for the
CPCs will be obtained from USEPA’s Integrated Risk
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TABLE 5-4
SUMMARY OF POTENTIAL EXPOSURE PATHWAYS AND RECEPTORS
AMES STREET SITE INVESTIGATION WORK PLAN - PHASE 1
LAND :
EXPOSURE SELECTED FOR
USE MEDIUM RECEPTOR ROUTES EVALUATION? RATIONALE
Current | Soils Trained site Ingestion No Current workers are operating under a
investigators/workers Dermal health and safety plan.
Inhalation (dust
and/or vapors)
Soils Trespassers Ingestion No Access to the site is limited by a fence
Dermal and ground surfaces are paved/covered
Inhalation (dust by buildings.
and/or vapors)
Groundwater Area residents Ingestion Yes Neighboring residences are served by
Dermal remote public water supply. This will
Inhatation of vapors only be addressed if a potentially
complete exposure pathway is
identified.
Groundwater Site Ingestion No There is no use of groundwater for
’ investigators/iworkers potable or non-potable uses on site.
On-site Surface Trespassers, Site Ingestion No No surface water/sediment present on
Water/ workers Dermal site.
Sediment Inhalation

TABLES4.DOC




] ] ] ] 1 ] ] ] ] 1 ] ] ] ]
TABLE 5-4 (cont’d)
LAND EXPOSURE . SELECTED FOR
USE MEDIUM RECEPTOR ROUTES EVALUATION? RATIONALE
Future | Soils Residents Ingestion No Property ‘.Ni“ be in_indu_strial or
Dermal commercial use with virtually total
Inhalation (dust paving/building coverage and deed
and/or vapors) restrictions which prevent exposure to
soils.
Soils Construction Yes During and after site redevelopment
Workers/ Below- construction workers/ maintenance
Ground Maintenance workers are potentially exposed to
Workers impacted soils
Soils Industrial/Commercial | Ingestion Yes After redevelopment basement or other
workers and site Dermal sub-grade areas may be periodically
visitors inhalation (dust occupied.
and/or vapors
indoors and
outdoors)
Groundwater On-site residents Ingestion No Area is served by public water supply.
.+ | On-site workers Dermal Deed restriction will prohibit use of site
On-site visitors Inhalation groundwater as drinking water.
Groundwater Area residents Ingestion Yes Area is served by public water supply.
Dermal This will only be addressed if a
Inhalation potentially complete exposure pathway

is identified.
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Information System (IRIS), Health Effects Assessment Summary Tables, the Agency for
Toxic Substance and Disease Registry and other published scientific literature. The dose-
response values used will be Reference Doses (RfD) for non-carcinogenic effects and Cancer
Slope Factors (CSFs) for carcinogenic effects. For CPCs that can be present in both
bioavailable and non bioavailable forms, published estimates of their bioavailability will
generally be used where appropriate. A combination of speciation and in vitro bioavailability
testing may be used to determine the relative bioavailability of the mercury which is found
in soils at the site.

5.3.5 Risk Characterization

The risk characterization will utilize the toxicity assessment and exposure assessment results
to identify the nature and magnitude of risks to human receptors associated with potential
exposures to CPCs. The risks will be evaluated by comparing site concentrations to
published soil cleanup levels and/or to site-specific risk-based concentration goals.  The
site-specific risk-based concentration goals will be associated with acceptable levels of non-
carcinogenic (hazard quotient) and carcinogenic risks (excess lifetime cancer risk). The
identified risks will be put into context by comparison to commonly used risk management
criteria. Uncertainties in the risk characterization will be discussed. In particular, the
impact of various assumptions and of uncertain values will be discussed.

5.3.6 Use of Risk-based Mercury Screening Concentrations in the Sampling and
Analysis Program

Risk-based screening concentrations for total mercury will be used as a component of a
decision process to determine the nature and extent of sampling and analyses that will be
conducted for mercury in soil, groundwater and possibly soil gas. These conservative
screening concentrations, in general, indicate, for a particular exposure pathway, a
concentration below which human health risks would not expected to be significant. If
concentrations are above these screening values, some additional sampling and analyses may
be required to determine the nature and magnitude of the associated site-specific human
health risks and to develop site-specific risk-based goals. Risk-based screening levels will be
employed for the following exposure pathways: ingestion of groundwater (if receptors are
identified), soil ingestion, and inhalation of vapors potentially released from soil and
groundwater into buildings. The following sections describe how each screening level has
been derived. Section 5.5 describes how the screening levels will be used to adjust the Phase
I analytical program.

5.3.6.1 Setting the Mercury Screening Levels for Groundwater. Due to its potential
importance at the site, a multi-step goal setting process for mercury in groundwater will be
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followed. Initially, mercury concentrations in groundwater at the downgradient property
boundary will be compared to the New York groundwater standard for mercury in class GA
groundwaters (2 ug/l). If concentrations exceed the standard, it will be determined if there
are any complete or potentially complete ingestion exposure pathways for the groundwater
and additional well points may be installed to trace contaminants back to a source. If there
is a complete or potentially complete ingestion exposure pathway, filtered analyses of
groundwater from representative wells will be conducted to determine if the mercury is
dissolved and therefore actually representative of potential drinking water ingestion
exposures. In addition, a groundwater mercury concentration which theoretically might be
associated with vapor migration into basements of buildings at a concentration of concern
will be identified through transport modeling. This screening concentration is based on the
potential for mercury vapors to be released form groundwater into soil gas in the subsurface
soil and subsequently, diffusion-based transport of vapors through subsurface basement walls
and/or floors of buildings which might be constructed in the future. This screening
concentration would be utilized to identify candidate locations for future soil gas or
groundwater monitoring activities if they are deemed necessary. This soil gas monitoring
would be conducted to determine if indeed soil gas contains mercury vapor at concentrations
of potential concern.

5.3.6.2 Setting the Mercury Screening Levels for Soil. Risk-based soil screening levels
will be employed for the following exposure pathways: soil ingestion and inhalation of
vapors potentially released from soil and groundwater into buildings. These screening levels
are discussed in the following paragraphs.

Initially, a default human toxicity-based soil screening level for soil ingestion based on an
industrial/commercial land use will be identified. The total mercury levels measured in soil
at various AOCs will be compared to this screening level. If, in a given area, no total
mercury levels are found above the screening level, no mercury speciation or bioavailability
testing will be necessary for soils in that area. However, although not strictly necessary,
some samples with total mercury concentrations below the screening level will be evaluated
with respect to speciation and bioavailability to provide a complete picture of site conditions.
It will be assumed that mercury in that area is not of significance with respect to soil
ingestion. Investigations and evaluation of other exposure pathways will also be conducted in
these areas. In areas where total mercury levels are above the soil ingestion screening level,
mercury speciation and possibly bioavailability analysis will be conducted in order to develop
the soil ingestion component of a site-specific, future site use, risk-based goal.

Based upon a literature review, the initial soil ingestion mercury screening concentration will
be 200 mg/kg. This number, representing an exposure which is acceptable for a lifetime
exposure, was published by USEPA Region IIT as a screening level for soils in an industrial
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setting (USEPA, 1995). This number is based on the reported toxicity of methyl mercury,
which is considered the most toxic form of mercury via the ingestion exposure route. It
assumes that a 70 kg adult is exposed via incidental ingestion of 100 mg soil per day (half of
which comes from the site), 250 days per year for a period of 25 years. The background
information supporting this screening level is presented in Appendix H. Given the planned
commercial/industrial use of the property and the planned paving of virtually the entire
property, ingestion exposures associated with soil concentrations below this screening level
should not be a public health concern. As a confirmation of the utility of this screening level
for this site, ABB-ES has also calculated a soil ingestion screening concentration specifically
for a construction worker. This screening level is 165 mg/kg. It assumes a 70 kg adult is
exposed via incidental ingestion of 118 mg soil per day (half of which is derived from the
site), 5 days per week for an entire year. The derivation of this screening concentration is
shown in Appendix I. A screening concentration for the construction worker dust inhalation
scenario will not be incorporated into the decision tree for determining which chemical
analyses will be conducted. A preliminary evaluation indicates that such a screening level
would be well above the 200 mg/kg soil ingestion screening value, and therefore would not
be a factor in determining if further chemical analyses be conducted.

In those areas where no total mercury concentrations are found above the screening level, no
further sampling and analysis will be required to determine the human health risk associated
with soil ingestion exposure. In that case, the soil ingestion screening level would become
the soil ingestion component of the mercury soil goal at the site as discussed below. It
should be noted that the total mercury analytical method will have a detection limit of 0.1
mg/kg , even though the soil ingestion screening level is substantially higher than that.

A human toxicity-based soil screening level based on potential inhalation of vapors
released from groundwater and subsurface soil into buildings will be identified. This
screening level represents a mercury soil concentration which would be protective for two
exposure pathways: direct migration of vapors from soil into buildings; and leaching of
mercury from soil to groundwater with subsequent partitioning of mercury to soil gas
followed by diffusion-based migration into buildings. These pathways are depicted in figure
5-2. The screening concentration will be based on a target indoor air concentration for
mercury which is equal to the OSHA Permissible Exposure Limit (PEL) and will utilize EPA
approved modeling techniques for leaching to groundwater as well as partitioning of vapors
between groundwater, soil gas and buildings. The total mercury levels measured in soil at
various AOCs will be compared to this screening level. Areas where this soil screening level
is exceeded may be targeted for mercury soil gas analysis to determine if this potential
mercury migration pathway is a significant pathway at this site.
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5.3.7 Development of Risk-Based Goals

Site-specific risk-based goals will be developed once the Phase I data are obtained.. The
current and future uses of the property (with associated potential receptors and institutional
controls), the toxicity, fate, and transport characteristics of the CPCs and the speciation and
bioavailability of the CPCs will be considered. Direct soil contact, potential leaching of
CPCs to groundwater, and inhalation of CPCs potentially released to indoor air (vapors) and
outdoor air (vapors and soil particulates) will be considered in developing soil and
groundwater goals. The construction worker and maintenance worker exposure scenarios
will likely be the basis of the direct soil contact calculations since other exposures to soil will
be precluded by industrial/commercial use, paving, and institutional controls. The
groundwater quality goals will reflect current and foreseeable uses of the groundwater, any
potential direct groundwater exposures and will consider potential migration of vapors form
groundwater into buildings. It should be noted that exceedance of risk-based goals is
expected to trigger some action to eliminate or minimize medium-specific and route-specific
exposure may be warranted. Such actions may involve removal, treatment, engineering
controls, health and safety protection measures, and /or institutional controls.

5.3.7.1 Setting a Site-Specific Risk- and Future Use-based Mercury Groundwater Goal.
The site-specific risk- and future use-based mercury groundwater goal will be developed in a
manner consistent with accepted risk assessment practices. If it is determined that a
potentially complete exposure pathway for potable or non-potable use of groundwater exists,
one component of the groundwater goal would be the Class GA groundwater standard of 2
ug/liter. Another component of the groundwater site goal could involve a concentration
which would be protective of potential vapor migration from the subsurface through
basement walls and/or floors if no potable or non-potable use of the groundwater are
identified. Potential exposures to vapors released from groundwater may be controlled by
means other than reducing concentrations The process which will be employed to derive the
mercury groundwater site goal is diagrammed in Figure 5-3.

5.3.7.2 Setting a Site-Specific Risk- and Future Use-based Mercury Soil Goal. When
total mercury in soil are found above the screening levels, then site-specific goals will be
derived through quantification of potential future exposures to mercury in soil and other
media potentially impacted by release of mercury from soil. This quantification may include
an assessment of speciation and bioavailability of mercury in soils.

The mercury soil goal will be identified through the development of health risk-based
concentrations for each potentially complete exposure pathway (e.g. ingestion of soil,
inhalation of dust). The risk-based soil concentrations for each of the pathways will be
referred to as the “components” of the mercury soil goal. The mercury soil goal will be set
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at the lowest mercury soil concentration that is represented by one of the components, unless
that particular component will be controlled by some engineering or institutional control
measures, a process which is shown graphically in Figure 5-4. In such a case, the next
lowest concentration among the components would become the mercury soil goal. The four
components of the mercury soil goal include:

1Y)
2)

soil ingestion by a construction worker;

inhalation of soil particulates (dust) by a construction worker; 3) inhalation of
mercury vapors by a construction worker; and 4) inhalation of vapors by a
future on-site worker (mercury released from soil to soil gas and/or potentially
leaches from soil to groundwater with subsequent release of vapors to soil gas
and into buildings). The allowable risk-based concentration for each of these
pathways would be derived using standard risk assessment procedures and
readily available, USEPA -endorsed fate and transport modeling techniques.
This modeling is required for the estimation of exposures since monitoring of
many of these potential exposures is impossible (no construction is ongoing and
there are no intact buildings where indoor air monitoring could be conducted).

The Class GA groundwater standard and the vapor migration- based groundwater screening
concentration (if soil gas monitoring confirms its validity) will be used to set a site-specific
soil goal that is intended to protect the underlying groundwater. The methodology for setting
this groundwater protection soil goal will be based upon NYSDEC’s revised TAGM HWR-

94-4046.
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SECTION 5§

Depending on the results of the speciation analysis, it may be necessary to adjust the soil
ingestion exposures to coincide with the medium of exposure (soil) and the chemical species
present because they are different than the media and mercury species which are involved in
the derivation of the oral RfD for mercuric chloride (provided methyl mercury is not present
at the site). Appendix A of USEPA’s Risk Assessment Guidance for Superfund, Volume I,
Human Health Evaluation Manual (Part A), Interim Final (USEPA, 1989) recommends
adjustment of exposure estimates if the site-related exposure involves a medium which is
different from the medium of exposure assumed by the RfD. Such an adjustment is
appropriate here, since the site exposure is to soil while the RfD exposures involve water or
mercuric chloride itself. In addition, if the chemical species (or mix of species) is different
than the chemical species used in the RfD development (mercuric chloride), it may be more
or less bioavailable than the species in the RfD development and therefore may have a
significantly different toxicity based on administered dose. In such a case, adjustment of the
exposure to reflect the reduced or enhanced bioavailability is appropriate. This adjustment
would be accomplished via the application of a bioavailability adjustment factor (BAF) to soil
ingestion exposure estimates. The approach for derivation of the BAF for mercury in site
soils, including speciation analysis and in vitro bioavailability testing is described in
Appendix J.

Mercury speciation analytical results will be reviewed and evaluated to determine if in vitro
bioavailability testing will be conducted. In those areas where the speciation techniques
clearly indicate the mercury species in soil are insoluble species which are reported in the
literature to be not bioavailable via ingestion (such as elemental mercury or mercury
sulfides), it will be concluded that for soil ingestion, the mercury is not of toxicological
significance. As stated in Casarett and Duoll’s Toxicology: The Basic Science of Poisons,
Fifth Edition, “metallic mercury, such as may be swallowed from a broken thermometer, is
only slowly absorbed by the gastrointestinal tract (0.01 percent) at a rate related to
vaporization of the elemental mercury and is generally thought to be of no toxicological
consequence.” No in vitro bioavailability testing will be conducted for samples taken in such
areas.

Speciation and bioavailability testing will not be conducted for any inhalation exposures.
There are published inhalation toxicity values for the volatile mercury species. Therefore, no
adjustments due to matrix differences or mercury speciation differences will need to be

made.

While not planned at this time, laboratory tests to determine site-specific bioavailability of
other CPCs may be conducted.
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SECTION 5

5.4 DATA QUALITY OBJECTIVES

As stated in Section 5.1, soil sampling will be performed at the various AOQCs to characterize
the distribution of VOCs, mercury, and/or selected metals in subsurface soils. The intent of
the soil sampling program is to provide soil quality data for comparison to usage-based soil
quality goals.

Groundwater samples will be collected down-gradient at the property boundary and from
available on-site monitoring wells. The purpose of the groundwater evaluation is to
characterize groundwater quality on-site and provide data for comparison to usage-based
quality goals.

Data quality objectives (DQOs) are qualitative and quantitative statements developed by the
data users to specify the quality of data needed from a particular data activity to support
specific decisions. DQOs are based on the concept that the intended use of the data
determines the quality of the data required. As such, DQOs for this Phase 1 voluntary
investigation have been developed to ensure that the data used to support decisions are of
sufficient quality for the intended data uses (see Appendix A).

5.4.1 Overview

In accordance with USEPA guidance, the DQOs are developed after considering the intended
data uses, the COCs, the detection limits to meet criteria concentrations (e.g., risk-based or
regulatory standards), and analytical QA and QC requirements and documentation. DQOs for
the site investigation are presented in the site-specific QAPjP in Appendix A.

5.4.2 Intended Data Uses

Phase 1 investigation analytical data collected at the Ames Street Site must be adequate for
the following primary data uses:

to characterize the soils beneath each AOC

to compare to usage-based soil quality goals

to evaluate groundwater quality on-site

to compare to usage-based groundwater quality goals

to provide useable data to conduct a risk assessment to set soil and groundwater
quality site goals

ABB ENVIRONMENTAL SERVICES, INC.
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SECTION 5§

5.4.3 Chemicals of Concern

The COCs identified in Section 4.0 are summarized below, and include VOCs, metals, and
inorganics:

VOCs Metals and Inorganics
tetrachloroethene (PCE) mercury (elemental, bioavailable, speciation)
TCE cadmium

1,2-dichloroethene (1,2-DCE)  chromium, trivalent
1,1-dichloroethene (1,1-DCE)  chromium, hexavalent
1,1,1-trichloroethane (TCA) lead

benzene nickel
toluene zinc
ethylbenzene cyanide
xylenes

acetone

4-methyl-2-pentanone (methyl isobutyl ketone)
vinyl chloride

Analytical protocols for identifying and quantifying concentrations of the above mentioned
COCs meet the DQOs for this project and are presented in Section 5.4 and Appendix A.

5.4.4 Sample Quantitation Limits

Concentrations detected in the soil and groundwater samples collected as part of the Phase 1
site investigation will be compared to use-based soil and groundwater quality goals
established by the Phase 1 risk assessment. Since these quality goals are not yet established,
quantitation limits for Phase 1 will be determined by other existing regulatory-based soil and
groundwater standards.

5.5 ° ANALYTICAL PROGRAM

Selection of analytical procedures to be used for this program and the required analytical
deliverables were chosen to support the DQOs and to provide technically and legally
defensible data.

The detailed sampling program is described in Sections 5.1 (soil) and 5.2 (groundwater), and
the associated analytical methods and parameters are described in the site-specific QAPjP
(Appendix A). Off-site laboratory chemical analysis will be conducted at a frequency of 5
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SECTION 5

percent of all soil samples and 10 percent of all groundwater samples provided to a
laboratory certified by the New York State Department of Health.

On-site chemical analysis will be conducted at a DQO Level III (consistent with off-site
analysis) for selected VOCs by USEPA SW-846 modified methods 8010/8020/8015 and
-mercury by USEPA SW846 modified methods 7470/7471. Off-site chemical analysis will be
performed for the TCL list of SVOCs by method 8270, VOCs by methods 8240/8260, the
TAL list of metals by methods 6010/7000s, cyanide by method 9010, and mercury by
methods 7470/7471. A few soil samples will be submitted for special mercury analyses
being conducted to assess the bioavailability of mercury in soils with respect to potential
ingestion of soil . These specialized analytical method are summarized below; details of
these methods are provided in the site-specific QAPjP (Appendix A of the Phase I
Workplan). The analytical program is also summarized in Table A-2 in the site-specific
QAPjP.

The sampling and analysis for mercury in soils will be conducted consistent with the decision
tree presented in Figure 5-5. The decision tree presents a tiered approach for determining
what analysis for mercury will be conducted. The approach is intended to focus mercury
speciation and bioaccessibility analysis on areas where total mercury concentrations (per
USEPA SW846 methods 7470/7471) are above a risk-based soil ingestion screening
concentration of 200 mg/kg. Given the planned commercial future use of the property and
the planned paving of virtually the entire property, ingestion exposures associated with soil
concentrations below this screening level should not be a public health concern, and no
further analysis will be required for samples in AOCs where concentrations are below the
screening concentration.

If, however, the total mercury soil concentration at a given location is greater than the soil
ingestion screening level, additional analysis will be conducted to identify and quantify the
mercury species which are present. The speciation analysis will be conducted via sequential
extractions, electron microprobe analysis and heavy mineral separations and identification
and quantification of the various mercury species. Species to be identified and quantified
will include, but not be limited to, elemental mercury, mercury oxide, acid soluble mercury
(including inorganic mercury, salts), organic mercury, and mercuric sulfide. If the two
sequential extraction procedures indicate clearly that only species that are non-bioavailable
via ingestion (elemental mercury and/or mercury sulfides) are present in soil, the electron
microprobe analysis and the heavy mineral separation techniques may
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SECTION 5

not be implemented. Since the literature indicates that elemental mercury and mercuric
sulfide are very poorly absorbed and have very low toxicity via the oral route, if these
species are the only species present , no further analysis will be required and it will be
assumed that the exposure associated with ingestion of the relevant soil is not of public health
concern. However, if the potentially bioavailable mercury species are present (organic
mercury such as methylmercury, inorganic salts other than sulfides), then the total
concentration of those species will be compared to the soil ingestion screening level. If the
screening level is not exceeded, it will be assumed ingestion exposure to those soils is not of
public health concern and no further analysis will be required.

If the combined organic mercury and inorganic mercury (not including sulfides or elemental
mercury) exceeds the 200 mg/kg screening value, samples will be submitted for an in Vitro
bioaccessibility test conducted in a manner similar to the test described by Ruby et al (1993). -
and described in Appendix J. In this test, relative bioaccessibility of mercury in soil from

the property is determined relative to mercuric chloride in a water medium. The relative
bioaccessibility of mercury in site soils and the mercuric chloride in water will be used to
develop a bioavailability adjustment factor (BAF) which will be used to develop a site-
specific mercury soil concentration goal .

5.6 DATA VALIDATION
Both off-site and on-site analytical results will undergo an evaluation to determine data

usability. Details of the data validation process are included in the site-specific QAPjP
(Appendix A).
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SECTION 6

6.0 PHASE 1 REPORT

Following completion of all field activities and the receipt of analytical results from the
laboratory, ABB-ES will prepare a Site Investigation Phase 1 Report summarizing the data
and presenting the findings.

The report will be presented in two, separately-bound volumes. Volume 1 will contain the
report and Volume 2 will contain the appendices. The Site Investigation Report will include
the following:

EXECUTIVE SUMMARY
1.0 PURPOSE
2.0 BACKGROUND INFORMATION
2.1 SITE DESCRIPTION
2.2 SITE HISTORY
2.3  PREVIOUS INVESTIGATIONS
3.0 SCOPE OF WORK
3.1 SoIL BORINGS
3.2 GROUNDWATER SAMPLING
3.3 RISK ASSESSMENT
3.4 LABORATORY ANALYSIS AND DATA VALIDATION
4.0 SITE CHARACTERIZATION
4.1 GEOLOGY AND HYDROGEOLOGY
4.1.1 Geology
4.1.2 Hydrogeology
4.2. SUBSURFACE SOIL ANALYTICAL RESULTS
4.2.1 Area of Concern 1
4.2.2 Area of Concern 2
4.2.3 Etc.
4.3 GROUNDWATER ANALYTICAL RESULTS
5.0 RISK ASSESSMENT RESULTS
6.0 CONCLUSIONS AND RECOMMENDATIONS

REFERENCES
APPENDICES

The appendices will include the field data sheets, laboratory deliverables, and other
supporting documentation.
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SECTION 6

ABB will provide five copies of the Volume 1 Draft Site Investigation Report - Phase 1 for
review by NYSDEC. After incorporation of comments, ABB-ES will issue five copies of the
final Site Investigation Report - Phase 1 and three copies of Volume 2 for NYSDEC.
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SECTION 7

7.0 SCHEDULE

The proposed schedule for the Ames Street Site Investigation is provided in Figure 7-1.

As shown, the on-site work will begin as soon as the Work Plan Addendum is completed.
ABB-ES anticipates that the on-site work will take 25 working days to complete; however,
activities included in the addendum could increase the length of this task. The final off-site
laboratory data should be received within one month of the end of the on-site work. This
data will not be available for use until data validation is completed (approximately two weeks
after the final data package is received.

At this time, ABB-ES anticipates delivery of the draft Ames Street Site Investigation Report -
Phase 1 the last week in March.
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LIST OF ACRONYMS

ABB Asea Brown Boveri

ABB-ES ABB Environmental Services, Inc.
AOCs areas of concern

BAF Bioavailability Adjustment Factor
BTEX benzene, toluene, ethyl benzene, and xylene
Cd cadmium

Cr chromium

COCs Chemicals of Concern

CPCs Chemicals of Potential Concern

CSFs Cancer Slope Factors

DCE dichloroethene

DQOs Data Quality Objectives

HASP Health and Safety Plan

HHRA v Human Health Risk Assessment
HQ Hazard Quotient

IRIS Integrated Risk Informations System

NYSDEC  New York State Department of Environmental Conservation

PCBs poly-chlorinated biphenyls

PCE tetrachloroethene

QA quality assurance

QAPP Quality Assurance Program Plan
QAPjP Quality Assurance Project Plan
QC quality control '

RfD Reference Dose

Sybron Sybron Corporation
SVOCs semivolatile organic compounds
TCA trichloroethane

TCE trichloroethene

TPH total petroleum hydrocarbons
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LIST OF ACRONYMS

USEPA United States Environmental Protection Agency
USTs underground storage tanks
VOCs volatile organic compounds
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- APPENDIX A

APPENDIX A

SITE-SPECIFIC QUALITY ASSURANCE PROJECT PLAN

ATTACHMENTS:
1 - Low Flow Standard Operating Procedures
- 2 - Clean Hands Sampling
3 - ABB-ES’ Standard Operating Procedure No. FGC00202
4 - ABB-ES’ Standard Operating Procedure No. FXRFS00102
5 - Mercury Analyzer Manufacturer Documentation
6 - Bioavailability Reference
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- APPENDIX A

- QUALITY ASSURANCE PROJECT PLAN
AMES STREET SITE INVESTIGATION - PHASE 1

This site-specific Quality Assurance Project Plan (QAP)P) is designed to identify the
sections of the “Draft Quality Assurance Program Plan (QAPP), NYSDEC Superfund
- Standby Contract, Contract Number D002472” (ABB-ES, 1995) that apply to the
activities described in the Site Investigation Work Plan - Phase 1. This QAPjP will also
describe any variations to those procedures, and specify the analytical data quality
- objectives (DQOs) for the site and associated analytical methods used for the laboratory
analysis of environmental samples.

Project Organization. Figure A-1 presents the Ames Street Site Investigation project team
" organization. Roles and responsibilities of personnel are those described in the QAPP.

General Procedures and Practices. The general procedures used to conduct the site

investigation at the Ames Street Site will be taken from the following sections of the
QAPP:

Section 5.0  Sample Custody

- Section 6.0  Calibration Procedures
Section 9.0  Internal Quality Control
Section 10.0  Audits

- Section 11.0 Preventive Maintenance
Section 12.0 Data Assessment
Section 13.0 Corrective Action

Field Procedures and Sampling. The following field investigation tasks and associated
procedures set forth in Section 4.0 of the QAPP will be used at the Ames Street Site.

Subsection 4.1 Sample Labels and Records
Subsection 4.2 Sample Container and Preservation Requirements
= Subsection 4.3 Decontamination Procedures

Subsection 4.4.3 Exploratory Drilling

Subsection 4.5.1 General Soil Sampling Methodology

Subsection 4.5.2.2  Groundwater Sampling (using the Low-Flow sampling technique
described below)

- Subsection 4.6 TerraProbe/Field Laboratory Analysis
Subsection 4.9 Surveys
Subsection 4.10 Management of Investigation-Derived Wastes
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APPENDIX A

Low Flow Sampling Technique. The objective of the low flow sampling procedure is the same
as the standard groundwater sampling procedure: to collect representative groundwater
samples for chemical analysis. Low flow is specifically designed to minimize disturbance of the
water column in the well and minimize the stress on the aquifer and drawdown inside the well.
Purging and sampling is conducted at low rates (e.g., 0.2 to 0.5 liters per minute) with pump
intakes located in the well screen zone in an effort to minimize the entrainment of solids (e.g.,
silt, clay, and colloids) and minimize mixing of the standing water column inside the well with
water from the aquifer.

Bladder pumps approved by USEPA Region I for sampling VOCs will be used, and all sample
vessels are filled directly from the pump, eliminating the use of bailers.

The low flow procedure outlined below is based upon the USEPA Region I Draft Final Low
Flow SOP, GW 0001 dated August 10, 1994 (Attachment 1), and discussions with the
Region I Hydrogeologist. The procedure is limited in scope to purging the well up to the time
at which samples are ready to be collected. The procedure for filling sample vessels is covered
in the standard groundwater sampling procedure, described in the QAPP.

1) Open the well and measure the depth to water through the opening in the well
cap to the nearest 0.01 feet. Leave the probe in the well just out of the water.

2) Hook the pressurized gas line from the control box to the quick connect on the
well cap and begin purging. Adjust the pump settings to control the discharge
between 0.2 and 0.5 liters per minute. The low end of this range is preferred to
minimize turbidity and drawdown.

3) ' When the discharge rate is stable, record the flow rate and begin measuring and
recording time, water level, temperature, pH, specific conductance, dissolved
oxygen and turbidity every three to five minutes.

4) Parameters are considered stable when the water level has stabilized within +/-
0.1 foot, temperature, specific conductance, and dissolved oxygen have
stabilized to within +/- 10 percent, pH has stabilized to within +/- 0.2 pH units,
and turbidity is less than or equal to 10 NTU or stable to within +/- 10 percent
if 10 NTU does not appear to be achievable.

5)  Purging is complete when parameters are stable as in item 4, and if the volume
of water removed due to drawdown is less than 0.3 of the total volume
removed during the course of purging the well. If the drawdown volume
exceeds 0.3 of the total volume, continue purging until this ratio decreases to
less than 0.3, continuing to record all parameters every three to five minutes to
assure the stability criteria are still met.
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APPENDIX A

6) Collect samples directly into sample vessels from the pump discharge. When all
vessels are filled, shut off the pump and record the time and the total volume
purged from the well. Remove the water level probe and disconnect the
pressurized gas line. Close and secure the well.

Clean-Hands Sampling Technique. This SOP for collecting water samples for mercury
analysis may be followed when performing groundwater sample collection. The technique
employs two people, one designated as the “clean-hands person” and the other designated
as the “dirty-hands person”. This SOP is included as Attachment 2.

Sampling and Analysis Program. The results of the DQO analysis for the Ames Street Site
sampling activities are summarized in Table A-1. The analytical data requirements were
established using methods described in “Test Methods for Evaluating Solid Waste”
(USEPA, 1992). The analytical methods to be used for both on-site and off-site analysis -
are presented in Table A-2.

On-site volatile organic analysis compound (VOC) analysis will be in accordance with
ABB-ES’ Standard Operating Procedure No. FGCPT00202, dated 4/14/93 (see
Attachment 3). Analysis for VOCs will be performed using a gas chromatograph (GC)
equipped with three detectors in series. A photoionization detector (PID) will be used for
the identification of selected volatile aromatics, a flame ionization detector (FID) will be
used for the non-halogenated volatiles (ketones), and a electrolytic conductivity detector
(ELCD) will be used for the identification of the selected halogenated volatiles. The GC
will be connected to a purge and trap (P&T) device for sample preparation and instrument
delivery. The approximate reporting limits for the selected VOCs are provided in Table
A-3. Actual method detection limits will be determined on site at the start of the field
program. All quality control protocols described in the SOP will be included as part of the
on-site laboratory program so that Level III analytical data quality is achieved. Quality
control protocols include routine calibration, method blanks, surrogate standards, matrix
spike/matrix spike duplicate samples, laboratory duplicate samples.

Soil samples to be analyzed for mercury will be first analyzed for gross mercury
contamination using x-ray fluorescence (XRF). Analytical procedures will be
inaccordance with ABB-ES’ Standard Operating Procedure No. FXRFS00102 (see
Attachment 4). The reporting limit is expected to be approximately 100 mg/kg.

Soil samples with mercury concentrations at or below the reporting limit requiring
characterization to levels below 100mg/kg and all groundwater samples will be analyzed
analyzed in accordance with instrument manufacturer documentation (provided in
Attachment 5) for sample preparation and delivery combined with the cold vapor atomic
absorption (CVAA) Method 7470/7471. A Leeman Lab’s Automated Mercury Analyzer
will be connected to a tabletop atomic absorption (AA) in the field laboratory. The
Leeman Mercury Analyzer performs sample preparation and digestion followed by sample
introduction to the AA. The reporting limit is expected to be at least 0.1 parts per million
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TABLE A-1

ANALYTICAL DATA QUALITY OBJECTIVE LEVELS
AMES STREET SITE INVESTIGATION WORK PLAN - PHASE 1

DATA
QUALITY
PARAMETER USE LEVEL
pH, turbidity, To provide background physical data on Level |
temperature, specific | liquid and groundwater samples.
conductivity
PID screening To provide qualitative real-time information Level |
Mercury vapor on air quality in the breathing zone for
analyzer screening health and safety decisions and to identify
- potential contaminated materials.
On-Site and Off-site | To provide analytical information to Level HI
VOCs, metals, and evaluate the presence and concentration of
Inorganics organic and inorganic compounds in site
media, and compare to applicable state
and federal soil quality guidance values.
Surface Soil/Soil
Boring/Groundwater
Samples
Off-site Mercury To provide analytical data to evaluate Level V

Speciation/ mercury speciation and bioaccessibility for
Bioavailability risk assessment soil goal.

NOTES:

Level I:

and safety monitoring.

Level IIl:

Qualitative information generated on-site using portable equipment for identification of sampling locations and health

These data represent laboratory information generated using USEPA-approved procedures, but using methods

other than Contract Laboratory Program protocols. These data are both qualitative and quantitative and are used for
site characterization, risk assessment, and engineering studies.

Level V:

for specific constituents and/or detection limits.

assessment purposes.

These data represent fixed base laboratory analysis results using non-standard methods that require development
Data obtained from these analyses are often used for risk
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TABLE A-2

ANALYTICAL PROGRAM

AMES STREET SITE INVESTIGATION WORK PLAN - PHASE 1

Soil - On-Site Analysis® Selected VOCs® 8010/8015/8020 -
Modified
Mercury 7471 - Modified
| X-ray fluorescence
Groundwater - On-Site” Selected VOCs” 8010/8015/8020 -
Analysis Modified
Mercury 7470 - Modified
Soil & Groundwater TCL SVOCs 8270
Off-Site Analysis* TCL VOCs 8240/8260
Mercury 747117470
TAL Metals 6010/7000s
Cyanide 9010
Lead 7421/7420
Special Hg-ingestion Mercury Special Method®
Analysis
NOTES:
1 USEPA, 1986. “Test Methods for Evaluating Solid Waste”, SW-846, Third Edition with revisions.
2 On-Site analysis includes adherence to all quality control protocols described in ABB-ES' SOP for “Purge and Trap

Analysis of Volatile Organic Compounds by Field Gas Chromatography” SOP No. FGCPT00202, 4/14/93. On-site
mercury analysis follows manufacturer's recommendations and methods stated above. (See Appendix A).

3 Selected VOCs include: tetrachloroethene (PCE); trichloroethene (TCE); 1,1-dichloroethene; 1,2-dichloroethene;
1.1,1-trichloroethane; benzene, toluene, ethylbenzene; xylenes; acetone; 4-methyl-2-pentanone.

4 Off-site split-sample analysis being conducted at a frequency of 5 percent for soil samples and 10 percent for
groundwater samples. Analysis to be conducted at a New York State Department of Health certified laboratory.

5 Special Hg-ingestion method being performed for risk assessment purpbses. Refer to section 5.5 of text for brief

explanation of analyses.

"ABB ENVIRONMENTAL SERVICES
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TABLE A-3

CHEMICAL OF CONCERN QUANTITATION LEVELS FOR SOIL

AMES STREET SITE INVESTIGATION WORK PLAN - PHASE 1

Estimated Field Lab TAGM
Instrumental Detection Recommended

Quantitation Limit Soil Cleanup

Parameter | Analytes Level (maximum) Objectives '
VOCs Tetrachloroethene 5 png/kg 10 pg/kg 1,400 pg/kg
- Trichloroethene 5 ug/kg 10 ng/kg 700 ng/kg
' 1,1-Dichloroethene 5 ng/kg 10 ng/kg 200 ng/kg
1,2-Dichloroethene 5 ng/kg 10 ng/kg 100 pg/kg
- 1,1,1-Trichloroethane 5 ng/kg 10 ng/kg 800 ng/kg
Benzene 5 nglkg 10 ug/kg 60 ng/kg
Toluene 5 ng/kg 10 ng/kg 1,500 ng/kg
- Ethyl benzene 5 ng/kg 10 ug/kg 5,500 ng/kg
Xylenes 5 ng/kg 10 ng’kg 1,200 pg/kg
Acetone 5 ug/kg 10 pg/kg 200 ng/kg
- 4-Methyl-2-pentanone 5 ug/kg 10 ug/kg 1,000 ng/kg
Vinyl chloride 5 ug/kg 20 ug/kg 200 ug/kg
Metals Mercury 0.2 na/kg NA 100 ng/kg
Cadmium 42 nugl/kg NA 1,000 pg/kg
Chromium (total) 7 uglkg NA 10,000 pg/kg
Lead 42 ug/kg NA 30,000 ng/kg
Zinc 2 ng/kg NA 20,000 ng/kg
Nickel 15 ng/kg NA 13,000 pg/kg
Other Cyanide 1,000 pg/kg NA Not available

' New York State Department of Environmental Conservation, TAGM, “Determination of Soil Cleanup Objectives and Cleanup

Levels”; November 16, 1992.

ABB ENVIRONMENTAL SERVICES
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(ppm) for soil samples and 0.002 ppm for water samples. Quality control protocols
include routine instrument calibration, method blanks, matrix spike samples, and
laboratory duplicate samples.

On-site soil and groundwater analytical results will be verified by collecting and submitting
split samples to an off-site New York State Department of Health-certified laboratory at a
frequency of 5 and 10 percent, respectively. Split samples for groundwater collection is
being done at a higher frequency due to the limited number of total groundwater samples
planned for collection. '

Off-site analyses for routine analysis (VOCs, metals, cyanide, elemental mercury) will be
performed by a New York Department of Health certified laboratory using method
protocols described in USEPA SW-846 (USEPA, 1992).

Soil samples may also be submitted for mercury speciation and bioavailability testing if the
total mercury results are greater than the to-be-determined risk-based screening level.
The bioavailability testing is similar to that described by Ruby, et.al. (1993). A copy of
the bioavailability testing article (Ruby, 1993) is provided in Attachment 6.

Data Reduction, Validation, and Reporting. Both off-site and on-site analytical results will
undergo an evaluation to determine data usability. This evaluation will include the
following:

e blank contamination to determine potential for laboratory and/or field sampling
contamination

e surrogate standard recoveries for organic analyses for analytical accuracy

o field duplicates to assess sampling precision and environmental matrix
heterogeneity

e matrix spike/matrix spike duplicate sample results for analytical precision and
accuracy, and to assess any potential for matrix interferences

¢ initial and continuing calibration for on-site analyses only to assess analytical
precision and accuracy

Once the data have been reviewed by a chemist, data flags may be determined appropriate
to qualify the data before use. All data, unless rejected during data evaluation, will be
used for making decisions. As such, both on-site and off-site analytical data will be
generated at DQO Levels Il and V.

Data generated in the field will be available to the project team on a real-time basis for
decision making. The analytical data from the on-site laboratory are generated using

ABB ENVIRONMENTAL SERVICES
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existing software that produces text-formatting output from the GC and AA. The data are
then converted into database-formatted files using ABB-ES-developed software. This
reformatting allows for initial editing and evaluation of the data. Data are both reviewed
by the site and project chemists before results are considered “final”. Preliminary
(unevaluated) data are available real time and will be used for interpretive purposes.

The data management program proposed for this site investigation is intended to provide
an efficient and cost effective method for production and interpretation of data as it is
obtained in the field. This program includes procedures that will ensure consistency and
validity of the data generated and interpreted.

Sample Identification. Sample identification will adhere to Section 4.1.1 of the QAPP
with the following exceptions:

Digits 1,2 All sample identification will be begin with the AOC number (e.g.,
01, 02) for soil samples and “KT” for non-AOC related samples,
such as groundwater samples.

Digits 11,12 The event number will be the year the samples are collected (96).

"ABB ENVIRONMENTAL SERVICES
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ATTACHMENT 1

LOW FLOW STANDARD OPERATING PROCEDURE
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II.

U.8. ENVIRONMENTAL PROTECTION AGENCY
REGION I

GROUND WATER SAMPLING PROCEDURE
LOW FLOW PURGE-AND SAMPLING

DRAFT FINAL

BCOPE & APPLICATION

The purpose of this standard operating procedure (SOP) is to
provide information on collecting ground water sanples using
a pump. The procedure will in mcst situations provide for
the collection of ground water samples with minimum
turbidity. This procedure is designed to be used in
conjunction with the analyses for the most common types of
ground water contaminants (volatile and semi-volatile
organic compounds, pesticides, PCBs, metals and inorganic
compounds) .

EQUIPMENT

- Adjustable rate, positive displacement pumps (e.g.,
centrifugal or bladder pumps constructed of stainless
steel or Teflon). Peristaltic pumps may be used only
for inorganic sample collection.

4 Clear plastic bottom filling bailer may be used to
obtain samples of light or dense non-aqueous liquids
(LNAPL, DNAPL).

» Tubing -~ Teflon or Teflon lined polyethylene must be
used to collect samples for organic analysis. For
samples collected for inorganic analysis, Teflon or
Teflon lined polyethylene, PVC, Tygon or pelyethylene
tubing may be used.

> water level measuring device, 0.01 foot accuracy,
(electronic prarferred for tracking water level drawdown
during all pumping operations).

> Flow measurement supplies (e.g., graduated cylinder and
stop watch).

» Interface probe, if needed.

Use of trademarked names does not imply endorsement by U.8. EPA
but is intended only to assist in identlfication of a specific
product,
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Power source (generator, nitrogen tank, etc.).

Indicator parameter meonitoring instruments - pH,
turbidity, specific conductance, and temperature.
Opticnal Indicators - eH and dissolved oxygen.

Decontamination supplies.
Logbook(s).
Sample Bottles.

Sample preservation supplies (as required by the
analytical methods).

Sample tags or labaels.

Well construction data, location map, field data from
last sampling event.

Field Sampling Plan.
PRELIMINARY SITE ACTIVITIZES

Check well for damage or evidence ¢of tampering, record
pertinent observaticns.

Lay cut sheéet of polyethylene for monitoring and
sampling equipment.

Remove well cap.

Measure VOCs (volatile organic compounds) at the rim of
the well with a PID or FID instrument and record the
reading in the field logbaock.

If the well casing does not have a reference point
(usually a V-cut or indelible mark in the well casing),
make one.

Measure and record the depth to water (to 0.01 £%) in
all wells to be sampled before any purging begins.
Care should be taken to minimize disturbance of any
particulate attached to the sides or at the bottom of
the well.

Measure and record (as appropriate) the depth of any
DNAPL‘’S or LNAFPL’s with an interface probe. Carae
should be given to minimize disturbance of any sediment
which has accumulated at the bottom of the well. If
LNAPL’S or DNAPL‘’S are present, a decision needs to be
made on whether to collect samples of the free phase
ligquid(s) and/or the dissolved phase.
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SAMPLING PROCEDURE

A positive displacement type pump will be used to purge and
sample monitoring wells which have a 2.0 inch I.D. or
greater well caeing.

Pump, sarfety cable, tubing and electrical lines will be
lowered slowly into tnhe well to a depth corresponding to the
center of the saturated screen section of the well. It is
also advisable tao keep the pump lntake at least two feat
above the bottcm of the well, to prevent mobilization of any
sediment present in the bottom of the well.

Measure the water level again with the pump in well before
starting the pump. Start pumping the well at 0.2 to 0.5
liters per minute. Ideally, the pump rate should cause
little or no water level drawdown in the well (less than 0.3
ft. and the water level should stabiliza). The water level
should be monitored every three to five minutes (or as
apprepriate) during pumping. Care should be taken not to
cause pump suction to be broken, or entrainment of air in
the sample. Record pumping rate adjustments and depths to
water. Pumping rates should, if needed, be reduced to the
minimum capabilities of the pump (e.g., 0.1 = 0.2 l/min) to
avoid pumping the well dry and/or to ensure stabilization of
indicator parameters. If the recharge rate of tha well is
very low and the well is purged dry, then sampling shall
commence as soon as the well has recharged to a sufficient
level to collect the appropriate volume of samples with the

pump.

During purging of the well, monitor the field indicator
parameters (turbidity, temperature, specific conductance,
pH, etc.) every three to five minutes (or as appropriate).
The well is considered stabilized and ready for sample
collection once all ths field indicator parameter values
remain within 10% for three consecutive readings. If the
parameters have stabilized, but the turbidity is not in the
range of the 5 NTU goal the pump flow rate should be
decreased, and measurement of the parameters should
continue every three to five minutes. Measursments should
be obtained using a flow through cell (preferrad method) or
taken in a clean container (a glass beaker is ideal).

VOCs samples will be collected first and directly into pre-
preserved sample containers. All sample containers should
be filled by allowing the pump discharge to flow gently down
the inside of the container with minimal turbulence.

Samples requiring pH adjustment will have their pH checked
to assure that the proper pH has been obtained. For VOC
samples, this will require that a test sample be collected
to determine the amount of preservatlive that needs to be
added to the sample containers prior to sampling.
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If filtered metal samples are to be collected, the use of an
in-line filter is preferred. A high pressura, in-line 0.45
um particulate filter will be pre-rinsed with approximately
400 ml of deionized water and attached to the discharge end
cf the pump’s tubing. After the sample is filtered, it muet
be preserved immediately.

