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1.0 INTRODUCTION

1.1 Background

Tetra Tech EM Inc. (TtEMI) was requested by the Navy to conduct a surfactant enhanced
subsurface remediation (SESR) treatability study at Alameda Point (formerly Naval Air Station
Alameda) to demonstrate enhanced dense non-aqueous phase liquid (DNAPL) removal at the
selected site. Surbec Environmental L.L.C. (Surbec) was selected to complete the treatability
study.

The surfactant technology was developed because of the inability of traditional pump-and-treat
remediation methods to remove non-aqueous phase liquids INAPL) or sorbed contaminants from
the subsurface. Surfactants can be used to remove residual DNAPL from porous media.
Surfactants can greatly enhance the solubility and/or mobility of the chlorinated hydrocarbons,
thereby increasing the removal of DNAPL constituents from the soil matrix. Previous
demonstrations indicate that surfactant-enhanced recovery has the potential to be an effective
technology. In previous demonstrations, between 37 percent and 99 percent of DNAPL has been
recovered. The amount of contaminant mass recovered per mass of surfactant added may vary
widely, depending on site characteristics. The treatment goal of this study is to remove at least
95 percent of the chlorinated solvent mass from the test area saturated zone above the Bay Mud.

Because of the complex nature of the behavior of chlorinated solvents in groundwater, a bench-
scale study alone will not be sufficient to provide conclusive evidence regarding the
effectiveness of the technology. Therefore, an in situ pilot-scale study will be performed; a
bench-scale study will be used for surfactant selection only. The Navy will also conduct
physical and chemical analyses of the aquifer material to determine an effective surfactant
mixture for in situ removal of the chlorinated solvents.

Surbec will provide a complete technical evaluation of the treatment system at all stages of the
treatability study. Evaluation will include, but will not be limited to, (1) the reliability and
function of the process equipment, (2) capital, labor, operational, and maintenance costs, (3)
process operating parameters, (4) sampling and analytical procedures, (5) ability to meet
treatment objectives, (6) daily operation and problems encountered, (7) deviations from project
plans, (8) process waste handling procedures and requirements, and (9) health and safety.

Design of this process is complicated and requires a multidisciplinary team to ensure the
technology is applied correctly. The overall process can be broken down into four major
aspects: Surfactant Screening and Selection, Injection/Extraction Systems, Subsurface Surfactant
Performance and Above Ground Treatment and Separations. The proposed project team includes
Surbec, the University of Oklahoma, and Levine Fricke Recon (LFR).

1.2 Site Description
The Alameda Point site is located on the San Francisco Bay in Alameda, California (refer to

Figure 1.1). The selected test location, located near soil boring 2A-A, is on the east side of
Building 5 in Site 5. In a review of available documents and data, Surbec has located a second
site, which would be appropriate for this technology. The second site is also located on the east
side of Building 5, approximately 100 yards south of soil boring 2A-A at soil boring 4B-C.
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Building 5 is located between Monarch and Lexington Streets, and Avenues Midway and Tower
within the Alameda Point Complex. Building 5 lies in the middle of the Alameda Point facility

(Figure 1.2).

The building has been in operation since 1942 and houses shops used for cleaning, reworking,
and manufacturing metal parts, tool maintenance, plating, and painting operations. Processes in
the plating shop include degreasing, caustic and acid etching, metal stripping and cleaning, and
chrome, nickel, silver, cadmium, and copper plating. The paint shop contains two paint bays and
several smaller paint spray booths. Prior to 1972, the wastewater from operations in Building 5
was discharged without pretreatment to the San Francisco Bay, via the industrial sewers, the bulk
of which emptied into the Seaplane Lagoon. From 1972 until 1991, the wastewater from the
plating shop was split into two waste streams, one from the alkaline tanks and one from the
cyanide tanks. The wastewater streams were kept separate until the cyanide stream was treated in
a cyanide destruction unit. The two waste streams were then routed together to a treatment plant.

Three industrial waste sewer lines leave Building 5; there are two on the south side that join the
main line running under W. Tower Ave., and one line on the northeast corner that joins the main
line running under Lexington Street. Two sanitary sewer lines exit from the west side of the
building and join the main under Monarch Street. Two additional sanitary sewer lines exit from
the east side of the building and join the main lines in W. Midway Avenue. Storm sewer lines
connect the building downspouts to mains under W. Tower Ave. and W. Midway Ave. Site
layout and the configuration of the storm, sanitary, and industrial sewer lines are illustrated in
Figure 1.2. Building 5 is still used for manufacturing, cleaning, and reworking metal parts, and
painting operations. The plating shop was taken out of service in early 1991.

1.3 Objectives
The Navy has identified one primary objective and three secondary objectives for the treatability

study. The primary objective of the study is to:

» Determine the effectiveness of the treatment system to remove chlorinated solvent mass that
cannot be removed using conventional pumping techniques. The Navy has established a
DNAPL removal goal of 95 percent (from the soil) for this study.

The Navy has also identified the following three secondary objectives for this study:

« Determine the properties of the porous media within the test area, including the hydraulic
and sorption properties of the aquifer material

« Determine the optimal surfactant mixture for DNAPL removal

« Determine the efficiency of surfactant recovery from the test area

These objectives will be used to direct project activities and as evaluation criteria. The objectives
will also be used as indicators for project corrections and additions.
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2.0 SITE INVESTIGATION SUMMARY

To gain an understanding of the site-specific conditions at soil boring 2A-A and 4B-C, Surbec
reviewed several documents supplied by the Navy. The documents that were reviewed are as
follows:

- Remedial Investigation/Feasibility Study Data Transmittal Memorandum Sites 4, 5, 8,
» 10A, 12, and 14. (PRC Environmental Management, Inc. and Montgomery Watson)

« Data Summary Report for Quarterly Groundwater Monitoring. (Tetra Tech EM Inc. and
Uribe & Associates)

o Data Summary Report Background and Tidal Influence Studies and Additional Work at
Sites 4 and 5, Naval Air Station, Alameda. (PRC Environmental Management, Inc. and
Montgomery Watson)

« Remedial Investigation/Feasibility Study Phases 2B and 3 Data Summary Report. (PRC
Environmental Management, Inc., and Montgomery Watson)

» Data Transmittal Memorandum for Sites 4 and 5 Chlorinated Solvent Plume Definition
and Site 14 Sump Investigation at Alameda Point, Alameda, California. (Tetra Tech EM
Inc.)

Surbec has concentrated the design efforts based on the document entitled “Data Transmittal
Memorandum for Sites 4 and 5 Chlorinated Solvent Plume Definition and Site 14 Sump
Investigation at Alameda Point, Alameda, California,” which presents the data generated from
two investigations directed toward definition of known chlorinated solvent plumes (Sites 4 and
5), and one soil and groundwater investigation of a sump area (Site 14) at Alameda Point,
Alameda, California.

The data transmittal memorandum also includes a brief description of (1) the project objectives,
(2) the scope of work performed for each investigation, (3) the investigation methods and field
procedures, and (4) the findings of each investigation. The findings are presented in tabular form
summarizing the analytical results and detailed isoconcentration maps and accompanying cross-
sections. Copies of the Site 5 data summary tables are attached to the end of this section.
Isocentration maps from the data transmittal memorandum (Figures: 7, 8, and 9) for
Trichloroethane (TCA), Dichloroethane (DCA), and Dichloroethene (DCE) are attached to show
the extent and location of the contaminant plumes relative to the treatability study site location.
TCA, DCA, and DCE have been selected because they are the constituents at the site with the
highest concentrations and will be the contaminants that control the focus of the surfactant of

choice.

2.1 Site Setting and Geology/Hydrogeology
NAS Alameda is located on the western end of Alameda Island, primarily in Alameda County,

California. Alameda Island is located within the San Francisco Bay basin, which lies within the
Coast Range physiographic province of California. The air station is bounded on the north by
the Oakland Inner Harbor, on the west by the San Francisco Bay, and on the south by the San
Francisco Bay and the Seaplane Lagoon.
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Much of the land now occupied by the site was once covered by the waters of San Francisco Bay
and most of the land not covered by the bay was occupied by tidal flats. The tidal flats and
subtidal deposits are considered a portion of the Holocene Bay Mud stratigraphic unit (also
called the Young Bay Mud). Within the air station boundaries, the Holocene Bay Mud is
overlain by hydraulically placed fill material, which comprises the uppermost water-bearing
zone. The fill ranges in thickness from 0 to 30 feet and underlies most of NAS Alameda, with
the exception of the eastern portion of the base where there is no definable Holocene Bay Mud
unit. The Holocene Bay Mud is underlain by Holocene and late Pleistocene alluvial and eolian
deposits. These deposits are roughly equivalent to the Merritt Sand unit described by Trask and
Rolston (1951). The Merritt Sand is underlain by Late Pleistocene estuarine deposits, which
consist of dark greenish-gray silty clay in the vicinity of Alameda Point, and is considered an
aquitard in this area. ‘

Different authors have used different stratigraphic names and slightly different definitions when
referring to the Late Pleistocene estuarine deposits. Trask and Rolston (1951) used the term San
Antonio Formation for sediments, which are primarily composed of estuarine clays. However,
Trask and Rolston's San Antonio Formation contains at least one relatively thick and laterally
extensive sand bed. In contrast to Trask and Rolston, Sloan (1992) called the late Pleistocene
estuarine deposits the Yerba Buena Mud. Sloan restricted the name Yerba Buena Mud to
sediments composed of clay, and as a result the Yerba Buena Mud can be reasonably expected to
act as an aquitard. Although the stratigraphic relationships are not entirely clear, Sloan (1981)
believes that most of the San Antonio Formation is correlative with the Yerba Buena Mud. For
the purpose of the data transmittal memorandum, the late Pleistocene estuarine deposits are
referred to as the Yerba Buena Mud because the Yerba Buena Mud, being composed of clay, has
more predictable hydrogeologic properties, and can be reasonably expected to act as an aquitard.

The hydrological units of primary importance to the SESR study are the Merritt Sand, the
Holocene Bay Mud, and the overlying artificial fill material. These units make up the shallow
aquifer. The shallow aquifer has two primary water-bearing zones; one above the Holocene Bay
Mud, in the fill material (referred as the "first water-bearing zone") and the second below the
Holocene Bay Mud in the Merritt Sand (referred as the "second water-bearing zone"). The
Holocene Bay Mud has been found to be siltier and sandier in the western portion of the base,
and discontinuous in the southeastern portion of the base. In the southeastern portion of the base,
all units above the Yerba Buena Mud are considered to be in hydraulic connection (PRC 1991).
The alluvial portion of undifferentiated Pleistocene deposits, which underlay the Yerba Buena
Mud, comprise a second, deeper aquifer.

The lithology at Site 5 is characterized by a fill layer between 0 and 12 to 15 feet deep which
consists of interbedded fine sands (well sorted), silty sands (moderately well sorted), and
gravelly sand. Below the fill, the native soils consist of the Holocene Bay Mud deposits, which
are primarily a lower permeability mixture of silty clay to sandy clay, with occasional sands and
silts. At Site 5, the Bay Mud layer is approximately 15 to 20 feet thick.

The groundwater gradient at this test area (2A-A) generally ranges from 0. 001 feet per foot to 0.
002 feet per foot and is extremely variable in direction as reported by TtEML The groundwater
gradient near 4B-C generally ranges from 0.004 to 0.006 feet per foot as reported in the BERC
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Workplan. The depth to groundwater ranges from 5 to 9 feet below ground surface. Aqulfer tests
(slug tests) performed at Site 5 by TtEMI indicate a hydraulic conductivity of 1.7 x 10™ cm/s to
2.6 x 10 cm/s. The slug tests were conducted over the entire saturated thickness of the upper fill
layer.

2.2 Investigation Objectives

Focused groundwater investigations at Site 5 (Building 5) were conducted by TtEMI from
January 21 to April 6, 1998. The investigation involved collection of discrete groundwater
chemical data to evaluate the nature and extent of chlorinated solvent plumes caused by past
releases at these sites. In addition to this data, BERC has reported data in their Treatability
Study Workplan from investigations at Site 5 conducted during 1996 through 1998.

2.2.1 Previous Investigations

The general scope of work performed during these investigations included soil and groundwater
sampling, laser induced fluorescence (LIF), membrane interface probe (MIP) sampling, and Geo
Vis observations. The specific tasks performed for each site are outlined below. Surbec will
focus on Site 5, locations 2A-A and 4B-C, because these sites are the potential locations of the

treatability study.

2.2.2 TtEMI Investigations

Isoconcentration Maps and Cross Sections

All data from the chlorinated solvent plume investigations at Site 5 were presented in table
format by constituent and by site. The analytical data from the tables are presented in graphical
form on a total of 13 figures (Figures 2 through 14 of the data transmittal memorandum). Each
of the figures presents four plan view isoconcentration maps and four isoconcentration cross
sections for one analytical constituent. Data from a previous investigation conducted by OGISO
Environmental was also used in the development of the maps and cross sections to supplement
the data from the current investigations. Figures 7, 8, and 9 from the data transmittal
memorandum are attached to show the contaminant plumes at the treatability study location and
the surrounding areas.

The four plume maps shown on each figure present the data for four separate depth intervals. For
Site 5 the depth intervals are 5.5 to 9.5 feet, 9.5 to 13.5 feet, 13.5 to 20.0 feet, and greater than 20

feet below ground surface (bgs).

Where there was more than one sample result in a given interval, the highest analytical result
was used for contouring. The contour intervals are less than 0.5 micrograms per liter (ug/L),
0.50 to less than 50 ug/L, 50 to less than 100 ug/L, 100 to less than 500 ug/L, 500 to less than
1000 ug/L, 1000 to less than 10,000 ug/L, 10,000 to less than 100,000 ug/L and greater than
100,000 ug/L. Each map shows all four transect lines of the cross sections for reference.

Four cross sections were constructed for each site through the areas of highest concentration.
Each cross section presents all the analytical data from a given boring located along the cross
section line. All the borings and the sample intervals have been plotted at the correct elevation in
the cross section views as determined from the site survey. The analytical data on the cross
sections is contoured to the same concentration intervals as the plume maps.
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Eight figures in the data transmittal memorandum (Figures 7 through 14) present the results of
the investigation at Site 5. Seven constituents, (1,1,1-TCA; 1,1-DCA; 1,1-DCE; 1,2-DCE;
chloroethane; TCE; and vinyl chloride) are presented in seven of the eight figures (Figures 7
through 13). The eighth figure (Figure 14) for Site 5 shows the distribution of dissolved oxygen
and redox potential as measured in the field. This figure includes one plan view map with data
presented at each location. Four cross sections are included in this figure with analytical data at
each sampled interval.

Summary of Findings

The cross sections and plume maps of the Site 5 area, show additional detail of the chlorinated
solvent plumes at each location. Although spacing between boring locations is relatively large
(approximately 150'), a good definition of the plumes is achieved both laterally and vertically.
Overall, contaminants were found to be more extensive than previously thought.

Site 5

Four distinct plumes have been defined at Site 5. The plumes are generally located within
Building 5 and have for the most part been located by the previous OGISO Environmental
investigations The extent and concentration levels of these plumes have been further defined
laterally and vertically by this investigation. In particular, the westernmost plume was not well
characterized by the previous investigations; however, this plume is now defined.

The focus areas are located near soil borings 2A-A and 4B-C. The proposed 20° x 20’ treatability
study area location, as proposed by TtEMI, is at 2A-A. Surbec has reviewed the site
groundwater data and feels that location 4B-C may also be suitable if the concentrations of
chlorinated solvents in the groundwater are high enough. Based upon the current
isoconcentration maps, site 2A-A has a total volatile organic concentration of 58,525 ug/L as
compared to location 4B-C, which has a total concentration of 195,448 ug/L.

The most extensive contaminant at Site 5 appears to be 1,1-DCA (Figure 8). 1,1-DCA is found at
levels from 2,200 ug/L to 14,000 ug/L in the four separate plumes. The contaminant with the
highest concentration is 1,1,1-TCA at 100,000 ug/L, however, this result is from the previous
OGISO investigation. The highest concentration detected by TtEMI in this investigation was of
a concentration greater than 34,000 ug/L 1,1-DCA at exploratory location 4-5.

Generally the depth intervals with the highest levels of contamination at Site 5 are 5.5 feet to 9.5
feet bgs and 9.5 feet to 13.5 feet bgs. Below 13.5 feet bgs, contamination is less prominent
although significant levels of some constituents can be found. Below 20 feet bgs contamination

is scarce and levels drop off considerably.

2.2.3 SCAPS/BERC Investigations

SCAPS surveys were completed in 1996, 1997, and 1998. The 1996 survey showed fluorescence
intensities indicative of free product from 8.1 to 9.3 feet BGL at a location (IRS-02) immediately
north of the waste oil/solvent tank location approximately 110 feet north of 4B-C. A soil sample
from this location confirmed the fluorescence, indicating a soil concentration of 4360 mg/kg total

VOCs and 2600 mg/kg TCE.
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The following 1997 SCAPS survey positively identified the presence of NAPL using the Geo
Vis video microscope. The NAPL was observed as separate phase droplets and ganglia existing
in the pore space. Soil samples were also collected to quantify the VOC concentrations in the
soils. The maximum TCE concentration was detected at 2700 mg/kg in a location near IR5-02 at
a depth of 8.2 t0 9.2 feet bgs.

In August 1998, a SCAPS survey was conducted to identify the outer boundaries of the NAPL in
the vicinity of the waste oil/solvent UST. LIF and MIP were used to locate the NAPL outer
limits. The thickest location appeared to be at PC-2 with thinning away in all directions. Soil
samples were collected during this investigation with maximum total VOC concentrations of
3756 and 5890 mg/kg at locations S-30 and S-38, respectively. TEPH characterized as jet fuel
(Cio — C42) was detected at 25,000 and 9400 mg/kg in soil samples from 8.0 to 8.5 and 8.5 to 9.0
feet at location S-38. TCE was detected at a concentration of 2170 mg/kg in a soil sample from
S-38. Groundwater samples were also collected using the MIP system. TCE was detected at a
maximum concentration of 1786 ppm from location MIP37 located immediately north of the

UST at a depth of 9 feet bgs.

In September 1998, BERC completed a soil sampling investigation to delineate the western and
southern boundary of the NAPL at the waste oil/solvent UST location. BERC collected soil
samples from four borings. High concentrations of TEPH were detected in TMW-7 at 11,000
mg/kg at the 7.5 to 8.0 foot depth. Total VOCs were detected at 68 mg/kg at this location. The
three other locations were outside the NAPL plume boundaries.

Data summary tables for the SCAPS and BERC site investigations are attached. This data will
also be included during the final modeling for well locations and screen depths along with the

results of the Geoprobe investigation.

2.3 Site Selection Investigation (SSI)

The SI was conducted on January 30 and 31, 1999 and consisted of the following activities.

1. The completion of three (3) soil borings, one (1) 8 feet east of TtEMI sampling
location 2A-A, and two (2) near TtEMI sampling locatlon 4B-C, one (1) 10 feet north
and one (1) 10 feet south of 4B-C (Figures 1 & 2).

2. The collection of one (1) soil sample for laboratory analyses of volatile organics by

method 8260 from each boring.

The installation of groundwater monitor wells in each soil boring. and

4. The collection of groundwater samples from each well for analyses of volatile
organics by method 8260. « :

hed

2.3.1 Soil Sample Results
During the SI, soil samples were collected from each boring and analyzed with a Photovac 2020

organic vapor analyzer. The samples were composited on 1.0 to 2.0 foot intervals for field
analyses. The field screening was used to determine the soil samples to be submitted to the
laboratory for analyses of volatile organics by method 8260. The results are summarized in the

following table.

April 1999 Section 2.0 Site Investigation Summary 2-5



Soil Sample Results

Contaminant Soil Concentrations, ug/kg

4B-CN 4B-CS 2A-AE 4B-CS1 | 2A-AEl

Depth 12.0 ft. 12.0 ft. 7.5 1. 10.0 fi. 12.0 ft.

1,1-Dichloroethene ND ND ND ND 230
1,1-Dichloroethane 3100 ND ND ND ND
2-Butanone ND ND ND ND ND
1,1,1-Trichloroethane ND ND ND ND ND
1,2-Dichloroethane ND ND ND ND ND
Carbon Tetrachloride ND ND ND ND ND
Chloroethane ND ND ND ND ND
Cis-1,2-Dichloroethene ND ND ND ND ND
Trichloroethene ND ND ND ND ND
Vinyl Chloride ND ND ND [ ND ND
Sec-Butylbenzene ND ND 260 ND ND
Methylene Chloride ND ND ND 4000 ND
TPH —purgeables(C7-C12) NA NA 820,000 | NA NA

3100 ND 260 4000 230
TOTALS (8260)

The results of the soil sample analyses indicate low levels of contamination. The sample from
4B-CN contained the highest concentration of suspected volatile organics 8260 (1,1-
Dichloroethane) at 3.1 mg/kg. The sample 4B-CS1 from the 10.0 ft. depth contained 4.0 mg/kg
of methylene chloride. Methylene chloride was not expected based upon the review of previous
data during preparation of the WP. The other samples contained very low levels or were non-
detect of volatile organics 8260.

