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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 fonner 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 concern (AOCs)
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 fonn 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 infonnation 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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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 health.

-
-
-
-
-
-

•
•

SECTION 1

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

-
-
-
-
-
-
-
-
-
-
-
-

The Phase I 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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FIGURE 1-1
SITE LOCATION MAP
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SECTION 2

2.0 SITE HISTORY

The following sections summarize the history of industrial operations at the fonner 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 fonn
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 ENVIRONMENT~ SERVICES, INC.
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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 IT, 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. Allliquid-in-giass

ABB ENVIRONMENTAL SERVICES, INC .
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SECTION 2

instruments, thennometers, 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 thennometer 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 fonnation 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 confinned
by water level measurements made on October 25, 1995 by ABB-ES. According to the
Lozier report, hydraulic conductivities range from 1.6x1o-5 to 8.8xlO-5 centimeters per second
(cm/s) with a geometric mean value of 5.2xlO-5 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 SlJMl\tIARY 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 (ADCs) 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 kilegram (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.

ABB ENVIRONMENTAL SERVICES, INC.
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Discovery of glass shards in the area beneath the fonner 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/l). 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 detennine if the material constituted a
hazardous waste. The results were below the EP Toxicity limits, and apparently no further
sampling was perfonned.

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 detennined 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 fJll

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

ABB ENVIRONMENTAL SERVICES, INC.
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SECTION 3

12 and the fonner 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 fonner Tanks 13/14. The results suggested
the need for further work in some areas and fonned the basis for selection of some of the
AOCs 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 infonnation 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 DEMOLmON (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 fonner Building 49, where hydraulic pistons for the loading docks
apparently leaked oil into the surrounding soil. The second area included apparently VQC
impacted soil around an old brick structure found several feet below grade between fonner
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.

ABB ENVIRONMENTAL SERVICES, INC.

-
G:\T92\KENT_TA Y\PHASEI\FINAL.DOC

3-4
7198-23



-
-
-

SECTION 4

4.0 POTENTIAL AREAS OF CONCERN AND CHEMICALS OF CONCERN

This section presents the Phase I 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 infonnation, historical use infonnation, and previous
environmental analytical data to identify areas of the site that would be most likely to exhibit
impact from historical plant operations. This infonnation, 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:

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

2

3

•

•
•

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

Area number and site description

Historical usage summary based on interviews with current and fonner
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.

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

VISUAL OR SCREENING PLANNED PHASE I
POTENTIAL OVERLYING FLOOR ANALYTICAL EVIDENCE DURING AVAILABLE SOIL ANALYTICAL PHASE I AREA OF CONCERN? PHASE I CHEMICALS OF
AREA OF CONCERN HISTORICAL USAGE RESULTS DEMOLITION RESULTS [RATIONALEj ACTIONS CONCERN

1 Areas underlying floors
Various mercury-intensive operations, Contained total mercury at concentrations Floors largely in good condition - no Concentrations of mercury range from Yes Shallow Mercury

removed as
e.g., instrument manufacturing. exceeding 550 mg/kg. visual evidence of mercury in NO to 360 mg/kg in several isolated [Elevated mercury results in floors Soil

characteristic
h2zardcus \N2ste due to i

under:ying 5011. sa;nples. indic",!e need te leok at underlying soils.] Sampling

mercury.

2 Areas underlying Painting operations, paint chemical and Total VOC concentrations ranged from NO Floors in good condition - no visual None Yes Shallow VOCs
Building 5 floors waste use/generation. to 4,000 ug/kg. evidence of VOC 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: Floors in fair condition but evidence Metal concentration ranges: Yes Shallow VOCs,
electroplating area VOCs 7 to 312 ug/kg of historical deterioration/patching - Cd NO - 260 mg/kg (Use history; floor condition may have Soil
floors removed as Cr+ 3 NO - 34 mg/kg no visual evidence of releases to soil. Cr+3 NO - 6,000 mg/kg allowed soil impacts.] Sampling Metals and

hazardous waste. Cr+6 1.4 - 68 mg/kg Cr+6 NO - 6,300 mg/kg
Cyanide

Building 4. Cd 1.2 - 26 mg/kg Pb NO - 500 mg/kg
Pb NO - 0.76 mg/kg Ni NO - 5,500 mg/kg
CN NO - 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 TC E use/storage hazardous waste due to low levels of staining, drum rings visible. Some ranged from NO to 910 ug/kg. [Presence of VOCs in soil suggests Soil Mercury

area) VOCs, CN, metals. shards observed during demolition potential il1pact.] Sampling

5 Area underlying TC E dispensing/degreasing; garage Total VOCs ranged from 32 to 9,000 Floors largely intact, some limited None Yes Shallow VOCs,
BUilding 40 garage maintenance operations. Floor drain to ug/kg. staining; Glass shards observed (Known bulk TCE use] SOil
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 (Historj of bulk chemical operation Soil
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/1,1, 1-TCA /PCE ranging from 10 (History of bulk chemical storage and Soil

floor. to 200 ug/kg and TEX ranging from 14 existing soil data indicate potential for Sampling
to 8,970 ug/kg soil impact]

8 Area where glass Broken instruments observed. NA - shards apparently deposited prior to Shards easily identifiable visually, 1980 Soil samples (from different Yes Soil 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
during demolition and Shard density varies from absent to concentrations ranging from 20 to potential for mercury in
in previous studies foot+ near-surface fill layer. 12,800 mg/kg. associated/underlying soils]
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TABLE 4-1

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

VISUAL OR SCREENING PLANNED PHASE I
POTENTIAL OVERLYING FLOOR ANALYTICAL EVIDENCE DURING AVAILABLE SOIL ANALYTICAL PHASE I AREA OF CONCERN? PHASEJ CHEMICALS OF
AREA OF CONCERN HISTORICAL USAGE RESULTS DEMOLITION RESULTS (RATIONALEl ACTIONS CONCERN

9 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 ug/kg . [History of bulk chemical use and soil

existing scil data suggest potential soil sampling
impact]

10 Area beneath Various mercury-intensive operations Some overlying floor areas (AOC-1 g, 1h) Floors in good condition Mercury None Yes Shallow Mercury
Building 2. contained total mercury above 550 mg/kg. observed in shallow soils beneath soil

floors, especially associated with mercury present in soils sampling
subsurface drainlines/air tunnels.

11 Area beneath Various mercury-intensive operations Some overlying floor areas contained total Floors in good condition. Mercury None Yes Shallow Mercury
Building 44. mercury above 550 mg/kg (AOCs- observed in drain lines beneath floors. soil

1i, 1L1k, 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 Floors in good condition. No obvious None Yes Shallow Mercury
removed as listed 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 InvestigatE to assess impact beneath a sampling
mercury. due to mercury operations. NYSDEC :isted mercury storage area.

Storage Tanks

Tank 1/9 (USTs) Tank 1:Fuel oil storage (25,000 gaL) NA Visually stained 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 soils.

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 15iTank 2 Yes Soil VOCs
Tank 2. area showed 0.4 mg/kg to 930 mg/kg [Existing soil data indicates potential soil sampling
Removed 1992. TCE, and BTEX from 2 mg/kg to 60 impact]

mg/kg.



ViSUAL OR SCREENING PLANNED PHASE!
POTENTIAL OVERLYING FLOOR ANALYTICAL EVIDENCE DURING AVAILABLE SOIL ANALYTICAL PHASE I AREA OF CONCERN? PHASE I CHEMICALS OF

AREA OF CONCERN HISTORICAL USAGE RESULTS DEMOLITION RESULTS [RATIONALE] ACTIONS CONCERN

Tank 10 (AST) Various organic solventJpaint thinner NA Storage vault. No tanks present or None No. [Aboveground storage vaults with None I None
storage (285 gal.) staining observed during demolition. 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. PCEITCE/1,2-DCE present in nearby
Yes.

Soil 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 Oil-stained soils were removed Soils results show no residual impact No. [No remaining impact 1 None None
hydraulic hoists, containing equipment. as non-hazardous solid waste. during demolition from one area beyond area of removed soils.
elevator pistons, and (AOC-18a)
machine oil sumps,
cutting oil 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 Soil Mercury
buried pipes drains in chemical use areas demoition. Mercury observed in in sewers leaving site. Building 2 (AOC-1 0) and Building 44 Sampling

shallow soils beneath Building 2 and (AOC-11).]
ii1 pi;:=s 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 Soil Mercury
during demolition ground-level floors and inground demolition and extent of glass shards in Sampling

pipes resulted in the creation of soil (see AOC-8) partially determined.]
AOC-10 and AOC-11.

I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I

Notes: 1)
2)
3)
4)
5)

TABLE 4-1

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

Only first floor use/condition of floor considered because focus is underlying soil.
All mercury results expressed as total mercury.
NA =Not available. NO =Not Detected.
TBD = To Be Determined
IRM = Interim Remedial Measure.
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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 lon-site work)

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

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

COCs detected in flooring 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: (I)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 cWorinated 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 cWoride is included as a possible degradation
product of cWorinated 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 I.
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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
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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 (QAlQC) 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 QAPjP (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 AGCs. Borings will be drilled at each AGC 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
AGCs will require further action. To accomplish this, a minimum number of borings will be
drilled at each AGC and soil samples from each boring will be analyzed for specific CGCs.
Target CGCs have been identified for each AGC based on AGC 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 AGCs) 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 AGC will depend on the size of
the AGC, site history, and analytical results generated during the field investigation. The
AGCs vary in size from the locations of fonner underground storage tanks to broad areas of
potential impact beneath fonner buildings or related to contaminated fill (glass shards).
AGCs targeted for different CGCs often overlap or are located in close proximity. For
example, AGC-2 (consisting of soils beneath fonner painting operations) is potentially
impacted by VGCs and is located partially within AGC-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 AGC 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-B). One initial boring will be drilled within each
1n,1m AOC. Other dedicated borings will be located nearby to assess the overall

impact within AOC-B.
AOC-2 B Eight borings will be drilled to assess impact from VOCs. The borings at
2a,2b,2c 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, 3c 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-1 n borinQs.

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-1 0
will provide additional information on potential impact.

AOC-B 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-B 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 acliacent 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
19, 1h AOC- 1f, 1Q 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 HQ).
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 bQs)

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-1 m 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 I

G:\T92\KENTLTAY\PAHSE1\TBL5-1 ES.DOC
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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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SECTION 5

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
backftlled 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 perfonned 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

-
-
-
-

.-:::: :.::: .. :. . , .

..":-:>.:": :: :::.:::::::-:":::

AREAS()I"~ONCI:R'" .

AOC 1 (a-n) Mercury x 5% TBD

-
-
-
-
-
-
-

AOC 2 (a-d)

AOC 3(a)

AOC 3(b)

AOC 3(c)

AOC4

AOC5

AOC6

AOC 7

Aoce

AOC9

AOC10

AOC 11

AOC12

Tank 1/9

Tank2

Tank 15

Tank 13/14

Tank 11/12

VOCs

Select metals

VOCs. Select metals

Select metals

VOCs. mercury

VOCs. mercury

VOCs

VOCs

Mercury

VOCs

Mercury

Mercury

Mercury

VOCs

VOCs

VOCs

VOCs

VOCs

x

X

X

X

X

X

X

X

X

X

X

X

x

X

X

X

X

X

X

X

X

5%

X

5% X

X

5%

5%

5%

5%

5% TBD

5%

5%

5%

5%

5%

5%

5%

5%

5%

- Field laboratory analysis for the following:

Tetrachloroethene Toluene-
-

NOTES:

COCs =Chemicals of Concern

VOCs = Volatile Organic Compounds

UNK = Unknown

TBD =To Be Determined

Trichloroethene

1.1-Dichloroethene

1.2-Dichloroethene

1.1.1-Trichloroethan

Benzene

Ethylbenzene

Xylenes

4-Methyl-2-Pentanone

Acetone

Vinyl Chloride

-
-
-
.-

-

2 = Off-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 hexavalent chromium.

4 = Analysis for mercury speciation and bioavailability. Number and location of samples will be dependent on mercury concentrations measured by on-site laboratory.
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SECTION 5

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 perfonned 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 detennine the optimal location for pennanent monitoring wells that may be installed
during Phase 2. At least eight existing monitoring wells and a minimum of 20 temporary
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 possible sources on-site. Based on the location of the
different AGes 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 northern 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
theon-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.

-
-
- 5.3 RISK ASSESSMENT AND DERIVATION OF RIsK-BASED GoALS

-
-
-
-
-

A human health risk assessment (lllIRA) will be performed for the Ames Street Site. The
llliRA activities will be conducted consistent with NYSDEC guidance and guidance
developed for the federal Superfund program. Because the pUIpose of the llliRA 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

. MERCURY

.......•• ·OFF..SIIEANAI..YSts~

IVIERCt.J~:(J ••·.VOO;1
EIELI)ANAl..ystS.>···NO.;OF

......................... ..... .... ...................... " ..

············.SAMPLES~

~i$tin~•• M()~it()tiOg ••=.\1Il""'e""'7II-~••""'7•••••••""••••• =i""'>=·""'>,-.······· >.-.i· """'IL.---2
8
_
O_--1 28° I 2

8
0 I 100 % I 10% I

NOTES:

VOCs =Volatile Organic Compounds

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

VOCs and mercury.

2 - Field laboratory analysis for the following:

Tetrachloroethylene

Trichloroethylene

1,1-Dichloroethylene

1,2-Dichloroethylene

1,1 ,1-Trichloroethane

Benzene

Toluene

Ethylbenzene

Xylenes

2-Butanone

2- Hexanone

4-Methyl-2-Pentanone

Acetone

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.

5.3.1 Data Evaluation and Summarization

The lllIRA will include the following tasks:

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.

-
-
-
-
-
-
-

•
•
•
•
•
•

data evaluation and summarization
identification of lllIRA chemicals of potential concern (CPCs)
exposure assessment (for both current and future land uses)
toxicity assessment
risk characterization
derivation of risk-based goals

-
-
-
-
-
-
-

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 mIRA Chemicals of Potential Concern

lllIRA 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
Inhalation 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/workers 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

TABLE54.DOC
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TABLE 5-4 (cont'd)

LAND EXPOSURE SELECTED FOR
USE MEDIUM RECEPTOR ROUTES EVALUATION? RATIONALE

Future Soils Residents Ingestion No Property will be in industrial 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.

TABLE54.DOC
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Infonuation 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 (RID) for non-carcinogenic effects and Cancer
Slope Factors (CSFs) for carcinogenic effects. For CPCs that can be present in both
bioavailable and non bioavailable fonus, published estimates of their bioavailability will
generally be used where appropriate. A combination of speciation and in vitro bioavailability
testing may be used to detenuine 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 detennine 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 detennine 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, ftltered 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 AGes 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 ill 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 AOes 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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SECTION 5

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 lor 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 andlor 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:

-
-
-
-
-
-
-

1)

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 confinns 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 RID 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 RID. Such an adjustment is
appropriate here, since the site exposure is to soil while the RID 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 RID development (mercuric chloride), it may be more
or less bioavailable than the species in the RID 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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As stated in Section 5.1, soil sampling will be perfonned at the various AOCs 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
detennines 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
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5.4.3 Chemicals of Concern

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

- Metals and Inorganics

zinc
cyanide

mercury (elemental, bioavailable, speciation)
cadmium
chromium, trivalent
chromium, hexavalent
lead
nickel

-
-
-

-
-
-

-
-
-
-

tetrachloroethene (PCE)
TCE
1,2-dichloroethene (l,2-DCE)
1, l-dichloroethene (1,1-DCE)
1,1, I-trichloroethane (TCA)
benzene
toluene
ethylbenzene
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 I 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 ill (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 601O/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 screenlng 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 detennined 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 detennine 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 RECOMM:ENDATIONS

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 I Draft Site Investigation Report - Phase I for
review by NYSDEC. After incorporation of comments, ABB-ES will issue five copies of the
final Site Investigation Report - Phase I 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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- 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

ow

HASP Health and Safety Plan
HHRA 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

• RID Reference Dose

Sybron Sybron Corporation- SVOCs semivolatile organic compounds

TCA trichloroethane- TCE trichloroethene
TPH total petroleum hydrocarbons

-
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USEPA
USTs

VOCs

LIST OF ACRONYMS

United States Environmental Protection Agency
underground storage tanks

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. FXRFSOOI02
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 (QAPjP) 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-I 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
Section 6.0
Section 9.0
Section 10.0
Section 11.0
Section 12.0
Section 13.0

Sample Custody
Calibration Procedures
Internal Quality Control
Audits
Preventive Maintenance
Data Assessment
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
Subsection 4.2
Subsection 4.3
Subsection 4.4.3
Subsection 4.5.1
Subsection 4.5.2.2

Subsection 4.6
Subsection 4.9
Subsection 4.10

Sample Labels and Records
Sample Container and Preservation Requirements
Decontamination Procedures
Exploratory Drilling
General Soil Sampling Methodology
Groundwater Sampling (using the Low-Flow sampling technique
described below)
TerraProbelField Laboratory Analysis
Surveys
Management of Investigation-Derived Wastes

ABB ENVIRONMENTAL SERVICES

-
G:\T92\KENT_TAy\PHASEl\WORKPLAN. DOC A-I 07198.17



I I I • I • I • I I I • I • • • I • •

NYSDEC

E~~r!!~Qm9~f(

:::.:::~nmr::I
pt99tifuMimm.fi '
M. Lisa Spahr, C.G. ,:::::::::::::::::::::::::::::: :':/::::-:::::::::::::::::}:::::'::::':)'??::I

gy@mYffl!W:~W:i

Ann Massey

H~~,,~I~I;::

:.i~tI~l~i·'
:::::::;:: :.:.:::::::::::::.::;:;:::::::::::::;::::::::::::::::.:.:.:.".:.:.".'

Geoff Knight

Steve Walbridge
Jeff Brandow

11'I.iiill~10
C. E. Sundquist

Jayme Connolly

••••·I~llal"11
Eric Sandin

r

I

1
~•••••• mi,~A.i~~~m~ffi .1

1

Michael Murphy

• Treatability
Vendors

!f~~*~I~*1~1
I

Tony Delano

1'.f~~I'til

IA88·ES Staff IA88·ES Staff

I
I

·:II~I.III:' [
• Drilling

• Lab
• Survey

FIGURE A-1
ORGANIZATION CHART

SITE INVESTIGATION - PHASE 1
95 AMES STREET

ROCHESTER, NEW YORK
W9511025D



-
-
-
-
-

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 ofbailers.

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)

2)

3)

4)

5)

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.

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 ofthis range is preferred to
minimize turbidity and drawdown.

. 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.

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.

Purging is complete when parameters are stable as in item 4, and if the volume
ofwater 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 ofthe 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.

ABB ENVIRONMENTAL SERVICES

-
G:\T92\KENT TAY\PHASEI\WORKPLAN.DOC A-3 07198.17



-

6)

APPENDIX A

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-I. 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 (YOC) analysis will be in accordance with
ABB-ES' Standard Operating Procedure No. FGCPT00202, dated 4/14/93 (see·
Attachment 3). Analysis for YOCs 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 YOCs are pro~ided 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. FXRFSOO 102 (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 (CYAA) 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

ABB ENVIRONMENTAL SERVICES
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TABLE A-1

ANALYTICAL DATA QUALITY OB...IECTIVE LEVELS
AMES STREET SITE INVESTIGATION WORK PLAN - PHASE 1

DATA
QUALITY

PARAMETER USE LEVEL

pH, turbidity, To provide background physical data on Levell
temperature, specific liquid and groundwater samples.
conductivity

PIO screening To provide qualitative real-time information Levell

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 III
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:

Levell: Qualitative information generated on-site using portable equipment for identification of sampling locations and health
and safely monitoring.

Level III: 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: These data represent fixed base laboratory analysis results using non-standard methods that require development
for specific constituents and/or detection limits. Data obtained from these analyses are often used for risk
assessment purposes.

ABB ENVIRONMENTAL SERVICES
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TABLE A-2

ANALYTICAL PROGRAM
AMES STREET SITE INVESTIGATION WORK PLAN - PHASE 1

-
-
-

-
-
-
-

Soil - On-Site Analysis

Groundwater - On-Site
Analysis

Soil & Groundwater
Off-Site Analysis4

Special Hg-ingestion
Anal sis

Selected VOCs

Mercury

Selected VOCs

Mercury

TCl SVOCs
TCl VOCs

Mercury
TAL Metals

Cyanide
lead

Mercury

8010/8015/8020 
Modified

7471 - Modified
X-ra fluorescence
8010/8015/8020 

Modified
7470 - Modified

8270
8240/8260
7471/7470
6010/7000s

9010
7421/7420

Special Method

-
NOTES:

USEPA, 1986. "Test Methods for Evaluating Solid Waste", SW-846, Third Edition with revisions.

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.

-
-
-
-
-

2

4

5

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).

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.

Special Hg-ingestion method being performed for risk assessment purposes. 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 1

VOCs Tetrachloroethene 5 J.l9/kg 10 J.lg/kg 1,400 J.l9/kg
Trichloroethene 5 J.l9/kg 10 J.lg/kg 700 J.l9/kg
1,1-Dichloroethene 5 J.l9/kg 10 J.l9/kg 200 J.l9/kg
1,2-Dichloroethene 5 J.l9/kg 10 J.lg/kg 100 J.l9/kg
1,1,1-Trichloroethane 5 J.l9/kg 10 J.l9/kg 800 J.l9/kg
Benzene 5 J.l9/kg 10 J.lg/kg 60 J.l9/kg
Toluene 5 J.l9/kg 10 J.lg/kg 1,500 J.lg/kg
Ethyl benzene 5 J.l9/kg 10 J.lg/kg 5,500 J.lg/kg
Xylenes 5 J.l9/kg 10 J.lg/kg 1,200 J.l9/kg
Acetone 5 J.l9/kg 10 J.lg/kg 200 J.l9/kg
4-Methyl-2-pentanone 5 J.l9/kg 10 J.lg/kg 1,000 J.l9/kg
Vinyl chloride 5 J.l9/kg 20J:1g/kg 200 J.lg/kg

Metals Mercury 0.2 J.l9/kg NA 100 J.l9/kg
Cadmium 42 J.l9/kg NA 1,000 J.lg/kg
Chromium (total) 7 J.l9/kg NA 10,000 J.l9/kg
Lead 42 J.l9/kg NA 30,000 J.l9/kg
Zinc 2 J.l9/kg NA 20,000 J.lg/kg
Nickel 15 J.l9/kg NA 13,000 J.lg/kg

Other Cyanide 1,000 J.l9/kg NA Not available

1 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.a\. (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:

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

• surrogate standard recoveries for organic analyses for analytical accuracy

• field duplicates to assess sampling precision and environmental matrix
heterogeneity

• 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 III 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 AGC number (e.g.,
01, 02) for soil samples and "KT' for non-AGC 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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LOW FLOW STANDARD OPERATING PROCEDURE
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II.

GROUND WATER SAKPLI~G PROCEDURE
LOW FLOW PlJRGS-AND SAMPLING

ORA1'T FINAL

SCOPE & APPLICATION

The purpose ot this standard operating procedure (SOP) is to
provide information on collecting ground water samples using
a pump. The procedure will in most situations provide for
the collection ot 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.,
centrirugal or bladder pumps constructed of stainless
steel or Teflon). Peristaltic pumps may be used only
for inorganic sample collection..

-
-
-
-
-

..

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

TUbing - Te!lon or Tetlon lined polyethylene must be
used to collect samples for organic analysis. For
samples collected tor inorganic analysis, Teflon or
Teflon lined polyethylene, pvc, Tygon or polyethylene
tUbing may be used.

water level measuring device, 0.01 foot accuracy,
(electronic prererred tor tracking water level drawdown
during all pumping operations) .

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

Interface probe, if needed.

-
-
-

Use or trademarked names does not imply endorsement by U.S. EPA
but is intended only to assist in identification of a specific
product.
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• Power source (generator, nitrogen t~nk, etc.).

SOP
o
1994

-

-
-
-
-
•

-
-
-

-
-

-
-
-
-
-

Indicator parame~er monitoring instruments - pH,
turbidity, specific conductance, and temperature.
Optional Indicators - eH and dissolved oxygen.

• Decontamination supplies.

Logbook(s) •

• Sample Bottles.

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

Sample tags or labels.

• Well construction data, location map, field data from
last sampling eVQnt.

• Field Sampling Plan.

III. PRELIMINARY SITE ACTrvITIZS

• Check well tor damage or evidence ot tampering, record
pertinent Observations.

Layout sheet of polyethylene for monitoring and
sampling equipment.

Remove well cap.

Measure VOCS (volatile organic compounds) at the rim of
the well with a PIO or FID instrument and record the
reading in the field logbook.

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 ft) 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 LNAPL's with an interface probe. Cara
should be given to minimize disturbance ot any sediment
which has accumulated at the bottom of the well. If
LNAPL's or DNAPL's are present, a decision needs to ba
made on wnether to collect samples or the tree phase
liquid(s) and/or the dissolved phase.
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A positive displacement type pump will be used to purge and
sample monitoring wells which have a 2.0 inch 1.0. or
greater well caeinq.

Pump, safety cable, tubing and electrical lines will be
lowered slowly into tne well to a depth corresponding to the
center or the saturated screen section of the well. It is
also advisable to keep the pump intake at least two feet
above the bot~om 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 causs
little or no water level drawdown in the well (less than 0.3
ft. and the water level should stabilize). The water level
should be monitored every three to five minutes (or as
appropriate) 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, it 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 stabili~ation of
indicator parameters. If the recharqe rate of the 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 ~e

pump.

During purging of the well, monitor the field indicator
parameters (turbidity, temperature, speciric conductance,
pH, etc.) every three to five minutes (or as appropriate).
The well is considered stabilized and ready for sample
collection once all the field indicator parameter values
remain within lot 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. Measurements should
be obtained using a flow througn cell (preferred 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 t~rbulence.

Samples reqUiring pH adjustment will have their pH checked
to assure that the proper pH has been obtained. For voe
samples, this will require that a test sample be collected
to determine the amount of preservative 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 pressure, in-lin~ 0.45
um particulate filter will be pre-rinsed with approximately
400 ml of deionized water and attached to the discharge end
of the pump's tubing. After the sample is filtered, it must
be preser~ed immediately.

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

After collection of the samples, the pump's tubing may
either be dedicated to the well for resampling (by hanging
the tUbing inside the well), ~econtarninated or properly
discarded.

Measure and record well 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 (includi~g support cable and electrical wires which
are in contact with the sample) will be decontaminated by
one of the procedures listed below. Alternative procedures
must be approved by the Quality Assurance Otfice prior to
sampling event.

Procedure 1

~ Steam clean the outside of the submersible pump.

Pump hot water trom the steam cleaner through the
inside of the pump. This can be accomplished by
placing the pump insi~e a three or four inch diameter
PVC pipe with end cap. Hot water from the steam
cleaner jet will be directed ins ice 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 be added to the
steam cleaner.

pump five gallons of non-phosphate cetergent solution
through the inside of the pump.

Pump tap water through the 1nsice or the pump to remove
all of the detergent SOlution.



pump distilled/deionized water through the pump.
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The decontaminating solutions can be either be pumped
from buckets through the pump or the pump can ba
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 rlushing steps be extandsd
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.

Flush with non-phosphate detergent solution (five
gallons) .

Flush with tap water to remove all of the deterqant
solution.

~ Flush with distilled/deionized water.

~ Flush with isopropyl alcohol.

~ Flush with distilled/deioni~edwater.

7J:ELD 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 collected 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 (VOCal

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

• Well identifio~tion.

well depth, and measur~ment techniquQ.

static water level depth, date, time and measurement
technique.

Presence and thickness of immiscible liquid layers and
detection method.

~Collectionmethod for immiscible liquid layers.

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

Well sampling sequence and time ot sample collection.

~ Types of sample bottles used and sample identification
numbers. .

~ Preservatives used.

Parameters requested tor analysis.

~ Field observations of sampling event.

Name of sample collector(s).

~ Weather conditions.

QA/QC data for field instruments.



-
-
-
-
-
•

-
-
-
-
-
-
-
-

APPENDIX A

ATTACHMENT 2

CLEAN HANDS SAMPLING STANDARD OPERATING PROCEDURE
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STANDARD OPERA TING PROCEDURE

CLEAN-HANDS TECHNIQUE
(FOR WA TER SAMPLING OF MERCURY)

SOP-72

The concentration of many metals in ambient waters is rypically 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. Water samples are more
prone to be contaminated with mercury than other metals 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 "c1ean
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 to

avoid sample contamination:

1. Prior to collecting me sample or handling the sampling equipment or
sample bottles, a quick survey of the sampling area should be performed
to identify sources of potential contamination to the sample (e.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.

2. 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 s'hould be taped
to the shoulder of the suit or rubber-banded at the upper arm to prevent

-
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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 comaining 50 pairs. Once opened. the
entire pack is potentially exposed co comamina[ion. To minimize [his
potential, open only the end of [he bag a[ the wrist end of the glove (nm
the fingertip end), and remove only one pair a[ a [ime. Keep me unused
gloves in the original bag inside of a large Ziploc® bag. When handling
[he clean gloves, do nm touch [he fingertips: handle [he gloves only
around the wrist.

3. At all times, the clean-hands person must avoId IOuching surfaces that are
nm known to be clean. including their suir. The clean-hands person
should only touch the inner bag and the sample bonle used during sample
collection. Whl1e 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 couched anmher object that tOuched

.something contaminated. Unless it is known whether an object IS clean
(i.e., was cleaned appropriately and isolated from contaminants from d1.e
time of cleaning umil the time of use), it should be assumed that it is dirty.

SAMPLE COLLECTION PROCEDURE

After the initial 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 barrie 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 borrle, 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 barrie. the dirty-hands person will
use pliers to loosen the cap on the bOttle. See Consideration 2 below.

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

4. While the clean-hands person is filling the sample bottle, the diny-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 me cap.

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

-
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seal it. Before lowering me bagged bottle imo me outer bag, me dirty
hands person will place the sample tag on me iIll1er bag The clean-hands
person will then lower the iIU1er 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 CONSIDERA TlONS

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 bonle has a unique idemifier etched on the outSide. It is assumed
that the exterior of the outer bag is contaminated and that its coments are
clean. Therefore, only the dirty-hands person is allowed to handle the
outer bag, and only the clean-hands person its comems.

2. It is 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
siry 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 bonle.
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.

-
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APPENDIX A

ATTACHMENT 3

ABB-ES' STANDARD OPERATING PROCEDURE NO. FGCP00202

ABB ENVIRONMENTAL SERVICES
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Author: Advanced Technology Team
Reviewed by:

Issuing Unit: ABB-ES
SOP No.: FGCPT00202
Date: 04/ 1~/93

Purge and Trap .A.nalySis.a¥~~la.fue Organic Compounds by Field Gas
Chromatography:. .. ...

(Name & Title)
(Functional Area)

TITLE:

-
-
-

-
-
-
-
-
-
-

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 included as they
pertain to general GC operation and set-up.

-
-
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ABB·ES

Purge & Trap Device. A Tekmar LSC :2000 or equivalent is recommended for most
applications. The Purge and Trap (P&T) is a concentration device for volatiles in both soil
and water. A sparger vessel, a removable glass tube. is used to hold either [he water or soil
sample. A polymer trap is used to trap [he volatiles as they are purged from [he sample.
After the volatiles are purged from [he sample, [he trap is flash heated and tbe volatiles are
transferred to the GC for separation, identification, and quamitation. .

.~ ",

Purge & Trap Run Conditions. Run conditions may be alt~~iriprOj~' specific work
plans, however, the following senings are recommended forffimt6peDltions .

-
-
-
-

o

o

o

o

o

Purge pressure: 30 psi ::: 5 psi.

Desorb: 3 minutes at .';;"
;.;:

-
-
•

-
-

o

o

o

Mount tem~;t'9ff~U·'··
...;{{{::;;: ::":.

Line an1::,:,:~~~:::.:.e~tures: I80
a
C.

Bake g~:·:~l£~:::~ for 2 minutes.
":'. ....

. ::;:;: :;:;:::::: .;.;.;.;. "':\:::;::::::;:.
•::.;.;.:::.::. ':::>:•

-
-
-

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FGCPTOO202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
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Gas Chromatograph. A wide range of temperarure programmable gas chromamgraphs may
be used for this method. For most field operations a Hewlett Packard 5890 S~ries II (or
equivalent) temperarure programmable GC is recommended. The instrument is durable. easy
to assemble, and uses keypad input for operation.

oRate: gOC/minute.

Carrier gas: Helium at 99.999 % purity ~~'~:pow~t:lb m.LJ minute ± 2
mL'minute. ';::;;:;:~;" ;::\/ ::\;;,..;

'.. :;: ..-:;:.;:;;:;::\:

Injector temperature: 225°C.

.;:.

Final time: 0 tod"~~:;'idepend.ing on the retention time of the fInal peale.
..{~)~ ::::;:. ....:; :-;.;.:;:;:::::....;.::

..;::;:::.:::::}::=:::.,

Initial temperature: 40°C .

o

o

o

o

.:';.'

o Final temperature: 18~>

::{i::':';;::;lf;
.:{~ .:.;:::::~ ..;.:..... "\>;>;.

Columns. A numbergr.'dbi~~§:~;; available for volatile analysis, however, unless
othezwise stated in %:m~;:~~c workplan a DB-624 O.53mm ID megabore column or
equivalent will be use(£:;:;;:::niittofumn may be 30, 60, 75, or 120 meters in length as long as
the information jS':~9ed>~:?..... '.;.;.;.;.;... '.:.:.;.:.:.;

."::'::-. ":;':;::;';:;::;:;:':';';" ::;:.)l?:::> ::;:;:;:{:::::::;
........-...'.- .':"::::;:;::~~

:;:;;:;}tr};::~· ;.;.
.··;·<:::;~tffIi1~ff?·

•

•

-
-

-

-

-
-

-
-

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FGCPT00202, Purge and Trap Analysis of Voiatile Organic Compounds by Field Gas
Chromatography
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Detectors. A variety range of detectors are available for GC operation and specific
compound detection. The appropriare selection of detecwrs is project specific and depends
on the project objectives and Data QUaDty Objectives IDQO's) of the program.