As each samplae is collected, the sample will be labeled.
Those samples (velatile organics, cyanide, etc.) requiring
cooling will be placed intc an ice cooler for delivery to
the laboratory. Metal samples after acidification to a pH
less than 2 do not need to be cooled.

After collection of the samples, the punp’s tubing may
either be dedicated to the well for resampling (by hanging
the tubing inside the well), decontamlinated or properly
discarded.

Measure and record Qell depth,
Secure the well.
DECONTAMINATION

Sampling equipment will be decontaminated prior to use and
following sampling of each well. Pumps will not be removed
between purging and sampling operations. The pump and
tubing (including support cable and electrical wires which
are in contact with the sanmple) will be decontaminated by
one of the procedures listed below. Alternative procedures
must be approved by the Quality Assurance Office prior to
sampling event.

Proc e
> Steam clean the outside of the submersible pump.
> Pump hot water from the steam cleaner through the

inside of the pump. This can be accomplished by
placing the pump inside a three or four inch diameter
PVC pipe with end cap. Hot water from the steam
cleaner jet will be directed inside the PVC pipe and
the pump exterior will be cleaned. The hot water from
the steam cleaner will then be pumped from the PVC pipe
through the pump and collected into another container.
Note: additives or solutions should not ba added to the

staam cleaner.

> Pump five gallons of non-phosphate detergent solution
through the inside of the pump.

- Pump tap water through the inside of the pump to remove
all of the detergent sclution.
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> Pump distilled/delonized water through the pump.
Procedura 2
» The decontaminating solutions can be either be pumped

from buckets through the pump or the pump can be
disassembled and flushed with the decontaminating
solutions. It is recommended that detergent and
isopropyl alcohol used in the decontamination process
be used sparingly and water flushing steps be extended
to ensure that any sediment trapped in the pump is
flushed out. The outside of the pump and the
electrical wires must be rinsed with the
decontaminating solutions, as well. The procedure is
as follows:

» Flush the equipment/pump with potable water.

4 Flush with non-phosphate detsrgent solution (five
gallons).

> Flush with tap water to remove all of the detergent
solution.

» Flush with distilled/deionized water.

> Flush with 1lsopropyl alcchol.

> Flush with distilled/deionized water.

FIELD QUALITY CONTROL

Quality control samples are required to verify that the
sample collection and handling process has not affected the
quality of the ground water samples. All field quality
control samples must be prepared exactly as regular
investigation samples with regard to sample volume,
containers, and preservation. The following quality control
samples will be collacted for each batch of samples (a batch

may not exceed 20 samples). Trip blanks are required for
the VOC samples at frequency of one per sample cooler.

» Field duplicate.

> Matrix spike.

- Matrix spike duplicate.
- Equipment blank.

> Trip blank (VOCs)
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FIBLD LOGBOOK

A field log must be kept each time ground water monitoring
activities are conducted in the field. The field logbock
should document the following:

»

»

Well identification.
Well depth, and measurement technigua.

Static water level depth, dats, time and measurement
tachnigue.

Presence and thickness of immiscible liquid layers and
detection method.

‘Collection method for i{mmiscible liquid layers=.

Pumping rate, drawdown, indicator parameters valuas,
and clock time, at three to five minute intervals;
calculate or measure total volume pumped.

Well sampling sequencs and time of sample collection.

Types of sample bottles used and sample identification
numbers.

Preservatives usad.
Parameters requested for analysis.

Field observations of sampling event.

'Name of samplé collector(s).

Weather conditions.

QA/QC data for field instruments.
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STANDARD OPERATING PROCEDURE

CLEAN-HANDS TECHNIQUE
(FOR WATER SAMPLING OF MERCURY)
SOP-72

e —— .

The concentration of many metals in ambient waters is typically very low, and collecting
water samples that are representative of ambient conditions requires extreme care to pre-
vent contamination during handling. This SOP outlines procedures for collecting water
samples to be analyzed for mercury and its various forms.
prone to be contaminated with mercury than other mertals and require that specialized
clean techniques be used. This SOP is based on a technique used by the University of
Wisconsin Trout Lake Station. The following technique is commonly called the “clean-
hands technique.” It employs two people, one designated as the “clean-hands person”

and the other designated as the “dirty-hands person.”

INITIAL STEPS AND PRECAUTIONS

Prior to collecting a water sample, the following steps or precautions must be taken 10

avoid sample contamination:

1.

Prior to collecting the sample or handling the sampling equipment or
sample bottles, a quick survey of the sampling area should be performed
to idenufy sources of potential contamination to the sample (€.g.. sources
of dust, engines running, batteries). If there is an obvious source, it
should be removed, cleaned, or isolated from the sample handling area.

Both the clean-hands and dirty-hands persons will wear lint-free suits that
reduce the amount of airborne dust in the immediate vicinity of the
sample. These suits can be made of nylon, Tyvek, or a plastic-coated
material (e.g., Saranex). These suits should be kept isolated from dust and
contamination (in plastic bags) until ready for use and discarded after they

have been used once. Avoid bumping into potentially contaminated
surfaces.

Two types of gloves will be used, an inner polyethylene glove and an
outer vinyl glove. The inner polyethylene gloves are shoulder length.
These gloves provide the first level of isolation (they are relatively clean
compared to bare hands) and allow the sampler to put on the outer gloves
without significantly contaminating them. These gloves should be taped
to the shoulder of the suit or rubber-banded at the upper arm to prevent

May 1995
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them from sliding down while working. The vinyl gloves are powder-
free, clean-room gloves (e.g.. Oak Class 100, powder-free). These gloves
come in vacuum-sealed plastic bags containing 50 pairs. Once opened. the
entire pack 15 potentially exposed to contamination. To minimize this
potential, open only the end of the bag at the wrist end of the glove (not
the fingertip end), and remove only one pair at a time. Keep the unused
gloves in the original bag inside of a large Ziploc® bag. When handling

the clean gloves, do not touch the fingertips: handle the gloves onlv
around the wrist.

3. Artall umes, the clean-hands person must avoid touching surtaces that are
not known to be clean, including their suit. The clean-hands person
should only touch the inner bag and the sample botile used during sample
collection. While sampling, both samplers must be conscious of the
potential chains of contamination that can occur. A chain of contamination
could involve handling an object that touched another object that touched
‘something contaminated. Unless it is known whether an object is clean
{1.e., was cleaned appropriately and isolated from contaminants from the
time of cleaning until the time of use), it should be assumed that 1t is dirty.

SAMPLE COLLECTION PROCEDURE

After the 1nitial steps have been taken, the clean-hands person and the dirty-hands person
will use the following procedure to collect the samples:

1. To retrieve the sample bottle, the dirty-hands person will remove the
double-bagged bottle from the ice chest and open the outer bag. While the
dirty-hands person is holding the outer bag open, the clean-hands person
will reach inside, lift the inner bag (but not remove it), open it, remove
the sample borttle, and push the inner bag back down inside the outer bag.

The dirty-hands person will close the outer bag. See Consideration 1
below.

2. While the clean-hands person holds the bottle, the dirty-hands person will
use pliers to loosen the cap on the bottle. See Consideration 2 below.

I

The clean-hands person will remove the cap and, while filling the bottle.
will hold the cap in the upright position so that particles cannot land inside
the cap. If the cap must be set down, lay down a clean viny! glove and
place the cap upright on It

4.  While the clean-hands person is filling the sample bottle, the dirty-hands
person will keep the outer bag closed and prepare the sample tag. When
the sample bottle is full, the clean-hands person will replace the cap and
the dirty-hands person will use pliers to do the final tightening of the cap.

5. The dirty-hands person will open the outer bag, and the clean-hands person
will reach inside, lift the inner bag, place the bottle in the inner bag, and

May 1995 72-2
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seal it. Before lowering the bagged boule into the outer bag. the dirty-
hands person will place the sample tag on the inner bag. The clean-hands
person will then lower the inner bag into the outer bag, and the dirty-hands
person will close the outer bag and place the bagged bottle in the ice chest.

ADDITIONAL CONSIDERATIONS

1. Sample bottles for mercury are made of FEP Teflon® and are double-
bagged in Ziploc® bags. Because labels do not stick to Teflon®. each
sample bottle has a unique identifier etched on the outside. It is assumed
that the exterior of the outer bag is contaminated and that its contents are
clean. Therefors, only the dirtv-hands person is allowed to handle the
outer bag, and only the clean-hands person its contents.

2. Itis common for the caps on Teflon® bottles not to seal well, and they will
frequently leak if tightened only by hand. Procedures used at the Univer-
sity of Wisconsin Trout Lake Station call for using pliers to tighten the
cap. However, the pliers can be another source of metal contamination,
and, if possible, should be avoided. If pliers are necessary, put them
inside a couple of pairs of gloves to keep metal from contacting the bottle.
Avoid tearing the gloves. For larger bottles, the cap diameter is large
enough to get a good grip on it, and tightening can be done by hand. For
sample bottles with small caps, pliers should be used.

3. Rain has elevated concentrations of mercury relative to most surface water
samples and may contaminate a sample. Sampling in the rain should be
avoided. If it is necessary to sample in the rain., be careful that rain that
contacts surfaces does not get into the sample bottle (e.g., rain that
contacts the suit does not splash into or run down your sleeve into the
bottle). '

4. If there is any question as to whether gloves are clean, change gloves.

May 199§ 72'3 200%\300- 72,500
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STANDARD OPERATING PROCEDURE

Author: Advanced Technology Team

Issuing Unit: ABB-ES
Reviewed by:

SOP No.: FGCPT00202
Date: 04/14/95

|~
;@a«\ ] M% S Eaiol  c JEMIST

(Name & Title)
(Functional Area)

(Functional Area)

TITLE: Purge and Trap Anal;

tile Organic Compounds by Field Gas
Chromatograph

PURPOSE: d operating protocols for the analysis of Volatile
8 by Purge and Trap Field Gas Chromatography
SCOPE: ure describes the preparation and analysis of soil and water
Volaule Organic Compounds using Purge and Trap
onéentration followed by GC analysis.
REQ

uirements for the method include either a fully operational Purge

nd Trap/GC system or the ability to assemble one shipped from the

vendor. The SOP also requires that the operator understand basic GC
operation (e.g., troubleshooting, data handling systems, interferences,

etc.) and have famxhanty with the operation of Purge and Trap
concentration devices.

The critical components needed for the assembly and operation of the
Purge and Trap/GC system are listed. Additional items such as

syringes, glassware, ventilation hoods, etc. are not inciuded as they
pertain to general GC operation and set-up.
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Purge & Trap Device.
applicatons.
and water.

A Tekmar LSC 2000 or equivalent is recommended for most

The Purge and Trap (P&T) is a concentration device for volatiles in both soil
A sparger vessel, a removable glass tbe, is used to hold either the water or sod
sample. A polymer trap is used to trap the volatiles as they are purged fram the sample.

After the volatiles are purged from the sample, the trap is flash heated apd the votaules are
transferred to the GC for separation, identification, and quantitation.

Purge & Trap Run Conditions. Run conditions may be altered fspro;ec: specxﬁc work

plans, however, the following setings are recommended f ‘THOSt 'operazxons

0 Polymer trap: Supelco (# 3) or as required. by theproject.

0 Purge pressure: 30 psi = 5 psi

o Purge: 6 minutes at 30 mL/ minute with a temperature of <
40°C.

0 Desorb: 3 minutes at 2

ABB Environumental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography

Revision 2, 4/14/93 Page 2 of 17
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Gas Chromatograph. A wide range of (emperature programmablie gas chromatographs may
be used for this method. For most field operations a Hewlew Packard 3890 Series I (or

equivalent) temperature programmable GC is recommended. The instrument is durable, 2asy
to assemble, and uses keypad wnput for operation.

GC Run Conditions. Run conditions may be altered in project specifk
however, the following settngs are recommended for most operations te.

els: benzene,
toluene, ethylbenzene, xylenes; solvents: VC, DCE, TCE,

o Carrier gas: Helium at 59.999 % purity wi
mL/minute. :

0 Injector temperature: 225°C.
0 Initial temperature: 40°C.
0 Rate: 8°C/minute.
0 Final temperature: 18
0 Final ame: O to }

ending on the retention time of the final peak.

Columns. A number
otherwise stated in a:
equlvalent wﬂl be u

available for volatile analysis, however, unless
cific work plan a DB-624 0.53mm ID megabore column or
fumn may be 30, 60, 75, or 120 meters in length as long as

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Fieid Gas
Chromatography

Revision 2, 4/14/93 Page 3 of 17



ABB-ES

Detectors. A variety range of detectors are available for GC operation and specific

compound detection. The approprate selection of detectors is project specific and depends
on the project objectives and Dara Quality Objectives (DQQO's) of the program.

Electron Caprure Detector (ECD):

o Make-up Gas: Helium at 99.999% purity with a ﬂoﬁgﬁv

‘misminute = 5
mL/minute. o

) Ionization Gas: Ultra-pure P-3 (95% Argo
flow of 35 mL/minute = 5 mL/minute.

5% Nfethane)or nitrogen with a

o) Detector Temperature: 325°C.

0 Special Requirements: Set GC st i

o-efther the argon-methane or mtrogen
mode.

Flame Ionization Detector (FIDY

0 Make-up Gas: Heligm at'99.999% purity with a flow of 35 mL/minute + 5
ml/minute.

Combustion ydrogen at 99.999 % purity with a flow of 25 mL/minute

0 1 grade air with a flow of 400 + 150 mL/minute.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
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Electrolvtic Conductivitv Detector (ELCD):

0 Make-up Gas:

Helium at 99.999% purity with a flow of 35 mL/minute = 3
mL/minute. , :

Combustion Gases: Hydrogen at 99.999% purity with: &

of 100
mL/minute = 20 mL/minute. :

0 Reactor Temperature: 900°C + 25°C.
) Solvent Flow: n-Propanol flow at 35% = this iS'edﬁivaiem 1o 3.5 wrms
+ 0.5 wrms. :

Photoionization Detector (PID):

arity with a flow of 35 mL/minute + 5

ml/minute.

o Detector Temperatur

m The operating range of the lamp is a power setting
th normal operation at 3.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
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ABB-ES

PROCEDURE: The procedure can be broken down into nine categories: conventions.
calibration, blanks, sample preparation, analysis, identification, gquantification, quality
control, and reporting.

Conventions. Convenuons are established to ensure that documentation amd analysis are
performed in a consistent manner from operator to operator and project to project.

Conventions are established for coding standards, recording logbook entries; per‘ormmv
calculations, and analyzing quality control samples.

Stock Standards. Stock chemical standards will be purchased from :
Chem Service Inc., or an equivaiem supplier All standardmformauon will bc

will include, at a minimum:
0 Vendor name supplying standards.

o) Name and concentration of the st
label from the standard to the lgg

o Lot number of the standard. |
0 Expiration date of the

Working Standards.
approved vendor or p

by diluting neat or pg
the compound densi
~compound and :
identification
associated I

standards may either be purchased through an
ed fr ock standards. Working standards will be made
d:stock standards. For standards made from neat solutions,
will be used in calculating the appropriate amount of
ent.to be combined. All working standards will be labeled with an
Below), compound or mix name, and concentration. The

ok will"‘contain the following information at a minimum:

olution used to make the working standard, including either the
w required for logging the stock solution or a reference to where that

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPTO00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
Revision 2, 4/14/93 Page 6 of 17



ABB-ES

GC coding system. The GC coding system:
vendor. All standard are required to have't
are prepared and must be labeled accor

The solveni(s) and associated lot number(s) used in preparing the standards.

The final concentration of the working standard.

The GC code associated with the standard.

Standard and stock solutions will be kept refrigerated a .
not in use.

The surrogate standard is made separately fromrthe ﬁﬂng standards.

Lrace all standards back to the
appropriate code assigned when they
y. "Fhe. GC code will follow the format:

FGCIOOXXWWY ZPPPE ¥

year that the standard was made, i.e,

XIOOOKK. s the menth,
041693 = April 16,199

€ project identifier, i.e., ABB = Asea Brown Boveri, a short
‘identification of the project from 1 to 4 characters in length.

STANDARD OPERATING PROCEDURES

ABB Environmental Services, Inc.

SOP EGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography

Revision 2, 4/14/93 Page 7 of 17



ABB-ES

Logbook entries.

While the style and specific requirements for logbook entries will

. vary between operators and projects, certain information is required for all projects.
Al a minimum this will nclude:

- 0 A table of contents listing what and where specific information.is located.
0 A listing of P&T and GC run conditions and set point
o A chemical standards preparation section containizg, the reqnucd standards
information.
0 A run log section containing at a minimu nple ideatification, run number
or computer file identification, sample amount weight or volume), spiked
- surrogate amount and % recovery, s .code for each standard used,
amount of standard(s) used, an exam tion for any calculations
performed, dilution factor, and a : ¥mn with any pertinent
- information (e.g., unusual sample color odor, unusable blanks, failed
standards, coelunons reruns,;et
$Surrogate recover amt. surrogace) , 100
. surrogate added
0
- Calibration.

ion process for GC involves two steps, the first is compound

d'#s quantitation. Identification is accomplished by matching retention
tation for purge and trap analysis will be performed using an external
ique. The calibration method will use either a single-level or multilevel

ion. technique depending on the DQOs of the project.

ABB Environmental Services, Inc.

- STANDARD OPERATING PROCEDURES
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ABB-ES

Idendfication. Compounds are identified by matching the retention times of peaks.
The retendion time is defined as the period of time from the injection of a mixture
onto a column to the elution of the peak of interest. For proper compound .
identification, a known standard is analyzed on the GC and the compounds of interest
relenuion umes are noted. A three percent (note: the 3% retennom: ume wmdow 1S
normalized to the surrogate to adjust for injection variation) retenuo e wmdow
will be used for compound identification.

retention time for each target compound is identified’am n.sed for the 1dent1ﬁcauon of
sample peaks. The peak areas are then used <0 pute-the response factors for the
compounds of interest.

Multileve] Calibration. In the multﬂ
(concentrations) of standards are';
to cover the concentration rang
concentration standard at of:
the upper level standard
the column. ;

ibration, a minimum of three levels

The standard concentrations are selected
inants expected. This includes a low
jpractical quantitation limit (PQL). In additon,
thin the working range of both the detector and

te ‘working range, ELCD: PQL to 40 ppb.

Approeximate working range, PID: PQL to 200 ppb.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
Revision 2, 4/14/93 Page 9 of 17



ABB-ES

POL. PQL's are determined on an annual basis or as required by project workplans.
This is accomplished by analyzing seven replicate low concentration standards near
the expected method detection limit (MDL). From these analysis a standard deviation
is calculated and muluplied by 3.14 to establish the MDL. This correlates 0 a
student’s t of 99% for (n-1). The PQL's are set above the MDL s.fo present uniform
reporting lumits (e.g., the MDL's may be calculated to be 0.23, §:6%; 0.43, etc., with
the PQL’s set at 1.0). Note: The various detectors are sensitive to-different amounts
(e.g., ng, pcg, ug, ewc.) of specific compounds. The detection Ymits at different
concentrations (e.g., ug/L, mg/L, etc.) are dependent on the technigue used (0

achieve them (i.¢., whether or not a 5 mL or 25 mL purge is used).

Quantitation. When the quantitation requirements
workplans, the operator can choose (based on operat
detectors, and the compounds of interest) one af thre
resuits. These opticns include using the averd

(RF) is calculated by dividing the area cou

in the project
xperience, the selected

tipns for quantitating sample
esponse factor, (the response factor
compound by the amount of

‘or point to point calibration.

The average response factor:
of the RF’s is less than 3¢

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
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ABB-ES

A point to point calibration may be used for non-linear calibrations (i.2., the RSD of
the average response factor exceeds 30 percent or the r for linear regression exceeds
0.95). Care must be taken so that the response for the upper calibration point is not
equal to or less than the response for the previous calibration point (i.e., the curve
may flatren or curve back toward the baseline). Note: If this technique is chosen.
then all analytes must be calculated using this technique.

Once a calibration technmique 1s chosen it must be used for alk vpounds ssociated
with each detector for the length of the project. The initial calibrati valid for

twenty-four hours beginning when the last calibraton srandard ruxi 15;:.».c6mplete

Independent Check Standard Verfication. After the first g calibration for a
project, an independent check standard will be anafyzed when required by project
DQQO’s. - The check sample will be obtained from:a ‘Gifferent source than the stock
solution and working standards. The check standa:d i to verify the accuracy of
the working standards. A percent difference of 1an 30 percent is considered
acceptable to confirm standard accuracy

Continuing Calibration. Prior to dail

lysis,
standard will be analyzed at or near, t

a continuing calibration check

- spilked amt. std.

= 100

“fime the standard run was completed.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
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ABB-ES

Blanks. There are three types of banks associated with purge and trap analysis: low level
method blanks, medium level method blanks, and cleaning blanks.

Low Level Method Blanks. For routine analysis, a low levek mctnod b}ank must be
analyzed before samples are analyzed. A low level method blankcomsist of 5 mL of
analyte free water that has a surrogate added. Method blanks are acceprable if no
target compounds are present above the PQL. Samples’ shauld not:be analyzed until
an acceptable method blank is run demonstrating tha*‘the mstmment is free of
interferences. If an acceptable method blank can not

results will be flagged with a (B).

2ve] blank will be analyzed when medium
medium level blank consists of 5.0 mL
rs of methanol. The methanol will be

> medium level extractions. If an acceptable

1 associated results will be flagged with a

Medium Level Method Blanks. A medi
level extracts are analyzed (see belo
of reagent water, surrogate, and. 108 mi

from the same source as that gsed
method blank can not be obtain
B).

ing blank is 5 mL of reagent water only. Blanks will be
“fevel sample to ensure that carryover is not occurring. A
efined as having a concentration 5 times higher than the highest
eaning blanks will be analyzed until the analysis of further

; affccted by carryover. (based on experience, the concentration in
plcs and the DQQO'’s of the project).

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
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ABB-ES

Sample Preparation. Sample analysis and preparation techniques have been adapted from
protocols outlined in SW-846 3rd ed. USEPA Purge and Trap methods 8010, 8013, 8020.
and 8240 (USEPA 1986).

Water Samples. Rinse a 5 mL syringe with one volume of sample... Draw the sample
into the syringe, invert and remove all air adjusting the final volumeita 5.0:mL. Add
the appropriate amount of surrogate directly to the sample. Dehver the: ample to the

ple ‘requiring a volume of less
Then remove a volume equal to

ume and surrogate to the
syringe using an appropriate size sy I

The results of diluted samples must.b : by a dilution factor to correct for
volume change. Calculate the dilt ctor-as follows:

DF

sample volume, mL

h-5g + 0.5 g into the sparging vessel and artach to the purge &
to 5.0 mL reagent water and add into the sparging vessel and
e.” After the desorb and bake cycle, remove spent sample rinse

ger. Reagent water or locally purchased distilled or spring water that has
monstrated 10 be free of target analytes (i.e, QC analysis) below the PQL’s.

ABB Environmental Services, Inc.

- STANDARD OPERATING PROCEDURES
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ABB-ES

Balance check. The field balance will be checked daily with a standard certified
weight and the weight recorded. The balance must be accurate to = 0.1 g. If the
balance fails this criteria the balance either needs to be serviced or a new balance
obtained.

other

Medium level soil samples. If the concentration of target compenads and
ol. Weigh 4

hydrocarbons is suspected to be high, soils will be extracted wi
g + 0.4 g of sample into a VOA vial and add 10 mL =+:f
(alternately, 2.0g £ 0.2 g. in 5 mL + 0.2 mL may be
shake for approximately 1 minute undl the soil and
Centrifuge if required and withdraw 100 uL of supk
reagent water and surrogate in a 5 mL syringe
the procedure for water.

. Add 10 3.0 mL of
-with analysis according to

Medium Level DF cf

calibration than 2 uL, the extract will be further diluted with methanol.

Ks:are required each day that medium level soil samples are

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
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ABB-ES

Dry weight. Project specifications may require that VOC concentrations be based on
dry weight. Weigh sample drying pan to the nearest 0.1 g. Weigh approximately 10
g of sample. Dry in an oven at [10°C, = 5°C for approximately 1 hour.
Tempemmre of the oven will be checked at the beginning of each pr0)ec1 and the
proper setting set. Calculate the solids content from:

$50lids = (é) « 200
3

where A = dry weight of sample, g
B = wet weight of sample, g

Dry weight calculations are performed on aff

where X = final conce

Analysis. The standards and sarepk
routine order of analysis is: &

lent check to verify calibration at the beginning of the project, if
fote’ this standard is only analyzed once during the project).

Method blank and samples.

Matrix spike and matrix spike duplicate (MS/MSD) samples if required.

‘ ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
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Quality Control. The following procedures will be implemented by the field chemist to
insure standardization of the operating procedures:

evaluation of carryover potental.

Surrogate recoveries. Surrogate recoveries for wat
percent and less than 150 percent on at least one det detector analysis is
1 . than 50 percent must be

reanalyzed to confirm matrix interferences.
than 150 percent will be qualified with an (§

Surrogate recoveries for soil sample
200 percent on at least one detect:
surrogate recoveries of less than 38 pé
interferences. Soil surrogate .pecos
with an (S).

wéior analysis is performed. Soil
! ust be reanalyzed to confirm matrix
f greater than 200 percent will be qualified

.quality control samples will be analyzed when required
s¢are field samples to which target compounds at the mid-
are added. The percent recovery of target compounds will -

matrix spike duplicates are analyzed after twenty samples or as

2project workplans. Matrix spikes are prepared as either water or soil
samples with a mid-level standard added xmxnedxately after the surrogate.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
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Matrix spike and matrix spike duplicate results will be calculated and recorded in the
GC logbook. Unless specified in the project workplans there will be no acuon
criteria for matrix spike results, the results will be advisory only.

S =Y , + = '- a )
$Recovery = |\ S2MBDLIe conc Spike conc.)
Splke conc.

‘felevant calibration and blank analyses will

’ A quality control summary as outlined in
project specific workplans wilkibe: generated at the completion of the project and will include
some or all of the followin X m‘d “initial calibrations, continuing calibrations,
surrogate recoveries, matnx .. matrix spike duplicates, method blanks, dilutions,
reapalyses, observations’ of* emist, problems and fixes, unknown peaks, raw data,

be documented in the project GCn

ental Protection Agency, 1986, "Test Methods for Evaluating Solid Waste,

1" Methods; SW-846"; Office of Solid Waste and Emergency Response,
Washington, D.C.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
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STANDARD OPERATING PROCEDURE

Author: Advanced Technology Team Issuing Unit: ABB-ES
Reviewed by:

SEwigr  CHEMST

(Name & Title) 7V
(Functional Area)

1ay Fluorescence

‘operating protocols for the analysis of metals using
ray Fluorescence Analyzer (XRF).

PURPOSE:

SCOPE: his re describes the preparation and analysis of soil samples for

Requirements for the method include a Spectrace 9000 XRF. The critical
components needed for the assembly and operation of the system are
listed. Additional items such as gloves, oven, ventilation hoods, etc. are
not included as they pertain to general XRF operation.




ABB-ES

Instrumentation. Spectrace 9000 Field Portable X-ray Fluorescence Analyzer. The Spectrace
is fully self-contained and only requires additional sample cups, mylar, and the independent
check standard for operation.

Run Conditions. The following settings are used for routine sample 4
will be changed during daily calibration checks. Allow the XRF to wa;
30 minutes before use.

e parameters
' approximately

o Soils mode -

o Acquisition Times: Cd-109 at 300 s
Fe-55 at 20 secgh
Am-241 at 2(}:seconds

PROCEDURE: The procedure
calibration, blanks, sample prep

en down into six categories: conventions,
s, and reporting.

Conventions. Conventions;
performed in a consistent
are established for coding:standa

to ensure that documentation and analysis are
m operator to operator and project to project. Conventions
$;srecording logbook entries, performing calculations, and

nce standards will be purchased through USGS, NIST, or
information will be logged in a bound logbook with the pages

he and concentration of the standard

0 Lot number of the standard.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FXRFS00102, Field Analysis of Metals by X-Ray Fluorescence
Revision 2, 5/12/94 Page 2 of 5




ABB-ES

Logbook entries. While the style and specific requirements for logbook entries will vary
between operators and projects, certain information is required for all projects. At a
minimum this will include:

o A table of contents listing what and where specific ini ion 1§ ocated.
o A listing of XRF run conditions and calibration,

0 A run log section containing at a minimu
an example calculation for any calculatiq
with any pertinent information (e.g.,,
blanks, failed standards, reruns, etc

mmed,” and a remarks column
sle color or odor, unusable

) An equipment maintenance segtion ‘Eon

both routine and equipment
malfunction maintenance. :

Calibration. The Spectrace is calib
to ensure that the instrument is operating
sample analysis. '

ry. However, three checks are reqﬁired
. These checks are performed daily prior to

ce ‘the safety shield on the probe. Set the acquisition time
0 sec total). Upon completion save results and examine

Range, KeV

10.54 + 0.040
12.61 + 0.040
14.76 £+ 0.040
22.10 £ 0.040

Fe-55 S K-alpha 2.31 £+ 0.010

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES

SOP FXRFS00102, Field Analysis of Metals by X-Ray Fluorescence -
Revision 2, 5/12/94 Page 3 of 5



ABB-ES

Emission 5.89 £+ 0.010
Am-241 Pb L-alpha 10.54 + 0.050
Pb L-beta 12.61 + 0.050

Emission 59.50 + 0.20

Perform an energy calibration if any peaks do not meet the
energy calibration check.

1d the Fe-55 and

Resolution Check. Set the Cd-109 source acquisition time
ed with the XRF.

Am-241 times to 20 sec and measure the pure iro
Save and examine the Cd-109 spectrum. Record t
width at half height. Subtract the left side value.f)
must be less than 0.300 KeV. Contact the 1

specification.
Element X-ray Response Check.

compared using the spectrum obtain
data verify that the Fe intensity is gr
than 0.003. If the intensities are

:96 and those for Mn and Co are less
re that the window is clean, reposition

ndards containing the metals of interest are
cation and acquisition times (see below). The
, and high levels for some or all of the target

. at or less than 3 times their standard deviation. Reana.lyze if any elements
are out of mnge " Check probe window and teflon blank for cleanliness if any are still out and
run the Acquire Background program if needed.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FXRFS00102, Field Analysis of Metals by X-Ray Fluorescence
Revision 2, 5/12/94 Page 4 of 5
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Sample Preparation. A representative portion of the sample, approximately 20 to 30 g, is
placed in an appropriate container until dry. The sample is then sieved through a 30 to 60 mesh
screen and homogemzcd Pour enough sample into the sample cup to ﬁ]l at least halfway;
assemble mylar and ring.

Analysis. Lead and copper are both measured using the Cd-109 sour,
are set at 300 sec for the Cd-109 source and 20 sec for Fe-55 ani

quisition times

ration and blank analyses will be
ntrol summary as outlined in project
the project and will include some or .
, continuing calibrations, reanalyses,

Reporting. Data from all sample analyses and r¢
documented in the project XRF logbook. A guali
specific workplans will be generated at the
all of the following as required: daily calibr;
observations of the field chemist, prob

REFERENCE:

Spectrace 9000 Portable X-ra
January 1992.

ice Analyzer Operating Instructions, Revision 03,

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FXRFS00102, Field Analysis of Metals by X-Ray Fluorescence
Revision 2, 5/12/94 Page 5 of 5
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'_.he Leeman Labs’ Model PS200 Automated
Mercury Analyzer offers exceptional value to any
laboratory measuring mercury. Everything is
included: a random access PS Series autosampler.
an IBM-compatible PC. and Leeman Labs' powerful
PS Series software complement an instrument
specifically designed for mercury determinations.

The PS200 is an energy-efficient double beam
photometer with parts per trillion (ppt) sensitivity.
Energy efficiency is achieved bv eliminating the

monochromator used in AAs. The monochromator

serves no function in a dedicated mercury analyzer.
In fact. it causes a large energy loss by using
narrow slits and by diffracting energv into unused
if spectral orders.

Since the optical cell need not fit the physical

constraints of an AA burner or furnace cavity, it has
been optimized for cold vapor determinations.

The system has a wide dynamic measuring range,
and can be used for determining mercury under
USEPA CLP and TCLP protocols. Low ppt sensitivity
makes it the ideal companion to our

ICP/Echelle Spectrometers.

Uhattended Operation

The PS200 completely automates the analysis of
prepared samples, freeing time for other laboratory
tasks. Up to 88 samples, 6 calibration standards,

and 7 QC check standards and/or sptked samples can
all be loaded into the autosampler. Even baseline
correction is performed automatically. Large reservoirs
hold the rinse, reductant and blank solutions.

Autosampler functions are defined through the

PS Series software, so that operation can be customized
to your needs. You can even interrupt an autosampler
batch to run a “'rush’ sample. Results are easily
transmitted to a LIMS.

Q']
o

ElED Tiz GL7 3TILATUNY WALNSND WO

User-Deﬁned Automation

The PS200 software containg a library of routines
known as ‘‘macros.”’ These routines not only allow
vou 10 customize operation cf your instrument, thev
also simplify training, reduce errors, and erhance
consistency of results.

L/se macros to reduce muitiple steps to a single
keystroke. Have the system make intelligeat decisicns
and act on them automatically - saving time and
increasing sample throughput. For example:

= Standardize start-up and shut-down procedures
for consistent operator-to-operator pertormance.

® Build in as many standards and control samples as
requited for your QA/QC needs.

= Set your own limits for out-of-spec readings on
control/check samples, and have the svstem
automatically recalibrate and repeat sample
determinations as needed.

= Calculate matrix spike recoveries and apply tbose
recoverv factors to subsequent samples if desired.

= Calculate for the method of standard additions.

AVLIS LI S561-gl-11



m

hile analvtical testing for mercury has

become increasinglv automated and efficient,
sample preparatjon has remained a tedious and
time-consuming procedure. The Leeman Labs
AP200 Automated Mercury Sample Preparation
System perfcrms all sample preparation steps for
mercury determination by cold vapor AA.
Sample and standard preparation for the most
demanding QA/QC protocol is made simple and
gasy with the AP200.

Samples and standards are digested, and reagents
are preciselv added for consistent results.
Potassium permanganate additions are made as
required under control of a “Complete Oxidaton
Probe” (COP).

Consistent Results

Leeman Labs AP200 Automated Mercury
Preparation System ensures that all samples and
standards are treated identically. sample-to-
sample and operator-to-operator. for consistent,
reliable results.

The AP200 is capable of preparing up to 88
samples, 6 caiibration standards, and 7 check
standards at one time without operator interven-
tion. The samples and standacds are placed
directly in autosampler cups in a rack that mounts
in the enciosed temperature-controlled bath for
reagent additions and digestion. Reagent volumes
and digestion times are programmed to meet
specific sample requirements. COP. a colorimetric
detector. ensures that samples receive sufficient
potassium permanganate and retain color for a
specified time period. This assures complete
oxidation of organics in the sample. eliminating
their interference with mercury determinations.

o
m
M
)
o
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Moaximum Productivity

The AP200 significantlv improves the quality of
results and reduces man-hours required for mer-
cury sample preparation. When combined with
the PS200 Automated Mercuryv Analvzer you
have the complete “walk-away” answer for mer-
curv determinations.

Cost Savings

The AP200 not only saves time and iabor,

it saves operating costs as well. Only 8 mL of
sample are required, along with correspondingly
reduced amounts of reagents. so reagent costs are
10 times lower than conventional methods.

This also means 10 times less hazardous waste for
disposai. Also, because of the high degree of
reliability associated with automation, rewer
samples will need to be reworked or reenalvzed
due to errors in preparation.

995111 SB6L-SL-L L




Principles of Operation

The AP200 uses established methodology for the
preparation of mercury samptes for cold vapor
AA. The required 8 mL of sample are placed
directly in autosampler cups. (After preparation
the racks transfer directly to the autosampler of
the PS200 Automated Mercury Analyzer.)
Sulfuric acid, nitric acid, and potassium perman-
ganate are precisely added. mixed, and sparged.

The Complete Oxidation Probe examines each
cup to determine if the purple color persists for
the specified time period. Additional potassium
permaxganate is added if necessary. Should the
purpie color continue to disappear, the sample is
flagged for operator attenticn. Potassium persul-
fate is then added, and the samples are digested
for 2 hours at 85° C. After cooling, sodium
chleride-hydroxylamine suifate is added to
reduce the excess permanganate. The samples
and standards are then ready for Hg determina-
tion by cold vapor AA, which commences with
the addition of stannous chloride.

ZIED 212 Si7

 Leenan Labs

- AP26A

163 Comrraht -G fnown Ll: 200

QA8 EXMAUST
E 1 .
! cas | ——
" mEcLATOR —_ g
‘ WHLOM, ’

| HeB, XM

13 p80G ! | o
4{ | SAFETY/RELEF :
ALVE | i .
p3rEc _ i
P : | “-g—
GA

ATER 0FTCS

AUTOMATIC
HEATERRECHCULATOR

geme | (17

rl-

.\‘ .

COMPLETE
QXICATICN
ROSE

/

STILATVNT WOLNMTND WO=s

ATSS LI SBR.-Si-L L



Ezrly Warning of High Mercury Levels

One of the problems in mercury analysis occurs when
a sample with high mercury content is measured.
Adsorption of these high vapor levels resuits in slow
elution from internal surfaces, charactzrized by long
baseline return times. Once a systemn has been exposed.
it can take hours to clean out. during which time the
instrument is unavailable for use.

The PS200 detects high mercury leveis early -

before the vapor has a chance to saturate the svstern.
When the detector senses a rapid rate of signal increase.,
the system automatically shuts off the flow o1 cartier
gas (argon or nitregen) to prevent more mercury

vapor from flowing inta the system. Immediately,

rinse solution starts flowing through the iiquid sample
path to wash out the sample. Throughout this process.
the system monitors the cetector signal. and waits

until it has sufficiently decreased before unning the

© next sample.

The entire procedure typicaily takes 5 minuzes -
saving you hours of system flushing,
and minimizing downtime.
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Development of an in Vitro Screening Test To Evaluate the in Vivo
Bioaccessibility of Ingested Mine-Waste Lead

Michael V. Ruby,”’ Andy Davls,’ Timothy E. Link,' Rosalind Schoof,t Rufus L. Chaney,’ Gary B. Freeman,' and

Paul Bergstrom®

PTI Environmental Services, 2995 Bassiine Road, Suite 202, Bouider, Colorado 80303, PT] Environmantal Services,

15375 SE 30th Place, Suite 250, Beilevue, Washington 98007, Soil Microbial Systems Laboratory, USDA Agricuitural
Research Service, Building 318, BARC West, Beitsvills, Maryland 20705, Battelle Columbus Laboratories, 505 King Avenue,
Columbus, Ohio 43201, and ARCO, 555 Seventeenth Street, Denver, Colorado 80202

A screening-level in vitro test was developed to evaluate
the relative solubility of ingested lead (Pb) from different
mine wastes in the gastrointestinal (GI) tract. The in
vitro method, modeled after assay methods for available
iron from food, used a laboratory digestion procedure
designed to reproduce GI tract chemistry and function.
The in vitro method was independently calibrated against
a rabbit feeding study, demonstrating that only 1-6% of
the total Pbin four mine-waste samples with disparate Pb
mineralogy was bioaccessible. [n vitro method develop-
ment tests indicated that H* concentration and CI-
complexation control dissolution of Pb-bearing minerals
in thestomach and that both GI tract enzymes and organic
acids are necessary to maintain Pb in the soluble form on
entering the small intestine. The experimental results
indicate that ingestion of Pb-bearing mine wastes results
in limited Pb solubility and that the in vitro test provides
a screening-level estimate of the maximum available Pb
from mine wastes. ‘

Introduction

When assessing risks associated with lead (Pb)-con-
taminated soils, one exposure pathway typically evaluated
is soil ingestion by children. Standard procedures rec-
ommended by the U.S. Environmental Protection Agency
(EPA) for estimating soil Pb exposures using the Uptake
Biokinetic Model assume that a typical child will ingest
100 mg of soil/day and that 30% of the ingested Pb will
be absorbed into the systemic circulation (i.e., will be
bicavailable) (I). However, recently completed animal
studies indicate that lead from mine waste is much less
bioavailable than lead from other sources (2-4). Our
previous research has demonstrated that Pb-bearing
minerals dissolve slowly and incompletely in the gas-
trointestinal (GI) tract, due to a variety of geochemical
factors (5) resulting in Pb forms that are bioaccessible.
The limited dissolution of Pb-bearing minerals in the GI
tract is most likely responsible for the low bicavailability
observed in the animal studies, because Pb absorption
has been shown to occur from the soluble phase in the
small intestine (6, 7).

The geochemical factors controlling dissolution of metals
from mine waste include the mineral composition, the
degree of encapsulation, and the presence of alteration
rinds. Because the solubility of Pb from mine waste is

* Author to whom correspondence should be addressed.
! PTT Environmental Services, Boulder.

¢ PTT Environmental Services, Bellevue.

$ USDA Agricultural Research Service.

! Battelle Columbus Laboratories.

° ARCO.
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Table I. Occurrence of Pb Minerals in Mine-Waste
Samples

sample no.
Pb phase BMW-1 BMW-2 BMW-3 BMW-4

anglesite (PbSO,) (%) 39 4 10
galena (PbS) (%) 26 1 3
lead phosphates® (%) 4 7 37 39
manganese-lead 31 7 26

oxides® (%)
iron-lead oxides¢ (%) 2 29 6
iron-lead sulfates? (%) 2 24 39
lead oxides [PbO and 1 3 17

Pb(OH),] (%)
lead metallics® (%) 2
lead silicates (PbSiO; 2 11

and PbSiOy) (%)
lead barite 3

[(Ba-Pb)SO.] (%)
cerussite (PbCOy) (%) 3
Pb concen (mg/kg) 3900 1030 5820 1790
As conen (mg/kgk 1380 620 1180 420
Fe conen (% ¥ 6.9 12.3 5.0 5.4
Mn concn (mg/kg¥ 2200 2000 1100 1200
Zn concn (mg/kg¥ 6040 NAf NA 1600
Ca conen (% ¥ 0.7 2.9 1.2 0.8
pH* 3.7 2.8 3.8 2.6

@ Lead phosphate grains contain variable compositions of Pb, PO,
S04, and halogens. ® Manganese-lead oxide particles contain more
Mn than Pb, with variable compositions of constituenta. ¢ Iron-lead
oxide particles contain more Fe than Pb, with variable compositions
of constituenta. ¢ Iron-lead sulfate grains contain more Fe than Pb,
with variable compositions of constituents. ¢ Lead metallics contain
elemental Pb with Fe, Mn, As, Cu, and Zn in varying proportions.
f Determined by digestion (31) and atomic absorption spectroscopy

(31). ¢ Determined by X-ray fluorescence. * Determined by the

saturated paste method (32). ¢ NA, not analyzed.

constrained by the composition of the mineral assemblage,

site-specific mineralogical data are necessary to charac- -

terize the availability of Pb (2, 5). Two dominant Pb
mineral assemblages—sulfide/suifate and oxide/phos-

phate—have been identified in residential soils containing

mine waste (8). The sulfide/sulfate assemblage consists
of galena (PbS) grains altering to the oxidation product
anglesite (PbSO,) or enclosed in pyrite (FeSg) or silicate
(SiO9) matrices, making them unavailable for alteration
ordissolution. Precipitation of jarosite [KFe3(SO,)2(OHs]
rinds on Pb-bearing particles was also observed and would
retard Pb dissolution, both physically by reduction in the
exposed surface area and chemically due to the insoluble
nature of jarosite in acidic (pH < 4) media (9). The oxide/
phosphate assemblage consists of lead phosphates of
varying compositions, lead ferromanganese oxides, iron-
lead sulfates that are similar in composition to the mineral
lead jarosite [PbFeg(S04)«(OH) 2], and lead oxides [PbO
and Pb(OH),, Table I]. These Pb minerals occur in mine
waste and soils as a complex set of alteration products
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that are weathering toward more stable lead phosphates.
The geochemical controls on Pb dissolution from one of
the mine-waste samples (BMW-1) used in this study have
been discussed in detail in previous papers (5, 10).

The mass of Pb dissolved is also controlled. by physi-
ological factors, including gastric pH, the rate of Pb
dissolution relative to the residence time of Pb-bearing
mine waste in the GI tract, and by in vivo sorption and
precipitation reactions that may limit dissolved Pb con-
centrations. Gastric pH, which in humans ranges from a
basal level of 1-2 to 4-6 after ingestion of food, with its
attendant buffering capacity (11, 12), appears to be one
of the most important physiological factors in determining
the mass of Pb solubilized from a mine waste. Lead that
enters the fluid phase in a fasting stomach (assumed pH
= 1.3 and high chloride activity) will be present at
approximately equimolar concentrations. of Pb** and
PbCl* (13). Another critical factor is the residence time
in the stomach. The gastric contents are emptied com-
pletely into the small intestine within approximately 2 h
in humans when fed various test meals (14).

On entering the duodenum, NaHCOj3 excreted with the
pancreatic juices is mixed with the intestinal chyme,
resulting in an increase in pH to approximately 7 in humans
(15). Consequently, dissolved Pb concentrations are likely
to decrease in the small intestine due to adsorption to
mineral and food-particle surfaces with increasing pH and
as aresult of precipitation reactions (I6). For the purpose
of this discussion, the fluid or soluble phase within the
small intestine is operationally defined as the fraction that
can be separated from the solid fraction by relatively low-
speed centrifugation, as defined in the methods section.
Lead in the soluble small intestinal phase will be distrib-
uted between fractions bound by proteins and enzymes
(17, 18); complexed by amino acids (19, 20), low molecular
weight carboxylic acids (21), and tannins and humic acids
released from ingested soil and food, respectively (16);
adsorbed to suspended particulates in the fluid phase; or
present as free lead cations and hydroxide complexes. The
- distribution of Pb between these forms will control the
solubility and, consequently, the mass available for
absorption across the intestinal epithelium.