The sample 2A-AE contained high concentrations of a possible fuel contaminant. A total
petroleum hydrocarbons analyses was conducted to identify the range of hydrocarbons. The
results indicated 828 ppm of C; to C,, purgeable hydrocarbons. Extractable hydrocarbons C, to
Cy2 could not be analyzed as the soil sample was preserved with methanol Wthh would blow out
the flame during the detection run.

2.3.2 Groundwater Sample Results
Groundwater samples were collected from the three (3) monitor wells installed in borings 4B-

CN, 4B-CS, and 2A-AE. The wells were developed and purged, allowed to equilibrate for a
period of time, and were then sample for analyses of volatile organics 8260. The results are

summarized in the following table.
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Groundwater Sample Results

Groundwater Concentrations, ug/]
Contaminant 4B-CN 4B-CS 2A-AE
1,1-Dichloroethene 6800 690 320
1,1-Dichloroethane 2200 2100 5000
2-Butanone 780 ND ND
1,1,1-Trichloroethane 5800 270 510
1,2-Dichloroethane 250 ND ND
Carbon Tetrachloride ND ND ND
Chloroethane ND 100 2300
Cis-1,2-Dichloroethene ND ND 480
Trichloroethene ND ND 170
Vinyl Chloride ND ND 840
Sec-Butylbenzene ND ND ND

15830 3160 9620
TOTALS

The groundwater results indicate that the groundwater in the vicinity of monitor well 4B-CN
contains the highest levels of volatile organics at 15.83 mg/l. The original proposed Study site,
2A-A, indicated a volatile organics (8260) groundwater concentration of 9.62 mg/1.

2.4 Data Needs
The data gathered during the SI indicates that the groundwater in the vicinity of 4B-C has a

higher concentration of volatile organics than in the vicinity of 2A-A. The groundwater
concentrations are significantly lower than the TtEMI reported groundwater concentrations
possibly due to the dilution occurring in the Surbec well screens. The three (3) wells installed by
Surbec were screened over the entire length of the aquifer whereas the samples collected by
TtEMI were discrete samples collected over smaller intervals. Hence, discrete depths could yield
much higher results as they are specific to that depth. As a result, Surbec_feels that additional
discrete sampling and analysis would remove much of the uncertainty and yield data necessary to
select the final locations of the injection/recovery system wells.

Another concern discovered during the SI was the detection of a probable fuel contamination at
location 2A-A. The results from 2A-A indicated the unexpected significant presence of LNAPLs.
The LNAPLs at 2A-A introduce the question whether higher groundwater concentrations of
DNAPLSs are present and are being reduced due to solubility competition with the LNAPLs (i.e.

Raolts Law).

Although the data indicates that 4B-C is potentially a more suitable site for the Study, Surbec
proposes discrete sampling in the area of the three (3) wells to verify this conclusion. In addition,
the direction of greatest contaminant concentrations at each sampling location is not known
based upon the limited data collected in the SI. This area will be determined to assist in
positioning the Study cell at the selected location.
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2.5 Additional Geoprobe Investigation
Surbec will conduct an additional investigation of 2A-A and 4B-C as follows.

1. Four (4) additional geo-probe holes will be drilled near 2A-A to collect discrete
groundwater and soil samples. The holes will be placed 15 feet northwest of 2A-A, 20
feet northeast of 2A-A, 10 feet south of 2A-A, and immediately adjacent to MW 2A-
AE. The soil and groundwater sample results from these locations will add data to
determine the vertical and horizontal direction of the source of contamination at 2A-
A, and will also add data to determine the influence of the LNAPL on DNAPL
detection and movement (Figure 2.1).

2. Six (6) additional geo-probe holes will be drilled near 4B-C to collect discrete
groundwater and soil samples. The holes will be placed approximately 30 feet
northwest of the northern well (4B-CN) installed at 4B-C, 15 feet northeast of 4B-
CN, 15 feet east of 4B-C, immediately adjacent to MW 4B-CN, immediately adjacent
to 4B-C, and 40 feet southwest of 4B-C inside the building (Figure 2.2).

The depth of the selected soil samples are documented on Table 3. The soil sample interval
distance will decrease, or the sample frequency will increase, toward the Bay Mud, the suspected
confining layer. A duplicate sample will be collected from each boring as shown on Table 3.

The soil samples will be collected from continuous cores samples obtained in plastic core
samplers during the geoprobe activities. The plastic liner will be cut at the selected depths, and a
syringe will be immediately inserted into the core. Approximately 7 cubic centimeters (cc), or 10
grams, of soil will be collected in the syringe and will immediately be placed into a 40 milliliter
vial (VOA) which contains 20 milliliters of methanol. The empty VOA and VOA with the
methanol will be pre-weighed by the analytical laboratory, and both weights will be recorded in
the laboratory field book and on the VOA label. The purpose of this method is to decrease the
potential loss of contaminant due to volatilization.

The soil samples will be shipped on ice under chain-of-custody to a Surbec associated laboratory
(Environmental Analyst Ltd.) in Norman, Oklahoma for 8260 analyses. A duplicate soil sample
from the 10.0 or 11.0 foot depth interval from each boring will be shipped to Curtis & Tompkins,
Ltd in Berkeley, California for volatile organics analyses using method 8260 for QC.

As previously mentioned, the entire soil core from surface to total depth will be collected using
plastic liners. These cores will be shipped to Surbec, sealed in the plastic liners, for additional
analyses, including preliminary laboratory screening for a surfactant system.

Discrete groundwater samples will be collected from the same depths as the soil samples,
excluding the 7.0 foot depth. The groundwater samples will be collected by inserting a screened
sampling tip to the selected sample depth, and using a peristaltic pump, connected to the tubing
attached to the screen tip, to pump the groundwater. Prior to collection of the sample, purging
will be completed. The groundwater sample hole will be placed immediately adjacent to the soil
core holes at each of the ten locations.
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The purpose of collecting samples from different depths is to attempt to detect the presence of
the DNAPL that may be perched, fingered, or setting at the base of the aquifer, with minimal
dilution from the zone above and below. The samples collected from the locations immediately
adjacent to wells 2A-AE and 4B-CN will be used to determine the amount of dilution, if any,
seen in Surbec’s wells previously installed which were screened across the entire aquifer. The
samples collected adjacent to 4B-C will allow a correlation to be made with TtEMI’s

groundwater sampling results.

The groundwater samples will be packed on ice and shipped to a Surbec associated laboratory
(Environmental Analyst Ltd) for 8260 analyses. A duplicate sample will be collected from the
12.0 foot depth from each boring at Sites 2A-A and 4B-C, and will be sent to Curtis &

Tompkins, Ltd in Berkeley, California for QC.

The following table summarizes the soil and groundwater sample locations.

Proposed Soil and Groundwater Sampling Depths
Site Sample Type Sample Depths' Duplicate”
ft. BGS Depth ft. BGS
2A-A Soil 7.0, 10.0, 12.0, 14.0, 15.0 12.0
4B-C Soil 7.0,9.0,11.0,12.0, 13.0 11.0
2A-A Groundwater 10.0, 12.0, 14.0, 15.0 12.0
4B-C Groundwater 9.0,11.0,12.0, 13.0 12.0

Notes:

1. Samples to be sent to Environmental Analyst Ltd. (Surbec associated Lab.)
2. Samples to be sent to Curtis & Tompkins Ltd. (CA Certified Lab.)

April 1999
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TABLEY

SITE S-SUMMARY OF ANALYTICAL RESULTS
1,1,1 TRICHLORQETHANE (ug/l)

Sample Sam

ple latervals (ft.bgs)

Location Number 55-7.8 7595 9.5-11.5 11.5-138

13.5-15.5 15.5-20.9

20.0-28.0

25.0-30.0

30.0-35.0

1-2 «<0.8

13 <0 s <23
1.7 s
<08

4.9

«0.8

<0.§ <0.8

«<0.5

<ns__ t_
43

— 23 <03 <05 <08 <03 <0 <05
_ 14 <05 14 X ) <0$
_ 3 ZX) <08 <05
- 32 16 1% s <08 200 <
33 19 <03 Y <03 <05 <0 _
34 43 19 <3 <0 <0 <2
38 05| <03 <05 05| <3
. L L 1.2 <03 —_
A s | s | s <05 s _
43 Lo 13 <08 oS s es oS __|.__0%__
A4 38 34 < <0 <05 22 X <2
N o S s o 3 —
U~ R R <0 as | s _
- s <03 s | " <ns

<0.8

s <08 <3 T

<03

<0.3

4 7 1 T Y
_. s <05 o5 | s e
&1 s <88
R E s T et - <0
63 T I es s | s T
64 T 8 o8 _ YT -
6 _ <08 - <08 IR T
1 T ) T s
1-2 . D B Y R
= R U N DEDRR DU DA LI

Note: Concentrations ate taken directly from the Onsite Lab Certified Analytical Reports
¢* Estimated value, over calibration range
. bps = feet below ground surface
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TABLE 10
SITE 5-SUMMARY OF ANALYTICAL RESULTS
1,1 DICHLOROETHANE (ug/N)

Sample
Location Namber

Sam

ple Intervals (fL.bps)

9.5-11.5

11.5-13.8

13.5-15.5 15.5-20.0

20.0-25.0

25.8-30.0

-2

B E
N = S

>
R = R
I = I
R = D
S T
IR =
R = B

38T

AV T
AT
S
R

0.3

«0.5

«0.3

o DU I U B
e YL ;
53 I 13 1]

Ty

0.8

Note: Concentrations are taken directly from the Onsite Lab Certified Analytical Reports
** Estimated value, over catibration range
N hps = feet below ground surface
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TABLE 1t
SITE 5-SUMMARY OF ANALYTICAL RESULTS
1,1 DICHLOROETHENE (ug/l)

Sample

Sample Intervals (fL.bgs)

Location Number

7.5-9.5

11.8-13.5

13.5-15.8

15.5-20.0

20.0-25.9

23.0-308

30.0-35.0

12

13

«<0.8

2t

0.5

22

«0.8

T

1 67 <03 <08 <08
38 08 Y s <08 <08 b
2.8

LS

<0.8

11

<0.5

.62

<0.8

.S

0.3

<0.5

«<0.8

<0.%

o | T s s L
63 s _ s | s | < o
64 | s | s | L _

6-8 «0.3 <0.8 _ L i
71 _ i X N
XN R T LI T s I _
= R W D P RO I D DR D
4 T <8

Note: Concentiations are taken directly from the Onsite Lab Cestified Analytical Reports

ft. bes = feet below ground surface
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TABLE 12

SITE 5-SUMMARY OF ANALYTICAL RESULTS

cis 1,2 DICHLOROETHENE (ug/l)

Sample

Sample Intervals (ft.bps)

Location Number

9.5-11.5

11.5-13.5

13.5-15.5

15.5-20.0

25.0-30.0

30.0-35.0

L

3

o n_

«0.3

<08

«0.5

«0.3

st T T es | T s <05 s B
e 82 . ) s | " as . .
. 5-3 U . O.M____ Il_ !lﬂl _ __dg_ . _“_ I 17 ~
RO SR N R LCO I TN B T —
s <08 <0.5 @8 | _
61 - s | s | T s -
i 6 _ TR . T4 Y .
63 - s

Note: Concentrations are tsken directly from the Onsite Lab Certified Analytical Reports

. bes = fect below ground swface
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TABLE 13
SITE 5-SUMMARY OF ANALYTICAL RESULTS
trans 1,2 DICHLOROETHENE (ug/)

Sample Sample Intervals (fLbgs)
Location Namber $.5-1.8 7.5-9.5 9.5-11.5 11.5-13.8 13.5-15.5 15.5-20.9 20.8-23.9 25.0-30.9 30.0-35.0
12 s__ -
1-3 <08 Y] <08 <s
2-1 <83 <03 <05 <08 <08
22 <88 <08 <0.8 <8 <0.8
13 18 18 <08 [X) <08 Y]
24 <08 <08 <0 <88 <08
—_ - os___ <05 «8.5
32 <0.8 <0 » n <0.8 EY)
33 <08 <05 <08 11 1.5 <0.8
34 <08 16 s 1 18 Y
3-8 <08 0.63 s EY) <0.8
L [X] <0.8 s 0.59 _ )

U s __ |08 = N P, SO DU, S -
43 <08 <0 1 | X LX) Y] <08
R <0 <05 st 84 ) <08 <48 <08
A4S a5 as 0.8

i 46 <08 s 0.6 e | .
—-. 3 b <3 s s __
32 34 <3 oS

83 0.8 s | o 0 7.7 16

o 3 u_ | s _s_ | __<s

58 <08 <3 s L

e <03 <0 <04
... &2 <0 @8 | ] s <23 .

= <8 <08 s <48 _
- ws | e VT .
65 s . s _ . S
ST 14 YO <03
- g U P _— o <03 - - e
N2 SR D B o S| s e = ]
“ =3 e Lo e s
Note: Concentrations ste tsken directly from the Onsite Lab Cestified Analytical Reports
fi. bes = feet below ground surface
hd
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TABLE 14
SITE 5-SUMMARY OF ANALYTICAL RESULTS
CHLOROETHANE (ug/l)

Sample Sample Intervals (ft.bgs)
Locstion Number $8-78 1.59.5 95-11.8 | 115133 13.5-15.5 15.5-20.9 20.0-25.0 25.6-30.0 30.8-35.0

-3 <03 <08 Y <05

X Y 27 .8 s | <es — .
12 Tl s |0 08 Y s

T3 T TN Tes " 4 82 T T A D A B .

e 32 1.2 <03 11 0| s "
33 S <08 s 01 o6t |18

WA n % __ LA (UL n Lod
. _3s <08 <0.3 <0.8 <05 <0.8
A <03 <0 0.58 s

42 <03 <08 s 8 _ <88

e 43 ! s <08 [ Y] X <08 <08
R o ; 8y | s 63 e T s <

s 30 _ s
e __4-6 R _:Og <05 4.3 < §_ )
51 L <08 <0.8 < <08

STss T s | s s | o= |

e ] S D TN DR TR B <03 R
62 s e T T e e e
6-3 0.8

"9 Y —— ] - _—l— .- __

Note: Concentrations are taken directly from the Onsite Lab Certified Analytical Reports
N bgs = feet below ground surface
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TABLE 1§
SITE S-SUMMARY OF ANALYTICAL RESULTS
TRICHLOROETHENE (ug/l)
Sample Sample Intervals (fLbgs)
Location Number 55.75 7.5-98 9.5-11.% 11.5-13.5 13.5-15.5 15.5-20.0 20.6-25.0 25.0-30.0 30.0-35.0
1-2_ <0.8
13 <08 <8 <08 <88
21 0S8 1.3 <0.8 <08 <0.8
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__ﬂ-! 14 10 43 <|§
_!:1- 0.96 L] 0.8 f_O.S <0.8
__4-3_ !.9 50 1.3 ‘____fﬂ.S NS <!2 .8 <9.S
e _‘—4_ . 1.7 0.7 8.4 11 «0.3 ____<1!§ 0.3 <0.8
A8 <08 a2 U ..
. .9-6 I ____‘105 <08 08 08 .
I _§-! !:12 0.3 <0.8 s
- S e .17 LU IO, . S
T T T | s | e T as s ) M| © ] ]
o A Y TR DR N B : <8 <03
_ L8 R _ __<0.5 <0.5___ <0§ . e
61 T Yy <08 L <08 o
I D D N - XN T as <08 . j
63 <0s _ s s | eS| i }
_ed T s | em I R . — )
. 6-‘ I <0.5_ 0.8 ; _ o
. <03 ___ .
72 0.8 . e
(% D - T T Tas o _ o
7-‘ T -<0.S B R
Note: Concentrations are taken directly from the Onsite Lab Certified Analytical Reporis
R bps = feet below ground sulace
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TABLE 16
SITE 5-SUMMARY OF ANALYTICAL RESULTS
VINYL CHLORIDE (ugh)
Sampte Sample Intervals (ft.bgs)
Location Number 558-78 7598 9.5-11.8 11.5-138 13.5-15.8 15.5-20.0 20.0-25.0 25.0-30.0 30.0-35.0
) !:2 «0.5
13 8 <08 <08 <08 ~
21 <08 38 Y <0.8 <08 o
23 s @s_ (Y] 0.8 <0
13 76 '3 1) ” <A Y] __
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_34 45 1 17 1.5 24 Y
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41 <08 s as Y <8 _
43 s <03 s YO <08 s s 0.8
I~ s | (R DR D N T Y as | @5
A5 00 - 230 <08
_.46 __ — 3 _ |8 | s R - —
T S Y <0s <03 <08 I
52 T 36 1.0 s .
—— 33| s <08 0s 1 |1 |__n 13
.84 18 3 n T @s | s I
5 <08 <0 s |
& T s <0.8 <08
_______ 6-2 <8 " ) <0.S
— 53 s <5 <0.3 <08 I
. . 84 <03 _ -
&S <03 <035 B
_______ 1 <03 —
—— . 3 T R
:";_ . — — .- ___-!:?_.;._ U DIV —— = aem
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Note: Concentrations are taken directly from the Onsite Lab Certified Anslytical Reports

N. bgs = feet befow ground surface
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SCAPS/BERC INVESTIGATION DATA TABLES
1996 THROUGH 1998
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Table 2-1
Summcy of Anslytical Results for Scil Samples Brom 1958 SCAPS Investigation N .
Analytical S8 .28 s2¢ 529 529 330 330 $:30 530 .38 338

Purumeter Method 6Sfect  TOfect  30fect fet _ BOfect 100fet [1Ofest 120fcet 46fcet  70fcct  80Get 1)0fcet 30 fect _ 90(feet
Volatile Orgsnle Compounds $260

n-Butybenzens 23 <3 <03 <3 1 <03 03 <3 e Y o <05{___3018

Chloroethane <05 <05 <05 <3 <03 <03 <05 <0§ @3 <0$ <05 <05

1,2-Dichlorobenzens <0s <03 <05 <5 3 <3 <03 <03 LY <03 <03 019

1,1-Dichlorocthane <0s <08 << <os5| ___ 149 5.80] 0,58 028 <0s____ 176 0.65 613

1,3-Dichloroethene ©3 <03 0.5 <05 <05 <03 <0.$ <05 <05 <03 <05 254

cis-1,2-Dichloroethene <03 <08 <05 <05 134 228 2.09 298 5.66 1.68 148 1813

Ethylbenzene <0 << <0.s <as Y] <03 <0$ <05 Y 0.46 <05 37

Freon 113 <s <3 D3 3 <3 03| 0.33 0.39) <05 3.06 08| 786

Isopropylbenzens <05 05 <0.$ <03 <3 <os <03 <05 <05 069  <os] - 4us

plsopropylioluene <0 <03 <08 <3 <©s <03 <5 <08 319 0S| 96 . ]

Methylene chloride @5 @3 s o5  <os_oz w5 <05 <5 s s —od ©5___ <05 <0
Naphthalene <3 ©3 <8 <03 <05 s Qs <0 <5 34 <05 _am <os|____1o0m] 114
n-Propylbenzens <05 <0.5 <05 <03 <0.5 <0.$ «0.§ <03 «) § <08 «<0.$ <40
sec-Butylbenzene << X <03 <03 <05 <05 <0 s <°5 <30
tert-Butylbenzens <08 <3 3 <03 <3 <03 <03 <05 <5 <30
Tetrachioroethens <03 <035 <03 <03 <03 <3 <03 <03 <05 “.16 3997
Toluene <05 <5 <0.5 <038 <0S <03 0.5 <0.8 <0.$| 20.58 68.52
1,1, 1-Trichloroethane : Y] Y <0 <osl eesl  oes] oell <os 05 108 462
1,1,2-Trichlorocthane <03 «<0.5 <03 <0.5 <0.% 3 «0).$ <0.8/ 0.36) <30
Trichloroethene . | 047 0.49] 05 o1_] usl nnssl 104 ten] S 45) 2170
1,2, 4-trimethylbenzene . <0.5 <0.5 <03 <0.§ <0.3 <0.5 <0.3 «<0.% 72.03 109
1.3.5-trimethylbenzens <03 <03 <03 <3 <o.s 03 <05 <03 <osl___25.18 28585
o-Xylene <03 <03 0.8 <0.8 <0.5 <03 <0.5 <03 <0§| 9.26/ 17.13
pm-Xylenes €3 <03 <05 S X] <05 <03 <05 <0 | <0 e T
* Totsl Volatile Organic Compounds - ° 0 i 07 ] n " 7] ] 151 n 1833 0 904 336308
Tota) Extractabls Privoleum ‘

Hydroearbon $015M NA NA NA NA NA NA NA NA NA NA NA NA NA 25,000 9400
Notes:

<Mcmﬂdw~n¢dﬂuﬂdhd¢mlﬁnﬁiﬂkﬂd
NA= Not Amalyzed

Total extractable petroleum hydrocarbons are characterized sss Jet Fuct Cl0C42).