Detector Temperature: 325°C.

Ionization Gas: U1tra-pure P-5 (95 % AIgOl1,.:}~ Metf:Iane) or nitrogen with a
flow of 35 mLlminute = 5 mUminute.

o

Electron Caprure Detector CECD):

Make-up Gas: Helium at 99.999 % purity with a f1o\1l~fJ5>iIl:Uminute :: 5
mL/minute.

o

o

-
-
•

o

Special Requirements: Set GC sVfi~~h.;b·dt~rthe argon-methane or nitrogen
mode.

o

Flame Ionization Detector ~t·; <ii!!."

-
-

a-

-
-

-: :..; .

Combustiong~~:hy~~ at 99.999 % purity with a flow of 25 mLI minute
± 5 m.U~ut@:·~~:O.;) grade air with a flow of 400 ± 150 mL/minure.

:-;.;.:.:.:';;:-. :::;:-::;::::::;:...;.;....
.•••\:;... ".:.:.;.:.:<.-.:.;."

o Detec~~i·~~1U&: 275°C .
.......' :';.:::~;::::;:::;:;. {;~::::.:.t:::::··

-
-

ARB Environmental Senrices, Inc.
STANDARD OPERATING PROCEDtTRES
SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
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=

Electrolytic Conductivirv Detector (fLCD):

•

o Make-up Gas: Helium at 99.999% purity with a flow of 35- mLiminute = 5
mL/minute .

-
o Combustion Gases: Hydrogen at 99,999 % purity witbat10w of100

mUminute :: 20 mLiminute. .... .,

Photoionization Detector <PID):

........ ,.,.....::...

.., :< .

"-d!~;(:;l;~~ivaJenr to 35 turnsSolvent Flow: n-Propanol flow at 35 %
± 0.5 rums.

Reactor Temperarure: 9000C::: 25°C.

-';':::';':-:'.

Make-up Gas: Helium at'99S~%Pririty wi.th a flow of 35 mLlminute ± 5
mlJminute.::::' ,,"{\::

\:=\:

Special Req~~irts,; Ttili:, operating range of the lamp is a power setting
between l:,~a')[~:W~fP,nonnal operation at 5.

::::;;::::;::::::'. ";':';';';::"':::...:::::.:;:.,

o

o

o

o

o

-

-

-

-

-
-

-

-

-

-

-
-

ABB Envirorunental Services, Inc.
STANDARD OPERA.TING PROCEDURES
SOP FGCPTOO202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
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PROCEDL"'RE: The procedure can be broken down imo nine categories: conventions.
calibration, blanks, sample preparation, analysis. identification. quantiJication, quality
control, and reponing.

Vendor name supplying standards.

Name and concentration of the sta:ndi.I!:!tt~k.~ be done by attaching the
label from the standard to the k?,gb<l9.k). .......

;·;·;::<;:;:::::::t:;··· \::);:~. :;)

o

o

Working Standards. Wo.fkilig·.g~mi8itstandards may either be purchased through an
approved vendor or p~~.::stockstandards. Working standards will be made
by diluting neat or ~!stock:.:standards.For standards made from neat solutions,
the compDund de~O(::~~gAt will be used in calculating the appropriate amount of
compound and ~gJ2:~~t...to6@COmbined. All working standards will be labeled with an
identification ~,:(~:~ow), compound or mix name, and concentration. The
associated logboo~·~mi'i&5ntain the following information at a minimum:

":';;::;;:;:;:;:;:;:;::'" .' .

~:~~_;~o;J~on used to make the working standard, including either the
·.¢~ppa+ioU}required for logging the stock solution or a reference to where that

······'Uiforirt~tiBn can be found .

o

o

o

Conventions. Conventions are established to ensure chat documentation and analysis are
performed in a consistent manner from operator co operator and project coCprnjecL
Conventions are established for coding standards, recording logbook enrries~pe:rf{)rming

calculations, and analyzing qualiry control samples.i· ...

Stock Standards. Stock chemical standards will be purchased i;~~i·~~:lcO. Inc ..
Chern Service, Inc., or an equivalent supplier. All standard.·information will be
logged in a bound logbook with the pages sequentiallynumbe!#d:· This information
will include, at a minimum:>:·· .

"::'::~{:~::<::;::;::::'"

•

-
-
-

..

-

•

-
-
-

ABB Environrnenca.l Services. Inc.
STANDARD OPERATING PROCEDURES
SOP FGCPTOO202, Purge and Trap .A.nalysis of Volatile Organic Compounds by Field Gas
Chromatography
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•
o The solvent(s) and associated lot number(s) used in preparing the standards.

o The fInal concentration of the working standard .

The surrogate standard is made separately fron1tl1~~6.1'I01lg standards.

The GC code associated with the standard.
.. ":'.'::-"':"

Standard and stock solutions will be kept refrigerated at.k;SS:·.fhan 10°C when
not in use.

o

o

o

GC coding system. The GC coding system'is.::~:to. trace all standards back to the
vendor. All standard are reJ::J.uired to hay~theapp(opflate code assigned when they
are prepared and must be labeled accordiftgly .TI,tt;,. GC code will follow the fonnat:

-

•

-

- o

o

- o

- o

-
o

o

-
ABB Environmental Services, Inc.
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Logbook entries. W1tiJ.e the style and specific requirements for logbook entries will
vary between operators and projects. cenain infonnation is required for all projects.
At a minimum this will include:-

- o A table of contents listing what and where specific informaticin.is located.

o
-
-

-

o A listing of P&T and GC run conditions and set poinrs:(.}.
'.:;~::::::::: {+>~i;;:! ).i:):~":':" :" .

A chemical standards preparation section containing the~fr6a standards
infonnation. .. .

-:"::/.<::::/\:.:...

o

-
-
-
-

-

o
:>:;::.....

An equipm~tmam#m?flcesection containing both routine and equipment
malfunctj:95.:·..maint~e (e.g., column replacement, electronic parts
replac~~i·:·!.:,r,ePlacementor cleaning, etc.)

ABE Environmental Serv'ices, Inc.

-
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•

Identification. Compounds are identified by matching the retention times of peaks.
The retention time is defmed as the period of time from the injection of a mixrure
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
retention times are noted. A three percent (note: the 3 % retentiomtime window is
nonnalized to the surrogate to adjust for injection variation) retentiOn.tiine window
will be used for compound identification. ... .

..

-
•

":/:::":::::":>:::.:

Single Level Calibration. The single-level externalci1ili~~orltechnique requires that
a standard containing a known concentration of sei~.comp6tindsis analyzed. The
retention time for each target compound is ideIJ,tifi¢iUic:t"~ for the identification of
sample peaks. The peak areas are then used t6compute::~e response factors for the
compounds of interest."

Multilevel Calibration. In the mUlqi~~ii~9cltion, a minimum of three levels
(concentrations) of standards ~aWri:~~:(iThe standard concentrations are selected
to cover the concentration rang~9f.~~i.:nantsexpected. This includes a low
concentration standard at qf:tP,eaith#::"ppictical quantitation limit (PQL). In addition,
the upper level standard.~~::Jf>be"ynthin the working range of both the detector and
the column. ;:t:~:~<~~;· "-::::~{;;;jil;j;j1;;;::;~:\·::::··

/~t:·. .<:::;.:.,

.:;/::::::;;::; ;.::.
.::::::....;:::::.::::::;:;:;:;::::..

o

o

o

.::::. ....::::;::=.:.:.;.:.:{\;::.

APPro;i.~~range, ECD: PQL to 40 ppb.

Approx±m4~e'"Wbffting range, FID: PQL [0 200 ppb.
;;:;·~:::~{ij;~j;;[~~1~\~1IJI\tt;;~~. "\:::;;':1t~?
~rO~~te\vorking range, ELCD: PQL to 40 ppb.
··':\j::;~:i:;;?~~:::::.. -':':::;:::::;::

o":"':;:;;;;"APpilim~te working range, PID: PQL [0 200 ppb.

ARB Environmental Services, Inc.
STANDARD OPERATIN"G PROCEDURES
SOP FGCPT00202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
ChromatOgraphy
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PQL. PQL's are determined on an annual basis or as required by project worl-plans.
This is accomplished by analyzing seven replicate low concentration sundards near
the expected method detection limit (l'rIDL). From these analysis a sundard deviation
is calculated and multiplied by 3.14 to establish the ;\tIDL. This correlates to a
student's t of 99% for (n-l). The PQL's are set above the ;\tIDL'sAo present unifonn
reporting limits (e.g., the ~IDL's may be calculated to be 0.23, O:;67~ 0.45, etc., with
the PQL's set at 1.0). Note: The various detectOrs are sensitive wdifferenc amounts
(e.g., ng, peg, j.Lg, etc.) of specific compounds. The detecnoD/limits at: different
concentrations (e.g., j.Lg/L, mg/L, etc.) are dependent on the tec~used to
achieve them (i.e., whether or not a 5 mL or 25 mL purge is used).

Ouantiration. When the quantitation requirements aI'8:'ootdeffueain the project
workplans, the operator can choose (based on Op~tQF~xperi~ce, the selected
detectors, and the compounds of interest) one<Jf'thr~:~(ms for quantitating sample
results. These options include using the average'~spon.sb:factor, (the response factor
(RF) is calculated by dividing the area collllfS"gfa::::9¥Ilpound by the amount of
compound in the standard, Aciarnt), lineafregress-iOrtfor point to point calibration .

.:':'.::':;.';" ".,

RF = area counts'
am t.:¢p"c:;ompound

The average response factOJ:;gl~Y"b¢"·~ when the relative standard deviation (RSD)
of the RF's is less than ~O':~,nt.""

.•;:;=:;;;:.:::;:;::;.;.:.;

..:.;:::;::::;:;' .:.;.:;................

When t~~~:fi2~4ue chosen, the average RF is used for calculating sample reSUlts.
";'.. }{:.: :::r:'

L~::~ie~~fun·may be used when a correlation coefficient (r) of 0.95 or greater is
achieved. ;;;:.

ABE Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FGCPTOO202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
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•

..
..

..

A point to point calibration may be used for non-linear calibrations (t.e., 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 pomt is nor
equal to or less than the response for the previous calibration point (i.e., the curve
may flatten or curve back (Oward the baseline). Note: U this technique is chosen.
then all analytes must be calculated using this technique .

. ":: ';<;'::~::<:~\:>-'" .
Once a calibration technique is chosen it must be used for allcwpoundsissociared
with each detector for the length of the project. The initial caubran@::is valid for
twenty-four hours beginning when the last calibration standard hnlis/tomplete.

Indtmendent Check S.tandard Verification. After th~~t~tW:calibratiOn for a
project, an independent check standard will be a.r;a1Y.~wheritequired by project
DQO's.. The check sample will be obtained fro.m:'~differellt source than the stock
solution and working standards. The check stihdaId is\lid to verify the accuracy of
the working standards. A percent differe~~:::gf\~Ss'c,han30 percent is considered
acceptable to confmn standard accuracy ~.:·'·'::::;":::::·)I.::

:-::;;::.~;:::;:~. ":::::;..
..•.::::.:.:;:.:::

..

·::tm:(~fr~~): ...
Samples may ~:~y.z;;df;IY if no more than one compound per detector, or up to
10 percent o(:~~·:·~:,tpmpounds, exceed the percent difference criteria of 30
percent. If theab.ov~;jenteriaare not met, a second standard is analyzed for the
compouqd:S::Bl::::fa.he4"during the initial analysis. If the second standard is
unacc~J.e;<a.=:~w\:alibration curve will be prepared. Following analysis of an
acc~bt~:::f9Jl?ffillng calibration standard, samples can be analyzed for a period of 24
ho!iTS····'fromthe9O:me the standard run was completed.

-

..

-

..

-

-

ABB Environmental Services, Inc.
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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 leveLmethod bhmk must be
analyzed before samples are analyzed. A low level method bIa:rik.eonsist of 5 mL of
analyte free water that has a surrogate added. Method blilnks are acceptable if no
target compounds are present above the PQL. Samples'<shoukf not be analyzed until
an acceptable method blank is run demonstrating tha.rthe instnimeIlt is free of
interferences. If an acceptable method blank can~:.be obtairibd then all associated
results will be flagged with a (B).);:;.":O:..;..!::::/:

Medium Level Method Blanks. A me4i:9W'::levet61ank will be analyzed when medium
level extracts are analyzed (see belqw):;-Ilie:mtdium level blank consists of 5.0 mL
of reagent water, surrogate, and TOO'ilii<;rdIilQrs of methanol. The methanol will be
from the same source as thatEfsedfoF~ memum level extractions. If an acceptable
method blank can not be oQtaine(l::~::<ill associated results will be flagged with a
(B).::;:.n';'"

::::::::;:?:~;~:t::~::::··

.. ;:::::::::/:: \::.::... ".

Cleaning Bl~~:·:·::I::A~~·blank is 5 mL of reagent water only. Blanks will be
analyzed after·a.ny:)1igh4evel sample to ensure that carryover is not occurring. A
high 1evel;~i'ilp~ ts;::~fmed as having a concentration 5 times higher than the highest
calibrati~:pOmg:::::\Cr&ming blanks will be analyzed until the analysis of funher
samp!~~:AAt*affected by carryover. (based on experience, the concentration in
the:forrowilig::~ples, and the DQO's of the project).

ABB Environmental Services, Inc.
STANDARD OPERATING PROCED{JRES
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Sample Preparation. Sample analysis and preparation techniques have been adapted from
protocols outlined in SW-846 3rd ed. CSEPA Purge and Trap methods 8010,8015, 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 fmal volum~:"to5. Q=:£IlL. Add
the appropriate amount of surrogate directly to the sample. Delivert~ .. sa.rnPle to the
sparger and start the run. After the desorb and bake cycle, tt#lipy~spcitt':~kmple.
rinse the sparger with reagent water prior to analyzing sUbsec[Ue.·fit'~."..ks.

.... .-.-.....-...

If high concentrations of VOC' s are suspected (indicated.;~":I?IDheadspace results or
odor), samples should be diluted to bring the target;@irtpoafia:¢pncentrations within
the instrument calibration range. Sample volume$,Sf';::lr;tnL (dlIfitions of 1 to 5) or
more may be measured in the 5 alL syringe an4~gi;h~:::~er drawn directly into the
syringe for a fInal volume of 5.0 mL. To diltit'e;;samph::f&iu'iring a volume of less
than 1 mL add 5.0 mL reagent water to th~::'lpy~1:t\Ihen remove a volume equal to
the volume of sample to be added. Add::J.lie"'~rnei~iume and surrogate to the
syringe using an appropriate size sy~~r:::::<"i:;:::{}

The results of diluted samples mu~;:pi':~:I'~Ja:':y a dilution factor to correct for
volume change. Calculate the ditUil&tij:fadOE:\S follows:

:::~~t}t}::.... ,", ;:/ttft.,

~~~:VOlume. mL

If the sample resl1"l!til!~::9]lt~~~e the calibration range the sample may be further
diluted or flagg~::~ ari;:~I(E = estimated).

Soil samPles..:::t~!!~ll~I:~:::·; 0.5 g into the sparging vessel and attach to the purge &
trap. Agd;"sg~aieki9 5.0 mL reagent water and add into the sparging vessel and
start the::p!H:ge;i:q:y~e.:;-' After the desorb and bake cycle, remove spent sample, rinse
theN~::.,;:~gent water prior to analyzing subsequent samples.

lL
ReiGn! wattr. Reagent water or locally purchased distilled or spring water that has
been::~'strated to be free of target analytes (i.e, QC analysis) below the PQL's.
This is':cbecked daily with method blanks.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FGCPTOO202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
Revision 2, 4/14/93 Page 13 of 17
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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.

,."><)::::' .

Medium level soil samples. If the concennation of target co.:~i~bt other
hydrocarbons is suspected to be high, soils will be extracted wifii::~hanol. Weigh ~

g ± 0.4 g of sample into a VOA vial and add 10 mL +.9,5 mhof"rrtethanol
(alternately, 2.0 g ± 0.2 g. in 5 mL ± 0.2 mL may pe::u@}" C3p the tube and
shake for approximately 1 minute until the soil and.methanot.ali~,:completely mixed.
Centrifuge if required and withdraw 100 ~L of s~~t. Aii'd to 5.0 mL of
reagent water and surrogate in a 5 m.L syringe:¥ia"p~"with analysis according to
the procedure for water. ":;<::::\;,,.,::\':,:::=::.,

- Medium Level * 100 uL

Where

-
-
-
-
-
•

•

-
-
-

..,.::};n:::2i~li:;::::(,,·.:t;;:-·

X = the am~::::::~~:.~;:Lctecf (g)

y = the"i~~~~:'i::::~anol used for extraction (mL)

.:dt~:~. ::\:.... .:::~.:.':~.~ ..:j~?'
.:)f~~~~f\~~~1t::::.~~~~~};::·

For highly con~tedi::~.Jess than 100 PoL of extract may be used. If the amount
of extract need~:.:Jg:''b.ting;:t1l~Jbncentration of contaminants within the instrument
calibration ~J~~:.ii~· 2 ~L, the extract will be further diluted with methanol.

MediumJ~:::p~~:~ required each day that medium le~el soil samples are

analYZ~"

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FGCPTOO202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
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%So.l. i-::!s = (~) * :. 0 0

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

:-::?::::.

where

Dry weight calculations are performed on ~\::iimP!~"when required.
.;::::::::::::::::::r::~:r;·: .::::::::;:::;:;:, :::::::~::.

.. '.:,.~:::;::::;:::;:::(

dry wt-::·,,·;= X,.
. y ":.:::~::..

...;~:::;::::::::::::.... ".:~::" :::7
,". ·>:;={i(")::;::\::::. }t>

.. \\(i::{tt::~ ... ·.·.t

where X = final conceIl~tfun':9f~le
Y = decimal ~::~6~':

./)~j;~:::::.. ····:::?~1~~I~~~;~!~t}~:::·::;
Analysis. The standards and sa.mPFES::::~ tirl#Iyzed as outlined in the previous sections. The
routine order of analysis is: )::,;::itt:::,::::H\:i\::.i:·l!j:·j::·:::r"'··

···;;:f::/~:::.::. .;:-"

Dry weight. Project specifications may rt~~uire 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 11 OOC, ± 5°C for approximately 1 hour.
Temperature of the oven will be checked at the beginning of each project and the
proper setting set. Calculate the solids content from:

-

-
-

-
-
-
-
-

o

o

-
-
-
-

Calibratior;:~Urt~(~) ..~ the start of the project and a continuing calibration
standard...>[§F:'~!=hsu9,equent day (note: a new calibration may have to be run
each ~li.lil:::I:?~Uing calibration fails criteria, see calibration section).

~~t'check to verify calibration at the beginning of the project, if
~y':Jfi::::@pte::this st1Ildard is only analyzed once during the project).

0::::::3~t:~~llt:::!;i;:~k and samples.

?t}:~::.~ ·t~:.

o:;";:::!'i::';~~ spike and matrix spike duplicate (M:S/MSD) samples if required.

-
-

ABB Environmental Services, Inc.
STANDARD OPERA.TING PROCEDURES
SOP FGCPTOO202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
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Quality Control. The following procedures will be implemented by the field chemist to

insure standardization of the operating procedures:

Review. The field chemist will review each chromatogram before analyzing the next
sample. The review will include the calculation of surrogate reco",erle.s;comparison
of surrogate and target compound retention times to calibratiCJt1:~£aIldai&:~'and the
evaluation of carryover potential. ... . . ... ..

, .;.\?;

Surrogate recoveries. Surrogate recoveries for wat~g~~~:must be greater than 50
percent and less than 150 percent on at least one ;~~()r if dffiil detector analysis is
perfonned. Water samples with surrogate recqy~~~::'QI:.l~~@ than 50 percent must be
reanalyzed to confirm matrix interferences. Witer sampl¢S'with recoveries greater
'than 150 percent will be qualified with an········

..::;:;:;-, :::~;" ·····::::~~:t;$. .
Surrogate recoveries for soil sampl~tmp§tibegM~ater than 30 percent and less than
200 percent on at least one detectgr..j;f;'.:SE;~tor analysis is performed. Soil _
surrogate recoveries of less thag:;'?t1::.~iit;piust be reanalyzed to confInn matrix
interferences. Soil sUITOgate~~;i~:!:9f greater than 200 percent will be qualified
with an (S).·";;:;::m~:;lj~;,.::t

~tt~~);::;

:d~I~l:k.)a~;.
Matrix mike. ~;:::~!~q~ty control samples will be analyzed when required
by project worls:gTIlBa", Th'e$~nire field samples to which target compounds at the mid
calibration co~~D9~~::added. The percent recovery of target compounds will

be recO~__d....::.;~.i~.;.~~'.~.1.r.',::,'...~.~.•_:,';:.:.·_:';:_;~::'.;':'.':;'::'._'::'::":'%"":";:'_'l'~.::;r
::~~j*~t::::;.. ~ .

Ma~::;~~eri4.?matrix spike duplicates are analyzed after twenty samples or as
required' bY.~ltIe~project workplans. Matrix spikes are prepared as either water or soil
samR~s wi~ a mid-level standard added immediately after the sUITOgate.

ABB Environmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FGCPTOO202, Purge and Trap Analysis of Volatile Organic Compounds by Field Gas
Chromatography
Revision 2, 4/14/93 Page 16 of 17
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Matrix spike and matrix spike duplicate results will be calculated and recorded in (he
GC logbook. Gnless speciJied in (he project workplans (here will be no action
criteria for matrix spike results, the results will be advisory only,

.:.;-

::::[::\:\;)~:\.;)~~?;~;;::;::::;. :

~~"U.S. Envip~MDendhProtection Agency, 1986, "Test Methods for Evaluating Solid Waste,
Physica1JCIi~@~Methods; SW-846"; Office of Solid Waste and Emergency Response,
Washington,b':t:

%Reeovery = I (sample cone, .. spike cone.) - sample c~~c.-.,.t .. 100
spike cone. 1

:.:.:.;.-.....:.
·;:?:r~~:r~;::~;::::::··

RPD. The relative percent difference (RPD) for.·~trix and matrix spike
duplicates will be calculated and recorded in tb;~·'PI.PJa:m::~pook .

.4:t::... .. ·:·::;:?~:{~~f;·

.';::::'. "::f

= %R MS.:::z;,,!IJj·:,.\.
RPD ( tR y&,+ %'R.)'LSD)!

.:f1:::·i:'::::·~:::t:;;':::;1> ":1:})"}r"
...}.:-:.>;.~ ··:\;~t~~~~~~~~tt~j~:··:::~;·

.'iQ'i:..i:i:::::;:;::::::::::::~!!lj!:II~::I~ .)}'"

Reporting. Data from all sample,,~alY~:::..nfFtelevant calibration and blank analyses will
be documented in the project G(J';::iV~:::Jpg~'; A quality control summary as outlined in
project specific workplans wil.h.~' gene.~:~~at the completion of the project and will include
some or all of the following::~:;Ajrecf~Wlnitial calibrations, continuing calibrations,
surrogate recoveries, maqjX·;~",..Il1atrix spike duplicates, method blanks, dilutions,
reanalyses, observatioIl..t:'6f~t.9.,e t~u.t.;tghemist, problems and fixes, unknown peaks, raw data,

etc. . x.§~i*:i~ii!!;!:~:;::;~~t~J,:;:;;;t.:i;> }'

-

-

-

-

-

-
-

-
-

-
-
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Author: Advanced Technology Team
Reviewed by:

TITLE:

Issuing Unit: ABB-ES
SOP No.: ~S00102
Date: 05/12/94.... .

-

-
-
-
-
-

PURPOSE:

SCOPE:

To estab~:Sf.i.~.~ratingprotocols for the analysis of metals using

the ~~ce.;;..:.:.·.i;:;::'.i.::i.'.::...:....:;'.....:;.::..:::~...;:.....:;.:...:9:.::..:;..:..:.:;::.OOO.:'7r-raY Fluorescence Analyzer (XRF).
.:::t:t:::··:;;;;:::··::;;;;:~>:::::.
:::?nii::~re describes the preparation and analysis of soil samples for

:::/:::tIt::f&al~;i;;siDg XRF.

"
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Instromentation. 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.

-
-
-
-
-

o

o

Soils mode

categories: conventions,

-
-
-
-
-
-
-
-

peIformed in a consistent ~lijtl!\fl6m operator to operator and project to project. Conventions
are established for ~::::§taIi~tirecordinglogbook entries, peIforming calculations, and

analyzing quality" co~~f-:iilll~~:~::":::::@?:"·

Standards~:::::::::::::::§pir::;~ference standards will be purchased through USGS, NIST, or
equivalc;ql::::::(g:::mand.il'd information will be logged in a bound logbook with the pages
sequc;p'd~p)\:p'uhll;t.red. This information will include, at a minimum:

o ,~t~":!~ supplying standards.
{:~;r::;:

o:;:::·.":.:.Nafu~ and concentration of the standard

o Lot number of the standard.

ABE EDvironmeni31 ServIces, IDe.
STANDARD OPERATING PROCEDURES
SOP FXRFSOOI02, Field Analysis of Metals by X-Ray Fluorescence
Revision 2, 5/12/94 Page 2 of 5
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Logbook entries. While the style and specific requirements for logbook entries will vary
between operators and projects, certain information is required f9#L~ projects. At a
minimum this will include:;:;\%::~:;:::;;;~i~;;;'...::::::·

o A table of contents listing what and where specific idl6t~~::·!I:::i~ted.
o A listing of XRF run conditions and calibration.::¢.~ ::S:~!~"!i::!::~(::"

o A run log section containing at a minimum;:~@;;~:i!:·II~~i:~tion, run number,
an example calculation for any calculati~::~.~p:ned;::::: and a remarks column
with any pertinent information (e.g.,:::pp'u~ual:\q.le color or odor, unusable
blanks, failed standards, reruns, etc~}~:::;,:::,:;:::::::::::;:>:..'l?

o :ru~1=e:n~.~~ both routine and a}Uipment

Calibration. The Spectrace is caIib~.MJ.jJaCfury. However, three checks are required
to .ensure that the instrument is opepgj:.p.J9pe@y. These checks are performed daily prior to

sample analysis. ..:::i:n;::..:::!:ii:II:.II~.I!II~~::::::j;;::::::::~~:~:j:li~~ij:::"':'

Energy CalibratiOn.J~:!;:~~:~:r:· safety shield on the probe. Set the acquisition time
for each source qd§.9 'seq::::I:::jjl~~O sec total). Upon completion save results and examine
spectra. For ~:;§9~ illite and record the KeV for the major peaks as listed below

::~e~~~~gnllication:ge, KeV

Cd;:109~b9::LL"~betaalPha 10.54 + 0.040
::::it;;;,::... r 12.61 + 0.040

'.:::::::.::........ Pb L-gamma 14.76 + 0.040
··:::;~:\fI.I::!~~})· Emission 22.10 + 0.040

Fe-55 S K-alpha 2.31 + 0.010

ABB EnvlIOnmental ServIces, Inc.

-
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Am-241

Emission

Pb L-alpha
Pb L-beta
Emission

5.89 + 0.010

10.54 + 0.050
12.61 + 0.050
59.50 + 0.20

ABB·ES

-
-
-
-
-
-
-
-
-
-
-
-
-
-

:::::::.;.:::::::::::'"

:~.,:,::c~~~on if any Jle'lks do not meet the ~~1?repeatthe

Resolution Check. Set the Cd-I09 soun;e acquisition~4~'~ Fe-55 and
Am-241 times to 20 sec and measure the pure iron .:~i):§ppplied with the XRF.
Save and examine the Cd-109 spectrum. Record t.J!~:::J{!v·:v..iS· measured at the full
width at half height. Subtract the left side valu~::~i.i:::~t of''fue right; the difference
must be less than 0.300 KeV. Contact the ~bfa2tUtit!df the resolution is out of
specification.::::"':'::::::::· "::\i::::::"

Element X-ray Re§l!Ol1~ (;heck. ~_ties of Fe, Mn, and Co are
compared using the spectrum obtaineg::ii ~. ~so~tion check (above). From the raw
data verify that the Fe intensity is ~:!:tllab :::QA'6 and those for Mn and Co are less
than 0.003. If the intensities are 9Mt:p!:EMil:.~~iure that the window is clean, reposition

:=:::.~conWning the met&s of mrere~ are
analyzed using the samP5:::::aW4I~:: ..aPP1ication and acquisition times (see below). The
concentrations should;~:·:·:·i.. lowt!!lUd, and high levels for some or all of the target
elements. The low le\lli:W&ard shOUld be near the instrument detection limit; mid level
near the project agd.pn·l!..:i:!~d the high level near the maximum concentration of the

metals on-site;!:~::!i::~II:ilililil!i'liiiii'~:'i:'li:~!::::::l::::::::i;::}f:'
Continuing ~btatWli:':<':::::fhis is the mid-level standard at or near the action level. This

ch~~~every10 ~pl~.

Blanks. 4.i:~flont?lihk is supplied with the XRF. This must be analyzed under the same
applicatiolf:'A9i':,§OuxJe acquisition times as in sample analysis (see below). All elements should
be at concen~~'at or less than 3 times their standard deviation. Reanalyze if any elements
are out of nmge. Check probe window and teflon blank for cleanliness if any are still out and
run the Acquire Background program if needed.

ABB EIlvlIOnmental Services, Inc.
STANDARD OPERATING PROCEDURES
SOP FXRFSOOI02, 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 homogenized. Pour enough sample into the sample cup to fill at least halfway;
assemble mylar and ring.

Reporting. Data from all sample analyses and"~on and blank analyses will be
documented in the project XRF logbook. A .~ilitY:::;&OnifOt:::·summary as outlined in project
specific workplans will be generated at the G9ih)iiY.o~'~:Itheproject and will include some or .
all of the following as required: daily calib~im:;::~hee}ci'~ continuing calibrations, reanalyses,

::7;:~:ilie fieldcbemm.:~itc ..
Spectrace 9000 Portable X-raY:fFluq~ncfe"Analyzer Operating Instructions, Revision 03,
January 1992. .,,:i:::::::':":':::;:: ."::::\!!~i!lilii;i:ijJ::

~,
··::tt·

ABB Environmental ServIces, IDc.
STANDARD OPERATING PROCEDURES
SOP FXRFSOOI02, Field Analysis of Metals by X-Ray Fluorescence
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Uhe Leeman Labs' iv10del PS200 Automated
011ercury Analyzer offers exceptional value to any
laboratory measuring mercury. Everything is
included: a random access PS Series autosampler.
an lBM-eompatible PC. and Leeman Labs' powerful
PS Series software comolernent an inst.-ument
speci±lcally designed fo~ mercury determinatior...s.

The PS200 is an energy-efficient double beam
photometer with parts per trillion (ppt} sensitivity.
Energy efficiency is achieved by eliminating the
monochromator used L1l. .-\As. The monoch..romator
serves no function in a dedicated meTcury analyzer.
In fact. it causes a large energy loss by using
narrow slits and by diffracting energy into unused
spectral orders.

Since the optical cell need not fit LlJ.e physical
constraints of an "A..A. 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 li.."1der
USEPA eLF and TCLP protocols. LOv\I" ppt sensitivity
makes it the ideal companion to our
Iep/Echelle Spectrometers.

-
-
-
-
-
-
-
-

Unattended 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 sp iked samples can
all be loaded into the autosampler. Even basefine
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 vour needs. You can even interrupt an autosarnpler
bat"ch to run a "rush" sample. Results are easily
transmitted to a LllvfS.

User-Defined Automation
The PS200 software cor~.tains a library of routines
known as "macros." These routines not only allow
you to customize operation of your insuurnent. they
also simplify training, reduce errors, and enhance
consistency of results.

Use macros to reduce multiple steps to a single
keystroke. Have the system make intelligent decisicns
and act on them automatically - saving time and
increasing sample throughput. For exarr.ple:

• Standardize start-up and shut-down procedures
for consistent operator-to-operator performance.

• Build in as many standards and control samples as
required for your QA/QC needs.

• Set your own limits for out·of-spec readings on
control/check samples. and have the s....ste:n
automatically recalibrate and repeat S<1mple
determinations as needed.

• Calculate matrix spike rccoveri.es ana apply tbo~
recovery factors to subsequent samples if desired.

• Calculate for the method of standard additions.

-
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mbile analytical testing for mercury has
become i.r:creasingly automated and efficient.
sample preparation has remained a tedious and
time-consuming procedure. The Leeman Labs
i-\P200 i\utomated Mercury Sample Preparation
System performs all sample preparation steps for
mercury detennination by cold vapor i\.A.
Sample and standard preparation for the most
demanding QA./QC protocol is made simple 8.J.ld

easy ~Jitb the AP200.

Sa."'11ples and standards are digested, and reagents
are precisely added for consistent results.
Potassium permanganate additions are n1ade as
required under control of a "Complete Oxidation
Probe" (COP).

-
-
-
-
-
-
-
-
..

Consistent Results
Leeman Labs AP200 Automated Mercury
Preparation System ensures that all samples and
standards are treated identically. samole-to
sample a....1.d. operator. to-operator. for consistent.
reliable results.
The AP200 1.s capable of preparing up to 88
samples, 6 calibration standards, and 7 check
standards at one time without operator interven
tion. The samples and standards are placed
directly in autosampler cups in a rack that mount~
in the enclosed temperature-controlled bath for
reagent additions and digestion. Reagent volumes
and digestion times are programmed 1:0 meet
specific sample :-equirements. COP. a colorimetric
detector. ensures that samples receive sufficient
potassium permanganate and retain color for a
specified time period. This assur~s complete
oxidation of organics in the sample. el.iminating
their interference with mercury detenninatioLs.

Maximwn Productivity
The AP200 significantly improves the quality of
results and :educes man-hours required for mer
cury sample preparation. When combined lNith
the PS200 Automated Mercury Analyzer, you
have the complete "walk-away" answer for mer
cury determinations.

Cost Savings
The AP200 not only saves time and labor.
it saves operating costs as well. Only 8 tnL 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 h.az.axdo-.J.s waste for
disposal. Also, because of the high degree of
reliabilitv assor.iated with automation, rewer
samples will need to be reworked or reenalyzed
due to errors in preparation.

- ~ J'135: l l 566, -5 l - l l
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Principles of Operation
The Al'200 uses established methodology for the
preparation of meI'CUl'Y samples for cold vapor
A...A.. The required 8 !IlL of sample are placed
directiy in autosampler cups. (After preparation
the racks transfer directly to the autosampler of
the PS200 Automated Mercury Analyzer.)
Sulfuric acid. Ditric acid. and potassium pennan
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
permanganate is added if necessary. Should the
pUJ.-ple color continue to disappear, the sample is
flagged for operator attention. Potassium persul·
fate is then added. and the samples are digested
for 2 hours at 95° C. After cooling. sodium
chloride-hydroxylamine sulfate is added to
reduce the 8..xcess permanganate. The samples
and standards are then ready for Hg determina
tion by cold vapor AA. which commences with
t.':1e addition of stannous chloride.

=.;::;:;;;,
<:71- '.
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Fnrly Warning of High j}JercUJy Levels
One of the problems in mercury analysis occurs when
a sample with high mercury content is measured.
Adsorption of these high vapor levels resu Its ;n slQ\v
elution from internal ~urfaces. chamctarized by long
baselirlc return timBS. Once a system has been p.xposed"
it can take hours to dean out. during which time ::.he

I instrument is unavailable for use.

The PS200 detects high mercury levels early -
before the va par has a chance to saturute the svstem.
vVhen the detector senses a rapid rate of signaf increase,
the svstem automaticallv shuts off the flow nI~ carrier
gas (argon or rtitrogen) to prevent more mercuI\'
vapor from flowing into the syster:1. In1Jm~di2te1y.
rinse solution starts flo""'"ing through :.he li.quid sample
path to wash out the sample, Throughout this process.
the system monitors the detector signa!. and waits
until it has sufficientlv decreased before runr.ing thp
next sample. .

The entire procedure typically takes 5 minl.1:es
saving you hours of system tlushing,

I and minimizing downtime.

Analytical Reliability
The PS200 Automated ~[ercu[)' Analyzer is designee
ar.d supported te give you maximum corJ'idence i r.
~'our results, Leeman Labs offers everyt.hin,Q you need
,or accurate. reliable mercul)' determinations,
includlng:

• A completely automated system at sig:1iflCanlLy
less cost rl1an dr. automated cold vapor i\.'\:

• Double beam measurement for <lCGume\,
and sensitivity. .

• PL·\.--\.ii\L;-PLTRE calibrntior. standards.

• Optional pre-shipment testing to specific pratccob.
mcluding CLP and TelY.

• Regionally located SalesiSuoport Centers
for quick r<~spo nse.

- 01 sz:tt ;66T-;--(C~
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Environ. SCI. Technol. 1993. 21. 287U-2877

Development of an in Vitro Screening Test To Evaluate the In Vivo
Bioaccessibility of Ingested Mine-Waste Lead

MIchael V. Ruby,', t Andy Davis, t TImothy E. Link, t Rosalind Schoof, i: Rufus L. Chaney, § Gary B. Freeman, I and
Paul BergstromO

PTI Environmental Services, 2995 Baseline Road, Suite 202. Boulder, Colorado 80303. PTI Environmental Services,
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Table 1. Occurrence of Pb Minerals in Mine-Waste
Samples
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sample no.

Pb phase BMW-l BMW-2 BMW-3 BMW-4

anglesite (PbSO.) (%) 59 4 10
galena (PbS) (%) 26 1 5
lead phosphates· (%) 4 7 37 39
manganese-lead 31 -; 26

oxides· (% )
iron-lead oxidesc (%) 2 29 6
iron-lead sulfatesd (%) 2 24 39
lead oxides [PbO and 1 3 17

Pb(OH12J (%)
lead metallics' (% ) 2
lead silicates (PbSi03 2 11

and PbSiO.) (%)
lead barite 3

[(Ba-Pb)SO.J (%)
cerussite (PbC03) (%) 3

Pb conen (mg/kg)l 3900 1030 5820 1790
AB conen (mg/kg)l 1380 620 1180 420
Fe concn (%)1 6.9 12.3 5.0 5.4
Mn concn (mg/kg)l 2200 2000 1100 1200
Zn conen (mg/kg)l 6040 NAi NA 1600
Ca conen (%)1 0.7 2.9 1.2 0.8
pHh 3.7 2.8 3.8 2.6

• Lead phosphate grains contain variable compositions ofPb, PO••
SO•• and halogens. b Manganese-lead oxide particles contain more
Mn than Pb, with variable compositions of constituenta. C Iron-lead
oxide particles contain more Fe than Pb, with variable compositions
of constituenta. d Iron-lead sulfate grains contain more Fe than Pb,
with variable compositions of constituenta. • Lead metallics contain
elemental Pb with Fe, Mn, AB, Cu, and Zn in varying proportions.
f Determined by digestion (31) and atomic absorption·.pectroecopy
(31). , Determined by X-ray fluorescence. h Determined by the
saturated paste method (32). iNA, 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/sulfate 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 (FeSoz) or silicate
(SiOoz) matrices, making them unavailable for alteration ~

or dissolution. Precipitation ofjarosite [KFe3(SO,h(OfL;] .~
rinds on Pb-bearing particles was also observed and would I~

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 [PbFe6(SO,MOH>t2], and lead oxides [PbO
and Pb(OHh, Table I]. These Pb minerals occur in mine 1
waste and soils as a complex set of alteration products

• Author to whom correspondejJce should be addreseed.
I PTI Environmental Services, Boulder.
I PTI Environmental Services. Bellevue.
I USDA Agricultural Research Service.
I Battelle Columbus Laboratories.
Q ARCO.

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 14)% of
the total Pb in four mine-waste samples with disparate Pb
mineralogy was bioaccessible. In vitro method develop
ment tests indicated that H+ concentration and Cl
complexation control dissolution of Pb-bearing minerals
in the stomach 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 uitro 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 (Le., will be
bioavailable) (1). H.9wever, 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 (GD 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 bioavailability
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 ofmetals
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
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Methods

ditions. Selection of appropriate concentrations for di
gestive enzymes is pro blematic because concentra tioM are
highly variable in the human system. The enzyme
concentrations selected for the in uitro test were those
used in refs 23 and 24 for in uitro estimation of Fe from
food. The method developed herein included the addition
ofsmall 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 elle
concentrations of Pb solubilized in the stomach. There
fore, mixing of the in uitro flask contents emplo"oo a
mixing rate designed to replicate in uiuo mixing, as
previously determined in Pb dissolution rate experiments
(9). The test material mass (4 g) and fluid volume (40
mL) for the in uitro 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 I of
mine waste/kg of body weight and weighed, on average,
2.1 kg; resulting in 4.2 g of ingested mine waste (16.4 mg
of Pb,..

To test the validity of the in uitro model, an in uiuo
experiment Was conducted to assess the dissolution oC 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
intentionally ingests soil), who may ingest up to 10 g of
soiVday (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 tran"it
time) are comparable for humans and rabbits (5, 11, 12,
14, 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 humanll.

Mine-Waste Collection and Characterization. The
mine waste used for both the in uiuo experiment and in
uitro method development (BMW-1) was blended using
five mine-waste samples (waste rock and mine overburdDn
material) collected from one mining site to achieve a desirDd
Pb content (3900 mg/kg of Pb). Before blending, each of
the five mine-waste samples was air-dried and sieved I.D
<250 ,um using a mechanical sieve shaker, becaulle
predominantly smaller particles adhere to children's hand.s
and may be ingested (30). The remaining samples (BMW·
2-4) were composite samples collected from individuLJI
mine-waste piles and treated in an identical manner t,u

BMW·1. Bulk Pb concentrations were determined fur
each sample by digestion in HNO:JH20 2• followed f7y
atomic absorption spectroscopy (31). Bulk arsenic (Ai'),

Fe, manganese (Mn), zinc (Zn), and calcium (Cal cow
centrations were determined by X-ray fluoresceno',
Sample pH was determined by the saturated paste meth(){j-

-

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 alao 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 Gl 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 Pb2+ and
PbCI+ (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 duodenUDl. NaHC03 excreted with the
pancreatic juices is mixed with the intestinal chyme.
resulting in an increase in pH to appro:ri.t:iJ.ately 7 in humans
(15). Consequently, dissolved Pb concentrations are likely
to decrease in the small intestme due to adsorption to
mineral and food- particle surfaces with increasing pH and
as a result of precipitation reactions (16). 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 bedistrib
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 uitro method was needed to investigate interactions of
the various factors and to compare the relative solubility

_ of Pb from solid source9\ 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 uitro method is representative of a fasting child
and maximizes Pb dissolution to provide an upper-bound

.. estimate of available Ph that would apply to ingestion of
small particles due to mouthing behavior by children
several hours after food ingestion or under fasting con·
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(32). Lead minerals in the mine-waste samples were
identified by electron microprobe (JEOL 8600) at the
Departmen t of Geological Sciences. Universi ty of Colorado
at Boulder (Table n. 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 individual stainless 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 (DO 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
(CH3C02h·3H20]/kg of body weight) and killed 1 h after
dosing. Two groups of three rabbits each served as controIs
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 Coming polypropylene centrifuge tubes and cen
trifuged at approxiI;lately 2100g 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 remainingmaterilil 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 30mL,
while the volume in fed rabbit stomachs was approximately
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 HN03 (17N) was used to
acidify the fluid samples (1 % v/v). Solid samples were
dried to determine percent moisture and digested in HN031
H20 2 (31). A Thermo Jarrel Ash, Video llE 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
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2of Pb. and the same instrument. equipped tor flame '
analysis. was used for samples with >:2 mg/L of Pb. 1
Organic acid analyses were performed by capillary elec
trophoresis at Galbraith Labs (KnolCville. TN).

Analytical quality assurance and quality control (QA/ ,
QC) samples consisted of 1in 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 t1uid) 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-lIrabbit), and the 1:10 solid-to-fluid ratio
was the average ratio observed in the 36 rabbit stomachs
and small intestines. The in viuo 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/
rabbit chow mixture (4.0 g ofBMW-1, 1.0 gof rabbit chow,
40 mL of fluid), in duplicate. The in 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 ofPb solubility from BMW-1 relative