Because of the complexity of the geochemical and
physiological factors controlling dissolution of lead from
mine waste, it was determined that a rapid, inexpensive
in vitro method was needed to investigate interactions of
the various factors and to compare the relative solubility
of Pb from solid sourcess The in vitro method for
estimating Pb availability presented in this paper was
modeled after an in vitro assay method for available Fe
in foodstuffs (22-26). The Fe availability method sim-
ulates the stomach and small intestinal phases of digestion
using solutions of specific pH that contain digestive
enzymes (pepsin in the stomach, pancreatic enzymes and
bile acids in the small intestine) mixed with the test
substrate to reproduce GI tract function and chemistry.

The pH values of 1.3 and 7.0, selected for the gastric
and small intestinal incubations, respectively, were based
on measurements in fasting rabbit stomachs and small
intestines. The strongly acidic stomach solution selected
for the in vitro method is representative of a fasting child
and maximizes Pb dissolution to provide an upper-bound
estimate of available Pb that would apply to ingestion of
small particles due to mouthing behavior by children
several hours after food ingestion or under fasting con-

ditions. Selection of appropriate concentrations for di-
gestive enzymes is problematic because concentrations are
highly variable in the human system. The enzyme
concentrations selected for the in vitro test were those
used in refs 23 and 24 for in vitro estimation of Fe frem
food. The method developed herein included the addition
of small quantities of organic acids that were determined
to be present in the rabbit GI tract.

Gastric mixing rate (the rate at which ingested material
is mixed with fluid in the stomach due to peristalsis) will
also affect mineral dissolution kinetics and influence the
concentrations of Pb solubilized in the stomach. There-
fore, mixing of the in vitro flask contents employed a
mixing rate designed to replicate in vivo mixing, as
previously determined in Pb dissolution rate experiments
(9). The test material mass (4 g) and fluid volume (40
mL) for the in vitro experiments were based on those found
in the stomachs and small intestines of 33 New Zealand
White rabbits. The rabbits had been dosed with 2.0 g of
mine waste/kg of body weight and weighed, on averags,
2.1 kg, resultmg in 4.2 g of mgested mine waste (16.4 mg
of Pby.

To test the validity of the in vitro model, an in vivo
experiment was conducted to assess the dissolution of Pb
from mine waste during passage through the GI tract of
New Zealand White rabbits. A mine-waste dose of 2.0
g/ kg of body weight was selected to represent the worst-
case scenario of a child with pica-for-soil (e.g., a child who
intentionaily ingests soil), who may ingest up to 10 g of
soil/day (27, 28). Although differences in digestive anat-
omy and function between humans and rabbits, such as
coprophagy, biliary excretion, and development of Pb
absorption mechanisms during growth, must be considered
when assessing Pb bioavailability, the primary factors
controlling Pb dissolution (i.e., pH, mixing, and tranait
time) are comparable for humans and rabbits (5, 11, 12,

29). Therefore, the rabbit GI tract provides an
appropriate model to assess Pb bioaccessibility from a
mine waste on ingestion by a child. Values for several
important parameters in the in vitro model were therefore
based on observed values in rabbits, as well as humans.

Methods

Mine-Waste Collectionand Characterization. The
mine waste used for both the in vivo experiment and (n
vitro method development (BMW-1) was blended using
five mine-waste samples (waste rock and mine overburden
material) collected from one mining site to achieve a desired
Pb content (3900 mg/kg of Pb). Before blending, each nf
the five mine-waste samples was air-dried and sieved Lo
<250 um wusing a mechanical sieve shaker, because
predominantly smaller particles adhere tochildren’s hands
and may be ingested (30). Theremaining samples (BMW-
2-4) were composite samples collected from individual
mine-waste piles and treated in an identical manner tu
BMW-1. Bulk Pb concentrations were determined fur
each sample by digestion in HNOy/H:0,, followed by
atomic absorption spectroscopy (31). Bulk arsenic (AaJ,
Fe, manganese (Mn), zinc (Zn), and calcium (Ca) con-
centrations were determined by X-ray fluorescence.
Sample pH was determined by the saturated paste methor!
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(32). Lead minerals in the mine-waste samples were
identified by electron microprobe (JEQL 8600) at the
Department of Geological Sciences, University of Colorado
at Boulder (Table I). A description of microprobe
methods, and more detailed descriptions of the Pb
mineralogy, may be found in refs 5 and 8.

In Vivo Experiment. Thirty-six female New Zealand
White rabbits, weighing an average of 2.1 kg at 12 weeks,
were used in the in vivo study undertaken at Battelle
Columbus Laboratories (Columbus, OH) and performed
in compliance with Good Laboratory Practice Regulations
(33). Animals were caged in individualstainless steel cages
with mesh bottoms. To avoid interactions between the
rabbit chow and the mine waste, all of the rabbits were
fasted for 16 h prior to dosing and 4 h after. During
nonfasting periods, Purina high-fiber rabbit chow was
provided ad libitum. Deionized (DI) water was available
at all times. Twenty-seven rabbits were dosed with 2.0
0.02 g of BMW-1 (in gelatin capsules)/kg of body weight,
and three rabbits each were killed at 0.5, 1, 1.5, 3, 6, 8, 16,
24, and 36 h after dosing. One group of three rabbits was
given a mass of soluble Pb salts equal to that given to the

mine-waste-dosed animals (14.3 mg of lead acetate [Pb-’

(CH3CO49)9-3H20]/kg of body weight) and killed 1 h after
dosing. Twogroups of three rabbits each served as controls
and were killed at 1 and 36 h after dosing. -

Whole blood was collected from all rabbits via cardiac
puncture after sedation with sodium pentobarbital. Sub-
sequently, a lethal injection of pentobarbital was admin-
istered, the stomach and intestines were exposed, and the
region below the pyloric valve was clamped to prevent
passage of the stomach contents into the duodenum.
Measurements of pH were performed using an Orion
portable pH meter in conjunction with a Ross semimicro
pH electrode. The electrode was inserted through an
incision in the stomach wall for measurement of pH in the
fundic and pyloric regions of the stomach. These mea-
surements were also taken in the duodenum and ileum by
removing the small intestine and gently inserting the probe
into either end of the segment. Large intestine measure-
ments were made in the middle of the cecum.

Samples of the contents of the stomach, small intestine,
and large intestine were collected from each animal in
50-mL Corning polypropylene centrifuge tubes and cen-
trifuged at approximately 2100¢ for 25 min in a Beckman

Model TJ6 centrifuge. Approximately 30~40 mL of

stomach material was collected with a spoon through a
slit in the stomach wall, and any remaining material was
removed from the stomach with a spoon, collected into a
disposable beaker, and weighed. The volume of material
in the fasted rabbit stomachs was approximately 30 mL,
while the volume in fed rabbit stomachs wasapproximately
60 mL. Entire small intestinal contents (10—20 mL) were
extruded into single centrifuge tubes. Approximately 40
mL of large intestinal material was collected with a spoon
through a slit in the middle portion of the organ, and the
remaining material was collected with a spoon into a
disposable beaker and weighed. The fluid phase was
decanted, and reagent-grade HNO; (17N) was used to
acidify the fluid samples (1% v/v). Solid samples were
dried to determine percent moisture and digested in HNOy/
H,0, (31). A Thermo Jarrel Ash, Video 11E atomic
absorption spectrophotometer, equipped with a Model
CTF 188 graphite furnace and Smith~Hieftje background
correction, was used for analysis of samples with <2 mg/L

2872 Environ. Sci. Technol,, Vol. 27, No. 13, 1993

of Pb, and the same instrument, equipped tor flame
analysis, was used for samples with >2 mg/L of Ph,
Organic acid analyses were performed by capillary elec-
trophoresis at Galbraith Labs (Knoxville, TN).

Analytical quality assurance and quality control (QA/

QC) samples consisted of 1 in 20 samples analyzed as matrix

spikes and duplicates, calibration verification, continuing
calibration verification and blanks, and the use of the
method of standard additions when recalcitrant matrices
were encountered. Based on quality control limits for
acceptable analytical results (34), all data were accurate
and precise.

In Vitro Experiments. A mine-waste/solution ratio
of 1:10 (4.0 £ 0.01 g of mine waste and 40 mL of fluid) was
selected for the in vitro method because each rabbit was
dosed with 2 g of BMW-1/kg of body weight (average of
4.2 g of BMW-1/rabbit), and the 1:10 solid-to-fluid ratio
was the average ratio observed in the 36 rabbit stomachs
and small intestines. Theinvivo experiment was designed
to minimize interactions between the mine waste and
rabbit chow; however, because rabbits practice coprophagy
(35), some interaction between mine waste and food is
inevitable. Therefore, in vitro tests were conducted with
both mine waste alone (in triplicate) and a mine-waste/
rabbitchow mixture (4.0g of BMW-1, 1.0 g of rabbit chow,
40 mL of fluid), in duplicate. The tn vitro test was also
conducted with an equivalent mass of Pb as lead acetate,
in both the presence and absence of Pb-free mine waste,
to allow calculation of Pb solubility from BMW-1 relative
tolead acetate. Subsequent to method development using
BMW-1, three additional mine-waste samples (BMW-2-
4, Table I) were subjected to the in vitro test to examine
Pb availability from mine waste with disparate Pb
mineralogies.

A total of 40 mL of type [ DI water was adjusted to pH
1.3 with HCl. Mine waste (4 g), pepsin (50 mg, activity
of 800—-2500 units/mg, Sigma Chemical Co.), and organic
acids (acetate [0.5 mL], citrate [0.5¢], lactate [0.42 mL],
and malate [0.5 g]) were added, and the flask was placed
on a wrist-action shaker in a water bath at 37 °C,
representative of GI tract temperature (23). The pH was
checked at 10-min intervals during the first half hour and
at half-hour intervals thereafter, and measured volumes
of 12N HCl were added to maintain a pH of 1.3. Aliquots
(2 mL) were removed from the reaction flask at 0.5, 1.0,
1.5, and 2.0 h after initiation of the reaction and centrifuged
immediately at approximately 2100g for 25 min, and the
liquid fraction was decanted for Pb analysis, After 2 h,
the reaction vessel was titrated to pH 7.0 £ 0.2 by the
addition of a dialysis bag (8000 MWCO, Spectra/Por
cellulose ester tubing) containing 3 mL of DI and NaHCO;
of equivalent molarity to the calculated acidity (HC)) in
the flask. The system required approximately 30 min to
reach a pH of 7.0 £ 0.2, after which the dialysis bag was
removed and the contents were emptied into the reaction
flask. Pancreatin (20 mg, activity equivalent to 4X U.S.
Pharmacopeia specifications, Sigma Chemical Co.) and
bile extract (70 mg) were added, and the flask was returned
to the water bath. Two hours were allowed for the flask
contents to reach equilibrium, the fluid volume was

measured, and a 10-mL fluid sample was collected by -

centrifugation for Pb analysis. Fluids were analyzed for
Pb using the methods and instrumentation described in
the in vivo experimental section. GI tract enzymes and
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Figure 1. pH variations In rabbit GI tract as a function of time and
location: (M) fundic stomach, (I3) pyloric stomach, (A) duodenum, (+)
fleurn, { X) cecum. Error bars indicate standard deviation for the measured
values in three rabbits.

acids were obtained from Sigma Chemical Co. (St. Louis,
MOQO). _

Method development testing for the in vitro test also
included omission of the organic acids, omission of the GI
tract enzymes, and omission of both the acids and enzymes
(each test in duplicate). A parallel procedure was carried
out (in duplicate) with an equimolar amount of a soluble
lead acetate [Pb(CH3CO2)9:3H,0, 24.5 mg] to evaluate
Pb availability from a soluble salt with no matrix present.
Finally, the in vitro test was conducted with lead acetate
(in duplicate) in reaction flasks containing 4 g of low-Pb
mine waste (100 mg/kg of Pb). This mine waste was also
subjected to the in vitro procedure (in duplicate) to
determine available Pb. An experimental blank (no solid
material in flask) was carried through the procedure during
each experiment.

Resu2t§ '

Mineralogy, Metal Concentrations,and Sample pH.
Lead mineralogy in samples BMW-1-4 (Table I) was
calculated as percent occurrence of Pb-bearing grains and
indicates a diverse Pb mineralogy consisting of both
sulfate/sulfide and oxide/phosphate phases, consistent
with Pb mineralogy observed during a comprehensive
study at this site (§). Bulk metals data are presented
(TableI) for comparison of these mine-waste samples with
samples that may be analyzed by the in vitro method in
the future. Although the bulk concentrations of As, Fe,
Mn, Zn, and Ca will have a minimal effect on the dissolution
of Pb-bearing phases, the presence of soluble Fe and Ca
will decrease the absorption of Pb across the intestinal
epithelium (16). Theacidic pH values determined in these
samples (2.6-3.8) are consistent with the high Fe con-
centrations (5.0-12.3 wt %) and the presence of pyrite
and suggest that these materials will have a limited capacity
to buffer stomach acids on ingestion.

In Vivo pH. The pH measurements collected in the
rabbit GI tracts (36 rabbits) indicate that a pH in the
range of 1.0~1.3 exists in the stomach under fasting
conditions, increasing to 2.8 and 4.1, respectively, in the
fundic and pyloric regions of the stomach on ingestion of
food (Figure 1). Small and large intestinal pH values were
independent of nutritional status and averaged 6.9 in the
duodenum, 7.4 in the ileum, and 5.9 in the cecum. These

Table II. Concentrations of Organic Acids in Rabbit GI
Tract

stomach small

organic : lead-acid log Kyg.,* concn®  intestine?
acid pK. ionic strength 1.0 (mg/L) (mg/L)

acetate 4.7° 2.1 189 212

butyrate 4.9¢ 2.1 <10 <10

citrate pK, 3.1¢ 4.1 534 <10
pK2 4.8

lactate 3.80 2.0 174 972

malate pK, 2.8¢ 2.4 1302 100
ng 5.7

succinate pK, 4.29 2.4 64 <10
ng 5.64

tartrate pK, 3.1% 26 <10 <10
pK-z 4.8%

¢ Determined by capillary electrophoresis. ® Ref 40. < Ref41. 4 Ref
42. ¢ Ref 36. . .

values are in agreement with the basal gastric pH of 1.0~
2.0 (11, 12) and with the small intestinal pH of 4.7-7.2 (15)
for human subjects, validating the use of female New
Zealand White rabbits as a GI model for humans with
respect to pH. Based on observations in New Zealand
White rabbits, pH levels of 1.3 and 7.0 were selected to
represent the stomach and small intestinal phases, re-
spectively, in the tn vitro model. -

Organic Acids. Organic acids are known to chelate
Pb (21) and may increase solubilized Pb concentrations
in the small intestine, promoting transport of Pb across
the intestinal epithelium (6). Therefore, concentrations
of organic acids were measured by capillary electrophoresis
(Table II) in the stomach and small intestinal fluids of a
rabbit from the 6-h post-dose group. The pK, values for
the first proton released from all of the carboxylic acids
for which analyses were performed are 22.8 (Table II);
therefore, these acids will be protonated during fasting
stomach conditions (pH 1-2) but may chelate Pb in the
stomach in the presence of food (pH 4-6) and in the small
intestine (pH 7). Comparison of stability constants
(determined at 25 °C and solution ionic strength of 1.0
(36) for the lead carboxylate complexes) indicates that
citrate, if present, will form the most stable complex with
Pb (log KMy = 4.1), while the remaining acids will form
complexes of decreasing stability in the order tartrate >
malate, succinate > acetate, butyrate > lactate. Theability
of organic acids. to serve as Pb chelators depends on the
ability of the soluble chelator to complex Pb (which is pH
dependent due to proton competition for the ligand), the
strength of Pb?* binding to individual ligands (e.g., -
selectivity for Pb), and the activity of competing cations
(e.g., Ca?*, Zn?*, or Cu?*) that maydisplace Pb. Therefore,
in the small intestine at pH 7, the Ky, values for organic
acids (Table II) indicate that nearly all Pb complexed by
organic acids would be present as lead citrate complexes;
however, this does not eliminate the possibility that Pb
would be preferentially complexed by stronger chelators
(e.g.,enzymes and amino acids) or displaced by competing
cations.

Malate and citrate were the most concentrated car-
boxylic acids in the rabbit stomachs, whereas lactate and
acetate were most concentrated in the small intestine
(Table II). The decrease in citrate and malate concen-
trations between the stomach and small intestinal fluid
may be due to the absorption of these species in the small
intestine or to the formation of stable complexes that are
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Table III.
Three Samples*

Pb WESS (ﬂ&) Recovered from R.nbbn. Fluids and Solids, Reported as Arithmetic Mean, Standard Deviation of

stomach amall int.  large int.
time (h) fluid® fluid® fluid® blood?
0.5 230 £ 170 6.9 £6.7 3.0¢ 2.0 £ 0.4
1 260 = 140 28 + 34 38+24 15x05
1.5 620 £ 250 140 = 27¢ ~ L7£0.4
3 62+ 53 250 £220 32+£25 3.4£28
6 5.8+3.8 6.1 £6.7 53£18 T1+21
8 1.6£0.5 1.6x1.0 46+20 77+28
16 53+ 1.2 15£6.1" - 7.2+0.4 39+£038
24 3.4+2.0 53+04¢ 82%1.0 5314
36 3.4£2.4 3321 29£02 6425
1 (soluble salt dose} 2000 £610 8l0£390 62058 14+79
1 (blank) 1.4 £ 0.2 0.6 +0.4 10+1.4¢ 08=x04
36 (blank) 2.5+ 1.7 2806 07£02° 2904

% total Pb
stomach small int. large int. in stomach
solids solids solids in fluid phase® {%)
6980 + 2290 3820 170 = 60 3x2
6670 + 2820 480 = 710 130 = 47 12
6210 £ 2070 1230 £ 630 630 + 760 9+ 4
850 + 300 4580 £ 4830 550 = 330 EX
62 + 80 160 = 230 1170 £+ 300 96
NA! NA NA
NA NA NA
NA NA NA
NA NA NA
3400 £ 2300 1150 £ 300 530 + 400 37+11
120 £ 44 33 + 28 180 + 31 1+0.1
NA NA NA

¢ Each rabbit dosed with 2.0 g of BMW- 1/kg of body weight (average animal weight of 2.1 kg) for an average dose of 4.2 g of BMW-1 (16.4

mg of Pb). * Corrected for percent moisture in solids. < No error is presented, because only one measurement was obtained. ¢ Assuming average
rabbit blood volume of 56 mL/kg of bedy weight (43). ¢ Error based on two measurements. / No fluid available after centrifugation. ¢ One hour
between dosing and sample collection. * Value caiculated by dividing the Pb mass in stomach fluid by total Pb mass in stomach. Associated
error calculated as standard deviation of Pb mass in stomach fluid divided by total Pb mass in stomach. ‘ NA, not analyzed.

notresolved during capillary electrophoresis. Lacticacid,
which may be produced in the stomach (37), has been
observed previously in the small intestines of rabbits (38).
Because the concentrations of acetate, citrate, lactate, and

malate were variable throughout the rabbit GI tract, an

average concentration of 500 mg/L for each.acid was used
during the in vitro experiments.

Lead in in Vivo Fluid and Solid Samples Lead
analyses were performed on all of the fluid samples and
on the solid samples collected from the 0.5-6-h post-dose
groups. Solid samples from the 8-36-h post-dose groups
were not analyzed, because thesolid Pb mass had traversed
the small intestine and was no longer available for
dissolution and absorption (Table III). Reported data
were corrected for percent moisture in the solids and are
reported as mass (ug) rather than concentration to account
for the varying fluid volumes and solid masses present in
each rabbit (Table ITI). Data are presented with standard
deviations for each set of three rabbits and indicate
substantial interanimal variability (Table III); observed
standard deviations are generally in the range of 30-50%.
Lead masses in the 1- and 36-h control rabbits are less
than or equivalent to any of the dosed rabbits, indicating
that background Pb masses are 1-10 and 30-180 ug in GI
tract fluids and solids, respectively (Table III), probably
due to low concentrations of Pb (0.75 mg/kg) present in
the rabbit feed. .

Acidification of the small intestinal fluid with HNO;,
for preservation, resulted in the formation of a flocculent
precipitate (believed to be an agglomeration of proteins
and enzymes that are present in small intestinal fluid),
which was readily resuspended when the pH was raised
to >5.0 using NaOH. To evaluate the banding of Pb by
the precipitate, three small intestinal fluids were analyzed
for Pb concentration, with the precipitate both solubilized
and precipitated and removed by centrifugation. Com-
parison of the Pb concentrations in the fluid samples after
solubilization of the precipitate indicates that 63 + 4% of
the total Pb in solution is removed by this precipitation
reaction. Furthermore, a dialysis experiment using 12000
MWCO tubing indicated that 93% of Pb in one small
intestinal fluid sample was incapable of diffusing out of
the dialysis bag in 24 h. These results suggest that a
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substantial portion (approximately 60-95 % ) of solubilized
small intestinal Pb is bound to a protein or enzyme that
is >12000 MW.

Mean solubilized Pb masses from BMW-1 as a function
of time and GI tract compartment exhibit the expected
profile (Table III), with maximum solubilization in the
stomach, small intestine, and large intestine occurring at
approximately 1.5, 3, and 6 h, respectively. Maximum
solubilized Pb masses decrease in each successive segment
of the GI tract, with stomach, small intestinal, and large
intestinal masses of 0.62, 0.25, and 0.053 mg recovered,
respectively. Thedecrease in Pb mass in solution between
stomach and small intestine is probably due to precipi-
tation or sorption reactions that occur as the pH is
increased from 1.3 to 7, whereas the decrease in Pb mass
between small and large intestine is most likely due to Pb
absorption across the intestinal epithelium. Mean Pb
masses in GI tract solids are consistent with the pattern
observed in the fluid phase (Table III). Emptying of solid
Pb from the stomach into the small intestine is complete
within 3 h, during which time Pb in the small intestinal
solids reaches a maximum (Table III).

When considering available Pb based on either in vivo
orin vitro results, it should be recognized that absorption
of Pb in the small intestine is a nonequilibrium process.
Four pools of Pb are present in the small intestine: (1)
solubilized Pb, either ionic or bound by small organic
ligands (Pb,y); (2) solubilized Pb that is bound to large
MW entities (Pbpad); (3) Pb that was solubilized in the
stomach but has sorbed to solid surfaces on entering the
small intestine (Pbeob); and (4) Pb that was insoluble in
the stomach (Pbigsor). Because Pbiy, is unlikely to be
solubilized during passage through the small intestine,
this fraction of ingested Pb is not bioaccessible. The other
three forms of Pb are all available for absorption. Pbyy
is immediately available, while Pbyag and Pbsg must
become unbound or desorbed, respectively, prior to
absorption in the small intestine. However, as Pb, is
absorbed, Pbygg and Pb,ees could be released into solution
to regain equilibrium partitioning of Pb between the fluid
and solid phases. Therefore, assuming that the binding
or adsorption mechanisms are reversible, the entire pool
of Pbyol, Pbpga, and Pbyors (which is equal to the total Pb
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Figure 2. Average Pb mass (mg) solubilized during the /n vitro method
development testing: (M) standard test, (+) rabbit chow present during
standard test, (0)no acids present during test, (A) no enzymaes present
during test, (X) no enzymes or acids present during test.

in the stomach fluid phase, because surface adsorption of
Pb will be negligible at the acidic pH of the stomach (39)]
is theoretically available for absorption, if the kinetics of
Pb absorption across the intestinal epithelium are suffi-
ciently rapid with respect to intestinal transit time and to
the kinetics of Pb release or desorption. The mass of Pb
present in the Pbyyg and Pbyges pools and the relative release
and desorption kinetics were not evaluated during this
study. Consequently, the maximum mass of solubilized
Pb in the stomach compared to the masa that is insoluble
(e.g., the partitioning ratio from solid to fluid) represents
a conservative (upper) estimate of available Pb.

Based on the above reasoning, calculation of in vivo Pb
solubility from BMW-1 (mass of Pb solubilized divided
by total Pb present in the stomach) shows that the
solubilized Pb fraction increased from an initial 3% to a
maximum of 9% at the 1.5-h time point (Table IIT). The
limited Pb dissolution from mine waste is due to the low
solubility of Pb-bearing minerals, kinetic dissolution
limitations (10), and encapsulation of Pb phases by inert
matrices (e.g., silicates, pyrite, and jarosite) (5). -

A total of 37% of the recovered Pb from Pb(OAc), is
present in the stomach fluids after 1 h, suggesting that the
balance is present in the stomach solids. It is unclear why
the bulk of Pb from Pb(OAc), was present in the stomach
solids. Blood-lead response 1 h after ingestion of Pb(OAc),
was 9.4 times larger than from an equivalent mass of Pb

contained in BMW-1, supporting maximum in vivo mine-’

waste-lead solubility, relative to Pb(QOAc),, of approxi-
mately 10%. '

Lead in in Vitro Fluids. Reproducibility of the in
vitro method was tested by conducting triplicate exper-
iments using BMW-1, for which the maximum Pb mass
solubilized (2-h sample) was 0.65 £+ 0.04 mg. The method
development tests, consisting of the addition of rabbit
chow, the omission of organic acids, the omission of GI
tract enzymes, and the omission of both acids and enzymes
(each performed in duplicate), resulted in maximum
solubilized Pb masses at the 2-h time point of 0.58 = 0.04,
0.55 + 0.01, 0.52 = 0.02, and 0.52 % 0.02 mg of Pb,
respectively (Figure 2). The blank flasks were below the
instrument detection limit (IDL, 0.10 mg/L) in each
experiment. The method detection limits (IDL X dilution
factor X volume in flask) in the mine-waste and method
development flasks and the Pb(QAc); flask were 0.020
and 0.60 mg, respectively.

The method development experiments indicate that the
addition of rabbit chow to the reaction flask causes aslight

decrease in the mass of Pbsolubilized in the stomach from
0.65 £ 0.04 to 0.38 £ 0.04 mg, while the mass of Pb in the
soluble phase during the small intestinal incubation was
increased slightly from 0.11 + 0.04 t0 0.18 £ 0.03 mg (Figure
2). The reason for a decrease in stomach-solubilized Pb
in the presence of rabbit chow is unknown, while the
increase in intestinal solubilized Pb is most likely due to
a solubilized component of rabbit chow, probably citrate,
amino acids, or suspended organic matter, that is capable
of binding Pb and retaining it in solution. The absence
of either organic acids or GI tract enzymes, or both
components together, results in a 20% decrease in max-
imum stomach Pb solubility (0.65 + 0.04 to 0.52 £ 0.02
mg), consistent with the observation that the presence of
organic acids in solution may increase the dissolution of
Pb-bearing phases (38). In addition, both acids and
enzymes are necessary to retain Pb in solution during the
small intestinal phase (Figure 2). These data suggest that
organic acids and GI tract enzymes in the pH 7 environ-
ment of the small intestine either bind Pb or inhibit the
formation of Pb-bearing precipitates.

Based on the reasoning presented in the in vivo results
section, the fraction of available Pb in vitro from BMW-1
(4 £0.2%), determined by dividing the average dissolved
Pb mass at 2.0 hr (0.65 mg) by the mass of Pb in the flask
(15.6 mg) (Table IV), was in good agreement with the in
vivo result (9 £ 4%). The comparison of in vivo and in
vitro solubilized Pb masses (1.5 h for in vivo and 2.0 h for
invitro) were nearly identical: 0.62 versus 0.65 mg for the
in vivo and in vitro systems, respectively (Tables III and
IV). The overall rate of Pb dissolution in the stomach
(the rate of change in solubilized Pb with time in Table
III versus Table IV) was similar in the in vivo and in vitro
systems, although the in vitro dissolution rate was more
constant (less variability in the rate of Pb dissolution),
indicating that dissolution kinetics are important in
controlling Pb bioaccessibility from BMW-1.

The Pb(OAc), results indicate that, after correction for
Pb emanating from the blank mine waste (100 mg/kg of
bulk Pb concentration resulted in 0.07 mg in the in vitro
test), 68% of the Pb from Pb(OAc), is bioaccessible in
vitro in the presence of a mine-waste matrix, while 76 %
is available when no matrix is present (Table IV). The
discrepancy between available Pb from Pb(OAc); during
invitro (68 or 76 % , depending on the matrix present) and
in vitvo (37%) testing could be due to a variety of factors,
including (1) pH differences between the systems, (2) lower
concentrations of organic acids in vivo than used in vitro,
or (3) incomplete recovery of ingested material during the
in vivo study. Soluble Pb mass from Pb(OAc): in the
absence of mine waste decreased by a factor of 2 in the
small intestinal simulation (Table IV), while in the
presence of mine waste, soluble Pb decreased by a factor
of 9. These results suggest that Pb absorption to the mine-
waste surface may reduce Pb solubility in the small
intestine.

The mine-waste samples BMW-2-4, consisting pre-
dominantly of lead phosphates, manganese-lead oxides,
iron-lead oxides, and iron-lead sulfates, also resulted in
limited bioaccessible Pb when tested by thein vitro method
(0.5-6%, Table IV). BMW-2, which consists of ferro-
manganese lead oxides and iron-lead sulfate, produced
only0.5% available Pbduring thein vitro test and reached
equilibrium dissolved Pb concentration prior to collection
of theinitial sample (0.5h, Table IV). BMW-3and BMW-4
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Ph mass (mg) solubilized from mine waste during tn vifro test

time (h) BMW-1 BMW-2 BMW-3
0.5 0.43 £0.04  0.02e 0.94a:6
1.0 050 £0.02  0.02 1.09°
15 0.59£0.06  0.02 1.30°
2.0 0.65%£0.04  0.02 1.26

mass of Pb (mg) solubilized in 0.11 £0.04 <0.0084 0.03

small intestine simulation

mass of Pb added to flask (mg) 15.6 4.1 23.3
fraction available Pb in vitro (%) 44 0.54 69
fraction available Pb in vivoc (%) 9

BMW.4  PhiOAc)y no mine waste Pb(OAc)y blank mine waste

0.067 1.0 % 0.2 10.6 £ 0.2
0.09 11.9£02 10.4 +0.3
0.11 11.6£0.3 10.2 £0.1
0.15 11.4£0.1 10.2 £0.1
0.04 5.3 0.2 1L.0£0.1
7.2 15.6 15.6
24 764 684
37e

4 No standard error available because only one test was conducted. ® Based on detection limit of 0.1 mg/L of Pb by direct-aspiration atomic
absorption spectrametry. < Method for establishing maximum available Pb in vivo same as in vitro, using data from Table I 4 Fraction of
bulk Pb mass solubilized during in vitro test (4.0 g substrate/40 mL of fluid). ¢ Fraction of bulk Pb mass solubilized during in vive feeding

study.

(6% and 2% available Pb, respectively) contain greater
percentages of Pb minerals such as lead oxides, lead
silicates, and anglesite (Table I}, which appear to be more
soluble than the lead phosphates, ferromanganese lead
oxides, and iron-lead sulfates. In addition, BMW-3
reached equilibrium concentration after only 1.5 h, while
BMW-4 did not reach equilibrium during the 2-h stomach
incubation. These data indicate that dissolution kinetics
limit Pb bioaccessibility from the suite of Pb minerals
present in BMW-1and BMW-4 but not from BMW-2and
BMW-3. No discrete Pb minera! phase appears consis-
tently responsible for the available Pb from these mine
wastes, a result that was expected, due to the highly
variable Pb mineral composition. Factorssuch as mineral
associations, the presence and type of alteration and
precipitation rinds, encapsulation of Pb phases in inert
minerals (e.g., silicates), and the presence of surface-
adsorbed Pb are likely to be of equal or greater importance
in controlling Pb bioaccessibility in the GI tract.

Conclusions

This study has demonstrated that an in vitro method
can be an effective tool in evaluating the geochemical and
pbysiological factors controlling the dissolution of mine-
waste Pb in the GI tract.

The rabbit was determined to be an appropriate model
for human GI tract conditions, with respect to pH and
transit times. In a validation study using female New
Zealand White rabbits, average pH values were 1.3 and
3~ in the stomach under fasting and fed conditions,
respectively, and approximately 7 in the small intestine,
similar to pH valuesreported in humans. Acetate, citrate,
lactate, and malate are all present invarying concentrations
in both human and rabbit GI tracts and may chelate Pb
with relative complex formation strengths of citrate >
malate > acetate > lactate, thereby increasing Pb solubility
and subsequent absorption across the intestinal epithelium
by passive diffusion. However, a variety of potential
chelating agents (organic acids, amino acids, proteins,
enzymes, and tannins) will compete for soluble Pb, and
on the basis of two preliminary tests, 6095 % of solubilized
Pb in the small intestine appears to be bound to a protein
or enzyme >12000 MW. Although a stomach pH of 1.3
was used in the in vitro test to maximize Pb dissolution,
this stomach acidity would apply only to fasting children.
A stomach pH of 3-4, typical when food is in the stomach,
would be expected to further reduce Pb bioaccessibility
by decreasing the extent of Pb mineral dissolution.
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Thein vitro beaker assay, modeled after an assay method
used to determine available Fe from food, was successful
in replicating Pb dissolution during the feeding study.
Four mine-waste samples with highly variable mineral
composition (BMW-1-4) resulted in only 4,0.5,6,and 2%
bioaccessible Pb, respectively, suggesting that geochemical
and physiological factors limit the solubility and, therefore,
the availability of Pb from mine waste, regardless of
whether the bulk Pb mineralogy consists of the sulfate/
sulfide or the oxide/phosphate assemblage. The 4%
available Pb from BMW-1 is in good agreement with a
30-day feeding study in Sprague—Dawley rats, using this
mine waste, which produced only 3% absolute Pb bio-
availability based on blood-lead data (3). In addition,
method development testing indicates that although HCI
concentration is the most important GI component
controlling Pb dissolution in the stomach, both organic
acids and enzymes are necessary to retain Pb in solution
during the small intestinal incubation. Based on these
results, the assay appears to provide a useful, rapid,
screening-level test to predict maximum available Pb from
mine wastes.
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APPENDIX B

1.0 GENERAL

1.1 SCOPE AND PURPOSE

This Health and Safety Plan (HASP) has been prepared in conformance with the ABB
Environmental Services, Inc. (ABB Environmental) Health and Safety Program and is
intended to meet the requirements of 29 CFR 1910.120. As such, the HASP addresses
those activities associated with field and other operations for this project. Compliance with
this HASP is required for all ABB Environmental personnel. Contractor personnel entering
'~ the site will be supplied with a copy of this HASP for informational purposes.

1.2 PROJECT PERSONNEL
1.2.1 Project Manager

The project manager (PM) is the individual with overall project management
responsibilities. Those responsibilities as they relate to health and safety include provision
for the development of this site-specific HASP; the necessary resources to meet
requirements of this HASP; the coordination of staff assignments to ensure that personnel
assigned to the project meet medical and training requirements; and the means and materials
. necessary to resolve any health and safety issues that are identified or that developed on the
project.

As of November, 1995, the PM is Geoff Knight from ABB-ES' Rochester, NY office.
1.2.2 Field Operations Leader/Construction Manager

The Resident Engineer or Field Operations Leader (FOL) is the PM's designee who is on-
site and vested with the authority by the PM to carry out day-to-day site operations,
including interfacing with the site Health and Safety Officer (HSO).

As of November, 1995, Tony Delano, P.E. from ABB-ES' Rochester office is the FOL.

ABB Environmental Services, Inc.
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1.2.3 Health and Safety Officer

The HSO for each field activity is designated by the PM with concurrence of the Health and
Safety Supervisor (HSS) or Health and Safety Manager (HSM). The HSO will have at least
an indirect line of reporting to the HSM through the HSS for the duration of his/her
assignment as project HSO. The HSO is responsible for developing and implementing this
site-specific HASP and any activity-specific procedures in accordance with the ABB
Environmental Health and Safety Program. The HSO will investigate all accidents,
illnesses, and incidents occurring on-site. The HSO will also conduct safety briefings and
site-specific training for on-site personnel. The HSO, in consultation with the PM, HSS or
HSM, is responsible for updating and modifying this HASP as site or environmental
conditions change.

1.2.4 Other ABB Environmental Personnel

Depending on the specific activity being conducted (e.g., soil investigation, demolition,
construction, regulatory agency tour), different ABB Environmental personnel may visit or
work at the Ames Street site on a one-time, occasional or frequent basis. Regardless of the
activity, all ABB Environmental personnel entering the site are subject to the provisions of
this HASP.

When a particular site activity may potentially require greater than Level D protection, and
for any activity involving sample collection, the "Medical Data Sheet" forms found in
Section 8.0 of this HASP must be completed. Site visits, tours or other activities by ABB
Environmental personnel for which only Level D protection is required do not require that
this form be completed. Prior to each visit, however, the PM or HSO will brief these
persons on the HASP components as they may apply to the specific activity or area(s) to be
visited as described in Section 3.4.

1.2.5 ABB Environmental Subcontractor Personnel

ABB Environmental subcontractors are generally required under their contract terms to
devise a health and safety program for their employees who will enter or work at the site.
This program, at a minimum, must comply with local, state and federal requirements
(particularly 29 CFR 1910.120) and utilize measures which are at least as protective as
those in ABB Environmental's HASP (i.e., this document).

ABB Environmental Services, Inc.
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Unless specified in the subcontract agreement, ABB Environmental is not responsible for
monitoring a subcontractor's compliance with the subcontractor's or ABB Environmental's
HASP or local, state or federal requirements. ABB Environmental does, however, have the
contractual right to control subcontractors whom they believe may not be in compliance,
through such measures as denying site access, issuing stop work orders, etc. Such measures
will be applied at the discretion of the FOL, HSO, PM and other responsible ABB
Environmental personnel.

1.2.6 Other Site Visitors

Visitors to the Ames Street site other than ABB Environmental personnel and subcontractors
may include:

Representatives of Combustion Engineering (ABB Environmental's client
and the site owner).

Combustion Engineering contractors (e.g., Nixon, Hargrave, Devans and
Doyle [environmental attorneys], Eric Mower and Associates [public
relations]).

Representatives of ABB Kent-Taylor (the former site owner)

Potential vendors invited to job walks, etc.

Regulatory agency, City and State government and local utility personnel.

Although ABB Environmental is not strictly speaking responsible for these visitors' health
and safety, as agents of Combustion Enginecring and professionals knowledgeable of site
conditions, ABB Environmental personnel have a responsibility to provide for visitor's
health and safety. As described in Section 3.0, a set of procedures has been devised to
provide information and guidance to site visitors.

ABB Environmental Services, Inc.
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1.3 TRAINING

Training is defined under the ABB Environmental Health and Safety Program, and all ABB
Environmental personnel entering potentially contaminated areas of this site must meet the
requirements of 29 CFR 1910.120. Personnel without the required training will not be
permitted in any area with potential for exposure to toxic substances or harmful physical
agents (i.e., downrange). Refer to Appendix B for further information.

1.4 MEDICAL SURVEILLANCE

All ABB Environmental personnel entering potentially contaminated areas of the Ames
Street Site will be medically qualified for site assignment through a medical surveillance
program outlined in the ABB Environmental Health and Safety Program. Personnel who
have not received medical clearance will not be permitted in any area with potential for
exposure to toxic substances or harmful physical agents (i.e., downrange). Refer to
Appendix C for further information.

ABB Environmental Services, Inc.
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2.0 SITE CHARACTERIZATION AND ANALYSIS

2.1 SITE NAME, LOCATION, AND SIZE

The Ames Street site, the subject of the investigation, is located at 95 Ames Street in
Rochester, N.Y. (Figure 2-1). The Site encompasses approximately 14 acres of land and
one significant building (Figure 2-2).

2.2 SITE HISTORY AND LAYOUT

The Ames Street facility was part of the Rochester operations of ABB Kent-Taylor. The
property was purchased by Taylor Brothers Company (a predecessor to ABB Kent-Taylor)
in 1904; the company occupied the site in 1905 or 1906. Industrial operations at the site,
conducted by ABB Kent-Taylor or its predecessor companies, have included the
manufacture of thermometers, barometers, compasses, altimeters, process automation
equipment, and other related products. The property is currently held under the
Combustion Engineering name, with site closure activities being coordinated by the ABB,
Inc., Real Estate Director in Norwalk, CT.

As of November, 1995 all structures with the exception of Building 60, at the northeast
comner of the property, have been removed and the site graded flat. Site operations are
conducted from office trailers located at the Hague Street entrance to the site. Telephone
and electric power is available at the trailers, but there is no running water at the site unless
arrangements are made with the City of Rochester to utilize fire hydrants in the Hague
Street or Ames Street sidewalks. Building 60 is used for storage of field equipment.

2.3 ScOPE OF WORK (WORK PLAN)

ABB Environmental will be performing a number of tasks at the site throughout what is

expected to be a project lasting several years. For the most part, ABB Environmental's
activities will fall into one of the following categories:

ABB Environmental Services, Inc.
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CATEGORY ACTIVITIES

A Sampling building materials (e.g., wood, concrete) and/or
surface and subsurface soil and groundwater potentially
contaminated with mercury, solvents, hydrocarbon fuels or
other industrial materials.

B Other investigation-related activities which do not involve
direct contact with potentially contaminated materials.
Examples: surveying and mapping, geophysical
investigation.

C Overseeing subcontractor activities associated with
remediation of soil or groundwater, and routine site security,
maintenance and other services.

D Attending and/or leading site tours and meetings involving
the client, client subcontractors, regulatory agencies,
government officials, community members, etc.

The Task Analysis section of this HASP (Section 3.0) analyzes each of the above Task
Categories, which provides general information regarding potential health and safety
hazards and protective measures. Because of the wide variety of activities likely to occur at
this site, analysis of specific tasks within each class is not provided. Instead, the FOL/HSC
for each field activity will undertake a specific task analysis prior to field work using the
following process:

1. Review this entire HASP.

2. Using the forms on the following pages, analyze all contemplated field activities
likely for the particular task. The general information in Section 3.0 of this HASP
will in many cases provide sufficient information to complete the analysis and select
protective measures. The task analysis is to be approved by the PM and HSS.

ABB Environmental Services, Inc.
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3. Provide the HASP and completed task analysis forms to the field team for review
and signature.

4. Submit a copy of the approved task analysis to the PM. It will be added to the site
HASP "library”, where it can be readily referred to for future task analyses.

Remember, each separate field task must be separately analyzed and protective
measures approved by the HSS. By itself, this HASP is NOT sufficient for performing
field work!

ABB Environmental Services, Inc.
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3.0 TASK ANALYSIS

The following sections provide a general analysis of each task category.

It is important to remember that every individual task analysis should also consider the
impact of other tasks or operations being simultaneously conducted. Particularly with
respect to Categories C, D and E, which are generally conducted at Level D protection, the
presence of other operations on the site may restrict both work in or even access to
particular areas.

3.1 CATEGORY A - INVASIVE SAMPLING-TYPE ACTIVITIES

This category clearly has the highest risk potential of the four categories. All contemplated
tasks within this category must be carefully analyzed and planned for.

3.1.1 Hazardous Substances

Field investigation activities all have a potential for site personnel to be exposed to low
concentrations of organic and inorganic compounds.

Table 3-1 identifies the compounds that are known or suspected to be present on-site, along
with the established exposure limits for those substances.

3.1.2 Site Risks

Health Hazards

General observations from the three rounds of sampling conducted at the site as of July,
1995, and plant demolition, are summarized below. A complete list of potential chemical

hazards by area at the site is contained in the “‘Investigation Workplan, Phase 1, Former
Taylor Instruments Facility.”

Visible or non-visible liquid mercury: Significant concentrations of mercury

ABB Environmental Services, Inc.
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TABLE 3-1

CHEMICALS OF CONCERN
AMES STREET SITE INVESTIGATION WORKPLAN - PHASE 1

3 N

Mercury 0.05 mg/m” [skin] B
Gasoline 300 ppm -
Toluene 100 ppm -

\
Trichloroethylene 50 ppm 200
Naphtha 100 ppm -
Xylene 100 ppm 150
No. 6 Fuel Oil - -
Cadmium 0.005 mg/m° -
Chromium 0.5 mg/m® -
Cyanide 5 mg/m° -
perchloroethylene 25 ppm -
1,1,1-Trichloroethane 350 ppm 450 ppm
Ethylbenzene 100 ppm 125 ppm
Benzene 1 ppm 5 ppm
Nickel 1 mg/m® -
Asbestos 02 flcc 1 ficc
PCB 0.5- 1 mg/m® -
Oils/Motor - -

PEL/TWA= Permissible Exposure Limit - Time Weighted Average

TLVTWA= Threshold Limit Value - Time Weighted Average

STEL = Short-term Exposure Limit - The 15-minute time - weighted average which should not be exceeded at any

time during the working day.

CEIL = The concentration that should not be exceeded during any part of the working exposure.

ppm = parts per million

[skin) = The potential significant contribution to the overall exposure by the cutaneous route, by direct skin contact

with the substance.
mg/m® = milligrams per cubic meter
ficc = fibers per cubic centimeter
ABB Environmental Services, Inc.
- H&SPLAN.REV 7198-17
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may be present on-site. Liquid mercury has been noted at several locations in soil. Soil
concentrations of mercury up to 13,000 mg/kg have been detected, and are expected
particularly in association with areas where broken instruments (‘‘glass shards’’) occur in the
site soils. Lower levels of mercury can be expected in soils in many other areas.

Elemental mercury, which was the material used by the manufacturing processes and is the
form most likely to occur at the Ames Street site, is primarily a health hazard via the
inhalation pathway. Mercury vapor monitoring by ABB Environmental and its
subcontractors using the Jerome analyzer has found that excavation of the mercury-bearing
soils will frequently produce mercury vapor levels above the action level of 0.025 mg/m’.
Installing soil borings, where the exposed surface area of soil is lower, is generally less
likely to cause action level exceedances. Holding the Jerome analyzer directly over
thermometer shards or highly contaminated soil frequently produces a reading, however,
indicating that personnel should continue monitoring when working closely with these
materials.