Table 2-2
Summary of Soil Analytical Results from NAPL Investigation

+

T™MW-S TMW.6  TMW.? ™W-? ™W-? ™MW ™WS ™MWS  TMW.S ™W.9 T™W.9
Anslyls Mathod 138fet 108110 fost 55-60fest 2580 et 10.5-11.0 fost 60-6.5 fost 1018fm 8 4833 fwm 20-1.5fort _ 100-10.5 foet
Velathe Organkc Compounds 8260
Benzene <0008 <0.008 <0.008 <0005 <0.00% <0.005
n-Butylbenzens <0008 <0005 <0008 <0.008 <0008 <0008
soc-Butylbenzens <0003 <0.003 <0.005 <0.00% <0008 <0.005
Curbon disulfide ‘ <0003 <0005 <0.008 _ <0.008 <0008 <0.008
1,1-Dichiorocthane «ml ©.0093 0.012 <0005 | 0.034 | 0.026
ois-1,2-Dichioroethans 0.13] 0.022 0.012 0.0043') 0.12) 0.045
Froon 113 <0.008 <0005]__ 6.0078 <0005 <0.005 <0.005
Methylena chloride <0020 0020 <0020 D020 oo 020
Nephihatens <0.008 D005 <0008 <0008 0005 <0008
Pers-isopropy! toluene <0.008 <0.008 <0.008 Q008 <0008 <0.005
Propylbenzens <0008 <0.008 <0008 <0.005 <0.003 0008
Tetrachioroethans ; <0.008 <0.003 0.18) <040(')$ 0.0031]7 <0.003
1,1,1-Trichioroethane 8.0012 <0.003) 0.078 <0008 0.0077] | 0.004811
Trichloroethene 0.14] 9.0088! o.ooss] 9.064 0.038
1,3,5-Trimethylbenzene .00 <0.008 «<0.008 .00 <0.005% <0008
1,2,4-Trimethylbenzsne x 0005 <0005 0008 0,005 <0.008
m,p-Xylencs <0008 <0008 <0.008 D008 <0005 <0.00%
o-Xylene 0,008 <0008 0008 <0008 <0.008 <0003
Total Volatile Organic Compounds 0414 0.040) 0.6498 00108 02508 attos
Total Extractable Petroleum '
Hydmgrbom t015M < < 1300 YR 11000 YLR S9YH <1 41 YH < 1™H <) ]
Noles:

< indicates consituent was not detected at the detection fimit indicated
Y: Sample extibita fuel pattem which does not resemble standard
$: Hoavier hydrocarbors than indiceted standard

L: Lighter hydrocarbons than indicsted standard

I: Batimated value




Table2-3 . .
Summary of Analytical Results for Goundwater Samples from 1998 SCAPS Investigation

by Analytical Method 8265

Concentration, parts per million
Sample .
Location _Depth, feet Trichloroethene  Dichloroethene  Tetrachloroethene
MiIP21 3.0 5 ND ND
MiP21 40 4 ND ND
MIP21 50 - 12 ND ND
MIP21 6.0 12 ND ND
MIP21 ' 70 16 ND ND
MIP21 80 42 ND ND
MIP21 9.0 30 ND ND
MIP21 10.0 18 ND ND
MIP21 - 11.0 ' 33 ND ND
MIP21 12.0 15 ND ND
MIP21 12.8 1.5 ND ND
MIP21 14.0 ND ND ND
MIP21 15.0 ND ND ND
MIP22 30 ND ND ND
MIP22 40 2 ND ND
MIP22 5.0 2 ND ND
MIP22 60 1 ND ND
MIP22 70 9 ND ND
MIP22 8.0 113 ND ND
MIP22 90 95 ND ND
MIP22 10.0 4 ND ND
MIP22 110 ND ND ND
MIP22 12.0 ND ND ND
MIP22 13.0 ND ND ND
MIP22 14.0 ND ND ND
MIP23 30 ND ND ND
MIP23 40 ND ND ND
MIP23 50 ND ND ND
MIP23 6.0 ND - ND ND
MIP23 70 0.5 ND ND
MIP23 8.0 ND ND ND
MIP23 90 ND ND ND
MP23 100 ND ND ND
MIP23 110 ND ND ND
MIP23 12.0 ND ND ND
MIP24 30 ND ND ND
MIP24 . 4.0 ND ND ND



Table 2-3
Summary of Analytical Results for Goundwater Samples from 1998 SCAPS Investigation

by Analytical Method 8265

Concentratio; million

Sample
Location __Depth, fest

:
8
g
%
E
i
B

MIP24 50 ND ND ND
MIP24 60 ND ND ND
MIP24 70 ND ND ND
MIP24 8.0 ND ND ND
MIP24 90 ND ND ND
MIP24 10.0 ND ND ND
MIP24 11.0 ND ND ND
MIP24 12.5 ND ND ND
MIP25 - 3.0 ND ND ND
MIP25 40 ND ND ND
MIP25 5.0 1 ND ND
MIP25 6.0 6 1 ND
MIP25 70 3 ND ND
MIP25 3.0 2 ND ND
MIP25 9.0 3 ND ND
MIP2S 100 5 ND ND
MIP25 115 8 4 ND
MIP26 3.0 21 ND ND
MIP26 40 ND ND ND
MIP26 50 52 ND ND
MIP26 6.0 43 ND ND
MIP26 7.0 4 ND ND
MIP26 8.0 1 ND ND
MIP26 9.0 0.5 ND ND
MIP26 10.0 ND ND ND
MIP26 11.0 ND ND ND
MIP26 12.0 ND ND ND
MIP27 30 ND 'ND ND
MIP27 40 ND ND ND
MIF27 50 50 ND ND
MIF27 6.0 10 ND ND
MIP27 70 5 ND ND
MIP27 8.0 550 ND ND
MIP27 9.0 250 ND ND
MIP27 10.0 ND ND ND
MIP27 11.0 ND ND ND
MIP27 . 12.0 ND ND ND
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Table 2-3

Summary of Analytical Results for Goundwater Samples from 1998 SCAPS Investigation

by Analytical Method 8265
Concentration, parts per million
Sample )
Location __Depth, feet Trichloroethene __ Dichlorocthene Tetrachloroethene

MIP31}
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31
MIP31

MIP32
MIP32
MIP32
MIP32
MIP32
MIP32
MIP32
MIP32
MIP32
MIP32

MIP33
MIP33
MIP33
MIP33
MIP33
MIP33
MIP33
MIP33
MIP33
MIP33

MIP34
MIP34

MIP}M4
MIP34

30

40
50
6.0
7.0
8.0
9.0

100

110

120

130

140

30
40
5.0
6.0
70
80
9.0
100
110
120

30
40
50
6.0
70
8.0
9.0
10.0
11.0
120

30
40
5.0
6.0

covoswn0B8 B8us.B8888 B8oazz...08888

5888

5388 BEBEEEEEEE 66566586885 565886868888

5588 6586855568 ©566566568688 656858888588



Table 2-3
Summary of Analytical Results for Goundwater Samples from 1998 SCAPS Investigation

by Analyucal Method 8265
Concentration, parts per million

Sample -
Location  Depth, fget Trichloroethene  Dichloroethene _ Tetrachloroethene
MIP34 70 ND ND ND
MIP34 8.0 ND ND ND
MIP34 9.0 ND ND ND
MIP34 10.0 ND ND ND
MIP34 11.0 ND ND ND
MIP34 12.0 ND ND ND
MIP35 3.0 ND ND ND
MIP35 40 ND ND ND
MIP35 50 ND ND ND
MIP35 6.0 ND ND ND
MIP3S 70 15 ) ND
MIP35 8.0 2 63 ND
MIP35 9.0 s5 69 ND
MIP3S 10.0 100 60 ND
MIP35 11.0 59 2 ND
MIP35 120 11 25 ND
MIP37 3.0 6 ND ND
MIP37 40 78 ND ND
MIP37 5.0 55 ND ND
MIP37 6.0 47 ND ND
MIP37 70 192 ND ND
MIP37 30 1223 ND ND
MIP37 9.0 1786 ND ND
MIP37 100 998 ND ND
MIP37 11.0 80 ND ND
MIP37 120 35 ND ND
MIP39 3.0 ND ND ND
MIP39 40 ND ND ND
MIP39 5.0 ND ND ND
MIP39 6.0 ND ND ND
MIP39 70 ND ND ND
MIP39 3.0 ND ND ND
MIP39 9.0 ND ND ND
MIP39 10.0 ND ND ND
MIP39 110 ND ND ND
MIP39 120 ND ND ND

Y



Table 2-4
Summary of Analytical Results for Goundwater Sampics from 1996 Initial Investigation

: Concentration, miligram per liter
3BC 3BD
Analytical

Parameter Method 10 foet 12 feet 10 feet 13 feet 20 feet
Volatile Organic Compeunds 8260 Screen
Carbon tetrachloride 0.0 0.012| 0.0045 <0.0008 <0.0005
Chloroethane : . 8.0046 ©.0006 0.00078] 0.041 <0.0005
L1-Dichlorocthane : e.170} 0.051 0.170} 0026 <0.0005
1,2-Dichloroethane .0006 0.0019) 0.0019 <0.0008 <0.0005
1,1-Dichloroethene 0.034 0.0219 _a113 0.0017 <0.0005
cis-1,2-Dichiorocthene _8.180 0.120 0.652 0.0007 <0.0005
trans-1,2-Dichlorocthene 0.0028 0.013 0.024 8.0021 <0.0005
Ethylbenzene _<0.0008 <0.0008 <0.0005 <0.0008 <0.0005
Tetrachlorocthene l s.023) a.0015] 0.0038 <0.0005 <0.0005
Toluens <0.0008 <0.0008 <0.0008 2.00083 <0.0005
1,1,1-Trichlorocthane _0.150 0.077 0.028 £.00059 <0.0005
Trichloroethene : 0320 0.050 0.130 0.0028 <0.0005
Vinyl chloride __.00085 0.012 0.046 0.0006|  <0.0005
m.p-Xylenes : <0.0008 <0.0005 0.00077 0.00051 <0.0005
o-Xylens <0.000S <0.0005 | 80007] = <0.0005 <0.0005
Total Volatile Organic Componnds 090755 03614 057638 0.07746 <0.0005
Notes:

< indicates consituent was not detected at the dotection limit indicated

-4
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3.0 TECHNOLOGY DESCRIPTION AND PROCESS DESCRIPTION

Surfactant-Enhanced Subsurface Remediation (SESR) is a unique technology for expediting
subsurface remediation. The surfactants applied in SESR are nontoxic and commonly used in
soaps, lotions, shampoo, and even food products. The surfactant system, usually an anionic or
nonionic surfactant, is designed to remove organic contaminants, including chlorinated solvents,
from contaminated soil. Surfactant/cosolvent systems can increase the solubility of hydrophobic
organic compounds by several orders of magnitude and/or can significantly increase the mobility of
nonaqueous phase liquids (NAPL). The result can be a significantly reduced remediation time,
increased removal efficiency (up to 3 or 4 orders of magnitude), and reduced costs of removal.

The amphiphilic structure of the surfactant causes the surfactant molecules to prefer interfacial
regions, thus making them "surface-active" (refer to Figure 3.1). The monomers will continue to
accumulate at the air/water and soil/water interfaces until saturation occurs. When the surfactant
concentration in aqueous solution reaches the point of interfacial surface saturation, or the
“critical micelle concentration” (CMC), the surfactant molecules (monomers) will aggregate into
dynamic clusters called micelles. The effective solubility of NAPL compounds in micellar
surfactant solutions can be several orders of magnitude higher than in water alone because
hydrophobic compounds will partition into the “oil-like” interior of the micelles.

Surfactant/cosolvent solution chemistry can be optimized to produce ultra high solubilization
capacities without mobilization of the NAPL (ultra solubilization). Ultra solubilization can be
achieved by optimizing the surfactant phase behavior between solubilization and mobilization
(Figure 3.2). In general, micellar systems transition from normal to swollen micelles (Winsor
Type I), to middle phase systems (Winsor Type II), and finally to reverse micelles that reside in
the NAPL phase (Winsor Type II). For a given NAPL, this phase behavior can be regulated by
solution salinity and hardness, temperature, and properties of the surfactant or surfactant mixture

(Shiau et al., 1994).

If the interfacial tension (IFT) at the NAPL/water interface is sufficiently reduced, trapped
droplets of NAPL can be released. However, there are special considerations that must be
incorporated into the design of this process. One primary concern is the potential for increased
vertical movement of DNAPLs. Hydraulic control systems could be designed to account for
increased vertical flow potential. Another alternative is to design the system to counter vertical
density gradients by adding sufficient low density substance (that is, cosolvent) to neutralize the
effect. In addition, the viscosity of the flushed solution can be adjusted (increased) to offset the
effects of reduced IFT. Also, the formation of middle phases (mobilization mechanism) is
sensitive to changes in water chemistry. Consequently, the mechanism of choice for this site will
be made based on careful review of soil/water geochemistry, contaminant distribution, and site

geology.

Surfactant flushing solutions can be designed to be effective under most subsurface conditions. In
most cases, the effectiveness of surfactant flushing solutions is not reduced due to the presence of
more than one contaminant. Natural occurring divalent cations and salts can affect the performance
of certain surfactants and may also affect the removal efficiency for cationic heavy metals.

April 1999 Section 3.0 Technology Description and Process Description 3-1



However, it is possible to design an effective surfactant system for removal of the target
contaminants under any of these conditions.

A number of factors influence the overall performance and cost effectiveness of SESR systems.
These factors include:

« Local groundwater chemistry

o Soil chemistry (for example, sorption, precipitation)

» Ability to deliver the surfactant solution to the area of contamination

« Surfactant effects on biodegradation of the NAPL compounds and degradation of the
surfactants themselves

« Public and regulatory acceptance

« Cost of the surfactant

« Recycling and reuse of the surfactant

» Treatment and disposal of waste streams

Surfactant reuse is important for economic optimization at most sites. High surfactant recovery
from the subsurface and effluent stream improves the economics of the technology. In response
to this requirement, Surbec and the University of Oklahoma jointly developed an integrated
process of surfactant injection, recovery, separation, and concentration for reuse.

Some hurdles have been cleared in gaining regulatory approval for surfactant injection into
aquifers. The University of Oklahoma (Knox et al., 1997) was able to gain regulatory approval
for a surfactant injection in Michigan by using modeling studies, laboratory studies, and toxicity
data to demonstrate that such a test was controllable and safe. Trust Environmental and Surbec
recently received regulatory approval to implement a recirculating surfactant remediation system
at an underground storage tank site in Shawnee, Oklahoma. Surbec obtained permission from
the Oklahoma Department of Environmental Quality to perform a surfactant injection test at
Tinker Air Force Base in Midwest City, Oklahoma. In each case, no physical barriers were
required, and the surfactant was recovered using hydraulic control measures. Surbec has recently
obtained permission from the EPA to inject and re-circulate surfactant for a demonstration at
McClellan AFB in Sacramento, California.

A primary objective for the proposed flushing demonstration is contaminant separation from the
surfactant. With regulatory approval, surfactant reinjection would be a valuable demonstration
and would be a major step toward eventual commercialization of surfactant-enhanced

remediation systems.

In order to reinject the surfactant, the contaminant must be separated from the surfactant in the
waste stream, then the surfactant must be reconcentrated. An example of an overall treatment
process is illustrated in Figure 3.3. The presence of surfactant lowers the efficiency of air-
stripping and can potentially cause foaming. Models and design equations have been developed
to account for the reduced efficiency of air stripping caused by surfactant; thus, air-strippers can
be designed to achieve the desired removal efficiency (Lipe et al., 1996; Hasegawa et al., 1997).

April 1999 Section 3.0 Technology Description and Process Description 32



Systems incorporating air-stripping for surfactant-contaminant separation along with micellar
enhanced ultrafiltration (MEUF) for surfactant recovery and reuse have shown promise (Ang and
Abdul, 1994; Lipe et al., 1996). The proposed MPP system should remove 99%+ of the VOC
from the surfactant solution. In MEUF, ultrafiltration membranes allow water and surfactant
monomers to pass through the membrane while the micelles are retained by the membrane. This
effectively concentrates the surfactant in the extraction stream (which is more dilute than the
injection stream) and allows for surfactant reuse.

Several air-stripping processes have been evaluated in the field. Packed columns have been
successfully used at Hill AFB and Tinker AFB for contaminant removal from recovered
surfactant streams. Also, hollow-fiber membrane strippers have been utilized for the same
purpose. More recently, tray strippers have been evaluated for removal of surfactant monomers
from solution (via foam fractionation), as well as for separation of the contaminants. This
process was successfully demonstrated at Shawnee, Oklahoma.  Surfactant monomers were
removed in the foam produced in the air stripper effluent and captured in a storage tank. In
addition, contaminant removal from the waste stream was enhanced.

Subsurface biological processes can complement surfactant-based technologies and allow for
effective natural attenuation of both surfactants and contaminants, resulting in an
environmentally friendly means of eliminating subsurface contamination. Work in several
laboratories (Freedman and Gossett, 1989; Vogel and McCarty, 1985; and deBruin et al., 1992)
has shown that complete conversion of Petrachloroethylene (PCE) to ethylene, and in some cases
to ethane, is possible given the appropriate conditions. These conditions include the use of other
substrates such as methanol or lactate. There have been several reports of bioremediation studies
in which dechlorination of PCE was observed to occur at the aquifer level (Beeman et. al., 1994;

and Major et. al., 1995).
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4.0 PROPOSED PROJECT WORK PLAN

The Navy’s overall approach to the project is outlined in this section. This approach is based on
the project goals, site-specific information and our past experience in this field. Each section
outlines the project approach including site-specific design parameters. The proposed Work Plan
follows the outline listed below. A schedule showing the expected duration of each project phase
is included in Section 5.0.

1. Regulatory Approvals: Obtain necessary regulatory approvals prior to initiation of the field
work. ' _

2. Site Investigation Well Installation/Aquifer Testing: Install wells and collect appropriate
samples.

3. Process Equipment Design, Construction and Installation: Provide for design of on site
process equipment and test for proper operation.

4. Surfactant Screening and Selection: Identify optimal surfactant solution.

5. Pre-Tracer Testing: Conduct conservative tracer tests to confirm capture zones and
partitioning tracer tests to confirm contaminant distribution and quantify pre-flushing NAPL
mass.

6. System Operation: Implement the SESR flood.
7. Post Test Partitioning Tracer Testing: Evaluate post-flushing NAPL mass.

8. Demobilization and Site Restoration: Implement procedures for leaving the site in an
acceptable condition after completing the demonstration.

9. Residuals Management/Material Storage: Follow storage requirements for raw materials,
process water, and waste materials.

10. Reporting: Implement procedures for updating project progress and creating final report
documents.

4.1 Regulatory Approvals
The Navy will obtain all regulatory approvals prior to initiation of any fieldwork. The approvals

may include, but are not necessarily limited to, wastewater discharge of the recovered and treated
groundwater and air discharge from the system.

Injection/Reinjection Permitting
Based upon a discussion with the U.S. Environmental Protection Agency (EPA), a permit waiver

will not be necessary for injection of the surfactant solution, and reinjection of the retentate
solution. California EPA (Cal/EPA) does not have a program in place to regulate injection, hence
the governing of injection falls to the U. S. EPA under 40 CFR 144 (Underground Injection

Control Program).

U. S. EPA Permitting
Based upon the Code of Federal Regulations (40 CFR 144), the injection wells for the treatability

study will be considered Class IV injection wells. The regulations prohibit the construction or
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use of Class IV injection wells except under 40 CFR 144.13(c). This regulation allows the
permission of use of a Class IV injection for injection of contaminated groundwater that has been
treated and is being injected into the same formation from which it was drawn, under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA),
42 U.S.C. 9601-9657, or pursuant to requirements and provisions under the Resource
Conservation and Recovery Act (RCRA), 42 U.S.C. 6901 through 6987. However, a waiver will
not be required from the USEPA to reinject the retentate (solution retained behind the
membrane) solution back into the groundwater system because the pilot project is being
conducted as part of the ongoing CERCLA activities. The injection of the surfactant solution at
the start of the project is allowable as long as none of the solution constituents exceed any

Maximum Concentration Levels (MCLs).

Cal/EPA Department of Toxic Substances Control
The California Department of Toxic Substances Control DTSC does not regulate

injection/reinjection, but does have regulations concerning “degradation” which will need to be
addressed with the DTSC.

Air Permitting

Air permitting issues will be handled through the Bay Area Air Quality Management District. It
is not anticipated that a permit will be required as the work will probably follow guidelines for
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) under CERCLA.

Wastewater Disposal
Upon discussion with the East Bay Municipal Utility District (EBMUD), a wastewater discharge

permit will be required. The Navy is currently filing application with EBMUD. The EBMUD
permit will be submitted in January 1999. The wastewater treatment facility has maximum
allowable influent concentrations that must bé met to allow for discharge to the facility. General
acceptance standards are as follows:

« Total Benzene, Toluene, Ethylbenzene - 5 ug/L
Xylene (BTEX)
o Total chlorinated solvents - - 0.5 mg/L
« Chemical Oxygen Demand (COD) - 500 to 1000 mg/L

In the event that the EBMUD permit can not be obtained prior to the implementation of this
project, the Navy will send wastes to a nonhazardous waste treatment facility. In order for that
facility to accept residual fluids, all of the fluids must be below the characteristic hazardous

waste levels.

4.2 Well Design and Installation
The following sections outline site investigation and the design and installation of

injection/recovery system. Well locations were determined through the use of three-dimensional
groundwater modeling analysis.