to lead acetate.. Subsequent to method development using
BMW-1, three additional mine-waste samples (BMW-2
4, Table 1) were subjected to the in vitro test to examine
Pb availability fi-om mine waste with disparate Pb
mineralogies.

A total of 40 mL of type I 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 mLl. citrate [0.5 gl. lactate [0.42 mLl.
and malate [0.5 g]) were added, and the flask was placed
on a wrist-actiop shaker in a water bath at 37°C,
representative of GI tract temperature (23). The pH was
checked at lO·min intervals during the fIrst half hour and
at half-hour intervals thereafter, and measured volumes
of 12N HCI 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 ofthe reaction and centrifuged
immediately at approximately 2100g for 25 min, and the
liquid fraction was decan.ted 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 ofDI and NaHC03

of equivalent molarity to the calculated acidity (HCI) 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. PancreatiIl (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 usiIlg the methods and instrumentation described in
the in uiuo experimental section. GI tract enzymes and



972
100

212
<10
<10

<10

<10

small
intestine"

(mg/L)

64

<10

114
1302

stomach
conen"
(mg/L)

189
<10
534

2.1
2.1
4.1

2.4

2.6

2.0
2.4

lead-acid log K ML,'

ionic strength 1.0pK.
organic

acid

tanrate

acetate
butyrate
citrate

lactate
malate

4.1b

4.9"
pK1 3.1b

pK~ 4.8b

3.8b

pK1 2.8°
pK~ 5.io

succinate pK1 4.2"
pK~ 5.60

pK\3.1b

pK~4.8b

a Determined by capillary electrophoresis. b Ref 40. ' Ref41. 0 Ref
42.• Ref 36.

Table II. Concentrations ot Organic Acids in Rabbit GI
Tract

Environ. ScI. Technol.. Vol. 27, No. 13, 1993 2873

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 in 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
oforganic 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 ~2.8 (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~) 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 K ML =4.1), while the remaining acids will form
complexes of decreasing stability in the order tartrate>
malate, succinate> acetate, butyrate > lactate. The ability
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 Pb2+ binding to individual ligands (e.g.,
selectivity for Pb), and the activity of competing cations
(e.g., Ca2+, Zn2+. or Cu2+) that may.displace Pb. Therefore,
in the small intestine at pH 7, the KML 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 11). 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

403010 20
Time (hr)

FIgure 1. pH variations In rabbit GI tract as a !unction ot time and
location: (II) !undlc stomach, (0) pylor1c stomach.(.... ) duodenum. (+)
11et.m. (X) cecum. Error bars Indicate standard deviation tor the measured
values In three rabbits.

acids were obtained from Sigma Chemical Co. (St. Louis.
MO).

Method development testing for the in vitro test also
included omission of the organic acids, omission of the GI
tract enzymes, and omission ofboth 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(CHaCO.v2·3H20, 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.

Results

Mineralogy, Metal Concentrations, and Sample pH.
Lead mineralogy in samples BMW-1-4 (Table I) was
calculated as percent occurrence ofPb-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 (8). Bulk metals data are presented
(Table I) for comparison ofthese 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). The acidic 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
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substantial portion (approximately 60-95 %) ofsolubilized
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,
proftle (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. The decrease 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 ill).

When considering available Pb based on either in uiuo
or in uitro 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 (PblOv; (2) solubilized Pb that is bound to large
MW entities (Pbbadl; (3) Pb that was solubilized in the
stomach but has sorbed to solid surfaces on entering the
small intestine (PblOrb); and (4) Pb that was insoluble in
the stomach (Pbu..ov. Because Pbu..ol 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. PblOl
is immediately available, while PbbDd and Pboorb must
become unbound or desorbed, respectively, prior to
absorption in the small intestine. However, as PblOl is
absorbed, Pbbad and Pboorb could be released into solution
to regain equilibriUIJl partitioning of Pb between the fluid
and solid phases. Therefore, assuming that the binding
or adsorption mechanisms are reversible, the entiI:e pool
of PblOl, Pbbad, and Pboorb [which is equal to the total Pb

"{, total Pb
stomach small into large into stomach small into large into in stomach

time (h) fluid b fluid b f1uid b bloodd solids solids golids in tluld phase!' (%)

0.5 230 ± 170 6.9 ± 6.7 3.0" 2.0 ± 0.4 6980 ± 2290 38 ± 20 170 ± 60 3±2
1 260 ± 140 28 ± 34 3.8 ± 204' 1.5 ± 0.5 6670 ± 2820 480 ± 710 130 ± 47 4 ± 2
1.5 620 ± 250 140 ± 27' ~ 1.7 ± 0.4 6210 ± 2070 1230 ± 630 690 ± 760 9±4
3 62 ± 53 250 ± 220 32 ± 25 5,4 ± 2.8 850 ± 300 4580 ± 4830 550 ± 530 .7 ± 6
6 5.8 ± 3.8 6.1 ± 6.7 53 ± 13 7.1 ± 2.1 62 ± 80 160 ± 230 1170 ± 300 9±6

8 1.6 ± 0.5 1.6 ± 1.0 46 ± 20 7.7 ± 2.3 NA' NA NA
16 5.3 ± L2 15 ± 6.1 7.2 ± 004' 3.9 ± 0.8 NA NA NA
24 3,4 ± 2.0 5.3 ± 0.4' 8.2 ± 1.0' 5.3 ± 1.4 NA NA NA
36 3.4 ± 2,4 3.3 ± 2.1 2.9 ± 0.2' 6,4 ± 2.5 NA NA NA
1 (soluble salt dose)1 2000 ± 610 810 ± 390 620 ± 58' 14 ± 7.9 3400 ± 2300 1150 ± 300 530 ± 400 37 ± 11
1 (blank) 1.4 ± 0.2 0.6 ± 0,4 10 ± 1,4' 0.8 ± 0.4 120:1: 44 33:1: 28 180 :I: 31 1 :I: 0.1
36 (blank) 2.5 ± 1.7 28:1: 0.6' 0.7:1: 0.2' 2.9:1: 0.4 NA NA NA

a Each rabbit dosed with 2.0 g of BMW·l/kg of body weight (average animal weight of 2.1 kg) for an average dose of 4.2 g of BMW-l (16.4
mg ofPb). b Corrected for percent moisture in solids. ' No error is presented, because only one measurement was obtained. d Assuming average
rabbit blood volume of 56 mL/kg of body weight (43). 'Error based on two measurements. f No fluid available after centrifugation. 'One hour
between dosing and sample collection. 1\ Value calculated 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. iNA, not analyzed.
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not resolved during capillary electrophoresis. Lactic acid,
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 O.H-h post-dose
groups. Solid samples from the 8-36-h post-dose groups
were not analyzed, because the solid 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 (;.Lg) rather than concentration to account
for the varying fluid volumes and solid masses present in
each rabbit (Table ill). 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 p.g 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 HN03,

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

Table HI. Pb ~ass (I'g) Recovered from Rabbit Fluids and Solids, Reported as Arithmetic Me>ln. Standard Devl>ltion of
Three Samples'
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decrease in the mass of Pb solubilized in the stomach from
0.65 ± 0.04 to 0.58 ± 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 toO.I8 ± 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 Ph-bearing precipitates.

Based on the reasoning presented in the in vivo results
section, the fraction of available Pb in vitro from BMW-I
(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
in vitro) 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-I.

The Pb(OAch 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(OAch 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(OAch during
in vitro (68 or 76 %, depending on the matrix present) and
in vivo (37 %) testing could be due to a variety of factors,
including (1) pH differences between the systems, (2) lower
concentrations oforganic acids in vivo than used in vitro,
or (3) incomplete recovery of ingested material during the
in vivo study. Soluble Pb mass from Pb(OAch 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
of9. 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 the in vitro method
(0.5-6%, Table IV). BMW-2. which consists of ferro
manganese lead oxides and iron-lead sulfate, produced
only 0.5 % available Pb during the in vitro test and reached
equilibrium dissolved Pb concentration prior to collection
Of the ini tial sample (0.5 h. Table IV). BMW-3 and BMW-4
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- FIgure 2. Average PO mass (mg) solubilized during the In vitro method
development testing: (II) standard test. (+) rabbit chow present during
standard test, (0)no acids present d\.l1ng test. (..to.) no enzymes present
during test. (X) no enzymes or acids present during test.
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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 Pbm.! and Pb.orb 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 mass 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 l.5-h time point (Table rrn. The

- limited Pb dissolution from mine waste is due to the low
solubility of Ph-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(OAch 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(OAch was present in the stomach
solids. Blood-lead response 1h after ingestion ofPb(OAch
was 9.4 times larger than from an equivalent mass of Pb
contained in BMW-I, supporting maximum in vivo mine-'

- waste-lead solubility, relative to Pb(OAch, of approxi
mately 10%.

Lead in in Vitro Fluids. Reproducibility of the in
_ vitro method was tested by conducting triplicate- exper

iments using BMW-I, 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 Ph,
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(OAch 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 a slight-
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0.02 1.26· 0.15 lU ± 0.1 10.2 ± 0.1

<0.OD8d 0.Q3 0.04 5.3", 0.2 l.0 ± 0.1
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(6 % and 2% available Pb, respectively) contain greater
percentages of Pb minerals such as lead oxides, lead
silicates, and anglesite (Table 0, 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-1 and BMW-4 but not from BMW-2and
BMW-3. No discrete Pb mineral 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. Factors such Il.B 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
adsorbedPb are likely to beof 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
physiological 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
3-4 in the stomach under fasting and fed conditions,
respectively, and approximately 7 iIi the small intestine.
similar to pH values reported 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, 6(}-95 % ofsolubilized
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.

2878 Envron. S<:l TectYlOl•• Vol. 27. No. 13. 1993

The in 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
3D-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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APPENDIXB

1.0 GENERAL

1.1 SCOPE ANDPuRPoSE

This Health and Safety Plan (HASP) has been prepared in confonnance 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 infonnational purposes.

1.2 PROJECf 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/Constroction Manager

The Resident Engineer or Field Operations Leader (POL) 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 (Le., this document).

-
-
..
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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 Engineering 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.
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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 CPR 1910.120. Personnel without the required training will not be
pennitted in any area with potential for exposure to toxic substances or harmful physical
agents (i.e., downrange). Refer to Appendix. B for further infonnation.

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 pennitted in any area with potential for
exposure to toxic substances or harmful physical agents (Le., downrange). Refer to
Appendix. C for further infonnation.

-
-
-
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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 ofland and
one significant building (Figure 2-2).

2.2 SITE HIsroRY AND LAYour

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
comer 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:

ASS Environmental Services, Inc.
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FIGURE 2-1
SITE LOCATION MAP

SITE INVESTIGATION WORK PLAN - PHASE I
95 AMES STREET

ROCHESTER, NEW YORK
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CATEGORY

A

B

C

D

APPENDIXB

ACTIVITIES

Sampling building materials (e.g., wood, concrete) and/or
sutface and subsutface soil and groundwater potentially
contaminated with mercury, solvents, hyd.rocarbon fuels or
other industrial materials.

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

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

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 infonnation 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 FOUHSO
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 fonns on the following pages, analyze all contemplated field activities
likely for the particular task. The general infonnation in Section 3.0 of this HASP
will in many cases provide sufficient infonnation 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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Provide the HASP and completed task analysis fonns 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.

-
-

H&SPLAN.REV

2-5
7198-17



-
-
-
..

-
-
-
-

-
-
-
...

-

APPENDIXB

3.0 TASKANALYSIS

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 ACI1Vl11ES

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 WorlqJlan, Phase 1, Former
Taylor Instruments Facility."

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

-
-
-
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TABLE 3-1

CHEMICALS OF CONCERN
AMES STREET SITE INVESTIGATION WORKPLAN - PHASE 1

-
-
-
-
-
-
-
-
-
-
-

300 ppm

Toluene 100 ppm

Trichloroethylene 50 ppm

Naphtha 100 ppm

Xylene 100 ppm

No.6 Fuel Oil

Cadmium 0.005 mg/m3

Chromium 0.5 mg/m3

Cyanide 5 mg/m3

perchloroethylene 25 ppm

1,1,1-Trichloroethane 350 ppm

Ethylbenzene 100 ppm

Benzene 1 ppm

Nickel 1 mg/m3

Asbestos 02 f/cc

PCB 0.5 - 1 mg/m3

Oils/Motor

200

150

450 ppm

125 ppm

5 ppm

1 f/ce

-
-
-
-
-
-

PEUTWA=
TLVrrwA=
STEL

CEIL
ppm
[skin]

mglm3

flee

. H&SPLAN.REV

Permissible Exposure Limit· Time Weighted Average
Threshold Limit Value - Time Weighted Average
Short-term Exposure Limit· The 15-minute time - weighted average which should not be exceeded at any

time during the working day.
The concentration that should not be exceeded during any part of the working exposure.
parts per million
The potential significant contribution to the overall exposure by the cutaneous route, by direct skin contact

with the substance.
milligrams per cubic meter
fibers per cubic centimeter

ASS Environmental Service$, Inc.
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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/m3

•

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.

Solvems 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 TerraProbesM
,

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

TerraProbesM 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.

-
-
-
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Metals (including cyanide): The occurrence of heavy metals at the site is believed to be
limited to the fonner electroplating area in fonner 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 maJerials: 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
nonnal conditions, but dennal/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 nonnally 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 wann 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.

Solventslhydrocarbons: For soil/groundwater sampling, Level C protection will probably
not be necessary unless large-diameter boreholes are opened or bulk soil excavation occurs.
HigWy 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:

..

-

ACfIVITY

Surface Soil Sampling

TerraProbe Activities

Well Sampling

TYPICAL

LEvEL OF PROTECTION

Modified Level D

Level D/Modified Level D

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 °for further infonnation 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 Immediately
Dangerous to Life or Health (!Dill) or other dangerous conditions are identified. At a
minimum, this monitoring will include evaluations for combustible atmospheres, and
hazardous concentrations of airborne contaminants.

-
-
-
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Air Sampling

To the extent feasible, the presence of airborne contaminants will be evaluated through the
use of direct reading instrumentation. Infonnation 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 confonnance 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 infonnation on the calibration and maintenance of the equipment.

1. Jerome Mercury Vapor Analyzer

2. Photoionization Detector (PIO)

- 3. Draeger Tubes - benzene 5/c

-
-
-
-
-
-

4. Explosimeter

For solvemslhydrocarbons: Monitor the breathing zone with the PIO. 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 ~1O ppm, upgrade to
Level B. If benzene levels are ~0.5 ppm, continue work at Level D/Modified Level D
until the PIO reads 2..10 ppm then upgrade to Level C. If PIO 2..175 ppm, upgrade to
LevelB.

Monitor the borehole opening with explosimeter.

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

-
-
-
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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 51c Draeger Tube reads <0.5 ppm; or
MVA reads <0.025 mg/m

3

Level C required if:

PID reads between 10 and 175 ppm; and/or
MVA reads 2..0.025 mg/m

3
; and/or

Benzene 51c Draeger Tube reads < 10 ppm.

Level B required if:

PID reads 2..175 ppm; or
2..2.5 mg/m

3
on the MVA; and/or

Benzene 51c Draeger Tube reads 2..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-eontaining areas for extended periods.
The need for this type of personal monitoring should be discussed with the HSM on a task
by-task basis.

-
-
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3.2 CATEGORY B - NON-INvASIVE ACfIVITIES

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.

Metals (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 nonnally 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. Wolk 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 perfonned 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:

-
-
-
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ACI1VITY

Activities in paved areas

Simple entry into areas of possible
mercury/metals contamination

Work in areas of known mercury/metals
contamination

TYPICAL

LEvEL OF PROlECTION

LevelD

Level D w/boot covers

Modified Level D*

APPENDIXB

-
-
-
-
-
-
-
-
-
-

*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
waiTanted 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 - SUBCONfRACIOR 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:

-
-
-

H&SPLAN.REV
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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
distuIbance required to remove or abate hazardous materials, significant aiIbome 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-eontaminated areas must be considered likely to produce significant vapor
concentrations.

Solverus 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 dennal and/or inhalation hazards
may be generated by remediation/removal work.

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

Safenr Hazards

Conclusion/Risk Assessment

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

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.

-
-
-
-
-
-
-

1)

2)

3)

4)

ABB Environmental personnel must notify the work area foreman of their
presence when approaching the work area.
The foreman will indicate where it is safe for ABB Environmental personnel
to conduct inspection activities.
At all times during inspection, ABB Environmental personnel should be
visible to the work area foreman.
The foreman should be notified when ABB Environmental personnel are to
leave the area.

-
-
-

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 oversightlobselVation role will often be
able to reduce the level of hazard without significant effect on their job perfonnance (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.

ABB Environmental Services, Inc.
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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:

-
-
-
-

ACI'IVITY

Oversight of activities not involving
remediation/removal of hazardous
materials

Oversight of hazardous material
remediation/removal

TYPICAL

LEvEL OF PROTECIlON

LevelD

Modified Level D

-
-
-
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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 perfonned 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 (Le., 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 MEErINGS

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 infonn visitors of site hazards and assist in
avoiding them.

Procedures designed to ensure visitors are duly infonned 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 dennal and/or inhalation exposure hazard.

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

Solvents and hydrocarbons: A dennal 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

ACI1VITY LEvEL OF PROTECI'ION

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 TIIESE
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 Fonns

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 ARB Environmental personnel will often lead site tours or walkthroughs of
specific areas, it is important that the Safety Proced~ 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 Infonnation" 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; dennal 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".

Deliver a safety briefing to the visitor(s):

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

Notify visitors in advance of the requirements for site entry, Le., personal protective
gear, attending the safety briefing, traveling with an escort. Send or FAX the
"Safety Infonnation... " fonn (2 pages) prior to their visit.

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.

Briefly review the "So/ety Info17lUltion... " sheet, with particular emphasis
on the Safety Procedures.

a)

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! Ifyou are unsure whether to allow entry, contact the PM, CM or HSO.

3.

1.

2.

4.

-
-

-
-
-

..
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-
-
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b) Describe health and safety ha:auds 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.

..

..
c) Review the MSDSs fOT chemicals ofconcern (the MSDS fOT mercury

should ALWAYS be reviewed.) Point out the health hazards and appropriate
protective measures.

-

..

-

d) Describe cummt site operations, locations and potential ha:auds.
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 LQg and Signature Fonn" .

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.]

ABB Environmental Services, Inc.
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fItS and Exposure Risk
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ill catalysts. It occurs in chromite ores
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"ysical Properties
Grayish, hard, lustrous metal; density 7.14;
IIelts at 19()()OC; boils at 2642°C; reacts with
i1ute Hel and H2S04 ; attacked by alkalies.

't4lth Hazard
The toxicity of chromium alloys and com
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letal does not exhibit toxicity. Divalent
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'e dusts of chromite or ferrochrome al
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34.7 SELENIUM

Symbol Se; at. wt. 78.96; at. no. 34; va
lences 2, 4, and 6; CAS [7782-49-2]; a
Group VIA metal

Uses and Exposure Risk
Selenium is used in the manufacture of col
ored glass, in photocells, in semiconduc
tors, as a rectifier in radio and television
sets, and as a vulcanizing agent in the man
ufacture of rubber.

Physical Properties
Dark red to bluish-black amorphous solid,
or dark red or gray crystals; exists in sev
eral allotropic forms; density 4.26-4.28 for
amorphous, 4.26-4.81 for crystals; mp 170
to 217°C (crystals); bp 685°C; amorphous
form becomes elastic at 70°C.

Health Hazard
The toxicity of selenium and its compounds
varies substantially. Sodium selenite is
highly toxic; many sulfur compounds of se
lenium are much less toxic. The target or
gans are the respiratory tract, liver, kid
neys, blood, skin, and eyes. The sign of
acute poisoning js a garlic-like odor in the
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CAC500 CADIA DEL PERRO

THR: An experimental carcinogen, tumorigen and neoplas
tigen, When heated to decomposition it emits acrid smoke
and fumes,

arl-rat L050:225 mg/kg TXAPA941,667,77
ipr-rat L050:4 mg/kg TXAPA941,667,77
scu-rat L050:9 mg/kg TXAPA941,667,77
ivn-rat L050: 1800 f.Lg/kg JJATOK 1,264,81
unr-rat L050: 1140 mg/kg GTPZAB 22(5),6,78
orl-mus L050:890 mg/kg 41HTAH -,14,78
ihl-mus LCLo: 170 mg/m3 NT1S** PBJ58-508
um-mus L050:890 mg/kg GTPZAB 22(5).6.78
orl-rbt LOLo:70 mg/kg AMPMAR 34.127,73
seu-rbt LOLo:6 mg/kg PRDTA* -.-,55
ivn-rbt LOLo:5 mg/kg JOGBAS 35.693.28
ims-ham LOLo: 25 mg/kg NCIUS* PH-43-64-886

IARC Cancer Review: Animal Sufficient EVidenc~

IMEMDT 11,39,76; IMEMDT 2,74,73. Cadmium and its

compounds are on the Community Right To Know List
Reported in EPA TSCA Inventory. EPA Genetic TOXlcoi.
ogy Program,

OSHA PEL: TWA O. I mg(Cd)/m3; CL 0.6 mg(Cd)lm'
(fume)

ACGIH TLV: TWA 0.01 mg(Cd)/m3 (dust). Human Clf.

cinogen
DFG BAT: Blood I.5 f.l.g/dL; Urine 15 f.l.g/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 protem
in the urine. An experimental carcinogen, tumorigen, n~o

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; Ht',.
Zn; Se; and Te. Explodes on contact with hydrazoic aCid.
Violent or explosive reaction when heated with ammonium
nitrate. Vigorous reaction when heated with nitryl fluorid~.

When heated strongly it emits toxic fumes of Cd. See also
CADMIUM COMPOUNDS. For further infonnation. sec
Vol. 3, No.5 of DP/M Report.

HR: 3

HR:3

NIOSH: EU 9800000

NIOSH: EU 9500000

CODEN:
INC1AM 46,1131,71

INCIAM 52,1579,74

INCIAM 46.1131,71
INC lAM 53,1259,74

KADMIUM (GERMAN)

KRAMERIA lXINA

C.1. 77180

COLLOIDAL CADMIUM

CADOOO
CADMIUM
CAS: 7440-43-9
mf: Cd mw: I 12.40

PROP: Hexagonal crystals, silver-white, malleable metal.
Mp: 320.9°, bp: 767 :!: 2°, d: 8.642, vap press: I rnm @
394°.

SYNS:

PROP: Aqueous extract from the dried leaves of the plant
(lNCIAM 46, 113 1,7 I).

SYNS:
K.IXlNA

TOXICITY DATA:
scu-rat TOLo:300 mg/kg/lY-I:

NED
ims-rat TOLo: 45 g/kg/l Y-I: ETA
skn-ham TOLo: 53950 mg/kg/

65W-1:CAR
scu-ral TO :990 mg/kg/55W-I:

NED

CACSOO
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 to 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.

..
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CAD250 HR:J
CADMIUM(II) ACETATE
CAS: 543-90-8 NIOSH: EU 981000:>
DOT: 2570
mf: C2H40 2·lI2Cd mw: 116.25

PROP: Monoclinic, colorless crystals; odor of acetic acid.
Mp: 256°, bp: decomp. d: 2.341.

SYNS:

-
-
-

-

TOXICITY DATA:
cyt-ham: ovr 1 f.LmollL
orl-ral TOLo: 220 mg/kg (1-220

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

preg):REP,TER
ivn-rat TOLo: 1250 J.l.g/kg (140

preg) : REP.TER
ims-rat TOLo:40 mg/kg/4W-I:

CAR
ims-rat TO :70 mg/kg: ETA
ims-rat TO :63 mg/kg:ETA
ims-rat TO ;45 mg/kg/4W-I:

NED
ihl-man TCLo:88 f.Lg/mJ/8.6Y:

KIO
ihl-hmn LCLo:39 mg/mJ/20M
unk-man LOLo; 15 mg/kg

CODEN:
CGCGBR 26,251,80
TDLE05 11,233,82

PSEBAA 158,614,78

JJATOK 1,264,81

IEPTDQ 1(1),51,77

BlCAAI 18,124,64
NATUAS 193,592,62
NCIUS* PH-43-64-

886,SEPT,71
AEHLAU 28,147,74

AIHAAP 31,180,70
85DCAI2,73,70

ACETIC ACID. CADMIUM SALT

BIS(ACETOXYlCADMIUM

CADMIUM ACETATE (DOT)

TOXICITY DATA:
eyt-hmn:lym 10 nmolfL
otr-ham: emb 1 f.LmollL
dnd-ham :emb ) J.l.mol'lL

CADMIUM DIACETATE

c.1. 77185

CODEN:
MUREAV 85.236.81
CNREA839.193.79
CNREA8 39.193.79

-
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GASOLINES: CASINGHEAD

SlOP dlscrlarqe 11 DosslOle Keep peoPle away
Shut or! lonition sources and call fire aeDanmenl
Slay uPwl-na clnd vse water spray 10 .,noek down" vapor
19Q1ate and remove dlscnargea material
NOlity local health and POllullOn contrOl agenCies

11. HAZARD CLASSIFICATIONS

Coda of Fed...... A.....tIOna:

Flammable liquid

HAS HUlird R.tlng tor Bulle Wet.,

TrllnaportIltlon:

Catevory R.tlng
Fire. 4

Hellth

Vlpot" ItT'I1ant... 1

UqUI(J or Solid Imltnt ..... _... °
POt!lOnS.. 1

Water PolullOn

Hum,n TOltw;rty 1

AqUltlC TOltw;rty ... 2

Aesthetic Effect... 1

RelctMty

Other ChemlC8ls 0
Wlter:.. 0

$elf RelclIon 0

NFPA HUlltd CI flcatton:

Catagory CJauHlcatton
Health Hazlrd (Blue) 1

Flammability (Red)... 3

ReactMty (Yellow).. °

10. HAZARD ASSESSMENT COOE
(See HUlird A.....mant H.ndbook)

A-T-U·V·W

12. PHYSICAL AND CHEMICAL PROPERTIES

12.1 Phy'IIcaI Stllte It 15"C.nd 1 atm:
Uquod

12.2 MofecutIIr W.ight: Not pertinent

12.3 BoIling Point It 1 atm:

58-275"F = t4-13S"C ~ .287·.08"K
12.. Freezing Point Not pertlnen1

12.5 Critical T.mpera1UN: Not pef1:inent

12.' CrtttcaI Preuure: Not pertinent
12.7 _. Qrovtty:

0.871 tt 1S"C (11QUd)

.... IJquJd Surtoco Tll1a1on:

19-23 dyneS/em
_ 0.019-0.023 N/m at 2O"C

'2.1 UquId W.ter Intert... TanUon:
d-Sl dynes/em = 0.049-0.051 N/m

al20"C

'2.10 V_lOuI_ O..vtty: 3.'