Pre- and post-work urine samples have been collected and analyzed from a number of onsite
workers at various times. As of November, 1995, only one individual has not been within
normal limits. Although the reason for this exception is unclear (the worker was generally
engaged in a high exposure-potential activity) and may not definitely be linked to the
individual’s work at the Ames Street site, continued caution is certainly warranted.

Solvents and hydrocarbons: Several areas in which chlorinated solvent degreasing activity
or storage occurred may contain residual TCE and/or PCE. Previous sampling operations
in these areas frequently produced PID readings above the 10 ppm level requiring upgrade
to Level C, and brief excursions above the 175 ppm limit for Level B upgrade occurred.
Odors were very noticeable.

Sampling near the former Tanks 2/15 and 16/17, using hand augers and the TerraProbe™,
produced PID readings generally below the 10 ppm upgrade level. Odors were still
noticeable, however, and significant concentrations of these two solvents are present in soil.

Fuel-related hydrocarbons are also present near the former Building 40 and 42 areas, but
TerraProbe™ sampling activities produced no PID readings which required Level C.
Sampling in Building 12 produced no PID levels above background, and only very low
levels of soil contamination.

ABB Environmental Services, Inc.
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Metals (including cyanide): The occurrence of heavy metals at the site is believed to be
limited to the former electroplating area in former Building 4. Cyanide compounds may
also be present in this area. No real-time techniques have been used during previous
sampling of these areas, which has been conducted at Level C.

Other materials: Various oils and greases (e.g., machine oils, hydraulic fluids) may be
present in soil in several areas. These should not constitute a significant health hazard under
normal conditions, but dermal/respiratory protection needs to be considered during invasive
activity.

Safety Hazards

In the absence of significant site activity, such as building demolition or soil excavation,
there should be very few safety hazards outside of those normally posed by working with
drilling rigs and other heavy equipment used in site investigation. Due to the lack of a
convenient power source, the use of hand tools, i.e., jackhammers, generators, etc. should
be also be considered in the hazard analysis.

"Slip, trip and fall" hazards may be numerous at the Ames Street site. A maintenance
contractor is available for debris removal or other duties if necessary to minimize such
hazards for a particular task or area.

The locations of underground utilities and structures are believed to be well known, and
maps are available from the PM. Although caution should still be exercised, there are no
known active electric, water or gas lines within the fenced area of the site.

Cold stress in the winter is a distinct possibility, as is heat stress during warm months when
Level C or greater protection is needed.

ABB Environmental Services, Inc.
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Conclusion/Risk Assessment

In general, the overall health risks for Category A activities will be low to moderate, and
due primarily to the potential presence of mercury and solvent/hydrocarbon vapors. The
overall safety risk is moderate and due primarily to the hazards associated with working
with heavy equipment. Work conducted in proximity to other site activities, however, can
significantly alter the nature of or increase the level of hazard. Cold and heat stress also
need to be considered for certain operations.

3.1.3 Protective Measures

Protective measures will be undertaken to minimize the potential health and safety risks for
field personnel engaged in Category A activities.

Engineering Controls

It is anticipated that engineered controls will rarely be used. Fans or blowers may be useful
for vapor control in some instances; opening windows has also proven to be easy and
effective. Use of water to control dust must be carefully evaluated, due to the potential
need to containerize runoff, and is not recommended. Prior to subsurface drilling, boring
locations should be compared to available site utility maps and reviewed by the PM.

Levels of Protection

The following paragraphs describe typical levels of protection utilized for various Category
A activities, for each type of known contaminant.

Mercury and metals: To prevent dermal exposure and spreading of mercury via foot
traffic, the immediate areas where visible mercury is present, and where significant
concentrations are known to exist, should not be entered unless, at a minimum, boot covers
are worn. Invasive work requires Level C, or at a minimum modified Level D, protection.

Solvents/hydrocarbons: For soil/groundwater sampling, Level C protection will probably
not be necessary unless large-diameter boreholes are opened or bulk soil excavation occurs.
Highly invasive activities, such as excavation, will probably require Level C, and
potentially Level B, protection.

ABB Environmental Services, Inc.
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Typical levels of personal protection for Category A activities are as follows:

TYPICAL
ACTIVITY LEVEL OF PROTECTION
Surface Soil Sampling Modified Level D
TerraProbe Activities Level D/Modified Level D
Well Sampling Modified Level D

Modified Level D consists of Level D personal protective equipment, boot covers and
Tyvek coveralls. Levels of protection may be changed at the discretion of the HSO, as
warranted by a change in site conditions.

Respirator cartridges, if Level C becomes necessary, will be approved for respiratory
protection against organic vapors (magenta/yellow cartridge) or mercury vapors with high
efficiency filters (part #466204 and #492924). Refer to Appendix E for details of
protection and personal protective equipment and Appendix O for further information on
respiratory protection. Task activities may require upgrade per assigned action levels (see
below).

3.1.4 Monitoring

Monitoring of the work environment will be undertaken to ensure that Inmediately
Dangerous to Life or Health (IDLH) or other dangerous conditions are identified. At a
minimum, this monitoring will include evaluations for combustible atmospheres, and
hazardous concentrations of airborne contaminants.

ABB Environmental Services, Inc.

H&SPLAN.REV . 7198-17

3-6



APPENDIX B

Air Sampling

To the extent feasible, the presence of airborne contaminants will be evaluated through the
use of direct reading instrumentation. Information gathered will be used to ensure the
adequacy of the levels of protection being used and may be used as the basis for upgrading
or downgrading the levels of protection in conformance with action levels provided in this
HASP and at the direction of the task HSO.

In general, due to the prevalence of mercury at the Ames Street site, the Jerome analyzer
should be used to monitor for mercury vapors during the initial stages of any invasive
sampling at any location at the Ames Street site. Subsequent use of the analyzer can depend
on the initial readings, visual observations, and the specific area being investigated.

Depending on the task, the following sampling equipment will be used. Refer to
Appendix F for information on the calibration and maintenance of the equipment.

1. Jerome Mercury Vapor Analyzer

2. Photoionization Detector (PID)

3. Draeger Tubes - benzene 5/c

4, Explosimeter

For solvents/hydrocarbons: Monitor the breathing zone with the PID. If levels steadily
exceed background, monitor for benzene using the 5/c benzene Draeger Tube. If benzene
levels exceed 0.5 ppm, upgrade to Level C. If benzene levels are > 10 ppm, upgrade to
Level B. If benzene levels are <0.5 ppm, continue work at Level D/Modified Level D
until the PID reads > 10 ppm then upgrade to Level C. If PID > 175 ppm, upgrade to
Level B.

Monitor the borehole opening with explosimeter.

For mercury vapors: Monitor continuously with the Jerome Mercury Vapor Analyzer
(MVA) and upgrade accordingly.

ABB Environmental Services, Inc.
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The action levels for upgrade are as follows:
Level D/Modified Level D acceptable if:

PID reads <10 ppm; and
Benzene 5/¢ Draeger Tube reads <0.5 ppm; or
MVA reads <0.025 mg/m’

Level C required if:

PID reads between 10 and 175 ppm; and/or
MVA reads >0.025 mg/ma; and/or
Benzene 5/c Draeger Tube reads <10 ppm.

Level B required if:

PID reads > 175 ppm; or
>2.5 mg/m3 on the MVA; and/or
Benzene 5/c Draeger Tube reads > 10 ppm.

If the explosimeter reads 10%, use non-sparking tools. If the explosimeter reads 20%, stop
work, eliminate all ignition sources, and evacuate the area.

Personal Monitoring

Personal air sampling for mercury has been conducted to some extent by the plant
demolition contractor. Results indicated that exposure above the PEL was likely; however,
the activities monitored involved significant handling of liquid mercury which are not
expected to be repeated again at the site. In general, personal air sampling will not be
necessary, however, the HSM should be consulted relative to the specifics of the particular
task and make the final evaluation.

Urine monitoring for mercury should be considered for Category A activities which involve
sampling or working in suspect or known mercury-containing areas for extended periods.
The need for this type of personal monitoring should be discussed with the HSM on a task-
by-task basis.

ABB Environmental Services, Inc.
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3.2 CATEGORY B - NON-INVASIVE ACTIVITIES

This category involves generally more limited risk potential than Category A, principally
because the risk for chemical exposure is lower. Because Category B activities are
frequently performed concurrently with Category A activities, however, a task analysis
should be made so that personnel involved in the non-invasive activity do not work within
the exclusion zone for invasive activity.

3.2.1 Hazardous Substances

Category B activities generally pose little potential for chemical exposure, because they are
by definition non-invasive. Following complete paving of the site, this work is very
unlikely to pose an exposure hazard.

3.2.2 Site Risks
Health Hazards

Visible or non-visible liquid mercury: As described in Section 3.1, mercury may pose risks
to work in certain areas. Mercury vapors should not pose a problem for any Category B
activity.

Solvents and hydrocarbons: These should not pose a hazard during Category B activities
except.

Mezals (including cyanide): Similarly, metals exposure should not be an issue.

Other materials: For in-building work, the hazards posed by asbestos, PCBs and various
oils and greases should be considered if activities occur in areas where they are present.
For most Category B activities in the buildings, however, and all outdoor activities, these
materials will pose little if any hazard.

ABB Environmental Services, Inc.
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Safety Hazards

In the absence of significant site activity, such as soil sampling or excavation, there should
be very few safety hazards outside of those normally posed by working with the particular
tools required for the task. As previously indicated, however, "slip, trip and fall" hazards
are present and numerous. Although heat stress is unlikely to be a problem, cold stress may
during the winter.

Conclusion/Risk Assessment

In general, the overall health risks for Category B activities will be low, based on the
limited potential presence for chemical exposure. Work conducted in proximity to other
site activities (particularly Category A), however, can significantly alter the nature of or
increase the level of hazard.

3.2.3 Protective Measures

Protective measures will be undertaken to minimize the potential health and safety risks for
field personnel engaged in Category A activities.

Engineering Controls
Engineering controls will rarely be useful for strictly Category B activities. They may,

however, be useful if Category A and B activities are being performed in close proximity
and simultaneously.

Levels of Protection

Mercury/metals: The areas where significant mercury or metals is present should not be
entered unless, at a minimum, boot covers are used. Depending on the activity, gloves and
coated Tyvek may be added. Protection or decontamination of non-disposable equipment
also needs to be considered.

Typical levels of personal protection for Category B activities are as follows:

ABB Environmental Services, Inc.
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TYPICAL
ACTIVITY LEVEL OF PROTECTION
Activities in paved areas Level D
Simple entry into areas of possible Level D w/boot covers
mercury/metals contamination
Work in areas of known mercury/metals Modified Level D"
contamination

*Modified Level D consists of Level D personal protective equipment, Tyvek coveralls and
boot covers. Levels of protection may be changed at the discretion of the HSO, as
warranted by a change in site conditions.

3.2.4 Monitoring

‘When working at or near areas with possibly significant mercury or solvent contamination,
initial monitoring of work areas should be conducted. Monitoring can probably be
performed only occasionally, based on expected low readings. Action levels and upgrade
criteria should duplicate those described in Section 3.1.

Monitoring is not required for Category B activities involving only work in paved areas.
Personal air or other sampling is unlikely to be warranted for any Category B activity.

3.3 CATEGORY C - SUBCONTRACTOR OVERSIGHT

Risk potential for this category of activity is highly variable based on the exact nature of the
subcontractor's activities. Thorough evaluation of the subcontractor's scope of work and
ABB Environmental personnel oversight responsibilities, and pre-work consultation with the
subcontractor, are necessary to provide adequate protection. Entry into the exclusion zone
while work is being performed generally will require protection equivalent to the
subcontractor personnel actually performing the work. Contractor activities may include
soil removal and construction. During these activities, ABB Environmental personnel may
engage in the following:

ABB Environmental Services, Inc.
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video tape and photograph activities;
evaluate dust and dust control procedures;
evaluate soil protection measures;
observe soil/waste removal;
evaluate other environmental issues; and
. observe job progress
When conducting these activities, ABB Environmental Services personnel will follow
certain procedures which are described below.

3.3.1 Hazardous Substances

Because a number of subcontractor activities will consist of actual removal of materials
containing or contaminated with hazardous substances, there is a potentially significant risk
of exposure to both contractor and ABB Environmental oversight personnel. Due to the
disturbance required to remove or abate hazardous materials, significant airborne or dermal
hazards may develop.

3.3.2 Site Risks
Health Hazards

Visible mercury: Contractor operations which involve remediation/removal of mercury
(visible or not) clearly pose risks to oversight personnel. Risk will probably be dependent
primarily on proximity to the work area, and whether significant dust is produced. Pre-
work inspections of these areas may pose a dermal contact hazard.

Mercury vapors: Although mercury vapor levels both in ambient air, and during
environmental sampling, have been relatively low, remediation or removal operations in
mercury-contaminated areas must be considered likely to produce significant vapor
concentrations.

Solvents and hydrocarbons: Similar to mercury, work in these areas during
remediation/removal may produce vapor levels requiring respiratory protection, and are
also likely to produce significant dust. Detailed pre-work inspections may pose dermal or
inhalation hazards.

ABB Environmental Services, Inc.
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Metals (including cyanide): Again, potentially significant dermal and/or inhalation hazards
may be generated by remediation/removal work.

Other materials: Due to oils' and greases' typically low volatility and low contact hazard,
remediation/removal of these materials should pose little hazard to oversight personnel.

Safety Hazards

Category C activities pose potentially significant safety hazards due to the heavy equipment
typically utilized, and the expected nature of the activity (e.g., building demolition).
Vehicle/equipment traffic, falling objects, "slip, trip and fall", loud/sustained noise, high-
intensity light (e.g., metal cutting), poorly lit areas in building and other hazards associated
with heavy construction activity can be expected.

The following general procedures should be followed when ABB Environmental personnel
are to conduct inspection activities:

1) ABB Environmental personnel must notify the work area foreman of their
presence when approaching the work area.

2) The foreman will indicate where it is safe for ABB Environmental personnel
to conduct inspection activities.

3) At all times during inspection, ABB Environmental personnel should be
visible to the work area foreman.

4) The foreman should be notified when ABB Environmental personnel are to
leave the area.

Conclusion/Risk Assessment

In general, the overall health and safety risks for Category C activities will be moderate.
Although significant contaminant disturbance and construction-related safety hazards will be
prominent, ABB Environmental personnel in an oversight/observation role will often be
able to reduce the level of hazard without significant effect on their job performance (e.g.,
by simply moving away and making the foreman aware of their planned activities).
However, the level of hazard will also depend significantly on subcontractor work practices,
which are typically less easily controlled than our own.
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3.3.3 Protective Measures

Protective measures will be undertaken to minimize the potential health and safety risks for
field personnel engaged in Category C activities.

Engineering Controls

Engineering controls may frequently be useful for Category C activities, but will typically
be implemented by the subcontractor. For this reason, it is important for each task analysis
to include evaluation of the subcontractor's scope of work and planned control measures. If
ABB Environmental is to implement controls, compatibility with the subcontractor's
operations should also be considered.

The simplest method of controlling hazard exposure to ABB Environmental personnel is to
simply design and conduct oversight/observation activities in order to minimize it. For
many operations, it may not be truly necessary for ABB Environmental to be in the active
work area or exclusion zone to provide adequate general oversight. Observation can also be
limited to the extent that it is truly necessary, rather than being a casual or "general interest”
activity. The HSO for each task should initiate discussion between the PM, CM and/or
field staff to devise an approach that balances health and safety concerns with oversight

requirements.

Levels of Protection

Typical levels of personal protection for Category C activities are as follows:

TYPICAL
ACTIVITY LEVEL OF PROTECTION
Oversight of activities not involving Level D
remediation/removal of hazardous
materials
Oversight of hazardous material Modified Level D
remediation/removal ’
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Modified Level D for Category C activities consists of Level D personal protective
equipment, Tyvek coveralls and boot covers. Levels of protection may be changed at the
discretion of the HSO, as warranted by a change in site conditions.

If vapor levels exceed criteria for upgrade to Level B, and engineering control is not
possible, the need for direct oversight/observation should be re-evaluated.

3.3.4 Monitoring

Monitoring of the work environment should be performed whenever remediation/removal
of hazardous materials is occurring. Such monitoring can be coordinated or supplied by the
subcontractor, but action criteria must, at a minimum, remain consistent with that presented
in Section 3.1

Because Category C activities are frequently of significant duration (i.e., weeks or months),
the need for personal air monitoring, or urine monitoring for mercury, should be discussed
with the HSO and HSM as part of the specific task analysis.

3.4 CATEGORY D - VISITOR TOURS AND MEETINGS

The health and safety risk potential for ABB Environmental personnel engaged in Category
D activities is typically low, and is largely based on the presence of concurrent site
operations which visitors may want to observe. Nevertheless, Category D activities require
a significant focus on health and safety for another reason: based on ABB Environmental's
position as general contractor for the site and the persons generally most knowledgeable of
site conditions, our personnel have a duty to inform visitors of site hazards and assist in
avoiding them.

Procedures designed to ensure visitors are duly informed of potential hazards are presented
following the Category D hazard analysis. ABB Environmental personnel must be careful,
however, to evaluate the activity visitors are to engage in. For purposes of this HASP,
Category D is intended to cover walking tours for general observation, potential
subcontractor jobwalks, and other activities which do not involve observation, inspection or
other direct involvement with site operations. For example, visitors wishing to observe
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active remediation/removal of hazardous materials are engaging in Category C activity, for
which the guidance of Section 3.3 must be followed.

3.4.1 Hazardous Substances

In general, Category D activities have limited potential for personnel to be exposed to low
concentrations of inorganic compounds.

3.4.2 Site Risks
Health Hazards

Visible mercury: A frequent target of site tours are areas at which liquid mercury or glass
shards are visible. These areas clearly present a dermal and/or inhalation exposure hazard.

Metals (including cyanide): Contact with potentially impacted soil is clearly a possible
hazard.

Solvents and hydrocarbons: A dermal or inhalation hazard may exist in the exclusion zone.

Safety Hazards

Category D activities will pose few safety hazards to ABB Environmental personnel not
already covered in previous sections. Again, "slip, trip and fall" hazards are of greatest
concern. Because visits will generally be planned to avoid active site operations, these
operations should pose little hazard. Site visitors must follow the same procedures as those
described for category C activities for entering work areas.

Conclusion/Risk Assessment

In general, the overall health and safety risks to ABB Environmental personnel for Category
D activities will be low.
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3.4.3 Protective Measures

Protective measures will be undertaken to minimize the potential health and safety risks for
field personnel engaged in Category D activities.

Engineering Controls
Engineering controls will rarely be useful or necessary.

Levels of Protection

Typical levels of personal protection for Category D activities are as follows:

TYPICAL
ACTIVITY LEVEL OF PROTECTION

Walking tours, meetings, other activities in Level D
which areas containing hazardous materials
are not entered.

Entering areas containing hazardous As per activity
materials. NOTE: ENTRY INTO THESE

AREAS BY VISITORS SHOULD BE

CAREFULLY CONTROLLED.

3.4.4 Monitoring

Monitoring of the work environment should not be necessary, based on the site knowledge
developed to date and the nature of Category D activities.

Because Category D activities are frequently of very short duration, personal monitoring is
neither necessary or, in general, feasible.
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3.5 SPECIAL PROCEDURES FOR SITE VISITORS

This section describes administrative procedures established for site visitors which
Combustion Engineering, ABB Environmental and their subcontractors should implement.

[NOTE: As of November, 1995, the Ames Street site is not subject to requirements of 29
CFR 1910.120, the OSHA hazardous waste site operations standard. The standard's
requirements, for example training requirements for persons entering "exclusion zones" or
"contaminated" areas, are therefore not applicable. Should the Ames Street site become
"recognized” as a hazardous waste site by a governmental body, the standard would apply
and the procedures described below may require modification.]

3.5.1 Visitor Entry Forms

The following three pages contain forms on which visitor-related procedures are based.
ABB Environmental personnel should utilize these forms as follows.

"Safety Information and Procedures for Visitors to the Ames Street Site"”

This form is intended to provide visitors with basic information about potential health and
safety hazards at the site, and provide rules/procedures that visitors are to follow.

It is preferable that visitors review this form prior to arrival at the site. ABB Environmental
personnel inviting or scheduling visitors (e.g., potential vendors or subcontractors) should
ensure the two-page form is sent/FAXed to them in advance.

Because ABB Environmental personnel will often lead site tours or walkthroughs of
specific areas, it is important that the Safety Procedures are known and understood.
Of particular importance are rules regarding safety equipment (hard hat, sturdy shoes) and
the need for escort at all times.

"Visitor Log and Signature Form"

This form serves as a permanent record that visitors were informed of potential hazards,
and should be completed and signed by anyone entering the site who is not an ABB
Environmental or Combustion Engineering employee or subcontractor.

ABB Environmental Services, Inc.
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When possible, the " Additional Hazard Information” section should be completed in
advance by ABB Environmental, noting hazards due to current site operations and specific
to areas the visitors will access. For example, if a tour of glass shard areas is planned, an
appropriate note under "Summary of other potential hazards..." would be "Significant
concentrations of mercury may be present in the shard areas; dermal protection (boot covers
and gloves) required.”

3.5.2 Visitor Entry Procedures

Specific procedures for bringing visitors to the site are described below. Compliance with
procedures can be verified through use of the "Site Visitor Checklist”.

1. Notify visitors in advance of the requirements for site entry, i.e., personal protective
gear, attending the safety briefing, traveling with an escort. Send or FAX the
“Safety Information..." form (2 pages) prior to their visit.

As representative of the site owner, ABB Environmental may deny entry to persons
who are unauthorized, uninvited, or who cannot or refuse to follow safety
procedures. Remember, Combustion Engineering and ABB Environmental
could be held liable for injuries which occur on the site, regardless of who's at
fault! If you are unsure whether to allow entry, contact the PM, CM or HSO.

2. Prior to visitor arrival, plan their route through the facility. To the extent possible,
- plan a route which avoids known or potential hazards. Walk the route yourself and
note the location(s) of water, debris and other "slip, trip and fall" hazards. Re-
familiarize yourself with areas which may contain hazardous materials and
appropriate protective measures.

3. Upon arrival, confirm visitors have reviewed the "Safety Information..." and have
brought their own personal protective gear.

4. Deliver a safety briefing to the visitor(s):

a) Briefly review the "Safety Information..." sheet, with particular emphasis
on the Safety Procedures.
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b) Describe health and safety hazards specific to the area(s) which will be
visited. Using the site plan, show the route which will be traveled, noting
any physical hazards (dim lighting, water, etc.) Describe hazardous
materials which may be present.

©) Review the MSDSs for chemicals of concern (the MSDS for mercury
should ALWAYS be reviewed.) Point out the health hazards and appropriate
protective measures.

d) Describe current site operations, locations and potential hazards.
Emphasize that visitors must not interfere in any way with these operations.

e) Review any additional protective measures which will be used. If measures
or equipment (e.g., booties, gloves) beyond the standard hard hat and safety
shoes are needed to access certain areas, describe their use. Include how to
don, how to remove, where to dispose of.

5. Have all visitors complete and sign the "Visitor Log and Signature Form".

6. Escort visitors at all times. [NOTE: Under certain conditions, visitors can be
allowed into the site without an escort. Unescorted visitors must be approved by the
PM, CM or HSO.]
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4.0 DATA SHEETS
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Uses and Exposure Risk
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Physical Properties
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eral allotropic forms; density 4.26—4.28 for
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Health Hazard
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CAC500 CADIA DEL PERRO

Arsenic and its compounds are on the Community Right
To Know List.

THR: Poison by most routes. See also ARSENIC COM-
POUNDS and SULFIDES. Dangerous fire hazard when
exposed 10 heat or by spontaneous chemical reaction, i.e.,
in air. Vigorous reaction with oxidizing materials. When
heated to decomposition it emits toxic fumes of As.

CACS500 HR: 3
CADIA DEL PERRO
NIOSH: EU 9500000

PROP: Aqueous extract from the dried leaves of the plant
(INCIAM 46,1131,71).

SYNS:
K. IXINA KRAMERIA IXINA

TOXICITY DATA: CODEN:

scu-rat TDLo:300 mg/kg/1Y-1: INCIAM 46,1131,71
NEO

ims-rat TDLo:45 g/kg/1Y-1: ETA

skn-ham TDLo:53950 mg/kg/
65W-1: CAR

scu-rat TD :990 mg/kg/S5W-1:
NEO

INCIAM 46.1131,71
JNCIAM 53,1259,74

INCIAM 52,1579,74
THR: An experimental carcinogen, tumorigen and neoplas-

tigen. When heated to decomposition it emits acrid smoke
and fumes.

CADO0OO HR:3
CADMIUM
CAS: 7440-43-9 NIOSH: EU 9800000

mf: Cd mw: 112.40

PROP: Hexagonal crystals, silver-white, malleable metal.
Mp: 320.9°, bp: 767 = 2°, d: 8.642, vap press: | mm @
394°.

SYNS:
C.1.77180 KADMIUM (GERMAN)
COLLOIDAL CADMIUM

orl-rat LD50:225 mg/kg
ipr-rat LD50:4 mg/kg
scu-rat LD50:9 mg/kg
ivn-rat LDS0: 1800 pg/kg
unr-rat LD50: 1140 mg/kg
orl-mus LD50:890 mg/kg
ihl-mus LCLo: 170 mg/m’
unr-mus LD50:890 mg/kg
orl-rbt LDLo: 70 mg/kg
scu-rbt LDLo:6 mg/kg
ivn-rbt LDLo: S mg/kg
ims-ham L.DLo:25 mg/kg

TXAPA9 41.667.77
TXAPA9 41.667.77
TXAPA9 41,667 77
JJATDK 1.264 81
GTPZAB 22(5) 6,73
41HTAH -,14.78
NTIS** PB158-508
GTPZAB 22(5).6.73
AMPMAR 34,127 73
PROTA* - . 55
JOGBAS 35.693 .28
NCIUS* PH-43-64-886

TOXICITY DATA:
cyt-ham:ovr 1 pmol/L

CODEN:
CGCGBR 26,251,80

IARC Cancer Review: Animal Sufficient Evidenc,
IMEMDT 11,39,76; IMEMDT 2,74,73. Cadmium and iy
compounds are on the Community Right To Know [
Reported in EPA TSCA Inventory. EPA Genetic Toxicoi.
ogy Program.

OSHA PEL: TWA 0.1 mg(Cd)/m3; CL 0.6 mg(Cdym’
(fume)

ACGIH TLV: TWA 0.01 mg(Cdym> (dust). Human car.
citnogen

DFG BAT: Blood 1.5 pg/dL; Unine 15 pg/dL

NIOSH REL: (Cadmium) Reduce to lowest feasible level

THR: A human poison by inhalation and possibly other
routes. Poison experimentally by ingestion, inhalation. in-
traperitoneal, subcutaneous, intramuscular, and intravenous
routes. In humans inhalation causes an excess of proten
in the urine. An experimental carcinogen, tumorigen, neo-
plastigen, and teratogen. Experimental reproductive effects.
Mutagenic data. The dust ignites spontaneously in air and
is flammable and explosive when exposed to heat, flame.
or by chemical reaction with oxidizing agents: metals; HN:.
Zn; Se; and Te. Explodes on contact with hydrazoic acid.
Violent or explosive reaction when heated with ammonicm
nitrate. Vigorous reaction when heated with nitryl fluoride.
When heated strongly it emits toxic fumes of Cd. See also
CADMIUM COMPOUNDS. For further information. see
Vol. 3, No. 5 of DPIM Report.

orl-rat TDLo: 220 mg/kg (1-22D
preg):REP,TER
orl-rat TDLo: 23 mg/kg (1-22D

TOLEDS 11,233,82

PSEBAA 158,614,78

preg):REP,TER

iva-rat TDLo: 1250 pg/kg (14D JJATDK 1,264,81
preg):REP,TER

ims-rat TDLo :40 mg/kg/4W-1: JEPTDQ 1(1),51,77
CAR

ims-rat TD :70 mg/kg:ETA

ims-rat TD :63 mg/kg:ETA NATUAS 193,592,62

ims-rat TD :45 mg/kg/4W-1: NCIUS* PH-43-64-
NEO 886,SEPT,71

ihl-man TCLo:88 pug/m*/8.6Y: AEHLAU 28,147,74
KID

ihl-hmn LCLo:39 mg/m%20M

unk-man LDLo: 15 mgkg

BICAAI 18,124,064

AIHAAP 31,180,70
85DCAI 2,73,70

CAD250 HR:
CADMIUM(D ACETATE

CAS: 543-90-8 NIOSH: EU 9810000
DOT: 2570

mf: C2H402' 1/2Cd

mw: 116.25

PROP: Monoclinic, colorless crystals; odor of acetic acid.

Mp: 256°, bp: decomp. d: 2.341.

SYNS:

ACETIC ACID. CADMIUM SALT

BIS(ACETOXY)CADMIUM
CADMIUM ACETATE (DO

TOXICITY DATA:

cyt-hmn:lym 10 nmol/Ll
otr-ham:emb 1 pmol/L
dnd-ham:emb } pmol/L

CADMIUM DIACETATE
C.1. 77185

CODEN:

MUREAV 85.236.8!
CNREAS 39,193.79
CNREAS 39.193.79




GASOLINES: CASINGHEAD

GCS

Common Synonyms Watery hqud Coloriess Gasolme ooor 6. FIRE NAZARDS 10.  HAZARD ASSESSMENT COOE
Naturai gasoline 6.1 Fiash Point <0°F O.C. (See Hazard Assesament Handbook)
N 62 Flammable Limits in Alr: 1.3%-7.1% A-T-U-V-W
F . Fi . WAL
loats on v:’lgw ammable, NG vapor 1S 63  Fire Ext g Agents: Dry )
foam, of carbon doxiie
8.4  Fire Extinguishing Agents Not to be
Stop discharge i cossiole Keep people away Used: Waler may be ineffective 11.  HAZARD CLASSIFICATIONS
Shut o!f igmuon sources ang call fire department 6.5 Special Hazards of Combustion -
Stay UDwING and use water spray 10 knock down’ vapor .
fsolate and remove discharged matenal Products: None 1.1 Code of Federal Regulations:
Nouty local health and polluhion control agencies 8.6 Behavior in Fire: Vapor is heaveer than ar Flammable hquid
and may travet a considerable distanca to| 112 NAS Hazard Rating for Bulk Water
a source of gnibon and flash back. Transportation:
FLAMMABLE. 6.7 Ignition Temperatwre: Dala not avalable Category Rating
N Fire.... 4
Flashback along vapor trail may occur. 6.8  Electrical Hazard: Class I. grovp D re
Vapor may expiode if ignited n an enclosed area. 8.9 Buming Rate: 4 mm/mn. Health
Zxhinquisn with dry chemical, toam or carpon dioxice Vapor Imtant.. 1
i Waler ay pe inehective onhhre ) 6.10 M[;?::‘;:::z;:’"mm Lquia of Solid rmiant o
Flre Cooi 2xposed containers with wate: .
6.11  Stoichiometric Alr to Fuel Ratic: ORBONS.... 1
Data not availabie Water Palution
8.12 Flame Temperature: Data not aveilable Human Toxicty. 1
Aquatc Toxcity 2
N - Aesthetic Effect. 1
“ALLFCR MEDICAL AD 7. CHEMICAL REACTIVITY Reactrity
VAPOR Other Chemicals ..........coo..... 0
imiating 10 eyes, nose and throat. ] ' 7.1 Reactivity With Water: No reacton water... °
It inhalec will cause difficult g 7.2 y with No
or 1088 Of CONSCIOUSESS. reacton Self Reaction.. 0
Move o tresh ar 11.3 NFPA Hazard Classification:
¢ breatming has stopped. give armificial resoravon 7.3 Stability During Transport: Stable Cat cath
*f breaiming 1s oificult. give oxygen 7.4 Neutraiizing Agents for Acids and " egory Classification
LIQUID Cauatics: Not pertinent FI"'"‘ HuznrdR(Blue) !
Imtabng to skin and eyes. 7.5 Polymerization: Not pertnent ammabiity (Red)... k]
Exposure it swaliowed, will Cause nausea of vomino 7.6 Inhibitor of Polymertzation: Reactvry {Yellow) .. 0
“lush affectea areas with plenty of water N " :
=N SYES, hold evenas coen and Husn with plenty of water ot partinent
£ SWALLOWED ang victim 1s CONSCIOUS nave vicum annk water 7.7 Molar Ratic (Reactant to
or mik q
50 NOT 'NDUCE VOMITING 8 R """"“:';'2:: o avalacie
12, PHYSICAL AND CHEMICAL PROPERTIES
12.1  Physical State at 15°C and 1 atm:
HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS. Liqund
Foulng to shorelne.
Water May r; dangerous If it enters water intakes. 122 Molecular Weight Not pertnem
12.3 Bolling Point at 1 atm:
Po"““"" Notty iocal health and widlfe officiais 58-—275'F = 14—135°C = 267-408°K
Notity operalors of nearpv water intakes 124 F Point: Not pertinent
125 Critical Temperature: Not pertinent
2. LABE
1. RESPONSE TO DISCHARGE L 8. WATER POLLUTION 128 re: Not pertrent
(See Response Methods Handbook) 2.1 Category: Flammabie liquict 6.1 Aquatic Toxicity: 127 Specific Gravity:
issue warning-migh flammabiity 22 Clsss3 90 ppm/24 hrljuverie Amencan 0.871 at 15°C {hquad)
Evacuate area shad/TL,/tresh water 128 Liquid Surtacs Tension:
Draperse and flush 81 ppm/24 N/juvemie American 19-23 dynes/cm
shad/TL,/salt water = 0.019—0.023 N/m at 20°C
8.2 Watertowl Toxicity: Data not available 129  Liquid Water Intertacial Tension:
8.3 Biological Oxygen Demand (BOD)X: 49—51 dynes/cm = 0.049—0.051 N/m
8%, 5 days at 20°C
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 8.4 Food Chain Concentration Potential 1210 ¥ (Gas) Specific Gravity: 3.4
a1 CG( Class: Mk 4.1 Physical State (as shipped) Liqund None 12.11 Ratio of Specific Heats of Vapor (Gas):
Hydrocarbon Mixtures 42 Color: Coloriess Not pertinent
32 Formula: Not psmnent 4.3 Odor: Gasoiine 1212 Latent Heat of Yaporization:
33 IMO/UN Designation: 3.1/1257 130—150 Btu/lb = 71~81 cal/g
34 DOT ID No.: 1257 = 3.0—3.4 X 10* J/kg
3.8 CAS Registry No.: Data not avalable 1213 Heat of Combustion: —18,720 Btu/lb =
—10,400 calfg = —435.4 X 10% J/kg

1214 Heat of Decomposition: Not pertinent
1275 Heet of Solution; Not pertinent
12.16 Hest ot Polymerization: Not pertinent

§. HEALTH HAZARDS 9. SHIPPING INFORMATION

5.1 Protectiva goggles. gloves. 9.1 Grades of Purity: Composition dependa 1225 Heat of Fusion: Data not avaisble
52 S  INHALATION causes smation of upper respratory tract; central on location of ol well 1226 Limiting Value: Data not avasiable
nuvous mlem stmuistion followed by depression of varyng degrees ranging from czzness. 9.2 Storage Temperaturs: Amirent 1227 Reid Vapor Pressure: Data not avaiable
. and to coma, and . Y amest; rreguiss heartoeal 13 9.3 Inert Atmosphers: No requirement
dangerous comphcabon. ASPIRATION causes severe lung iitation with coughmg, gagoeng. 9.4 Venting: Open (flame arrester) or
dysonea. substernal distress, and rapwdly developing puimonary sdema. iater, signs of pressure-vacuum
and acute onset of central nervous systam excitemant followed
by depression. INGESTION causes smaton of mucous of throat, Qus. and
followed by depx of central nervous aystem; ireguiar heartbest

53 Tmmﬂl of Exposure: Seek medical sttention. INHALATION: maintan respration; give axygen
it needed. ASPIRATION: enforce bed rest; adminster oxygen. INGESTION: do NOT induce
vomitng: lavage caretully It appreciable quantity was ingestad; guard agams! &3pwabon o
lungs. EYES: wash with copious quantity of water. SKIN: wipe off and wash with soap and
water.

Threshold Limit Yehkse: 300 ppm

Short Term inhelation Limits: 500 ppm for 30 men.

Toxicity by Ingestion: Grade 2; LDso = 0.5 10 5 g/kg

57 Late Toxicity: None

$.§ Vapor (Gas) Irritant Characteristics: Vapors cause a shght smartng of the eyes or respratory

system i prasent in fwgh The sffect is Y.

59 Uquid or Sokid [rritant Characteristics: Minumum hazard. If spiied on ciothing and aliowed 10 J

reman, may cause smartng and reddening of the sin.

$.10 Odor Threshoid: 0.25 ppm

S.11 IDULH Vsiuve: Data not avaslable .
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Mercury and its compounds are on the Community Right

To Know List.

NIOSH REL: (To Inorganic Mercury) TWA 0.05
me(Hg)/m’

THR: Poison by intravenous and intramuscular routes.

When heated to decomposition it emits very toxic fumes
of NO,, Na;O and Hg vapors. See also MERCURY COM-

POUNDS.

MCV750 HR: 3
MERCUROPHYLLINE

CAS: 8012-34-8 NIOSH: OV 8650000
SYNS:

MERCUPURIN MERCUZANTHIN

TOXICITY DATA: CODEN:

ivn-hmn TDLo:28 mg/kg:CVS
jpr-rat LD50: 121 mg/kg
scu-mus LDS50: 163 mg(Hg)/kg
ivn-mus LD50:1410 mg/kg
ivn-cat LDLo0:250 mg/kg
ivn-rbt LDLo: 177 mg/kg

Mercury and its compounds are on the Community Right
To Know List.

ACGIH TLV: TWA 0.1 mg(Hg)/m? (skin)
NIOSH REL: (To Inorganic Mercury) TWA 0.05
mg(Hg)/m’

JAMAAP 117,1806,41
THERAP 10,936,55
JPETAB 105,336,52
JPETAB 99.149,50
JPETAB 99,149.50
JPETAB 99,149,50

THR: Poison by subcutaneous, intraperitoneal and intrave-
nous routes, Human systemic effects by intravenous route:
cardiac arrythmias. When heated to decomposition it emits
toxic fumes of Hg. See also MERCURY COMPOUNDS.

MCW000 HR:3
MERCUROUS CHLORIDE

CAS: 7546-30-7
mf: Cl,Hg,

NIOSH: OV 8750000
mw: 472.09

PROP: White, odorless, tasteless, heavy powder or crystals.
Sublimes @ 400°, d: 7.150. Insol in H,0, alc and ether.
Protect from light. Sunlight causes it to decomp into mercu-
ric chloride and metallic Hg.

SYNS:
CALOGREEN MERCUROCHLORIDE (DUTCH)
CALOMEL MERCURY(I) CHLORIDE
CALOMELANO (ITALIAN) MERCURY MONOCHLORIDE
CALOSAN MERCURY PROTOCHLORIDE
CHLORURE MERCUREUX MILD MERCURY CHLORIDE
(FRENCH) PRECIPITE BLANC
C.L 77764 QUECKSILBER(I)-CHLORID (GER-
CLORURO MERCUROSO (ITAL- MAN)
1AN) QUECKSILBER CHLORUER (GER-
CYCLOSAN MAN)
KALOMEL (GERMAN) SUBCHLORIDE OF MERCURY
TOXICITY DATA: CODEN:

mre-bes 50 mmol/L
S¢e-ham:ovr 3200 nmol/L
orl-rat LDS0: 166 mg/kg

MUREAYV 77,109,80
ENMUDM 7,381,85
GTPZAB 25(7),27,81

MERCURY MCW250

skn-rat LD50: 1500 mg/kg
orl-mus LD50: 180 mg/kg
ipr-mus LD50:10 mg/kg

GTPZAB 25(7),27,81
GTPZAB 25(7),27,81
GTPZAB 25(7),27,81

Mercury and its compounds are on the Community Right
To Know List. EPA Genetic Toxicology Program. Reported
in EPA TSCA Inventory.

ACGIH TLV: TWA 0.1 mg(Hg)/m? (skin)
NIOSH REL: (To Inorganic Mercury) TWA 0.05
mg(Hg)/m’

THR: Poison by ingestion and intraperitoneal routes. Mod-
erately toxic by skin contact. Mutagenic data. A fungicide.
An FDA over-the-counter drug. Incompatible with bro-
mides; iodides; alkali chlorides; sulfates; sulfites; carbon-
ates; hydroxides; lime water; ammonia; golden antimony
sulfide; cyanides; copper salts; hydrogen peroxide; iodine;
iodoform; lead salts; silver salts; sulfides. When heated to
decomposition it emits very toxic fumes of CI~ and Hg.
See also MERCURY COMPOUNDS.

MCW250 HR: 3
MERCURY
CAS: 7439-97-6 NIOSH: OV 4550000

DOT: 2809
af: Hg aw: 200.59

PROP: Silvery, heavy, mobile liquid. A liquid metallic
element. Mp: —38.89°, bp: 356.9°, d: 13.534 @ 25°, vap
press: 2 X 1073 mm @ 25°. Solid: tin-white, ductile, mal-
leable mass which can be cut with a knife.

SYNS:

COLLOIDAL MERCURY
KWIK (DUTCH)

MERCURE (FRENCH)
MERCURIO (ITALIAN}
MERCURY. METALLIC (DOT)

TOXICITY DATA:

cyt-man-unr 150 pg/m’

ihl-rat TCLo: 890 ng/m3/24H
(16W male):REP

ihl-rat TCLo:7440 ng/m’/24H
(16W male):REP

ipr-rat TDLo:400 mg/kg/14D-1:

NCI-C60399

QUECKSILBER (GERMAN)
QUICK SILVER

RCRA WASTE NUMBER U151
RTEC (POLISH)

CODEN:
AEHLAU 34,461,79
GISAAA 45(3),72,80

GISAAA 45(3),72,80

ZEKBAI 61,511,57

ETA
ihl-man TDLo0:44300 pg/m*/8H: JOCMA7 20,532,78
CNS,LIV,MET
ihl-wmn TCLo: 150 pg/m*/46D: AEHI AU 33,186,78
CNS,GIT

skn-man TDLo: 129 mg/kg/5H-
C:EAR,CNS,SKN
ihl-rbt LCLo:29 mg/m®30H

DERAAC 172,48,86

AMIHBC 7,19,53

Mercury and its compounds are on the Community Right
To Know List.

OSHA PEL: CL 0.1 mg/m?

ACGIH TLV: TWA 0.05 mg(Hg)/m? (vapor, skin)

DFG MAK: 0.01 ppm (0.1 mg/m’)

NIOSH REL: (To Inorganic Mercury) TWA 0.05
mg(Hg)/m?




MCW350 MERCURY(ll} ACETYLIDE

DOT Classification: Corrosive Material; Label: Corrosive

THR: Poison by inhalation. An experimental tumorigen.
Corrosive to skin, eyes and mucous membranes. Human
systemic effects by inhalation: wakefulness, muscle weak-
ness, anorexia, headache, tinnitus, hypermotility, diarrhea,
liver changes, dermatitis, fever. An experimental teratogen.
Experimental reproductive effects. Human mutagenic data.
Used in dental applications, electronics, and chemical syn-
thesis.

May explode on contact with 3-bromopropyne: alkynes
+ silver perchlorate; ethylene oxide; lithium; methyisilane
+ oxygen (explodes when shaken); peroxyformic acid;
chlorine dioxide; tetracarbonylnickel + oxygen. May react
with ammonia to form an explosive product. Mixmres with
methyl azide are shock- and spark-sensitive explosives. The
vapor ignites on contact with boron diiodophosphide. Re-
acts violently with acetylenic compounds (e.g., acetylene,
sodium acetylide, 2-butyne-1,4-diol + acid); metais (e.g.,
aluminum; calcium; potassium; sodium; rubidium; exo-
thermic formation of amalgams); Cl,; ClO,; CH;N;; Na,Cy;
nitromethane. Incompatible with methyl azide: oxidants.
When heated to decomposition it emits toxic fumes of Hg.
See also MERCURY COMPOUNDS. For further informa-
tion, see Vol. 1, No. 3 of DPIM Report.

MCW350

MERCURY(II) ACETYLIDE
CAS: 37297-87-3

mf: C,Hg mw: 224.61

HR: 3

Mercury and its compounds are on the Community Right
To Know List.

THR: A shock- and heat-sensitive explosive. Upon decom-
position it emits toxic fumes of Hg. See also MERCURY
COMPOUNDS and ACETYLIDES.

MCW400
MERCURY(II) aci-DINITROMETHANIDE
mf: C;H,HgN,Og mw: 410.65

HR: 3

Mercury and its compounds are on the Communiry Right
To Know List.

THR: An explosive detonator. Upon decomposition it emits
toxic fumes of Hg and NO,. See also MERCURY COM-
POUNDS.

MCW500
MERCURY AMIDE CHLORIDE
CAS: 10124-48-8
DOT: 1630

mf: CIH,HgN

HR: 3
NIOSH: OV 7020000

mw: 252.07
H,NHgCl
PROP: White, pulverized lumps or powder.

2134

SYNS:

AMINOMERCURIC CHLORIDE

AMMONIATED MERCURY

MERCURIC AMMONTUM CHLO-
RIDE, SOLID

MERCURIC CHLORIDE. AMMONI-
ATED

MERCURY AMINE CHLORIDE
MERCURY AMMONIATED
WHITE MERCURY PRECIPITATED
WHITE PRECIPITATE

Mercury and its compounds are on the Community Righ;
To Know List. Reported in EPA TSCA Inventory.