42.1 Preliminary Groundwater Modeling
MODFLOW and MT3D analysis were used to determine potential injection/extraction well
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placement locations, evaluate hydraulic capture of the well system, determine potential
groundwater production as a result of the recovery wells, and evaluate long-term fate of
surfactant not recovered. Surbec and the University of Oklahoma have worked jointly on the
groundwater modeling presented in this section.

In order to design an effective injection extraction system, the site geology and hydrogeology
must first be understood. Surbec has thoroughly reviewed site investigation reports as
documented in Section 2.0 of this report. Hydrogeological information, such as hydraulic
conductivity, porosity, bulk density, and storage coefficient, was put into numerical groundwater
models to simulate aquifer conditions. The model was not calibrated to site pump test data
because this information was not available at the time of the preliminary model analysis.

4.2.1.1 Model Setup

The purpose of the MODFLOW analysis is to develop a preliminary design for the
injection/extraction system and evaluate subsurface flow patterns beneath the site. To achieve
the pre-design goals, simplifying assumptions were made (for example, homogeneity within a
geological layer and uniform depths to each layer). The development of the model cross section
(refer to Figure 4.1) was developed using the site-specific data included in Section 2.0 and other
site information. Assigning conductivity distributions for the different models is key to the
development of a realistic representation of the site. Sparse data from boring logs, sieve analyses
and permeability measurements have led to the generation of a simple model is separated into
two distinct hydrogeological units. The upper unit (0°-14’) consists of fill material. The
hydraulic conductivity of this layer was determined through the completion of several slug tests
that resulted in a hydraulic conductivity ranging from 1 foot per day (ft/day) to 5 ft/day (refer to
Section 2.0). Information provided by the Navy indicated that the hydraulic conductivity in the
area is 8 ft/day. The lower section consists of Bay Mud (14° — 30°) which has a hydraulic
conductivity approximately four orders of magnitude less than the fill material. The model was
setup using the information included in Table D1 (Refer to Appendix D). Groundwater flow
direction is highly variable and can change direction by 180°. As a result, for modeling purposes
it was assumed that groundwater flow was to the south. '

4.2.1.2 Conceptual Well Location Scenario and Design

The line drive well configuration was evaluated in the modeling study (refer to Figure 4.2 and
Figure 4.3). In this configuration IW-1 and IW-2 are the surfactant injection wells, IW-3 and IW-
4 are hydraulic control wells and RW-1 through RW-4 are recovery wells. The model was set up
so the wells were screened from 7°- 16’ bgs (approximate depth of the Bay Mud). The well
configuration was evaluated at injection rates ranging from 2 gallons per minute (gpm) to 3 gpm.
The recovery rates in the recovery wells were also varied from 2 to 3 gpm. The model results
indicated that the wells would pump dry at 3 gpm (assumes a 5-day pumping scenario and a
hydraulic conductivity of 8 ft/day). The most efficient system appeared to consist of a balanced
(1:1) injection/recovery ratio. For the optimal pre-design scenario, the injection wells IW-1
through IW-4 were set at 2 gpm and the recovery wells RW-1through RW-4 were set at 2 gpm.

A critical issue is the potential for uncontrolled vertical migration of the NAPL. The approach
depends on the hydrogeologic conditions at the site. Since this project area is underlain by 14’ to
30° of low permeability Bay Mud, vertical migration should not be an issue. However,
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precautions will be taken to ensure vertical migration will not occur. During column testing in
the laboratory, the potential for mobilization will be evaluated and quantified. If the laboratory
analysis indicates that vertical migration could be an issue, methods such as neutral buoyancy,
where alcohol is used to offset DNAPL density gradients, will be used to mitigate these effects.
Another method is to use a surfactant concentration gradient in which the solubilization potential
of the surfactant is low at first and increased as the flood progresses (refer to Section 4.2.6 for

additional details).

In addition, a sampling point will be placed in the Bay Mud sediments at a depth of five (5) feet
below the fill sand/Bay Mud contact. The expected depth of this sample point is twenty (20) feet

bgs.

4.2.1.3 Surfactant Fate and Transport
All of the chemicals proposed for use at the site are non-toxic and nonhazardous. Most of them

have food-grade additive status from the Food and Drug Administration and the remainder have
food contact grade status (refer to Table 4.2). Surfactant injection should not have any
significant effect on geochemical parameters such as pH. The only potential effect may be with
respect to biodegradation. Surfactants can act as substrate for microbial activity, and any
surfactant not recovered may become food for the microbial community. If the enhanced
solubilization system is used, the calcium or sodium and chlorides in solution will increase the
total dissolved solids at the site.

The surfactant transport has been simulated in the model by incorporating advection, dispersion
and sorption mechanisms (MT3D). Advection is the primary driving force for plume migration
and has been incorporated based on the preliminary site data. Dispersion has been assumed
based on the lithology encountered for the most permeable zone. This assumption results in the
least dispersion and highest migration potential. Sorption has been simulated using linear
sorption constants observed at other sites for commonly used surfactant. The flushing model
incorporates 5 days of surfactant, followed by 5 days of potable water, flushed through the
treatment plot, subsequent to the surfactant flush. The breakthrough curve illustrated in
Appendix D shows the predicted surfactant recovery concentrations and time for breakthrough.
The model showed a higher efficiency with less flow through the center of the plume and good
capture in the test area (refer to Appendix D Figures D1 through D5). Based on this information,
it appears breakthrough of one complete pore volume occurs within 1 to 1.5 days. The shape of
the breakthrough curves also indicates that the post surfactant test water flood duration of 5 days
is sufficient to remove the majority of surfactant mass from the test cell area. An additional 2
days of pumping from the recovery wells will further reduce surfactant concentrations in the test

cell (refer to Figure D5).

Subsequent to flushing activities, the MODFLOW/ MT3D simulation was run for 1 year to
evaluate migration potential of remaining surfactant. The remaining surfactant migrated
approximately 20 feet in the upper zone toward the south (the assumed direction of flow). The
remaining surfactant plumes are very limited in size with maximum concentrations less than a

few hundred parts per million.
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4.2.2 Well Installation and Design

The location of the proposed wells with respect to the field site is identified in Figures 4.3 and 4.4.
All utilities will be confirmed prior to installation of any wells and a dig permit will be obtained
from the CSO. Prior to any soil boring activity, the exact boring location will be marked on
concrete with paint. The location will be approved by TtEMI, and the proper digging permits
and utility clearance will be acquired.

Borings will be advanced using a hollow stem auger rig equipped with a split barrel continuous
coring device. Core samples will be collected on 5-foot intervals and sent to the University of
Oklahoma (OU) for bench-scale analysis. Samples will be collected from the cores for volatile
analyses (below the 5-foot depth) and preserved in methanol. Information on sample location
and frequency is included in Table C1 in Appendix C. In addition, cores will be examined for
lithology and described using the Unified Soil Classification system (ASTM D2488). The
resulting soil types will be logged on a boring record log. Drill cuttings will be stored in drums at
the site until they can be sampled and properly disposed of. Soil and groundwater samples will also
be collected for the purpose of bench-scale analysis.

The soil borings will be completed as 4 inch wells (refer to Figure 4.4). The wells will consist of
0.02-inch slotted stainless steel screens, with polyvinyl chloride (PVC) casing to the surface. The
screen will be fitted with a stainless steel end cap or sump. The screen will extend from the base
of the aquifer across the water table. The entire saturated thickness will be screened. The entire
annulus surrounding the screen will be filled with a clean #3 silica sand filter. The sand filter
pack will extend from the base of the well to a depth of approximately 1.5 feet above the screen.
A 1.5-foot-thick sodium bentonite chip seal will be placed above the filter pack. The remaining 2
feet will be filled with concrete and completed with a flush-mount water-tight protector. A
water-tight sealing cap will be placed on the well. Monitor well completion diagrams will be

generated for each well.

4.2.3 Well Development and Sampling

The wells will then be developed, purged, and sampled. The wells will be developed using a 2-
inch Grundfos pump. The wells will be surged prior to pumping to loosen fine-grained particles
from the filter pack and screen. Development pumping will continue until the water is free of

sediment and the pH, conductivity, and temperature have stabilized.

The wells will be allowed to set for 24 hours prior to purging and sampling. The wells will be
purged of three casing volumes using a Grundfos® pump or bailer. Purged water will be stored
in storage tanks until Surbec can arrange for disposal at the EBMUD or equivalent wastewater
treatment facility. Samples will be collected with a bailer and gently poured into the appropriate
bottles to avoid aeration. One sample per well will be analyzed for VOCs using EPA method
8260B to determine baseline groundwater concentrations. Water samples will be stored on ice
and sent to a Naval approved laboratory for analysis. Additional information with respect to
sampling location, methodology, and analytes is included in the sampling plan (refer to
Appendix C). Wells will be surveyed by a registered surveyor and gauged to create a
potentiometric surface map within the test area (contours of groundwater surface).
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424 Aquifer Testing

A 24-hour pump test will be conducted on IW-1 (refer to Figure 4.4). A submersible pump will
be installed in IW-1 well and fluids stored in a 20,000-gallon tank. Pressure transducers will be
placed in the recovery well and in RW-1, IW-4 and RW-4. Drawdown results of the 24-hour test
will be downloaded and analyzed to determine hydraulic conductivity, storage coefficient, and
transmissivity. Based on the site data included in the request for proposal and preliminary
modeling results, it appears the maximum pumping rate will be 2 gpm. Assuming this flow rate,
an estimated volume of 3000 gallons will be produced during the pump test.

4.2.5 DNAPL Mobility and Migration
Increased vertical mobility of DNAPL can be induced through two primary mechanisms:

. Mobilization of free phase NAPL through the reduction of interfacial tension
. Density gradient in dissolved solution due to increased solubilization of dense

contaminants (i.e. TCE)

The vertical migration of mobilized NAPL can be mitigated through the existence of a lower
confining geological zone, applying a gradient surfactant flood or utilizing neutral buoyancy.
There is a lower confining clay layer at the site (Bay Mud) which will provide resistance to
vertical migration. However, fractures may be present in this zone and other methodologies may
be required to ensure vertical migration will not occur. The gradient surfactant flood system is
initiated with a low surfactant solubilization potential and slowly increased by increasing salinity
and/or co-surfactant. This results in contaminant solubilization before mobilization can occur.
This will be demonstrated in column studies completed evaluating DNAPL removal on soils
obtained from the site. To ensure that NAPL will not be mobilized, we will implement a
gradient flushing system that will not reach middle phase mobilization or the ultra-low interfacial

tensions.

Density gradients in the dissolved solution can be mitigated through hydraulic control and
neutral buoyancy. The formula governing the flow velocity in the vertical direction is:

V:=-Kz (pw - ps)

Thus the driving force for vertical flow is the density gradient (pw - ps) and is resisted by the
vertical component of the hydraulic conductivity (Kz). The density of a solution with a TCE
concentration of 100,000 mg/l is 1.04 with respect to water (if no alcohol is in solution). This
can be converted to a hydraulic head gradient of 4 feet / 100 feet. The resistance through Kz is
usually much greater than the horizontal resistance Kh. To ensure hydraulic capture, it must be
shown that the flow vector of the solution will reach the recovery well. The modeling results for
this site showed the horizontal flow gradient to be up to 6 feet (difference between groundwater
elevation between injection and recovery wells) resulting in a horizontal flow gradient of 0.6.
Based on an assumed vertical hydraulic to horizontal hydraulic conductivity assumption of 1:5,
the solution will migrate downwards less than 0.4 foot for every 10 feet migrated (distance
between recovery and injection wells) of horizontal migration.
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Vertical migration can further be prevented through neutral buoyancy. In this case the alcohol in
solution offset the increased density gradient of the solubilized DNAPL.

4.3 Process Equipment Design and Installation

Even when surfactant recycling is incorporated into the technology, surfactants can account for
over 40 percent of total project costs. To make this technology economically competitive,
surfactant recycling and reuse is essential. In past field demonstration projects, Surbec and its
team members have designed and operated pilot-and full-scale process equipment to regenerate

the surfactant stream.

The following section describes the design process and assumptions used for pre-design analysis
of the aboveground treatment process. Field studies have verified this approach for the C16
DPDS surfactant. With the exception of Aerosol MA 80 (AMA), all the listed surfactants should
behave similarly in the process equipment (AMA system is not recoverable in the ultrafiltration

system).

Most surfactants are designed to degrade in municipal wastewater treatment systems. As a
result, residual surfactant streams could be sent to municipal or industrial wastewater treatment
systems. Discharge through a NPDES permit is possible, but surfactants can be toxic to
amphibious aquatic life. To ensure no adverse effect to these life forms, the surfactant
concentrations in the effluent would require reduction. If required, an aerobic bioreactor could
be designed for surfactant degradation to allow for discharge through an NPDES permit.

A key point of the design is the effluent standards that must be achieved. Because discharge to a
publicly owned treatment works (POTW) is desirable, EBMUD has been contacted and
preliminary standards with regard to BTEX and chlorinated solvents obtained (refer to Table

4.3).

4.3.1 Summary of Design

The proposed design is documented in Figure 4.4. Key design parameters for all of the process
equipment to be used in this project include flow rates, temperature, influent concentrations, and
required effluent standards. A summary of the assumed design criteria is found in Table 4.3. The
flow rate estimates were derived using the flow rates determined from the preliminary modeling
efforts and incorporation of a factor of safety. Discharge criteria for BTEX and chlorinated

solvents was obtained from EBMUD.

The design is purposely versatile and modular in form so that it will be functional regardless of
the surfactant system selected for implementation. The system may require minor modifications,
but the overall system will not significantly change. For example, the tray stripper may not be
required depending on the surfactant system selected for the project.

As appropriate, operational functions of the treatment system will be automated. Sample valves
will be operated manually. The process equipment will be trailer-or skid-mounted and modular
in nature. The skids and trailers will be connected to the process piping via a 2 inch high pressure
nylon hose with quick-connect fittings. The trailer-mounted equipment has been designed so
that the flow is diverted through adjusting valves. For example, if it is determined that an air-
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stripper is required, the flow can be diverted from the macro porous polymer (MPP) system and
fed directly into the prefiltering system by the adjustment of two valves. All piping on the
trailers will be galvanized steel.

As indicated in Figure 4.4 the injection/recovery system consists of four recovery wells, two
surfactant injection wells, and two hydraulic control wells. In each recovery well a .5 horsepower
(hp) submersible pump is installed to recover fluids. If extremely low flow conditions are
encountered (yield of less than 0.5 gpm), a vacuum-enhanced recovery system will be installed
in place of submersible pumps. Each recovery well is individually piped to a recovery system
manifold using 1-inch carbon steel pipe. Each line is individually controlled with an electric
solenoid valve and monitored with an electronic flow meter so the flow to each well - is
adjustable. The recovery well manifold is connected to an oil-water separator where any free
phase DNAPLs will be recovered and stored in 55-gallon drums. Any additives to aid in the
recovery of free phase DNAPL will be injected into the oil-water separator.

Using a 2 hp centrifugal pump, the groundwater effluent from the oil-water separator will be
piped to the MPP system. The effluent from the MPP system will be pumped through the pre-
filtration units and the MEUF unit. The permeate from the MEUF will be pumped directly into
the storage tanks. The retentate will flow into the surfactant-recycling tank for reinjection.
Makeup surfactant will be pumped into the surfactant recovery tank using a 1/3 hp bladder

metering pump.

The recovered surfactant will then be pumped into the surfactant reinjection manifold (connected
to IW-1 and 2). As with the recovery wells, each injection well will be individually piped to
allow for greater control of injected fluids. All valves and flow meters will be located at the

reinjection manifold. All injection piping will be polyethylene.

The injection into the hydraulic control wells will be directly from the fresh water feed. Each
row of control wells has only one 1-inch polyethylene supply line.

4.3.2 MPP Design
The primary contaminant separations process is the MPP system developed by Akzo Nobel. The

MPP system utilizes a Macro Porous Polymer to remove VOCs and semi-volatile organic carbon
(SVOCs) from the recovered groundwater. The apparatus consists of two 1-meter columns
connected in parallel. While one column is being operated, the other is being regenerated using
steam. The MPP system has greater VOC removal efficiency using a much smaller apparatus
than air-stripping. The column has minimal air emissions and produces free-phase organic
product when regenerated. This technology has been selected because it is designed to have
minimal air emissions and additional offgas treatment should not be required. Additional design
information for this system is included in Appendix E.

Air-stripping was also considered for VOC removal from the groundwater. A preliminary design
analysis has been conducted using the Hasegawa/Lipe model and it appears that two 8-meter by
1.5-meter air-stripping towers will be required to reduce the total solvent concentration to 0.5
mg/L. However, because offgas treatment would be required, this option was eliminated from

consideration.
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4.3.3 Surfactant Recovery (Micellar Ultrafiltration)

The second aspect of the treatment process is concentrating the surfactant stream for reinjection.
Over pumping for hydraulic control results in surfactant dilution in the borehole, resulting in the
need for this concentration step. With the exception of the AMA surfactant, the MEUF should
be effective for re-concentrating all of the surfactant systems being considered. Past experience
and design estimates indicate that it is capable of 80-95% recovery of the surfactant from the
treated stream. The actual recovery potential is dependent on the surfactant system used.

The MEUF system to be used will be a spiral-wound cross flow. The pump is a 2 hp centrifugal
capable of attaining 10 gpm at a pressure of 60 pounds per square inch (psi). Sampling ports will
be manually operated. The design of the MEUF system is not dependent on the surfactant
selected and will not change. However, the filter selected for use in the MEUF is surfactant
dependent. The filters to be used will range between 2,000 molecular weight (MW) cutoff and
10,000 MW cutoff. Filter size will be evaluated during the bench screening activities and will be
a function of the final surfactant system selected for the demonstration.

4.3.4 System Mobilization and Installation

All process equipment will be manufactured off site and shipped to the site for installation.
Temporary hose and steel piping will be used to connect the treatment system with the recovery
wells and other infrastructure. Required infrastructure will be three-phase 480-volt electrical
power and clean water supply capable of 20 gpm. Surbec currently owns trailer-mounted
process equipment including an air-stripper and MEUF. All key process equipment will include
automated operational controls for primary flow operations, or the system will be monitored

constantly during flushing operations.

4.4 Surfactant Screening and Selection
Surbec personnel and researchers from the Institute for Applied Surfactant Research (IASR) at

OU have developed a formal protocol for laboratory tests to develop design information for
surfactant-based remediation systems. The protocol is structured to progressively reduce the
number of candidate surfactant systems without overlooking viable systems. The initial tests
assess surfactant performance and losses in batch systems; only the most promising surfactants
from these tests are used in subsequent column studies and bio-screening tests.

The project team will review existing site data and, in accordance with past experience, will
determine a list of potential surfactants/co-solvents for evaluation. Potential surfactant/co-solvent
systems are identified in Table 4.2. The actual surfactant will not be selected until the laboratory
screening process has been completed. Candidate solutions will be screened for the following

properties:

« Toxicity and food-grade additive status

« Biodegradability

« Potential enhancement of DNAPL removal

« Removal mechanism and adverse migration potential

« Potential for economic reuse and recovery of the surfactant/co-solvent
« Sorption of the surfactant/co-solvent onto the soil matrix
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«Resiliency of the surfactant/co-solvent (that is, how the surfactant resists subsurface
chemical reactions) ‘
« Overall costs

The following paragraphs briefly discuss the laboratory surfactant screening tests. These tests
will yield pertinent information about the surfactant/co-solvent systems being screened. Each
test has been carefully selected to give information about the surfactant that will relate to its
potential effectiveness for remediation. Additional details for each test and the analytical
procedures are included in Appendix A. The tasks are listed in sequential order:

Contaminant Selubilization (includes mobilization systems) The objective of this tests is-to
quantify the solubilization (mobilization) potential of a range of surfactants and co-solvents. The
ability to remove the target contaminant will most strongly influence the effectiveness of these

systems.

Surfactant-Contaminant Phase Properties The objective of this test is to evaluate the phase
behavior of the surfactant (or co-solvent) NAPL system in an effort to avoid significant
reductions in the interfacial tension or unfavorable viscosities or densities that might result in
unfavorable flow characteristics. Formation of middle-phase microemulsions is specific to the
contaminant composition and the groundwater system (temperature, surfactant system, ionic
strength, etc.). These phase behavior studies will identify robust surfactant/co-solvent systems
capable of achieving high solubilizations for the existing groundwater conditions.

CMC Measurements The critical micelle concentration (CMC) is the concentration at which
the surfactant monomers aggregate into micelles. The CMC affects several properties of the
surfactant solution that could impact the effectiveness of the process including sorption,

solubilization, and foaming.

Surfactant Sorption The objective of this test is to quantify the losses of the surfactants and co-
solvents due to sorption onto the site-specific soil. Losses of surfactants and co-solvents will
adversely affect the technical performance and economic viability of the remediation process.

Surfactant Precipitation The objective of surfactant precipitation is to quantify the
precipitation boundaries of the surfactants, whether the phase boundary is crossed due to ionic
composition (ionic surfactants) or groundwater temperature (nonionic surfactants).