'2.11 ROllo of __fa of Voper (Ou~

Not per1lnent

12.12 Latent",t of VaportuUon:

130-150 Btu/lb - 71-81 cal/g
_ 3.0-3.• X 10· J/kg

12.13 "'t of CombuatlOn: -18.720 Btullb ,.

-10,0400 caJlg "'" --QS.• X 10' J/kg
12.1. ....t of Decompoettlon: Not poartinenl

12.15 0' SoIu1ton: Nol pertinent

'2.1' t 0' PotyrMl1ZlltlOn: Not I)8r1inent
12.25 "'t ot FuaIOn: Data not ..,..lable

1:ue UmttIng Value: Data not Iv..lable

12.27 RekI Vapor Preuure: Data not ..,allal*t

110m

l WATER POLLUTION

e.1 Aqueac Toxtetty:

90 ppm/Z_ fY/jUYenlJe Amencan

aMd/TL../frfth "lIter

91 ppm/Z. fY/jl,N8nlJe American
aMd/TL.,./san WIlt...

U W.twtowt ToJdCl'tr. Dlta not ..,..Iabte

L3 B_0..,_ Demond (BQO~

8"'. S days
... F_ChoIn~p_

None

6. FIRE HAZARDS•.. Flaah Pomt <O"F O.C

U FlIImm.bJe Umlta In Air. 1.3%·7.1%

1.3 FI,. E...t~ng Agants: Dry d'lemIc:aI.
roam. 0( carbon d!olode... Are ExtingulaNng Agenta Hot to be
UNCI: Water may be lnetfectrve

•.5 Spacl.l HaDtd. 0' Combudon
Produc:ta: None 11.1

U BehaYkM' In FIN: Vapor is hefMer than ...
and may travel a conSIderable dtstanc.e 10 11.2

a source 01 '9nrtJon and rtasil back.

•.7 IGnitIOn T~1Urr. Data not l ...lUIabte•.. ~ Hazard: CI.as I, group D

U Bumlno Rite: • mm/lTIlh.

e.l0 Adlebllttc FlIIme TempenrtuN:
Data noL available

e.ll Stojehl()m8trk: Air to f. R.Uo:

Data not aVBllable

e.12 FlIIme Tempenture: Data not avellable

1. CHEMICAL REACTIVITY

7.' RMCttYI1y wttt't Weter. No reaction

7.' Rnc:ttYIty "11th Common IIatet1aIa: No
relCOOn

7.3 SUibUtty Durtng TraMPOf1: Slabl. 11.3

7.' Hevtrllllzino Ag8nq 'or Addli .nd
Cau.tic&: Not pertinent

7.5 PotyrnwtuUon: Not pertinent
7.• Inhlbttor 0' PoIymerlutkH1:

NOI pertinent

7.7 Motar RatkJ (RACtant to

PrCMfuct): Data not aVBlI.ble

7.• RNCttYtty Group: 33

9. SHIPl'ING INfORMATION
••• _ of """'" Compoaition _

on k)catlon r1I 011 "'1
'.2S_T_~

1.3 l,..-t Atrnoaptww: No raquirement
••• VIfl1lng: Opan 1__orl '"

proaauro-VOCWIft

2. LABEL

2.1 Cate9O"Y: Flammabte liquid

2.2 CIao: 3

4. OBSERVABLE CHARAmRlsncs

•. • PhyoIcoI Stato (00 0lil_ Uquod

U Color: CoIclMM

• .3 Odor: GUOhne

Watery IIQUKi

Floats on water. Flammable, mtabng vapor IS
prOduced.

,"OtIN local health an(J wildlife offiCIalS
\lollfy ODerators Df nearov water Intakes

HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS.
FOUlIng to shoreltne.
MlY be dlngerous I' it ent..... "Iller Intllkes.

VAPOR
Imllling to ey8!ll, noM and throat
It Inhaled WIll cauae dIZll08S5. hel!ldaChe, diffICUlt bra.thlng

or toss of conSCIOusness.
~ove lo lresh air
I ::Jrealnlf')g t'las sloDDed. glvP' anl!IClal resorrallQn

'I tlreatrHng IS tl'II1ICUI!. QI'Je oKvgerl

"'::~li... ':CR MEDICAL AID

LIQUID
ImtatJng to skin and eva.
It swallowed. will cause nausea 0( vomrtlno
":-Iusrt ,:lr1ecleo areas Wl1h plenty 01 water
::: ;,~ ='YES. rtold e\lelldS ooen ana /Iusn With plenty 01 water
F SWALLOWED ana ViCtim IS CONSCiOUS M\le \llcum ,Jnnll. walel

or milk
CO ~OT 'NDUCE VOMITING

FLAMMABLE.
Flashback alOng vapor lrail may occur.
Vapor may eltplOde II ignIted In an enclOsed area.
::xlinauisn wllh dry cnemIC<lI, toam or carDon dlQlllde
Waler .... ay oe IneHecllVe on fire
C.OQI 'O!xDosed containers With wale'

3. CHEMICAL DESIGNATIONS

I. RESPONSE TO DISCHARGE

(Boo R_ "olllOd.H_l
Issue W8l'TIH"99hIQh flimmablilty

EVlQJate Blel

OIaperM tnd flush

Fire

Exposure

Water
Pollution

5. HEALTH HAZARDS
5.' _ Pro-.E_ Pro,octivo-._
U Symptome FoHowlng bpOeUN: INHALATION C8UIft IlT1tI.Iion o. upper rnpQkW)' tJW:t; central

nervous system sttmuletlon folk:lwed by depreasion r1I vvytng degrees rangng from dIzzNa.
hHdaChe. Ind Il'1COOtdInabOn to anntnn.a, coma. and rnpirakW)' arrest; Iff'egU&w~ II

dang8r'OUI complQlbOn. ASPIRATION CIIUM1 severe lung irTitation with cougtw1g. gaggng.
-. ......,...... distr_ end.- _eloping puknonoIy _ ....... lllgf1S at
brOnC;hOpneUmOn and pneumonrtJs, acut. onset of central I18t'¥OUI syst.m exc:iI.",.,w~
by def;:IresIIOn. INGESTION eauMS mtlbOn of ITIUOOUI memt:nnes of thrOat,~ and

.tomlcn; .lJmul.bon tOlAowed by dept8SIIOn of central I18t'¥OUI system: iffegu&W~
T,..bMtlt 0' bpOeUN: Sen; medical .nenhon. INHALATION: rnatntatn rnpntion: g;w. 0Jl'ygen

If needed. ASPIRATION: enforce bed rest; admlntSt... oxygen. INGESTION: do NOT indul::e

~ I..,aga C8f8f'uffy If appreaeble quantity was Ingesl. guard IlgM"ISI ....bOn IntO

lungs. EYes: wash lII'ltt'l COpIOUS quantrty of WIlIer. SKIN: ""P8 oft' Ind wuI'l Wil'Ith soap and

..t....
_ ....... V_300 ppm

SIlort Term l,.,.....tIOn Urntta: sao ppm tor 30 rntn.

Tox'dty by I....tton: Grade 2: LD,o ". 0.5 to 5 g/kg

ut. Toxtetty: None
V_lOu) ,_~~V..,.,...,..... sI9"...-.g at tho .."'_

system If present In high conc:entrabOnS.. T1w effect is temporary.

Uquld or SoMd lrTt18nt CherKNrillttca:: Minumum nazard. If spilled on clothing and IIJ..,.., to
rernu'l. may cause smwtng and reddening of the aim.

Odor Tl'IrnI'MMd: 0.25 ppm
10LH V.fur. Data nol lIVeAble

3. 1 CG CompIIttblll1y CIau: Miscetllneous

Hydrocarbon MIxtures

12 FormuLa: Not I)8t1Jnent
13 IIIO/UN DnlQNtIon: 3.1/1257
3.. DOT 10 No.: 12S7
3.5 CAS Revletry No..: D.ta not ..,eAbIe

Common Synonym.

N.tural gasoline

U

5.'
1.1
U
5.7
U

5..-
5.'0
5.11

-

-

-

-
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2193

HR:3

NIOSH: OV 4550000

AEHLAV 33,186,78

OERAAC 172,48,86

JOCMA720,532,78

ZEKBAI 61,511,57

GISAAA 45(3),72,80

CODEN:
AEHLAV 34,461,79.
GISAAA 45(3),72,80

NCI-C60399

QUECKSILBER (GERMAN)

QUICK SILVER

RCRA WASTE NUMBER UISI

RTEC (POLISH)

TOXICITY DATA:
cyt-man-unr ISO lLg/m3

ihl-rat TCLo: 890 ng/m3/24H
(l6W male):REP

ihl-rat TCLo: 7440 ng/m3/24H
(l6W male) :REP

ipr-rat TOLo:400 mglkg/14D-I:
ETA

ihl-man TOLo: 44300 lLg/m3/8H:
CNS,LIV,MET

ihl-wrnn TeLo: 150 lLg/m3/460:
CNS,GIT

sku-man TOLo: 129 mglkg/5H-
C: EAR,CNS,SKN

W-rbt LCLo:29 mg/m3/30H AMlliBC 7,19,53

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

SYNS:
COLLOIDAL MERCURY

KWIK (DUTCH)

MERCURE (FRENCH)

MERCURIO (ITALIAN)

MERCURY. MErALLIC (OOT>

MCW250
MERCURY
CAS: 7439-97-6
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 10-3 mm @ 25°. Solid: tin-white, ductile, mal
leable mass which can be cut with a knife.

MERCURY MCW250

OSHA PEL: CL 0.1 mglm3

ACGIH TLV: TWA 0.05 mg(Hg)/m3 (vapor, skin)
DFG MAK: 0.01 ppm (0.1 mglm3)

NIOSH REL: (To Inorganic Mercury) TWA 0.05
mg(Hg)/m3

skn-rat LD50: 1500 mglkg GTPZAB 25(7),27,81
orl-mus L050: 180 mg/kg GTPZAB 25(7),27,81
ipr-mus LD50: 10 mg/kg 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)/m3 (skin)
NIOSH REL: (To Inorganic Mercury) TWA 0.05

mg(Hg)/m3

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.

HR:3

NIOSH: OV 8750000

HR:3

NIOSH: OV 8650000

CODEN:
MUREAY 77,109,80
ENMUOM 7,381,85
GTPZAB 25(7) ,27 ,81

MERCVROCHLORIDE (DUTCH)

MERCl.;RY<n CHLORIDE

MERCL'RY MONOCHLORIDE

MERCL'RY PROTOCHLORIDE

MlLD MERCURY CHLORIDE

PRECIPTTE BLANC

QUECKSILBER(I)-CHLORID (GER-

MANi
QUECKSILBER CHLORUER (GER

MANi
SUBCHLORIDE OF MERCURY

MERCUZA.'iTHIN

SYNS;
CALOGREEN

CALOMEL

CALOMELANO (ITALlAN)

CALOSAN

CIiLoRURE MERCUREUX

<FRENCH)

C.1. 77764

CLoRURO MERCUROSO (ITAL
IAN)

CYCLoSAN

KALoMEL (GERMAN)

TOXICITY DATA:
lIlrc-bcs 50 mmoUL
5Ce-ham:ovr 3200 nmoUL
orl-rat L050: 166 mg/kg

MCWOOO
MERCUROUS CHLORIDE
CAS: 7546-30-7
mf: Cl2Hg2 mw: 472.09

PROP: White, odorless, tasteless, heavy powder or crystals.
Sublimes @ 400°, d: 7.150. Insol in H20, alc and ether.
Protect from light. Sunlight causes it to decomp into mercu
ric chloride and metallic Hg.

TOXICITY DATA: CODEN:
ivn-hmn TDLo:28 mg/kg:CYS lA..\-IAAP 117,1806,41
ipr-ral L050: 121 mg/kg THERAP 10,936,55
5Cu-mus LD50: 163 mg(Hg)/kg lPETAB 105,336,52
ivn-mus LD50: 1410 mg/kg lPETAB 99.149,50
ivn-cat LOLo: 250 mg/kg lPETAB 99, 149.50
ivn-rbt LOLo: 177 mglkg lPETAB 99,149,50

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

ACGlH TLV: TWA 0.1 mg(Hg)/m3 (skin)

NIOSH REL: (To Inorganic Mercury) TWA 0.05
mg(Hg)/m3

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.

MCV750
MERCUROPHYLLINE
CAS: 8012-34-8

SYNS:
MERCUPURIN

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

NIOSH REL: (To Inorganic Mercury) TWA 0.05

mg(Hg)/m
3

THR: poison by intravenous and intramuscular routes.
When heated to decomposition it emits very toxic fumes
of NOt" Na20 and Hg vapors. See also MERCURY COM
POUNDS.

-

-
-
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MCW350 MERCURY(l1l ACETYLIDE 2194

HR:3

HR:3

SYN: MERCURIC ARSENATE ,DOn

MCW509 HR: 3
MERCURY(II) ORTHOARSENATE
CAS: 7784-37-4 NIOSH: OV 7040000
mf: AsH04 0Hg mw: 340.52
DOT: 1623

NIOSH: OV 7045000

HR: 3

MERCUR Y AZIDE

MERCURY AMINE CHLORIDE

MERCURY AMMONIATED

WHITE MERCURY PRECIPITATED

WHITE PRECIPITATE

MCXOOO
MERCURY(I) AZIDE
CAS: 38232-63-2
mf: Hg2N6 mw: 485.22

SYNS:
MERCUROUS AZIDE (DOT)

Arsenic and its compounds, as well as mercury and Its
compounds, are on the Community Right To Know List.

OSHA PEL: TWA 0.01 mg(As)/m3

ACGIH TLV: TWA 0.1 mg(Hg)/m3 (skin)
NIOSH REL: (To Inorganic Mercury) TWA 0.05 mg(HgJ

m3; (To Inorganic Arsenic) CL 0.002 mg~As)/m3115\1

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.

SYNS:
AMINOMERCURIC CHLORIDE

AMMONIATED MERCURY

MERCURIC AMMONIUM CHLO-

RIDE. SOLID

MERCURIC CHLORIDE. AMMONI

ATED

Mercury and its compounds are on the Community Right
To Know List. Reported in EPA TSCA Inventory.

ACGIH TLV: TWA 0.1 mg(Hg)/m3 (skin)
NIOSH REL: (To Inorganic Mercury) TWA 0.05

mg(Hg)/rn3

DOT Classification: Poison B, Label: Poison

THR: A poison. Explosive reaction with halogens or amine
metal salts. When heated to decomposition it emits very
toxic fumes of Cl-, NO,., and Hg. See also :VIERCURY
COMPOUNDS.

MCW400
MERCURY(I1) aci-DINITROMETHANIDE
mf: CzHzHgN40 g mw: 410.65

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 ~1ERCURY

COMPOUNDS and ACETYLIDES.

THR: An explosive detonator. Upon decomposition it emits
toxic fumes of Hg and NO,.. See also MERCURY COM
POUNDS.

DOT Classification: Corrosive Material; Label: Corrosive

THR: Poison by inhalation. An experimental lUmorigen.
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; methylsilane
+ oxygen (explodes when shaken); peroxyformic acid;
chlorine dioxide; tetracarbonylnickel + oxygen. \lay react
with ammonia to form an explosive product. Mixrures with
methyl azide are shock- and spark-sensitive explosives. Tl}e
vapor ignites on contact with boron diiodophosphide. Re
acts violently with acetylenic compounds (e.g.. acetylene,
sodium acetylide, 2-butyne-1 A-diol + acid); metals (e.g.,
aluminum; calcium; potassium; sodium; rubidium; exo
thermic formation of amalgams); Clz; CIOz: CH):'-i;: ~azCz;
nitromethane. Incompatible with methyl azide: oxidants.
When heated to decomposition it emits toxic fumes of Hg.
See also MERCURY COMPOUNDS. For further :nforma
tion. see Vol. 1, No.3 of DPIM Report.

MCW350
MERCURY(II) ACETYLIDE
CAS: 37297-87-3
mf: CzHg mw: 224.61

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

-
-

-
-

-

-

-

MCW500 HR:3
MERCURY AMIDE CHLORIDE
CAS: 10124-48-8 NIOSH: OV 7020000
DOT: 1630
mf: CIHzHgN mw: 252.07

H2NHgCl

PROP: White, pulverized lumps or powder.

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

ACGIH TLV: TWA 0.1 mg(Hg)/m3 (skin)

DOT Classification: Forbidden

THR: Poison. Explodes on heating in air. When heated to
decomposition it emits very toxic fumes of NO... and Hg.
See also AZlDES and MERCURY COMPOUNDS.
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Fire

FLAMMABLE.
Fluhbeck a~ vapor trail may occur
VaPO!' may eJ:~lod. If Ignrted In an enclosed area.
Exlinguish wllh loam. dry enemleal or carDOn diOxIde.
Cool exposed conl3llners Wllh water

Stop dlscnarqe II pOSSible Keep peoPle away
Shut oM Ignition sou,c~s and call lire depanment
Sr.", uPwInd and use waler spray 10 ·'ll.nock, down lI,por
Avood contact with hQUId and vaDOr
1!OIate and remove dlschargeo material
Notify local health and pollutIon control agencIes.

10. HAZARD ASSESSMENT CODE
(See Haurd Aurtument HandbooIl;)

4·T·U·Y·W

11. HAZARD CLASSIFICATIONS

11.1 Codl of FIderII AegUldoM:

Flammable lIQUId

tt.2 NAS Hazard Aatlng tor Buill Water
Trtlnaportatton: Nol hstld

11.3 NFPA Hazard CIaMfficaUon:
c.tegory Clautflcltk)n

Health Hazard (Blue) . 1

FI.mm8Ol11ty (Reel) . 3
R.actMty (Yeuow) . 0

6. FIRE HAZARDS

e.l FIuh POint 20·5S"F C.C.
e.2 Fllmn'lIIbfe Umtte In Air: 0.9"'-6.7'"
e.3 Are Eltingu6ahtng Agent&: Foam, carbon

dlo:ude, or dry ChemClI
... Fire ExtIngUl""ng Aoeml Not to tNo

UMd:: Wat 9' moly be ,....f1ectrv.

..5 SpecWI Hau • of Combudon
ProduCtI:: ., pettJrWnl

e.e e.n.vlor In t: Vapor 18 helWW thin ..

and moly trav lOng dIStances 10 a source
ot IC1nrtJOf'l and flash back.

e.7 Ignition Templfllture: "5O"F
e.e EtectI1Cal Haunt. Class I, Group 0
"I BurnWIg Alte: .. mm/tnln.
e.10 Ad&IIbatk: F...... TempIfIIUn:

9.ta not avuab4e

t.l1 Sto6cNometr1c Air to fuel AatkJ:
Data not aVllllabJ8

e.12 Flame Tem.,.,.ture: o.ta not aVBtlAble

CoWl...Watery I~utd

Floats on waler. Flam~•• rnWlJng vapor IS prOduced.

Common Synonym.

P."oleurn 9OIven1
Ugh! naphtha
P8Itlle(s naphtha

-

-
-

-

5. HEALTH HAZARDS

5. 1 PenoMI PT'otKttve Equipment: Goggles or f.ce SI'Ite'd (as tor guoInel.
5.2 Symptoml Following bpoeure: VI(KJtI mtatn reSC)ratory tract, c.usel coughing and mlkf

depl'1UIOtl. AspnbOt'l ceusa HY8f1 lung mtabOt'l VIl"th coughing, OI9V'ng. and rapdty

develoPIng pultrl()l'\ll)' edema. 'r'M)8Ibon Imtli1es mouttI and stomach. causes MUM&. 'tOfMII"lg.

swelling of abdomen, cardiac .l"thythtrMU.

!5.3 Trwtment of E.poeure: INHALATION: tnalntP'I resp.rabOl'l ri' reQUted. INGESTJON: do NOT

mduce 'iOt1"Itlng; 0bMtYe Por pneutnOnl&; support If CWIlral l'W'YOUI "..tem d8preuo'l oc:a.n.
ASPIRATION: enforce rest; edtnll"Nst.. oxygen; cal' a doCtor. EYES: flush 'Mth "'er lor at leut

15 1'TWt. SKIN' W'PI ott, wash WIth soap and water

5.. ~ Umtt Value: 0aIa POI I II""" 3,DD Pfm
5.5 Short TM'm ,."....uon l.)rnb: 500 ppm for 30 mtn.

5.e To.1dly tty I....tion: Grade 1; LOu - 510 15 g/kg

5.7 Late TOIk:tty: None
U V8POI" (0-) Irrttwlt CMr8cteriatica: VaQOrI cauM a IIIght smarting of the ..,.. or reapn\Cll'y

"..Iem ri' present In htqh concentr.ttons. The .ttect IS lemporary,
5.1 UqukI or Sold Irrttant CNrKteriatlca: MIN"..,.", hazald. It _*' on dcIttw1g and ..~ to

telNlln, moly cause smarting and reddening at the sIun.

5. 10 Odor 1'1'vnhokt: Olta nol ...,..l8.ble
5.11 IOLH Valur. 10.000 ppm

3. CHEMICAL DESIGNATIONS

1. RESPONSE TO DISCHARGE
(Soo A_ 101.-. _book)

Issue W"""'~hlC1h flammability

Evacuat. Ilea
~l8andflush

Effect of low concentr.OOns on aquatIC lri'e IS unknown.
Fouhng 10 shor.II.....
M.y be dang.-ous i1 It .nlen waler Intakes.

~Otlty local health and WIldlife offICialS
\I0llty operators or nearov waler lntall.es

Ph""'1 Stat. at 15"C and t 11m:
Uquod

YoIIcuiar W.~ht Not pertinent
BOIling Point at 1 a1m:

200-300"F .. g3-1..g"C =.

366---422"K
Frwang Point Not pertlnent
Crttk:al Tem~ture: Not Ptnnent
Crttlcel Preuure: Not pertl....nt

Spoclftc QroYlly:

0.75 a'20"C ('_I
lJQuId_T_

1D-23 ~nn/cm _ 0.019--0,023 N/m

1120"C

UqukI Wlter Int8l"htdal TeMIon:

39-51 ctyneslcm ,. 0.039--0.051 N/tT'I
at 2O"C.V_ (Gao) 5pocIf1c 0taYlly:

Data not aVBHabHt
Ratio of Sgedtlc Hut:I of Vapor (Ga):

(est.) 1.030
Latent .....1 of Veportz:ltion:

130-150 Blu/lb

- 71-81 cal/g ,. 3.0-3." X 10' J/ll.g

.....t 01 Com~ (est.)

-18.200 Btullb _ -10.100 callg =

-42" X 10' J/k;
.....t of Decofnpoaltion:: Not pertlnent
....t of Solution: Not PIN1JnenI

Heat 0' Potyrner1Zlltlon: Not perti....nt
..... Of FuUon: D.ta not hadab'l
Umttlng Vllur. OIta nol ...,~
fle6d V.par Preaur'e: 0.12 PN

'2.'
.2.5

'2.'
'2.7

'2.2
'2.3

.z.t

'2.'

'2.1

12. PHYSICAL AND CHEMICAL PROPERTIES

12,.10

12.11

12.12

12.13

12,.1.

12.15
12.16

'1.25
.2.21l

'1.27

9. SHIPPING INFORMATION

1.1 0rMIe of Purtty:: P.~ hydrocarbons

(90"') plus aromatic~ Sl.dt

.. benzene and loR»ne (10""1
1.2 Storage TemplflltuI'e: Am!Mnt

1.3 Inert AImoepIMIre: No ,~ement
I.. Venting: Open (flame arreater) or"'--

7.1 Aeacttvtty Wlth Water: No rMCtlOn

7.2 A..ctMty wtttI Common Materilll:: No

r88Coon
7.3 Stability DutinvT~ Sl8ble
7.. Neutralizing Agenta for Adela and

Cauatic&: Not perllnent
7.5 Potyrner1Zllnon: Not pertlnenl
7.6 InttllMtor of POfymertation:

Not pertinent
7.7 Molar A.tio (Aeactant to

Product): O.ta not lWBtlab4e

7.e AuettYtty Group: 33

L 1 .....tIc ToDclty: o.ta notav~

U Watwtowt To.k:tty: o.ta not ...,~L3~ 0..,_ DoInMd (BQD~

OIta not 8Yadab'l
... f_ CIIoIne-1'0_

None

I. WATER POUUTlON

7. CHEMICAL REACTIYIrt

NOTIS

2. LABEL

2.' ~FIom""""_
1.2 CIou: 3

4. OBSERVABL£ CHARACTERISncS

•. • PItyoicoI Sill'. (oo oNppocI): I..icpl

4.2 e-~

".3 Odor: Like~

CALL FOR MEDICAL AID

VAPOR
Imtalmg to eyes. nose and throat
If Inhaled. WIll cause dttZrneaa or k)u of consoousneu
Move 10 fresh aTf
I' breathmg nas slOpped, give anilieial resPiration
11 breathing IS dlHlcull. gIve orygen

UOUID
Imtatlng to '.:In and eyes.
II swajloWed, WIlt cause neusea or vomillng.
Remove contamrnaled clotnrng and ~'''oes

='ush aHected areas wltn plenty of waler
'F IN EYES, hold eyelids open and "usn with plenty at wafer
IF SWALLOwED and Victim 15 CONSC:OUS. have vlcllm:::lnnk, waler

or milk,
00 NOT INDUCE VOMITING

Water
Pollution

Exposure

3. 1 CG Compatibility CtaM: Misc.llaneous

HydrocarbOn Mrxtur.s

3.2 FormuAa: NOI ~C)IlC8b1.

3.3 IMO/UN ~Uon: 3.2/1255
3.. DOT ID No.: 1255
3.5 CAS A-vtatry No..: Data not .vllllab4e

-

-
•

-

-

-
-
-

-

-
-

JUNE 1985



OILS, FUEL: 6

5100 <Ill1Ch.ge If PQSSIbIe.
Call fif. oeoanmem.
A¥OId contact wrth llOUId
leoial. and rfMTOVe 0IeCnar'geCI rnatenaL
Notr1'y local hMl1t'l and potluUOn control agenaes.

~
ExtJngueefl Wf1h dry chemical. foam or c:atbOn~.
Willet mrt be InetfeetIYe on f.,e.
CooIltXP)Md contalnert Wf1h wa'er,

CALL FOR MEDICAL AID.

~ID

=:,,::;,,::.r-
Aemove contam.nel80 clOthtng and snoes..
Fluan affected .,..., 'M1tl Plenty at _alet.
IF IN EYES. hold eo,8tIds open and 11usn wrth Die"tv' 0' wei•.
IF SWAUQWED and VJCtJm I' CCNSC:OUS. h8V'8 V1CtJITI dnnk watet

or mIlk.
DO NOT INDUCE VOMITING.

11. HAZARD CLASSlflCATIOIlS

o:o.ol_""",-

~-lIAS _ Ao1IntI tor _ W_

Tr.........tkut No!: IiItId
IlFPA_~

~~
__IBIue) 0

F1otnmoIliIlty (Red)........ 2
~(Y_ 0

10. HAZARD ASSESSIIEIlT CODE1 1

A·ToU

6- RRE HAZARDS
Ll ,..... P06M: > ,SO-F C.C.

L2 ,...",... L.Jmn. In AIr: 1%-5"'-
13 FIN~ Agon18: Dry.....-.

team, 01 cerbon cIoxidiI

14 FIN~ J\lIOnIO IIol to 110
u.et W... 'NY t. neflKtilte

U ",,-_ole.-
_Not_ 11.1

U _ .. Flro: Not_

..7 ",-T_7"oF 11.2

U
__Not_

U ......... -."""'..... 11.3

LID

__T_

Da"rod~

Lll ~'IcAll to Fuel fIdo:
o.tarod~

L12
__T_Dota not_

7. CHEIIICAL REACTlVm

7.1 -...tty _ W_ No_

7.2 -...tty_e- _ No-7.3 --, lllnlgT_S_

7.' --.J\lIOnIO tor.--_
~Not_

U Pof)h.taallcwt No!:~
7.1 I........ of Potrh=b:atkwt

Not_
7.7 --e-",

...-.et): Dota not _

7.. -...tty_33

Exposure

Fire

e-~

_COil
_1uoI0iI

No.•

-

-
-

5. HEALTN HAlAIDS
Ll __~_~goggIOIOt__

U ~ _ ~ INGESTION: _"" ASPIRAT1OH: -....

_.nonnoIIlI_IIUl""'t_ --..... __
13 _ ol~ INGESTlON: do NOT Ot""" _ ASPIRATION:..-_not at-...__IIo_IIo_

"-'-'-_~__ ~__EYES: __

_ ~at_. SKIN: ..... 011 --.

14 _Lllllll_Dotanot_U _ T__..- Not pono.-

U T~..., ......... at.- 1: LD•• _ ... 15 glllQ

L7 ..-T_ Dota not_
U "- l_l_aw......- NoNU ~ ...__aw " IIiIOd on-.g - _ ..

_""'t_-*'lI_-...uatlho-.
Ll0 0dDr _ Dota not_
L 11 IIIUl V_ Dota not _

Notrfy local hMItn lind VIl"Ildlife offiCIalS
NotifY oper8ten of neert7y water lmakes..

-
-
-
...

-
-
-

Water
Pollution

L IlESPOIlSE TO DISCIlAIliE

e-__..--I_-.._1>0_
~-~-

1 ClIE11ICAL DESIGIlATIDIlS

11 CQ~C1ooc__.........
U _Not_
SolI lMO'UN -..- 3.311223

l' DOT ID -.: '223
... CM~-.:Dotanot_

Z. IAIIEl
11 c.eorr. NoN
:L2 C100c Not pono.-

4. OISDIVAIIU CHARACTtJlImcs
..1 ",.,.. _ c- IfIIIIpOOI): Uqyd

4.2 c.-: DortI
o Odr.Torry;"_

l .AlII I'OI.I.Ul1DIl

Ll --.oT_
2400 _141 hrl~__

-m-J--
2.17 mgt"..hrl~--'

-m-J.... -L2 W__T_ Dota not_

&.:I -.... oa-,- __ CIIODI:
Dotanot_

L. _

Dotanot_

t. SHII'I'IM IllfDRllAnDll
Ll _ ol f'wtly:~
1.2 __T_E_
&.:I_A_No_
L< V_ Opon 1_...-)

12. PHYSICAL AND CHEIlICAL PRDP£RTIES

12.1 ~_"l.·C_ll11n:

Uqyd

12.2 _WolgM:Not_
12.3 -'_.. 1111n:

04'5-> > 1083-F
.. 212-> >588-C _ ~> >861-1(

12.4 ,......-
25 10 ..oF

- ...... to + 13-C - 288 to 2M"t(
115 e:.-T_Not_
115 e:.-_Not_
12.7 Ipocj1Ic ar-"

0.115 I_I .'20°C_
12.1 ~_T_(_)

25 cttneI/c::m _ 0.025 N/m at 2O"'C

12.1
IJIUId W__T_I_)

50 ctrneaIcrn - 0.05 N/m ., 2<rC
12.10 V_ I_I Ipocj1Ic ar-.

Not_
12.11 _ol ........._olV_I_~

Not_
12.12 ...-_olV__

Not_
12.13 _ ol e-aon: -,e.oOO !l1u11> _

-10.000 cal/g - ...... '1.88 X '0· J/kg
12.14 _ol_,~,Not_
12.15 _ol--'Not_
12.1. ...... of Potjt".b:allcw. Not penjnenI
12.21 ...... of fueIan:: Dati rod 8WIiIItN
12.21 ~V_ Dota not"-
12.27

_V__Dotanot_

IIOTES

-
-
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-
L..- T_O_L_U_E_N_E ITOL I

5\00 OISCNtqe It posa.tlkl. Keep~ __.-y.
Shut off -.qnmon 9QUfCQ and caU r.. aepattmenl
Sr.,. UOWV1d anCI UN ""8'. sprly to "knock dOwn" vapor.
AVOId contae'1 "'"" IIQUlId and vapor
laoiale and rem<Ne drschargecl malen&1.
NotJty loc:ai I"INlth and pottubon c:ontrol~.

11. HAZARO ClASSIFICATIONS

F.,e ...
HeaItIl

VIlPCf lmtant... . _.......... 1

L..iQL.::I Ot Solid Imtant... . 1

PoIsons ,.. 2
Wlter PoMJOfl

HlA'NIn ToltlCi1y..... .•........•.. 1

AquatIC ToxlQty .•....... ..... 3

AesthetIC Etfect 2A_
~ Cherntclia 1

Wit. 0
Sett Reaction 0

HF'PA Huard CIautfte8tIon:

Col~ CloaIftco-.
H_ Huard 18 ) 2
FllrnmatlIIrty (Red)... . 3
A_('fellow).. 0

C:-o"_"
FlammatMe lIQUId

lIAS _ IlotIng 10< _ W_T_
Col~

10. HAZARO ASSESSMENT COOE(----1
A·T·U

6. FIRE HAZAROS

8.' _ Point 00" C.C.; 55" e.c.
U ~ L.JmItI; an AJr: 1.27%·7%
U _~A_e:..-._

Ot lSy ch8rnICal tOt IIINM fire&, ordinary

foAm 'Ot large rn..... _~A__ to ...

u.et: Water mey be nettectrYe

U
__of~

11.1

~ Not pertinent

8.1 ....... an fire: Vapor II helMet than • 11.2

and mey nveI I~ dllrtance 10

I lIOUrCe or tgnltion and nun b«k.

8.7 ,-T_991'F
8.1
__CluoI.G<O<JPO

8.1 IIurNng RMr. 5.7 mrn/mtn.
8.1. A_flomlIT_

Data not I."uabte

ICon_I

7. CHEMICAL REACTIVITY

7.1 ReectIwtty WIttI WM.-: No rNCbOn

7.2 A.......,. ..... e--_No-7.3 s_ Durtng Tr..- 5_ 11.3

7.0 --._10<_.....
~Not_'

7.5 ~1Ion: Not .."nent
7.1 Il'IhMIttor of Pot,,,*tzadoi,

Not ponmont

7.7
__lA_to

Product): Dall. noI nlilab&e
7.1 A.......,.~32

W.tery~

FLAMMABLE.
F~ lUong \/tlPOf' trail tney' OCCU'.
Vapor may eJCP6Od8 If 19nted In an~ ....
W• ., goggles and seH-comamed Dt..rtung apJMlIltI&
~lCttf"IqUIah ~th drv chemCal. foam. Oil c:aroon l:lO'.oOe
Water may be lne1'lectJYe on I"•.
Cool elCPOS8CI coma.nen WIth weier.

CALL FOR MEDtCAL AID

VAPOR
ImtatJng 1o eyes, noM and ttvoel
I' lnha*:I, WI cause nauMa, 'IOmftIn9. r..daChe. dIzzInI:U.

di'ffic:uH: br..ttvng. Oil IOU of~
~oy. to If.. u.
;f bteauwng " .. stooPed. gr'M artrflC\.ll '"PnbOn.
!I bt..lnll-.g drthcult. 9""'''~

UOUID
lmt8ang to aIun and eyes.
11 swallOwed. 'MIl c:au&e nauMa, von'IIting Oil IoU of coneaouaneu..
q"move contarntN1ed ctOltllnq ane:! snoes.
Flusn effected at... W"Itn plenty ot "let
IF IN EYES. hOld eyelids ooen ancI tlusn \Mth Pktnfy of waler.
IF SWALLOWED Ina V1CtIm II CONSCIOUS, neve YJCtJm cJ'ri ...

Of milk
DO NOT INDUCE VO~OTrNG.

Fire

Exposure

-
-

5. HEALTH HAZAROS..,__E_Aio"-__ rnuI<; goggioo OIl.co__ gio¥a

U ~f_~ Vopen ....... _ .... _ ,_torync:t__

~ .............. ~.1Ofyarr-. Uquid 1mtII.. .,... and ca.. drying Of ..... If
..p.."0<1 c..- coughng.__ and__..--_.

-.,....-~-----_.
L3 T,....,. of bpoeure: INHALATION:~ 10""'., gHI' ar1itIc::*~ IftCi~ "

_ call. llOCIOI. INGESTlON: do NOT ...... .....-.g; call. _. EYES: __

water tor .11eISt 15 l'IW\. SKIN: ... off• ..." WIlt'! ao-p IftCi .....

5.4 ~ lJINt V 100 ppm
U Short T_ UIftItc eoo ppm tor 30 min.

U T..-y by I Grw» 2; LD.. - 0.5 III 5 g/kg
1.7 LMo T - _ moy _.....,.,.

U V..,.. (OM) IirTtI8I'II: Clwact.. lettca: VIIIXft c.M _light IfNItIng Of Itw eye- or~
..- d __ WI nigh concen1nl_ Tho e1f.,,;o-.,y.

U 1JQuId 01' Sold IrrteInt Ctwaacteu IdC& MirwTlum hlIDn1 If spjIed on dothing .m IIIOIltIed 10
,."...." "., CAUM IrNIting and rllddefWlg of 1t'le lNun.

1.10 0dat'l'1welltold:O.17ppm

I.11 IDUl V_ 2.000 ppm

o."98fOUS '0 IIQUItIC lif. in high conc::entrIlionL
FOUlIng to sha",",,..
Mly be dangerous If i1 en.,. WII_ IntMa.

Notify lOCal heaItn and wMdlifeo~
Notrtv ooere10l"'5 of rwaetbv ""81ef Inllkes

-
-

-

-

-

Water
Pollution

1. RESPOfISE TO OISCHARGE(_A )

,-..w~ ttammabiflty

Evacuate .....

3. CHEMICAt. DESIGNATIONS

:I.. CO~~ Arornabc
HydrllCa<l>Cn

12 ~C.H.CH.

:u IIIO/UIl~ 3.2/1294
.... DOT ID No.: 1294
U CAS~ '*'"' 108-88-3

2. LABEL
2.'~__

1.2 ~3

4. OBSERVAIIL£ CHAllAC1UlmCS
4.1 ,.",.... _ (_ olllppod): L.iQud

4.2 c-.e--
4.3 Ddr. ""'-'" _lie,__--

12. PHYSICAL ANO CHEMICAL PROPt:RTIES

,2., ,.",... State .t 'S'C Mid 1 8tJn;

UQuid
,1.2 IIo6ecuIw WMgM: 92.'.

'2.3 IIo6InI PcMnt .t 1 aim:
231. ,oF '* 110.e"C .. 383.S"K

,2.0 ,_Point
a. WATU POUUTlON

-l3Q·F .. -95.0·C _ 178.2·K

12.5

~T__

I.' _T..-ty: 805.•oF _ 318.e"C "" 591.SoK
1180 mgll/86IY/~JTL./"'" 12.1

~--,. 596.1 ~ _ 40.55 .trn ~ ".108
U W_ To_ Ooto not_ MN/m&
U IIIoIogIc:oI em- _ (8Oll~ 12.7 -ClnMIy:

0.... 5 _ 38'" 1"-1. 8 doyo 0.887 ., 2O'C 1_
1.0 'OOde-e--_ '2.1 ,,-_T_

None 29.0 dyneaJan - 0.02'90 Him _, 2O"C
12.1

,,-W_I__T_

38.1 ~/cm .. 0.03$1 Him .12S"C
12.10 V_ lOUI _ ar-"

Not.."nent
12.11 _of__ ofV_lOU~

1.089
12.12 Utent ......otV~

155 BbJ/1b - 88.1 ca.l/g ""
3.61 X 10· J/kg

9. SHIPPING INFORMATION 12.13 ...... of CornIIudoft: -17,430 Btu/Ib

- -9888 caUg - -405.5 X 10· J/kg
1.1 _ 0' PurIly: A_._ 12.1. -'.'--""'-MJ.~ 19.8 + %; indumIal: 12.15 _of_Nol_

con&IlinI Q4 + %, WIIt"l 5% xylene and 12.1' ....t Of PotJmerI:adolL HoI p.rtinenl
IIINM IIl'ftCU'Ita of~ and 11.2" ....t of F.-on: 17.17 ca.lJg
notWOmatIC hydrocarbonI; 110/120: 12.211 lJfNtIng V-': Dall. noI n ......
_ponthon_. 12.21 ... V..,.. Pr.....-.: 1.1 PM

U

__T__

U ~'----No_.... V...... Opon 1__) 01_.......

6. FIRE HAZARDS (Conlinuocf)

..11 S'IoIchIornetnc AJtr to~ Ado: Dall. ,.,. .......
8..2 flomlIT_OalOnot_

-
-
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___- T_R_I_C_H_L_O_R_O_E_T_H_y_L_E_N_E 1 Tel I

ComI>uo_.
POISONOUS GASES ARE PROOUCEO IN FIRE.
Wear Q09QIM and self-contained Ore.thlng aopatarus.
E:t1lnqUlsn with dry chemICal. caroon OlOxlde. Of loam

5100 d1schatqe rI posSIble Keep people 01.01.,..
AVOId contact With lIQUId and vaPOr
Ca.1I Iva oepanment
ISOlate and remove drllCh8rged malenal
NotIfy local haanh an.a pollutIOn control agencIes

II. HAZARD ClASSIFICATIONS

Code 0' F..... fleguIaUOnc
DRM·A

MAS _ R_ tor _ W_T_
Co1~ .....no

Fire..... 1-V~lmtanl... ,

liquid or Solid ImtanI........ ,

P'or.ons... 2
Wat... fJoIUbOn

Human To:oc:rty ,

AquebC TolOClty... 2

Aestl"lebC Eff8C1 ....•.... ..•..... 2

RNC1M1y

Othef Chernicaj. . ,

w.t........ a
Setf R88C'bOn ....•.....•.... ,

NFPA_C_
Co,-", C_

Heaith Hazatd (Blue) 2
Flammability (RIId)........... 1

RNC1M1Y (Yellow).. a

10. HAZARD ASSESSMENT CODEC__rd__)

A-X·Y

IZ. PHYSICAL ANO CHEMICAL PROPERTIES

12.1 Phys6Clll Stllte .t 1S"C ... 1 atm:
Uquid

'2.2 _W_'31.39
12.3 8OI11ng POInl .. I otm:

'99'F _ 87'C _ 380'K

12.0 F.-., POInt:

l WATER POUUTlON
-123SF"" -88.4'C ... 186.8·K

12.5 c..- TomporlIl\n: NoI_
1.1 _To_ 12.. C_-':NoI_

eeo mgllI400 hr/dacJMillkIII/"-'" 12.7 SpocIIIc Gtwvtty:- 1.48 .t 2Q'C (I~
U

W__ To_ 001lI not_
IU ~_T_

U -.... 0Iryg0n _ CIOD~ 28.3 dyneS/em. 0.0293 N/m al ZO·C
Oo1lInot_ 12.1 ~W_"'_T_... _ a-. e-tIon_

:lot.5 dyneS/em _ 0.0345 N/m a1 2.c"C

NoM 12.1D V_ CO.l SpocIIIc Gtwvtty: '.5
12.11 _ 01 SpocIIIc _ 01 V_ lo.~

1.116
12.12 l.oNilt.- ofV~

'03 Btu/lb - 57.2 call; _

2.4 X '0' J/kg
12.13 '-o1~Not_
12.14 ..... of DMOI.....t: Not pertinent

t2.1S ..... of SOMIon:: Not per1inen1

12.1' ..... of Pol~""",.UoiI:Not per1inen1

9. SHII'l'1NG INFORMATION 12.25 ..... Dr FueIon: Data not~
12.2fl lJfnItIng YIIIue: Data no!~... _01""""'T...-, .....~ 12.27 _V_-':2.5_

~......-

U
-'T__

U _A_No_... V.......__

l FIRE HAZARDS

I.' ..- POInt: 9O"F C.C.: _-L2 FIMMMb6e lJmttIln AIr: 8.0%,'0.5"'-
L3 _~ "-1a: W_1og

U _~'--"_IO'"

UMcI: Not penlnent

U
SpecloI _ 01 e:--

PracIuct8: TOlUC end irri'm1ii"lQ gael lIN 11.1

produced 1ft fn tiIUoIDona.
LI _1n_NoI_ 11.2

L7 _T_nO°F... __NoI_

LI ......... _NoI_
1.1.

__T_

Datanotav....
1.11 _1>JIIOF.... _

o.ta not avMatM

1.12 ,..... T.......b.n: Data not aY~

7. CHEMICAL REACTIVITY

7.1
___W_No_

7.2
__ - __No

.-
7.3 -.y Durtng T_S_ ".3
7.'
--.A_ tor A__

Couo1lco: NoI _

7.5 poly........c Not~

7.' InNbItor of 'oPf1Mi bladoiL
Not..".,...

7.7
__C_1O

_~001O""_

7.1

___ 38

Z. WEt

2.1 ~NoM
2.2 CIooc NoI __

4. OBSEAVf~U CHAllACTEJltmCS
..I ,..,.. _ C- oIIIIII*ll:~u _e--.
u a-: CIlIaIofom>.IiI _

W...... _

EffeCt of kM' concentratiOnl on ~bC lite • w*nOwn.
aMy bII dangIRJUI 11 it ..... wa'. r11U:-.

Nobty local health and ...,.ldll'te oHlOal$
Notify operaton of nearbY waler lnw"

CALL FOR MEDICAL AID

V~
ImtIitinQ to .,..., I"IDM .-.:;I tnroIL"_...I__ v IIling.

(JIl~ of c:onIdousneu.
Move 10 fresh all'
If brealhlnq ha, stapoed. gIVe artTflClaJ f8"SOlI'atlOn
If brealhlng IS OdtIcult. gIVe oxygen

LIQUID,"""""V"' -_
"-- - - VOIT'Ill<>g. - -lhnQ.(JIIk)aof~

Remove ContBmtn8!led clothing and SI'\08'S
;:!usn aHecled areas With olenty at walat
IF IN EYES, !"laid 8'f'ehds open ana ~lusn ...,.Ih plenfy 01 walet
of SWALLOWED and vlC1Jm IS ~~SC,OUS. have vctlm oonll water

,F S~A~~~~~Dh:: :~~~~ I,~~~;;hr;ous OR HAVING CON.
VULSIONS, dO rothlng eXC8~:)! Io.MO vlC1m Wllltn.

I. R£SPOIlSE TO OISCIlARCE_R )
Should 1>0 ........-da..-__--

Fire

Exposure

Water
Pollution

1 CHEMICAl. OESIGIlATlOflS

..I CO e:--Y CIooc HoJclVOnOIOd
~

U ~CHCI_COI

U IlIO/l/lIIlIooIgno1Ion; 9.011710

... DOT ID No.: 17'0
U CAlI-......, No.: 7~1-e

5. HEALTHIWMOS
1.1 __ I..........,~_-IlOI~...,-~_ .. ",,__O'_~ goggIoo;_

I"leCPfWW ...~ snoea: I"leCPfWW .. 01 epron lew .... procecIIon.
U ~~~ INHALATION; __110m _ of IN r-._