ACGIH TLV: TWA 0.1 mg(Hg)/m? (skin)
NIOSH REL: (To Inorganic Mercury) TWA 0.03
mg(Hg)/m*

DOT Classification: Poison B, Label: Poison

THR: A poison. Explosive reaction with halogens or amine
metal salts. When heated to decomposition it emits verv
toxic fumes of C1~, NO,, and Hg. See also MERCURY
COMPOUNDS.

MCW509

MERCURY(IT) ORTHOARSENATE
CAS: 7784-37-4 NIOSH: OV 7040060
mf: AsHO,*Hg
DOT: 1623

HR: 3

mw: 340.52

SYN: MERCURIC ARSENATE (DO

Arsenic and its compounds, as well as mercury and us
compounds, are on the Community Right To Know List.

OSHA PEL: TWA 0.01 mg(As)/m’

ACGIH TLV: TWA 0.1 mg(Hg)/m® (skin)

NIOSH REL: (To Inorganic Mercury) TWA 0.05 mg(Hg)
m?; (To Inorganic Arsenic) CL 0.002 mg({As)/m*/13M

DOT Classification: Poison B; Label: Poison

THR: Poison. When heated to decomposition it emits toxic
fumes of Hg and As. See also MERCURY COMPOUNDS
and ARSENIC COMPOUNDS.

MCX000 HR: 3
MERCURY(I) AZIDE
CAS: 38232-63-2

mf: Hg,Ng mw: 485.22
SYNS:

MERCUROUS AZIDE (DOT)

NIOSH: OV 7045000

MERCURY AZIDE

Mercury and its compounds are on the Community Right
To Know List.

ACGIH TLV: TWA 0.1 mg(Hg)/m> (skin)
DOT Classification: Forbidden

THR: Poison. Explodes on heating in air. When heated t0
decomposition it emits very toxic fumes of NO, and Hg.
See also AZIDES and MERCURY COMPOUNDS.
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NAPHTHA: VM & P

NVM

Pevoleum solvent

Common Synonyms Watery qued Cotoriess

Gasoline-ike 0cor

6. FIRE HAZARDS

10. HAZARD ASSESSMENT CODE

Light naphtha 6.1  Flash Point: 20-55°F C.C. {See Hazard Assessment Handbook)
Painters naphtha Floats on water. Flammable, mmiating vapor 1s produced. ::; z:::;'::m :::::1::-17;'”.\ A-T-U-V-W
diosde, of dry chermscal
8.4 Fire Extingwshing Agents Not to be
Stop discnarge if possible Keep people away Used: Wa's: may be ineffectve 11. HAZARD CLASSIFICATIONS
Shut ott ignition sources l:?ds:';;ll V:Le__t%::rggzln‘ vapor 65  Special Haza s of Combust
E?;»dugg:(':claﬁ(:sl:;;: and vator Products:  « pertment 11,1 Code of Federsl Reguiations:
Isolate and remove discharged malterial 6.6  Bahavior In. ¥ Vapor 18 heaver than ar Fiammabie hqud
Nouty local health and polluan cantral agencies. and may trav 1ong cratances to a sourca| 112 NAS Mazard Rating for Bulk Water
of 1gnibon and flash back. Transportation: Not histed
6.7  Ignition Temperature: 450°F 11.3  NFPA Hazard Classification:
Emﬁﬁ,‘g vapor trail may occur. 6.6  Electrical Hazard: Class |, Group D Category Classitication
\élbo' may ex:k')dt o ignited in anltr\closad area. . 69 Burning Rate: 4 mm/men. :‘""" Hlﬂf(ﬂﬁlfd‘;ﬂ) ;
xtunguish with toam, dry chemical or carpon dioxide. 8.10 Adiabatic Flame T ture: lammabuirty .
. Cool exposed comainers with water Data not .v.".w.""". Resctwry (Yallow) ... ......... 0
Fire 6.11  Stoichiometric Alr to Fuel Ratlo:
Dats not avalabla
6.12 Flame Temperature: Dats not available
CALL FOR MEDICAL AID 7. CHEMICAL REACTIVITY
?::v:uonz to eyes, nose and thraat. 7.1 Reactivity With Water: No reacton
If nhaied. will cause or loss of re8s. 72 y with C. No
Move 1o tresh ar reacton
| reaimng 1 sropoea, g afcai resoraton 73 Sttty During Transport Sisble
7.4 Neutraiizing Agenta for Acids and
Ilv-:glt:n'r?g; to skin and eyes. Caustica: Not pertinent
If swailowed, will cause nausea or vomitng. 7.5 Polymerization: Not pertinent
Exposure Remove contamnated clotning and sn0es. 7.6 Inhibitor of Potymerization:
l—lush aftected areas witn plenty of ‘:aler - Not pertinent
£ IN EYES, hold eyelds open and “‘usn wilh plenty ot water
I SWALLOWED and victim s CONSCIOUS. have victim annk water 7.7 Molar Ratio (Reactant 1o
jele] Iﬁro?u\:lDUCE VOMITING Product): Data not available
7.6 Reactivity Group: 33
12 PHYSICAL AND CHEMICAL PROPERTIES
121 Physical State at 15°C and 1 stm:
Etftect of low concantratons on aquatc ite 1S unknown. Liaud
Water 3:;“:2 ?am;:rﬂ 1t enters water Intakes. 12.2  Molecular Weight: Not pertinent
Pollution Nouty local health and wildhfe oticiais 23 Bol::g:::;l;l: ;;':'ug_c _
Nonty operalors of nearQy water ntakes =
366—4a22°K
124  Freezing Point: Not psrhnent
1. RESPONSE TO DISCHARGE 2 LABEL 8. WATER POLLUTION 125  Critical Temperature: Not peranent
{See Response Methods Handbook) 21 Category: Flammabie liqud 8.1 Aquatic Toxicity: Dats not availabie 126 Critical Pressure: Not parunent
Issue warning-high tammability 42 Class 3 8.2 Watertow! Toxicity: Data not avaishie 127  Specific Gravity:
Evacuste wea 4.3 Biological Qxygen Demand (BODX 0.75 at 20°C (iiqux)
Disperse and fiush Data not available 128 Liquid Surface Tenslon:
8.4 Food Chain Concentration Poteniisk 19—23 dynes/cm = 0.019—0.023 N/m
None at 20°C
129 Uaquid Water Interfacial Tension:
= 0. .
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 35—s1 dynea/cm = 00350051 N/
11 CGC Clase: Mi 4.1 Physical State (a8 shipped): Liqud 1210 Vaper (Gas) Specific Gravity:
Hydrocarbon Mixtures 4.2 Color: Coloriess Data not availabie
32 Formuia: Not appicadia 4.3 Odor: Like gasoine 1211 Ratio of Specific Hests of Vapor (Gas)
3.3 INO/UN Designation: 3.2/1255 (ost) 1.030
3.4 DOT ID No.: 1255 1212 Latent Heat of Veporization:
35 CAS Regiatry No. Data not avaiable 130—150 Bu/lb
= 71~81 cal/g = 3.0—3.4 X 10% J/kg
1213 Heat of Combustion: (est)
5. HEALTH HAZARDS 9. SHIPPING INFORMATION —18.200 B/l = —10.100 cal/g ~
—424 X 10% J/xg
5.1 Goggles or face siweid (as for gasoline). 9.1 Grades of Purity: Petroleum hydrocarbons 1214 Heat of Decomposition: Not peranent
52 Sy Vapor wnates respratory [Tact, Causes coughing and mud (90%) plus aromabc hycrocarbons such 1215 Heat of Solution: Not pertnent
depresson. ASpration ceuses severs lung mmiabon with Coughing, gagENg. and rapudty a8 benzene and toluene (10%) 1216 Hest of Poiyn thon: Not pertinant
9 y edema. Ing inTiates mouth and SIOMACh. Causes NaUSeA. vOmitng, 9.2 Storsge Temperature: Ambnt 12.25 Heat of Fusion: Data not avalsbie
sweiling of abdomen, cardiac arrhythmeas. 93 Inert Atmosphers: No requrement 1228 Limiting Value: Dats not avalable
53 Treetment of Exposurs: INHALATION: maintan respwanon f required. INGESTION: do NOT 94 Venting: Open (flame arrester) or 12.27 Reid Vapor P : 0.12 pya
MGuce vOMting; ODSErve 0 PREUMOMA; SUPPO If CoNTal NIFVOUS SYSIeM CeDresson OCCUrs. pressurs-vacuum
ASPIRATION: enforce rest; admwmister oxygen; call a doctor. EYES: fiush with water for at least
15 mwn. SKIN- wipe off, wash with soap and water.
5.4 Theeshoid Limit Vaiue: Data-sotavavetie 20 PPm
55 Short Term inhalation Limits: 500 ppm for 30 men.
5.6 Toxicity by (ngestion: Grade 1: LDio = 510 15 g/kg
57 Late Toxicity: None
53 Vapor (Gas) irrttant Characteristics: Vapors cause a sight smarbng of the eyes or respratory
system i prasent In ingh concentrations. The effect 1 temporary.
5.9 Liquid or Solid irmitant Characteristics: Minmum hazard. If spiked on clotheng and allowed 10
remain, may cause smartng and reddening of the siun NOTES

5.10 Odor Threshoit: Data not avaiable

st

(DLH Vaiue: 10,000 ppm
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OILS, FUEL: 6

(615 ¢

10. HAZARD ASSESSMENT CODE
(See Hazard Asessement Handbook)

A-T-Y

11.1 Code of Federsl Reguistions:
112 MAS Hazard Rating for Bulk Warter

113 NFPA Hazard Classification:

11. HAZARD CLASSIFICATIONS

Combustible liqud

Traneportation: Not listed

Cstegory
Heafth Hazard (Biue). ..

Common Synonyms Thick lirad Black Tar odor & FIRE HAZARDS
Bunker C ol .
Rewin o 1 02 Fate Lo 1 A 5.5
i Usualy on water. 83 Fire Agents: Dry
o )
€4 Fire Extinguishing Agents Not to be
glon ﬁ?ncn-qe 4 possible. Usedt: Watsr may be neffective
a) fire cepartment. 8.5 Special Hazards of Combustion
Avoxt tact with haud.
|oouu°:rﬂ|u remove matenal. Products: Not pertinent
Notfy local health ana potivuon control 6.5  Behavior in Fire: Not pertinent
6.7 igniton Temperature: 785°F
88 Elctrical Hazard: Not pertinent
6.9 Ouming Rate: 4 mm/mn_
Combustible.
Extinguah with dry chermical, foam or carbon deonde. €10 Adiabatic Flame Temperstirs:
Whater may be inettectve on fire. Data not svaiabie
containers wih waler. €11 Stwoichiometric Alr to Fuel Retio:
F‘ra Data not aveilable
€12 Flame Temperature: Data not avaiable
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
uou ) 7.1 Raactivity With Water: No resction
m to skin and eyes. 72 y with No
F‘emov:' con’l.;mmllod clothing nn‘d shoas. reaction
ush affect arsas with plenty of water.
iF IN EYES. hoid eyends ooonwam fiush with Dienty of weter. 73 Stabity Ouring Traneport: Stable
IF SWALLOWED ana wictim s CCNSCIOUS, have vicom drink water 7.4 Neutraltzing Agents for Acide and
or k. Caustics:
DO NOT INDUCE VOMITING. ’s "”'N‘:""'“
Exposure 7.6 Inhibitor of Polymertzation:
Not pertinent
7.7 Moiar Ratio (Reactant to
Producty: Data not svailable
7.3 Reactivity Group: 31
121
Oangercus 1o aquatic lite in high concentrations.
Water u.yb-‘&m-u-ﬂnmmm 122
23
1
Pollution Notrfy local health and wildife officats.
Naotity operators of nearby water makes.
124
L RESPONSE TO DISCHARGE 2 LABEL & WATER POLLUTION
[ " 21 Cetegory: Nons &1 Aguatic Toxicity:
Mechercal containment 22 Clase: Not pertinent 2400 pom/48 hr/jpvenie Amarican 128
Should be removed fresh water 128
Chesrecal and phwsical trestment 2417 mg/1/48 hr/pwveniie American 127
shed/TL,/salt water
8.2 Watsrtow Toxicity: Data not svailebie 128
83 Biciogioad Oxygen Demand (BODX
Data not gvailahie 128
3. CHEMICAL DESIGNATIONS 4 OBSERVABLE CHARACTERISTICS &4 Food Chein Concentration Potentiat
a1 ce Claess 4.1 Physicsl State (as shipped): Liusd Data not svaiable 1210
Hydrocarbon moture 42 Color: Dark
32 Formula: Not listed 43 Odor: Terry, ke karosens 1221
33 IMO/UN Designation: 3.3/1223
4 DOT ID No: 1223 1212
18 CAS Registry No. Deta not avasiable
1213
S HEALTH HAZARDS 9. SHIPPING INFORMATION z:
&1 Personel P P gloves; goggles of face shiskd, 2.1 Grades of Purtty; Commercial .16
82 INGESTION: gastrointestingl irritation. ASPIRATION: puimonary , 9.2 Storage Temperature: Elevated 1228
m-meMMMMMMnMW 8.3 Inert Atmosphers: No requirement 1226
K3 Trestment of Exposurs: INGESTION: do NOT levage or induce vomiting. ASPIRATION: teetment 2.4 Venting: Open (flame arrester) 227
pr y not delayed ot y aThation can be detectad by seral
chest x+ays; conaider rogime # EYES: wash with

copious quantity of waier. SKIN: wipe off and wash with 308p and water.

Threshold Limit Valus: Data not svailable

Short Term inhwaintion Liritec Not pertinent

Touioy by ingestion: Grade 1; LDse = 5 10 15 o/Kg

Late Toxicity: Data not avaisble

Vapor (Ges) irritant Characteristios: None

Liquid or Sofid irritant Characteristion: Minimum hazard. if spiled on clothing and alliowed
remain, May cause SMArtng and reddening of the skin.

510 Odor Tiweshokt: Data not avalabie

£11 IDLH Value: Data not available

-3 R 5 24

12 PHYSICAL AND CHEMICAL PROPERTIES

Physical State at 15°C and 1 atm:

Liqued
Molecular Weight Not pertnent
Bolling Point st 1 atm:

415> > 1083°F

= 212—> >588°C = 485—> »861°K
Freezing Point:

25 10 55°F

= —4 10 +13'C = 268 10 286°K
Critical Tempersture: Not pertnent
Critical Presaurse: Not pertnent
Specific Gravity:
0.85 (approw) at 20°C (houd)
Liquid Surface Tenslon: (est)

25 gynes/cm = 0.025 N/m at 20°C
Liquic Water (ntertacial Tenslon: (est)
50 dynes/cm = 0.05 N/m st 20°C

Vapor (Ges) Specific Gravity:
Not pertinert
mdede(Mk

Heat of Combustion: —18,000 Btu/ =
—10,000 cal/g = —418.88 X 10* J/kg

NOTES
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TOLUENE

TOL

10. HAZARD ASSESSMENT CODE
(See Hazard Assessment Handbook)
A-T-U

11.  HAZARD CLASSIFICATIONS

11.1 Code of Federal Reguistions:
Flammabie Jaud
112 NAS Haiard Rating for Bulk Water

113 NFPA Haxard Classification:
Category Classification
Hearth Hazard (Blue
Flammabeity {Red).
Reactvity (Yellow) .

Common Synomyms Watery hausd Coloriess Pleasant odor 6 FIRE HAZARDS
o orczane 61 Plash Point 40°F C.C; 55°F O.C.
Methytbenzol - €2 Fammabie Limits In Alr: 1.27%-7%
Fioats on water. Flammabie, iritating vapor i produced. 3 Fre & A c .
or ory cherrecal for small fires, ordinary
foam for large firea.
5100 oscharge 1 pOBabIE. K8eD DeOpie awsy, 8.4  Fire Extinguishing Agents Not to be
Snnaﬂ-qnmonwcuamwlho:apu:mm Used: Water may bs meftfectve
Stay UOWII ANd USE WELSr SOraY 10 “KNOCK GOWwn'’ vapor.
Avond comact with Iiquid and vapor 6.5 Specisl Hazards of Combustion
isolate and remove discharged matanal. Products: Not pertinent
Notty iocal heaith and poikuton control agencies. 6.8 Behavior in Fire: Vapor 18 heaver than ax
and mey tavel a conmderable detance to
FLAMMABLE. a source of igndion and flash bacic
Flashback aong vapor tral may 0CCur. 67 Ignition Temperature: 607°F
Vapor may expiode if igrnted 1 an enciosed area. 6.8 Electrical Hazarc: Class |, Group O
Wov goggles and sati-comamad braathng appaatus. 8.9 Buming Rate: 5.7 mm/mn.
Sxunguish with dry Chemmucal. foam, or carbon dooe.
Fi Water may be ineflectve on e 4.10  Adisbatic Flame Temperature:
ire Cool 8xposed coMamnens with waler. Oata not avasable
(Contnued)
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
VAPOR
Immma o and throat 7.1 Reactivity m:n- No reachon
It haled, wil cause n-uuu. vmm'g_ headache, dznness, 72 y with No
ditficutt g, Of loas reaction
Move 10 fresh ar. 7.3 Stability During Traneport: Stable
it breathing has sSiopped, grve artficial resprabon.
" uum-g dithcuit, grve oxygen. 7.4 Neutraiizing Agents for Acide and
uouip Caustics: Not pertinent
Imtatng 10 skin and eyes. 7.5 Polymerization: Not pertnent
Exposure i swallowed. wili CAZSS NaUSea, VOMMiNg Of 088 Of CONSCIOUSNESS. 7.8 Inhibior of Potymertzation:
Remove contarmnated :'l‘ammq and shoes. Not pertnent
Flush affacted arsas with pienty of water.
IF IN EYES. hold ayends open and tiusn with pianty of watex. 1.7 Molsr Ratio (Reactant to
‘F SWALLOWED ana vicom 18 CONSCIOUS, have wictm dnnk water Producty: Duta not available
of ik
DO NOT INDUCE YOMITING. 7.8 Reactivity Groug: 32
Dangerous 1o aquatc life in tugh concentrations.
w ter Fauling to shoreline.
a May be dangerous if it enters water intakes.
Po“u“on Notfy iocal heaith and wildlife officuas
Notity cperaiors of nearty water intakes
1. RESPONSE TO DISCHARGE 2 UABEL & WATER POLLUTION
(Sea Response Methods Handbook) 2.1 Category: Fiarmmabile liquid &1 Aquatic Toxicity:
Jasue warmng-high tlammabikity 22 Class 3 1180 mg/1/96 he/sunfish/TL./fresh

Evacuate sea

1 CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERSTICS

1

L X}

waler
Watertow! Toxicity: Osta not avaiabie
Blological Oxygen Demand (BOD):
0%, § days; 38% (theor), 8 days
Food Chain Concentration Potentiak:
None

12 PHYSICAL AND CHEMICAL PROPERTIES

121  Physical State at 15°C and 1 stm:
Liquid
122  Molecular Welght: 92.14
123 Bolling Point at 1 st
231.1°F = 110.8°C = 383.8°K
124  Freezing Point
—139°F = —85.0°C = 178.2°K
125 Criticsl Temperature:
005.4°F = 218.8°C = 581.8°K
128  Critical Pressurs:
598.1 paug = 40.55 atm = 4.108
MN/mt
1127 Specific Gravity:
0.887 at 20°C (hquid)
123 Liquid Surface Tension:
20.0 dynes/cm = 0.0290 N/m at 20°C
128 Liquid Water interfacial Tension:
36.1 gynes/cm = 0.0381 N/m at 25°C
12.10 Vepor (Ges) Specific Gravity:
Not pertinent
1211 Rstio of Specific Heats of Vapor (Gesy
1.089
1212 Latent Hemt of Vaporization:
155 Bu/lb = 88.1 cal/g =
3.61 X 10% J/kg
12.13  Hewt of Combustion: —17,430 Btu/iy
= —0688 cai/g = —405.5 X 10* J/kg
1214 Heet of Decomposition: Not pertinest
1215 Heat of Solution: Not perunent
12.18 MHeat of Polymerization: Not partinent
1225 Heet of Fusion: 17.17 cal/g
1228 Umiting Value: Dats not avastahie
1227 Reit Vapor Pressure: 1.1 paia.

6. FIRE HAZARDS (Continued)

31 CG Compstibility Class: Aromabc 4.1 Physical State (as shipped): Ligud

Hydrocarbon 4.2 Coilor: Coloriesa
22 Formuis CeHiCHs 43 Odor: Pungent. womatic, bérrene-ike;
33 IMO/UN Designation: 3.2/1204 distinct, pleasant
3.4 DOTID No: 1264
35 CAS Registry No. 108-88-3

5. HEALTH HAZARDS 9. SHIPPING INFORMATION

51 Air-supplied mask: goggies or face shieid; plastic gioves. 9.1 Grades of Purity: Research, reagent,
82 Vapors imitate eyes and UPper respralory tract causs Toness. reration-al 09.8 + %; industnal:

y arrest. Liquid imtates eyes and causes drang of sion. conaing 84 + %, with 5% xylens and
asprated. Causes COughng, GagNg. distresa. and rapidly Ceveloping PUiMonary sdema. If smail amounts of barzene and
ingested Causes vormitng. griping, diantiea, cepresssd respranon. nonaromanc hydrocarbons; 90/120:

83 Treatment of Exposurs: INHALATION: remove to fresh an, give artificasl resperation and oxygen ous pure than industrial.
needed; call a doctor. INGESTION: do NOT induce vomting; call a doctor. EYES: fush wih 82 Storage Temperaturs: Ambient
water tor at lsast 15 mn. SKIN: wipe off, wash with s0ap and water. 2.3 Inert Atmosphers: No requarsment
54 Tiveshoid Limt Vaius: 100 ppm 8.4 Vanting: Open (flame arester) or
85 Short Term inhalstion Limita: 800 ppm tor 30 min. pressure-vaciam
65 Tomcity by Ingestion: Grade 2; LDso = 0.5 10 5 g/kg
5.7 Late Toxicity: Kidney and kver damage may folOw ngeston.
85 Vapor (Gas) kritant Charscteristice: Vapors Cause a sight smarting Of the eyes Or resprimory
system  present n Nigh concentrations. The effect is temporary.
89 Liquid or Solid Irritant Characterietics: Minsmum hazard. If spilled on clothing and allowed to
remamn, May cause smarting and reddenng of the skn.
510 Odor Thweshoid: 0.17 ppm
S.11 1DLH Vaius: 2,000 ppm 2,11 Stoichiometric Alr 1o Fusl Ratie: Data not avaabie
8.12 Flame Temperature: Dala not svsdabie
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TRICHLOROETHYLENE

TCL

Comman Synorryme Watary iqud Coloriess Sweet odor 6 FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
T . Hazard Assessment Handbook'
M, ol (8] Mm Point: 90°F C.C.; practicalty {See rd P )
Gemaigene Sinks m waier. \ritaing vapor is procuced. 62 Flammabie Limity in Alr: 8.0%-10.5%
Trichiora, Trilene 4.3 Fire Extinguishing Agents: Water fog
6.4 Fire Extinguishing Agents Not to be
Stop discharge f possible Keep peopie away. Used: Not pertnant 11 HAZARD CLASSIFICATIONS
e;‘o'm contact with iquid and vagor. &5  Specisl Hazards of Combustion A ‘E a
fva department. ) .1 Code of Federal Regulstions:
Isotate and remove diacharged matenal Products: Touc and initatng gases are ORM-A
Notfy local heaith ana poilubon control agencies procuced n fire atuations.
6.8 Behavior in Fire: Not pertinent 112 NAS Hazard Rating for Bulk Water
6.7  igniton Temperature: 770°F
6.8 Electrical Hazard: Not perbnent
Combustibla. . Rate:
POISONOUS GASES ARE PRODUCED IN FIRE. Burming Rats: Not pertnent
Wear goggles and sei-contamed Oreaiing DPASAILS. 6.10 Adisbetic Flame Temperature:
Extinguish with dry chemical, carpon goxda, of foam DOata not aveilabie
Fire 6.11 Stoichiometric Air to Fuel Ratio:
Oata not aveiable
6.12 Flame Temperature: Data not availabie
CALL FOR MEDICAL AID 7. CHEMICAL REACTIVITY
VAPOR
IAtNG 10 eyes, NOse and throst 1.1 wmwmmm
nmutmmvmmmm 2 withy No
of consciousnesa. reaction
11.3 NFPA Hazard Classification:
Move 10 fresh ar. 7.3 Stabiitty During Ti Stable
)t breathing has stopped. grve artficial resowation 74 A r-m and Category Classification
'f breathing 18 arthcult, gve oxygen 4 Neutraliting Agents Health Hazard (Bluve) 2
Caustice: Not pertnent "
uQuIp " Fiammability (Red) 1
Initatng 0 skin and syes, 7.5 Polymerization: Not pertinent
Exposure 1 swalicnwed, wil Cause nausea, voming, ditficult breathing, 79 Inhibitor of Polymertzation: Reactvity (Yellow) - 0
or loss of consCIOUANesS. Not
Aemove contamnated clothing and snoes.
Flush affectsd areas with olenty ct water 7.7 Moler Ratio (Resctant to
IFIN EVE%.VC\gig eyeids open éfi.;“c"éb"s'" '?.temy o‘l’ vu;:v.k Producty Oata not availsbie
F SWALL and victim s ve vichm onnk water
or milk_and have viCliM :Aduce vCMIb! 748 Reactivity Group: 36
F SWALLOWED and victim 15 UNCCNSCi US OR HAVING CON-
VULSIONS, do hothing excep! xeep vicLm warm.
12 PHYSICAL AND CHEMICAL PROPERTIES
121 Physical State at 15°C and 1 atme
Etfect of low concentrations on aquatc ke s unknown. Liquid
Water May be dangercus f it enters water riiakes. 122 Molecular Weight: 131.38
123 Bolling Point at 1 atm:
Notfy local heaith and wildide oficiars.
Pollution Notfy operators of nearpy water intaxes 180°F = 87°C = 380°K
124 Freezing Point:
—123.5°F = —88.4'C = 186.8°K
1. RESPONSE TO DISCHARGE 2 LABEL & WATER POLLUTION 125 Crtical Temperature: Not pertinent
(See Respones Methode Handbook) 2.1 Category: None 6.1 Aquatic Toxicity: 126 Critical Pressure: Not pertinent
Shouid be remaved 22 Class: Not pertinent 660 mg/1/40 he/ daphnia/kill/ fresh 127  Specific Gravity:
Chamical and physical reatment water 1.46 at 20°C (liquid)
42 Waterfowl Toxicity: Data not availabie 128 Liguid Surface Tension
8.3 Bioiogical Oxygen Demand (BOD): 29.3 dynes/cm = 0.0283 N/m at 20°C
Data not availshie 129 Liquid Water Interfacial Tensiom:
8.4 Food Chain Concentration Potentiak 34.5 dynes/cm = 0.0345 N/m at 24°C
None 12.10 Vapor (Ges) Specific Gravity: 4.5
3. CHEMICAL OESIGNATIONS 4. OBSERV/"\LE CHARACTERISTICS 1211 Ratio of Specific Heats of Vapor (Gasy
S -] Cloes: ¢ o 41 Physical Stete (as shipped) Liquid 1.118
hydrocarbon 42 Color: Coloriess 12.12 Latent Heat of Yaporization:
32 Pormula CHCleCCh 43 Odor: Chioroform-ike; ethersal 103 Biu/lb = 57.2 cal/g =
3.3 IMO/UN Designation: 8.0/1710 2.4 X 10% J/kg
34 DOT ID No: 1710 12.13  Heat of Combustion: Not pertinernt
18 CAS Regietry No: 70-01-8 12.94 Heat of Decompoaition: Not pertinent
1215 Heat of Solution: Not pertinent
1218 Hest of Polymerization: Not pertinent
TH HAZARDS 9. SHIPPING INFORMATION 1225 Heat of Fusion: Data not avadabie
5 WeAL . ) o o 1226 Limiting Value: Data not avaiabie
[ 8] Organk. vapor-acxd gas canister; self-contained breathing 8.1 Grades of Purity: Technical; dry cleaning; 1227 Rekd Vapor Pressure: 25 psia
o for Yopr or vinyl gioves: chemcal satety QOpgles; face-ehweid; degreasng; extraction
mmwmmuuwvuwm 8.2 Storage Tempersture: Ambient
82 y F INHALATION: symotoms range from iritation of the nose and 8.3 inert Atmosphers: No requirement
m«mmmmumﬁwmmmmmum 84 Venting: Pressurs-vecuum
NOMVOUS SYSTBM resuUting in CAMGIAC Tallure. CIVONK: EXDONIS MEY COUBS ONGRNIC NUry.
INGESTION: similar to SKIN: g action can causs dermatite. EYES:
slightly stating sensation and lachrymation.
83 T of Do NOT . or oot medical for akl
cases of overexposure. INHALATION: remove victim to fresh air; if necessary, apply ertifical
respiration and/or administer cxygen. INGESTION: have victim drink warler &nd induce vormiting:
repeat three times; then grve 1 tableepoon epeom salts in water. EYES: flueh tharoughly wrth
water, SKIN: wash thoroughly with eoep and war™ wanter.
64 Threshoid Limit Value: 50 ppm
65 Short Term Inhalstion Limits: 200 ppm for 30 min.
&8 Toxicity by Ingestion: Grade 3; LDso = 50 10 500 mg/kg
87  Late Toxicty: Daia not avaiabie NOTES
&8 Vapor (Gas) irritart Characteristics: Yapors causs a siight smarting of the syes or respratory
system 1 present in high concentrations. The effect & temporary.
£9 Licaid or Solid irritant Characteristics: Minimum hazerd. If spilied on ciothing and sliowed o

reman. may cause smertng and reddenang of the skun.

6.10 Odor Threshoid: 50 ppm

&1

IOLH Vaiue: 1,000 ppm
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m-XYLENE

XLM

10. HAZARD ASSESSMENT CODE

11.  HAZARD CLASSIFICATIONS

11.1 Code of Federal Reguistions:
Flammabie kqud
11.2 MAS Hazard Rating for Bulk Water

Common Synonyms Watery hqud Coloriess Sweet odor 6. FIRE HAZARDS
Yo Dmetyiventene 8.1  Flash Point 84°F CC.
g 8.2 Flamwmnabile Limita In Air: 1.1%-8.4%
Fioats on water. Flammabie, rritating vapor 18 produced. 83 Fire Extinguishing Agents: Foam, dry
chermcal, or carton choxide
84  Fire Extinguishing Agents Not to be
Stop ascnarqa i+ pouun Keep peopie away. Used: Water may be meffective.
i‘vg-::om vmh l wd and VADOr a8 o
act iq i .
lsolate and remava Gischarged matenal. Products: Not pertinent
Notrfy iocal heaith and poliution control agencies. 6.8 Behavior in Flew: Vapor i heevier than sir
and may travei considerable distance o a
source of igniton and flash back.
6.7 ignition Temperaturs: 966°F
FLAMMABLE
Flashback along vapor rad may 6.8  Electrical Hazard: Class |, Group D
Vapor may explode if ugmn n an ondond aren. 6.9 Burning Rate: 5.8 mm/mn.
Wear seit 6.10 Asishetic Flame Temperature:
Exunguish with foam. nry chom-cal Or Carbon dioude. Data not avatable
Fire watar may be ineflectve on tire. not av
Cool exposed containers with water 6.11 Stoichiometric Alr to Fuel Ratic:
Data not avadable
6.12 Flare Temperature: Data not avaiedie
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
VAPOR
matng 1o eyes, nose, and throat. 7.1 Reactivity With Water: No reachon
|| inhated, wil cause headache, difficurt breathng, or loss of 12 with C. Na
consciousness. reachON
Move o lrash ax. 7.3 Stability During Transport: Stabie
It breathing has siopped. give artificial resperation.
if breatming i3 aitficutt, grvcg axygen. 7.4 Neutraitxing Agents for Acids and
LiQuID Caustics: Not pertinent
lmatng 1o skin and eyes. 7.5 Polymerization: Not pertinenm
Exposure i swallowed. will cause nausaa, vomiting, or 1088 Of CONSCIOUSNeSS. 7.8 Inhibitor of Polymerization:
Remove contaminated ciotthng and shoes.
Flush aftected areas wih pienty Of water. Nat pertinent
IF IN EYES, hold eyetds open and fiush with pienty of water 7.7 Noter Ratio (Reactant to
IF SWALLCWED and victm 18 CCNSCICUS, havs wehm annk wated Productk Data not avalable
of_milk
DO NOT INDUCE VOMITING. 74 Reactivity Group: 32
HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS.
Fouling to shorekne.
Water Mly'b‘g dangerous if it enters water intakes.
PO"U"O" Notty local heaith and widife officusis.
Nottv ooeraiors of nedrtrv water mtakes,
1. RESPONSE TO DISCHARGE 2 LABEL & WATER POLLUTION
(See Response Methode Handbook) 21 Category: Flammabile iquid 8.1 Aquatic Toxicity:
Issue warmeng-hugh flammabiity 22 Clesx 3 22 ppm/96 hr/bluegll/ T,/ iresh water
Evacuate area 0.2 Waterfowi Toxicity: Data not avaiabie
Shouid be removed 8.3 Biciogical Oxygen Demand (BOD)
Chermcal and physical treatment 0 Ib/ib, 5 days; 0% {thear.), 8 days
84 Food Chain Concentration Potentiak
Data not avadadie
3. CHEMiICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS
3.1 CQG Compatibiiity Clasa: Aromahc 4.1 Physical State (s shipped)y Liqud
Hydrocarbon 4.2 Color: Coloriess
3.2 Formuix M-CaH(CHa)a 4.3 Odor: Like benzens; charactenstic aromabc
33 IMO/UN Designation: 3.2/1307
3.4 DOT ID No.: 1307
3.5 CAS Registry No. 108-38-3
S. HEALTH HAZARODS 9. SHIPPING INFORMATION
5.1 Approved canister or ar-supplied mask; gogQies. of 1ace sleeid: 9.1 Grades of Purity: Research: 99.99%;
piasuc ploves and boots. Pure: 80.9%: Techmcal: 99.2%
5.2 Symptoma Folowing Expasure: Vapors cause headache and dzzness. Liquud irrtates eyes and 9.2 Storage Tempersture: Ambiant
sion, If taken Mio lungs, causes severe coughung, distress, and rapsdly developing pumonary 5.3 Inert Atmosphers: No requirement
adema. |f ngesied, Causes nauses. vomitng, cramps. headache, and coma; can be fatal. Kidney 8.4 Venting: Open (flame aester) or
and iver damege can occur. Pressure-vacuum

53

5.4
58
58
57
s

59

&

Treatment of Exposure: INHALATION: remove 1o fresh ar; edminister griificial reapiration arxd
axypen ff requwed: cail a doctor. INGESTION: do NOT nduce vomniting; call a doctor. EYES:
fiush with water for at least 15 min. SKIN: wipe off, wash with soap and water.

Threshoid Limit Value: 100 ppm

Short Term Inhalstion Limita: 300 ppm for 30 rwn.
Toxicity by Ingesation: Grade 3; LDso = 50 0 500 g/kg

Late Toxicity: Kidney and liver damage.

Vapor (Gas) liritant Characteristica: Vapors cause a sight amarting of the eyes or respratory
system f present in high concentrations. The eftect 18 temporary.

Liquid or Sold Irritant Charecteristice: Mmimum hazard. Hf spifed on Clothing and aliowed to
remam, May Causs SMArting and reddening of the skin.

£10 Odor Threshold: 0.05 ppm

IDLH Value: 10,000 ppm

12 PHYSICAL AND CHEMICAL PROPERTIES

121 Priysical State at 15°C and 1 atm:
Liqud
122  Molecular Welght 106.18
123 Boiling Point at 1 atrc
269.4'F = 131.9°C = 405.1°K
124 Freezing Point:
—54.2°F = —47.9°C = 228.3°K
125 Critical Temperature:
850.8°F = 343.8°C ~ 817.0°K
125 Critical Presaure:
513.8 atm = 34.95 psia = 3.540
MN/m?
12.7  Specific Qravity:
0.884 at 20°C (liqu)
128 Liquid Surtece Tension
20.6 dynes/cm = 0.0288 N/m at 20°C
129 Liquid Weter interfecial Tension:
38.4 dynes/cm = 0.0364 N/m at 30'C
12.10 Vapor (Gas) Specific Gravity:
Not pertinent
Ratio of Spectfic Heats of Vapor (Geak
1071
Latent Hest of Vaporization:
147 Bru/lb = B1.9 cal/g =
3.43 X 10* J/kg
12.13 Heat of Combustion: —17,554 Btu/lb w
—0752.4 cal/g = —408.31 X 10% J/hg
12.14 Heat of Decomposition: Nat pertinent
12.18 Heat of Solution: Not pertment
12.18 Heat of Polymertzation: Not pertinent
1225 Heat of Pusion: 26.01 cal/g
1226 Limiting Value: Data not svadabie
1227 Reid Vapor Pressure: 0.34 pas

12.11

212
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POLYCHLORINATED BIPHENYL

PCB

Common Synonyms Oly g to solid bt yollow squid. or  Waek odor 5. FIRE HAZARDS 10. HAZARD ASSESSMENT COOE
?lsonnaled biphenyl 6.1 Flash Point >286"F {See Hazard Assessment Handbook)
Asochior 6.2 Fiammable Umlits In Alr: n

Halogenated waxes

Sinks in water. Data not availabie

Potychiaropolyphenyls 6.3 Fire Extinguishing Agents: Water, foam,
dry chemical, or carbon dioxide
Stop discharge if possible. Keep people away. 64 Fire Extinguishing Agents Not to be 11.  HAZARD CLASSIFICATIONS

Avoid contact with liqusd and sold.

Used: Not pertinent
Call fire department.

isolate and remave discharged matanal 6.5 Specisl Hazards of Combustion 11.1 Cods of Federa) Reguiations:
Notty local bealth and poliution control agencies. Products: Imtating gases are generated ORM-E
In fires. 11.2 NAS Hazard Rating for Bulk Water
6.6 Bahavior in Fire: Not pertinent Transportation: Not listed
- pv—— 6.7 Ignition Temperature: Data not available 113 NFPA 'f‘"‘"’ Ciassification:
Extinguish with water, foam, dry chemical, or carbon dioxrds. 6.8  Electrical Hazard: Not mf‘em Not fisted
6.9 Buming Rate: Data not availabie
6.10 Adiabatic Flame Temperature:
. Data not available
Fire 6.11  Stolchiometric Alr to Fuei Ratio:
Data not availabie
6.12 Flame Temperature: Data not available
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
:;‘"?:"J‘n% ?onsfgl:r?d eyes. 7.1 Reactlvity With Watar: No reaction
Flush affected areas with plenty of water 7.2 Reactivity with Common Materiais: No
iF IN EYES, hold eyeuds open ard flusn with flarty of water. reacton
7.3 Stablilty During Transport: Stable
7.4 Neutralizing Agents for Acids and
Caustica: Not pertnent
7.5 Polymerization: Not pervnent
Exposure 7.6 Inhibitor of Polymerization:
Not perhnent
7.7 Moiar Ratio (Reactant to
Product): Data not avaitable
7.8 Raactivity Group: Data not avaslable
12. PHYSICAL ANO CHEMICAL PROPERTIES
12.1  Physical State at 15°C snd 1 atm:
LA 1o AGUNTC S I R Lo concTRATINS s
water No{r?y Ioca?ghealln and widife ctficials 122 Molecular Weight: Not pertnent
PO"U“On Notty operators of nearby water intakes. 123 Boiling Point at 1 atm: Very high
124 Freezing Point Not pertinent
12.5 Critical Temperature: Not pertinent
- 12.6 Critical Pressurs: Not pertinent
1. RESPONSE TO DISCHARGE 2. LABEL 8. WATER POLLUTION 127 Specific Gravity:
{See Response Methods Handbook) 2.1 Category: None 8.1 Agquatic Toxicity: 1.3—1.8 at 20°C (liquid)
Issue warning-waier contaminant 2.2 Class: Not pertinent 0.278 ppm/96 he/bluegii/TL, /fresh 128 Uquid Surtace Tenslon: Not pertinent
Should be removed water 129 Liquid Water Interfacial Tansion:
Chemical and physical treatment 0.005 ppm/336-1080 Not pertinent
he/pinfish/TLa/salt water 1210 Vapor (Gaa) Specific Gravity:
8.2 Waterfow! Toxicity: LDso 2000 ppm Not pertinent '
(railard duck) 1211 Rstio of Specific Haats of Vapor (Gas):
j 4.3 Blological Oxygen Demand (BOD): Not pertinent
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS Very low 1212 Latent Heat of Vaporization:
3.1 CG Compatibliity Claes: Not listed 4.1 Physical Stata (aa shipped) Lquid 8.4 Food Chain Concentration Potential: Not pertinent
32 Formula: (CiaHi0,)CY, . or salid High 12.13 Heat of Combustion: Not pertinent
3.3 IMO/UN Designation: Not listed 42 Color: Pale yeliow (liquid). coloriess ’ 12.14  Heat of Decomposition: Not pertinent
3.4 DOTID No: 2315 (solid) 12.15 Heat of Solutiore Not pertinent
3.5 CAS Reglatry No= 1336-36-3 4.3 Odor: Practcaity odorless 1216  Heat of Polymerization: Not perunent
1225 Haat of Fusion: Data not available
12.26 Limiting Value: Data not available
12.27 Reid Vapor Pressure: Data not available
5. HEALTH HAZARDS 9. SHIPPING INFORMATION
5.1 Personal Protective Equipment: Gioves and protective garments. 9.1 Gradaa of Purlty: 11 grades (some bquid,
82 sy F 9 e Acne from skin contact some solids) which ditfer pnmanty in
53 Treatment of Exposure: SKIN: wash with soap and water. thew chiorine content (20%-68% by
5.4 Threshold Limit Value: 0.5 t0 1.0 mg/m? waght)
5.5 Short Term Inhalation Limits: Data not available 9.2 Storage Temperature: Ambant
5.6 Toxicity by Ingestion: Grade 2; oral rat LDso = 3880 mg/kg 9.3 Inert Atmosphere: No requirement
$7 Late y: Causes in rats, birth defects in birds 9.4 Vanting: Open
5.8 Vapor (Gas) irritant Charscteriatics: Vapors cause severe iritation of eyes and throat and
cause eye and lung injury. They cannot be tolerated even at low concentrations.
89 LUquid or Solld Irritant Charecteriatics: Contact with skin may causa imtation.
5.10 Odor Threshoid: Data not avaiable
5.11 IDLH Value: 510 10 mg/m?®
NROTES
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- OILS, MISCELLANEOUS: MOTOR

OMT

Common Synonyms
Crankcase oil
Lubricating oil
Transmission oil

Qily liquid

Floats on water.

Yellow-brown

Luba o odor

Stop chscharge i posabie.
Cail fire department.
Avod contact with hquid.

Isclate and remove discharged matenal.

Notrty iocal heatth and polluton control agencies.

6. FIRE HAZAROS
6.1  Flash Point 275—800°F C.C.
62 Flammabie Limits in Al
Data not available

€3 Flre Extinguishing Agents: Dry chemxcal,

foam, or carbon dioxde

.4 Fire Extinguishing Agents Not to be
Used: Water may be inetfective

6.5 Special Harzards of Combustion
Products: Not pertinent

6.6 Behavior In Fire: Not perinent

6.7 Ignition Temperature: 325—625°F

10. HAZARD ASSESSMENT CODE
(See Hazard Asssssment Handbook)
A-T-U

11. HAZARD CLASSIFICATIONS

11.1 Code of Federal Reguiations:
Not fisted

11.2 NAS Harzard Rating for Bulk Water
Transportation: Not listed

11.3 NFPA Hazerd Classification:
Not listed

- 6.8  Etectrical Hazard: Not t
Combustivle. 6.9 Buming Rate: 4 mm‘; m"’e"
Extnguish with dry chemical. feam or carbon dioxade. : uming Rate: min.
Water may be inettecuve on fire. 6.10 Adiabatic Flame Temperature:
Cool exposed containers with water. Data not available
Fire €.11 Stoichlometric Alr to Fue! Ratio:
Data not available
6.12 Flame Temperatura: Dala not availabie
CALL FOR MEDICAL AID. 7, CHEMICAL REACTIVITY
uQuiD i
imianng to skin and ayes. 7.1 Reactivity With Water: No reaction
Harmtul f swallowed. 7.2 Reactivity with Common Materials: No
gomovs contaminated clothing and shoes. reacton
ush atfected areas with plenty of water.
IF IN EYES, hold eysiiis open and flush with glenty of water. 7.3 Stabiity During Transport: Stable
IF SWALLOWED and wicum 13 CONSCIOUS, have victim drnk water 7.4 Neutralizing Agenta for Ackis and
or rmilk. Caustics: Not pertinent
N ING.
DO NOT INDUCE VOMITING 7.5 Polymerization: Not perinent
EXPOSUI’E 7.8 inhibitor of Polymerization:
Not pertinent
7.7 Molar Ratio (Reactant to
Product): Data not available
7.6 Reactivity Group: 33
Etfect of low concentrations on aquatic life is unknown.
Water Fouling to shoreline.
May be dangerous if it enters water intakes.
Notity local heaith and widlile officals.
POIquon Notty operators of nearby water intakes.