Column Tests These tests are used to simulate one-dimensional flow through the aquifer.
Valuable information that can be obtained from the column studies includes: solubilization
enhancement under flowthrough conditions, potential headloss increases in the media, and
unanticipated reactions. Column tests will also be conducted to calibrate the Partitioning

Interwell Tracer Test (PITT).

Separations Testing: The purpose of these tests is to confirm the effectiveness of the treatment
process on the site-specific surfactant and NAPL. MEUF testing will be conducted to optimize
the configuration of the field unit. These tests will be conducted in a bench-scale cross flow

membrane apparatus.
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Modeling Analysis: As part of the bench-scale analysis, additional groundwater modeling will
be conducted. All available site-specific information will be input into Visual MODFLOW
model and the model will be calibrated against pump test results. The purpose of this analysis is
to confirm the results of the preliminary model analysis. In addition, UTCHEM analysis will be
conducted to predict potential VOC recovery concentration and time required to meet
premeditation goals. These models will be further refined subsequent to the completion of

Partitioning Interwell Tracer Testing.

Technical Memorandum: A technical memorandum will be prepared which summarizes the
results of the initial soil and groundwater analysis, complete design drawing of process
equipment, and results of bench-scale analysis. Also identified in the report will be the
surfactant system best suited for application at the site (refer to Section 4.10)

4.5 Partitioning Interwell Tracer Testing

Tracer Testing
A combined partitioning/conservative tracer test (PTT) will be conducted prior to the SESR

demonstration. The purpose of the conservative tracer test will be to demonstrate hydraulic capture
of the injection/recovery system. The partitioning tracer test will be used to evaluate NAPL
distribution in the test area, quantify pre-test NAPL concentrations in the flushed zone and target

delivery of surfactant during remediation.

Based on the assumption that one pore volume can be flushed through the treatment area in 1 to
1.5 days (based on preliminary modeling), it is expected that the PTT will last 7 days. This
duration is based on approximately seven pore volumes of fluid for complete tracer
breakthrough.  For additional background information regarding partitioning tracer test
implementation details, refer to Attachment A.

Three to four tracers will be used; these tracers may include bromide, 1-propanol, 2-propanol
methanol, hexanol, 1-heptanol, and 2, 4-dimethyl-3-pentanol. Selection of tracers will be
finalized during lab-scale testing (included with the surfactant screening processes) and will be
based on their partitioning coefficients into the NAPL. Bench-scale column tests will be used to
calibrate the performances of the tracers. The column tests will be conducted using soil from the
selected site with varying NAPL concentrations. The chromatographic separation observed
between the tracers will be used to calibrate the field PTT flush. These results will be used to
design and evaluate the field PTT. If prior to performing the PTT test, it is determined that one
or more of the tracers needs to be substituted, Base officials will be contacted and materials
safety data sheet (MSDS) information provided. Tracer concentrations in the injected solutions
will range from 100 to 2000 parts per million (ppm). Tracers will be recovered in the test area,
as well as by existing groundwater capture wells, to ensure the tracer is recovered from the

aquifer.

Submersible pumps or, if required, a vacuum-enhanced recovery system will be installed in the
recovery wells. They will be operated at the rates determined in the modeling efforts (estimated
at 2 to 3 gpm per well). Fresh water injection (2 gpm per injection well) and extraction will
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begin 12 hours prior to injection of the tracer to establish capture zones. An appropriate amount
(for example, 1000 gallons) of tracer solution will be mixed and evenly distributed to the
injection wells. The tracer will be gravity-fed into the wells at a rate of 2 gpm per injection well.

As a general rule, 30 samples should be collected from each recovery well and monitoring well
and analyzed for tracers. Details on sample collection frequency and location are detailed in
Appendix C. Recovered groundwater will be pumped through the MPP system to remove
contaminants then sent to 20,000-gallon tanks for storage. Four 20,000-gallon tanks will be
provided for fluid storage. Expected residual generation quantities are documented in Table 4.4

(12 gpm for 6 days).

Prior to system operation, additional modeling efforts will be conducted to optimize the injection
recovery-pumping schedule. The information obtained during the pump and tracer testing will
be input into Visual MODFLOW and UTCHEM (or comparable) for model refining. The
additional analyses will be used to optimize the pumping schedule and help optimize surfactant-

flushing efforts.

Push-Pull Testing: In order to confirm the effectiveness of the surfactant solution selected in
the laboratory, a push-pull test will be conducted at the test site. One well will be selected for
surfactant/co-solvent push-pull test. The well will be injected with up to 55 gallons of surfactant
(concentrations of surfactant will be less than 8 wt. %). Groundwater sampling results obtained
subsequent to the well installation (not to exceed 2 weeks) will be used to establish baseline
VOC concentrations prior to surfactant injection. During the push-pull test, the groundwater will
be analyzed for VOC concentration. Since surfactants will enhance the ultimate solubility of the
VOCs in groundwater by over an order of magnitude, the existence of NAPL droplets will be
evidenced by an increase in the VOC concentrations over that of the baseline results. An
increase in VOC concentration in the groundwater over background by a factor of 1.5 or more
indicates enhanced solubilization and the existence of NAPL within the radius of influence. The
proposed surfactant to be utilized for the push—pull tests will be the surfactant of choice for the
demonstration as determined by the laboratory testing (refer to Appendix F for MSDS and other

chemical information).

The solution will be gravity-fed into the well at a rate of 1 gpm and allowed to equilibrate for at
Jeast 30 minutes. Then the injected surfactant will be recovered using a submersible pump. The
recovery rate will be at least 1.5 times the injection rate and is anticipated to produce
approximately 400 gallons of groundwater. The actual recovery rate and amount produced will
be modeled for the specific well to be tested. The test will be designed to recover all the injected
surfactant during the push-pull test or the remaining surfactant will be recovered during the
surfactant demonstration or in plume-specific recovery wells.  This information will be
submitted to the Navy for approval prior to the performance of the push-pull test. As a general
rule, the recovered volume should be at least five times the injected volume. Ten groundwater
samples will be obtained from the recovered groundwater during the test (two from the storage
tank and eight from the recovered stream). These samples will be sent to a Nave and California
certified laboratory for VOC and surfactant analysis. Two duplicate VOC samples will be sent
to a separate California approved laboratory for quality control (QC) analysis. One duplicate
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surfactant sample will be collected for QC purposes. It is expected that the push-pull test will last
1 day. '

Recovered fluids will be stored on site in tanks provided by Surbec. The water will be discharged
during the demonstration with the recovered water from the surfactant flood.

4.6 System Operation
Prior to the operation of the system, a safety check will be completed to ensure that all aspects of

the process are working properly and safely. The treatment goal of 95 percent DNAPL removal
should be met within three to five pore volumes. The system operation has been prepared
assuming that the entire 20-by 20-foot plot will be remediated. Initial calculations indicate that
10,000 gallons is the volume of groundwater in one pore volume of the treatment cell (20 by 20
by 10 feet at 35 percent porosity). Operation will allow for 5 days of surfactant flooding
followed by 5 days of water flooding. Assuming that the surfactant will be injected at 6 wt. % in
water, 600 gallons of surfactant will be required for the first pore volume. Assuming 80%
recovery of surfactant, an additional 600 gallons will be required to supplement recovered
surfactant. Surfactant will be brought to the site in drums and mixed with water in a 20,000-
gallon storage tanks. The 20,000-gallon tank will be first filled with 10,000 gallons of water.
The surfactant will be injected in the top of the tank and a 2 hp centrifugal pump will recirculate
the water in the tank to mix the solution. Specific information with respect to the surfactant
composition and quantities will be included in the technical memorandum.

In order to establish cones of depression, the recovery wells will be pumped for at least 3 hours
prior to injection of surfactants. Sampling frequency will be spaced to obtain 20 to 30 data points
from each recovery well during the surfactant flood (refer to Appendix C for sampling details).
The groundwater will be sampled more frequently until steady state (relatively constant
surfactant/co-solvent concentrations in production wells) is achieved, and less frequently
thereafter. Other information such as flow rates (flow meter), pressures (pressure gauge) and
temperature (inline thermometer) will be recorded on the field log sheets four times daily until
steady state is reached and once a day thereafter. Flow meters will be equipped with totalizers to

track total flow volumes.

A key aspect of this technology is the separation of the contaminant from the recovered
surfactant stream and reuse of the surfactant. The recovered groundwater will be piped to the
oil-water separator where free-phase DNAPL (if produced) will be recovered. The recovered
groundwater will then be pumped through the MPP system where the contaminant will be
separated from the surfactant. Since the MPP process utilizes steam recovery of the VOCs, no

off gasses are expected.

The treated surfactant stream will then proceed to the MEUF unit to concentrate the surfactant
for potential recirculation through the treatment zone. The performance of the MEUF system is
largely dependent on the surfactant selected for the test. Surfactants with low CMCs can be
concentrated more effectively than surfactants with high CMCs. Surfactants will be screened in
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the laboratory for MEUF concentration efficiencies prior to the final design of the filtering
system. ‘

Until surfactant breakthrough occurs, effluent from the MPP system will be pumped directly into
the storage tanks. After approximately 1 day, surfactant breakthrough should occur and fluids
will be sent to the MEUF for surfactant recovery. Retentate will be piped to the surfactant
recovery tank and sampled to ensure that reinjection concentrations of the surfactant solution
meet project specifications. If required, makeup surfactant will be injected from barrels into the
surfactant recovery tank. Permeate from the MEUF will be piped directly to the storage tanks.
The foam produced in the tray stripper will be captured and piped to the surfactant recovery
tanks for reuse. The permeate will be stored in tanks until proper disposal can be arranged.

4.7 Post Test Performance Analysis

A post-demonstration partitioning tracer test will be conducted. The primary purposes of this
test will be to quantify the remaining NAPL concentrations and the distribution thereof in the
flushed zone. The procedures to be followed for the final test will be similar to the pre-
partitioning tracer test (refer to Section 4.5). Tracers for the post PTT may include bromide 1-

propanol, 1-heptanol and 2- ethyl -1- hexanol.

Surbec will also drill four soil borings within 4 feet of each recovery well prior to abandoning
these wells. These borings will be continuously cored, and samples corresponding to the pre-test
soil sampling intervals will be collected. The soil sample results will assist in evaluating the
effectiveness of the surfactant flushing technology.

4.8 Demobilization and Site Restoration
Subsequent to completion of all site activities, site demobilization will occur. All equipment

associated with the project will be dismantled. Also, containment areas will be dismantled and
the site will be restored to its original condition. All wells installed as part of the project, will be
properly removed and sealed as required, unless the base indicates the desire to use these wells in

the future.

4.9 Residual Management and Material Storage
This subsection describes the management of wastes generated during the demonstration.

Representative samples of each type of waste (that is, cuttings, wastewater, liquids) will be collected
and analyzed as appropriate for disposal. Surbec will ensure that all wastes are handled properly.
Wastes that will be generated include:

Soil
The volume of soil generated is estimated to be 7 cubic yards (12 wells at 12 inches in diameter
and 16 feet deep). Drill cuttings will be placed in drums and stored on site until disposal can be

arranged.

Wastewater
The expected residuals generated for the demonstration have been broken down into categories

and summarized in Table 4.4. Recovered fluids will be stored in 20,000-gallon tanks until
disposal can be arranged (refer to Section 4.1). Surfactants are designed to degrade in POTW
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facilities. As a result, it will be convenient to send the recovered fluids to such a facility. Since
surfactants can be toxic to amphibians, direct discharge into streams and rivers should be
avoided unless all surfactant can be removed through on site physical or biological treatment.

Offgas
Offgas treatment should not be required because the process equipment should not generate

emissions to the air.

Solid Waste ‘
Disposal activities will comply with base requirements. Refuse and trash will be placed into proper

disposal bins.

Free Phase NAPL x
Recovered free-phase NAPL will be stored in drums on site until proper disposal or recycling

arrangements can be made.

Process Chemical Storage
MSDS information for chemicals to be used on site as stated will be kept on site in the Work

Plan. Chemical storage will depend on the volume required for each chemical. The process
chemicals will include tracer solution and surfactant/co-solvent solution. Surfactants will be
stored in drums on site. Other chemicals used in the on-site laboratory will be stored in the

appropriate container within the mobile laboratory.

4.10 Reporting
Reporting requirements will include monthly reports, brief technical memorandum, weekly

update reports during the system operation, and a treatability study report. The monthly reports
will update project progress, schedule, and budgetary information. Proposed changes in project
procedures will also be identified. The monthly report will include:

« 1-to3-page summary of activities conducted during the month
« Brief summary of activities proposed for the next month

« An updated schedule

« Project cost summary update (Navy only)

TtEMI will forward a copy of the monthly report to the Navy.

The technical memorandum will summarize, in greater detail, the results of laboratory screening
and preliminary site activities. These results will be tabulated and graphed. Any deviation from
the original implementation plan will be identified and an alternate plan of action described.
The technical memorandum will be submitted as indicated in the schedule (refer to Section 5.0).

Weekly reports will be submitted during operation of the flushing activities. The reports will be
transmitted by letter, e-mail, or fax.
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A treatability study report will be prepared and submitted in three stages: 1) a preliminary draft
copy 2) a draft copy (which will include responses to comments on the draft copy) and 3) a

final copy.

The report will present the data collected and tabulated. This information will also be graphed
and plotted to illustrate system performance in key areas. These data will include: soil
concentrations before and after treatment, extraction flow rates, cumulative flow volumes,
temperature data, tracer test data, surfactant recovery, contaminant recovery, laboratory results
and process equipment performance evaluation, and mass of contaminant removed as evaluated
using the partitioning tracer information. Timeline plots will be created for mass of surfactant
recovered in the groundwater, mass of contaminant recovered in the groundwater, mass .of
contaminant removed in the air-stripper, and mass of surfactant recovered in the MEUF. An
analysis of these data for the effectiveness of the technology in remediating the test site will be
performed and reported to assess the technology performance claim as stated in Section 2.0.

The results of this test will be compared to the results observed at other sites (Tinker AFB). An
overall cost evaluation of the system will be conducted at the completion of the demonstration
and will be included in the report. The system will be compared, based on capital and operating
costs, with other conventional treatment technologies (such as pump and treat) used to treat a
similar area and contaminant profile. Capital and operational costs will be compared on a
present value basis with the conventional technology.

The report will also include the following key information:

. Effectiveness of the system in removing DNAPL at the test site

« Detailed diagram of the site, including monitoring well locations

« Groundwater monitoring and soil sampling plan, including a plan for collecting water
level measurements and samples

. Surfactant screening, which will include phase behavior analysis for the product samples
collected from the test area: and the following tests for soil samples collected from the
test area; permeability, cation exchange capacity, surfactant-soil interaction, and grain
size analysis

+ Hydraulic testing, including slug tests of the installed monitoring wells

. A numerical simulation, including a three-dimensional model to simulate test flow
conditions '

« A surfactant flood, which will also include a water flood prior to surfactant injection, and
a water flood following surfactant injection to displace mobilized product

« Problems encountered

« Deviations from project plans

« Process waste handling procedures and notes

« Health and safety procedures
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‘Table 4.1: Site Contamination Levels and Cleanup Criteria

Contaminant of Concern

Site 2A-A

Site 4B-C

Cleanup Criteria

Groundwater, ppb Groundwater, ppb ppb

1, 1, 1 -Trichloroethane 2100 100000 200(1)
1,1,-Dichloroethane 29000 . 24000 5(1)
1,1-Dichloroethene 14000 65000 NA
1,2-Dichloroethane 12 250 NA
cis-1,2-Dichloroethene 4600 250 6(1)
trans-1,1 Dichloroethene 150 8.7 10(1)
Benzene 6.4 ND NA
Carbon Tetrachloride 320 2500 NA
Chloroethane 3900 0.66 NA
Ethylbenzene 3.6 ND 700(1)
Tetrachloroethene 40 8.6 NA
Toluene 85 370 150(1)
Trichloroethene 1700 160 NA
Vinyl Chloride 2600 2900 NA
m,p-Xylene 29 ND 1750(1)
o-Xylene 55 ND 1750(1)
Total 585254 195448

1 - California Primary Drinking Water Maximum Contaminant Levels
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Table 4.2: Potential Surfactants and Surfactant System Constituents

SURFACTANT | MW % Costperlb | Trade Food
TYPE Active Name Additive
status
C16 - DPDS 642 |36 $1.09 Dowfax | Indirect
8390

Alkyl ethoxylated 442 |128.7 $0.61 Steol | Indirect
sulfate CS330
Ethoxylated (20) 1326 | 100 $2.31 Tween 80 | Direct
sorbitan mono
oleate

Sodium dihexyl 388 |80 $1.50 AMA Direct
sulfosuccinate
Alcohol ether 500- | 100 $1.50 Isalchem | Not tested
sulfates 800
Ethanol 46 100 $0.44 NA NA
Tartaric acid 75 100 Not Available | NA NA
Na/Ca 23/40 | NA $0.15/%0.07 | NA NA
Tsoproponal (IPA) | 60 | 100 | $0.42 NA NA
Potential Surfactant Systems
C16 DPDS + tartaric acid + Na/Ca Indirect
Isalchem + IPA+ Na/Ca Not tested
AMA +IPA + Na/Ca Direct
AMA (5%)+ Tween (5%) + Na/Ca Direct

% = Rouse, et al. influence of anionic surfactants on bioremediation of hydrocarbons

NA=Not Applicable

April 1999
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Table 4.3: Design Criteria for Process Equipment
Target Process Flow rate Influent Target Effluent | Temperature
Constituent (East Bay MUD)
Gpm Mg/l Mg/l Deg F
VOCs Air Stripper | 10-15 1000 BTEX = 0.005 50
Solvents = 0.5
MPP System | 10-15 1000 BTEX =0.005 50
Solvents = 0.5
Surfactant | MEUF 10-15 20,000 2000 (permeate) | 50
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Table 4.4: Groundwater Residuals

Phase Estimated Volume Estimated Concentration in MEUF Permeate
Duration Total TCE Surfactant | Salinity Co-solvent
Volume / Co-surf.
(Days) (gallons) Mg/l Wt % Wt % Wt %
Well development, sampling & | 4 8,000 GWconc. | 0 0 0
Pump test
Pre tracer test (6 PV) 6 100,000 MCL** NA NA NA
Surfactant flood (5 PV) 5 86,000 0.001%- | 0.01-0.2*%. | 0.1-2 1-2
1% of
influent
Post test flood (5 PV) 5 86,000 1% -5% 0.2-0.001 | 2-0.001 [2-0.001
of influent
Post- tracer test (6 PV) 6 100,000 MCL <0.001 <0.0001 <0.0001
Volume based on 12 gpm production for the estimated duration
* Assumes recycling of surfactant
** Assumes air stripping of solution
4.0 Proposed Project Work Plan 4-24
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ID |Task Name Duration Start Finish Nov | Dec [ Jan | Feb | Mar | Apr | May | Jun | Jul [ Aug

1 |Treatability Study Work Plan 61 days Thu 12/10/98 Thu 3/4/99 Ll s ;

2 Site visit 2 days Thu 12/10/98 Fri 12/11/98

3 Design modeling 5days  Mon 12/14/98 Fri 12/18/98

4 Work plan preparation 12days Mon 12/21/98 Tue 1/6/99

5 Submit preliminary draft 0 days Tue 1/5/99 Tue 1/5/99 115

6 Navy review 7 days Wed 1/6/99 Thu 1/14/99 B

7 Receive & incorporate comments 7 days Fri 1/15/99 Mon 1/25/99 E]l

8 Submit draft 0 days Mon 1/25/99 Mon 1/25/99 1125

9 BCT, BRAC, RAB review 21 days Tue 1/26/99 Tue 2/23/99

10 Receive & incorporate comments 7 days Wed 2/24/99 Thu 3/4/99 .

11 Submit final 0 days Thu 3/4/89 Thu 3/4/99 "L 344

12 | Well Installation 7 days Mon 4/26/99 Tue 5/4/99 1

13 Mobilization & site prep. 1 day Mon 4/26/99 Man 4/26/99 : I

14 Soil boring & sampling 3 days Mon 4/26/99 Wed 4/28/99 D

15 Well installation 3 days Mon 4/26/99 Wed 4/28/99 Hl

16 Well development and sampling 2 days Thu 4/29/99 Fri 4/30/99 ]_

17 Aquifer testing 2 days Mon 5/3/99 Tue 5/4/99

18 Process Equipment 42 days Wed 5/5/99 Thu 7/1/99 L

19 Design and construction of skid system 25 days Wed 5/5/99 Tue 6/8/99 : .

20 Mobilization 3 days Wed 6/9/99 Fri 6/11/99

21 Installation 14 days Mon 6/14/99 Thu 7/1/99

22 Surfactant Selection 45 days Mon 5/3/99 Fri 7/2/99

Task [ 7] RroledupTask [T T T] ProjectSummary (===,
Project: clied1228mpK Progress SN Rolled Up Milestone <> Split o
Date: Thu 4/1/99 Milestone @ Rolled Up Progress NS  Rolled Up Split o
Summary PN  cxtemal Tasks T A
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ID |Task Name Duration Start Finish Nov | Dec | Jan | Feb | Mar [ Apr | May | Jun [ Jul | Aug