hOI1 10 ".,..., an attitude 01~. t:IU?wd ..-on. end rtneIy~ 01 CWItnJ_...- r.....-.g In__. a.on.: orgric~.

INGESTION:__'" __ SKIN:_---_ EYES;

..... - -- -1KIYymO-'La T_o1~OONOT__O'_gol__""lIII
_of_.INHALATION;__",_..w_.__
........_ ""/0' INGESTION: _ """"" ....-.g;
_ .... _ ..... _, In_.EYES:_"""""ltiY _

_ .SKIN:_"""""ltiY__ - .... _ .

... _~V_50PI""
U _T__..-200PI"" .... 30-

U T..-y.., ...... a.- 3; LO.. - 50 '" 500 mgI"'l
1.7 '-T_ 0010 not_U V_ Co.l- aw....._ V__ • 019" -*'II OlIN _ or_...-'_Inl'igh__ThII __ ---..

U UquId or__0...... "oplIIod an _ - _ '"
_.__-""II - r-.n; OIIN __

1.10 Odor_50PI""
1.11 IDUI V_ 1.000 PI""

e-_
T,U"Ik:Iloeth';1ene
T....,.;AIgylon

~T_
T-.,.,T.....

-

-

-

-
..

-

-
-

-
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m-XYLENE

SlOP drJeherge II poastbl8. Keep peopte •••y.
Can fire dePattment
A\tOId contact with JIQOO and vapor
Isolate and remove Oilicharged Fn.I1enaJ.
Notrfy local "-11" and poIluUOf'l contr04~

3F........
'*lin

VIPOt Irntant _ .

~ 01 So6id Imtant .

~I ...

WI_ PokJbon

Human ToxICity .

.....bCTCl>Ol:IIy .
AeI1hetIc Enect .. .A_
00. C/lerNcaI•.................
W ..

5eIt ReecbOn .
_A_~

Colepy -HeoIUlH.....,CS...)... 2
F1ommobiIity CRed). .......•.... 3
A_ (YoIlOw) ... ... .......•... 0

II. HAZARD ClASSIfiCATIONS

e-ot'_A_---1IAS__'ot_W_
T, .tepOItltIotc:

Colepy

10. HAZARD ASSESSIIENT CODE
____I

A·T-U

6- FIRE HAZARDS
1.1 FIooIl -.., 8< 'F C.C.
1.2 FIemmabM UrnItIi tn AIr:. 1.1%..&.4%
1.3 _ ExlInguIohInv"- Foem, dry

chemcal. 01 CW'bon dioxide
1.4
-~__ to ..

Ueed: WII. may be ..nectMt.
L5
__ot~

Produe1a: Not pertWIent 11.1

La ...... In fIN: Vapof ..~ ttwllir
and may tr1IVtN~ distance to • 11.2

IOU'C8 01~ and II.." bM:*..

L1 ..- T__,,", 988'F... aoc...- _ e- I, Group D... ....".. Rate: 5.8 nvn/lm'.

1.10 _..-T--'-
Dlta nolllVlIIl.bIe

1.11 Sto.c....o....tI1c A'" to fuel RatIo:
Data not avadabMI

1.12 F-.n. Temperwt:wr. Data not avwIabIe

7. CHEIlICAL REACTIVITY

1,1
A__W_No_

1.2 A-.ctt¥tty WIth Common ........ No-1.3 s-. DurIng T_S_ 11.3

1.• _1ZIng A_ 'ot ACIdo ....
e-tIcc Not pertWIent

1.5 Potymoriza_: No' __

1.1 InNlHtot of PGtymet _tlDn:
Not "",,,nom

1.1 MoW AdD (A..etMt tD

Produc'I):: Olta not 1Yadab'e
7A "-lIYtIy~ 32

CALL FOR MEDICAL AID

VAPOfI
Imtatrng to noM. and thrOat
If Inhaled 11 cause headache. dlf'ficurt brNthmg, CIT lou of

C<lr1SCOOUOMS8.

Move to trell'lllK.
II brelll'unq t'tal 5t~. 9N'8 anrficlal rnpn,bOn
It Drsathlng 11 difficult. gN8 oxygen.

UQUID
Imtatlng 10 s6un and ..,.
It swallowed. 'MIl cause NtUNa, Yon'lItlf'lg, or lou ot conaaousneu.

AelT'lO'la cont.mln.lea clothlng and ,noes
Flustl affected at.la wntl plenty or wll«.
IF !N EYES, hOld ey8lldll open and '1O$l'l Wltrl P*'!fy 0' ...
IF SWALLOWED and vICtIm 1$ CONSCIOUS, hay. vtCbm cP* water

Of milk
DO NOT INDUCE VOMITING

FLAMMABLE
FIUhback along vapor tr1IIII may OCCU'.
VaPOr' may expklOe If tgndld tn an 8I"lC:kJMd ....

Wear SBrt<Qntalnea or••mlng IlDP8l'ltui
EX'tJnqUl1" With 101m. cry chefTueal. or CIIl't1On etiolJde
Wiler mav be lnef'lectNe on lire.
Cool exposed cont81~ ...ttl .al.Fire

Exposure

-
-

-

5. HEALTH HAlAIlOS

5.1 ......... Prolecttve Equipment: Approved Clnister Of u--..ppIied mask;~ or t8C8 IIhiekt.
~tK; glov.. and booUi.

5.2 ~,_Eo_ Vopcn couse.-.. ond Uq..ocl_... .,... ond

1Iun. II taken ,"10 lungs. ClUMS ......e cougl"lng. 0iIhU. and rapdy deweIopwIg puIrnorwy
.oema. It H"IQ8Sled. causes nauaea. vomrttnQ. c:rampa, hudKhe. and coma; can be fIIta.. Kidney'

end .... dafnI98 eIIn 0CClI

U Trenn.nt of ExpcN.ul'e: INHALATION:~ 10 freIh II"; edn'inistw 8ItificilII re.pntion and

oxygen "~ecI; Clil • doc1Ot. INGESTION: do NOT Induce vomiting; CIIII doc1Ot. EYES:
,.,." wrtt't -.Ier b.1 ....1 15 min. SKIN: WIp8 off. wah wtIh ... and _ •.

5.4 'ThraeI'toId lJInII Y.... 100 ppm
LS ..... Twm lnflllldon LJmIta:: 300 ppTl 'or 30 ,.,.".
5.1 Tolddty by lngedon:~ 3; LDaa - 50 10 500 g/kg

5.7 Late ToJJctty: Kdney .nd I~ darMge.
... V_ 1_11_~_ Vopcn cau. 0 sOg/ll.-1ing a/ OW_"'_

..,._ • _ .. high concentr1IOOno. Tho ."." os '-WY.
5.1 l..JqrWd or Sold IlTIt8nt~ Minin'u'n hazan1 It apfIed on doIhng and alIowecf to

~. may cause~ and reddening 01 the Ibl.
S.10 Odor l'hreshoId:: 0.05 ppm
1.11 IOU4 V_,O,OOO PIl"l

HARMFUL TO AQUATIC LIFE IN VERY lOW CONCENTRATIONS.
FouIklg to shOt.....
May be dang8rDuI If it enters _II... IntPeI.

Notlty ~, heatth and wddlife offioatt.
Notltv ooerAtors ot nell"O'Y water tntakes.-

-
-

-

-

Water
Pollution

I. RESPONSE TO DISCHARGE
I_A__-)

I....~ ..mrnobilrty

E't'8CU8te 11'88

Shoukt be removed
Chen'ocol and pI1ysM;al _,mont

1 CHEIlICAL DESIGNAnDNS

2.1 CO~~~"","",bC

Hydrocart","
3.2 FonnuAE m.C.H.(CH,)a

2.3 IIIO/UN DoolgMUon: 3.2/1 301
3.4 DOT ID No.: 1307
2.& CAS A_tty No" 108-38·3

2- lABEL
2.1~__

2.2 ':-=3

4. 08SEIIVA8U CHARACTERISTICS
4.1 ~ _(_ I/lIppod):~

4.2 CoIor.~

4.3 Odor. Lj(e benzene; charKtenatic aromabC

l WAlIR POUunON

Ll ~To~
22 PIl"l/98 IY/~rn...ltr__or

1.2 W_To~ DolO rot"
U lIIoIogIooI~ _ (_~

o Ill/Ill, 5 0.,.; 0... '''-.), 8 _... '_ChoIn__
oa"'notlY....

,. SHIPPING INfORIIAnON

1.1 _ ot......." A_: 98.98"';

Pln: 98.9%;T~ 99.2.%1.2 -",T ___

1.3 I A_No_

IA V Open C- ........I '"
~vocuum

12- PItTS/CAL AND CHEll/CAL PROPERTIES

12.1 ~ State It 15-C met 1 111m:

~

12.2 IIo6ec:uW WMgM: l06.la
12.3 .... Potnt at 1 .tIn:

269.4"F _ 131.9-C _ "05.l"K

12A FNoaIng-
-S4.Z"F _ -"'7.g"C _ 225.3-K

12.5 cn-T__,,",

650.8-F ,.. 343.8"C _ 817.0"K

12.5 e:.-_
513.8 11m _ 34.95 PM. _ 3.540

WN/m-
12.1 ~Qrfttly:

0._ 0' 2O·C C_
12.1
~__T_

28.8 dyMs/an _ 0.0286 N/m .120"C

12.1
~W__T_

38.4 dyMs/c:m - 0.0364 N/m al 3O-C
12.10 V_I_I _ Qrftfty:

Not poninom
12.11

_of__ otV_I_~

1.071
12.12 L8tiInt ..... of YIlPOfll:don:::

147 Stu/lb _ 81.9 ClII/g ,..

3.43 )( 10· J/tr,g

12.12 ..... of COn-.tton: -17.554 Btu/lb _

-9752.4 ClII/g _ --408.31 )( 10· J/kg

12.14 ...... of DecontpOilftlort Not pWtjnent

12.15
_ ot SoIulIon: Not __

12.11 ...... of Patym...tatkNL Not pWtjnent

12.25 ...... of Pu.IOn: 26.01 ClII/g

12.21 ..-.. V_ DolO noI"_
12.27

_V__O.3<_

-
JUNE 1985

'.



-
-

L P_O_L_Y_C_H_L_O_R_I_N_A_T_E_D_B_IP_H_E_N_Y_L ] PCB I

JANUARY 1991

5. HEALTH HAZARDS

Fire

Combustible.
Extlngulsh WIth water. foam, dry chemical, or cartlOn dioxide.

6. FIRE HAZARDS 10. HAZARD ASSESSMENT COOE

6.1 Flaiah Point: >286"F (See Haurd A....-...ment Handbook)

6.2 Flammable Umtb In AJr: II
Data not a"'lUl8bte

6.3 Fire btingulMlng Agents: Wat9f. loam,

dry chemical, Of carbon dioll.Kle

6.' Rre btingulahlng Agenta Not to be 11. HAZARD CLASSIFICATIONS
Uaed: Not pertinent

6.S Special Haurda of Combustion 11.1 Coda 0' Federal ReguLltJona:.

Product&: Imtating gases are generated ORM-E

In fires. 11.2 NAS Haurd R.tlng for Bulk Water

6.6 Ba~Y1or In Are: Not pertinent Tran890r1aUon: NOl listed

6.7 Ignition Temperature: Data not a...llilable 11.3 NFPA Hazard CaauiflcatJon:

U Electrical Hazard: Not pertinent Not listed

U Burning Rate; Data not available

6.'0 Adaabatlc Flaime Temperature;
DaiS not available

6.1' Stoichiometric Air to Fuei Ratio:

Data not available

8.'2 Rame Temperature: Data not available

7. CHEMICAL REACTIVITY

7.1 Aemlvlty With W.t.r. No reactIOn
7.2 Re.cttvlty with COmmon M.teft.Bl.: No

reacbon

7.3 StaibUlty During Tran89Qrt Stable

7.' Neutrallzlng Agenta for Aclda and
Cauatlca: Not pertinent

7.S Polymerization: Not penment
7.6 Inhlbl10r of Polymerization:

Nor pertmen1
7.7 Mol.r Ratio (Reactllnt to

Product): Data not a...allable
7.6 R.ml'ilty Group: Data not avaJiable

12. PHYSICAL ANO CHEMICAL PROPERTIES

12.1 Phyalcal Stalte.t 15"C and 1 atm:
Solid

12.2 Molecular Weight: Not pertinent

12.3 Boillng Point at 1 .1m.: Very high

12.' Free:r.lng Point: Not pertinent

12.5 Critical Temperature:: Not perunent

L WATER POLLUTION
12.6 Critical PreMUrr. Not pertinent
12.7 Speclfle Grovl1y.

6.1 Aqu.tlc TOXicity: 1.3-1.8 at 2O"C (liquid)
0.278 p~m/96 hr/bluegl11fTL./fresn 12.1 Uquld Surface T~n: Not pertinent
water 12.' Uquld Water Interteelal T.nalon..:
0.005 ppm/336-1080 Not pertinent
tv/Plnfish/TL./sal1 waler '2.10 V.por (Ga.) Sgedfk Gravity:

6.2 Wate""ow1 To_letty: LOn 2000 ppm Not pertinent
(mallard duck) 12.11 Ratio of SpedflC Ha.ta of V.por (B._):

6.3 Biological Oxygen Dem.nd (BOO): Not pertinent
Very 10'IIl' 12.12 utent He.t of V.portz.atlon:... FOOd C~ln Concentr.tlon Potentsal: Not pertinent
High 12.13 Hut of Combuetlon: Not pertinent

.2.1. He.t of OecomposJtlon: Not pertinent

12.'5 He.t of Solution: Not pertinent
12.16 He.t of Polymerization: Not penmenl
12.25 H••t of Fuston: Data not a...allable
12.26 Umltlng V.lue: Data not avadable
12.27 Reid V.por PreN.urr. Data not available

9. SHIPPING INFORMATION

1.1 Grad._ of Purity: 11 grades (some hQuKl.
some salKls) which differ pnmanly in
theu' chlOrine content (20%-6e% by

welQhl)
1.2 Storage Tem~ture:Ambient
t.3 Inert Almoaphere; No requ"'ement... V.nttng: Open

NOTES

lJght yellow lIQUid. Of Weak OdOr
"tute powder

2. LABEL

4. OBSERVABLE CHARACITRISTICS

4.1 P!ly..... SlOt. (•• ohlppocl): t..oqu;d

Of SOIM:I
U CokM': Pale yelkM- (UQutd);~

(solKl)

".3 Odor:: ~etJcalty odot1ess

2. 1 category: None
2.2 ClaM:: Not pertinent

Oily liquK;l to solid
powde<

Sinks 6n water.

HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS.
May be dangerous if it enters .....aler intakes.
Nofrty local health and Wlldlrfe ctficials
Notl'ty Operators of nearby waTer Intakes.

StoP discharge II POSSIble. Keep people away
AYOId contaC1 WIth Iqwd and solid
Call (we deoartmenl
150lale and rel'T1¢'o'e discharged malenal
Notify lOCal health and pollutIOn contrOl agenoes.

3. CHEMICAL DESIGNATIONS

I. RESPONSE TO DI~CHARGE

(S- R••ponse Method. H.ndboOk)

luue WBmln9-.,,'ilter contaminant
Should be removed
ChemiC8J and physic.al treatmen1

Water
Pollution

Exposure

3.1 CG Compatibility ClaM: Not listed

3.2 Formula: (CuHlo.JCl.
3.3 IMO/UN Dealgnlltlon: Not listed

3.' DOT 10 No~ 2315
3..5 CAS Reglatry No..: 1336-36-3

5.1 PerIonal Prolectf¥e Equipment: Gloves and protectiYe garmenm.
5..2 Symptom. Fotlowl"'l1 E.J:pcMUre: Acne from Skin contact
5.3 Tre.tment 01 E.J:P'C"Ure: SKIN: wash wtlh soap and water.
5.' ThreahokS Umlt V.lue: 0.5 to 1.0 mg/m'
5.5 Shof1 Term ,nh....tIon Umlta.: Data not a...ai~e
5.6 ToxiCity by Ing..tson: Graoe 2; oral rat LOIO .... 3980 mg/kg
5.7 ute Toxlctty: Causes chromosomal abnonnalitiea in rats, birth defects in birds
5.1 V.por (Ga.) Irritant C~rec:t.eft.Btlca: Vapon cause severe irritation of eyes and ttwoat .nd

cause eye and lung in,ury. They cannol be tolerated 8'ven at low conc:entrationa.
5.. Uquld or Solid IrrttIlnt C~reeten.ue.: ContaC1 with skin may cause imtation.

15.10 Odor T'hteahokt Data not a.....labIe
5.11 IDLH V.lue: 5 to 10 mg/m l

CALL FQA MEDICAL AID

UQUID OR saUD
Imtating to skIn and eyes.
Flush aHected areflS wrth plenty 01 waler
IF IN EYES, hold eyelids Opdn ar:d flus" With plElf'ty 01 waler.

Common Synon~

PCB
ChkW1naled t»pNtnyl
AtOChlO<
Halogenated waxes
POl'yc:Noropotyphenyis

-

-
-

-

-

-

-
-

-
-

-

-
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OILS, MISCELLANEOUS: MOTOR

Fire

Combustible.
Ex'bngU&Sn wrttl tjry chemrca.J. foam or carbon ciolOde.
Waler may be ineffectIVe on rite.
Cool 811posed contasl"lef'S wrth water.

CAll FOA MEDICAL AID.

UOUID
Imtabng to skin and eyes.
Harmful it swallowed.
Remove contarT\lnated dothmg and shoes.
Flush affected 818as wrt:h plenty 01 waler.
IF IN EYES. hold eyelicls open and flu51'l WIth pktnty 01 dtet.
IF SWALLOWED and 't'tCUm IS CONSC:OUS, have ~m dnr\JI:; W81111'

or mIlk..
00 NOT INOUCE VOMITING.

JANUARY 1991

6- RRE HAZARDS 10. HAZARD ASSESSMENT CODE

8.1 flaM Point 275--600·F C.C. (see HaDrd_.H.ndbooll)

8.2 FlammabM Umlte In AJr:: A·T-tJ
O.ta. not availabMl

8.3 Flr8 Exttngweh'ng Ag.nta: Dry ChemICal.
foam. or C8ItloI' ooXJde

8.4 Are Exttngulal'llng Agente Hollo be II. HAZARD CLASSIFICATIONS
UMCt Waler may be ineffective

8.5 Spedal Hazarda of Combuatson 11.1 Code of Federal R~Ulatlon-=

Producta; Not pertlnenl Not lisled

8.8 BeNYIor In Are-: Not pertinent 11.2 HAS Kazard R.tlng for Bulk W.ter

8.7 lG'ntuon Temperah,IrW-:: 325-625'F Tranaportlltk)n: Not li!lled

8.8 Etecb1ca1 Hazard: Not peI"bn&nt 1'.3 HFPA Hazard CIaNtflcation:

8.9 Bumlng Rate: 4 mm/min. Not listed

1.10 AdiabaUe Rame Tempet"'8tul"e:
Data not ....ailable

1S.11 Stok:hkMneb1c A'" to Fuel R.tto:
O.ta not available

8.12 F\8me Tempet"'8tura: Oall not available

7. CHEMICAL REACTlVm

7.1 Reacttvtty WIth Water: No reaction
7.2 ReKtlvtly wtttl Common Materlala: No

..ocbOn

7.3 St8b1llty Durtng Trarwport Stable

7.' Neutrallzlng Agent8 for Aelda and
Cau.uea: Not pertlnenl

7.5 Polymerization: NOI pertinent

7.8 Inhlbttor of Polymerization:
Not pertinent

7.7 Molar Ratk) (AeK'tllnt to

Produc1): O.ta nol a...ailable
7.8 Reacttvtty Group: 33

12. PHYSICAL AND CHEMICAL PROPERTIES

12.1 PhyaJcal St8te .t 15°C and 1 atm:
l.kI;uid

12.2 Molecular We~ht Not pertlnenl

12.3 BoilinG' Point .t 1 atrn:: Very high
12.4 FreezinG' Point

-29.9°F = -34.4·C = 238.8·K

l WATER POllUTION
12.5 Crttlc:.1 Tempet"'8hre:: Not pertinent
12.6 Crttlc:.1 PreNure: Nol pertinent

8.1 Aquatic Toxktty: Data nol available 12.7 Speclflc Gravity:
8.2 W.terfowl Toxicity: Data not available 0.84-0.96 at 15°C (liquid)
8.3 BIoI00k:at Oxyg.n Demond (8OD~ 12.8 Uquld Surface TenMon:

Data. not ....ailable 36-3 7.5 ctynes/em... Food Chain Concentration Polentlat = 0.036--0.0375 N/m al 2O'C
None 12.9 Uquld W.tH Int8f"f8da1 Tenalon:

33-54 dyneslem = 0.033-0.054 NI m
at 2O'C

12.10 Vopor (Goo) SpedfIc Gravity:
Not pertinent

12.11 R.Uo of Spedfk: Hate of V.por (0..):

Not pertinent

12.12 Latent He.1 of VaportZIItk)n:
Not perbnenl

12.13 H..t of Combuatlon: -18,486 Btullb =

-10.270 callg _ -429.98 X 10' J/kg

12.14 He.t of Deeompoal1:lon: Not pertinent

9. SHIPPING INFORMATION 12.15 He.1 of Solution: Not pertinent

12.18 He.t of Polymertzatlon: Not pertlnenl
1.1 Grade. 0' Purity: Various viscosities 12.25 Heat of FuaJon: Data not a...ailable
1.2 Storage T~ture:Ambient 12.28 UmlUng V.lue: Data. not a...ailable
1.3 Inert Atmo.pheN: No requiremenl 12.27 Reid Vapor Pl'naurr. Data nol ....ail.ble
I.' VenUng: Open (flame arrester)

NOTES

Yellow-brOwn

2. lABEL

2.1 Cltegory: None
2.2 CIaa: Nol pertinent

4. OBSERVABl£ CHARACTtRISTICS

.. , PhyolQl S.... e.. "'I~ Uqu;d

...2 Color: Yellow ftuorescent
4.3 Odor: CharaC'tensoc

Floats on ....ter.

Q;1y I;qu;d

effect of low concentrations on aQuatiC life is unknow'n"
Fouling to shoreline.
May be ciarlgefOUS it it enters waler intakes.
Nanty IocaJ health and wddlile otfoals.
Notrly operatoB of neartly ....Ier InlUes.

StOP dIscharge If posslble.
Call fire departrnet"ll.
AVOtd contac1 wrttl liquid.
1501818 and rel'T'lO'V8 dischargecl malenal
Notrly tocal hearth end pollutIOn control agenoes.

3. CHEMICAL DESIGNATIONS

1. RESPONSE TO DISCHARGE

(See R.~.. MethOd. Handbook)

Mec:t\aNcaI containment

Should be retneNed

O1emicaJ and physK;aJ treatment

Water
Pollution

Exposure

:a.1 CO CompaUbtUty ClaM: Miscellarleou!l
Hydrocarbon Mixtures

3.2 Formula: Not applicable

3.3 IYO/UN DeUgl\lltlon: 3.3/'270
3.4 DOT 10 No.: t270
U CAS Reglatry No.; Oata. not a...ailabIe

5. HEALTH HAZARDS

S.1 Personal ProtKttve Equlpm.nt Prolective gloYes; goggles Ot face shiek:I.

1.2 Symptom. Fonowtng EJcpoeure: INGESTION: minimal gastrointestinal mtation; increased
frequency of bowel puaage may occur. ASPIRATION: putmonary mtabOn is nonnaUy mIl'lirnaI

but may bec:ome more ...,.e several hOurI atter elq)OSW8.

5.3 T........... of E.Ipoeure: INGESTION' do NOT lev. '" Induce ¥OI1litinV. ASPIRATION,
treatment probably not required; delayed developmerll of pulmonary imtabon can be delected by

Mn&I cheat • .,.ys. EYES: w.sh with copious amounts 01 w.ler. SKIN: Yripe ott <:MI and wash with
I08P and wal.,.

LA Th~ Umlt V.ln: Oata not ....ailable
L5 Short Term Inhalation Umtts: Oata. not available
6.8 ToxJctty by IngntkHt: Grade 1; lO.o _ 5 to 15 g/kg

5.7 Lala Tolictty: O.ta. not ....ailable
1.8 V.por (0...) Irrttanl Ch.arKtet'ladcl:: Vapors cause • alighl smarting or the IIY" or respntory

~tem It prnent in high concentratIOnS. The ettect is temporary.

1.1 Uquki or SolId Inttanl Characteri.tJca: Minimum hazard. It spilled on clothing and allowed to
remain. may cause smarting ",rid reddening ot the skin.

I.10 Odof Thraehold: Data. not a...ailabIe

I.11 IDUi V.1ue: Oeta. nota~

eo.nr- Synonyma

Crankcase oil
lubricating oil
TransmisSkIn oil

...

-
-

-

...

...

...

-

-
-

-

-
-

-
...

...
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5. HEALTH HAZARDS

Avoid contact Wllh lIQUid and vapcf l'<eep people away.
Wear goggles and selj·conlalned brea\hlng apparatus
Shut olf tqnlhon sources and call t:re department
Stop dlscnarge II poSSIble
Stay upwmd ana use wafer spray :0 "knock down' vapor
IsolaIe and remove diSCharged matenal.
Notlty local health and POllulJon conlTOI agencIes.

5.1 Pe~AaI Protecllve Equipment Hydfocarbon vapor canister. supplied aIr Or a hos.e mask:

hydrocarbon.lnSOluble tubber or plastiC gloves. chemICal goggles or 'ace splash sl'wk1;

hydlocatbon.nSOluble apron such as neoprene.

5.2 5ymptoma Fol60wtng ElpoMlre: OIzzlnes5. ellcltalJOn. pallOl. followed by flushing. weakness,

headache. breathlessne-u. chesl constrICtion. Coma and poSSible death.

5.3 Tre.tlnent ot ElpoMlre: SKIN: flush Wllh waler followeel by soap and waler; rerrove

conlafnlnateel Clolhlng and wa$h skin. EYES: flUSh Wllh plenty 0' water unb! mUtton subSIdes

INHALAlION: remove Irom exposure Immediately. Call a phYSICian. IF breathing IS negular or
SlOpped. ,tart resuSCltalOn. admlnlst8f oxygen.

5.4 Threahokl Umlt Value: 10 ppm

5.5 Shorf Term Inhalation L1mlta: 75 ppm lor 30 min.

5.11 TOllelty by Ino-enon: Grade 3; lD.,o = 50 to sao rTlg/kg

5.7 Lata TOllclty: leukemta

5.1I Vapor (Gae) Irritant Characr.rlillca: " prB'enl 111 hIgh concenlral)f)ns. va,POfs may cause

mtatlOn 01 eyes Of respiratory system. The ellect IS lemporary

5.' Liquid or Solid Irrl"n' Characlerlatlca: Minimum hazard. If spilled on clothing and allOwed to

remain. may cause smartmg and reddening 01 the skm

5.10 Odor Threahold: 4.68 ppm

5.11 tOlH Value: 2.000 ppm

11. HAZARD CLASSIFICATIONS

Code of Federal Regulatlona:

Flammable liqUid

HAS Hazard Rating tor Bulk Weter

Trenaportallon:

Cat"90r; Reung

Fife...... 3

Heallh

Vapor Imtant... 1

liqUid or Sohd Imtanl 1

POisons.. 3

Water PolUllon

Human TOXICIty.. 3

AquatIC TOXICIty ... 1

Aesthellc Effect... . . 3

Fleact....ity

Other ChemICals .. . 2

Water t

$elf React,on .... 0

HFPA Hazard Claulfleallon:

CatltQor; Ct..aifle.tJon

Heal1h Hazard {Blue)... 2

FlammabilIty (Fled).... 3

ReactIVIty (Yellow).. 0

10. HAZARD ASSESSMENT CODE
(sea Hazard A...ument Handbook)

A-T-U-V-W

12. PHYSICAL AND CHEMICAL PROPERTIES

12.1 Phy,lcel Slate at 15'C end 1 atm:

l'Qu,d

12.2 Molecular Weight 78 11

12.3 Boiling Polnl al 1 Itm:

176°F "" 80.1°C = 35J.3"K

12.4 Freezing Point

42.0°F "" S's"C = 278.7°K
12.5 Critical Temperature:

552.0·F = 288.9·C = S62.1°K

12.8 Critle.1 Pre..ure:

710 pSla = 48.3 atm = 4.89 MN/m!

t2.7 SPKItIC Gravtty:

0.879 al 20°C (hQutd)

12.' Uquld Surfece TentJon:

28.9 dyneSfcm "" 0.0289 N/m at 20°C

12.9 Uquld Water Inlerfac1a.l Ten"'on:

35.0 dynes/cm = 0,035 N/m at 20'C

12.10 V.por (Ga.) Specffic Gravity. 2.7

12.11 Rallo ot Specific Heat, ot Vapor (G..):

1.061

12.12 Latent He.1 ot Veportzallon:

169 Btu/lb = 94 1 catlg =
3.94 X 10" J/kg

'2.13 )oI.at ot Combu,Uon: -17,0460 Btultb

=: -9698 cal/g "" -406.0 X 10" J/kg

12.14 Haat 01 Decompoltltion: Not pertinent

12.15 Haat 0' $oluliO/,\: Not pertlnenl

12.16 Haal 01 POlymertutlon: Not pertinent

'2.25 H..t or Fu.lon: 30.45 callg
12.28 Umltlng Value: Data nol available

12.27 Raid Vapor Praqure: 3.22 PSIII

NOTES

B. WATER POLLUTION

8.1 Aquatic TOllclty:

5 ppm/S hr/mlnnow/lelhalfdlsblled

waler

20 ppmf204 hrlsunf,shITl.. ftap wafer

8.2 Waterfowl TO.lclly: Data not avellable

'.3 8101091ca. alygen Demand (BOD):

1.2 Ib/lb. 10 days

8.4 Food Chain Concenlratlon PotenUel:

None

9. SHIPPING INFORMATION

1.1 Grlde, of Purity:

Indusfnal pure 99 + '%

Thlophene·lree 99 + %

Nllralton 99 + %

Induslnal 90% 85 +- %

Reagenl 99 + %

1.2 Storage Temperatura: Open

1.3 Inert Atmosphere: No reQUiremenl

1.4 Venting: Presllure·vacuum

6. FI RE HAZARDS

6.1 Fluh Point: 12"F e.c
6.2 Flammable Umlt, In AIr: 1.3 ..... ·7.9 .....

6.3 Fir. Elllngullhing "oentl: Dry chellllCal.

loam, Of cafbOn dlOlUde

6.' Fir. Eltlngullhlng Aoentl "01 to 1M!

UNCi. Water may be ,neHeclrve

6.5 Special Hazards 01 CombuaUon
Products: NOI pen'nen! 11.1

6.6 Beh.....or In Fire: Vapor IS heaVIer than a"

and may \ravel conSiderable distance 10 a 11.2

source 01 '9".,.on and flash back
6.7 Ignition Tamperatura: 1097'F

6.6 Electrical Hazard: Class I, Group 0

0.' Burning A.I.~ 6.0 mm/mln

6.10 AdlabaUc Flame Tamperatura:
Dala nol available

6.11 Sioichiomatrlc Air 10 Fuel R.tlo:

Data nol available

6.12 Flame ramperalura: Oala no' available

7. CHEMICAL REACTIVm

7.1 R.actlylty With Watat; No reactIOn

7.2 Reectlvlty with Common Ueterlals.: No

reachon

7.3 Siabilily During Transport Stable
11.3

7.' Neutralizing Agentl for Aclde end

Caultlca: Nol pertlnen!

7.5 Polymerization: Not perllnen1

7.6 Inhibitor of POlymerization:

Not pertinent

7.7 Uolar Ratio (Reacunt to

PrOduct,: Daca nol available

7.6 R..C1lvity Group: 32

Gasohne-lill,e OdorColorfess

4. OBSERVABLE CHARACTERISTICS

2. LABEL

4.1 PhYlical 5la'e (II .hlpped): lJqutd

4.2 Colot; Colorless

4.3 Odor: AromatIC; rather pleasanl aromalic

odor; characterIStIC odor

2.1 Category: Flamma~e IlQoo

2.2 Clela: 3

Watery liqUid

Roats on water. Flammable, Imtallng vapor is produced FreeZing
polnllS 042°F.

FLAMMABLE.
f:'lashback along vapor traIl may occur
VapOr may ellplode If IgMlled In an enclosed area.
Wear C]Oggles and sell·contalned breatl":mg apparatus.
ExtinguISh With dry cherT''olcaL loam. IY carbOn dIOXide.
Water may be Inetfec:rve on rrre
Coot ':Ixposed conl31ners Wllh waler

CAll FOR ~EOICAL AID.

UOUIO
Imlallng to skin aM eyes.
Harmlul ,1 swallowed.
Remove contamll"\.8leo clothIng and sh~es.

Frush aHected areas With plenty 01 't/Ialer.
IF IN EYES. hold eyelids epen and ~Iush wllh plenty 01 water
IF SWALLOwED and vICllm 15 CCNSCIOUS, have VIctim drtnk wale!'

or milk.

VAPOR
Imtatlng to eyes. nose and throat.
II ,"haled. Will cause headache. dIfficult breathmg. or loss of consco,zsness.
Move 10 fresh atr.
II breathIng h.1S stOPPed, g!VE! artillc,al respIratIon
II breathing IS dllhc.Jlt. ::lIve oxygen

I. RESPONSE TO DISCHARGE

(Sea Reapen.. lIathode Handbook)

Issue warmng-htgh flammability

Flestnct access

3. CHEMICAL DESIGNATIONS

Fire

Water
Pollution

Exposure

3.1 CG Compatibility Cia..: AromatIC

Hydrocarbon

3.2 Formula: C.H,

3.3 IIIO/UN DnlilnaUon: 3.2/1114

3.4 DOT 10 No..: 1114

3.5 CAS Reglelry No..: 71 -43·2

Common Synonym.

Benzol
Benzols-

-

-
-

-

-

-

-

-

-

-
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..
ETHYLBENZENE

AIf'Old contact WTth liquid and vapot. Koop pecple away
Wear gog9Ie~. self-contained brealtllng aDPafStus, and rubbet overdothlng

(loc!uCinq alOVes).
Shu1 off ignlbon soUrces and ca!1 fire department
Sq, ciSChafge .1 poSSIble.
Stay '~'P'Wlnd and use W"tor spray to "knock down" vapof.
lsola!e and remove dl$C~.3J'Q'9d malaneJ.
NotJfy local l"ealth and ;x!luoon coorrol agencl69.

5. HEALTH HAZARDS

1.1 _ Pnllectt"<.E~ Se/l-con_ -"*'II _Ius; lOt..., gogg....

ll.2 IIymplomo F_wtnv~ Inhola_ moy COUM _lion 01 nooo. --.~
_te__ 01 oyo with _ irjlr; -.. _teolkin and moy COUM -..

U T....tment or~ INHALATION: tf ill .n8Ctl OCCl6, I'8mOlIM W:tim to fre.h •• keep IWn
..."" and QLMl. and got promptly; • -"*'II -. gIvo _ """",_

INGESTION, irWoo YOII'dng only '-' pI1ylIicion'. ~aI; matefiol In lung moy _

dlemi<aJ pneumonitis. SKIN AND EYES, pron'Cltly ft_wllh plenty of wa.... 115"*, ""_I
and get medk:aJ anentkln; temO¥e and wash contaminated clothing beftn ,....

1.4 _ lJm/l V_ 100 ppm

U Short Term InhaIMton lImIt8: 200 ppm b 30 min.

U ToKlclty by I-,*" G.- 2; LD•• - 0.5 to 5 g/kg IraQ
L7 Late Toldcit)': Data not lI¥aiLabIe
La V_ (0a0)1_'~ Vopcn 00_ moderate Irritation auctI thot __ will

flnd high """"",,ntiona urc>IoaIOnt Tho ottect Iat~.

1.1 lJqQId or SolId IrTftam~ Cou8es tmOt1Ing 01 tho Ikin and ....-<Iegnle b<n1o on
anon 8llpOM.W8' may COUM aecondoty b<n1o on long 8llpOM.W8.

1.10 Odor_ 140ppm
1.11 IDlH Vol_ 2.1)00 ppm

11. HAZARD ClASSIfiCATIONS

10. HAZARD ASSESSMENT CODElSM--'-1...·TOU

11.1 COdoofF_R~
Flammable .....

11.2 MAS _ RatIng lor Bulk W.....

Tronapor1allon:
Cotegory Ra~ng

Fre __ 3
Health

"&pO( 1rrttan1.__•.•_.••••••••_.... 2
L.iql.ad or Solid Irritant ..•.....•.•.•... 2
Potsona 2

Water PoIutIon

Human ToxCty__ 1
Aquatic ToxCty __.••..•...•.••••••••... 3
Aesthetic Ettect_•.....••.._........ 2

Reactivity

01l'l0I' Chomcals 1

Water _ __ 0

Sen R88C'tion _..................... 0
11.3 NFI'A Hazanj~

Cotegory C_lIon
HooJtI> Huanl [B>.Jo1..................... 2

A.."mability CROIll_...................... 3
Roactivi1y (y__ 0

6. fiRE HAZARDS (Continued)

7.1 ReactIvtty WIth Water: No reaction
7.2 Roacttvtty _ Com..- _ No-7.3 StabIlity DuringT~S_
7.4 NovtralIzlng A_ lor Aciclo and

CouatlCo: Not portinont

7Jl Potymonzallon: Nol portinont

7.1 Inhlbllot 0' PoIy1MrIutiOn:

Nol pertinent
7.7 _ R_ (R0Ktanl to

_UC1~ Da.. Not 10_
7.1 Roacltvtty Group: 32

7. CHEMICAL REACTMTY

6. fiRE HAZARDS
1.1 __SO'F O.C.; 58"F C.C.

U Ram,.... Umtta In AJr: 1.0%-8.7%
L3 Flra ExIlngutehIng A_ Foom (mosl

etfectjye)....1er tog, carbon dioxide or
dry chetTbcal.

U FIn ExtI_1ng A_ Nol to bo
UMd: Not pertinenl

8.5 SpoelaI Huard. 01~
ProducIa: Irritating vapors are generated
when_tool.

1.1 Behavior In Are: "&pO( is heavier thu1 air

and may 1r8.~ considerable distance to
the SOLI'C8 01 ignition and nash tNtck.

1.7 18_ Tempo<a1urW; _'F
La E_H_Nol~t
I., BurnIng Rate: 5.8 mm/min.
1.10 A""'~ FIamo Temp«a1ure:

DaLi Nol Avai~le

12. PIIYSICAL AND CHEMICAL PROPERTIES

12.1 Ptl_ S1lIto at 15"C and 1 .Im:

Uquid

12.2 MofKular Weight: 106.17

12.3 BoIling PcHnt It 1 11m:
2n.2°F - 136.2'"C _ 409.4°K

12.4 F.....ng..-.:

l WATER POUunON
-139°F." -95"C _ ,7eoK

12.5 CMUQlTempora1Ura:
1.1 A~Tolddty: 651.0'F _ 343.i·C - 117.1'K

2Q ppm/lie Ilr/bluogUlITL..lfreah watOl 12.8 CMUQlPr-.:

L2 W.tertowt ToDcfty: Data not ....1a.b6e 523 pM __ 35.6 .trn .. 3.61 MN/ml

L3 IIIoIogIcaI Oxygen DomoncI (BOD~ 12.7 SpocIflc Qravtoy:

2.8'" {u-".l, 5 doys 0.887 .t 2O-c _

1.4 Food CI\oJn~Po_ 12.1 Uquld_T_
None 29.2 dynesIcm .. 0.0292 N/m al 2O·C

12.t liquid Watw~ T_neton:
35.48 dynesIcm .. 0.03548 N/m al
2O'C

12.10 VopoI' (Gao) _ Ormly:

Nol_
12.11 R.tIo of__ 01 Va_ lOao~

1.071
12.12 LaI.,,1 HNI 01 YlICJOf"IDtIon:

144 Blu/lb .. 80,1 caJ/g _

3.35 X 10' JIkg

9. SHII't'lNG INfORMATION 12.13 Heat or CombustIon: -17,780 Btu/lb

- -98n cal/g - --413.5 X 10' J/k;1
1.1 _ 01 Pur1Iy: R-.:h graM:

'2.14 Heat or Decompoe;ItkML No1 pertinenl
119.98"', "". graM, 119.5"'; tec:hnicoJ 12.15 ....1 or SOIuIIon:: Not pertinent
graM'II9.0'" 12.11 H..I or PofymertzIUon: Nol pertinenl

t.2 81",- Tomporaluto:..- 12.25 H..I orF~ Oe.ta Nol AvailabMt
t.3 1.-1A-=No.-- lUI Umillng YaIue:: Dlta Not Availabkl
1.4 V..,_ Opon (flomo ......., Of lUl' Rold V_ .........., 0.4 psio

_vocuum

L'1 Stok:htomretr1c AIr 10 Fu.I Rallo: Data Nol Available
1.12 FIamo T__ Da.. Not A_

CoIor1ess

4. OBSERVABLE CHARACTERlmCS

..1 P!lyoIcal hie (oa IhIpped): LJquid
4.2 Colar. e-Ieu
U Ddot: AromIItic

FIoIts on watet. Flammable. iTitating vapor is producect

CALL FOR MEDICAL AID

VAPOR
Imtating to eyes, nose.~ throat
" inhaled, will cause deE:DneS8 or ditficun. breathing:
Move to fresh cur.
If brealhm'1 tlas stopped, grwe aJ'1Jfit;.aI r~sptraDon.

It breathing 13 Oifficult, gIVe o~.

FLAMMABLE.
F1ashbadt aJong v8pOt trail may 0CClI.
Vapt:J( may expk)de if ignited in an endoeed area.
Wear goggles, setf-contaKled treathing appatatuB. and rubber overdothing

(induding g~OV"iS'

E.:.ttInquj~ WIth dry <:hemcaj. foam, or carbon dlO~.
WalOf may be lnerlxtNe on lire.
Cool exposed contalner5 WIth WBI8f'.

UOUID'
Will bum akin and eyes.
Harmful H swallowed.
Remove CQnt8lTunaled clcthinq and shoes.
Flush affocted areas wrth plenty of wat•.
iF IN EYES, hokl eye:id!l open and flush wrttl plenty cl wet•.
iF SWALLCWED and VIctIm IS CONSC:OUS, have 'WlC~m cnnk weter

or 1T':1k..
CO NOT lrmLiCE VOMIT:NG.

HARMFUL TO AQUATIC UFE IN VERY LaN CONCEN"TRATIONS.
FOU6ing 10 shoreline.
~.V be dangerOuS if it ent.,.. waler intakes.
Notrfy local ttealtl'l and wildlife orftciats..
Nobfy operators of nearby water M'1tak8L

I. RESPONSE TO DISCHARGElSMR_---)
Mechanic&I contail'lnlenl

Shouldbo~

D>emcaI and physical _Imllnt

Fire

Water
Pollution

Exposure

3. CHEMICAL DESIGIIATIONS

s.1 co Compo1lblMty a-: AromIItic

hydrocoIt>on
s.2 FOtI'nIM: C.H,CH.CH.
U IIIO/UN lleoIgnallon: 3.3/1175
14 DOT 10 No..: 1175
3.5 CAS Roglo1ry No" 100-41-4

Common Synonyma

PhonyIelhane
EB

-

-
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12.17 12.18 12.19 12.20
SATURATED LIQUID DENSITY LIQUID HEAT CAPACITY LIQUID THERMAL CONDUCTIVITY LIQUID VISCOSITY

Temperature Pounds per cubic Temperature British thermal unit Temperature British thermal Temperatureunit·inch per hour· Centipoise(degrees F) loot (degrees F) per pound-F (degrees F) square 100t·F (degrees F)

35 103.400 0 .198 N 55 .958
40 103.099 10 .200 0 60 .929
45 102.900 20 .201 T 65 .900
50 102.599 30 .202 70 .873
55 -102.299 40 .203 P 75 .848
60 102.000 50 .204 E 80 .823
65 101.700 60 .205 R 85 .800
70 101.400 70 .206 T 90 .777
75 101.099 80 .207 I 95 .756
80 100.799 90 .208 N 100 .736
85 100.500 100 .210 E 105 .716
90 100.200 110 .211 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 12.22 12.23 12.24
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY 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) loot (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 .122