12.  PHYSICAL AND CHEMICAL PROPERTIES

12.1 Physical State at 15°C snd 1 atm:
Liquid

122 Molecular Weight Not pertinent

123 Bolling Point at 1 atm: Very high

12.4  Freezing Point

1. RESPONSE TO DISCHARGE
(See H

Mechanical containment
Should be remaved
Chemical and physical reatment

21

2. LABEL

Category: None
Clasa: Not pertinent

3. CHEMICAL DESIGNATIONS
31 CGC Class:

Hydrocarbon Mixtures
32 Formula: Not applicable
3.3 IMO/UN Designation: 3.3/1270
34 DOT ID No= 1270
3.5 CAS Reglatry No_ Data not available

41
4.2
43

4. OBSERVABLE CHARACTERISTICS

Physical State (as shipped) Liquid
Color: Yellow fluorescent
Odor: Characteristic

8. WATER POLLUTION

6.1 Aquatic Toxicity: Data not available

8.2 Watertowl Toxlcity: Data not available

8.3 Biologlcal Oxygen Demand (BOD)
Data not available

8.4 Food Chain Concentration Potentiak
None

—29.9'F = —34.4°C = 238.8°K

125  Critical Temperature: Not pertnent

126  Criticat Prassure: Not pertinent

12.7  Specific Gravity:
0.84—0.96 at 15°C {liquid)}

128 Liquid Surface Tension:
36-37.5 dynes/cm
= 0.036—0.0375 N/m at 20°C

12.9 Liquid Watec interfacial Tenslon:
33—54 dynes/cm = 0.033—0.054 N/m
at 20°C

1210 Vapor (Gas) Specific Gravity:
Not pertnent

12.11 Ratlo of Specific Haats of Vapor (Gaa):
Not pertinent

1212 Latent Heat of Vaporization:
Not perunent

12.13 Heat of Combustion: —18,486 Btu/lb =
—10,270 cal/g = —429.98 X 10® J/kg

§. HEALTH HAZARDS

51 ctive E

82 F Exp

gloves; goggles or face shield.

: INGESTION: minimal g

frequency of bowel passage may occur. ASPIRATION: puimonary irritaton ts pormally munimal
tut may become more severe severa) hours after exposure.

5.3 Treatment of Exposure: INGESTION: do NOT lavage or induce vomiting. ASPIRATION:
treaiment probably not required; delayed development of pulmonary imtation can be detected by
senal chest x+ays. EYES: wash with copious amounts of water. SKIN: wipe off oll and wash with

s0ap and water.

5.7 Lata ToxicHy: Data not availebie

Threshokd Limit Vailue: Data not available
Short Term inhalation Umits: Data not available
6.6 Touciy dy Ingestion: Grade 1; LDsa = 5 to 15 g/kg

5.8  Vapor (Gas) Irritant Characteristics: Vapors cause a alight smarting of the @yss or respwatary
system il present in high concentratons. The eftect is temporary.

5.9 Uquid or Solid Irritant Characteristics: Minimum hazard. it spilled on clothing and allowed to
remain, may cause smarting ardd reddening of the skin.

5.10 Odor Thrushoid: Data not available
5.11 IDLH Value: Deta not avaiabie

9. SHIPPING INFORMATION

9.1 Gradea of Purity: Various viscosities
9.2 Storage Tempersture: Ambient

93 inert Atmosphere: No requirement
9.4 Venting: Open (lame arester)

12.14 Heat of Decomposition: Not pertinent
12.15 Heat of Solution: Not pertinent

12.18 Heat of Polymertzation: Not pertinent
1225 Heat of Fuslon: Data not available
1226 LUmiting Yalue: Data not available

12.27 Reld Vapor Pressure: Dala not available

NOTES
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BENZENE

BNZ

10. HAZARD ASSESSMENT CODE
(See Hazard Assessment Handbook)
A-T-U-V-W

1.1

1.2

1.3

11.  HAZARD CLASSIFICATIONS

Code of Federal Regulationa:
Flammabie hqud
NAS Hazard Rating for Bulk Weter

Trensportation:

Category Reting
Fye..... 3
Health

Vapor Imtant 1
Liquid or Sohd Irntant 1
Poisons 3
Water Polution
Human Toxiery. ... 3
Aquatic Toxicity. 1
Aesthenc Effect. 3
Reacivity
Other Chemecals .......... 2
1
0

NFPA Hazard Classification:

Categary Classification
Heaith Mazard (Blue).... . 2
Fl (Red) 3
R {Yellow) 0

12 PHYSICAL AND CHEMICAL PROPERTIES

121

12.2
123

12.4

129

12.10 Vapor (Gas) Specific Gravity: 2.7
12.11 Ratijo of Specitic Hests of Vapor (Gas):

12.12 Latent Heat of Veporization:

12,13 Heat of Combustion: —17.460 Btu/Ib

12,14 Heat of Decomposition: Not pertinent
12.15 Heat of Solution: Not pertinent

1216 Heat of Polymerization: Not perunent
12.25 Heat of Fysion: 30.45 cal/g

12.26 Uimiting Yalue: Data not avaiable
12.27 Reid Vapor Pressure: 3.22 psia

Physicel State et 15°C end 1 atm:

Liqud
Molecuter Weight: 78 11
Bolling Point at 1 stm:

176°F = 80.1°C = 353.3°K
Freezing Point:

420°F = 55°C = 278.7°K
Critical Temperature:

552.0'F = 288.9'C = 5621°K
Critical Pressure:

710 psia = 48.3 atm = 4.89 MN/m~*
Specitic Gravity:

0.879 at 20°C (Iqud)
Liquid Surfece Tension:

28.9 dynes/cm = 0.0289 N/m at 20°C
Liquid Water Interfacial Tension:

35.0 dynes/cm = 0.035 N/m at 20°C

1.061

169 Bu/lb = 941 cal/g =
3.94 X 10° Jrkg

= —9698 cal/g = —406.0 X 10 Jrkg

Common Synonyms Watery hquid Colorless Gasoline-ilke odor 6. FIRE HAZARDS
Bonzo 6.1 Flash Point: 12°F CC.
. 8.2 Filammabis Limits in Alr; 1.3%-7.9%
Floats onp;i:elrs. f;er;mable. wntating vapor is produced Freezing 6.3  Fire Extinguishing Agents: Dry chemical,
foam, or carbon diomde
6.4 Fire Extinguishing Agenta Not to be
c(voud conl'acl m|g I»qll:lﬂ and vapet Xeep peppie away. Used: Water may be neffecive
e gemgies and sl conianeg prearnng aooaratus 85 Special Hazard of Combustion
Stop distnarge ! possible . Products: Not pertnent
Iss:;l‘égamn:d r:rr:;vues ;:car:::gseodrar:\a:?a;: fock down” vapar. 8.6 Behavior in Fire; Vapor s heavier than ar
Noty locat health and poilution control agencies. and may ravel cons:derable distance 1o a
source of igmiion and flash back
FLAMMABLE. 6.7 Ignition Tempereture: 1097°F
Flashback along vapor trail may occur. 6.8  Electrical Hazard: Class |, Group D
W e P o arained brasions papmatus &9 Sumng Ree: 8.0 mm/mn
———— Exungulsngvnlh dry chermical, toam, or c‘afgonpzxoxlue: 6.10 Adiabatic Flame Temperature:
Fire évoaé'e(mr:vay be netecive on fre Dala not available
— posed contanars with water 6.11 Stoichiomatric Alr to Fust Rstio:
Data not avalable
6.12 Flsme Temperature: Data no! available
CALL FCR MECICAL AID. 7. CHEMICAL REACTIVITY
1‘::1:(%‘; 10 eyes. nose and throat. 7.1 Reactlvity With Water; No reaction
it nhaled, will cause headache. difficuit breathing, or 10Ss of cOnscIusNess. 7.2 Resctivity with Common Materials: No
Move 10 iresh aw. reacton
it breathing has stogped, give artncial respieation .
It breathing 1s difficJll. yive cxygen 7.3 Stability During Transport: Stable
NS 7.4 Neutralizing Agents for Acide end
Imilaung to skin ana eyes. Caustica: Not pertinent
Exposure E;mé '2:;:""?;::1%0 clothng and shoes 7.5 Polymerization: Not perlinent
Xp Flush atfected areas with uwen‘;(y of water. ) 7.6 Inhibiter of Polymerization:
IF IN EYES, nold eyeids cpen and ‘ush with plenty of water Not pertinent
IF SWALLOWED and victim 1s CCNSCIOUS. have vicum dnnk water 7.7 Motar Ratloc (Reactant to
or k. Product): Data not avaiabie
7.8 Reactivity Group: 32
HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS
Water #ay be dangerous if it enters water intakes.
otity Jocal heaith and wilatte citciars
PO"U"OH Noufy operators of nearby water infaxes
S ——
1. RESPONSE TO DISCHARGE 2. LABEL 8. WATER POLLUTION
(See d 2.1 Category: Flammabie hqud 8.1  Aguatic Toxicity:
Issue warning-twgh flammability 22 Cless: 3 5 ppm/6é hr/minnow/ieihal/distilied
Restnct access water
20 ppm/24 hr/sunfish/TL, /lap water
8.2 Waterfowl Toxiclty: Data not avellable
8.3 Biological Oxygen Demand {(BOD):
1.2 Ib/Ib, 10 days
8.4 Food Chain Concentration Potentiat
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS None

3.1 CG Compatibility Class: Aromat 4.1 Physical State (as shipped) biquid
Hydrocarhon 4.2 Color: Colorless

32 Formuls: CuHs 4.3 Odor: Aromaug; rather pleasant aromauc

3.2 IMO/UN Designation: 3.2/1114 odor; charactensic odor

3.4 DOTID No: 1114

3.5 CAS Registry No: 71.43-2

5. HEALTH HAZARDS 9. SHIPPING INFORMATION

§.1  Personal P Hyd! ) vapor canister, supplied arr or a hose mask; 9.1 Grsdes of Purity:
hydrocarbon-insoluble rubber ar plastic gioves. chemcal goggles or face splash stweld. Industral pure . 99+ %
hydiocarbon-nsoluble apron such as neoprene. Thiophene-iree 99+ %

52 y Folk g Exp e: Dizziness, . pallot, followed by flushing, weaknass, Nitration 93 4+ %
headache, breathiessness. chest constnction. Coma and passible death. industnal 90% 5 + %

53 Trestment of Exposure: SKIN: flush with water followed by soap and water; remove Reagent 994 %
contamnaled clothing and wash skin. EYES: flush with plenty of water untit umitason subsides 9.2 Storage Temperature: Cpen
INHALATION: remove from expasure immediately. Call a physscian. IF breathing s sregular of 9.3 Inert Atmosphere: No requirement
slopped, 3tart resusciation, administer oxygen. 9.4 Yenting: Pressure-vacuum

5.4 Threshodd Limit Vaive: 10 ppm

§5 Shor! Term Inhalation Limits: 75 ppm for 30 min.

6.8 Toxkity by Ingestion: Grade 3. LDso = 50 10 500 mg/kg

5.7 Late Toxicity: Leukermia

5.8  Vapor (Gas} iriitaat Characlerislics: !f presentn high concenlrabons, vapors May cause
mmtation of eyes or respiratory system. The effect 1s temporary.

59 Liquid or Solld Irritant Characteristics: Minmum hazard. If spilled on clothing and allowed to

remain, may cause smartng and reddening ot the skin

5,10 Odor Threshold: 4.68 ppm
5.11 10LM Vsive: 2,000 ppm

NOTES
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ETHYLBENZENE

ETB

10. HAZARD ASSESSMENT CODE
(See Hazard Assessment Handbook)

A-T-U

11.1 Code of Federal Reguistions:
Flammabie licrad
112 NAS Hazard Rating for Bulk Water

11.. HAZARD CLASSIFICATIONS

12 PHYSICAL AND CHEMICAL PROPERTIES

121

122
123

124

128

128

127

129

12.10

1211

12212

1213

12.14
12.15
12.1¢
1228
1220
1227

Physical State at 15°C and 1 atm:
Liquid
Molecular Weight 106.17
Bolling Point at 1 atm:
277.2°F = 1362°C = 409.4°K
Freezing Point:
—139°F = —95°C = 178K
Critical Temperaturs:
651.0'F = 343.9°C = 817.1°K
523 psia = 35.6 atm = 3.61 MN/m?
Specific Gravity:
0.867 at 20°C (Squid)
Uquid Surface Teasion:
29.2 dynes/cm = 0.0292 N/m at 20°C
Uquid Water interfacial Tension:
35.48 dynes/cm = 0.03548 N/m at
20°C
Vapor (Gas) Specific Gravity:
Not pertinent
Ratio of Specific Heats of Yapor (Gas):
1.071
Latent Heat of Vaportzation:
144 Btu/lb = 801 cal/g =
3.35 X 10* J/kg
Heat of Combustion: —17,780 Bn/Ib
= —8877 cal/g = —413.5 X 10® J/k3
Heat of Decomposition: Not pertinent
Heat of Solution: Not pertinent
Heat of Polymertzation: Not pertinent
Heat of Fusior: Data Not Availabie
Limiting Valse: Data Not Avaitahve
Reid Yapor Pressurs: 0.4 psia

6. FIRE HAZARDS (Continued)

Common Synonyms Liquid Coloriess Sweet, gasoline-kke 6. FIRE HAZARDS
thane oox
Phenyia 6.1  Flaah Polnt 80'F O.C. 59°F G.C.
S R 62 Flammabie Limits In Ak: 1.0%-6.7%
Floats on water. Flammable, irritating vapor is produced. 83 Fire Extinguishing Agents: Foam (most
eftective), water fog, carbon dioxide or
dry chemical.
Avord comact with Jiquid and vapor. Keep pecple away. 8.4 Fire Extinguishing Agents Not to be
Wear gos‘;glels. seuwnlml)wd brealhing appasatus, and rubber overciothng Used: Not pertinent
nciucing gloves).
ghm off igmuonnﬁ)ams and call fire department. 8.5 Special Hazards of Combustion
top cischarge if possible. Products: Imitating vapors are generated
Stay vpwind and use wator spray 10 “knock down' vapor. when heated, ™
Isolate and remove dscharged matenel. 4
Notrly 'ocal heaith and ociluton control agencies. 6.8 Behavicr In Fire: Vapor is heavier than air
and may travel considerable distance to
FLAMMABLE. L
Flashback along vapor trail may oo the source of ignition and flash back.
Vapor may expiode if ignited in an enciosed area. 6.7 Igniton Temperature: 860°F
Wear goggles, sed-contaned treathing apparatus, and rubber overciothing .
o ing Giowas), 6.8 Electrical Hazard: Not pmm
Fire Extinguish with dry hemical, foam, or carbon doxde. 6.9 Burming Rate: 5.8 mm/min.
Wator may be netfactve on fire. 6.10 Adiabatic Flame Temp:
—— Cool exposed contuners with water, Data Not Available
{Continved)}
CALL FOR MEDICAL AID. 7. CHEMICAL REACTIVITY
VAPOR
IMating 10 eyes, nose and throat 7.1 Reactivity With Water: No rasctor
1t inhaled, wil cause diZziness or difficult braathing. 72 Y with No
ms to fresh ar. ood msachon
aathng has ston . give arvfic:al rosprabion.
It breathing 18 cifficuit, give oxygen. 7.3 Stabiiity During Transport: Stable
LQUD - 7.4 Neutraltring Agents for Acids and
Will bum skin and eyes. Caustics: Not pertinent
Harmtul if swallowed. 7.5 Potymerization: Nol pertinent
EXPOSUI’Q Fomove contammated cicthing and shoes. 7.8 Inhibitor of Polymertzation:
Flush affocted aroas with plenty of water. Not )
‘F IN EYES, hotd eyaiids open and flush with plenty cl water. ot pertinent
IF SWALLCWED and victim 13 CONSCIOUS, have wviczm dnnk water 7.7 Molar Ratio (Reactant to
or ik Producty: Data Not Avaiable
CO NOT 1MDU VOMITING.
T IHOUCE G 7.8 Reactivity Group: 32
FARMFUL;CO)'AOUAHC LIFE IN VERY LOW CONCENTRATIONS.
ouling 10 eiine,
water May r!g . i it enters water intakes.
Notify local health and wildiife orficiais.
PO"Ut'On Notily operators of neartry water imakes.
1. RESPONSE TO DISCRARGE 2 LABEL & WATER POLLUTION
(See 21 Category: Flammabta liquid 8.1 Aquatic Toxicity:
Mechanical containment 22 Clasx3 29 ppm/96 hr/bluegilt/TL./tresh water
Should be removed 8.2 Waterfowl Toxicity: Data not available
Chemical and physical treatment 4.3 Blological Oxygen Demand (BODx
2.8% {theor.), 5§ days
84 Food Chain Concentration Potentiat
None
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS
3.1 CG Compatibility Class: Aromatic 4.1 Physical State (as shipped) Liquid
hydrocarbon 4.2 Color: Coloriess
32 Formuia CeHiCHaCHa 43 Odor: Aromatic
3.3 IMO/UN Designation: 3.3/1175
34 DOTID No: 1175
35 CAS Registry No_ 100-41-4
5. HEALTH HAZARDS 9. SHIPPING INFORMATION
&1 sonal Pr Selt i ] safety goggles. 9.1 Grades of Purity: Research grade:
82 Symp F 9 Exp ' may cause iTitation of nose, dizziness, depression. 59,09%; pure grade: 99.5%; tachnical
Moderats imitation of eye with corneal injury possible. iritates skin and may cause bisters. grade: 89.0%
83 Treatment of Exposure: INHALATION: i ili effects occur, remaove victim to fresh ex, kasep him 9.2 Storage Tempersture: Ambient
warm and quiet, and get mecical heip promptly;  breathing stops, give artificial respirstion. 9.3 Inert Atmosphers: No requirement
INGESTION: induce vomiting only upon physician's approval; material in lung may cause &4 Venting: Open {flame arrester) or
chemical pneumonitis. SKIN ANO EYES: promptly flush with plenty of water (15 min. for eyes) pressura-vacuum
and get medical aftention; remove and wash contaminated clothing befors reuse.
5.4 Threshold Limit Value: 100 ppm
5.5 Short Term Inhalation Umitss 200 ppm for 30 min.
5.8 Toxicity by Ingestion: Grade 2; LDso = 0.5 to 5 g/kg (rat)
5.7 Late Toxicity: Data not available
6.8 Vapor (Gas) irritant Characteristics: Vapors cause modersle Writaton such that personnel wil
find high concentrations unpleasant. The effect is lemporary.
59 Liquid or Solid Irritant Characteristics: Causes smarting of the skin and first-degree bums on
Short sxposWe; may cause secondary bums on iong exposure.
5.10 Odor Threshold: 140 ppm
6.11 IDLK Value: 2.000 ppm

8.11 Stoichiometric Alr 1o Fuel Ratio: Data Not Available

e.12

Flame T Data Not
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TETRACHLOROETHYLENE

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

British thermal

Temperature Pounds per cubic Temperature British thermal unit Temperature o Temperature A
(degr:ees F fopot (degeees F per pound-F (degeees F “ngazg?e‘:}z:)?_gu" (deg’?ees F Centipoise
35 103.400 o} .198 N 55 .958
40 103.099 10 .200 o] 60 .929
45 102.900 20 201 T 65 .500
50 102.599 30 .202 70 .873
55 ~102.299 40 .203 P 75 .848
60 102.000 S0 .204 E 80 .823
65 101.700 60 .205 R 85 .800
70 101:400 70 .206 T 90 77
75 101.099 80 .207 | 95 .756
80 100.799 90 .208 N 100 .736
85 100.500 100 .210 E 105 .716
90 100.200 110 21 N 110 .698
95 99.910 120 212 T 115 .680
100 99.610 130 .213 120 .663
105 99.320 140 214 125 647
110 99.020 150 .215 130 631
115 98.730 160 .216 135 616
120 98.429 170 217 140 .601
125 98.139 180 .218 145 .588
130 97.839 190 220 150 574
135 97.549 200 221 155 .561
140 97.250 210 222 160 549
145 96.959 165 .537
150 96.669 170 526
155 96.370 175 515
160 96.080

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
68.02 .016 60 .236 60 .00702 0 .108
70 318 70 00929 25 110
80 425 80 01216 50 113
90 561 90 01575 75 116
100 732 100 .02022 100 118
110 .948 110 .02571 125 120
120 1.217 120 .03242 150 A22
130 1.548 130 .04055 175 125
140 1.953 140 .05032 200 127
150 2.446 150 .06199 225 129
160 3.042 160 07583 250 131
170 3.756 170 .09215 275 132
180 4.607 180 11130 300 134
190 5616 190 13360 325 136
200 6.805 200 .15940 350 .138
210 8.199 210 .18910 375 .139
220 9.824 220 22330 400 A4
230 11.710 230 .26230 425 142
240 13.890 240 .30660 450 .143
250 16.390 250 .35680 475 144
260 19.260 260 41330 500 146
270 22.520 270 47680 525 147
280 26.230 280 .54790 550 .148
575 .148
600 149




TRICHLOROETHANE

TCE

3, CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS

1 Co Closs: o 41 Physical State (ss shipped) Liquid
hycrocarbon 43 Color: Coloriess

32 Formule CHeCCls 43 Odor: Chioroform-ike; sweetish

3.3 WSO/UN Designetion: Not listed

34 DOT 1D No: 2831

35 CAS Registry Mo 71-55-8

Food Chain Concentration Potentiak
None

Common Synonyme Watary liqud Coloriess Sweet odor 6  FIRE HAZARDS 10. HAZARD ASSESSMENT CODE
1,1,1-Trichiorosthene 81 Fiash Poirrt Deia not available (Soe Hazard Assesament Handbook)
Asrothens . . €2 Flammable Uimits in Al 7%-18% A-X-Y
Chiorothene Sinks i water. ITHating vepor ie produced. 63  Fire Extinguishing Agents: Dry chemical,

o .
64 Fire Extinguishing Agents Not to be
§ton dacharge  poseble. Keeo people ewey. Useck Not pertinent 11 HAZARD CLASSIFICATIONS
e:"odhwnmmmhwd 4.5 Special Hazards of Combustion "t of
Isoiats and remove discharged matenal. Producte: Toxic and initating geses are ’ ORM-A Reguistions:
Notity local hearth and polivion cONtrol agencies. generated in firws. -
&5 Behavior in Fire: Not partinent 112 NAS Hazard Rating for Bulk Water
67 ignition Tempersture: $32°F Transportation:
v 848 Electrical Hazart: Not pertnent Category Rating
camu’smoansenses ARE PRODUCED ‘N FIRE. 68  Buming Rate: {+st) 2.9 mm/min, N
Near 200398 end s breating 10 Fiame Tomp Heaith
Extnguasn wilh dry chemscal, Carbon G0nce, OF &M Data not evasabie me-——-»--- i}
Fire €11 Stolchiometria Alr 1o Fust Ratio: Liquid or Sokd brrant.o........ 1
Data not evasable Possons 2
€12 Fame Tomp Date not Water Polton
Human Toxicity. ... 1
Aquatic Tosacity......cn... — 3
Assthetic Effect... - 2
CALL FOA MEDICAL AID. 7. CHEMICAL REACTIVITY Reactivity
VAPOR Other Chemicais . 1
imitating 10 eyss, noss and twoat 7.1 Resctivity With Water: Reacts siowty, Water ...... ~ °
! inhaded, will Cause dizzinesa or ditficult bresthing. releasing comosive fydrochionc acid. R —
W reaiurg has e e nn’:‘" ca;mum s
Iluumhumwwﬁddmm } "3 Hazard
M - Corrodes aiuminum, but reaction is not
UOUID i g 73 StabMity During Traneport: Stable mmﬂ"—-—— f
! swallowed, mey prodice nausea. 7.4 Neutraltzing Agents for Ackda and - °
Exposure Remove conamnaied clothng and shoss Caustica: Not pertinent Y (Yolow)
h a*ectau areas with orenty of water. Polymertea pertinent
IFu"N EYES, m:l Oyehcs open mn::sn with plenTy of watsr. 75 tion: Not
|Fsmun?:sowmuoonsows Nave wCbm annk wiler 7.6 inhibitor of Polymertzation:
harve: Not
IFSWALLOWED.uanmmmSusOHHAWNGCON- 77 nmlm tto
LSIONS, do nothing except keep victm warm, -
Product) Data not availabie
78 Reactivity Group: 36
12 PHYSICAL AND CHEMICAL PROPERTIES
121 Physical State at 165°C and 1 atmc
Water May be dangerous i & entars water ntakes. 122 Molecular Weight: 133.41
Nottty local hearth and widiife officials.
Pollution NoOtify operators of nearty water intakes. 123  Boling Point a1 1 atm:
185°F = 74°C = 347X
124 Freszing Point
<=38F = <~39C = <234°K
L RESPONSE TO DISCHARGE 2 LABEL & WATER POLLUTION 125 Critioal Temperature: Not pertinent
[ 21 Category: None 8.1 Agquatic Toxoity: 128 Critioal Pressure: Not pertinent
Should be removed 23 Class: Not pertinent 75-150 ppm/ * /pinfish/TL,./salt weier 127  Specific Gravity:
Chemical and physicel treatment “Time period not specified. 1.31 at 20°C (icusch)
62 Waterfow! Toxicity: Oata not available 128  Uquid Surface Tension:
0.3 Biological Oxygen Demand (BODX 25.4 dynes/cm = 0.0254 N/m st 20°C
Dats not svadable 129 Liquid Water interfacial Tension: (est.)

£

S. HEALTH HAZARDS

Personal Protective Equipment Organic vepor-acid gas i sl
for or polyvinyl-aicohol-type gioves; chemscal safety goggles
and tace shisid; necprene safety shoes {or ledther safsty shoes phus Necprene ioctweer);
NeCprene or polyviryl aicohol st or apron for splash protection.
e INHALATION: sympeoms range from koss of equilibraam and
0 loes of ; nigh can be fatai due 10 smple
with es of INGESTION: produces effecta similar to
inhaiation and mey caues some teeiing of neuses. EYES: siightly britating and lachrymetory.
SKIN: defatting action mey cCause dermatite.
ot Gat medical
Oo NOT i or
INHALATION: remove victim to freeh air; If necessary, apply artiicial respiration and/or
administer axygen. INGESTION: have victim drink water and induce vomitng. EYES: fash

for sl eye

Threshoid Limit Value: 350 ppm

Short Term inhalation Limits: 1,000 ppm for 60 min. in man

Toxicity by Ingestior: Grade 1; LDse = 5 0 15 g/kg (rat, mouse. rebbit. guines pig)

Late Toxiolty: Data not evailable

Vapor (Ges) irritant Charascteristios: Vapors couse a slight smarting of the eyss or reapiwatary
wsystem i present in high concentrutions. The effect is temporary.

Uquid or Sold irritant Characteristios: Minimum hazard. if speled on clothing and allowsd t©

&11 IDLM Value: 1,000 ppm

and any Other serious Over-
[

[ 8}

1 444

9. SHIPPING INFORMATION

Gredes of Purity: Uninhibited: inhibited;
industrial inhibitedt; white room; cold

1210  Vapor (Gas) Specific Gravity: 4.6
1211 Ratio of Specific Heata of Vepor (Gasx

1212 Latent Hest of Vaporization:

1213  Hest of Combustion: (ssl.) 4700 Btu/b

12.14 Hest of Decomposition: Not pertinent

1215 Hest of Solution: Not pertinent
1216  Mest of Polymarteation: Not partinent
1225 Heat of Fusion: Data not svailable
122¢ Umiting Velue: Data not evaiabie
1227 Reid Vepor Pressure: 4.0 psia

45 dynes/cm = 0.045 N/m gt 20°C

1.104

100 Btw/lb = 58 cal/g =
2.4 X 108 J/kg

= 2600 cal/g = 110 X 10° J/kg

NOTES

JANUARY 1991





















APPENDIX B

5.0 SITE CONTROL

5.1 ZONATION
The general zonation protocols that should be employed at hazardous waste sites are
described in Appendix G. The site-specific zonation that will be used for this project is

described as vfo]lows:

Exclusion Zone: area within a 15-foot radius of each drilling/sampling location during
drilling or sampling (when a borehole or well is open).

Contaminant Reduction Zone: area beyond the 15-foot exclusion zone at each
drilling/sampling location where equipment and personnel decontamination will occur, not
to occur beyond 50-feet in any area from the drilling/sampling locations.

Support Zone: all areas beyond the contaminant reduction zone.

5.2 COMMUNICATIONS

When radio communication is not used, the following air hom signals will be employed:

Three Short Blasts Three Long Blasts Alternating Long and
Short Blasts
(.. C_D C._9)

5.3 WORK PRACTICES

General work practices to be used during ABB Environmental projects are described in
Appendix H. Specific work practices necessary for this project or those that are of
significant concern are described as follows:

ABB Environmental Services, Inc.

H&SPLAN.REV : ’ 7198-17
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APPENDIX B

All ABB-ES personnel, subcontractors, or third party representatives should be aware of the
previously detected presence of mercury. These personnel should also be aware of the
potential for the contaminants to exist in airborne form.

ABB Environmental Services, Inc.
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APPENDIX B

6.0 DECONTAMINATION/DISPOSAL

All personnel and/or equipment leaving contaminated areas of the site will be subject to
decontamination, which will take place in the contamination reduction zone.

6.1 PERSONNEL DECONTAMINATION

Decontamination procedures are followed by all personnel leaving hazardous waste sites.
Under no circumstances (except emergency evacuation) will personnel be allowed to leave
the exclusion and contaminant reduction zones prior to decontamination. A typical
personnel decontamination station is shown in Appendix L, Figure L-1. Generalized
procedures for removal of protective clothing are as follows:

1. Drop tools, monitors, samples, and trash at designated drop stations (i.e., plastic
containers or drop sheets).

2. Step into the designated shuffle pit area and scuff feet to remove gross amounts of
dirt from outer boots.

3. Scrub outer boots and outer gloves with decon solution or detergent and water.
Rinse with water.

4. Remove tape from outer boots and remove boots; discard tape and boots in disposal
container.

5. Remove tape from outer gloves and remove gloves; discard tape and gloves in
disposal container.

6. If the worker has left the Exclusion Zone to change the air tank on the SCBA or the
canister on the air-purifying respirator, this will be the last step in the
decontamination procedure. The tank or cartridge should be exchanged, new outer
gloves and boot covers donned, and the joints taped; the worker then returns to

duty.

ABB Environmental Services, Inc.
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7. Remove outer garments and discard in disposal container.
8. Remove respirator and place or hang in the designated area.
9. Remove inner gloves and discard in disposal container.

10.  If the site requires use of a decontamination trailer, all personnel must shower
before leaving the site at the end of the work day.

NOTE: Disposable items (i.e., Tyvek coveralls, inner gloves, and latex overboots) will be
changed daily unless there is reason to change sooner. Dual respirator
canisters will be changed daily, unless more frequent changes are deemed
appropriate by site surveillance data or personnel assessment.

Maximum and minimum decontamination layouts for PPE Levels A through C are shown
in Figures L-2 through L-6.

Pressurized sprayers or other designated equipment will be available in the decontamination
area for washdown and cleaning of personnel, samples, and equipment.

Respirators will be decontaminated daily and taken from the drop area. The masks will be
disassembled, the cartridges set aside, and all other parts placed in a cleansing solution.
Parts will be pre-coded (e.g., #1 on all parts of Mask #1). After an appropriate time in the
solution, the parts will be removed and rinsed with tap water. Old cartridges will be
marked to indicate length of use (i.e., if it is possible to evaluate the remaining utility of the
cartridge), or discarded in the contaminated trash container for disposal. In the moming,
the masks will be reassembled and new cartridges installed, if appropriate. Personnel will
inspect their own masks and readjust the straps for proper fit.

ABB Environmental Services, Inc.
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6.2 SMALL EQUIPMENT DECONTAMINATION

Small equipment will be protected from contamination as much as possible by draping,
masking, or otherwise covering the instruments with plastic (to the extent feasible), without
hindering operation of the unit. For example, the PI meter can be placed in a clear plastic
bag to allow for reading the scale and operating the knobs. The PI meter can be partially
wrapped, keeping the sensor tip and discharge port clear.

The contaminated equipment will be taken from the drop area and the protective coverings
will be removed and disposed of in appropriate containers. Any dirt or obvious
contamination will be brushed or wiped with a disposable paper wipe. The units can then
be taken inside in a clean plastic tub, wiped off with damp disposable wipes, and dried.
The units will be checked, standardized, and recharged as necessary for the next day's
operation, and then prepared with new protective coverings.

6.3 HEAVY EQUIPMENT DECONTAMINATION

It is anticipated that drilling rigs and backhoes will become contaminated during borehole
and test-pitting activities. They will be cleaned with high-pressure water or steam, followed
by a soap and water wash and rinse. Loose material will be removed with a brush. The
person performing this activity will usually be at least at the level of protection used during
the personnel and monitoring equipment decontamination.

6.4 DISPOSAL OF DECONTAMINATED MATERIALS

All protective gear, decontamination fluids (for both personnel and equipment), and other
disposable materials will be disposed of at each site.

Decontamination fluids identified to be contaminated by site contaminants (i.e., Liqui-nox,
used to decontaminate sampling equipment such as split spoons and groundwater sampling
pumps) will be stored in DOT-approved 55-gallon drums. Contaminated disposable
materials (e.g., gloves and Tyveks) will be double-bagged and stored as is, or placed in
DOT-approved 55-gallon drums.

ABB Environmental Services, Inc.
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7.0 EMERGENCY/CONTINGENCY PLAN

This section identifies the emergency contingency plan that has been developed for
operations at this site. Other sections provide further information to be used under

emergency conditions. Refer to Appendix D for emergency telephone numbers, routes to
emergency medical facilities, and emergency signals.

7.1 PERSONNEL ROLES, LINES OF AUTHORITY, AND COMMUNICATION

The site HSO is the primary authority for directing operations under emergency conditions.
All communications both on- and off-site will be directed through the HSO. Should the

HSO be injured, the Health and Safety Designee (HSD) will assume HSO responsibilities.
These responsibilities include:

Investigate all accidents, illnesses, and incidents occurring on an assigned
site and report the findings to the HSM or HSS.

Assume the role of on-site coordinator during emergency response activities.

Accompany all USEPA, OSHA, and other government agency, and client
personnel visiting an assigned site in response to health and safety issues.

The HSO or HSD will immediately notify the HSM after a stop work order
is executed. Authorization to resume work, after such a stoppage, will only

be issued by the HSO after consultation and approval from the HSM or
HSS.

ABB Environmental Services, Inc.
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7.2 EVACUATION
7.2.1 Withdrawal Upwind

The work party will continually note general wind directions while on-site. (A windsock
may be set up near the work site for visual determinations.) When conditions warrant
moving away from the work site, the crew will relocate upwind a distance of approximately
100 feet or farther, as indicated by site monitoring instruments. Donning an SCBA and a
safety hamess and line, the HSO and a member of the crew (the buddy system must be
used) may return to the work site to determine if the condition noted was transient or
persistent. If persistent, an alarm should be activated to notify on-site personnel of the
situation and the need to leave the site or don an SCBA. An attempt to decrease emissions
should be made only if greater respiratory protection is donned. The HSS and client will be
notified of conditions. When site access is restricted, thus hindering escape, the crew may
be instructed to evacuate the site rather than move upwind, especially if withdrawal upwind
moves the crew away from escape routes.

7.2.2 Site Evacuation

When conditions warrant site evacuation, the work party will proceed upwind of the work
site and notify the HSO and field office of site conditions. If the decontamination area is
upwind and greater than 500 feet from the work site, the crew will pass quickly through
decontamination to remove contaminated outer suits. If the hazard is toxic gas, respirators
will be retained. The crew will proceed to the field office to assess the situation. If
instrumentation indicates an acceptable condition, respirators may be removed. As more
information is received from the field crew, it will be relayed to the appropriate agencies.
The advisability and type of further response action will be coordinated and carried out by
the HSO.

7.2.3 Evacuation of Surrounding Area
When the HSO determines that conditions warrant evacuation of downwind residences and

commercial operations, local agencies will be notified and assistance requested. Designated
on-site personnel will initiate evacuation of the immediate off-site area without delay.

ABB Environmental Services, Inc.
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7.3 EMERGENCY MEDICAL TREATMENT/FIRST AID

Any personnel injured on-site will be rendered first aid as appropriate and transported to
competent medical facilities for further examination and/or treatment. The preferred
method of transport would be through professional emergency transportation means;
however, when this is not readily available or would result in excessive delay, other
transport will be authorized. Under no circumstances will injured persons transport
themselves to a medical facility for emergency treatment.

ABB Environmental Services, Inc.
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8.0 ADMINISTRATION

8.1 PERSONNEL AUTHORIZED DOWNRANGE

Personnel authorized to participate in downrange activities at this site have been reviewed
and certified for site operations by the PM/CM and the HSS. Certification involves the
completion of appropriate training, a medical examination, and a review of this site-specific
HASP. All persons entering the site must use the buddy system, and check in with the
Field Team Leader and/or HSO before going downrange.

For each field activity, the HSO will complete the " Authorized Personnel" section of the
"Task Analysis and Protective Measures” form.

8.2 MEDICAL DATA SHEET

The Medical Data Sheet will be completed by all on-site personnel and kept in the Support
Zone during site operations. It is not a substitute for the Medical Surveillance Program
requirements consistent with the ABB Environmental Corporate Health and Safety Program
for Hazardous Waste Sites. This data sheet will accompany any personnel when medical
assistance or transport to hospital facilities is required. If more space is required, use the
back of this sheet.

ABB Environmental Services, Inc.
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MEDICAL DATA SHEET
Task/Activity:

Name:

Address:

Home Telephone: Area Code ()

Age: Height: Weight:

In Case of Emergency contact:
Address:
Telephone: Area Code ()

Do you wear contact lenses: Yes () No( )

Allergies:

List medication(s) taken regularly:

Particular sensitivities:

Previous/current medical conditions or exposures to hazardous chemicals:

Name of Personal Physician:

Telephone: Area Code ()

ABB Environmental Services, Inc.
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8.3 EMERGENCY TELEPHONE NUMBERS

POlCE DEPATINENL ...e.vuvniiiieieenieenrneeenieneetstttteaeeaeaerarasassrnenarenaseassnsnens 911
RESCUE SEIVICE ....cuuiniiniiiiiiiiiiii it aa s 911
Primary HOSPital .. .....c.oiinenieii e e e e et eeee e e e (716) 464-2130
Alternate HOSPItal........c.ovuieniiiiniiniiiiiie it eeas (716) 275-2100
Fire DEpartment. ... .....ouuvuniniunininiiniiiiiiiii it s ra et aae e 911
Off-5ite EMEIZENCY SEIVICES ... cutuiniuiireineriarreeearereeeeieetaantenreaeseearnensnennnse 911
Poison Control Center.........ceiniiniiiiiiieiiieieeeeierereereaeeeneneeenenens (800) 962-1253
National ReSponse Center .........o.eveiuiiriiiiiiiiiererieeneeaeeiereaeaeanenees (800) 424-8802
NYSDEC Spill Reporting HOtline ...........c.occieiviieiiiniiniiininiienineen. (800) 457-7362
Project Manager: Geoff Knight..........cccvvuiiiiiiiniiiiieiiiiiiincinennenn. (716) 424-4700
Construction Manager: Rick DAy .......cccevvvviniiiiiiiiiiniiiniierneneneeeanen. (207) 828-3441
Program Manager: Lisa Spahr...........ccoooiiiiiiiiiiiiiiin, (207) 828-3553
ABB Environmental HSM: C.E. Sundquist...........cccoveuvneenennnen. (800) 848-2697 x3309
ABB Kent-Taylor: Bob Halton ...........ccovvevniieiiiiiiiiiiinciiiicevannne (716) 273-6201
Site Security (Ogden Security - Earl BAmMeYy) ........cccvviviinienienieniennennen. (716) 546-3849

ABB Environmental Services, Inc.
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8.4 ROUTES TO EMERGENCY MEDICAL FACILITIES

The primary source of medical assistance for the site is:
St. Mary's Hospital, 89 Gennesce Street. See Figure 8-1.
DmEC110le To ST. MARY'S:

Left on West Avenue from Hague Street.
Follow West Avenue to Intersection of West Avenue and Chili/West Main Street.
Hospital is located on the south side of this intersection.

The alternate source of medical assistance for the site is:
Strong Memorial Hospital, Elmwood Avenue. See Figure 8-2.
DIRECTIONS TO STRONG MEMORIAL:

Right on West Avenue from Hague Street.

Follow West Ave. 8 blocks to Thurston Road, turn left.

Follow Thurston to Chili Avenue, tumn right.

Follow Chili to the 390 South.

390 South Approximately 3 miles to the 15 North (South Avenue/Mt. Hope Avenue)
Approximately 1/4 mile to Crittenden Road, turn right.

Hospital 1/10 mile on right side.

ABB Environmental Services, Inc.
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8.5 HASP APPROVALS

By their signatures, the undersigned certify that this HASP will be used for the protection of
the health and safety of all persons entering this site. '

Health and Safety Officer Date
Project Manager Date
Health and Safety Manager/Supervisor Date

ABB Environmental Services, Inc.
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ATTACHMENT A

VISITOR LOG AND SAFETY INFORMATION

ABB Environmental Services, Inc.
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VISITOR LOG AND SIGNATURE FORM
AMES STREET SITE

NOTICE: The purpose of this form is to ensure that visitors to the Ames Street property are aware that construction and other activities
are taking place and as a result, health and safety hazards potentially exist at the site. The primary methods used to inform visitors of
potential hazards are: 1) each visitor must review the Safery Information and Procedures for Visitors to the Ames Street Site and, 2) a
Combustion Engineering representative or contractor familiar with the site and potential hazards will deliver a short safety briefing prior
1o your entering the site. To ensure this is done for your vasit, please complete this form and return it to your escort.

General Information

Name:

Affiliation:

Date(s) of visit:

Purpose of visit:

Site area(s) to be visited:
Planned activities:

Escort's name;

Additional Hazard Information

Nature/locations of active operations:

Summary of other potential hazards not discussed in Safety Information and Procedures:

"I have read and understand the Safety Information and Procedures for Visitors to the Ames Street Site, and have been

briefed by a Combustion Engineering representative on potential health and safety hazards. During my visit I agree to
abide by the Safety Procedures and will follow direction provided by my escort".

Signature: Date:

g\TO2\KENT_TAY\H&S\VISITOR.PLN




SAFETY INFORMATION AND PROCEDURES FOR VISITORS TO
THE AMES STREET SITE

(Page 1 of 2)

Welcome to the Ames Street Site. You must be aware that this site may contain potential health and safety hazards

related to general site conditions, construction activities, or chemicals. The information and procedures provided
herein are designed to ensure your visit to the site is a safe one.

Potential Health and Safety Hazards:

1.

(98]

Safety Procedures

This 1s a closed facility, and most ground floor windows and doors have been permanently boarded up. Entrance and
exit to the buildings is possible only at those locations shown on the attached site plan.

Utilities have been shut off throughout most of the buildings; many areas or rooms are either dimly Iit, or completely
dark. Electricity, water and phones are generally available only at the field trailer area shown on the attached site plan.

The combination of dim or absent lighting and the potential presence of equipment, demolition or other debris, snow,

ice, or water, may lead to a significant "slip, trip and fall" hazard in some areas. These areas may or may not be
marked with caution tape or other devices.

Hazardous materials such as asbestos, mercury, petroleum solvents and other chemicals may be present. These areas
may or may not be marked with caution tape or other devices.

Ongoing activities such as building demolition or environmental sampling may present hazards due to motorized

equipment, noise, chemical use, or other factors. Active work areas may or may not be marked with caution tape or
other devices.

The following must be observed by all wisitors to the Ames Street site.

l.

Personal protective equipment is required when entering or touring the site for any reason:

| hard hat

| suitable footwear (no open-toed shoes, no sneakers or tennis shoes; steel-toed shoes are preferred)

Based on your specific activity while at the site, other safety equipment may be required.

Before entering the site, you must be briefed by a Combustion Engineering representative or contractor on the hazards
specific to the areas you will visit or your planned activities. The briefing will include a description of hazards in the
areas you will visit; review of Material Safety Data Sheets (MSDSs) for chemicals of concern; a discussion of current
activities occurring on the site; and instructions on how to avoid potential health and safety hazards. It is critical that
you pay close attention to the information and instructions provided during this briefing The individual
providing the briefing will be happy to respond to any questions or concerns you may have.

g\T92\KENT_TAY\H&SWISITOR.PLN




SAFETY INFORMATION AND PROCEDURES FOR VISITORS TO
THE AMES STREET SITE

(Page 2 of 2)

Safety Procedures (cont’d)

~
3.

Each visitor or group will be provided with an escort who is familiar with the site and potential hazards. Visitors
must remain within the escort's sight and follow his/her instructions at all times, unless specifically authorized

otherwise. Do not enter any room or area of the site or otherwise move about on your own unless authorized to do
$0.

Do not approach or interfere with site operations or the persons engaged in them (including talking) for any reason,
unless specifically authorized to do so by your escort. Doing so may pose a hazard to you, or them.

In the event you encounter what appears to be an abnormal or dangerous situation, report it immediately to your

escort or other Combustion Engineering representative or contractor. Do not attempt to take corrective action on
your own.

Do not operate or attempt to operate any equipment or machinery of any type.

Do not handle or attempt to handle chemicals or potentially hazardous materials of any type, or handle building
materials or other substances from areas which your escort indicates may contain hazardous materials.

Smoking, eating and drinking are permitted only in the vicinity of the field trailers.

Small children or pets are not allowed on the site.

g\TS2\KENT_TAY\H&S\VISITOR.PLN
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ATTACHMENT B

TASK ANALYSIS AND PROTECTIVE MEASURES
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TASK ANALYSIS
ABB ENVIRONMENTAL SERVICES, INC.
AMES STREET SITE

NOTE: Review Ames Street Facility HASP before completing this form.

GENERAL TASK INFORMATION

Task Title: PAN number:
FOL (name): HSO (name):

Form prepared by: Date:
HSS Approval: \ Date:
PM Approval: Date:

Planned activity(s):

Overall Task Category (from HASP):

Other concurrent site activities/tasks:

Activity/task: Task Category: '
Activity/task: Task Category:

Activity/task: : Task Category:

Will these activities/tasks impact this task? (descnibe):

.UTHORIZED PERSONNEL:

* Current First-aid Certification + Current CPR Certification

"of General Information. For each of this task's activities, complete a separate "Activity Analysis” form.