23 Laboratory setup 5 days Mon 5/3/99 Fri 5/7/99 :

24 Sorption 10 days Mon 5/10/98 Fri 5/21/99

25 Phase behavior 10 days Mon 5/24/99 Fri 6/4/99

26 Column (includes PITT Cal.) 20 days Mon 6/7/99 Fri 7/2/98 —‘]

27 Degradation (optional) 40 days Mon 5/10/99 Fri 7/2/99 ]

28 Separations 20 days Mon 6/7/99 Fri 7/2/99 i ; :

29 Prepare technical memorandum 19 days Mon 6/7/99 Thu 7/1/99 jl

30 Submit technical memorandum 0 days Thu 7/1/99 Thu 7/1/99 ’~7!1

31 Pre-PITT and aquifer testing 17 days Wed 6/9/99 Thu 7/1/99

32 Mobilization 3 days Wed 6/9/99 Fri6/11/99

i3 Pre-PITT 9 days Mon 6/14/99 Thu 6/24/99

34 Optimization modeling 5 days Fri 6/25/95 Thu 7/1/89

35 Operation and Monitoring 19 days Fri 7/2/99 Wed 7/28/99 : i

36 Setup & prepare injection solution 7 days Fri 7/2/99 Mon 7/12/99

37 Begin surfactant injection 5 days Tue 7/13/89 Mon 7/19/99

38 Begin fresh water injection 5days  Tue7/20/89  Mon 7/26/99 Ij

39 End flood -cont. residual management 12 days Tue 7/13/99 Wed 7/28/39

40 | Post Partitioning Tracer Testing 8 days Thu 7/29/99 Mon 8/9/99

41 Post PTT 8 days Thu 7/29/99 Mon 8/9/99

42 Demobilization 5 days Tue 8/10/99 Mon 8/16/99 %

43 System tear down 2 days Tue 8/10/99  Wed 8/11/99

44 Site restoration 3 days Thu 8/12/99 Mon 8/16/99 Ha

Task [ ] RolledupTask [ ]| ProjectSummary {j—————
. Progress BN Rolled Up Milestone > Split o
Oate: Thu4/1/99 Milestone & Rolled Up Progress IMSSSSSSSSSSSSS  Rolled Up Spit
Summary ~ External Tasks
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ID  |Task Name Duration Start Finish Nov | Dec | Jan | Feb | Mar | Apr | May | Jun 19| Jul | Aug
45 | Treatability Study Report 28 days Thu 7/15/99 Mon 8/23/99 H
46 Prepare preliminary draft 10 days Thu 7/15/89 Wed 7/28/99
47 Submit preliminary draft 0 days Wed 7/28/99 Wed 7/28/99 ’l.”za
48 TTEMI review 3 days Thu 7/29/99 Mon 8/2/99 D_l
49 Receive & incorporate comments 4 days Tue 8/3/99 Fri 8/6/99
50 Submit draft 0 days Fri 8/6/99 Fri 8/6/99
51 Navy review 7 days Mon 8/9/99 Tue 8/17/99
52 Receive & incorporate comments 4 days Wed 8/18/99 Mon 8/23/99
53 Submit final 0 days Mon 8/23/99 Mon 8/23/99
Task [ | RolledUpTask | "] Project Summary (N
Project: sched1228mpx Progress I Rolled Up Milestone <> spt
Oate: Thu 4/1/09 Milestone 4 Rolled Up Progress ISSSSSSMSSSSS  Rolled Up Split o
Summary ~ External Tasks T
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This section presents the Quality Assurance Project Plan (QAPP) for the SESR and specifies the
J ‘ procedures the demonstration will follow to ensure the generation of analytical data of known
and accurate quality.

1.0 PROJECT OBJECTIVES

The primary goal of this project is to achieve a 95 percent removal of dense nonaqueous-phase
liquids (DNAPL) contaminants for the selected site remediation at Alameda Point. Surbec
Environmental (Surbec) has identified specific measurable objectives, listed below, have been
identified for this treatability study to achieve the treatability study objectives set by Tetra Tech
EM Inc. (TtEMI).

Objectives:

(1) To evaluate the use of surfactants/cosolvents for enhancing the removal of
nonaqueous phase liquid (NAPL) from the subsurface.
- Achieve at least 95 percent removal of NAPL from the flushed zone at the 95
percent confidence level.
- Evaluate actual mass removal using pre- and post-test partitioning tracers and
groundwater samples.

(2) To achieve good delivery and recovery of the surfactant solution within the plume
area (surfactant or surfactant/cosolvent).
L - Demonstrate that the delivery of the surfactant/cosolvent extraction fluid can
be controlled through a properly designed delivery system.
- Demonstrate at least 90 percent capture of the injected surfactant/cosolvent is
within the test area.
- Demonstrate that the remainder of the injected surfactant/cosolvent is
degraded before leaving the site.

(3) To design and evaluate a system for surfactant regeneration and re-injection.
- Design an macro porous polymer (MPP) system to meet the discharge criteria
from the surfactant/cosolvent effluent.
- Demonstrate that the use of micellar enhanced ultrafiltration (MEUF) can
achieve 90 percent recovery of the surfactant for reuse.

(4) To evaluate the economic viability of a surfactant/cosolvent system for contaminant

recovery.
- Identify and extrapolate the parameters that determine the cost of system
setup, operation and maintenance.
- Conduct a comparison to conventional treatment technologies.

April 1999 Appendix A QAPP A-1



2.0 PROJECT ORGANIZATION AND KEY PERSONNEL

Surbec has compiled a team to complete this project that is unparalleled in past experience and
expertise in the field of SESR. Surbec’s team includes experts in the areas of subsurface flushing
and surfactant recovery and reuse — Dr. David Sabatini, Dr. Jeff Harwell, and Dr. Robert Knox.
Levine-Fricke-Recon (LFR) has been added as a valuable team member to provide on-site
experience, engineering expertise, and a local presence. LFR is currently conducting site
investigations at Alameda Point and is very familiar with the site and the California regulatory
environment. The project organizational structure is included in this section. QA/QC and health
and safety organizational structures have not been incorporated into this document. All
personnel have the appropriate OSHA health and safety training. Specific information will be
provided upon request. '

Listed below are key team members and their respective roles in this phase of the project.

TtEMI
Mukul Shara-TtEMI Project Manager

Edward Ho-TtEMI Task Manager

Rafael Lago-TtEMI Project Engineer

Navy
Dennis Wong-Navy Remedial Projects Manger (RPM)

George Kikugawa-Navy Remedial Projects Manager

Surbec
Mark Hasegawa will serve as the Project Manager. He will coordinate project activities and

ensure timeline requirements are met. Mr. Hasegawa has managed several SESR demonstrations
and projects.

Dr. Robert Knox will review, compile, and analyze site hydrogeologicalv data. He will also
supervise the injection/recovery well design for the project and will oversee MODFLOW

simulations.

Dr. Jeff Harwell will supervise the surfactant screening analysis. He will also work with Dr.
Pope to determine candidate surfactants for application at the site.

Dr. Joe Suflita is a leader in the area of anaerobic degradation processes. Dr. Suflita will design
surfactant and contaminant degradation screening tests. He will also aid Dr. Harwell to ensure
that surfactants selected for screening are likely candidates for degradation.

Dr. David Sabatini will supervise the design of aboveground process equipment. He will work
closely with Dr. Harwell to ensure that treatment processes are compatible with the surfactants

selected and the DNAPL contaminant.
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Dr. John Scamehorn will provide design and support for MEUF or foam fractionation
processes implemented at the site.

Jeffrey Brammer will assist Dr. Knox in reviewing, compiling and analyzing site
hydrogeological data. He will also aid in groundwater modeling and well design for the project.
Mr. Brammer will be the onsite Technical Manager for the project.

Levine Fricke Recon
Jeni Martin will coordinate all field work conducted by LFR personnel and will ensure the

required resources (i.e. field equipment) are available to Surbec personnel.

Randy Sillan will manage work conducted with LFR personnel, provide design services and
provide external review of reports.

A Surbec Quality Control/Quality Assurance organizational chart follows. This chart shows the
lines of authority and personnel associated with specific QA/QC responsibilities.

Marshall Brackin
Surbec
General Manager

Mark Hasegawa
Project
OC Manager

Glen Ulrich
Laboratory
OC Manager

Jeff Brammer Ben Shiau
Field Data Reduction
OC Manager OC Manager

Karla Hansen
Project
OC Assistant

3.0 MEASUREMENTS

Soil and groundwater samples will be collected prior to implementation of the demonstration,
during the demonstration activities, and at the conclusion of the demonstration in order to assess
the effectiveness of the technology. Approximately 700 samples will be obtained during the
course of the project for the purpose of performance evaluation. A detailed list of sample
analyses is located on tables C-1a through C-1f. The 700 samples are required to evaluate the
Treatability Study tests. All QA procedures described in the following sections will apply to both
onsite and offsite laboratories. Refer to Table A.1 for a list of possible analytes.
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4.0 QUALITY ASSURANCE OBJECTIVES

The primary quality assurance objective (QAQO) for this demonstration is to produce well-
documented data of known quality. To this end, individual measurements must be assessed to
ascertain that they meet quality assurance (QA) objectives that fulfill the data quality objectives.
These objectives include quantitative QAOs for precision, accuracy, method detection limits,
completeness, and mass balances, and qualitative QA objectives for comparability and
representativeness. The QAOs stated here are consistent with those of the basewide remedial
investigation and feasibility study (RI/FS). Table A.2 summarizes quality control (QC) field and
laboratory requirements and corrective actions.

4.1 Project Data Quality Objectives Os

The following data quality objectives have been identified:

« Collect data to accurately determine the removal efficiencies (mass reduction) and rates
for targeted organics (that is, chlorinated hydrocarbons).

« To collect data to evaluate the success of surfactant and cosolvent capture.

« To collect data to assess the extent to which the application of SESR is site-specific (that
is, parameters governing SESR success).

o To collect data for preparing a cost estimate analysis for full-scale implementation of
SESR at Alameda Point.

4.2 Data Quality Assurance Objectives
The following QAOs have been identified:

.« Based on best-available technology and site-specific conditions, utilize sample
collection and preservation methods that will yield results that are truly representative
of the subsurface conditions at the site.

« Conduct replicate analyses (5% of samples) of single samples to assess the variability
(or heterogeneity) within a given sample.

« Conduct standard replicate analyses (5% of samples) to determine the variability
inherent in an analytical technique.

« Collect and analyze field blanks (10% of samples), trip blanks (1 set per ice chest of
samples), and spikes (1 per week) to evaluate the potential compromises to sample
integrity due to sampling techniques, holding techniques, and general ambient
conditions that could potentially introduce false results. Sample spikes will be
unscheduled and unidentified to the laboratory. The Project QA Manager will be
responsible for submitted spiked samples to the laboratories. ’

« The individual analytical laboratory QA officers will be responsible for assuring that
matrix spikes (1 per day) are added to samples to evaluate the accuracy of laboratory
analytical methods.
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Accuracy: Accuracy is the degree of agreement of a measurement with an accepted reference
value, and indicates the degree of bias in a measurement system. Accuracy is assessed using
laboratory control samples, matrix spikes, surrogate spikes and performance evaluation sample
recoveries. Because sample measurement results from the use of laboratory equipment, the
percent recovery of any of these sets of duplicate samples measures the accuracy of the
laboratory equipment, calculated according to the following equation:

Equation 1.1 %R = (C-C,)/C; X 100
Where: %R = percent recovery
Ci  =measured concentration; spiked sample aliquot

C, =measured concentration; unspiked sample aliquot

C: =actual concentration of spike added

Precision: Precision is the reproducibility of duplicate measurements under a given set of
conditions for a single sample. Precision is expressed as the variability of a group of
measurements for a given sample compared to the average value. Variability may be attributable
to field practices or chemical analyses. Precision is expressed as the relative percentage
difference (RPD), using the following equation:

Equation 1.2 RPD = (C;-Co)/[(C + C3)/2] X 100
Where: RPD =relative percent difference
C; =the larger of two observed values

C, =the smaller of two observed values

Completeness: Completeness refers to the number of analytically valid data points (accepted
and reported values) collected from a measurement process compared to the total number of
samples subjected to measurement. Percent completeness is calculated using the following

equation:

Equation 1.3 % Completeness = (TDP-RDP)/TDP x 100

Where: RDP =number of rejected and unreported results
TDP = number of total samples collected

The project completeness goal for completeness is greater than 90% for all samples, and 100% f
confirmation samples.

Representativeness: Representativeness is a qualitative expression of the degree to which
sample data accurately and precisely represent a characteristic of a population, a sampling point,
or an environmental condition. Representativeness is maximized by ensuring that, for a given
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project, the number, location of sampling points, the sample collection and analysis techniques
are appropriate for the specific investigation, and that the sampling and analysis program will
provide information that reflects “true” site conditions. Results for blind duplicate sample
analysis are also used to evaluate representativeness.

Mass Balance and Mass Recovery: The surfactant recovery will be determined on a mass
balance basis. The initial mass of surfactant or cosolvent injected will be determined by using
the surfactant/cosolvent concentration injected multiplied by the volume of the
surfactant/cosolvent solution injected. End surfactant/cosolvent masses will be calculated by
summing volumes of effluent extracted multiplied by the corresponding surfactant/cosolvent
concentrations. The difference in the injected and recovered mass will be compared to that
predicted to be sorbed to the soil surface based on bench scale studies. Biodegradation is
assumed to be negligible within the test cell due to the short residence time of the
surfactant/cosolvent. The percent of mass recovered is therefore calculated using equation 1.4:

Equation 1.4 % Mass Recovered = 100% - [(IM - FM - Sorbed Mass)/IM] X 100

Sorbed Mass = (So0il mass, cent * Ka)

Where: IM = Initial Mass = (Volume of Injected
surfactant/cosolvent solution x Concentration of the
surfactant)

FM = Final Mass = (Z(Volume of Recovered
Surfactant/cosolvent Solution x Concentration of the
Surfactant/cosolvent))

S0il mass, ce (€) = Vol Soil (cm?)
K4 = Grams Surfactant/Cosolvent per grams soil

Method-Detection Limits: The method detection limit (MDL) is the minimum analyte
concentration that can be measured and reported with a 99 percent confidence that the
concentration is greater than zero. The quantitation limit (QLs) represents the concentration of
an analyte that can be routinely measured in the sample matrix with “reasonable” confidence in
both identification and quantitation. QLs are verifiable by ensuring that the lowest non-zero
calibration standard concentration is at or near the QL by using appropriate data analysis to
ensure that the minimum detection concentration meets the 99 percent confidence levels as stated
above. Samples detected below the QL will be appropriately flagged but will not negatively
impact completeness. MDLs may be higher due to dilution requirements for analysis. MDLs
will be evaluated in accordance with Appendix B Part 136 of the 40 Code of Federal Regulations
(CFR) 136, 1984 (“Definition and procedures for the Determination of Method Detection Limit —
Revision 1.17”). Method QLs will be determined for all onsite (field and laboratory) and offsite
laboratory tests.

The soil MDLs will be higher than the groundwater MDLs due to the required field Method 5035
for sample preservation. The soil MDLs will be in the 100s ppb range and the groundwater will

be in the 1s to 10s ppb range.
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Comparability

Comparability is a qualitative parameter that expresses the confidence that one data set may be
compared to another. Comparability of data is achieved through the use of standardized methods
for sample collection and analysis, and the use of standardized units of measure. Data sets will
be compared to assess the Study effectiveness (i.e. Pre-Partitioning tracer and Post-Partitioning
tracer tests). Comparability will be necessary for Surbec data collected for the Study and not for
existing investigation data.

5.0 ANALYTICAL PROCEDURES AND CALIBRATION

This section describes the laboratory procedures used for both physical and chemical methods. It
discusses sample preparation and analytical procedures. This section does not include the field
methods, as they are detailed in Appendix C.

A summary of analytical procedures are listed in Table A.3. There are no American Society for
Testing and Materials (ASTM) or U.S. Environmental Protection Agency (EPA) standard
methods for analysis of surfactants or contaminants in surfactant solutions; however, some of the
methods are modifications of standard methods. When this is the case, the standard method is
referenced. The modification of the methods for contaminant analysis when in the presence of
surfactants is necessary because solubilization of a contaminant in micellar solution reduces its
activity in water. Researchers at government facilities and several universities have developed
effective methodologies for analysis of contaminants in surfactant solutions. Modified procedure
developed at the University of Oklahoma for volatile contaminant analyses when surfactants are
present in solution are given in Section 5.2.1. These methods will be utilized in the laboratory
and the field, unless otherwise specified.

All methods for analysis are given here, however, once specific site(s), surfactants and
cosolvents are selected, an addendum will be prepared, submitted for review and concurrence in
letter report and attached to the approved work implementation plan (WIP).

1.5.1 Calibration Procedures

This section discusses general requirements for field equipment and laboratory instrument
calibration and standards preparation. All requirements for calibration procedures and frequency
for specific parameters are summarized in Table A.2. Instrument calibration is necessary for
accurate sample quantitation, and establishes the dynamic range of an instrument. Criteria for
calibration are specific to each method and instrument manufacturer. The following paragraphs
outline the calibration procedures for the field equipment and laboratory instrumentation.

Data accuracy is dependent upon the accuracy of the standards used for instrument calibration.
To ensure the highest quality standard, primary reference standards are obtained, if available,
from the National Institute of Standards and Technology (NIST), EPA vendors, or other reliable
commercial sources. When standards are received at the laboratory, the date received, supplier,
lot number, purity, concentration, and expiration date are recorded in a standards log book.
Vendor certification for the standards will be retained in the files.
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Standards will be obtained either in their pure form or in stock or working standard solutions.
Dilutions will be made from vendor standards. All standards will be given a standard
identification number and the following information will be recorded in the standards logbook:
source of the standard, the initial concentration of the standard, the final concentration of the
standard, the volume of the standard that was diluted, the volume of the final solution, the
solvent source and lot number used for standard preparation, and the preparer’s initials. All
standards will be validated prior to use.

Validation procedures for standards include a check for chromatographic purity and verification
of the standard’s concentration by comparing its response to a standard of the same analyte
prepared at a different time or obtained from a different source. Reagents also are analyzed for
purity; for example, every lot of dichloromethane (used for organic extraction) is prioritized to
use in the laboratory. Standards are checked routinely for signs of compromise including
deterioration (e.g. discoloration, formation of precipitates, and changes in concentration) or
contamination and are discarded if deterioration is suspected or the expiration date has passed.
Expiration dates are based on vendor recommendation, the analytical method, or internal
research. Stock solutions for volatile organic compounds (VOC) are not to be held for more than
30 days. Fresh working calibration standards shall be prepared every week. Stock solutions for
semi-volatile organic compounds shall not be held for more than 90 days. Dilutions below 1 part
per million (ppm) shall not be held more than 30 days.

5.1.1 Laboratory Calibration

Analytical instruments will be calibrated using standards, discussed above, in accordance with
the specified analytical methods and manufacturer’s procedures. At a minimum, written
calibration procedures include the equipment to be calibrated, the reference standards used for
calibration, the calibration techniques, actions, acceptable performance tolerances, frequency of
calibration, and calibration documentation format. Records of standard preparation and
instrument calibration will be maintained. Instrument calibration will include daily checks using
standards prepared independently of the calibration standards, and instrument response will be
evaluated against established criteria. Calibration standards will cover a range of concentrations
well above the detection limits and above the highest expected field sample concentration. The
analysis logbook, maintained for each analytical instrument, will include, at a minimum, the date
and time of calibration, the initials of the person performing the calibration, the calibrator
reference number and concentration. Calibration procedures for specific instruments used for
organic analyses are discussed in the following paragraphs.

Gas Chromatography/Mass Spectrometry (GC/MS). When GC/MS analysis of groundwater
is required, the following procedure listed below will be followed.

Every 12 hours the instrument will be tuned with bromofluorobenzene (BFB) (according to the
tuning criteria specified in the EPA Contract Laboratory Program Analytical Services [CLPAS]).
After the instrument has met tuning criteria, it will then be calibrated for all target compounds.

Calibration standards at a minimum of five concentrations will be prepared by secondary dilution
of stock standards. The compounds to be included in the calibration standards will be a function

of the site specific NAPL composition (refer to Table A.1 for a list of potential analytes). Asa
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result, the calibration standards list cannot be identified until a site is selected and the NAPL
constituents identified. This information will be included in the first letter report.

Each calibration solution, including internal standards and surrogates, will be introduced
according to EPA Method 8260B for volatile compounds. A relative response factor (RF) will
be calculated for each compound relative to the internal standard whose retention time is closest
to the compound being measured. The RF is calculated as follows:

Equation 1.5 RF = (AxCis)/(AisCyx)
Where: RF = Area of characteristic ion for the compound being
measured '
Ajs = Area of characteristic ion for the specific internal
standard
Ax = Area of characteristic ion for the compound being
measured

Cis = Concentration of the specific internal standard
Cx = Concentration of the compound being measured

The average relative response factor (RF;) will be calculated for each compound using the values
from the five-point calibration. A system performance check must be made before the

calibration is accepted as valid.