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 5.616 190 .13360 325 .136
200 6.805 200 .15940 350 .138
210 8.199 210 .18910 375 .139
220 9.824 220 .22330 400 .141
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



- ~ T_R_I_C_H_L_O_R_O_E_T_H_A_N_E }CE I

- ...
u
U
1.7
U

U

"10
&.11-

JANUARY 1991

6- nRE HAlAIlDS Ill. IlAZAJID ASSESSllOO CODE

1.1
__DoIonol..-

e-___l

U ,........... L...Imb In IW: 7....'4'% A-X-Y
La .....---Aganta: Dry-,

tc.m. ar eattIon dbGde... ..... e..--. Aoanta _la ...--- IL IWARII CLASSlnCATlOIIS
u ....-_of~_T___ling __

11.1 I:o*of_""",-

gIMfWI-.:i in ...... OR.......

U

_In___

11.2 ....,_Ildng ..... _W_

1.7 _T_ll32"F Tlw_Ia.....c... ---- ~ Ildng

u 1IwnlnG ...... 1--') 2.9 nwn/mi'\,
:'lro.._ .....___....__.._ 1

0.10

__T_
,...",

Data nol evu.bIe
VOfK1l'""*"'.__............_. ,

..11

__Nlla__

LilPd"'--",--,,, 1

Dalonol_ -- 2

..12 FlwMT_Dalonol_ W•• -.-
_T<llllidly_____ ,_lie TOlOCiIy ...__..__

3_lie E'*'.._____
2

7. CHElilCAL IIEACTIVITY "-'MIy

7.1 ..-,-.W.-R_-,.
Oltoot~.____ 1

.-o;ng WiTOOMlI1y<lroclllaric 0Cid.
W_....._______

0

7.2 ..-,_e:-._ _R_..._____ 0

~"""""""bul__ ionol 11.2
NFPA__

--. ~ -7.2
~Dur1ngT__ -_(lIluaI___ 2

7.4
--.gA_.....__

~<Red) 1--- ROKNy(Y~ 0

1.Jl
~----U tnhIbttI:M' Of PDfJmertatton:--7.7
__<R_la

_~Do"noI"-

7A "-'~36

12. PllYSICAL A/lD CHEliICAL PIIOP£IITIES

11.1 ....,.. _ at II1"C _ 1 alnc

LilPd
1:1.2 _ WaIgIIl: 133.01

11.1 -,_.. lalnc
115"1' _ 70"C _ 30IrK

lJA ...-.-
l .ATER POWITIOII <-3ll"l' - <-3ll"C - <ZM·K

12.1 _T__..-_
..1 .-.-T..-y: 1'"

__HoI_
75-150 """,I" IplnlIohITI..Ioall_ 12.7 .........-."rnmo period noI _

1.31 .. 2O"C liquid)
U W.- TO_ Dalo nor..- 1'" IJquId_T_
U -...- Ollygon - (800~ 25•• c:trn-Jan - 0.0254 HI", Ii ZO-C

ea.. not II'MIIabIe lU
IJquId__T_ (_I... _a-~_ -<5 cIyMoI_ _ 0.0"5 Him .. 2O·C- 11.10 V_(....I ......... -." 0.8

12.11 _of ......... _ofV_(....~
1,100

11.12 ..-._ ... V___.

100 IlluIll - 58 cal/g -
2.. X 10. J/kg

11.13 _ of eon- (_I 0700 B1u/ll

- 2800 call; - 110 X 10· J/kg
11.1. _...~IIOi.HoI_
11.1.

_of___

,. SHIP1'IIIG IlIfORllAnOll 11.1. .... of P~Ii....aofll: Not pertrwd:

12.25 _of_Dalonor"-
"1

_of Purtly: u__
IUS \JmIllng V_ Dalo nor __ __roam;c:old

1:1.27 Raid~ _ 0.0 poio.........,
U

__ T__

U
-.A__No_... VonIlrle:Pr.........."

IIOTES

_Odor

4. OISUVUll tIWlACTIIlImcs
..1 ....,.. _ ,_ oIIIppocl): LilPd

Ue-:~U _ CIlIclroform.li _

1 LABEL

2.1~_
U _HoI_

w•....,_

_in_.-.g_",_

Ell... 01 .... WO_'••lll>i_ on _ ..10_..........~"._--NotHv IocoI -.NotHv 01 _

CAU. FOA MEDICAl. AlD.

V~
_1ing1O_ .... _"..,.t"_... _-,..--.ning.
tr.loY8 to tnisn U'.II "'''1hnQ has'- g;.e _II bnoo1hn;I- __

IJQUID-""'10 _

"-n-.y-
A.-nowll c::omamnI'*i c:fOtt".ftQ and snoe..
Flush a"tedeu areu WIl:t1 o.enIY Of water.
IF 'N EYES, hc.a.,...,....JP«1.-11t nusn wrd'\~ of *'IItel'.
IF S"NAlJ..OWETJ II1d 'tIC1tn'1 • CONSOC,JS, !\aYe YlCbI'I'l am. .II*'
IFS:A~~r::-=;:vc-~~US OR HAWfG CON-

'iULSIONS, do """*'11_._ w:1Im ......

~
POISONOUS GASES ARE PROOlJCEO ... APE.
~..~ end teff-conuuned brelitr!1f'lq ~tua.
E.xtn;p..aen "0'1 aty c:hemM:a1, C*tlOn 0IC1OG8. 01 n:.m.

FIre

1 CHEliICAL OUIGllAnOllS

L Il£SPOIlS[ TO DISCIWIC£

e- ........-~_.....-
a--_~_

Water
Pollution

Exposure

5. HEALTH IIAZAllDS
&.1 __~ Qroanic_-llOO "*'V

__ tor _vane_; __ ,.. .....vln)t 00101)'_

-------(,..---pU--~--,.."""'"""_ .... ,.._ ...._--
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- APPENDIXB

- 5.0 SITE CONTROL

- 5.1 ZONAlION

-
-
-

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 follows:

Exclusion Zone: area within a IS-foot radius of each drilling/sampling location during
drilling or sampling (when a borehole or well is open).

Contaminant Reduction Zone: area beyond the IS-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.

SUIUJOrt Zone: all areas beyond the contaminant reduction zone.

- 5.2 COMMUNICAlIONS

When radio communication is not used, the following air hom signals will be employed:

Alternating Long and
Short Blasts
L· _.)

:il:II~_IIIQR!:

Three Long Blasts

(...)

Three Short Blasts-
-

-

5.3 WORK PRACI1CES

-
General work practices to be used during ABB Environmental projects are described in
Appendix H. Specific WOIX practices necessary for this project or those that are of
significant concern are described as follows:

- H&SPLAN.REV
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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 fonn.

ABB Environmental Services, Inc.
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6.0 DECONTAMINATIONIDISPOSAL

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 DECONTAMINAll0N

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-l. Generalized
procedures for removal of protective clothing are as follows:

1. Drop tools, monitors, samples, and trash at designated drop stations (Le., 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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-
-
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Remove outer gannents and discard in disposal container.

Remove respirator and place or hang in the designated area.

Remove inner gloves and discard in disposal container.

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-eoded (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), Of discarded in the contaminated trash container for disposal. In the morning,
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 EQUIPMENf DECONfAMINATION

Small equipment will be protected from contamination as much as possible by draping,
masking, or othelWise 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 EQUIPMENf DECONfAMINATION

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 perfonning this activity will usually be at least at the level of protection used during
the personnel and monitoring equipment decontamination.

6.4 DISPOSAL OF DECONfAMINAmD 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 AumoRITY, 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.

-
-

H&SPLAN.REV

7-1
7198-17



-
-

-

-
-
-

-

APPENDIXB

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 instroments. Donning an SCBA and a
safety harness 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 EMERGENCYMEnICAL TREATMENfIFIRsr Am

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 AumORIZED 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, arid 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" fonn.

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. Ifmore 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:----:..._------

In Case of Emergency contact:

Address:

Telephone: Area Code ( )

Do you wear contact lenses: Yes () No ( )

Allergies:

List medication(s) taken regularly:

Particular sensitivities:

Weight:

APPENDIXB

-
-

-
-

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

Police l)epaI1Inent 911

Rescue Service 911

Primary Hospital (716) 464-2130

Alternate Hospital (716) 275-2100

Fire l)epaI1Inent. 911

Off-site Emergency Services 911

Poison Control Center (800) 962-1253

National Response Center (800) 424-8802

NYSDEC Spill Reporting Hotline (800) 457-7362

Project Manager: GeoffKnight.. (716) 424-4700

Construction Manager: Rick Day (207) 828-3441

Program Manager: Lisa Spahr (207) 828-3553

ABB Environmental HSM: C.E. Sundquist (800) 848-2697 x3309

ABB Kent-Taylor: Bob Halton (716) 273-6201

Site Security (Ogden Security - Earl Barney) (716) 546-3849

-

H&SPLAN.REV
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8.4 ROlJTFB To EMERGENCYMEDICALFACllXfIES

The primary source ofmedical assistancefor the site is:

St. Mary's Hospital, 89 Gennesee Street. See Figure 8-1.

DIRECTIONS To ST. MARy's:

Left on West Avenue from Hague Street.
Follow West Avenue to Intersection of West Avenue and ChiliIWest Main Street.
Hospital is located on the south side of this intersection.

The alternate source ofmedical assistancefor the site is:

Strong Memorial Hospital, Elmwood Avenue. See Figure 8-2.

DIRECI10NS To STRONG MEMORIAL:

Right on West Avenue from Hague Street.
Follow West Ave. 8 blocks to Thurston Road, tum left.
Follow Thurston to Chili Avenue, tum right.
Follow Chlli to the 390 South.
390 South Approximately 3 miles to the 15 North (South AvenuelMt. Hope Avenue)
Approximately 1/4 mile to Crittenden Road, tum right.
Hospital 1/10 mile on right side.

ABB Environmental Services, Inc.
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HOSPITAL ROUTE MAP- AMES STREET FACILITY

ROCHESTER, NEW YORK

- 7198-00 ASS Environmental Services, Inc.

-



-

-
-
-
-
-

-
@

FIGURE 8-2
SECONDARY
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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

Project Manager

Health and Safety Manager/Supervisor

ABB Environmental Services, Inc.

Date

Date

Date

-
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VISITOR LOG AND SAFETY INFORMATION
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VISITOR LOG AND SIGNATURE FORM

AMES STREET SITE

NOTICE: The purpose of this fonn is to ensure that visitors to the Ames Street propeny 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 Safety Information and Procedures for vj'sitors 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
to your entering the site, To ensure this is done for your visit, please complete this fonn 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:

Escol1's name:

Additional Hazard Information

Naturel1ocations of active operations:

Summary of other potential hazards not discussed in Safety Information and Procedures:

"1 have read and understand the Safety Information and Proceduresfor 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 willfollow direction prOVided by my escort".

Signature: Date:

g:\T92\KENT_TAy\H&SIVISITOR,PLN
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SAFETY INFORMATION AND PROCEDURES FOR VISITORS TO

THE AMES STREET SITE

(page lof2)

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 andprocedures provided
herein are designed to ensure your visit to the site is a safe one.

Potential Health and Safety Hazards:

1. This is 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.

2. Utilities have been shut off throughout most of the buildings; many areas or rooms are either dimly lit, or completely
dark. Electricity, water and phones are generally available only at the field trailer area shown on the attached site plan.

-
-

..,
J.

4.

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 mayor 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
mayor may not be marked with caution tape or other devices.

-

5. Ongoing activities such as building demolition or environmental sampling may present hazards due to motoriied
equipment, noise, chemical use, or other factors. Active work areas mayor may not be marked with caution tape or
other devices.

Safety Procedures

The following must be observed by all visitors to the Ames Street site.

- 1. 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)

-
-
-
-
-

2

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 infonnation 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&S\vISITOR.PLN



SAFETY INFORMATION A~'D PROCEDURES FOR VISITORS TO

THE AMES STREET SITE

(page 2 of2)

Safety Procedures (cont'd)

-
-
-

"J.

4.

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 hislher 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
so.

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.

5. In the event you encounter what appears to be an abnonnal 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.

6. Do not operate or attempt to operate any equipment or machinery of any type.

7. 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.

8. Smoking, eating and drinking are pennitted only in the vicinity ofthe field trailers.

9. Small children or pets are not allowed on the site.

-
g:\T92\KENT_TAY\H&S\V1SITOR.PLN



-
-
-
-
-
-
-

-
-
-
-
-
-
-

H&SPLAN.REV

ATTACHMENTB

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: D.ate: _

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? (describe):

.UTHORIZED PERSONNEL:

* Current First-aid Certification + Current CPR Certification

•ofGeneral Information. For each of this task's activities, complete a separate "Activity Analysis"form.



ACTIVITY ANALYSIS
(Page I)

tivity: _

lown or suspected chemical/material hazards (list): _

iemical/materiallocation(s) (circle) Surface soil Subsurface soil 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 SlipslFalls

her (list): _

'erall Hazard Estimation: Serious Moderate Low None Unknown

GINEERING CONTROLS SELECTED (specify):

Level of Personal Protection:

':artridge Respirator
:artridge Type:__
lard Hat
afety Boots/Shoes
lemical Resistant Boots
,posable Boot Covers

Face Shield
Safety Glasses

Ear Protection

Gloves
'lnner
·outer

Coveralls
Tyveks

·regular
·coated



ACTIVITY ANALYSIS
(Page 2)

pm

Draeger TUbes (speciiY type).

- ----------------

EXPlosimeter

First Aid Kit Fire Extinguisher EYe Wash

\Ste is to be PlaCed into Plastic bags and then into DOT d

. . . rums lOcated:

, and/or eqUiPment leaving contaJnioated S't .

(except emergency ""aCUation) Will pers~::'e~~ SUbject to decontamination. Under no

'atIon procedures to be USed at the site are as fO~i:~lVed to leave the site Prior to decontaruination.

08lJt /el'e/s for llJodif. . .

YlUg Protect"'e eqUiPment: Refer to" .sp S .

-l.t./1. ectlon 3.1

"gency EqUiPment (circle):

(Jist)

.- - ~-------------------------------

IMonitoring EqUiPment (cirCle):

COmbustibie GaS/OXYgen Meter

Jerome Mercury Vapor AnalYzer

)ther (Jist):

~ ---------------------------------------------
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-
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FINAL

SITE INVESTIGATION WORK PLAN
PHASE I

APPENDICES H, I AND J

AMES STREET SITE
ROCHESTER, NEW YORK

Prepared by:

ABB Environmental Services, Inc.
Rochester, New York

February 1996

ASS Environmental Services, Inc.
Jlllll,.'1.1.

.ASEA BROWN BOVEFil
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APPENDIXH

BACKGROUND INFORMATION FOR INDUSTRIAL SOIL
INGESTION SCREENING CONCENTRATION
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UNITED STATES ENVIRONMENTAL.PROTECTION AGENCY
Region III .

841 Chestnut Street
Philadelphia. Pennsylvania 19107

October 20, 1995

-
-
-

SUBJECT:

FROM:

TO:

Risk-Based Concentration Table, July - December 1995

Roy 1. Smith, Ph.D.
Office of RCRA
Technical & Program Support Branch (3HW70)

RBC Table mailing list

-
-
-
-
-

-
-

-

-

Attached is the EPA Region III risk-based concentration (RBC) table, which we distribute
semi-annually to all interested parties.

IMPORTA.VT MESSAGE ..

EPA Region III has established a homepage on the World Wide Web which you canfind at
http://earthI.epa.gov:80/ or http://www.epa.govl. Our homepage will soon include the RBC
table in downloadable form. We strongly encourage aUREC table users having Internet
access to obtain the table electronically rather than onpaper~ In this 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 a/paper cmd
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 co
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. Ifwe
don't hear from you by March 30. 1996, we'll assume you no longer need a paper copy; .
Thanks for your cooperation.

CONTENTS, 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 10'6, 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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. ANS\VERS TO FREQUENTLY ASKED QUESTIONS

3
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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 Qn 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 table 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 m3/d. For example, the inhalation unit risk for arsenic (4.3e-3 risk per
,uglm3

) is divided by 20 m3/d and multiplied by 70 kg times 1000 ,ug/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 RIDs 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 fals~ positives acceptable).
For a formal risk assessment, Region III would use the food RIDs for soil ingestion.

At this time, only two substances (as far as we know) have distinct oral RIDs for water
and food--cadmium and manganese. Adding the two food RIDs to the table would require an

. entire column, which would be about 99.9% blank. The table has become so crowded that it
would be difficult to accommodate another column. Also, wegiven this problem a relatively low
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reference dose or potency slope for inorganic lead, so it wasn't possible to calculate risk-based
concentrations. EPA conside·rs lead a special case because:

(1) Lead is ubiquitous in all media, so human exposure comes from multiple sources.
Comparing single-medium exposures \\<ith a reference dose would be misleading.

(2) If EPA·<iid 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 mglkg. 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 e~pressed 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 fonnat of the table.

10. May I please have a copy of the January 1991 RBetable?

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 incid~ntal 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 comer of each page. This code denotes soil
screening levels for groundwater' protection that are based on EPA Maximum Contaminant
Levels.

I(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 aquestion 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

Occupational:

Exposure frequency (dIy):

Exposure duration (y):

Fraction of contaminated soil ingested (unitless)

2

Value Symbol

250 EFo

25 EDo

0.5 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 RIDs and CPSs on request for contamin~mtsnot in IRIS or HEAST. These provisional'
values are labeled "E =EPA-NCEA provisional" in the table. It is possible they maybe 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
IFAadj .!!b::. = Ene· lRAe + (Entot - Eng· lRAa

lqod BWe BWa

Tap water ingestion

IFWadj

Soil ingestion

IFSadj

Residential water

..!::L = Ene· IR We + (Entot - Eng· IR~
kgod BWe BWa

!!!.U.. = Ene· IRSe + (Entot - Eng . IRSa
kgod BWe BWa

-
-

Volatilization terms were calculated only for compounds with a mark in the "VOC" column.
Compounds having a Henry's Law constant greater than 1005 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 lB. 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 unavailable oral
potency slopes only for volatile compounds; inhaled RIDs were substituted for unavailable
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Commercial/industrial soil ingestion

4

-
RECs were based on adult occupational exposure, including an assumption that only 50%
of total soil ingestion is work-related.

Carcinogens

RBC lEff =
kg

TR BW.!'ATc

EFo- EDo' IRSa . FC' CPSo
10 6 .!!!S

kg

-
Non-carcinogens

RBClEff=
kg

Residential soil ingestion

THO RfDo. . BWa' ATn
EFo . EDo' IRSa . FC

10 6 .!!!S
kg

RECs fqr carcinogens were based on combined childhood and adult exposure;RECs for
non-carcinogens were based on childhood exposure only.

-
-

Carcinogens

RBC .!!!! = TR==-'A--:-:-Tc_c _
kg EFr' IFSadj . CPSo

10 6 .!!!!
kg

.£:

-
Non-carcinogens

RBC.!!!!=
kg

THO RfDo . EWc' ATn
EFr . EDc' IRSc

10 6 lEffq

-
-
-
-

....

-

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, PB95-96353.0, EPA540/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 RIDs· and potency slopes were s·ubstituted. 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. SS.Ls 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

Non-carcinogens

SSL

!!!! = ....;TR.:.-_·""':'A....;.1i.:;..c_--=- _

kg EFr· IFAadj . ( ~+ pk~ .CPSj

!!!! = 11iQ. BWa· ATn· RfDj

kg . EFr . EDtot ·IRAa . ( ~+ p:kJ1

-

..

-
..

-
..

Soil Screening Levels for Groundwater Use

All algorithms were as proposed by OSWER. MCLs were used as target groundwater
concentrations if available; If MeLs 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 (DAP) of 10. Since these
SSLs scale linearly with DAP, the SSLs for DAP= 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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Saurcu: I IRIS /I=/IEAST A /lEAST allemale W Wilhdmwnjrom IRIS Or IIEAST Basis: C=carcillogenic effects N -no/lcarcinoge"ic efleclS E= n'A dmjl Soil Scr..ning mel
E=EPA·NCE.i Regional ~/l!l!!!.-rt pro~!!.!!!!!..al I·alue O=Olher EPA documents. S=sail sarum lion COnCtIIlmt/oll M=EPAMCL.

I IUsk·Oased Concenlralio1l5 Soil Scrccning Levels-
V Tap Ambient SoillnReslion Transfers from Soitlo:

RtDo RfDi CPSo CPSI 0 Waler Air FIsh Industrial IResidculia\ Air IGroundwaler
Contaminant CAS mglkgld mglkgld kg'dlmg kg'd/IlI" C .. IllifL ulllm3 ml!.IkR mll!kR I m&lkg m~LI mltlkL-
Arsine 7784421 1.43E-OS I 0052 H 0.052 H

Assure 76578148 9.00E·03 , 330 H 33 H 12 H 18000 H 700 II

Asulam 3337711 5.001;'02 , 1800 H 180 H 68 II 100000 H 3900 II

Atrazine 1912249 3.50E-02 , 2.22E-01 " 0.3 e 0.028 c 0.014 c 26 e 2.9 c
'.

"-
Avemleclin III 65195553 4.0CC·04 I IS H UH 0.54 H 820 H 31 II

Azobenzene 103333 1.I0E·01 I 1.08E·01 I 0.61 c 0.058 c 0.029 c 52 e 5.8 c

Ilarium and cOlI\pounds ; 7440393 7.00E-02 , 1.43E-04 A 2600 H 0.52 H 95 H 140000 H .5500 II 350000 E 321

Ilaygoll 114261 4.00E-03 I
. ISO H I5H 5.4 H 8200 H 310 II

Ilaylelon 43121433 3.00E-02 I 1100 H 110 H 41 H 61000 H .2300 N

naylhroid 68359375 2.50E-02 I 910 H 91 H 34 H 51000 H .2000 II

Ilene lin 1861401 3.00E-01 I 11000 H 1100 H 410 H 610000 H 23000 II

Ilenolll}i 17804352 SOOE-02 I 1800 H 180 H 68 II 100000 II 3900 N

Uentazon 25057890 2.50E·03 , '91 H 9.1 H 3.4 H 5100 II 200 II

Ilenzaldehyde 100527 1.00E-01 I 00 610 H 370 H 140 II 200000 II 7800 II

Ilenzene 71432 1.71E-03 E 2.90E·02 I 2.90E-02 .00 0.36 e 0.22 e 0.11 c 200 e 22< 0.5 'E 0.02 E

Benzcnelhiol 108985 1.00E·05 II 0.37 II 0.037 H 0.014 H 20 II 0.78.

Ilenzidine 92875 3.00E-03 , 2.30E.02 I 2.35H t02 I 0.00029 c 0.00003 e 0.00001 c 0.025 c 0.0028 c l.3e 1.I00E-06 c

Den7.oic acid 65850 4.00E.00 I 150000 II 15000 H 5400 H IE.06 H 310000 .. 320 • 280 E

Ilenzotrichloride 98077 1.30E.01 I 0.0052 e 0.00048 e 0.00024 e 0.44 c :0.049 c 0.012 c 0.000073 c

Ilenzylalcohol 100516 3.00E-01 II 11000 H 1100 H 410 H 610000 H 23000 ..

Benzyl chloride 100447 1.70E-01 I 00 0.062 e 0.037 e 0.019 c 34e 3.8 c 0.5 e 0.0003'

Beryllium and compounds 7440417 S.00E·03 I 4.30E.00 , 8.40E.00 I 0.016 c 0.00075 e 0.00073 e 1.3 e 0.15 c 690 E 180 I
.'

Bidrin 141662 1.00E-04 I 3.7 H 0.37 H 0.14 H 200 H 7.8 ..

Biphenthrin (ralstar) 82657043 1.50H-02 I 550 H 55 H 20 H 31000 H . 1200 II

I,I-Diphenyl 92524 S.ooE-02 I 1800 H 180 H 68 H 100000 II 3900 .. 9000 • 110 ..

Bis(2-chloroelhyl)clher 111444 1.I0E<00 • 1.16E.00 ,00 0.0092 c 0.0054 e 00029 e 5,2 e 0.58 I: 0.3 E 0.0003 I

Bis(2 -chloroiso~l'yl)clher 39638329 4.00E·02 I 7.00E-02 " 3.S0E-02 1100 0.26 c' 0.18 e 0.045 e 82 e 91 c

Ilis(chloromelhyl)clher 542881 2.20E.02 I 2.I7E'02 ,00 0.00005 e 0.00003 e 0.00001 c 0.026 e 0.0029 c 0.00004 c 1.000E-07 e

Bis(2-chloro-l-melhylelhyl)elher 7.00E-02 w 7.00E-02 w 0.96 e 0.089 e 0.045 c 82 e 9.1 e

IJis(2-ethylhexyl)phlhalale (DEI IP) 117817 2.00E-02 I 1.40E-02 I 4.8 e 0.45 e 0.23 e 410 c 46 c 210 E II E

Bisphenol A 80057 S.00E-02 I 1800 H 180 H 68 H 100000 II 3900 ..

Boron (and boralcs) 7440428 9.00E-02 I 5.7IE-03 " 3300 II 21 H 120 H 180000 H 7000 "

Boron lrifluoride 7637072 2.00E-04 II 7.3 H 0.73 H

Ilromodichloronlelhane 75274 2.00E-02 I 6.20E-02 I 00 0.17 c 0.1 !' O.OSI c 92e 10 c 1800 E 0.3 E

Bromoelhene 593602 1.1 OE·O I ,,00 0.096 e 0.057 e

!!~()IIlU r~!!J~i!~()IIl()lIlclhunc1 75252 ~or:'O~_L ___. 7.90l!.03 I 3.8511·03 I lllJ 2.4 e 1.6 c 0.4 e 720 e 81 c 46 E 0.5 E
-~----

----~_. --~----_.

•_____ •• - ~ _______•• o ___

Bromomcthane 74839 1.40E..o3 I 1.43E·03 I lllJ 8.7 H 5.2 H 1.9 H • 2900 H 110 .. 2 E 0.1 E

4-0romophenyl phenyl elhcr 101553 5.80E·02 0 2100 H 210 H 78 H 120000 II 4S00 ..

~rhos 2104963 5.00E-03 " 180 H 18 H 6.8 H 10000 H 390 H
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SourC~J: I-IRIS IJ-IJEAST A=IJEASTQII~mQu W= Withdrawn from IRIS or IJEAST Bas/J: C=cQrclnogrnlc ~JJulJ N=noncarclnogrnic ~JJUIJ E=EPA J",j1 Soil Serunillg Levd .
E=EI'A·NCEA Regiollal Support prol'/Jio"o/l'alu~ O=Olh~r EPA documrnlJ. S=Jol/ Johunlion co"eenlmllo" M=EI'A MCL.

. Risk-Based (~oncenillili~ns Soil Screening Levels-
V Tap Ambient Soilillgesiion Transfers from Soil 10:

RlDo RID; CI'So CPSI 0 Waler Air .~!L !!!dllS~Residelllia! Air IGroundwaler

Contaminanl CAS mglkgld mR/k-ii!d kg'dlo~LL~g'dI~L C J\UL J!~/013 1l1s.1k~ 111~ -----!!!~g_ ~-.!!!~ I n18..~
Chlorolli nuorl/mclhane 75456 1.~3ciOI I Illl 87000 N 52000 N

Chlorocthane 75003 4.00E-01 E 2.86EiOO I Illl 8600 N 10000 N 540 N 820000 N 31Il00 " 26UO. 33N

2-Chloroethyl vinyl ether 110758 2.50E-02o Illl 150 N 91 N 34 N 51000 N 2000 H

Chlorofonu 67663 1.00E-02 I 6.IOE-03 I 8.05E-02 I Illl 0.15 c 0.078 c 0.52 c 940 c 100 c 0.2 E Q.. ---
Chloromethane 74873 1.30E-02 " 6.30E-03 IIlX1 1.4 c 0.99 c 0.24 C . 440 C 49 c 0063 c 0.0066 e

4 -Chloro-2 ,2 -lIIcthylullilille hydrochloride 3165933 4.60E-01 It 0.15 e 0.014 e 11.0069 e 12 e l.4e

4-Chloro-2 -lIIethylaniline 95692 5.80E:01 " 0.12 C 0.011 e 0.0054 e 9.9 e 1.1 c

beta-Chloronaphthalene 91587 8.00E-02 I 2900 N 290 N 110 N 160000 N 6300 H 2.8 s /40 N

o-Chloronilrobcnzene 88733 2.50E·02 " lxI 0.42 e 0.25 e 0.13 e 230 e 26 t:

p-Chloronitrobcnzene
--------_.

100005 1.80E-02 " nn 0.59 C 0.35 e 0./8 e 320e 35 c

2-Chlorophenol 95578 5.00E-03 I /80 N /8 N 6.8 N 10000 N 390 H 53000 E 2 E

2-Chloroprupone 75296 2.86E-02 " nn 170 N 100 N 22N 0.64 N

Chlorolhalonil 1897456 1.50E-02 I /./OE-02 /I 6,/ C 0.57 C 0.29 C 520 C 58 c

o-Chlorololucnc 95498 2.00E-02 I lxI 120 N 73 N 27 N 41000 .. 1600 .. 1200 .. 5.6 N

Chlorpropham /01213 2.00E-01 I 7300 N 730 N 270 N 410000 N 16000 N

Chlorpyrifus 2921882 3.00E-03 I I/ON liN 4.t N 6100 N 230/1

Chlorpyrifos-melhyl 5598130 \.00E-02 H 370N 37N 14 N 20000 N 780 ..

Chlorsullilron 64902723 5.00E-02 I 1800 .. /80 N 68 N 100000 N 3900 H

Chlor1hiophos 60238564 8.00E-04 H 29 N 2.9 N I.IN /600 N 63 N

Chrominlll III and compounds 16065831 I.OOE 100 I 5.7IE·07 'it 37000 .. 0.0021 N 1400 N IEi06 N 78000 ..

Chromium VIand compounds 18540299 5.00E-03 I . 4.20E+01 I 180 N 0.00015 e 6.8 .. 10000 N . 390 .. 140 E /f
I

Coal tar 8001589 2.20E+OO'it 0.0028 C
f

Cobalt . 7440484 6.00E-02 E 2200 N nON 81 N 120QOO N 4700 /I

Coke Oveo Emissions 8007452 2.11EiOO I 0.0029 e

··Coppcr and compounds 7440508 4.00E-02 E 1500 N 150 N 54 N 82000 N '3100 "

Crotonaldehyde /23739 I.OOE-02 w I 1.90EiOO It 1.90EiOO W 0.035 e 0.0033 e 0.0011 e 3 e 0.34 e

Cumene 98828 4.ooE-02 I 2.57E-03 If 1500 N 9.4 N 54 N 82000 It 3/00 .. 81 N 65 It

Cyanides:'

Darium cyanide 542621 1.00E-OI w 3700 N 370 N 140 N 200000 .. 7800 "

Calcium cyanide 592018 4.00E·02 I 1500 N 150 N 54 N 82000 .. 3100 ..

Copper cyanide 544923 5.00E-03 I 180 It 18 .. 6.8 It 10000 N 390 N

Cyaoazine 2/725462 . 2.00E-03 II 8.40E-01 It 0.08 C 0.0075 e 0.0038 e 6.8 c 0.76 e

~noRen 460195 4.001'-02 I 1500 N ISO N 54 N 82000 N 3100 It

Cyanogen bromide 506683 9.00E-02 I 3300 N . 330 N 120 N 180000 .. 7000 N

Cyanogen chloride 506774 5.00E-02 I 1800 N 180 .. 68 N 100000 N 3900 ..

-D~~yal\i<le 57125 2.00E-02 I 730 .. 73 .. 27 N 41000 .. 1600 ..

Ilydrogen cyanide 74908 2.00E-02 I 8.57E-04 I 730N 3.1 N 27 .. 41000 .. 1600 It

Potassium cyanide /51508 5.00E-02 I 1800 N 180 N 68 N 100000 .. 3900 "

Potassium silver cyanide 506616 2.00E-01 I 7300 N 730 N 270 N 410000 N /6000 ..
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Sourcu.' I-IRIS II-IIEAST A=//EASTallemale' W-WllhdrnwnfromIRIS orIIEAST Blllls.' C-cilrr:lnogenlc efJectr ·N-noncarclnogenic efJecls E=EP.~ JtUjI Soil Scrulling Level

E=E/'A·NCE.~ Regiollal Supporl provisional value O=Olher EPA documents. S=sol/ salurn/ioll cOllcen/mlioll M=E/'.~ MeL.

Risk.Uased Concenlralions Soil Screening Levels-
V Tap Anlblent Soillngcslion Transrcrs rrom Soil to:

RflJo RIDi CI'So CPSl 0 Water Air Fish l/Illuslrlall Residential Air I Groundwaler
Contaminant CAS mll.lkw'd mRlkl!.ld kll.·d!0I2 k2:dlmfl C IllzlL IIw'm3 mglkg lJlglkg I mwh lll&!!sg I lllll.lk2
4-(2.4-Dichlorophenoxy)bulyric Acid 94826 8.00E·03 I 290 N 29 N II H 16000 H 630 II

1,2-Dichloropropane 78875 1.14E·03 • 6.80E·02 II IlD 0.16 e 0.092 e 0046 e 84 e 9.4 c II £ 0.02 £

2,J·Dichloro(l~anol 616239 3.00E-03 I 110 H II II 4.1 II 6100 H 23011

I,J-Dichloropropene 542756 3.00E-04 I . 5.71E·03 I 1.15E-01 II 1.30E~1 IIIlD 0.071 e 0.048 e 0.018 e He 3.7 c 0.1 £ 0.001_

DichlolVos 62137 5.00c~4 • 1.43E-04 • 2.90E~1 I 0.23 e 0.022 e 0.011 e . 20 c' 2.2 c 3.5 e 0.00072 c

Dicorol 115322 4.40E~1 w O.tS e 0.014 e 0.0072 e l3e 1.5 c

Dicyclopenladiene 71136 3.00E~2 II 5.7IE·05 .. IlD 0.42 N 0.21 H 41 H 61000 H 2300 H

Dieldrin 60571 5.00E-05 I 1.60E~01 • I.6IE+OI I 0.0042 c 0.00039 c 0.0002 c 0.36 c 0.04 c 2 £ 0.001 £

Diesel emissions 1.43E·03 I 52 H 5.2 H

Dielhyl phlhalale 84662 8.ooE-01 • 29000 N 2900 H 1100 H IE~06 H 63000 II 520 f 1I0f

\1ielhylene glycol, lIIonobulyl elher 112345 5.7IE-03 II 210 H 21 H

~!en~...8lycol. monoelhyl elher 111900 2.00E~00 II 13000 H 1300 H 2700 H 1E~06 H 160000 II

Dielhylrollllnide 617845 I.IOE-02 II 400 H 40 H 15 H 22000 H 860 II

Di(2-elhylhexyl)adipale 103231 6.00E-01 • UOE·03 I 56 c 5.2 c 2.6 c 4800 c 530 c

Dielhylslilbeslrol 56531 4.70E~03 II 0.00001 e IE~6 e 7E·07 c 00012 c 0.00014 c

Direnzoqual (Avenge) 43222486 8.00E~2 I 2900 H 290 H 110 H 160000 H 6300 II

Diflubenzuron 35361385 2.00E~2 I 130H 13H 27 H 41000 H 1600 II

~,I-Dinuoroelhane 75376 1.14E~01 I IlD 69000 H 42000 H

Diisol'ropyllllelhyiphosphonole (DIMP) 1445756 8.00E~2 • 2900 H 290 H . 110 H 160000 H 6300 II

Dimelhipin 55290647 2.00E~2 I 130H 1311 27 II 41000 H 1600 H

Dimelhoale 60515 2.00E~4 I 7.3 II 0.73 II . 0.27 II 410 H 16 II

J,J'-Dilllelhoxybenzidine 119904 \.40E~2 II 4.8 c 0.45 c 0.23 e 410 e 46 c ~