ACTIVITY ANALYSIS
(Page 1)

tivity:

lown or suspected chemical/material hazards (list):

emical/material location(s) (circle):  Surface soil Subsurface soif Groundwater Building Materials

Other (list):

imary exposure route(s) (circle). Dermal Inhalation Ingestion Puncture
fety hazard(s) (circle): Height ~ Equipment  Cold Stress  Noise = Eye  Overhead  Confined
Spaces Heat Stress Machinery Burns Lifting Slips/Falls

ner (list):

erall Hazard Estimation: Serious Moderate Low None Unknown

GINEERING CONTROLS SELECTED (specify):

Level of Personal Protection: ___

Cartridge Respirator Face Shield Gloves
Cartridge Type:.____ Safety Glasses -inner
fard Hat -outer
afety Boots/Shoes Ear Protection Coveralls
1emical Resistant Boots Tyveks
sposable Boot Covers ‘regular

-coated










FINAL

SITE INVESTIGATION WORK PLAN
PHASE 1 '

APPENDICES H, I AND J

AMES STREET SITE
ROCHESTER, NEW YORK

Prepared by:

ABB Environmental Services, Inc.
Rochester, New York

February 1996
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APPENDIX H

BACKGROUND INFORMATION FOR INDUSTRIAL SOIL
INGESTION SCREENING CONCENTRATION
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- - UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Region i
841 Chestnut Street
Philadelphia, Pennsylvania 19107

October 20, 1995

SUBJECT: Risk-Based Concentration Table, July - Deceniber 1995 ,
FROM: Roy L. Smith, Ph.D. ' %

Office of RCRA
Technical & Program Support Branch (3HW70)

TO: RBC Table mailing list

Attached is the EPA Region III risk-based concentration (RBC) table, Which we distribute
semi-annually to all interested parties.

IMPORTANT MESSAGE

EPA Region III has established a homepage on the World Wide Web which you can find at
htip://earthl.epa.gov:80/ or hitp://www.epa.gov/. Our homepage will soon include the RBC
table in downloadable form. We strongly encourage all RBC table users having Internet
access to obtain the table electronically rather than.on paper. Inthis way, users can obtain
the most current issue immediately in a form that can be used directly’as input for risk
assessment calculations. This distribution method will also save large amounts of paper and
cost substantially less: : :

For those lacking Internet access, it’s once again time to re-register to receive.a paper copy
of the RBC table. We need to hear from you periodically to ensure that you still have an
interest and that we have your correct address. Please fax your registration request to |
Vanessa Sizer at 215-597-9890, including your name, address, and phone number. Please
don’t phone to re-register; we need hard copy to document your continued interest. If we
don't hear from you by March 30, 1996, we'll assume you no longer need a paper copy.
Thanks for your cooperation.

CON’I‘ENTS, USES, AND LIMITATIONS OF THE RBC TABLE

The table contains reference doses and carcinogenic potency slopes (obtained from IRIS
through September 1, 1995, HEAST through May 1995, the EPA-NCEA Superfund Health Risk
Technical Support Center, and other EPA sources) for nearly 600 chemicals. These toxicity
constants have been combined with "standard" exposure scenarios to calculate RBCs--chemical
concentrations corresponding to fixed levels of risk (i.e., a hazard quotient of 1, or lifetime cancer
risk of 10°, whichever occurs at a lower concentration) in water, air, fish tissue, and soil.

The RBC table also includes soil screening levels (SSLs) for protection of groundwater
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" ANSWERS TO FREQUENTLY ASKED QUESTIONS

To help you better understand the RBC table, here are answers to our most often-asked
questions:

1. How can the age-adjusted inhalation factor (11.66) be less than either the inhalation
rate for a child (12) -or for en adult (20)? . :

Age-adjusted factors are not intake rates, but rather partial calculations which have
different units than intake rates do. The fact that these partial calculations have values similar
to intake rates is really coincidental, an artifact of the similar magnitude of years of exposure and
time- averaged body weight.

2. Why does arsenic appear in the RBC rable separately as a carcinogen and a non-
carcinogen, while other contaminants do not?

Arsenic is double-entered to ensure that the risk assessor realizes that non-carcinogenic.
concerns are significant for arsenic. Otherwise, one might be tempted to accept a le-4 risk (37
ppm in residential soil), when the oral reference dose would be exceeded at 23 ppm.

Also, EPA has a little-known risk management policy for arsenic (dating from 1988) that
suggests that arsenic-related: cancer risks of up to le-3 can be accepted because the cancers are
squamous cell carcinomas with a low mortality rate. Thus, noncarcinogenic RBCs represent an
important limitation on acceptable arsenic concentrations.

3. Many contaminants have no inhaled reference dose or carcinogenic potency slope in
IRIS, yet these numbers appear in the RBC table with IRIS given as the source. Where did the
numbers come from?

Most inhaled reference doses and potency slopes in the RBC table are converted from
reference concentrations and unit risk values which do appear in IRIS. These conversions assume
70-kg persons inhaling 20 m%d. For example, the inhalation unit risk for arsenic (4.3e-3 risk per
pg/m?) is divided by 20 m*/d and multiplied by 70 kg times 1000 pg/mg, yielding a CPSi of 15.1

risk per mg/kg/d.

4. Why does the RBC table base soil RBCs for cadmium and manganese on reference
doses that apply only to drinking water?

The RBC table’s use of the drinking water RfDs for cadmium and manganese reflects (1)
the limited space available in the already-crowded table, and (2) the intended use of the table as
a screening tool rather than a source of cleanup levels (thereby making false positives acceptable).
For a formal risk assessment, Region III would use the food RfDs for soil ingestion.

At this time, only two substances (as far as we know) have distinct oral RfDs for water
“and food--cadmium and manganese. Adding the two food RfDs to the table would require an
entire column, which would be about 99.9% blank. The tqgle has become so crowded that it
would be difficult to accommodate another column. Also, we given this problem a relatively low
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reference dose or potency slope for inorganic lead, so it wasn’t p0551b1e to calculate risk-based
concentrations. EPA considers lead a special case because:

(1)  Lead is ubiquitous in all media, so human exposure comes from multiple sources.
Comparing single-medium exposures with a reference dose would be misleading.

2) If EPA did develop a-reference-dose for lead by the same methods other reference doses,
we would probably find that most people already exceed it. Since EPA already knows
this and is moving aggressively to lower lead releases nationally, such findings at
individual sites would be irrelevant and unduly alarming.

3) EPA decided to take a new approach to separate important lead exposures from trivial
ones. EPA developed a computer model (the IEUBK model) which predicts children’s
blood lead concentrations using lead levels in various media as inputs. The idea is to
evaluate a child’s entire environment, and reduce lead exposures in the most cost-effective
way.

On the practical side, there are several EPA policies which effectively substitute for RBCs.
The EPA Office of Solid Waste has released a detailed directive on risk assessment and cleanup
of residential soil lead. The directive recommends that soil lead levels less than 400 ppm be
considered safe for residential use. Above that level, the document suggests collecting certain
types of data and modeling children’s blood lead with the IEUBK model. For the purposes of
the RBC table, the de facto residential soil number would be 400 mg/kg. For water, we suggest
15 ppb (from the national EPA Action Level), and for air, the National Ambient Air Quality
Standard.

9. Where did the potency slopes for carcinogenic PAHs come from?

The source of the potency slopes for PAHs is "Provisional Guidance for Quantitative Risk
Assessment of Polycyclic Aromatic Hydrocarbons", Final Draft, EPA Environmental Criteria and
Assessment Office, Cincinnati, OH. It’s available from NTIS as document number ECAO-CIN-
842 (March, 1993). The slopes are expressed in terms of order-of-magnitude equivalence factors
relating the compounds to benzo[a]pyrene; we have converted these TEQs to potency slopes to
fit the format of the table.

10. May 1 please have a copy of the January 1991 RBC table?

We’re sorry, but no. The RBC table doesn’t represent regulation or guidance, so past
issues should have no legal importance. Each time we update the table we destroy all obsolete
copies, electronic and paper. We do this to ensure that only one set of RBCs, that based on
current information, exists at any time.

11. I've noticed that some soil RBCs are 1 million parts per million. Since some of these
substances are liquids, that's obviously ridiculous. What is that basis for these calculations?

A soil RBC of 1 million parts per million means that no amount of the contaminant in
soil will cause a receptor to exceed the oral reference dose by incidental ingestion of soil. In
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It has been NCEA’s policy to deny requests for documentation of interim toxicity
constants. Although Region 3 has sometimes provided this documentation on request, for the
above-stated reasons we have no assurance that the documentation, or even the interim numbers,
are current. We’ve decided to discontinue distributing information that may be misleading. If
one of the "E"-coded contaminants is a major risk contributor at your site, we strongly suggest
that you work with EPA to develop an up-to-date reference dose or slope factor.

* CHANGES IN THis IsSUE oF THE RBC TABLE

New or revised EPA toxicity constants are now marked with "**" before the contaminant
name. This is to help users quickly pick out substances with new RBCs. Formerly these
contaminants were printed in underlined boldface type that copied badly. A new basis code, "M"
for MCL, has been added to the upper right corner of each page. This code denotes soil
screening levels for groundwater protection that are based on EPA Maximum Contaminant
Levels.

If you want to raise issues or get answers to questions about the RBC table, please call
the Technical Support Help Line at 215-597-1116. The line has a voice mail system to take your
calls if we’re not available. We’ll return your call as soon as we can. Please limit calls to RBC
issues; if you have a question about applying RBCs to a site, please call the EPA Regional office
handling the project. Thanks for your help and cooperation, and we hope the RBC table
continues to be a useful resource.

Attachment
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Exposure variables ‘ T ‘ Value Symbol
Occupational:

Exposure frequency (dfy): 250 EFo
Exposure duration (y): 25 EDo
Fraction of contaminated soil ingested (unitless) 05 FC

*: Contaminant-specific toxicological constants. The priority among sources of toxicological constants was as
follows: (1) IRIS, (2) HEAST, (3) HEAST alternative method, (4) EPA-NCEA Superfund Health Risk
Technical Support Center, (5) withdrawn from IRIS or HEAST, and (6) other EPA documents. Each source
was used only if numbers from higher-priority sources were unavailable. The EPA Superfund Health Risk
Technical Support Center, part of the EPA National Center for Environmental Assessment in Cincinnati,
develops provisional RfDs and CPSs on request for contaminants not in IRIS or HEAST. These provisional |
values. are labeled "E = EPA-NCEA provisional” in the table. It is possible they may be obsolete. If one of
. the "E" constants is important to a Superfund risk assessment, consider requesting, through a Regional risk
assessor, a new provisional value. ' '

Age-adjusted factors

Because contact rates with tap water, ambient air, and residential soil are different for
children and adults, carcinogenic risks during the first 30 years of life were calculated using
age-adjusted factors. These factors approximated the integrated exposure from birth until
age 30 by combining contact rates, body weights, and exposure durations for two age groups
- small children and adults. The age-adjusted factor for soil was obtained from RAGS IB;
the others were developed by analogy. ‘

Air inhalation

- my _ EDc- IRAc _ ( EDtot - EDo - IRAa
IFAad/ & -d BWe + BWa

Tap water ingestion
: - 1y _ EDc- IRWc  (EDrot -EDqg - IRW:
FWad 43 BWe —BWa

Soil ingestion
. m EDc - IRSc ( EDrtot - EDJ) - IRSa
mgy -
F3ad 45 Bwe BWa

Residential water

Volatilization terms were calculated only for compounds with a mark in the "VOC" column.
Compounds having a Henry’s Law constant greater than 10 were considered volatile. The
list may be incomplete, but is unlikely to include false positives. The equations and the
volatilization factor (K, above) were obtained from RAGS IB. Oral potency slopes and
reference doses were used for both oral and inhaled exposures for volatile compounds
lacking inhalation values. Inhaled potency slopes were substituted for unavailablg oral
potency slopes only for volatile compounds; inhaled RfDs were substituted for unavailable
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Commercial/industrial soil ingestion

RBCs were based on adult occupational exposure, including an assumption that only 50%
of total soil ingestion is work-related.

Carcinogens
RBC _%7! - m de ATC
*  EFr EDo- 2852 . pe. cpso
106 75

Non-carcindgens
RBC m - THQ RfDo - BWa- ATn

¥ Ery. EDo. RS2
106 2
¥4

Residential soil ihgestion

RBC:s for carcinogens were based on combined childhood and adult exposure ‘RBCs for
non-carcinogens were based on childhood exposure only.

Carcinogens
TR - ATc :
RBC Z% = .
kg EFr - [FSadj | CPS
106 L;’f

Non-carcinogens
RBC m - IHQ RfDo - BWe- ATn

*e EFr - EDc - AR5¢
106

Development of Soil Screening Levels

General

In December 1994 the EPA Office of Solid Waste and Emergency Response proposed Soil
Screening Guidance (Document 9355.4-1, PB95-963530, EPAS40/R-94/101, available through
NTIS at 703-487-4650). This draft document provides (1) a framework in which soil
screening levels are to be used, (2) a detailed methodology for calculating soil screening
levels, and (3) soil screening levels for 107 substances.

Consistent with this new guidance, the risk-based concentration table now includes two
columns of generic soil screening levels (SSLs). OSWER'’s 107 proposed soil screening
levels have been added verbatim. In addition, the proposed SSL methodology has been
used to calculate soil screening levels for more substances, which are also included in the
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consulting that document. The "unofficial” SSLs were developed under the following
conditions:

Soil Screening Levels for Inhalation

Inhaled reference doses and potency slopes were used if available. If inhalation values were
not available, oral RfDs and potency slopes were substituted. SSLs were calculated only for
substances for which aqueous solubility, Koc, Henry’s Law constant, and diffusivity in air
were available. SSLs were calculated only for substances for which a volatilization factor
could be calculated. This was done because OSWER’s large proposed particulate emission
factor rendered it pointless to estimate SSLs for particulate emissions alone. The final
calculated SSL shown in the RBC table is the smaller of the risk-based SSL and the soil
saturation concentration. All calculated SSLs were rounded to 2 significant figures. .

The OSWER risk algorithms for inhalation were revised in order to be consistent with the
- rest of the RBC table. Only calculated SSLs were affected by this; SSLs proposed by
OSWER are presented verbatim. Calculated SSLs for inhalation of carcinogens were based
on an integrated lifetime exposure rather than adult exposure. SSLs for inhalation of
noncarcinogens were based on adult exposure for 350 days per year rather than 365 days per
year. The following algorithms were used to calculate inhalation SSLs:

Carcinogens . '
SSL mg _ TR - ATc
% EFr - [FAadf -(l . LF; . CPSi
VF  PE.

Non-carcinogens -
SST, ,?n: - THQ - BWa- ATn - RfDi 1
EFr - EDtot -IRAa - = EF)

(L .
VF
Soil Screening Levels for Groundwater Use

All algorithms were as proposed by OSWER. MCLs were used as target groundwater
concentrations if available. If MCLs were unavailable the risk-based concentration in the
"tap water" column of the RBC table was used as the target groundwater concentration. All
SSLs for groundwater are based on a dilution-attenuation factor (DAF) of 10. Since these
SSLs scale linearly with DAF, the SSLs for DAF=1 would be ten times lower. They were
omitted to conserve space. All groundwater SSLs were rounded to 2 significant figures and
capped at unity.
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Sources: 1=IRIS H=1IEAST A=IIEAST alternate W=Withdrawn from IRIS or HEAST Basis : C=carcinogenic effects N=noncarcinogenic effects E=EPA draft Soil Screening Level

E=EPA-NCEA Regional Support provisional value  O=0Other EPA documents. =soil saturation concentration M=EPA MCL.
‘ Risk-Dased Corcenlrations Soil Screeaing Levels-
V[ Tap | Ambient Soil Ingestion Transfers from Soil to:
RiDo RIDi CPSo CPSi |O| Wwater Air Fish __|Industrial [Residential]  Air Groundwater
Contaminant CAS mpkg/d | w d | kgd/mp | kgd/mg [C| ypl. { pg/m3 mg/kg mg/kg mg/kg mg/kg mg/kg -
Arsine 7784421 1.43E-05 0.52 0.052 w .
Assure 76578148 9.001:-03 » 330 & 33w 124 18000 w 700 v
Asulam 3337711]  5.001502 4 1800 » 180 » 68 w_ 100000 w '3900 4
Atrazine 1912249 3.50E-02 4 2.22E01 n 03¢ 0.028 ¢ 0014 ¢ 26 ¢ t 29 ¢ o
Avermectin B1 65195553 4.0CE-04 ¢ 15w 1.5 n 054w~ 820w 3w
Azobenzene 103333 1.10E-01 «  1.08E-01 » 0.6l ¢ 0.058 ¢ 0.029 ¢ S2 ¢ s8¢
Barium and compounds ‘ 7440393| 7.00E-02 1+ 1.43E-04 a 2600 n 052w 95w 140000 w ° 5500 &) 350000 ¢ 32
Baygon 114261 4.00E-03 » - 150 15w 54w 8200 w 310 »
Bayleton - 43121433 3.00B-02 \ 1100 » 110 w 41w 61000 u + 2300 4
Baythroid 68359375 2.50£-02 4 910 n 9 N 34w 51000 w - 2000 »
Benefin 1861401 3.00E-01 11000 v 1100 w 410 w 610000 N . 23000 »
Benomyl 17804352| S.0GE-02 o 1800 w 180 w 68 w 100000 « 3900
Bentazon 25057890 2.50E-03 9w 9w 34w 5100 W 200
Benzaldehyde 100527 1.00E-01 + m 610 w 370 140 « 200000 7800 w
Benzene 71432 1.L71B-03 ¢  290E.02+ 290E-02 (X 0.36 ¢ 022 ¢ 0.11 ¢ 200 ¢ 22 ¢ 0.5 ¢ 0.02 ¢
Benzenethiol 108985| 1.00E-05 w 037 u 0.037 » 0.014 » 20 ~ 0.78 '
Benzidine 92875 3.00E-03 o 230E+02 « 2.35B102 4 0.00029 ¢ 0.00003 ¢ 0.00001 ¢ 0.025 ¢  0.0028 ¢ 1.3 ¢ 1.JOOE-06 ¢
Benzoic acid 65850( 4.00E+00 » 150000 w 15000 w 5400w IE106 w 310000 320 s 280 ¢
Benzotrichloride 98077 1.30E+01 0.0052 ¢ 0.00048 ¢  0.00024 c 0.44 ¢ 40.049 ¢ 0.012 ¢ 0.000073 ¢
Benzy! alcohol ' 100516 3.00E-01 11000 « 1100 » 410w 610000 23000
Benzyl chloride 100447 1.70E-01 » ® 0.062 ¢ 0.037 ¢ 0.019 ¢ M 38 c 0.5 c 0.000%
Beryllium and compounds 7440417| S.00E-03 4 4.30E+00 1 B.40E+00 4 0.016 ¢ 000075 ¢ 0.00073 c t3c . 015¢c 690 € 180 "
Bidrin - : 141662 1.00E-04 4 37w 037 w 0.14 w 200 w 1.8 o :
Biphenthrin (Talstar) 82657043 1.50B-02 4 550 w 55 w 20w 31000 w 1200
1,1-Bipheny! 92524| S.00E-02 « 1800 o 180 w 68 w 100000 w 3900 9000 & 110 »
Bis(2-chlorvethyl)ether 1 nrns 1.1I0E+00 1+ 1.16E+00 (| 00092 ¢ 00054c 00029 ¢c 52c 0.58 ¢ 03¢ 0.0003 «
Bis(2chloroisopropyl)ether 39638329 4.00E-02 , 7.00E-02 w  3.50E-02 n(X} 0.26 ¢ 0.18 ¢ 0.045 ¢ 82 ¢ IRAR:

. |Bis(chloromethyl)ether ' 542881 2.20B402 1 2.17E102 (]| 0.00005 ¢ 0.00003 ¢ 00000} ¢ 0026 c  0.0029 ¢| 000004 ¢  1.000E-07 c
Bis(2-chloro-1-methylethyl)ether 7.00E-02 w 700E-02w | 0.96 c 0.089 ¢ 0.045 ¢ 82 ¢ 9.1 ¢ .
Bis(2-ethylhexylphthalate (DEIIP) 117817 2.00E-02 , 1.40E-02 48 ¢ 045 c 0.23 ¢ 4i0 ¢ 46 210 ¢ e
Bisphenol A ~ 80057] S5.00E-02 . 1800 w 180 68 v 100000 w 3900
Boron (and borates) 7440428] 9.00E-02 ; S.TIE-03 w 3300 & 21 W 120w 180000 w 7000
Boron trifluoride 7637072 2.00E-04 » 73w 0.73
Bromodichloroniethane 75274} 2.00E-02 6.20E-02 = 017 ¢ 0l ¢ 0.051 ¢ 92 ¢ 10¢ 1800 03¢
Bromoethene 593602 1.10E-01 X 0.096 ¢ 0.057 ¢
Bromoform (tribromoniettiane) _ 75252| 2.00E-02 4 790003, 3850.03 4 [X) 24 ¢ 16 ¢ 04 c 720 ¢ Bl 46 05
Bromomethane 74839) 1.40C03 ¢ [.43E-03 4 [124] 87w 52w 19w 2900 m 1O 2 0.1«
4-Bromopheny! phenyl ether 101553 $5.80E-02 0 2100 n 210 . 78 w 120000 w 4500 o ‘
Bromophos 2104963| S.00E-03 » 180 w 18 w 68 w 10000 n 390 «
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Sources: 1=IRIS MH=NEAST A=HEAST aliernate W=Withdrawn from IRIS or HEAST Basis: C=carcinogenlc effects N=noncarcinogenic effects E=EPA draft Soil Screening Level .
E=EPA-NCEA Regional Support provisional value O=0ther EPA documents. S=soll saturation concentration M=EPA MCL. '
_Risk-Based Concentrations Suil Screening Levels-
. \4 Tap Amblent Soil Ingestion Transfers from Soil to;
RfDo RMi CI'So CPSI 10| Water Alr Fish | lndustrial | Residential]  Air | Groundwater
Contaminant ) CAS | mg/kg/d | mg/ke/d | kpd/mg | kgd/mg |C|  pg/L jg/m3 mg/kg mg/kg | mgkg | mp/kg mg/kg
Chilorodifluoromethane 75456 1.43¢401 4 ® 87000 w $2000 u
Chlorocthane 75003 4.00E-01 ¢ 2.86E+00 ] 8600 w 10000 w 540 n 820000 31000 o 2600 33w
2-Chloroethyl vinyl ether 110758| 2.50E-02 o = 150 w 91 w 34w 51000 w 2000 '
Chloroform 67663 100E-02: 6.10E-03 + 8.05E-02 [X) 0.15 ¢ 0.078 ¢ 0.52 ¢ 940 ¢ 100 ¢ 0.2¢ 0. )
Chloromethane 74873 1.30E-02 u  6.30E-03 w(X 14 ¢ 0.99 ¢ 024 c - 440 ¢ © 49 ¢ 0.063 ¢ 0.0066 ¢]
4-Chioro-2,2-methylaniline hydrochloride 3165933 4.60E-01 n 0.15 ¢ 0014 c  0.0069 ¢ 12 ¢ SRER D
4-Chloro-2-methylaniline 95692 $.80E-01 0.12 ¢ 0011 ¢ 0.00%4 ¢ 99 ¢ Ll
beta-Chloronaphthalene 91587| 8.00E-02 . . 2900 w 290 110w 160000 w 6300 w 28 140
o-Chloronitrobenzene 88713 2.50E-02 » [+:4] 042 ¢ 0.25 ¢ 013 ¢ 230 ¢ 26
"Ip-Chloronitrobenzene 100005 1.80E-02 u ® 0.59 c 035 c 0.18 ¢ 320 ¢ 35 ¢
2-Chlorophenot 95578 S.00E-03 + 180 w 18 w 68n 10000 u " 390 53000 ¢ 2¢
2-Chloropropane 75296 2.8613-02 n ' [1:1] 170 w 100 » 22 w 0.64 o
Chlorothalonil 1897456 1.50E-02 « 1.J0E-02 n 6.1 ¢ 0.57 ¢ 0.29 ¢ 520 ¢ S8 ¢
o-Chlorotoluenc 954981 2.00L-02 » 1:4] 120 » M w 27w 41000 » 1600 1200 » 5.6
Chlorpropham 101213| 2.00E-0) o 7300 » 730 u 270 w 410000 w 16000 w
Chlorpyrifos 2921882{ 3.00E-03 » 110w 1w 4w 6100w 230
Chlorpyrifos-methyl $598130| 1.00E-02 n 370 w 3w 14w 20000 780
Chlorsulfuron 64902723 5.00E-02 1800 w 180 n 68 100000 » 3900 u
Chlornthiophos 60238564 8.00C-04 u ’ ' 29 29w Llw 1600w © 63
Chromium 111 and compounds 16065831 | 1.00E+00 + S.71E-07 w 37000 v 0.0021 w 1400 v 1E+06 n 78000 w
Chromium VI and compounds 18540299 5.00E-03 ) . 4.20E+01 . 180w 0.00015 ¢ 68w 10000 w . 390 N 140 ¢ B
Coal tar 8001589 2.20E+00 w 0.0028 ¢ [
Cobalt 7440484{ 6.00E-02 ¢ 2200 w 220 n 81 w 120000 4700 n
Coke Oven Emissions 8007452 2.17E400 0.0029 ¢ '
**Copper and compounds 7440508 | 4.00E-02 ¢ 1500 150 S4w 82000 13100 «
Crotonaldehyde : 123739 1.00E-02 w . 1.90E+00 n 1.90E+00 w 003Sc¢ 00033 ¢ 00017 ¢ lc 0.34 ¢
Cumene 98828 4.00E-02 ; 257E-0) u 1500 o 94 N 54w 82000 » 3100 o) .3 Y] 65 o
Cyanides: ' )
Barium cyanide $42621) 1.00E-01 w 3700 w 370w 140 v 200000 N 7800 w
Calcium cyanide 592018| 4.00E-02 4 1500 w 150 w 54 n 82000 » 3100 o
Copper cyanide 544923 $.00E-03 . 180 w 18 n 68w 10000 w 390
Cyanazine 21725462( . 2.00E03 p 8.40E-0) u 008c 00075c  0.0038 ¢ 68 ¢ 0.76 ¢
Cyanogen 460195] 4.00E-02 _ 1500 w 150 n 54w 82000 w 3100 &
Cyanogen bromide 506683 9.00E-02 3300 w 30w 120 v 180000 w 7000 »
Cyanogen chloride 506774 S.00E-02 4 1800 180 n 68 n 100000 n 3900 w
Free cyanide $7125| 2.00E-02 . 730 w M u 27w 41000 » 1600 »
llydrogen cyanide 74908| 2.00E-02 + 8.575-04 730w 3w 27w 41000 % | 1600 n
Potassium cyanide 151508 S.00E-02 « 1800w - - 180w 68 w 100000 n 3900 w
Potassium silver cyanide . 5066ldt 2.00E-01 7300 n 730 n 270 v 410000 w 16000 o
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Sources: 1=IRIS H=HEAST A=HEAST altemare - W=Withdrawn from IRIS or HEAST Basis : C=carcinogenic effects -N=noncarcinogenic effects E=EPA druft Soil Screening Level“

E=EPA-NCEA Regional Support provisional value  O=Other EPA documents. S=soil saturation concentrution  M=EPA MCL.
Risk-Based Concenlrations Soil Screening [evels-
. V]I Tap Antbient Soil Ingestion Translers [rom Soil to:
RfDo RfDi CPSo CPSi_ JO[ Water Alr Fish fndustrial [ Residential Air Groundwaler
Contaminant CAS | mg/kg/d | meg/ke/d | kpd/mg | keg-dimg |C|  pplL pg/m3 mg/k mghkg | mpkg mg/kg mg/kg
4-(2,4-Dichlorophenoxy)butyric Acid 94826| 8.00E-03 4 290 w 29w 1w 16000 w 63ﬂ
1,2-Dichloropropane 78875 1.14E-03 y  6.80E-02 u ® 0.16 ¢ 0.092 ¢ 0.046 ¢ 84 ¢ 94 ¢ ¢ 0.02 ¢
2,3-Dichloropropanol 616239| 3.00E-03 . 110 » 1~ 41w 6100w 230
1,3-Dichloropropene 542756 | 3.00E-04 v "STIE-03 1 1.75E-01 w 1.30E-01 uiB 0.077 ¢ 0.048 c 0.018 c B 3¢ 01 ¢ 0.001.
Dichlorvos 62737 5.00c04 4 1.43E-04, 290E01 . ‘ 023 ¢ 0.022 ¢ 0.0tl ¢ - 20 ¢ 22 ¢ 35¢ 0.00072]
Dicofol 115322 4.40E-0) w 0.15 ¢ 0.014c  0.0072 ¢ 13 ¢ 15¢
bicyclopenladiene 77736 3.00E-02n  S5.71B-05 a = 042w - 021w 41 % 61000 w 2300 w
Dieldrin 60571| 5.00B-05 ' 1L60E+01 +  1.61E+01 4 00042 ¢ 0.00039 ¢ 0.0002 ¢ 0.36 ¢ 0.04 ¢ 2¢ 0.001 ¢
Diesel emissions 1.43E-03 , 52 wu - 52w )
Diethyl phthalate 84662 B8.00E-01 , 29000 2900 1100 v LE406 63000 » 520 ¢ 110 ¢
Dietliylene glycol, inonobutyl ether 112345 S.TIE-03 u 210 & 21 » )
Diethylene glycol, inonoethyl ether 111900| 2.00E+00 w 73000 & 7300 » 2700 »  1E+06 n 160000 o
Diethylforainide 617845 1.10E-02 u 400 40 » 155 22000 » 860 »
Di(2-ethylliexyl)adipale 103231 6.00E-01 4 1.20E-03 56 ¢ 52¢ 26 c 4800 ¢ 530 ¢
Diethylslilbestrol 56531 ) 4.70E+03 » 0.00001 ¢ 1E-06 ¢ 7E-07 ¢ 00012 c 000014 c
Bifenmqual (Avenge) 43222486 8.00E-02 2900 290 w 110 » 160000 n 6300 n
Diflubenzuron 35367385| 2.00E-02 + 730 w 7w 27w 41000 » 1600 «
1,1-Difluoroethane : 75376 1.14E+01 = 69000 w 42000 » |
Diisopropyl metliylphosphonate (DIMP) 1445756 8.00E-02 2900 w 290 w . 110 W 160000 n 6300

Dimethipin 55290647| 2.00E-02 , 730w M w 27w 41000 1600 n

Dimethoale 60515| 2.00E-04 + 73w 073w . 027w 4100 . 16w

3,3'-Dimethoxybenzidine 119904 1.40E-02 u 48 ¢ 045 ¢ 023 ¢ 410 ¢ 46 ¢

Dimethylamine 124403 5.71B-06 w 0.21 n 0.021 »

2,4-Dimethylaniline hydrochloride 21436964 $.80E-01 n 012 ¢ 0011 ¢ 0.0054 c 99 ¢ Ilc

2,4-Dimelhylaniline 95681 7.50E-01 « 0.09 ¢ 0.0083 ¢ 0.0042 ¢ 7.6 ¢ 085 ¢
N-N-Dimethylaniline 121697| 2.00E-03 4 7w 738 27w 4100w 160 n

3,3*-Dimethylbenzidine 119937 9.20E+00 0.0073 ¢ 0.00068 ¢ 0.00034 c 0.62 ¢ 0.069 ¢ 29 ¢ 0.00039 ¢

N,N-Dimethylformamide - 68122 1.00B-01  8.57E-03 . : 3700 I w 140 » 200000 w 7800

1,1-Dimcthylbydrazine 57147 2.60E400 w 3.50E4100 w 0.026 ¢ 0.0018 ¢ 0.0012 ¢ 22 ¢ 0.25 ¢

1,2-Dimethylhydrazine 540738 3.70E401 w_3.70E+01 w 0.0018 ¢ 0.00017 ¢ 0.00009 ¢ 0.15 ¢ 0.017 ¢

2,4-Dimethylphenol 105679 | 2.00E-02 « 730 N 73w 27 % 41000 n 1600 5400 s kN

2,6-Dimethylphenol §76261| 6.00E-04 4 22 n 22w 0.81 » 1200 w 47 N

3,4-Dimethylphenol 95658 1.00E-03 . 37w 37w 148 2000 w 78 W

Dimethyl phthalate 131113 1.00E401 o 370000 » 37000 » 14000 »  IE+06 n 780000 w 1600 ¢ 1200 ¢

Dinethiyl lerephthalate 120616 1.00E-01 , 3700 » 370 » 140 200000 » 7800 o

1,2-Dinitrobenzene $28290| 4.00E-04 » 1S 1.5 0.54 n 820 n 31w

1,3-Dinitrobenzene 99650 1.00E-04 » 37w 037w 0.14 » 200 w 7.8 o

1,4-Dinitrobenzene 100254 4.00E-04 n 15w 15w 0.54 n 820 » 31w

4,6-Dinitro-o-cyclohexyl phenol 131895 2.00E-03 4 7w 13w 27n 4100w 160 o
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gion 11l Risk-Based Concentrations. X.L. Smith (10/04/95) 14
Sources: [=IRIS [1=NEAST A=HEAST alternate W=Withdrawn from IRIS or IIEAST Basls : C=carcinogenic effects N=noncarcinogenic effects E=EPA druft Soil Screening Level
E=EPA-NCEA Regional Support provisional value  0=Other EPA documents. ) S=s0il saturation concentration M=EPAMCL.
i Risk-Dased Concentrations Soil Screening Levels-
V| Tap Ambient Soil Ingestion Transfers from Soil to:
RiDo RIDi CPSo CcrSi |Oo|  Waler Alr - Fish Indystrial | Residential Air Groundwater
Contaminant CAS | mp/kg/d | mp/kp/d | kg-d/mg | kp-d/mg [C] pg/lL pg/m3 mg/kg mg/kg mg/kg mp/kg mg/kg
Ethyl p-nitrophenyl phenylphosphorothioate 2104645| 1.00E-05 037 w 0.037 » 0014n 20w 0.78 u :
Ethylnitrosourea 759739 1.40E+02 w 0.00048 ¢ 0.000605S ¢ 0.00002 ¢  0.041 ¢ 0.0046 ¢
Eihylphthalyt ethyl glycolate 84720( 3.00E+00 . 110000 » 11000 » 4100 v JE+06 » 230000 .
Express 10120 8.00E-03 4 290 294 -« 11w 16000 w 630 w ‘ _\H
Fenamiphos 22224926) 2.50E-04 4 9.1 n 091 034w - SI0w 20 o
Fluometuron 2164172| 1.30E-02 « 470 n 47w 18w 27000 1000 »
Fluoride 7782414 6.00B-02 4 2200 220 w 81 n 120000 w 4700 o
Fluoridone 59756604 8.00E-02 , 2900 290 w 110 160000 ~ 6300 »
Flurprimidol $6425913| 2.00B-02 , 730w N 27w 41000 1600
Flutolanit 66332965 | 6.00E-02 4 2200 w 220 n 81 120000 w 4700 » ]
Fluvalinate 69409945| 1.00E-02 4 370 w 37w 14w 20000 w 780
Folpet 133073| 1.OOE01 4 3.50E-03 4 19 ¢ 18 ¢ 09c 1600 c 180 ¢
Fotmesafen 72178020 1.90E-01 » 035 ¢ 0.033 ¢ 0017 ¢ 30 ¢ 3.4 ¢
Fonofos 944229 2.00E-03 7w 73w 27w 4100 160
Formaldehyde 50000 2.00E-01 , 4.55E-02 , 7300 » 0.14 c 270 w 410000 » 16000 w
Formic Acid 64186 2.00E+00 » 73000 » 7300 » 2700 »  IE+06 160000 w
Fosetyl-al 39148248 3.00E+00 « 110000 11000 » 4100 v 1E+06 » 230000
Furan 110009| 1.00E-03 3w 37w 140 2000 w 78
Furazolidone 67458 3.80E+00 w 0018 ¢ 00016 ¢ 0.00083 ¢ 15 ¢ 0.17 ¢
Furfural 98011 3.00E-03 + 1.43E-02 a 110 w 2w 41n 6100w 230 o
Furium 531828 5.00E+0] n 00013 ¢ 0.00013 ¢ 0.00006 c 011 ¢ 0.013 ¢
Furmecyclox 60568050 3.00E-02 1 22 ¢ 021 ¢ 011 ¢ 190 ¢ 21 ¢ -
Glufosinate-ammonium 77182822 4.00B-04 4 : 15w 1.5 n 054 w 820 w 3 N
Glycidaldehyde 765344 4.00E-04 +  2.86E-04 u 15 u I 054w 820 u 31 x
Glyphosate 1071836 1.00E-01 4 3700 w 370 w 140 v 200000 v 7800 »
aloxyfop-methyl 69806402] S.00E-05 » 1.8 w 0.18 w 0.068 w 100 « 39 M
1larmony 79217273 1.30E-02 , 470 47w 18w 27000 w 1000

“|1IC11 (alpha) 319846 6.30G+00 1+ 6.30E+00 , 0.011 ¢ 000099 c 00005c 09l c 0.1 ¢ 09¢ 0.0004 ¢
1ICH (beta) 319857 1.80E+00 1+ 1.80E+00 0037 ¢ 00035c 0.0018 ¢ 32¢ 035 ¢ 16 ¢ 0.002 ¢
HCII (gamma) Lindane 58899 3.00E-04 » 1.30E400 » 0052 c 00048 c 00024 c 44 c 0.49 ¢ 12¢ 0.006 ¢
HCll-lechnical 608731 1.80E+00 1+  1.79E+00 0037c¢  00035c 00018 ¢ 32 ¢ 035 ¢
Heptachlor 76448| S.00E-04 4.50E+00 + 4.55E+00 , (X1 0002 ¢ 00014c 00007 c 1iec 0.14 ¢ 03¢ 0.06 ¢
Heptachlor epoxide 1024573| 1.30B-05 : 9.10E+00 1+ 9.10E+00 (X 0.0012 ¢ 0.00069 ¢ 0.00035 ¢ 063 ¢ 0.07 ¢ e 003 ¢
llexabromobenzene 87821 2.00E-03 . ® 12 n 73w 27w 4100 w 160 »

Hiexachlorobenzene 118741] 8.00E-04 , 1.60E+00 +  1.61E+00 (R 0.0066 ¢ 0.0039 ¢ 0.002 ¢ 36 ¢ 04 c e 08¢
Ilexachiorobutadiene 87683 2.00E-04 « 7.80B-02 y 7.70E-02 . (R 0.14 c 0.081 ¢ 0.04 ¢ N 82¢c 1 0.1 ¢
llexachlorocyclopentadiene 77474] 7.00E03 1  2.00E-05 u ® 015w 0073 n 9.5 % 14000 n 550 u 2¢ 10
l1exachlorodibenzo-p-dioxin mixture 19408743 ' 6.20E103 » 4.55E103 4 0.00001 ¢ . 1E-06 ¢ SE-07 ¢ 0.0009 ¢ 0.000% ¢
Hexachloroethane 67721 1.00E-03 i 1.40E-02 1+ 1.40B-02 «[® 0.75 ¢ 0.45 ¢ 023 ¢ 410 ¢ 46 ¢ 49 ¢ 0.2¢
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Sources: 1=IRIS 1I=IIEAST A=IIEAST alternate W=Withdrawn from IRIS or 1IEAST Basis : C=carcinogenlc effects N=noncarcinogenic effects E=EPA draft Soil Screening Level
E=EPA-NCEA Regional Support provisional value  O=0Other EPA documents. S=soll saturation concentration M=EPAMCL. '
Risk-Based Cancentrations Soil Screening evels-
v Tap Ambiont Soil Ingestion T'ransfers from Soil to:
- | _RfDo_ RIDi CPSo CPSi  |O| - Water Air Fish _ |Industrial |Residential|  Air Groundwalter
Contaminant CAS | mp/kg/d | mg/kp/d | kgd/mg | kpd/mg |C| pe/L pg/m3 mg/kg mg/kg mg/kg mg/kg mg/kg
Methamidophos 10265926 5.00E-05 1.8 n 0.18 o 0.068 » 100 394
Methanol 67561] 5.00E-01 4 18000 w 1800 680 n  1EH06 n 39000
Methidathion 950378 1.00E-03 ) 7w 37w 1.4n 2000 w 18 w
Methomy! 16752775| 2.50E-02 s 910 u 9l n 34n 51000 u 2000 w . c }
Methoxychlor 72435| 5.00E-03 , 180 u 18 6.8 n. 10000 u 390 o s 671
2-Methoxyethanol acetate 110496| 2.00E-03 4 7w 73w 27. 4100 160 w
2-Methoxyethanol 109864| 1.00E-03 w S.71E-03 4 7w 2l tdwu 2000 & 78 n
2-Mcthoxy-5-nitroaniline 99592 4.60E-02 1.5 ¢ 0.14 ¢ 0.069 c 120 ¢ 14 ¢
Methyl acetate 79209 1.00E+00 u 37000 » 3700 & 1400 v IE106 n 78000 |
Melhyl acrylate 96333 3.00E-02 a 1100 » 1o~ 41n 61000 n 2300 »
2-Methylanitine hydrochloride 636215 1.80E-01 u 037 ¢ 0.035 ¢ 0018 ¢ R2¢c 35 ¢
2-Methylaniline 95534 2.40E-01 w 0.28 ¢ 0.026 ¢ 0.013 ¢’ 2 ¢ 27 ¢
Methyl chlorocarbonate 79221 1.00E+00 w 37000 » 3700 w 1400 v 1E+06 n 78000 w
4-(2-Methyl-4-chlorophenoxy) butyric acid 94815| 1.00E-02 370 w 7w 14 20000 n 780 o
2-Methyl-4-chlorophenoxyacetic acid 94746| 5.00E-04 4 18 » 1.8 n 068 n 1000 n 39
2-(2-Methyl-14-chlorophenoxy)propionic acid 93652 1.00E-03 4 7w 37w 145 2000 « 78 w
Methylcyclohexane 108872 8.57E-01 u 31000 » 3100 » 60 s 1500 »
Methylene bromide 74953 | 1.00E-02 a 1] 61 n 3w 14w 20000 n 780 w .
Methylene chloride 75092| 6.00E-02 4+ 8.57B-01 n 7.505-03 1« [.64E-03 /(& 4lc 38 ¢ 042 ¢ 760 ¢ 85 ¢ Te 001 ¢
4,4'-Methylene bis(2-chloroaniline) 101144 7.00E-04 u 1.30E01 v 1.30EOl 0.52 ¢ 0048 ¢ 0024 ¢ 44 ¢ 49 ¢
4,4'-Mcthylencbisbenzeneamine 101779 2.50E-01 w 027 ¢ 0.025 c 0.013 ¢ ¢ 26 ¢
4,4'-Methylenc bis(N,N'-dimethyl)aniline 101611 4.60E-02 1 15 ¢ 0.14 ¢ 0.069 ¢ 120 ¢ 14 ¢ y !
4,4'-Methylenediphenyl isocyanate 101688 S.TME-06 1 = 0.035 n 0.021 w ’
Methy! ethyl ketone 78933| 6.00B-01 + 2.86E-01 « ® 1900 w 1000 810 n IE+06 n 47000
Methyl hydrazine 60344 1.10B+00 w 0061 ¢ 00057 ¢  0.0029 ¢ $2c 0.58 ¢
Methyl isobutyl ketone 108101 B.00E-02 n 2.29E-02 a 2900 » 84 w 110 n 160000 v . 6300 u
Methyl methacrylate 80626| B8.00E-02 u 2900 n 290 u 110 n 160000 n 6300 n
2-Mcthyl-5-nitroaniline 99558 3.30E-02 o . 2c¢ 0.19 ¢ 0.096 ¢ 170 ¢ 19 ¢
Me[hyl paralhion 298000] 2.50C-04 9.1 n 091 n 034 N 510w 20 o 28 a .0.0“ |
2-Methylphenol (o-cresol) 95487| 5.00E-02 4 1800 n 180 » 68 « 100000 3900 12000 s 6«
3-Methylpheno! (m-cresol) 103394 S5.00E-02 . 1800 w 180 w 68 n 100000 w 3900 «
4-Melthylpheno! (p<cresol) 106445| S.00E-03 » 180 n 18 w - 68w 10000 390 o
Methyl styrene (mixture) 25013154 6.00E-03 4 1.14E-02 » X 60 » 2w 81w 12000 w 470 W 100 » 1
Methyl styrenc (alpha) 98839 7.00E-02 a m 430 N 260 u 95 u 140000 5500 88s 1.5 w
Methy! tertbutyl ether (MTBE) 1634044 S.00E-03 ¢ 8.57E-01 4 = 180 u 3100 N 6.8 5 10000 n 390 u
Mctolaclor (Dual) 51218452| 1.505-01 » 5500 550 n 200 v 310000 12000
Metribuzin 21087649 2.505-02 4 910 n 9w 34w 51000 w 2000 «
Mirex 2385855| 2.00E-04 » 1.80E+00 w 0037 c- 00035¢  0.0018 ¢ 32¢ 035 ¢
Molinate 2212671] 2.00E-03 4 7w 23w 275 4100 w 160 o
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A Ragion Il Risk-Based Concentrations: R.L. Smilh (10/04/95) 18
Sources: 1=IRIS H=UHEAST A=HEASTaliernate W=Withdrawn from IRIS or IEAST Basls : C=carcinogenic effects N=noncarcinogenic effects E=EPA draft Soll Screening Level |