The percent relative standard deviation (% RSD) for standards will be calculated from the RFs in
the initial calibration and must meet specified criteria. The formula used to calculate %RSD is:

Equation 1.6 %RSD = EX 100
c
Where: RSD =Relative standard deviation

c = Mean of five initial RFs for a compound

SD = Standard deviation of the RFs for a compound
n [ in] :
Z xg [ = A—
. ! n

SD =5 = |
s n-1

For every 12-hour shift, the GC/MS must be tuned by purging or injecting 4-BFB. Also, the
initial calibration of the GC/MS will be checked by analyzing a calibration standard (usually the
midlevel standard). If the minimum relative response factors for the standard compounds are not
met, corrective action must be taken before samples are analyzed. The percent difference of
relative response factor compared to the average relative response factor from the initial

April 1999 Appendix A QAPP A-9



calibration is calculated as follows:

Equation 1.7 % Difference = (RF; - RF;)/RF; X 100
Where: RF, =Average relative response factor from initial
calibration
RF. =Relative response factor from current calibration
check standard.

If the percent difference criterion for each standard compound is met, the initial calibration is
assumed to be valid. If the criterion is not met for any of the compounds, corrective action must
be taken. A new five-point calibration must be generated if the source of the problem cannot be
found and corrected.

The internal standard responses and retention times for each standard compound must be
evaluated. If any internal standard retention time changes by more than 30 seconds from the last
calibration check (12 hours), the system must be checked for malfunctions and corrected as
necessary. If the extracted ion current profile area for any of the internal standards changes by a
factor of two from the last daily calibration standard check, the system must be checked for
malfunctions and corrections made as necessary. All samples analyzed during the time the
system was malfunctioning must be reanalyzed. Details of modifications to the analytical
method EPA 8260 to account for the presence of surfactant are identified in Section 5.2.1.

Gas Chromatography. A gas chromatograph (GC) will be used to analyze organic tracers used
for the partitioning tracer tests. These analyses may be divided between the on-site Surbec Lab
and the selected off-site laboratory, the University of Oklahoma lab. Refer to Section 5.3.2 for
additional information regarding GC and tracer analysis.

High Pressure Liquid Chromatography (HPLC). HPLC will be used for surfactant analyses.
Section 5.3.1 lists the various detectors that can be utilized depending on surfactant type. These
analyses may be divided between the on-site Surbec Lab and the selected off-site laboratory, the
University of Oklahoma lab.

Initial calibration consists of determining the linear range and establishing retention time
windows. Detection limits will be established using the method detection limit study as defined
in California Department of Water Resources, 1974. The calibration will be checked daily to
ensure that the system remains within specifications. If the daily calibration check does not meet
established criteria (refer to Table A.4), the system will be recalibrated. Calibration standards
will be prepared according to the standard operating procedure for the method. For the SW846
8000 series methods, calibration standards will be prepared for each analyte of interest at five
concentration levels. One of these standards will be slightly above the method detection limit.
For verification of the quantification limit, spiked samples at the lowest detectable limit will be
analyzed during instrument calibration. The other standards will bracket the concentration range
expected in the environmental samples, but not exceed the working range of the detector. A
reagent water blank will be run prior to calibration to show the absence of interferences. The
calibration standards then will be introduced into the system and a calibration curve will be
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generated for each analyte.
The response factor for each analyte at each concentration will be calculated as follows:

Total Area of Peak®
Mass Injected (in nanograms)

Equation 1.8 Response Factor (RF) =

@For multiresponse analytes, the area from at least five major peaks shall be used for
quantitation.

Acceptance Criteria Linearity checks are based upon the correlation coefficient (r> .99) of the
best fit line for the calibration data points, or on the percent relative standard deviation (% RSD)
for response factors calculated for each analyte at each level over the working range. The
correlation coefficient is calculated as:

Equation 1.9
n2(xy) - (Xx)(Xy)

y =
VIn(EX) - (Zx)][(EY') - (Sy)]
Where: x = Calibration concentrations
y = Instrument response (peak area)
n = Number of calibration points (x,y data pairs).

5.1.2 Field Equipment Calibration

During the groundwater sampling program field equipment will be used to measure groundwater
levels, pH, specific conductance, and temperature. The meters will be calibrated according to the

procedures outlined below.

Water-Level Sounder
Electric water level sounders will be checked before the beginning of field activities by

comparing the scale on the water level tape against an engineering measurement tape.

pH, Temperature, and Specific Conductivity Meter

A water quality instrument will be used for pH, temperature and specific conductivity
measurement. The instrument will be calibrated daily prior to use according to the
manufacturer’s instructions. The meter will follow an automatic calibration routine in which a
single standardizing solution, supplied by the manufacturer, is used to calibrate the meter for pH
and specific conductivity. Periodically, the automatic calibration of the instrument will be
checked manually using independent reference solutions including two pH buffers that bracket
the expected pH (generally pH 7 and pH 10), a 1,000 pmhos/cm standard conductivity solution,
and turbidity-free distilled water. The temperature probe will be checked periodically against a

thermometer to confirm measurements.
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Organic Vapor Meter

Organic vapor readings will be taken only for the purpose of monitoring the health and safety of
the workers. Generally, if breathing air concentrations exceed 10 ppm respirators will be
donned. Organic vapor detectors, including flame ionization detectors (FIDs) and
photoionization detectors (PIDs), will be calibrated according to the manufacturer’s instructions
prior to daily use and any time that instrument drift is suspected. Calibration will be checked at
the conclusion of each day of use in order to evaluate instrument performance. Instruments will
not be adjusted before the final calibration check has been performed and recorded. Calibration
procedures will be documented in the logbook or on the appropriate field form. Calibration
gases that have a shelf life will not be used past the expiration date.

5.2 Sample Preparation

5.2.1 Contaminant in Surfactant Solution Sample Preparation

The existence of surfactants in aqueous samples can significantly reduce the volatility of the
target VOCs from solution, thus affecting headspace volatilization methodologies. Also
surfactants can foam during sparging in a headspace analysis. As a result, the analytical
methodology (EPA 8260) will be modified slightly when surfactants are present in solution to
account for this effect. Samples analyzed at the selected laboratories should utilize the same
method for contaminant analysis. There are several possible methodologies that could be utilized
for this purpose.

One potential methodology is a method developed at the University of Oklahoma for the analysis
of contaminants in the surfactant/cosolvent solutions (see reference nos. 6 and 7 in Table A.3 of
this section for peer-reviewed published procedures). An aliquot of the field sample is diluted
with the 4 percent surfactant solution such that it is 10 percent by weight of the original sample
(that is, a 0.2-gram sample aliquot is added to a headspace vial containing 1.8 grams of the 4
percent surfactant solution). The logic for the 4 percent solution is that it standardizes the
surfactant concentration. .

Due to the high potential for foaming during the sparging for GC/MS aﬁalysis, a heat source
would be used to volatilize the sample into the carrier gas. To prevent foaming, the sample
sparge tube (in the headspace analysis) should not penetrate the sample.

5.2.2 Contaminant and Tracer Sample Preparation

Preparation of these samples will be in accordance with EPA methods for volatiles analysis
(EPA method 8260B) which require collection in 40-milliliter volatile organics analysis (VOA)
vials and sealed without headspace.

5.3 Sample Analysis

For the analysis of VOCs in field samples containing surfactant, the analysis will be conducted
using a GC/MS following a modified 8260 methodology.
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5.3.1 Surfactant Analysis

Surfactant samples will be analyzed using a liquid chromatography system. Three in-line
detectors will be installed for the analysis of different surfactants. Anionic steols will be
analyzed by an Altech 320 conductivity detector and nonionic Tweens will be analyzed using an
Altech Varex MKIII evaporative light-scattering detector. Vivian Star 4.5 Chromatography
Workstation software will be used to record, analyze and store chromatograms.

5.3.2 Tracer/Cosolvent Analysis

Field samples containing organic tracers are typically analyzed using a gas chromatograph (GC)
equipped with headspace auto-sampler and FID. Chromatography workstation software is used
to record, analyze and store chromatograms from the GC.

For immediate analysis of the bromide tracer in the field, a Cole-Parmer Bromide Electrode will
be utilized. The standards will be prepared and calibration curves are run at least daily. Single
standards will be run hourly to ensure the probe is working correctly. Field samples containing
fluorescein will be analyzed by a fluorometer. The standards will be prepared and calibration
curves will be run at least daily. Single standards will be ran hourly to ensure the fluorometer is
working correctly. This procedure will be used for both on-site and off-site analyses.

5.4 Quality Control

Quality control is demonstrated by documenting that there are no interferences from the
analytical system, glassware, and/or surfactants. Equipment blanks will be carried through all
stages of the sample preparation and measurement steps. For each analytical batch of up to 20
samples, a surfactant blank, a calibration standard and a calibration standard duplicate will be
analyzed. The standards analyzed must be within plus or minus 10 percent of the calibration
curve. Calibration standards will be composed of the investigated contaminants.

6.0 DATA REDUCTION, VALIDATION, AND REPORTING

This section generally describes procedures for reducing, validating, and reporting data. All data
will be stored in electronic form in accordance with the specific laboratory policy on data
storage. All information will be backed up electronically on either zip disks, CD ROM, or
digital tape and stored for 3 years. Any modifications deemed necessary will need to be

negotiated.

6.1 Data 'Reduction

The Project Manager or designated staff will be responsible for reducing the data obtained from
on-site and off-site laboratories. The data will initially be tabulated to facilitate comparison and
statistical analyses. All duplicates and blanks will be included in the tables, but will not be
included in the comparisons and statistical analyses.

The purpose of the duplicates, spikes, and blanks is to be used as QC checks for the field and
laboratory procedures (for example, “red flags”). Hence, anomalous duplicates, spikes, and
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blanks results will be used to determine when data is questionable and not to be used in the
comparisons or statistical analyses. Blanks will consist of trip blanks and field blanks as
described in Section 7.1.

6.2 Data Validation and reporting

Quality assurance/quality control for laboratory generated data is reviewed by the Laboratory QC
Manager to determine if the reported project data is acceptable for incorporation into the various
project reports.

All laboratory data will be reviewed and evaluated in relation to data quality objectives
established in this plan. A review of analytical data packages will be performed by the QC
Manager and the Laboratory QC Manager.

Analytical results will also be reviewed by the Project Manager prior to being included in the
project files and reported to the client. Should any anomalous or missing data appear in this
documentation, the Project Manager will investigate the validity of the data in question, then
draft a memo detailing the problem and proposed disposition of the data (accept, reject, use-as-is,
etc.). The memo will be sent to the lab QC Manager for their review. Upon correction, the data
will undergo a final review by a task separate QC Manager.

All project records will be reviewed for overall appearance, technical accuracy, and writing style
prior to release to the client. The level of this review will be dependent upon the technical
complexity of the report itself. In all cases, the report will be reviewed by the QC Manager.

The laboratory will archive all raw data/data packages associated with the analysis of project
samples for a minimum of 5 years after project completion. This includes QA/QC standards,
chromatograms, data notebooks, injection logs, instrument calibration and performance data, and
any associated workbooks and calculations.

7.0 INTERNAL QUALITY CONTROL CHECKS

Quality control checks will be implemented daily throughout the performance of field activities.
The QAPP and other required documentation will be available and maintained at the on-site
laboratory. The main focus of the QC Manager will be to assess the field procedures, the
laboratory data, and the results and conclusions drawn from this data. The assessment will be
steered by the QA objectives stated in Section 1.1. A complete data assessment will consist of a
step-by-step QC check from the collection of the data through the final data reporting.
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7.1 Field QC Check Samples

The purpose of collecting duplicate samples is to check the laboratory and field procedures, and
to evaluate the precision of the overall sampling and analysis program. The duplicate samples
will be collected from locations with known contamination.

Duplicates

During a given scheduled sampling at each well, the duplicate sample will be collected
immediately after the primary sample is collected. The duplicate will be assigned an
identification to distinguish it from the primary sample collected at that location. As the
duplicates will be submitted to the same laboratory, the identity of the duplicate will be
distinguishable only by the sampler and not by the lab personnel. Based on these results, an
objective assessment can be made concerning the lab and field procedures. Then an evaluation
of the precision of the overall groundwater sampling and analysis program can be calculated.
Duplicate samples will be collected at least weekly for off-site analysis. Daily duplicates will be
collected during onsite analysis when the sample load is high (greater than 10 per day) to
accurately assess the daily sampling variation and the daily laboratory operating procedures.

Blank Samples

Blank samples provide a check for cross-contamination during sample collection and shipment
and in the laboratory. They are required when conducting water, sediment, and air sampling.
Two types of blanks will be used to assess for potential cross-contamination during this project:
trip blanks and field blanks.

One trip blank will be analyzed weekly by off-site labs. A triplicate blank sample (reagent grade
water) will be shipped from the originating laboratory (off-site and on-site) to the facility and
will then be returned with a sample batch to the laboratory for analysis. The blank will not be
opened in the field and will remain in the cooler in which it was shipped from the laboratory. A
triplicate blank is particularly relevant when volatile organic analyses are conducted as a check
for cross-contamination during transport of the groundwater samples.

The second type of blank that will be used is the equipment blank. Equipment blanks are used to
evaluate decontamination procedures. Weekly field blanks (reagent-grade water) will be
prepared in the field during investigative work and daily during intensive sampling periods (for
example, tracers, surfactant flood). Equipment blank samples will be obtained for the nested
piezometer by pouring reagent-grade water into a clean, sampling bailer then filling a sample
container in the same manner that would be used to collect a groundwater sample. Equipment
blanks will be obtained from the wells by pumping reagent-grade water through the pump then
filling a clean sample container in the same manner that is used to collect groundwater samples.
This procedure is done in the field prior to sample collection at a selected location.
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8.0 PERFORMANCE AND SYSTEM AUDITS

This section describes the QA audits that will monitor the system used to obtain measurements.
These audits include technical systems audits and performance evaluation. A technical systems
audit is a qualitative evaluation of all components of the measurement system, including
technical personnel and QA management. This type of audit includes a careful evaluation of
both field and laboratory QC procedures. The technical system audits will be performed before,
or shortly after, measurement systems are operational, during the operation, and at the end of the
operation. The audits will be performed by the Surbec Project/QC Manager, Mark Hasegawa.
Copies of all reports summarizing auditing activities and corrective actions will be submitted to
TtEMI as they occur and in the form of monthly reports and a final report.

After measurement systems are operational and begin generating data, performance evaluation
audits will be conducted monthly to determine the bias of the total measurement system.
Performance evaluation audits will consist of submitting performance evaluation samples to the
laboratory, including duplicates and blanks.

Internal audits of data quality are retrospective evaluations of data and are required duties of the
QA Manager. A representative portion of the results in an analytical report will be reviewed in
detail daily by the QA Manager, starting with raw data and chromatograms, and then proceeding
through the calculation of final results. Copies of all audit reports summarizing auditing
activities and any corrective actions will be submitted to TtEMI for review.

9.0 CORRECTIVE ACTION

The QA Manager will be responsible for instituting and reporting all corrective action activities
(Table A.2). The QA Program calls for corrective actions whenever quality control limits (for
example, calibration acceptance criteria) or QA objectives (for example, precision, as determined
by analyzing duplicate matrix spike samples) for a particular type of measurement are not met.
The process will require corrective action if data generated from the laboratory lie outside the
QA limitations associated with sampling and analysis for the parameters of interest. All
corrective action — initiation, resolutions, and related actions — will begin immediately and will
be documented on the Corrective Action Request Master Log. All corrective actions must be
communicated to and concurred with TtEMI staff. A Corrective Action Form follows.
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CORRECTIVE ACTION FORM

Surfactant Enhanced DNAPL Treatability Study, Alameda Point, Alameda,
CA

Date:
Field Manager:

Project Activities Log (attach additional pages as required)

Time Description

Non-Conformance Activity or Work
Time Description
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10.0 SAMPLING CHAIN-OF-CUSTODY, HANDLING, AND SHIPPING
PROCEDURES

To ensure that samples are identified correctly and remain representative of the environment, the
documentation and sample custody procedures specified in this section will be followed during
sample collection and analysis. Standard sample documentation and custody procedures, as
outlined below, will be used during each sampling event to maintain and document sample
integrity during collection, transportation, storage, and analysis. The QA Officer will be
responsible for ensuring proper documentation and custody procedures are initiated at the time of
sample collection and that individual samples can be tracked from the time of sample collection
until the samples are relinquished to the laboratory. Individual on-site and off-site laboratory
personnel will be responsible for maintaining sample custody and documentation from the time
the samples are collected, through relinquishment to the lab, and to final sample disposition.

10.1_Sample Labels

Sample labels will be completed using indelible ink attached to sample containers at the time of
sample collection. Any errors will be corrected by drawing a single line through the incorrect
entry, entering the correct information, then initialing and dating the change.

10.2 Chain-of-Custody Procedures

Chain-of-custody (COC) procedures provide an accurate written record of the possession of each
sample from the time of collection in the field through laboratory analysis. A sample is
considered in custody if one of the following applies:

« It is in an authorized person's immediate possession
o [tisin view of an authorized person after being in physical possession

. Itisin a secure area after having been in physical possession of an authorized person

o Itisin a designated secure area, restricted to authorized personnel only

The sample custody and documentation procedures will be initiated at the time of sample
collection in the field. Sample collection details will be documented using Field Daily Sampling
Log forms using indelible ink. Any errors will be corrected by drawing a single line through the
incorrect entry, entering the correct information, then initialing and dating the change. Samples
being shipped to an off-site laboratory will be documented using a Sample Submittal Form and,
along with a completed COC Documentation Form, will be included with each sample cooler.
Unused portions of the COC form will be crossed out and initialed. The sampler will retain a
copy of the COC Documentation and the Sample Submittal forms. These forms will be signed,
placed in a plastic bag, and taped to the inside of the shipping container used for sample
transport. Custody seals will be placed in two locations across the cooler closure to ensure that
any tampering is detectable. The date and initials of the sampler will be written on the custody
seal. Signed airbills will serve as evidence of custody transfer between the field sampler and
courier, and courier and laboratory. The sampler will retain and file copies of the COC record
and the airbill after the samples are shipped. The samples are relinquished to the laboratory upon
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arrival, and the laboratory personnel will then complete the COC.

A field sample lot number will be assigned to each sample cooler each day of sampling and will
be recorded on the Field Daily Sampling Log. The field lot numbers are used to identify the
field samples that are associated with specific quality control samples; that is, the field lot control
number identifies the environmental samples and QC samples that were collected or submitted
for analysis on the same day. The field lot numbers have four characters. The first character
identifies whether there is an ambient conditions blank associated with the sample; the second
character indicates whether there is an associated equipment blank; the third character indicates
whether there is an associated triplicate blank; and the fourth character identifies the cooler that
was used for sample shipping. For this demonstration, the first number will always be zero,
because there will be no ambient condition samples. The next three numbers will be 0 to 9; that
is, the first blank for the day is “1”, the second is a “2” and so forth.

10.3 Laboratory Custody Procedures

Upon receipt of samples to off-site laboratories, the integrity of the shipping container will be
checked by verifying that the custody seal is not broken. The cooler will be opened, and the
temperature blank will be measured to determine the temperature inside the cooler. The sample
containers will then be checked for breakage, leakage, damage, and the contents of the shipping
container will be verified against the COC. Custody seal integrity, cooler temperature, and
sample preservation will be documented.

10.4 Logbook Maintenance

A permanent logbook will be maintained in the sample control area of on-site and off-site
laboratories to document the following:

« Date of sample receipt

« Sample accession number
«  Number of samples

« Source of samples

All insufficiencies and/or discrepancies in sample logging will be immediately reported to the
Laboratory Manager and the anomalies recorded in the logbook. The Laboratory Manager will
either resolve the problem internally or contact Surbec’s Project Manager for resolution. If the
samples and documentation are acceptable, each sample container will be assigned a unique
laboratory identification number to assist in tracking samples while they are in the custody of the
laboratory. Other information that will be recorded includes date and time of sampling, sample
description, due dates, and required analytical tests.

The samples will be transferred to the appropriate refrigerators. Separate refrigerators will be
used for samples suspected to contain high levels of organic compounds and for samples for
VOC analyses. The sample refrigerators will be kept at 4°C plus or minus 2°C; their
temperatures will be measured daily with thermometers calibrated against NIST thermometers
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and recorded. The cleanliness of refrigerators storing samples for VOC analyses will be
monitored using refrigerator blanks.

Samples will be distributed for analysis by either a sample custodian or laboratory chemist.
Sample tracking will be documented on the Sample Control Form. After all samples and
documentation have been reviewed and appropriately annotated, the sample custodian will sign
the logsheet. Any marks or notes made on the chain-of-custody document by the sample
custodian will be clearly distinguishable from original field notations.

Shipping receipts will be stapled to the COC Documentation Form and stored in the project file.
Samples will be placed in appropriate storage areas in the laboratory depending on storage
requirements. The laboratory managers or their designee will be notified that the samples have
arrived through the distribution of arrival notices. The sample custodian will log the samples
delivered into the cold room in the Cold Room Sample Arrival Logbook. The cold room will be
kept locked when not in use. Samples for metals analysis will be stored in a separate
air-conditioned storage room located near the metals sample preparation area.