;

Dimelhylamine 124403 5.7IE·06 w 0.21 H 0.021 II

2.4-Dimelhylaniline hvdrochloride 21436964 5.80E-01 II 0.12 e 0.011 e 0.0054 c 9.9 c l.Ie

2,4-Dimelhylaniline 95681 7.50E-01 II 0.09 c 0.0083 c 0.0042 e 7.6 e 0.85 c

N-1';I-Dimelhylaniline 121697 2.00E~3 I 13H 7.3 II 2.1 II 4100 H 160 II

3,3'-Dimclhylbenzidine 119937 9.20E+00 II 0.0013 c 0.00068 c 0.00034 c 0.62 c 0.069 c 29 c 0.00039 e

N,N-DilllelhyIronllamide 68122 I.OOE-OI II 8.S7E-03 I 3700 H 31 H 140 H 200000 H 7800 II

l,l-DilllClhylhydrazine 57147 2.60E'00 w 3.50E'00 w 0.026 c 0.0018 c 0.0012 c 2.2 c 0.25 c

1.2-Dilllelhvlhvdrazine 540138 3.70E~01 w 3.10E+01 w 0.0018 c 0.00017 c 0.00009 c 0.15 c 0.0/7 c

2,4-Dimelhylphenol 105619 2.00E·02 , 130H 13H 27 H 41000 H 1600 H 5400 • 3 £

2,6-Dinlclhylphenol 576261 6.00E~4 • 22 H 2.2 H 0.8/ H 1200 H 47 II

3,4 -Dimelhylllhcnol 95658 1.00E-03 I 37H 3.7 H 1.4 H 2000 H 78 II

Dimelhyl phlhalale Illlll \.OOEIOI " 370000 H 37000 H 14000 H IEI06 H 780000 II 1600 £ 1200 £

Dimelhyllcrcphlhalale 120616 1.00E~1 I 3100 H 370H 140 H 200000 II 7800 H

~ ,2-QjI!!lrohenzene 528290 4.00E-04 " 15 H UH 0.54 H 820 H 31 II

1.3-Dinilrobenlene 99650 1.00E·04 I 3.7 II 0.37 H 0.14 H 200 H 7.8 II

1.4-Dinilrobenzene 100254 4.00E·04 II /5 H UH 0.54 H 820 H 31 H

4,6-Dinilro-()-cyc!ohexyl phenol 13\ 895 2.00E-03 I 73H .1.3 H 2.7 H 4100 H /60 II
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Sourcn: I-IRIS /I=/lE.4ST A=/lE.~sralItmalt W - Withdrawn/rom IRIS or /lEAST Basis: C-carcinogtllic tjJtCIS N=noncarcinogtllic tjJtels E=EI'.~ druft Soil Scrttning Ltvtl
E=EI'A·NCEA Rtg;ol/al~I'0rl prol'ls!onall'tJlut O=Olhtr EPA ,Iocllmtnls. S=soil salurallan conanlral;on M=EI'AMCL.

Risk-l1ased Concentralions Soil Screcning Levels-
V Tap Ambient Soillngeslion Trnnsfers from Soil to:

RlDo RfDi CPSo CPSI 0 Wilier Air Fish Indllslriall Residenlial Air I Groundwaler
Contaminant CAS --.!!!8lkg/d mRlkRld kR.·d!mg kg'd!mg C IllUL I/g/m) mglkg III~R I mglkg~ ~ltlkg I mglkg
Elhyl p-nilrophcllyl phenylphosphorolhioale 2104645 1.00E-05 I 0.37 " 0.037 " 0.014 " 20 " 0.78 "
Elhylllilrosourea 759739 1.40Ei02 w 0.00048 c 0.00005 c 0.00002 c 0.041 c 00046 c

Elhylphlhalyl elhyl glycolale 84720 3.00EiOO 1 110000 " 11000 " 4100 " 1E106 " 230000 "
Eltpress 10120 8.00E-03 I 290 " 29 " II " 16000 " 630 " '-
Fenamiphos 22224926 2,SOE-04 1 9.1 " 0.91 " 0.34 " . 510 " 20 "
Fluollleluroll 2164172 1.30E-02 I 470 " 47 " 18 " 27000 " 1000 H

Fluoride 7782414 6.00E-02 1 2200 " 220" 81 " 120000 " 4700 N

Fluoridone 59756604 8.00E-02 I 2900 " 290 " 110" 160000 " 6300 N

FlufTlrilllidol 56425913 2.00E-02 I 730 " 73 H 27 " 41000 " 1600 N

Flulolanil 66332965 6.00E-02 1 2200 " 220 " 81 " 120000 " 4700 N

fluvalinllic 69409945 1.00E-02 1 370 " 37 " 14 " 20000 " 780 N

Falpel 133073 I.00E-OI I 3.50E-Ol 1 19 c 1.8 c 0.9 c 1600 c 180 c

FOlnesafell 72178020 1.90E-01 I O.H c 0.033 c 0017 c 30 c 3.4 c

Fonofos 944229 2.00E-Ol 1 73" 7.3 " 2.7 " 4100 " 160 H

Fonnaldehyde 50000 2.00E-01 1 4.55E-02 1 7300 " 0.14 c 270 " 410000 " 16000 "

Fomlic Acid 64186 2.00EiOO II 73000 " 7300 " 2700 " IEi06 " 160000 "

Foselyl-at 39148248 3.00EtOO 1 110000 " 11000 " 4100 " lEi06 " 230000 "

I
Fumn 110009 1.00E-03 I 37 " 3.7 " 1.4 " 2000 " 78 "

Furazolidone 67458 1.80EiOO II O.oJ 8 c 0.0016 c 0.Op083 c 1.5 c 0.17 c

Furfural 98011 3.00E-03 I 1.43E-02 A 110" 52 " 4.1 " 6100 " 230"

Furium HI828 5.00E101 II 0.0013 c 0.00013 c 0.00006 c 0.11 c 0.013 c

Punnecyclox 60568050 3.00E-02 I 2.2 c 0.21 c 0.11 c 190 c 21 c

Glufosinale-allinionium 77182822 4.00E·04 1 IS " U" 0.54 " 820 " 31 H

Glycidaldehyde 76H44 4.00E-04 , 2.86E-04 II IS " I " 0.5.4 " 820 " 31 N

Glyphosale 1071836 1.00E-01 I 3700 " 370 " 140 " 200000 " . 7800 N

Iloloxyfop-melhyl 69806402 5.00E-05 I 1.8 " 0.18 " 0.068 " 100 " 3.9 H

!lanuolly 79277273 1.30E-02 , 470 " 47 " 18 " 27000 " 1000 H

IICII (alpha) 319846 6.30EiOO ,. 6.30EiOO, 0.011 C 0.00099 c 0.0005 c 0.91 c 0.1 c 0.9 E 0.0004 E

IICII (bela) 319851 1.80EiOO I 1.80EiOO , 0.037 c 0.0035 c 0.0018 c 3.2 c 0.35 c 16 E 0.002 E

!!9.!J.gomllla) Lindane 58899 3.00E-04 , 1.30EiOO II 0.051 c 0.0048 c 0.0024 c 4.4 c 0.49 c 4.2 c 0.006 E

IICII-lechnical 608731 1.80EiOO , 1.19EI00 , 0.037 c 0.0035 c 0.0018 c 3.2 c 0.35 c

lIeptachlor 76448 5.00E-04 1 4.50EiOO , 4.5SEiOO ,00 0.0023 c 0.0014 c 0.0007 c I.3c 0.14 c 0.3 E 0.06 E

lIeplachlor epoxide 1024573 1.30E-05 I 9.IOE t OO , 9.IOEtOO ,IX! 0.0012 c 0.00069 c 0.00035 c 0.63 c 0.07 c I E 0.03 E

IleubrOIllObelllene 87821 2.00E-03 I 00 12 " 7.3 " 2.7 " 4100 " 160 II

Ileuchiorobenzene 118741 8.00E-04 I 1.60EiOO I 1.6IEiOO 100 0.0066 c 0.0039 c 0.002 c 3.6 c 0.4 c I E 0.8 E

!!eltac~!~~~hula~~c 87683 2:00E-04 II 7.80E-02 I 7.70E-02 ,00 0.14 c 0.081 c 0.04 c 73 c 8.2 c I E 0.1 I

Ileuchlo(l)cyclopentadiene 77474 7.00E-03 1 2.00E-05 II 00 0.15 " 0.073 " 9.5 " 14000 " 550 N 2 E (0 E

Ilcuchlorodibenzo-p-iJioxin miltfUre 19408741 6.20EI03 1 4.HE103 I 0.00001 c . 1E-06. c 5E·07 c 0.0009 c 0.0001 c

lIeuchloroelhane 67721 1.00E-Ol 1 1.40E-02 1 1.40E-02 100 0.75 c 0.45 c 0.23" c 410 c 46 c 49 E 0.2 I
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Sourus: 1-IRlS I/-I/EAST. A-I/EASTa/lemale W-Wllhdrown!romIRlS orl/EAST Bas/s: C=carc/nogenlc eJJut.r N=nollcarc/nogellic eJJut.r E=EPA Jrojl Soli Screen/11K u,'el
E= EI'A-NCEA Regional Support provlslonal''Qlue O=Olhu EPA documellis. S=soll suturollon concel/lrolion M=EPAMCL.

Risk·Oased Cotlcenlmlions
...

Soil Screening Levels-
V Tap AmbieIlI Soilln~esllon Transfers fl'OlII Soil 10:

RlDo. RO)i CPSo CPSI 0 Water Air rlsb Industrial IResidenlial Air IGroundwBler
Contaminant CAS mRlkiUd mg!kg/d kg'dlmg kR'dlmg C 1121l lliUm3 mglkg mglkg I mgtk-L --.!!!gJ'!CR I D1RIkR
Melhall1idophos 10265926 5.00E-05 I 1.8 H 0.18 H 0.068 H 100 N 3.9 N

Methanol 67561 5.00E-01 I 18000 N 1800 N 680 N IEt06 N i9000 N

Melhidalhion 950378 1.00E·03 I 37 H 3.7 H 1.4 N 2000 H 78 H

Melhomyl 16752775 2.50E-02 I 910 N 91 H 34H 51000 N 2000 N

Melhoxychlor 7243S 5.00E-03 I 180 N 18 H 6.8 N . 10000 N 390 N 41 • 6tf.
2·Melhoxyelhanolacelate 110496 2.00E-03 .. 73H 7.3 H 2.7 N 4100 N 160 N

2·Melhoxyelhanol 109864 1.00E-03 .. 5.7IE-03 I 37 N 21 H 1.4 N 2000 H 78 N

2·Mclhoxy-S·nilroaniline 99592 4.60E-02 II 1.5 c 0.14 c 0.069 c 120 c 14 c

Melhyl acelale . 79209 1.00EiOO II 37000 N 3700 H 1400 N lEi06 N 78000 N

• Melhyl acrylale 96333 3.00E-02 .. 1100 N liON 41' N 61000 N 2300 N

2-Melhylaniline hydrochloride 636215 1.80E·01 II 0.37 c O.OlS c 0.018 c 32c 3.5 c

2·Melhylaniline 95534 2.40E-01 II 0.28 c 0.026 c 0.01l c 24 c 2.7 c

Melhyl chlorocarbonale 79221 1.00EiOO w 37000 N 3700 N 1400 N IEt06 N 78000 N

4·(2·Melhyl-4.chloropbenoxy) bUlyric acid 94815 1.00E-02 I 370N 37N 14 N 20000 N 780 N

2-Melhyl-4-chlorophenoxvacelic acid 94746 5.00E·04 I 18 H 1.8 N 0.68 H 1000 N 39 N

2·(2-Melhyl·14-chlorophenoxy)propionic Bcid 93652 1.00E-03 I 37 N 3.7 H 1.4 N 2000 N 78 N

Melhylcydohexane 108872 8.57E-01 II 31000 N 3100 N 60 • 1500 N

Melhylene bromide 74953 1.00E-02 .. IlD 6i N 37H 14 N 20000 N 780 N

Methylene chloride 75092 6.00E-02 I 8.57E-01 I' 7.501:-03 I I.ME-03 I IlD 4.1 c 3.8 c 0.42 c 760 c 85 c 7 • 0.'01 •

4,4'·Melhylcne bis(2-chloroaniline) 101144 7.00E-04 II 1.30E-01 II 1.30E-01 II 0.52 c 0.048 c . 0.024 c 44 c 4.9 c

4,4'·Melhylencbisbcnzeneamine 101779 2.50E-01 w 0.27 c 0.015 c 0.01l c 23c 2.6 c

4,4'·Melhylcnc bis(N,N'-dimelhyl)aniline 101611 4.60E-02 I I.Sc 0.14 c 0.069 c 120 c 14 c I--
4,4'·Melhylenediphenyl isocyanate 101688 5.7tE-06 I IlD 0.035 N 0.021 N

Melhyl elhyl kctone 78933 6.00E-01 I 2.86E-01 I IlD 1900 H 1000 N 810 N IEt06 N '47000 N

Melhyl hydrazine 60344 I.I0EtOO w 0.061 c 0.0057 c 0.0029 c 5.2 c 0.58 c

Melhyl isobutyl ketone 108101 8.00E-02 " 2_29E-02 .. 2900 H 84 N liON 160000 N . 6300 N

Melhylmcthacrylale 80626 8.00E-02 II 2900 H 290 N liON 160000 N 6300 N

2·Mclhyl·S-nilroaniline 99SS8 3.30E-02 " 2 c 0.19 c 0.096 c 170 c 19 c

Melhyl paralhion 298000 2.50E-04 I 9.1 N 0.91 N 0.34 N 510 N 20 N 28 • 0.041 N

2·Melhylphenol (o-cresol) 95487 S.00E-02 I 1800 N 180 H 68 N 100000 N 3900 N 12000 • 6.

3·Melhylphenol (m-cresol) 103394 5.00E·02 I 1800 N 180 N 68 N 100000 N 3900 N

4·Melhylphenol (p-crcsol) 106445 5.00E·03 II 180 N I8N . 6.8 N 10000 N 390 N

Methyl styrene (mixture) 250131 54 6.00E-03 .. 1.141:-02 .. IlD 60 H 42 N 8.1 H 12000 N 470 N 100 N I N

MClhyl styrenc (alpha) 98839 7.00E-02 .. IlD 430 N 260 N 95 N 140000 N 5500 N 8.8 s 7.5 N

Melhyllcrtbutyl elhcr (MTUE) t634044 5.00E-03 l 8.S7E-01 I IlD 180 N 3100 H 6.8 H 10000 N 390 N

Me!<!.~~!~! (DuaL 51218452 1.501:-01 It 5500 N SSON 200 N 310000 N 12000 N

MClribul.in 21087649 2.50E·02 I 910 N 91 N 34H 51U00 N 2000 N

Mirex 23B5855 2.00E-04 I 1.80EiOO • 0.037 c' 0.0035 c 0.0018 c 3.2 c 0.35 c

Molinale 2212671 2.00E-03 I 73N 7.3 N 2.7 N 4100 N 160 N
L..~
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SOll'Ct.S: I-IRIS }J=/IEAST A=}JEASralltmalt W=Wilhdrown/,om IRIS or /lEAST BtuLr: C=ro,dnogtnlc tfJuu N=nont:tJ,dnogtnic tfJuu E=EP.4 drajl Soli Sauning u..tI
E=EPA-NCEA R'sJonal SIIpport p'OI'lslonal ,,,lilt O=Olhu EPA documtnu. S=soll saturallon conanlrallon M=EP.~ MeL.

Rlsk.Oascxl Cuncentrniions Soil Screening I.evels-
V . Tap Ambient Soil Ingestion Transfers from Soil to:

l----~fDo RfDi epso epSl 0 Water· Air Fish Industrial IRe&idcntlal Air IGroundwater
Contaminant CAS mRlk~/d mlllkf!Jd h ..dlmg kg'dlmg C ~g/L ~j!Jm3 mlllkR m~~ I mR/b .-11I~gl mglkg
Oxadiazon 19666309 5.00n-03 I 180 '1 18 '1 6.8 '1 10000 '1 390 N

Oxamyl 23135220 2.50E-02 I 910 '1 91 '1 34 '1 51000 '1 2000 N

Oxynuorfen 428740H 3.001:-03 I liON II '1 4.1 '1 6100 '1 230 N

Paclobutrazol 76138620 1.30E~2 I 470 '1 47 '1 18 '1 27000 '1 1000 .. '-
· Paraqual 1910425 4.50E-03 I 160 .. 16 '1 6.1 '1 9200 .. 350 ..

Parathion 56382 6.00E-03 H 220 '1 22 '1 8.1 '1 12000 '1 470 N 110 • 3.9 If

Pebulate 1114712 5.00E~2 It 1800 '1 180 '1 68 '1 100000 '1 3900 ..

Pendimethalin 40487421 4.00E-02 I 1500 .. 150 '1 54 .. 82000 '1 3100 ..

Pentabromo-6-dllmo cyclohexane 87843 2.30E-02 It 2.9 c 0.27 c 0.14 c 250 c 28 (.,
l'entabromodiphenyl ether 32H4819 2.00E-03 I 13'1 7.3 '1 2.7 '1 4100 N 160 ..

Penlachlorobenzcne 608935 8.00E-04 I IXI 4.9 '1 2.9 '1 UN 1600 .. 63 N 510 .. 48 ..

Pentacllioronitrobenzene 82688 3./l0n-03 I 2.60E-OI It IXI 0.041 c 0.024 c 0.012 c 22 c 2.5 c

Pentachlorophenol 87865 3.00E-02 I 1.20E-01 I • 0.56 c 0.052 c 0.026 c 48 c 5.3 c 7.9 c 0.2 l

Penllethrin 52645531 5.00E~2 I 1800 .. 180 '1 68 '1 100000 '1 3900 N

· Phenmedipham 13684634 2.50E~1 I 9100 '1 910 '1 340'1 510000 '1 20000 ..

Phenol 108952 6.00E-01 I 22000 '1 2200 '1 810 .. IEi06 '1 41000 N 21000 • 49 l

m-Phenylenediamine 108452 6.00E-03 I 220 .. 22 '1 8.1 '1 12000 '1 470 ..

· p-PhenyJenediamine 106503 1.90E~1 It 6900 '1 690 .. 260 '1 390000 '1 15000 ..

PhenylmerCuric acetate 62384 8.00E~5 I 2.9 '1 0.29 '1 .0.11 '1 160 '1 6.3 N

2-Phenylphenol 90437 1.94E-03 It 35 c 3.2 c 1.6 c 3000 c HOc

Phorate 298022 2.00E-04 It 7.3 '1 0.13 '1 0.27 .. 410 '1 16 N

Phosmet 132116 2.00E~2 I 130'1 13'1 27 '1 41000 .. 1600 N

"Phosphine 7803512 3.00E~4 I 8.57E-05 It II '1 0.31 '1 - 0.41 '1 610 .. 23 N,
"Phosphoric acid 7664382 I 2.86E-03 100 '1 10 ..

Phosphorus (white) 7723140 2.00E~5 I 0.13 '1 0.013 '1 0.027 '1 41 '1 1.6 N

p-Phthalic acid 1.00210 1.00EiOO It 37000 .. 3700 '1 1400 '1 lEi06 '1 78000 N

I'hthalic anhydride '85449 2.00EiOO I 3.4lE-02 It 13000 '1 no .. 2700 '1 IE.06 .. I~OOOO N

Pic10ram 1918021 7.00E-02 I 2600 '1 260 '1 95 '1 140000 .. 5500 ..

Pirimipl!os-methyl 29232937 1.00E-02 I 370 .. 37 '1 14 '1 20000 .. 780 ..

Polybrominated biphenyls 7.00E-06 It 8.90EiOO It 0.0076 c 0.0007 c 0.00035 c 0.64 c 0072 c

Polychlorinated biphenyls (peDs) IH6363 7.70EiOO • 0.0087 c 0.00081 c 0.00041 c 0.74 c 0.083 c

Moclor 1016 12674112 7.00E·05 I 2.6 '1 0.26 '1 0.095 '1 140 '1 5.5 N

Aroclor 1254 11097691 2.00E~5 I 0.13 '1 0.073 '1 0.027 '1 41 N 1.6 N

Polyclilorinaled IClJlhenyls (PCTs) 4.50EiOO I 0.01 5 c 0.0014 c 0.0007 c 1.3 c 0.14 c

Polynuclear aromalic hydrocarbons 110000 •

~~!!~I'~!hene 8H29 6.00E-02 I 2200 '1 220 .. 81 '1 120000 '1 4100 N 120 I 200 l

Anlhrdccnc 120127 3.00[!·01 I 11000 '1 1100 '1 410 '1 610000 '1 23000 N 6.8 • 4300 l

Denzla]anlhracene. 565H 7.30E-01 I 6.IOE-01 I 0.092 c 0.01 c 0.0043 c 7.8 c 0.88 c 21 I 0.7 l

nellwl~l!!lIorantllene 205992 7.30E-01 I 6.IOE-01 l 0.092 c 0.01 c 0.0043 c 7.8 c 0.88 c 23 • 4 l
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Risk·llased Concentflltions Soil Screening Levels.
V Tap .. Ambient Soillngesllon Transfers from Soil to:

RlDo RlDi CPSo CPSI 0 Waler ·Alr Fish Indnstrlall Residential Air I Groundwater
Contaminanl CAS malkiUd mRllcllld kll:dlma ka·dlmll. C ..gIL •• . ,.Rlm3 • .mlUka m~LI mWkg_ ~lklt I mltlkll.
Silver and compuunds 7440224 5.00E-Ol I 180 " 18 " 6.8 " 10000 " 190 N

Simazinc 122149 5.00[;-Ol I 1.20[;-01 II 0.56 c 0.052 c 0.026 e 48 e 5.l <:

Sodium azide 26628228 4.00E-Ol I 150 " IS" 5.4 " 8200 " llO H

Sodium dicthyldithiocarbamate 148185 l.00[;-02 I 2.70E-01 II 0_25 c 0.02l c 0.012 c 21 e 2.4 e

Sodium fluoroacelale 62748 2.ooE-05 I 0.7l " 0.07l " 0.027" . 41 " 1.6 N

Sodium metavanadate 11718268 I.OOE-Ol It l7 " l.7 " 1.4 " 2000 " 78 H

Strontium, stable 7440246 6.00E-01 I 22000 " 2200 " 8tO " IEi06 " 47000 N

Strychnine 57249 l.OOE-04 I II " 1.1" O.4t " 610 " 2l N

Styrene 100425 2.ooE-01 I 2.86E-01 , I!J 1600 " 1000 " 270 " 410000 " 16000 " 1400 E 2 E

Syslhane 88671890 2.50n·02 I 910 " 91 " l4 " 51000 " 2000 H

2,3,1,8-TCDD (dioxin) 1746016 1.56Ei05 II 1.16E105 II 4E-07 c 5E-08 e e 4E·05 e 4E-06 e

Tebutltinron l4014181 7.ooE-02 I 2600 " 260 " 95 " 140000 " 5500 N

Temephos ll8l968 2.00E-02 II 710 " 7l" 27 " 41000 " 1600 N,
Terbacil 5902512 1.l0E-02 I 470 " 47 " t8 " 27000 " 1000 N

Terbufos 11071799 2.50E-05 II 0.91 " 0.091 " 0.014 " 51 " 2 N

Terbutryn 886500 1.00E-Ol I H" l.7 " 1.4 " 2000 " 78 N

1,2,4,5-Tetrachlorobenzene 9594l l.OOE-04 I I!J 1.8 " 1.1" 0.41 " 610 " 2l H 91 " 0.69 H

1,1,1,2-Telfllchloroethane 610206 3.00E-02 I 2.60E-02 I 2.59E-02 I I!J 0.41 e 0.24 c 0.12 e 220 e He

1,1.2,2-Tctrach loroethane 79145 2.00E-01 I 2.0lE-01 I I!J 0.052 e O.Oll c 0.016 e 29 e l.2 e 0.4 E 0.001 E

Tetrachloroethylene (PCE) 127184 t.00E-02 I 5.20E-02 E 2.0lE-Ol E I!J I.Ic l.t c 0.061 e 1I0e 12 e II E 0.04 E

2,3,4,6-Tetrachlorophenol 58902 l.00E-02 I 1100 " 110 " 41 " 61000 " BOO H

p,a,a,a-Tetrachlorotolueue 5216251 2.00EiOI II I!J O.OOOB e O.OOOll e 0.00016 e 0.29 e 0.Ol2 e

Telrachlorovinphos 9611 IS l.ooa-02 I 2.40E-02 It 2.8 e 0.26 c O.ll e 240 e 27 e

Telraethyldithiopyrophosphate l689245 5.ooE-04 I 18 " 1.8 " 0.68 " 1000 " 19 N

Tetraethyllead 78002 t.OOE-07 I 0.OOl7 " O.OOOH" 0.00014 H 0.2 " 0.0078 N 0_00068 " 0_0000l4 H

··I,I,I,2-Tetrafluoroethane 811972 I 2.29EiOI I!J 140000 " 84000 "

11lallic oxide 1lI4l25 7.00E-05 w 2.6 " 0.26 " 0.095 " 140 " 5.5 H

------ -----_ .._- ------------
lliallium 0.4 •

TIlalliulll acetale 561688 9.oon-05 I l.l " O.ll " 0.12 " 180 " 7 ..

'Illallium carbonate 6Bl7l9 8.00E-05 I 2.9 " 0.29 " 0.11 " 160 " 6.l N

Thallium chloride 1791120 8.001!-OS I 2.9 " 0.29 " 0.11 " 160 " 6.l "

TIlalliulll nitrate 10102451 9.00E-05 I l.l" O.ll " 0.12 " 180 " 7 ..

Thallium selenite 12019520 9.00E-05 w l.l " 0.11 " 0.12 " 180 " 7 H

lballium sulfate 7446186 8.ooE-05 I 2.9 " 0.29 " 0.11 " 160 " 6.l N

'nliobencarb 28249176 1.00E-02 I l70 " l7 " 14 " 20000 " 780 H

2-(1lliocyano;"ethvllhio)-benzothiazole 21564170 3.ooE-02 H 1100 " 110" 41 " 61000 " 2100 ..

lliiofallox 19196184 l.OOE-04 " II " 1.1" 0.41 " 610 " 2l"

lliiophanate-methyl 21564058 8.00E-02 I 2900 " 290 " 110 " 160000 " 6l00"

llliflim 137268 5.00E-Ol I 180 " 18 " 6.8 " 10000 " 190 "

j
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Vansdillm sui fate 36907423 2.OOE-02 H 730 N' 73N 27 N 41000 N 1600 ..

Vemam 1929777 1.00E-03 I 37 N 3.7 N 1.4 N 2000 N 78 N

Vinclozolin 50471448 2.500-02 I 910 N 91 N 34 N 51000 N 2000 N

Vinyl ace late 108054 1.00E~00 H 5.711!-O2 I 37000 N 210 N 1400 N IE~06 N 78000 N 370 • s..
Vinyl.bromide 593602 8.57E-04 I lID 5.2 N 3.1 N 2 N 0.018 N

Vinvl chloride 75014 1.901!tOO H l.OOE-O I H lID 0.019 c 0.021 c 0.0017 c 3 c 0.34 c 0.002 • O.Ot •

Warfarin 81812 3.ooE-04 • II N UN 0.41 N 610 N 23 N 0.046 N 1800 N

m-Xylene 108323 2.ooE~00 H 2.00E-01 w lID 1400 N 730N 2700 N IEt06 N 160000 N 950 • 240.

o-Xylene 9.5SE+04 2.00E+OO H 2.00E-01 w lID 1400 N 730N 2700 N IE~06 N 160000 N 730 • 1.S0E~02 •

p-Xylene , ,06E+OS 8.57E-02 w lID 520 N 310 N 1000 • 2.20E+02 •

Xylene (mixed) 1.33E+06 2.ooE~00 • lID 12000 N 7300 N 2700 N IEt06 N 160000 N 320. 7.40E+il, •

Zinc 7.44IH06 3.UOE-OI I 11000 N 1100 N 410 N 610000 N 23000 N 4.20E+04 •

Zinc phosphido 1.31E+06 l.ooE-04 I II N UN 0.41 N 610 N 23 N

Zineb 1.21E+07 5.001!-02 I '\ 1800 N 180 N 68 N 100000 N 3900 N
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APPENDIX I

DERIVATION OF CONSTRUCTION WORKER SOIL INGESTION
SCREENING CONCENTRATION
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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 (RID) for mercury has been
employed. However, the conservative screening value is based on the subchronic RID for
methyl mercury (0.0001 mg/kg/day), the mercury species with the lowest RID. The
USEPA has adopted the chronic RID as the subchronic RID 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 cm2 and the upper bound
estimate of soil adherence rate is 1.0 mg/cm2

. Based on this information, the daily soil
intake rate is: 2 x 0.5 (118 cm2

) x 1.0 mg soil/cm2 = 118 mg soil/day.

Hawley, lK., 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, EPAI600/8-91/011B, January

ABB ENVIRONMENTAL SERVICES

C:\T92\KENT_TAY\PHASEl\SEC55##2.DOC
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TABLE B-1 - DERIVATION OF CONSTRUCTION WORKER SOIL INGESTION SCREENING CONCENTRATION

CONSTRUCTION WORKER SCENARIO

SOIL INGESTION RATE
FREQUENCY OF EXPOSURE
DURATlON OF EXPOSURE
FRACTION OF SOIL INGESTION AT SITE
BODYWEIGHT
RELATIVE ABSORPTION FACTOR
UNITS CONVERSION FACTOR (CF1)
UNITS CONVERSION FACTOR (CF2)
ORAL RID
TARGET HAZARD INDEX

TARGET CONCENTRATION (SOIL INGESTION)

UN ITS

MGIDAY
DAYSNJK
WEEKS
NA
KG
NA
KG/MG
DAYNJK
MG/KG/DAY
NA

MG/KG

VALUE

118
5

50
0.5
70

1
100E-06

7.00E+OO
100E-04 METHYL MERCURY

1.00E+OO

166

TARGET SOIL CONC (INGESTION ONL Y) = TARGET HI X RID X BW X DURATlON X CF2 I (SOIL INGESTION RATE X FREQUENCY X DURATION X RELATIVE ABSORPTION FACTOR X FRACTION FROM SITE X CF1)

TABLEB-1X!-S2/14/963:42 PM Page 1
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APPENDIXJ

MERCURY SPECIATION AND BIOAVAILABll.JTY TESTING
BACKGROUND INFORMATION AND TECHNIQUES
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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, carnonates, and sulfides. In general, organic mercury, mercuric chloride,
and elemental mercury in the vapor phase are very soluble and bioavailable, mercuric
oxides and carnonates 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-rnay 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:

• Sequential extractions

• Electron microprobe analysis

• 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

. 1
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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 drawbac1:s
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.

2
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The intetpretation of mercury speciation data will focus on detennining 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 detennined in each soil.
Also, duplicate analyses will be compared. Speciation results from soils spiked with

known quantities of mercury species will be evaluated to detennine 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 absotption 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 (RID), 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, absotption 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
absotption from different exposure media is termed the bioavailability adjustment factor
(BAP). 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 RID 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 1180 (0.03-0.01) may be appropriate when

3
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applying toxicity values for mercuric cWoride to mercuric sulfide. Little or no infonnation
is available on the oral absorption of other mercury compounds or elemental mercury
relative to mercuric cWoride; 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 defmed 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 vitro 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 fonn 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 cWoride, 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 mrn) was added to 480 milliliters (mL) of a pH-2.5 solution
of dilute hydrocWoric acid (HCl) 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 I-lm) 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 (Barnett
and Turner 1995). The experimental procedure was altered in that the soil samples were
pulverized after sieving, and only the < 180-l-lm size fraction was subjected to the leaching
procedure. For 19 of the 20 samples, the mercury in soils was detennined to be from 0.3
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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).
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METHODOLOGY

OVERVIEW

Mercury speciation analysis will be conducted on selected soil samples to determine the
fonns 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 vitro test that replicates
human gastrointestinal tract chemistry and function will be peIfonned on selected samples
following speciation to detennine the fraction of mercury iii soil samples that is soluble and
available for absOlption 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 vitro 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 SPECIAnON ANALYSIS

As described above, both sequential extractions and mineralogical techniques for
detennining 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
detennined in the laboratory at room temperature using a Jerome mercury vapor analyzer,
Model 431X. Speciation analysis will be perfonned 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 perfonned using a sequential extraction
procedure, whereby samples are extracted with chlorofonn to analyze for organic mercury,
and then treated with 0.1 M H2S04 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
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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 vitro 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 (HgClz) will be added as a spike. The QA/QC procedure
will then follow the in vitro test method as described in the SAP (Appendix A). The
samples will be spiked with a low concentration of HgCI2, relative to total soil mercury
concentrations. The duplicate spike solutions will be evaluated to determine recovery of
mercuric chloride in the in vitro test.
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MERCURY SPECIATION ANALYSIS

SAMPLE PREPARAnON

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
Mode1431X 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.

8
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Organic Mercury and Acid-Soluble Mercury

Sakamoto et al. (1992) developed a method for differential detennination of organic
mercury and acid-soluble mercury, which includes mercury(I) oxide, mercury(II) 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
detennined by cold vapor atomic adsorption spectroscopy (CVAAS).

The method for extracting organic mercury from soils is as follows:

• Place 20 mL of chloroform and 1-5 g of sediment sample in a 50-mL glass
centrifuge tube

• Stopper the tube and shake in a shaker for 2 minutes..
• Centrifuge at 3000 rpm for 2 minutes

- • Transfer the chloroform phase into a separatory funnel

.. • Repeat the extraction with another 20 mL of chloroform

• Add 3 mL of 0.01 M sodium thiosulfate solution to the combined chloroform- extract in the separatory funnel and shake for 2 minutes

.. • Send the aqueous solution to CAS to detennine the mercury concentration by
CVAAS.

..

..

-
-
-
-

-

The method for extracting acid-soluble mercury from soils is as follows:

• After completion of the organic mercury extraction, leave the 50-mL glass
centrifuge tube unstoppered to evaporate the residual chloroform to dryness

• Add 10 mL of 0.1 M sulfuric acid to the residue

• Stopper the centrifuge tube and shake it in the shaker for 2 minutes

• Centrifuge it at 3000 rpm for 2 minutes

• Send the supernatant to CAS to detennine the mercury concentration by
CVAAS

9



-
-
-
-

-

•

-

-
-
-

-

• Air dry and save the residue in the centrifuge tube for the elemental mercury
extraction.

Elemental Mercury (Hgo) and Mercuric Sulfide

To separate and determine elemental mercury (Hg~ and mercuric sulfide (HgS), use the
residue remaining after extracting organic mercury and mercury oxide, and follow the
method of Revis et al. (1989):

• Send a residue split to CAS to determine l:Hg (i.e., HgO + HgS) using
CVAAS

• Thinly spread a 5-g sample of homogenized residue on a stainless steel tray

• Place the tray in a continuously aerated oven at 150°C for 5 days

• Digest the sample with aqua regia acid

• Send the sample to CAS to determine l:Hg by CVAAS

• The amount of HgS in the sample is the amount of LHg after roasting.

• The amount of HgO in the sample is the difference between the l:Hg 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 6OO-grit wet/dry abrasive paper stretched across a
glass plate, 15-~m and 6-~m diamond on a cloth pad fixed to a steel lap, and finally 0.1
~m 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 l-~m 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 (BEl). 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 BEl images and WDS/EDS analyses as necessary. Representative BEl
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 lOOx and 300 to 600x will be used; the latter
magnification allows analysis of the smallest identifiable (1-2 ~m) 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 bulksoil 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.

11



-
-
-
-

-
-
-
-
-
-
-
-

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 fortotal 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 ~m. The <250-~m 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 ~m) 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 absOlption 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-ta-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 vitro 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.

13



-
The in vitro test will be conducted according to the following method (all chemicals from
Sigma Chemical Company, unless otherwise noted):

- • 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 J..lL lactic acid (synthetic syrup 85 percent w/w)
500 J..lL acetic acid (97 percent w/w; Fisher Chemical Co.).

• Adjust the pH of the stomach solution to 2.5 by adding a measured volume of
concentrated HCI.-

• Add 150 mL of stomach solution to the 200-mL acrylic reaction vessel (see
Attachment D).

• Sparge the stomach solution with argon for 5 minutes to remove oxygen.-
• Measure the Ell of the stomach solution.

-
-
-
-

-
-

• Sparge the stomach solution with argon for an additional 2 minutes.

• Add 1.5 g of soil and seal the reaction vessel.

• 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)

• Allow the soil/stomach solution to stand (no agitation) for 10 minutes.

• 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).

• Check the pH at 5-minute intelVals, and readjust to pH 2.5 with HCI if
necessary.

• 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.

• At I hour, titrate the solution to pH 7.0 by adding a 5-in length of dialysis
tubing containing approximately 1 g of NalIC03 to each reaction vessel.
The dialysis tubing is added without exposing the reaction vessel to
atmospheric oxygen.

• Allow the pH of the reaction vessel solution to increase slowly to 7.0 ±0.2
before removing the dialysis bag.

• 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.

• 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.

• 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.

• After the final sample is collected, measure and record the pH and Eh of the
flask contents.

• Measure and record the final volume of the flask contents in a graduated
cylinder.

• 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 EVALUAnON

Prior to analyzing samples for the purpose of developing a site-specific bioavailability
adjustment factor (BAF), site soil samples will be evaluated using the in 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 vitro 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 (QNQc) 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 .vitro test quality control samples will include two soils that will be run through the
procedure in triplicate. In addition, two in vitro tests with a soluble mercury spike will be
perfonned 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 perfonned 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
infonnation:

• A cover letter discussing the analytical procedures used and the problems
encountered during sample analysis (if any).

• Sample log listing the identifying sample numbers and corresponding laboratory
numbers (if applicable) for all samples included in the data package.

• Chain-of-custody fOIms for all samples included in the data package.

• 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-required 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
[LeSs], 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 perlormed
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 useel. 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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