E=EPA-NCEA Regional Suppont provisional value  O=Other EPA documents, 8=so0il saturation concentration M=EPA MCL.
' Risk-Based Concentrations Soil Screening .evels-
) V|  Tep - | Amblent Soil Ingestion Transfers from Soil to:
RfDo RIDi CPSo cpsi_ o] water: | Alr . Fish _ |lndustria}[Residential|  Air [ Groundwater
Conlaminant CAS | wp/ke/d | mg/ke/d kg-d/mg | kgd/mg IC| pg/l pg/m3 mg/kg mg/kg mgkg | mgkg me/kg
Oxadiazon 19666309 5.00B-03 180 u 18 n 68 n 10000 390 «
Oxamyl 23135220| 2.50B-02 , 910 » 9l w 34w 51000 0 2000
Oxyfluorfen 42874033] 3.00E-03 « 10w Th 41w 6100 « * 230 «
Paclobutrazol 76738620| 1.30E-02 » 470 » 4w 18w 27000 1000 o .
‘|Paraquat 1910425( 4.50E-03 , 160 » 16 618" 9200w - 350 o
Parathion 56382] 6.00B-03 n 220 w 2. 8.1 v 12000 n 470 » 110 s 319 M
Pebulate 1114712 5.00E-02 1800 w 180 68 w 100000 w 3900 »
Pendimethalin 40487421 4.00E-02 1500 w 150 w S48 82000 w 3100 w
Pentabromo-6-chloro cyclohexane 87843 2.30E-02 29¢ 027 ¢ 0.14 ¢ 250 ¢ 28 «
Pentabromodiphenyl ether 32534819| 2.00E-03 B 13w 27w 4100 160
Pentachlorobenzene 608935| B8.00B-04 « = 49 n 29w LIw 1600 w 63 570 48w
Pentachloronitrobenzene 82688 3.00B-03 . 2.60E-01 X 0,041 ¢ 0.024 ¢ 0.012 ¢ 22 ¢ 25 ¢ ]
Pentachlorophenol 87865| 3.00E-02 « 1.20E-01 - 0.56 ¢ 0.052 ¢ 0.026 ¢ 48 ¢ 5.3 d 19 ¢ 0.2 ¢
Permethein 52645531 5.00E-02 1800 » 180 68 n 100000 » 3900 o
"|Phenmedipham 13684634 | 2.50E-01 4 9100 » 910 » 340w 510000 » 20000 M
Phenol 108952 6.00E-01 22000 » 2200 u 810w IB106 w 47000 »f 21000 s 49 ¢
m-Phenylenediamine 108452| 6.00E-03 4 220 w 22w 8.1n 12000 » 470 w
-|p-Phenylenediamine 106503| 1.90E-01 » 6900 » 690 u 260 w 390000 » 15000
Phenylmercuric acetate 62384| 8.00B-05 1 29w 029w 001w 160 w 6.3 u
2-Phenylphenol 90437 1.94E-03 » 35¢ 32¢ 1.6¢c 3000 c 330 ¢
Phormate 298022| 2.00E-04 v AN 0.7 n 0.27 w 410 w 16 w
Phosmet 732116 2.00E-02 . 730 w 3w 27w 41000 1600 »
**Phosphine 7803512 3.00E-04 + B.S7E-05 w 11w 031 » 041 » 610 » 23 W
* *Phosphoric acid 7664382 . v 2.86E-03 100 » 10 »
Phosphorus (white) 7723140 2.00B-05 0.73 » 0.073 0.027 n 4w 1.6 N
p-Phthalic acid 100210| 1.00E+00 u 37000 » 3700 » 1400 v IL406 w 78000
I’hthalic anhydride "85449| 2.00E100 1 3.43E-02 4w 73000 n 130 w 2700 v 1E+06 v 1660000 w
Picloram 1918021 7.00E-02 1 2600 w 260 95 w 140000 « 5500
" |Pirimiphos-methyl 29232937 1.00B-02 . 370 w 37w 14n 20000 w 780 n
Polybrominated biphenyls 7.00E-06 8.90E100 & 0.0076 ¢ 0.0007 ¢ 0.00035 ¢ 0.64 c 0.072 ¢
Polychlorinated biphenyls (PCBs) 1336363 7.70E+00 » 0.0087 ¢ 0.00081 ¢  0.0004! ¢ 074 ¢ 0.083 ¢
Aroclor 1016 12674112 7.00E-05 1 26w 026 » 0.095 » 140 w 5.5 w
Aroclor 1254 11097691] 2.00E-05 0.73 » 0.073 n 0.027 41 N 1.6 n
Polychlorinated terphenyls (PCTs) 4.50B400 ¢ 0015¢c¢  00014c  0.0007 ¢ 13 ¢ 0.14 ¢
Polynuclear aromatic hydrocarbons 110000 s ‘
_Acenaphthene 83329| 6.00C-02 1 2200 » 220 w 81 n 120000 » 4700 » 120 s 200 ¢
Aunthracene 120827 3.00E-01 « . 11000 w 1100 » 410 » 610000 w 23000 | 68 s 4300 «
Benz[a]anthracene. 56553 7.30E-00 ¢ 6.10E-0l ¢ 0.092 ¢ 001 ¢ 0.0043 ¢ 18 ¢ 088 c 27 s 0.7¢
Benzo|b]fluoranthene 205992 7.30E-01 ¢ 6.10E-01 ¢ 0.092 ¢ 00l c 00043 c 78 ¢ 0.88 ¢ 23 s 4¢
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EFPA Region Il Risk-Based Concentlralions: R.L. Smith (10/04/95) 20
Sources: 1=IRIS 11=11EAST A=UHEAST ulternate W=Withdrawn from IRIS or IIEAST Basis : C=carcinogenic effects N=noncarcinogenic effects E=EPA draft Soil Screening Level
E=EPA-NCEA Regional Support provisional value O=0Other EP’4 doc Is. S=s0ll saturation concentration M=EPA MCL. ,
: ' ___Risk-Dased Concentrations Soil Screening Levels-
.. |Vl Tep- | Amblent | Soil Ingestlon Transfers from Soil to:
| RiDo RIDi |. CPSo CrPSi |O|  Water CAlr Fish - |Industdal |Residential]  Air : | Groundwater
Contaminant . CAS " | wphke/d | mp/ke/d | kp'dmg | kgdimg {C| pp/L: | pg/m3 - | wpkg | mpkp [ mghg | mpkg mg/kg
Silver and compounds 7440224 5.00E-03 4 180 » 18 w 6.8 w 10000 390
Simazine . 122349 5.00E-03 1.20E-01 w 0.56 ¢ 0.052 ¢ 0.026 ¢ 48 c 53 ¢
Sodium azide 26628228| 4.00E-03 . 150 w 15w 548 8200w 310 o
Sodium diethyldithiocarbamate 148185| 3.00E-02 . 2.70E-01 025 ¢ 0.023 ¢ 0012 ¢ 2l ¢ 24 ¢
Sodium fluoroacetate 62748 2.00E-05 073w 0.073 & 0027w - 4l w 1.6 n
Sodium metavanadate 13718268] 1.00E-03 u 3w 37w 146 2000 W 78 w
Strontium, stable 7440246 6.00E-01 22000 » 2200 » 810 n  IE106 » 47000 o T
Strychnine 57249( 3.00E-04 . ) 1w Rt 041 610 n 23 o
Styrene 100425| 2.00B-01 2.86E-01 . = 1600 & 1000 » 270 »_ 410000 u 16000 » 1400 ¢ 2
Systhaue 88671890 2.50E-02 4 ' . 210 n 91w 34w 51000 n 2000 »
2,3,7,8-TCDD (dioxin) ' 1746016 156405 w  1.16E105 4E07c¢  SE08 ¢ ¢ A4BO0Sc 4E-06 ¢
Tebuthiuron 34014181 7.008-02 4 2600 » 260 w 95 5 140000 » 5500 o
Temephos 3383968| 2.00E-02 w , 730 » Nw 27w 41000 w 1600 n
Terbacil 5902512| 1.30E-02 4 470 » 47 » 18w 27000 w 1000 »
Terbufos 13071799] 2.50E-05 w 0.91 » 0.091 u 0.034 51w 2m
Terbutryn 886500{ 1.00B-03 » 7w 37w 1.4% 2000 w 78 w
t,2,4,5-Tetrachlorobenzene 95943 3.00£-04 4 = 1.8 w Llw 041 610 N 23 u 9w - 0.69
1,1,1,2-Tetrachloroethane 630206 3.00E-02 » 2.60B-02 +  2.59B-02 «[R 041 c 024 ¢ 012 ¢ 220 ¢ 25 ¢
1,1.2,2-Tetrachloroethane 79345 2.00E-01 » 2.03E-01 11|  0.052¢ 0031 ¢ 0.016 ¢ 29 ¢ 32¢ 04 ¢ 0.001 ¢
Tetrachloroethylene (PCE) 127184 1.00E-02 5.20E-02¢ 203E-03¢}X .1 ¢ Il e 0.061 ¢ 110 ¢ 12 ¢ e 0.04 ¢
2,3,4,6-Tetrachlorophenol 58902| 3.00E-02 , 1100 x 110 » 41 % . 61000 & 2300 » ‘
p.8,a,8-Tetrachlorotoluene 5216251 2.00E+01 w ]| 0.00053 c 000031 ¢ 0.00016 c 029 ¢ 0.032 ¢
Tetrachlorovinphos 961115| 3.00B-02 , 2.40E-02 u 28 ¢ 0.26 ¢ 013 ¢ 240 ¢ 27 ¢
Tetraethyldithiopyrophosphate 3689245] 5.00E-04 . 18 N 1.8 n 0.68 » 1000 w 39w :
Tetracthyl lead 78002| 1.00E-07 4 0.0037 v 0.00037 & 0.00014 » 02w 00078 s 0.00068 w 0.000034 »
*¢],1,1,2-Tetrafluoroethane 811972 1 2.29E+01 m 140000 84000 »
Thallic oxide 1314325| 7.00E-05 w 26w 0.26 w 0.095 u 140 w 5.5 M
Thallium : 04«
Thallium acetate 563688 9.00E-05 . 13w 0.33 0.12 5 180 7w
Thalliu carbonate 6533739| 8.00B-05 » 2.9 u 0.29 w 011 » 160 w 63w
Thallium chloride 7791120| 8.00B-05 29w 0.29 w 011w 160 w 63 n
Thallium nitrate 10102451 9.00E-05 1 33w 033 u 012w 180 n 7
Thallium selenite ‘ 12039520] 9.00B-05 w 3.3 w 033 » 0.12 » 180 w 7w
Thallium sulfate 7446186 | 8.00B-05 4 29 » 0.29 w 011w 160 6.3
Thiobencarb ) 28249776 1.00E-02 + 370 » M u 144 20000 u 780 w
2-(Thiocyano'melhyllhio)~benmlhiawle 21564170 3.00E-02 1100 110w 41 5 61000 w 2300
Thiofanox 39196184| 3.00E-04 u 1w Llw 041 N 610 w 23 »
Thiophanate-methyl 23564058 8.00B-02 4 29008 - 290w 110 » 160000 w 6300 »
Thiram 137268| 5.00E-03 4 180 » 18w 6.8 n 10000 w 390
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Sources: 1=IRIS H=1IEAST A=HEAST altermate W=Withdrawn from IRIS or HEAST Basls : C=carcinogenic effects N=noncarcinogenic ¢ffects E=EPA draft Soil Screening Level
E=EPA-NCEA Reglonal Support provisional value  O=0Other EPA documents. S=soll saturation concentration  M=EPA MCL.
Risk-Based Concentrations Soil Screening Levels-
. |Y| Tap | Ambient | - Soil Ingestion Transfers from Sail to:
RMo RIDi CPSo CPSl O Water . Alr “Fish _ |Industrial | Residential Air Groundwater
Contaminant CAS | wghkp/d | mp/kg/d | kgd/mg | kpd/mg |C| g/l pg/m3 | wmghke | mpk mg/kg mg/kp mg/kg
Vanadium sulfate 36907423 2.00E-02 730 W 7w 27w 41000 » 1600
Vemam 1929777 1.00£-03 37w 37w 14w 2000 w 78 n
Vinclozolin 50471448| 2.500-02 910 » 91 u 3w 51000 2000 » _
Vinyl acelate 108054 1.00B400 » S.718-02 37000 » 210 1400 »  1E+06 w 78000 370 € 8
Vinyl bromide 593602 8.57E-04 ) 14 52w E ' 2w 0.018 »
Vinyl chloride 75014 1.908+00 v 3.00B-01 uiRl 0.019 ¢ 0021 c 00017 ¢ 3c 0.34 ¢ 0.002 ¢ 0.01 ¢
Warfarin 81812| 3.00E-04 4 U« 1w 04l w 610 n 23 0.046 1800
m-Xylene 108323| 2.00E+00 u 2.00E-01 w i) 1400 » 730 w 2700 w  1E+06 w 160000 W 950 s 240
o-Xylene 9.55E+04| 2.00E+00 w  2.00E-01 w {hd] 1400 » 730 » 2700 v 1E$06 » 160000 730 » 1.50E+02 o
p-Xylene 1.06E+05 8.578-02 w X 520 w 30 » . 1000 » 2.20E+02 o
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DERIVATION OF CONSTRUCTION WORKER SOIL INGESTION
SCREENING CONCENTRATION

The construction worker soil ingestion screening concentration has been derived using the
same basic approach as the industrial soil screening value, except that a construction
worker soil ingestion rate has been utilized and a one year exposure duration was assumed
for construction activities related to site redevelopment. A target hazard quotient of 1 is
the basis of the screening concentration. Since a one year exposure is considered a
subchronic exposure scenario, a subchronic Reference Dose (RfD) for mercury has been
employed. However, the conservative screening value is based on the subchronic RfD for
methyl mercury (0.0001 mg/kg/day), the mercury species with the lowest RfD. The
USEPA has adopted the chronic RfD as the subchronic RfD as well. The calculation of

the soil ingestion screening concentration for the construction worker is shown in Table
B-1.

The construction worker soil ingestion rate (118 mg soil per day) has been calculated
based on a series of assumptions previously made by the USEPA. The soil ingestion rate
represents a recalculation of work previously conducted by Hawley, with an updated skin
soil adherence rate. The soil ingestion rate has been calculated as follows. Hawley has
assumed that an adult working outdoors ingests twice daily a quantity of soil
corresponding to one-half the covering of the inside surface of the fingers and thumbs of
both hands. According to USEPA (1992), the inside surface of the fingers and thumbs of
both hands is 14% of the surface area of the hands or 118 cm”and the upper bound
estimate of soil adherence rate is 1.0 mg/cm”. Based on this information, the daily soi)
intake rate is: 2 x 0.5 (118 cm* ) x 1.0 mg soil/cm2 = 118 mg soil / day.

Hawley, J.K., 1985. Assessment of Health Risk from Exposure to Contaminated Soil,
Risk Analysis, Vol.
5, No. 4, pp.289-302.

USEPA, 1992. Dermal Exposure Assessment: Principles and Applications, Interim
Report, EPA/600/8-91/011B, January
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TABLE B-1 - DERIVATION OF CONSTRUCTION WORKER SOIL INGESTION SCREENING CONCENTRATION

CONSTRUCTION WORKER SCENARIO UNITS VALUE
SOIL INGESTION RATE MG/DAY 118
FREQUENCY OF EXPOSURE DAYS/WK 9
DURATION OF EXPOSURE WEEKS 50
FRACTION OF SOIL INGESTION AT SITE NA 05
BODYWEIGHT KG 70
RELATIVE ABSORPTION FACTOR NA 1
UNITS CONVERSION FACTOR (CF1) KG/IMG 1.00E-06
UNITS CONVERSION FACTOR (CF2) DAY/WK 7.00E+00
ORAL RD MG/KG/DAY 1.00E-04 METHYL MERCURY
TARGET HAZARD INDEX NA 1.00E+00
TARGET CONCENTRATION (SOIL INGESTION) MG/KG 166

TARGET SOIL CONC (INGESTION ONLY) = TARGET HI X RfD X BW X DURATION X CF2 / (SOIL INGESTION RATE X FREQUENCY X DURATION X RELATIVE ABSORPTION FACTOR X FRACTION FROM SITE X CF1)

TABLEB-1.XLS2/14/963:42 PM Page 1
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TECHNICAL BACKGROUND AND RATIONALE

MERCURY SPECIATION

Mercury can occur in soils as elemental mercury in liquid or vapor form, organic mercury
compounds, mercuric chloride, or one of several different mineral species, including
mercuric oxides, carbonates, and sulfides. In general, organic mercury, mercuric chloride,
and elemental mercury in the vapor phase are very soluble and bioavailable, mercuric
oxides and carbonates are less soluble, and liquid elemental mercury and mercuric sulfides
are insoluble and non-bioavailable. Furthermore, mercury speciation may vary with depth
in soils. The chemical form of mercury controls its mobility in the soil, its bioavailability -
when ingested, and its response to specific remedial actions. Therefore, an understanding
of mercury speciation in soils at the Ames Street site will be critical for determining the
bioavailability of mercury, evaluating risk, and selecting appropriate remedial actions.

The importance of mercury speciation can be illustrated with two examples. If a soil
contains only organic mercury compounds, which generally are highly soluble, the mercury
is likely to be highly bioavailable. In addition, a relatively simple technology—such as soil
washing—may be a viable means of remediating the soil. In contrast, if all the mercury is
present as insoluble mercuric sulfide, the bioavailability will be low and will result in a less
stringent site-specific cleanup standard for soil across the site. However, due to the same
physical properties, mercuric sulfide may be more difficult to remove from the soils, and a
more aggressive remedial technology may be required to meet the cleanup standard.

Mercury speciation in soils can be evaluated using three general methods:
B Sequential extractions
B Electron microprobe analysis
B Heavy mineral separations.

Recently, several investigators have focused on developing sequential extraction procedures
to quantitatively evaluate the speciation of mercury in soils (Revis et al. 1989; Miller 1993;
Sakamoto et al. 1992). Application of the procedures of each investigator to the same
samples from Oak Ridge, Tennessee showed mercury occurring predominantly as elemental
mercury and mercuric sulfide minerals (Barnett et al. 1994). However, the relative
proportions of the two species did not agree among procedures, indicating that the
extractions were either not fully effective in removing specific mercury compounds or not
fully specific in extracting individual mercury species. This problem is common to
sequential extraction methods (Belzile et al. 1989). All the extraction techniques gave
similar levels of organic mercury in soils. However, the method of Miller (1993),
developed by the EPA, generally found much less elemental mercury and mercuric sulfide



than the other two extraction procedures. The method of Sakamoto et al. (1992) tended to
have poor recovery for elemental mercury. The method of Revis et al. (1993) showed
higher recoveries of mercuric sulfide and elemental mercury, but it does not include a
procedure for mercuric oxides and carbonates (acid-soluble mercury). Given the drawbacks
of all the methods, a procedure combining the most effective aspects of each is likely to
produce the most reliable results.

Electron microprobe analysis is a mineralogical technique that provides direct visual
evidence of the mercury phases present in soil. The microprobe is used to determine the
distribution of the specific mercury-bearing phases in the soil and can be used to
qualitatively, rather than quantitatively, confirm the visible amounts of these phases.
Microprobe analysis is particularly useful for documenting the morphology and composition
of the metal-bearing grains and photographing these relations. This information can then be
used to assess the bioavailability of the metal in the soil (Davis et al. 1993). The
microprobe technique, however, is not without limitations. It is difficult to quantitatively
determine the entire mass of mercury in the soil, because some phases may be distributed
throughout the soil at low concentrations that are difficult to quantify. Also, it may be
difficult to detect mercury-bearing phases in soils with very low levels of mercury. Finally,
in preparing the samples for microprobe analysis, some of the organic and elemental
mercury may be lost due to volatilization, potentially skewing the results.

Heavy mineral separation of mercury-bearing phases from soil is an additional mineralog-
ical technique to provide information on the distribution of mercury species in the soil.
This technique involves grinding a soil sample and mixing in a high-density liquid such as
methylene iodide (specific gravity 3.325). In this liquid, silicate minerals and organic
materials will float, and heavy mercury-bearing phases will settle out, along with other
heavy minerals. This heavy mineral concentrate can then be analyzed visually, by
microprobe, and by x-ray diffraction to detect mercury-bearing phases. The results of
heavy mineral separations provide visual confirmation of the mercury speciation results.
More importantly, mineral separations provide conclusive evidence of the presence or
absence of significant concentrations of all mercury phases in site soils.



The interpretation of mercury speciation data will focus on determining the internal
consistency and applicability of the sequential extraction results. Total mercury concentra-
tions will be compared to the sum of the individual mercury species determined in each soil.
Also, duplicate analyses will be compared. Speciation results from soils spiked with
known quantities of mercury species will be evaluated to determine the portion of mercury
re-extracted by the speciation procedures. Once the sequential extraction data are analyzed,
these results will be compared to microprobe and heavy mineral separation data, to evaluate
whether the different speciation techniques provide consistent results. If the results are
different, the discrepancies will be evaluated in light of the known limitations of the
analytical methods, to develop a realistic assessment of the distribution of mercury species
in soils from the Ames Street site.

MERCURY BIOAVAILABILITY

In humans, an orally administered dose of a compound is seldom completely absorbed, and
differences in the extent of absorption of orally administered compounds exist among
different exposure media. For most compounds, the toxicity values derived by the U.S.
Environmental Protection Agency (EPA) are not adjusted to absorbed dose (i.e., the dose
response evaluation is based on the administered dose). This procedure can lead to errors in
assessing the risks of exposure to a particular chemical in a medium other than the one used
in the toxicity or epidemiology studies on which the toxicity values are based. For
example, the EPA's oral toxicity value, or reference dose (RfD), for inorganic mercury was
derived from studies in which mercuric chloride dissolved in water was administered to
laboratory animals. Because it is likely that most of the mercury at the Ames Street site is
present in forms that are less soluble than mercuric chloride, absorption of mercury from
ingested site soils will be reduced compared to mercuric chloride. If these differences in
mercury bioavailability are not accounted for, risks associated with ingestion of mercury in
site soils will be overestimated. The adjustment factor to correct for differences in
absorption from different exposure media is termed the bioavailability adjustment factor
(BAF). This fractional value is used to adjust the dose or intake so that it is expressed in
the same terms as the doses used to generate the toxicity values.

Substantial evidence exists that mercury solubility and bioavailability vary with mercury
species. Studies in rodents suggest that 10 to 20 percent of mercuric chloride is absorbed
from single oral doses. Several studies comparing tissue levels in rodents after single or
repeated doses of mercuric chloride and mercuric sulfide have concluded that mercuric
sulfide is very poorly absorbed. In 1993, the EPA reviewed available studies on the
toxicity and bioavailability of mercuric sulfide in response to a petition for a provisional
mercuric sulfide reference dose for an Oak Ridge, Tennessee, site. At that time, the EPA
concluded that insufficient information was available to derive a separate RfD for mercuric
sulfide, but they did note that comparison of relative tissue levels of mercury in animal
studies suggested that mercuric sulfide was 30 to 80 times less bioavailable than mercuric
chloride. Thus, a relative BAF of 1/30 to 1/80 (0.03-0.01) may be appropriate when



applying toxicity values for mercuric chloride to mercuric sulfide. Little or no information
is available on the oral absorption of other mercury compounds or elemental mercury
relative to mercuric chloride; however, other mercury species are likely to be more
bioavailable than mercuric sulfide. The bioavailability of mercury species in soil may be
further reduced due to interactions with soil constituents. Thus, site-specific BAFs will
vary, depending on the mix of mercury species present at the site and the composition of
other soil constituents. Because a variety of mercury species may be present in soils at the
Ames Street site, site-specific mercury BAF(s) will be determined based on a study of site
soil samples.

For the purpose of this study, bioaccessible mercury is defined as the fraction of mercury
that is soluble in the gastrointestinal (GI) tract and is available for absorption, while
bioavailability is defined as the fraction of mercury that is absorbed into the bloodstream.
Because mercury in soil must be solubilized in order to become bioavailable, mercury
bioaccessibility is a precursor to, and provides an upper-bound estimate of, mercury
bioavailability.

The PTI in vitro test has been utilized to assay the bioavailability of lead and arsenic in
soils, and has been validated in several animal models (Ruby et al. 1993, 1995; Appendix
A, Attachment D). For this study, the standard PTI in vizro test has been modified to
provide a test system appropriate for mercury bioaccessibility evaluation (see Methodology
section, below).

In vitro assays similar to the PTI test have been employed at several other sites to estimate
site-specific bioavailability of mercury in soil. At the Almaden Quick Silver County Park
in Los Gatos, California, the form of mercury present in site soils, which resulted from
mining and ore processing (predominantly mercuric sulfide), was experimentally measured
to be from 0.03 to 9.4 percent as soluble as mercuric chloride, in a simulated gastrointes-
tinal environment (CDM 1992). The Los Gatos site samples were tested using a leaching
procedure designed to emulate the human gastrointestinal system. Two-hundred milligrams
(mg) of sample (sieved to <2 mm) was added to 480 milliliters (mL) of a pH-2.5 solution
of dilute hydrochloric acid (HCI) in 500-mL bottles, and the bottles were agitated for 4
hours to simulate conditions in the human stomach. The human intestine was emulated by
adjusting the pH of the solution to 6.5 using sodium hydroxide, and agitating for an
additional 4 hours. At the end of the simulated stomach and intestinal phases, aliquots of
the solutions were filtered (0.45 um) and analyzed for their mercury content. Based on the
results of this in vitro assay, the Santa Clara County Parks and Recreation Department and
California state regulatory authorities agreed to use a BAF of 0.3 for the Los Gatos site.

An in vitro procedure nearly identical to the one above was used to evaluate the solubility of
mercury in soil samples collected at Oak Ridge National Laboratory in Tennessee (Bamett
and Tumer 1995). The experimental procedure was altered in that the soil samples were
pulverized after sieving, and only the <180-pm size fraction was subjected to the leaching
procedure. For 19 of the 20 samples, the mercury in soils was determined to be from 0.3



to 14.2 percent soluble (average of 3.2 percent). One sample, the only sample with
detectable mercury vapor in the sample headspace, contained 45.9 percent soluble mercury
by this in vitro method. Mercuric chloride was determined to be 100 percent soluble in the
in vitro test system. Based on these analyses, the EPA accepted a site-specific BAF of 0.1
for mercury in soils (DOE 1995).



METHODOLOGY

OVERVIEW

Mercury speciation analysis will be conducted on selected soil samples to determine the
forms of mercury present. The speciation data will indicate the predicted solubility of
mercury in the soil samples and will provide a mechanistic explanation for the estimated
bioavailability of mercury from the Ames Street site soils. An in virro test that replicates
human gastrointestinal tract chemistry and function will be performed on selected samples
following speciation to determine the fraction of mercury in soil samples that is soluble and
available for absorption in the gastrointestinal tract (i.e., the fraction that is bioaccessible).
Because the bioaccessible fraction of mercury provides an upper-bound estimate on the
bioavailability of ingested mercury, the in virro test data for the Ames Street site soil
samples can be used to develop conservative site-specific BAF(s). The resulting BAF(s)
can then be used to adjust the soil mercury intake estimates and to develop revised site-
specific soil remediation goals.

MERCURY SPECIATION ANALYSIS

As described above, both sequential extractions and mineralogical techniques for
determining the speciation of mercury in soils are not without limitations. In order to
address these limitations, PTI will conduct a coupled study of mercury speciation that
combines sequential extractions and mineralogical techniques. The use of more than one
method will allow for data cross-checking and validation, which will increase the reliability
of study results. Also, the combined approach will allow for better quantification of
mercury species distribution, especially organic and elemental mercury in soils, and the
mineralogical photographs will provide visual evidence of mercury distribution.

Total mercury concentrations will be measured in all of the soil samples. Speciation
analysis will then be conducted on selected samples with total mercury concentration > 10
mg/kg. Prior to speciation analysis, mercury in the headspace of the sample bottles will be
determined in the laboratory at room temperature using a Jerome mercury vapor analyzer,
Model 431X. Speciation analysis will be performed on dry samples. Because of the
volatile nature of mercury, the samples will be air dried at room temperature, instead of
oven dried. The speciation analysis will first be performed using a sequential extraction
procedure, whereby samples are extracted with chloroform to analyze for organic mercury,
and then treated with 0.1 M H,SO, to extract mercuric oxide and carbonate minerals. The
remaining sample will be analyzed for total mercury (i.e., elemental mercury + mercuric
sulfide) and then heated to extract elemental mercury. Mercuric sulfide will be the
concentration of total mercury left after heating. Elemental mercury will be determined by
subtracting the mercuric sulfide concentration from the total mercury concentration prior to



heating. In addition to the sequential extractions, speciation will be determined by
microprobe and heavy mineral separations. These results will provide corroborative visual
evidence of various mercury phases in site soils. Quality assurance and quality control
(QA/QC) procedures will be implemented, including collection and analysis of sample
duplicates, spiked soils, and sample blanks. The results of the various mercury speciation
studies will be used to identify samples for further in virro studies to assess mercury
bioavailability.

IN VITRO BIOAVAILABILITY TESTING

The in vitro procedure is described in detail in the SAP (Appendix A). Extracts from the in
vitro procedure will be submitted to Columbia Analytical Services (Kelso, Washington) for
mercury analysis. Analytical methods and laboratory quality assurance measures are de-
scribed below. The in vitro test results for selected Ames Street site samples will be used to
develop a site-specific BAF for mercury, based on the average fraction of mercury
solubilized from the soils, corrected for recovery of mercuric chloride in the assay.
Multiple BAFs may be developed for different areas of the site or different mercury forms
in soil, based on the speciation data, if the testing results support this approach to data
interpretation.

QA/QC procedures will be implemented by spiking two stomach solution samples. Instead
of adding a soil sample to the reaction vessel, a known amount of an aqueous solution of
reagent-grade mercuric chloride (HgCl,) will be added as a spike. The QA/QC procedure
will then follow the in virro test method as described in the SAP (Appendix A). The
samples will be spiked with a low concentration of HgCl,, relative to total soil mercury
concentrations. The duplicate spike solutions will be evaluated to determine recovery of
mercuric chloride in the in virro test.



MERCURY SPECIATION ANALYSIS

SAMPLE PREPARATION

Based on the total mercury results, samples will be selected from locations at the Ames
Street site for speciation analysis. The samples selected must contain enough mercury (i.e.,
> 10 mg/kg) to perform the speciation analyses and to quantify the spatial distribution of
mercury in Ames Street site soil. Speciation will be performed to determine organic
mercury, mercury oxide, elemental mercury, and mercuric sulfide. Personnel at the PTI
laboratory in Boulder, Colorado will perform the sequential extractions.

MERCURY VAPOR ANALYSIS

To measure the headspace mercury in the 16-oz soil sampling bottles, attach the Jerome
Model 431X mercury vapor analyzer to the septum. If the Jerome Model 431X mercury
vapor analyzer reads the upper detection limit of 1 mg/m3, then a Jerome Dilution Module
can be used. This device will dilute the headspace mercury so that a percentage of mercury
vapor can be detected. After reading the headspace mercury, the samples will be air dried.

SPECIATION EXTRACTION METHODS

The methods of Revis et al. (1989) and Sakamoto et al. (1992) will be followed for the
extraction of mercury species from the Ames Street site soils. Modifications have been
made to both procedures in order to combine the two methods.

The PTI laboratory will be set up to perform extractions of mercury species. All
procedures will be performed under a vapor hood. Sample extracts for each mercury
species will be sent to Columbia Analytical Services (CAS) for mercury analyses.




Organic Mercury and Acid-Soluble Mercury

Sakamoto et al. (1992) developed a method for differential determination of organic
mercury and acid-soluble mercury, which includes mercury(I) oxide, mercury(IT) oxide,
mercury carbonates, and mercuric chloride, based on the successive extraction of these
- mercury compounds with chloroform and sulfuric acid. The mercury in each extract is
determined by cold vapor atomic adsorption spectroscopy (CVAAS).

- The method for extracting organic mercury from soils is as follows:

B Place 20 mL of chloroform and 1-5 g of sediment sample in a 50-mL glass
- centrifuge tube

B Stopper the tube and shake in a shaker for 2 minutes

B Centrifuge at 3000 rpm for 2 minutes

B Transfer the chloroform phase into a separatory funnel
- B Repeat the extraction with another 20 mL of chloroform

B Add 3 mL of 0.01 M sodium thiosulfate solution to the combined chloroform
extract in the separatory funnel and shake for 2 minutes

B Send the aqueous solution to CAS to determine the mercury concentration by
CVAAS.

The method for extracting acid-soluble mercury from soils is as follows:

B After completion of the organic mercury extraction, leave the 50-mL glass
centrifuge tube unstoppered to evaporate the residual chloroform to dryness

B Add 10 mL of 0.1 M sulfuric acid to the residue
B Stopper the centrifuge tube and shake it in the shaker for 2 minutes
B Centrifuge it at 3000 rpm for 2 minutes

B Send the supernatant to CAS to determine the mercury concentration by
CVAAS




B Air dry and save the residue in the centrifuge tube for the elemental mercury
extraction.

Elemental Mercury (Hg’) and Mercuric Sulfide

To separate and determine elemental mercury (Hgo) and mercuric sulfide (HgS), use the
residue remaining after extracting organic mercury and mercury oxide, and follow the
method of Revis et al. (1989):

B Send a residue split to CAS to determine SHg (i.e., Hg® + HgS) using
CVAAS

B Thinly spread a 5-g sample of homogenized residue on a stainless steel tray
/B Place the tray in a continuously aerated oven at 150 °C for 5 days

B Digest the sample with aqua regia acid

B Send the sample to CAS to determine ZHg by CVAAS

B The amount of HgS in the sample is the amount of XHg after roasting.

B The amount of HgO in the sample is the difference between the XHg prior to
roasting and the amount of HgS after roasting.

MICROPROBE ANALYSIS

Polished sample ““pucks” will be prepared at the Laboratory for Geological Studies,
University of Colorado, Boulder, for electron microprobe analysis by embedding 4 grams
of sample in epoxy within a sample mold, setting the mold to cure at room temperature,
and grinding a flat surface on the sample side to expose as much sample as possible.
Successive polishing steps will employ a 600-grit wet/dry abrasive paper stretched across a
glass plate, 15-um and 6-um diamond on a cloth pad fixed to a steel lap, and finally 0.1-
um diamond on a felt pad fixed to a steel lap. All polishing steps will use kerosene to avoid
dissolution of water-soluble Hg phases, and all polishing will be performed at low speeds to
avoid plucking of the sample grains. Finally, sample pucks will be cleaned in an ultrasonic
cleaner with isopropyl alcohol, air dried, and placed in a carbon coater, where a thin layer
of carbon will be sputtered onto the surface of each puck.
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Electron microprobe analysis (EMPA) will also be conducted at the Laboratory for
Geological Studies, University of Colorado, Boulder, on a JEOL 8600 electron microprobe
operating at 15 kV with a 20-nA specimen current and a 1-um beam, according to the
methods described in Attachment C, as adapted for mercury speciation. Quantitative
mineralogic data will be collected using wavelength dispersive spectrometers and mineral
standards, and corrected using Phi Rho Z parameters. The Hg-bearing particles will be
identified using a combination of energy dispersive detection (EDS), wavelength dispersive
detection (WDS), and backscatter electron image detection (BEI). Initially, spectra are
generated for each grain that allow identification of all elements with an atomic mass greater
than or equal to that of carbon. Subsequently, the elemental proportions are quantified
using standards, and the mineral proportions are identified based on the equivalent weight of
the oxide. Therefore, the identifications provide quantitative stoichiometric ratios from
which the mineral identity can be calculated. The relations between Hg-bearing phases will
be established from BEI images and WDS/EDS analyses as necessary. Representative BEI
photomicrographs of identified phases and their associations will be produced, with scale
bar, magnification, sample identification, and phase identification recorded on each
photomicrograph.

Individual Hg-bearing particles will be analyzed (representing one point count each) until a
minimum of 100 particles has been evaluated, or 5 hr of machine time has been spent on
the analysis. Point counts will be made by traversing each sample from left to right and top
to bottom in a grid pattern, with each vertical displacement moving only to the adjacent
field of view. Magnification settings of 40 to 100x and 300 to 600x will be used; the latter
magnification allows analysis of the smallest identifiable (1-2 pum) phases. The grain size
of each Hg carrier will be determined by measuring the dimension of the long axis. Percent
compositions of Hg phases in each sample will be determined by summing the total area of
all Hg grains and dividing the area for each phase by the total area.

HEAVY MINERAL SEPARATIONS

Heavy minerals will be identified in the PTI laboratory in Boulder, Colorado by shaking 5 g
of ground and sieved soil in 100 mL of methylene iodide (specific gravity 3.325) in a
separatory funnel. The samples will be allowed to settle until the liquid clears. The heavy
fraction will be dispensed into a beaker and triple washed with acetone. The heavy fraction
will be collected, then examined and photographed under a binocular microscope. This
heavy fraction will also be analyzed by powder x-ray diffraction at the Laboratory for
Geological Studies, University of Colorado, Boulder. Finally, the heavy mineral fraction
will be analyzed by electron microprobe in a fashion similar to the bulk soil samples.
Results of this visual observation of mercury species in soils will be tabulated and used to
assist in evaluating the sequential extraction mercury speciation.
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ANALYTICAL PROCEDURES

Sample extracts will be shipped on ice under strict chain of custody, in accordance with
SOP-5, to CAS and the PTI laboratory in Boulder, Colorado. Soil samples for total
mercury analysis will be analyzed by CVAAS (Method 7471A, U.S. EPA 1991), which
includes acid digestion. Sample results will be reported on a dry-weight basis. Aqueous-
phase extracts will be analyzed for mercury by a similar CVAAS methodology (Method
7470A, U.S. EPA 1991). Samples also will be analyzed for total sulfides, total carbonates,
and TOC.
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IN VITRO BIOAVAILABILITY TESTING

SAMPLE PREPARATION

Selected soil samples will undergo the in vitro procedure to estimate relative mercury
bioavailability. The samples will be prepared in PTI's Boulder, Colorado laboratory by air
drying and sieving to <250 um. The <250-um size fraction has been selected for this
study because this particle size has been observed to adhere to children's hands, and is the
fraction of soil most likely to be ingested (Duggan and Inskip 1985).

A split of each sieved sample (<250 nm) also will be submitted for determination of total
mercury and sulfur, and total organic carbon (TOC), by the analytical method described
below. ‘

IN VITRO TEST METHOD

The in vitro test is designed to determine the fraction of mercury that is solubilized and
available for absorption in the gastrointestinal tract. Development of the test, and the
rationale for selection of representative parameters, are described in detail in the literature
included in Attachment D. The in vitro method was designed to replicate gastrointestinal-
tract parameters for a human child, including stomach and small intestinal pH and
chemistry, soil-to-solution ratio, stomach mixing, and stomach emptying rate. The method
is implemented in two phases, simulating the passage of ingested soil from the acidic
environment of the stomach to the near-neutral conditions of the small intestine.

Because of the concern for potential loss of volatile mercury from the reaction vessel, the in
vitro test methodology used to estimate the bioavailability of arsenic and lead has been
altered for mercury bioavailability testing. The reaction will be carried out in a sealed
container, to minimize potential loss of volatile mercury. Argon gas will be introduced into
the reaction vessel at the beginning of the in virro assay to purge it of atmospheric oxygen,
to simulate the anoxic conditions present in the gastrointestinal tract. A gold trap will be
placed on the inflowing argon gas to remove mercury from the inflowing gas.
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The in vitro test will be conducted according to the following method (all chemicals from
Sigma Chemical Company, unless otherwise noted):

B Prepare the stomach solution by adding the following compounds to 1 L of
deionized water (stirred continually on a stir plate):

1.25 g pepsin (50 mg, activity of 800-2,500 units/mg)
0.50 g citrate (Fisher Chemical Co.)
0.50 g malate (Aldrich Chemical Co.)

420 uL lactic acid (synthetic syrup 85 percent w/w)
500 pL acetic acid (97 percent w/w; Fisher Chemical Co.).

B Adjust the pH of the stomach solution to 2.5 by adding a measured volume of
concentrated HCL

B Add 150 mL of stomach solution to the 200-mL acrylic reaction vessel (see
Attachment D).

B Sparge the stomach solution with argon for 5 minutes to remove oxygen. |
B Measure the Eh of the stomach solution.

B Sparge the stomach solution with argon for an additional 2 minutes.

B Add 1.5 g of soil and seal the reaction vessel.

B Submerge the reaction vessel approximately half-way into a temperature-con-
trolled water bath heated to maintain a constant 37 °C in the reaction vessel
(Attachment D)

B Allow the soil/stomach solution to stand (no agitation) for 10 minutes.

B Stir the mixture with a plastic propeller stir rod mounted in a rheostat-
controlled motor (Arrow Engineering Model 1750 motor on a rheostat
setting of 2, resulting in approximately 150 rpm for the stir rod).

B Check the pH at 5-minute intervals, and readjust to pH 2.5 with HCI if
necessary.

B Collect 5-mL samples at 30 and 60 minutes, using a stainless-steel hypodermic
syringe to pierce the sampling septum. Centrifuge the 5-mL samples at
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approximately 2500 xg for 25 minutes and decant the supernatant for
analysis.

B At | hour, titrate the solution to pH 7.0 by adding a 5-in length of dialysis
tubing containing approximately 1 g of NaHCO; to each reaction vessel.
The dialysis tubing is added without exposing the reaction vessel to
atmospheric oxygen.

B Allow the pH of the reaction vessel solution to increase slowly to 7.0 +0.2
before removing the dialysis bag.

B Dissolve 260 mg of bile salts and 75 mg of pancreatin in 10 mL of deionized
water and inject the fluid into the reaction vessel through the septum.

B Using a stainless-steel hypodermic syringe, obtain 5 mL of intestinal-phase
sample through the septum at 1.0 and 3.0 hours after the reaction fluid
reaches equilibrium at pH 7. Centrifuge each sample at approximately 2500
xg for 25 minutes and decant the supernatant for analysis.

B Measure and record the concentration of mercury vapor in the headspace of the
reaction flask by connecting a mercury vapor analyzer (Jerome Model 431X)

to the reaction vessel, and opening the sealed sampling septum to allow air
flow through the reaction vessel.

B After the final sample is collected, measure and record the pH and Eh of the
flask contents.

B Measure and record the final volume of the flask contents in a graduated
cylinder.

B Analyze each of the two stomach-phase and the two small-intestinal-phase

samples for mercury concentration, by the analytical method described
below.

IN VITRO TEST SYSTEM EVALUATION

Prior to analyzing samples for the purpose of developing a site-specific bioavailability
adjustment factor (BAF), site soil samples will be evaluated using the irn vitro test to
determine the potential for loss of mercury during the test (e.g., from volatilization, or
mercury adhering to the test cell walls). In a mass balance experiment, two site soil
samples will be tested in triplicate in the assay. The absolute quantity of mercury recovered
in the fluid, solid, and vapor phases from the reaction vessel after the assay is completed
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(analytical procedures described below) will be compared to the quantity of mercury deter-
mined to be present in the soil sample before the in vitro assay (estimated from analysis of a
split of the soil sample), to evaluate recovery of mercury from the test system.

ANALYTICAL PROCEDURES

All in virro test samples will be shipped to CAS under strict chain of custody. Soil samples
for total mercury analysis will be analyzed by CVAAS (Method 7471A, U.S. EPA 1991),
- which includes acid digestion. Sample results will be reported on a dry-weight basis. In

vitro extracts will be analyzed for mercury by a similar CVAAS methodology (Method
7470A, U.S. EPA 1991).
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QUALITY CONTROL PROCEDURES

MERCURY SPECIATION ANALYSIS

Quality Assurance and Quality Control (QA/QC) samples will be collected in accordance
with SOP-6 to provide checks on sample collection and handling procedures, and analytical
accuracy and precision. Field quality control will include field duplicates, external
contamination blanks (ECBs), cross-contamination blanks (CCBs), and standard reference
materials (SRMs). Laboratory quality control will include blank, spike, and duplicate
samples. PTI laboratory control samples will be prepared as specified below.

IN VITRO TESTING

In virro test quality control samples will include two soils that will be run through the
procedure in triplicate. In addition, two in virro tests with a soluble mercury spike will be
performed to evaluate matrix spike recovery. Finally, a blank stomach solution spiked with
a known amount of soluble mercury will be submitted as a blind laboratory control sample.

LABORATORY QUALITY CONTROL

The specific quality control procedures to be performed for the analyses of mercury and
other metals are cited in U.S. EPA (1991). The laboratory quality control samples will
include a preparation blank, laboratory control sample, laboratory duplicate, and matrix
spike sample for each batch of 20 samples or each digestion group, whichever is more

frequent.

For every 20 or fewer samples of a similar matrix analyzed by a particular method, the

laboratory will submit a complete data package containing the following data and supporting
information:

B A cover letter discussing the analytical procedures used and the problems
encountered during sample analysis (if any).

B  Sample log listing the identifying sample numbers and corresponding laboratory
numbers (if applicable) for all samples included in the data package.

B Chain-of-custody forms for all samples included in the data package.

H  Analyte concentrations with reporting units identified.
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The original raw laboratory data, bench sheets, and instrument printouts for all
samples, including all laboratory quality control samples and blanks.

Final dilution volumes, sample sizes, wet-to-dry ratios, and any other informa-
tion—including formulas—tequired to derive the final reported sample
concentration from the raw laboratory data.

Final analytical results, with appropriate concentration units, for all in vitro and
quality control in vitro samples, as well as laboratory quality control samples
when required (i.e., laboratory method blanks, laboratory control samples
[LCSs], and matrix spike samples).

Instrument detection limits for each analyte in each package.

A summary form indicating which method blanks are associated with each
batch of samples for every analysis.

Summarized recovery and/or relative percent difference (RPD) results for all
laboratory quality assurance and quality control (QA/QC) checks, including
all laboratory spike samples, calibration check samples, laboratory duplicate
samples, method blanks, and LCSs for each analysis.

Appropriate laboratory data qualification codes and their definitions.

Summary forms for all initial and continuing instrument calibrations performed
that apply to the project samples in each data package. These summaries
must include the exact concentrations for the calibration standards and the
acceptable linear calibration ranges for each instrument used. Some measure
of the linearity of the initial calibration curve also must be determined and
reported, as specified in the method.
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