10.5 Sample Return and/or Disposal

All samples generated from the test site will be subjected to the appropriate testing procedures.
Wastes generated off-site during the course of the testing processes will be stored in designated
storage containers and disposed of by the laboratory as regulated according to all applicable
federal, state and local regulations.
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ATTACHMENT A

Standard Operating Procedure
Bench-Scale Surfactant Screening,
Tracer Testing, and
Analytical Procedures

1.0 Surfactant Bench-Scale Testing

Following are detailed standard operating procedures for the completion of bench-scale testing.

1.1 Contaminant Solubilization

The objective of this test is to quantify the solubilization potential of a range of surfactants and
for the dense nonaqueous-phase liquid (DNAPL) from the subject site. Contaminant
solubilization will be assessed in batch systems (40-milliliter EPA vials) by contacting an excess
of the DNAPL with varying concentrations of the surfactants (ranging from concentrations of
critical micelle concentration (CMC)/10 to concentrations of 20 times CMC concentrations) in
site groundwater at the site temperature. At least 6 surfactant concentrations will be utilized, two
below the CMC and four evenly spaced between the CMC and 20x the CMC on a solubilization
versus surfactant concentration plot. Increasing DNAPL concentrations will be evidenced in the
aqueous phase as the surfactant concentration increases (above the CMC for surfactants). The
plot of aqueous DNAPL concentration versus surfactant concentration will be almost horizontal
below the CMC and linear with a positive slope above the CMC. The linear portion of this
region can be interpreted to determine the micellar-water partition coefficient of the DNAPL;
increasing values of this partition coefficient indicate increased affinity of the contaminant for
the surfactant micelles (and thus improved efficiency in the surfactant-enhanced remediation).
Solubility as a function of cosolvent fraction will be measured and cosolvency powers will be
determined using the log-linear cosolvency relationship. Aqueous DNAPL concentrations will
be determined by High Performance Liquid Chromatography (HPLC) analysis.

1.2 Surfactant-DNAPL Phase Properties
The objective of this test is to evaluate the phase behavior of the surfactant (NAPL) system (may

be simulated NAPL) in an effort to avoid significant reductions in the interfacial tension or
unfavorable viscosities or densities which might result in unfavorable flow characteristics.
Formation of middle-phase microemulsions (with ultra-low interfacial tension) is specific to the
DNAPL composition and the groundwater system (temperature, surfactant system, ionic
strength, etc.) and must thus be carefully examined to achieve success. Therefore, site-specific

groundwater will be used.

DNAPL/surfactant or solution interfacial tensions will be measured for the selected surfactant
systems. Samples will be prepared with 5 milliliters (ml) of DNAPL and 5 ml of surfactant
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solution in 15-ml sample vials fitted with septa; the solutions will be equilibrated for 1 week with
daily gentle mixing to assure equilibration. Interfacial tensions will be measured. Studies will
be conducted in 10-ml glass pipettes flame-sealed to prevent volatilization losses. Five ml of
DNAPL and 5-ml of aqueous solution will be added to the pipettes. The hydrophilic lipophilic
balance (HLB) of the surfactant system will be varied (for example, one surfactant concentration
will be held constant [for example, Aerosol OT] and the concentration of a second surfactant or a
cosurfactant [hydrotrope; for example, SMDNS] or salinity or hardness will be varied). Visual
inspection will monitor the phase behavior (surfactant in the oil versus water phase, appearance
of a third phase-middle phase microemulsion). The phase diagram will plot phase behavior
(Winsor Type I, II and III) as a function of varying the composition (HLB) and concentration of
the surfactant system to produce a so-called three-parameter or phase optimization diagram. All
systems exhibiting acceptable phase behavior will also be examined for viscosity and density.
Systems with unfavorable viscosity or density will be modified or abandoned.

When adjusting surfactant systems towards a middle phase microemulsion pointwise solubility
enhancements will be determined. Comparing solubility enhancement versus interfacial tension
(IFT) as the system moves toward the Winsor Type III middle-phase micro emulsion will
provide guidance as to what system to evaluate in column studies.

1.3 CMC Measurements

Because knowledge of the CMC of the surfactant facilitates conducting the remaining tasks, the
first studies to be performed will be measurements of the CMC’s of the surfactants at aquifer
conditions. The first step in determining the CMC of a surfactant will be to use a dye test, using
pinacyanol chloride as the dye, to estimate the CMC. Pinacyanol dye is violet in the absence of
micelles but blue in the presence of micelles. A 10-ml sample of the surfactant at a
concentration of 5 wt. % will be tested with a low concentration of the dye (initially solubilized
in an ethanol solution). If the dye becomes blue, then the 5 wt. % solution is above the CMC;
the solution is then diluted by factors of 10 (1 ml of surfactant to 9 ml of groundwater) until the
solution becomes violet. The CMC of the surfactant is then approximately the average of the
lowest concentration showing micelles and the highest concentration showing only monomers.

The final CMC of the surfactant is determined by surface tension measurements using an
automated Wilhelmy plate tensiometer. The surface tensions of six surfactant concentrations are
spaced so that 3 evenly divide the decade below the estimated CMC and three evenly divide the
decade above the CMC when plotted on a surface tension versus log concentration plot. The
break in the surface tension versus log concentration plot identifies the surfactant CMC. CMC
measurements will be performed using site groundwater at the site groundwater temperature.

1.4 Surfactant Sorption
The objective of this test is to quantify the sorptive losses of the surfactants onto the soil from the

test site. This will assess the negative impacts of surfactant losses due to sorption in the
subsurface, and will assist in screening the surfactants for use at the site.

Surfactant sorption will be assessed in batch systems by contacting varying surfactant
concentrations with a constant mass of soil from the site aquifer. Surbec Environmental will use
six concentrations per surfactant, beginning with a feed concentration of 1.0 times CMC and
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increasing in steps of two CMC units to a maximum concentration of 15 times CMC. The
experiments will utilize 5 grams of soil with 25 ml of surfactant solution with equilibration times
of at'least 24 hours. Upon centrifugation for solids-liquid separation, aliquots of the supernatant
will be analyzed for the equilibrium surfactant concentration. The mass of surfactant sorbed will
be determined by mass balance (with appropriate controls to account for other losses). The
resulting surfactant sorption isotherms (plots of mass of surfactant sorbed per mass of soil versus
equilibrium surfactant concentration) will be analyzed for appropriate sorption parameters (for
example, Langmuirian sorption coefficient and capacity terms).

1.5 Surfactant Precipitation

The objective of surfactant precipitation is to quantify the precipitation boundaries of the
surfactants under investigation, whether the phase boundary is crossed due to ionic composition
(tonic surfactants) or groundwater temperature (nonionic surfactants) of the system.

Precipitation (phase separation) assays will be conducted using 120-ml glass vials with 100 ml of
solution in each vial. The ionic strength of the groundwater will be varied by addition of excess
multivalent ions to assess precipitation of anionic surfactants; the groundwater temperature will
be varied to assess phase separation of the nonionic surfactants. Ionic strength will be varied
from 0.1 to 10.0 times the dominant monovalent and divalent cation concentrations present in the
groundwater. Temperatures will be varied from 10°C below to 10°C above the mean
groundwater temperature for aquifer. Only one set of samples will be mixed; the same set will
be allowed to equilibrate at each target temperature. Surfactant concentrations will be varied
from 0.1 to 25 times the CMC for assessing phase separation. Surfactant phase diagrams will be
plotted by showing regions of phase separation for plots of surfactant concentration versus ionic
strength at each temperature.

1.6 Contaminant Extraction-Column Studies

Surfactant and contaminant elution from the columns will be analyzed and plotted as
breakthrough and elution curves. Mass balances of surfactant and contaminant will be conducted
on the column runs and duplicates of certain column runs will be conducted; these measures will
provide confidence as to the validity and reproducibility of the column results. Each column
study will require 10 to 50 pore volumes to approach complete contaminant removal.

Glass liquid chromatography columns (2.5-centimeter diameter by 15-cm length) will be utilized
for conducting column studies. The columns will be packed with core materials obtained from
the subject site. Most likely the column will first be flushed with simulated DNAPL prior to
flushing. A time-controlled fraction collector will be utilized to collect discrete samples for gas
chromatograph (GC) or HPLC analysis. The surfactant/cosolvent concentration for each system
will be selected based on predicted performance. The surfactant/cosolvent solutions will be
prepared using native groundwater unless temperature measurements at the site indicate that a
different temperature should be used. Hydraulic flow rates through the column will be
determined prior to flushing the surfactant solution. When surfactant flushing begins, the
following parameters will be monitored continually: flow, injection rate, and pressure drop. For
each column test, a minimum of 7 influent and 15 effluent samples will be collected. The
influent samples will be analyzed for concentrations of NAPL, surfactant/cosolvent, and selected
cations (four samples only). IFT measurements will also be made. The effluent samples will be
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analyzed for concentrations of dissolved TCE, select cations (four samples) and
surfactant/cosolvent. Each effluent sample will be checked for free phase TCE, and IFT
measurements will be made. Flushing will continue until an asymptotic level of removal is
achieved.

At the conclusion of flushing, the columns will be dismantled to determine the concentrations of
NAPL constituents and surfactant in soil. This information will be used to corroborate mass
balances for the contaminant and surfactant.

1.7 Equilibrium Partitioning Airstripping Tests(optional)
The purpose of the batch equilibrium testing will be to determine the effeéts of surfactants on the
partitioning of the NAPL components with air.

The surfactants selected for the final column soil flushing experiments will also be subjected to
batch equilibrium partitioning experiments (surfactant-contaminant-air). Five samples of the
surfactant/cosolvent solutions will be prepared at varying concentrations; if it is a surfactant, the
concentrations will be 0, 0.5, 10, and 25 times the CMC. Excess NAPL (actual or simulated)
solution will be added to each sample and mixed until saturation occurs. An air-to-water ratio of
(volumetric; 2 to 5 ml of aqueous phase) 20:1 has been selected; this ratio should produce
changes in the aqueous phase VOC concentrations over the range of surfactant concentrations
used. Each stock solution will be analyzed prior to the test to determine pre-partitioning
contaminant concentrations.

Vials will be prepared in triplicate for each surfactant concentration and sealed with Teflon-lined
septum screw caps immediately after filling. Care will be taken to minimize agitation and
turbulence during filling. The vials will then be allowed to equilibrate for 48 hours in darkness.
The equilibrium contaminant concentrations in the aqueous phase will be determined by HPLC
or other appropriate analysis. The concentration of contaminant in the vapor phase will be
determined by an overall mass balance of the influent and effluent water stream.

The results of the batch equilibrium tests will be tabulated and summarized. The Lipe-Hasegawa
model will be used to plot predicted partitioning results (Lipe et al., 1996). The results of the
batch equilibrium tests will be used to validate the model for the site-specific NAPL.

1.8 Surfactant Re-concentration/Micellar Enhanced Ultrafiltration (M‘ EUF)

The purpose of the MEUF testing is to determine the potential for economic recycling of the
surfactant through membrane filtration.

Suitability of the surfactant chosen from the column tests will be determined by bench-scale
ultrafiltration of solutions at 10 times the CMC. A volume of surfactant solution equal to 100 ml
will be placed in a stirred batch cell designed to hold a sample of the ultrafiltration membrane.
Air pressure will be applied to force the solution through the membrane. At least 20 percent of
the solution will be forced through the membrane to assure equilibration of the membrane with
the surfactant. Surfactant concentration in the permeate will be analyzed by HPLC. An
acceptable permeate concentration should be at or below the CMC of the surfactant. Flux across
the membranes will be measured across the largest molecular weight cut off (MWCO)
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membrane giving a concentration near the CMC to allow calculation of the total membrane area
needed for a scale-up.

1.9 Degradation Testing (optional)

Surfactant and contaminant degradation evaluation will be conducted by testing surfactants
and/or cosolvents in site sediment groundwater samples. Over the years, the techniques for
investigating the biodegradation of contaminants in the subsurface environments have been
developed by us and embraced by the scientific community. The procedures for these tests will
follow those included in the American Society for Microbiology’s Manual of Environmental
Microbiology (Suflita et al., 1997). All degradation testing will be supervised by Dr. Joe Suflita.

Sediments collected from the contaminated site will be sealed in the field (in ammunition boxes
under nitrogen) and processed usually within 1 or 2 days. In order to determine the potential for
aquifer microorganisms to biodegrade surfactants or chlorinated solvents, slurry incubations will
set up under aerobic or select anaerobic conditions. Aquifer sediments samples will be opened in
an anaerobic glove bag containing 5 percent Hydrogen (H;) in Nitrogen (N,) to ensure that
subsamples for anaerobic incubations will not be exposed to O2 in the laboratory. Samples will
be mixed in the anaerobic chamber to try to attain a representative homogeneous sample to add
to aerobic and anaerobic incubation vessels.

Anaerobic incubations will be established by weighing 25 or 50 grams of aquifer sediment into
120- or 160-mL serum bottles. Anoxically prepared sterile mineral medium or site groundwater
was then added to the microcosms (50 or 75 ml). Serum bottles will be sealed with sterile butyl
rubber stoppers, or in the case of the volatile chlorinated solvents, with sterile composite stoppers
(a butyl rubber stopper fused to a Teflon stopper). Microcosms will be sealed with aluminum
crimps. Headspaces of the microcosms will be then exchanged with 20 percent CO2 in N2 and
incubated at room temperature in the dark, or at the same temperature of the aquifer from which
the sediments will be derived. Depending on which anaerobic electron-accepting process is to be
studied, the mineral medium or groundwater is amended with nitrate for nitrate-reducing
incubations, Fe(IIl) for iron-reducing conditions, sulfate for sulfate-reducing conditions, or
without electron acceptor for methanogenic incubations.

Aerobic incubations will be established in Erlenmeyer flasks or serum bottles. Aquifer
sediments will be asceptically weighed into incubation vessels (25 or 50 grams) and will be
amended with site groundwater or sterile, aerobically prepared mineral medium (50 or 75 ml).
Flasks or serum bottles for incubations with surfactants will be sealed with foam plugs, and
serum bottles for chlorinated solvent incubations will be sealed with Teflon stoppers to prevent
volatilization. Vessels will be incubated on a rotary shaker at room temperature or at the same
temperature of the aquifer from which the sediments will be derived.

A known concentration of surfactant or chlorinated solvent will be added to each slurry from
sterile, surfactant or chlorinated-solvent stock solutions. Stock solutions to be added to anaerobic
incubations will be prepared anoxically. Surfactant- or chlorinated solvent-containing
microcosms will be incubated alongside unamended substrate controls to account for background
electron-accepting processes. Autoclaved controls containing substrates will be also established
to account to abiotic losses [autoclaved three times for 60 minutes at 121°C and 15 pounds per
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square inch (psi)]. All incubations will be set up in triplicate. The information determined from
these studies will in turn be extremely valuable in deciding on the appropriate surfactant and
ultimately in determining the fate of the contaminants. The incubation of aquifer slurries with
contaminants can determine the fraction of contaminant mineralized and provide data needed for
field studies.

Partitioning Tracer Testing Procedures

Objectives. Tracer tests will be performed prior to (pre-test) and subsequent to (post-test) the
technology demonstration test. The objectives of these tests are to determine the total volume and
the spatial distribution of NAPL within the flushed zone. During the test, a small volume of
solution containing low concentrations of both conservative and partitioning tracers will be pumped
through the cell. Chromatographic separation of the conservative and partitioning tracers will be
reflected in concentration breakthrough curves (BTC) developed for the various sampling points in
each cell. All tracer tests will be designed and conducted using procedures described by Pope et al.
(1994) and Annable et al. (1995).

Tracers. Tracers will be chosen based on their partitioning behavior between water and NAPL
from the test site. Other desirable tracer properties include 1) nontoxic, 2) nonhazardous, 3)
nondegrading, 4) low volatility, 4) reasonable cost and availability, and 5) easily quantifiable in the
presence of NAPL constituents. The impact of NAPL variability on the partitioning behavior of
selected organic tracers will be evaluated by laboratory liquid-liquid partitioning tests. When
possible, tracers will be selected from the following: ethanol, methanol, bromide,
2,2-dimethyl-3-pentanol, n-pentanol, 6-methyl-2-heptanol, 2,3-dimethyl-2-butanol, methylated
hexanol, and methylated octanol.

Tracer Solution. The tracer solution will be developed by mixing a small volume (approximately
5 gallons) of the mixed alcohols with sufficient fresh tap water to yield the appropriate volume and
concentration of tracer solution.

Sampling. Numerical simulations using a three-dimensional model will be run prior to each tracer
test. These simulations will be based on measured hydraulic properties of the medium, and the
partitioning characteristics of the tracers determined from laboratory studies. Sampling schedules
will be developed from simulated BTCs. Each BTC will be defined by at least 20 data points for
the sampling clusters and 20 to 30 points for the extraction wells. The distribution of these data
points will be adequate to provide resolution of the entire BTC with minimal extrapolation. A
minimum of one non-reactive and two reactive tracers will be used. Hydraulic gradients and flow
rates will be continuously monitored and recorded during each test. To the extent possible, sample
analysis will be conducted at the field site. All samples will be carefully labeled and stored in a
manner to protect sample integrity. Sampling schedules may be modified during the tracer tests
based on on-site measurement of tracer breakthrough.
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General Procedures. The injection/extraction schedule for the tracer tests is as follows:

Days Activities

0-0.5 Injection of 0.5 pore volume of fresh tap water and extraction of 0.5 pore volumes
of groundwater. These activities will establish hydraulic equilibrium in the
subsurface.

0.5-1 Injection of 500 to 1000 gallons total of tracer solution containing up to 100
milligrams per liter (mg/L) of various alcohols and 2,000 to 3,000 mg/L of
bromide. Extraction will result in fluid with a composition similar to that of site
groundwater.

1-6 Injection of 6 to 8 pore volumes of fresh tép water will follow tracer injection.

The recovery wells will operate at a rate designed to ensure capture of injected
tracers (expected duration of recovery well operation will be 8 to 10 days). The
extracted fluid will initially show a composition similar to that of the site
groundwater; the waste will then start to show increasing concentrations of the
tracer constituents, followed by decreasing concentrations of the tracer
constituents. Due to the low concentrations of constituents used in the input
tracer solution, it is expected that the extracted fluid will contain extremely low
concentrations of tracer constituents.

Data Analysis. Breakthrough curves for reactive tracers will be used to estimate the volume and
spatial distribution of NAPL in each test cell. Up to three methods may be used to calculate the
NAPL distribution. First, the integrated mass of NAPL in the swept volume will be calculated by
the method of moments. Second, an inversion technique will be used with a solution to the one-
dimensional convective-dispersive equation utilizing a method of superposition to account for
spatial variability along the flow path. The third method will be an inversion technique.
Calculations will be made for each of the sampling points and the extraction well. Estimated values
of NAPL saturation will be stored electronically in a uniform format.

Moment Analysis. The method of moments may be used in combination with head measurements
to determine the water-filled porosity and saturated hydraulic conductivity. These calculations will
be made at each of the sampling locations and the extraction wells.

Miscellaneous. It is probable that the composition, as well as the volume of residual NAPL, will
be altered during the technology demonstration tests; therefore, additional partitioning tests will
be required to design post-extraction tracer tests. Tracer screening will be done using NAPL,
which has been exposed to the appropriate extracting fluid under conditions similar to those
present in the test cells. When possible, additional testing will be conducted on NAPL (or core
material containing NAPL) taken from test cells following the technology demonstration tests.
To the extent possible, the same tracers will be used in both the pre- and post-test tracer studies;
however, if tracer partitioning behavior is substantially altered by in situ extraction, a different

suite of tracers may be required.
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Table A-1: List of Possible Analytes

Compound Type
Trichloroethene (TCE) Contaminant
Tetrachloroethene (PCE) Contaminant
Methylene Chloride Contaminant
Carbon Tetrachloride(CT) Contaminant
cis-1,2-dichloroethene (1,2-DCE) Contaminant
1,1-dichloroethene (1,1-DCE) Contaminant
1,1-dichloroethane (1,1-DCA) Contaminant
1,2-Dichloroethane (1,2-DCA) Contaminant
1,1,1-Trichloroethane (1,1,1-TCA) Contaminant
Vinyl Chloride Contaminant
Total Petroleum Hydrocarbons Contaminant
BTEX Contaminant
Bromide Tracer
Fluorescein Tracer
Methanol Tracer
Hexanol Tracer
2,4-dimethyl-3-pentanol Tracer
Ethanol Tracer
Propanol Tracer
2,2-dimethyl-3-pentanol Tracer
n-pentanol Tracer
6-methyl-2-heptanol Tracer
2,3-dimethyl-2-butanol Tracer
methylated hexanol Tracer
methylated octanol Tracer

BTEX-benzene, toluene, ethylbenzene, and xylenes
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Table A-2: Summary of Calibration and Internal Quality Control Procedures

Analytical | Applicable Quality Control | Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8260B | Volatile Check of mass | Once per 12-hour shift Ion abundance criteria as 1) Reanalyze BFB
Organics spectral ion described in method SW8260B | 2) Adjust MS tune until analysis of
intensities using BFB passes specifications
BFB
Five-point Biannually or when daily 1) SPCC average RF>0.30 Repeat concentrations not meeting
calibration® (for | calibration verification fails (>0.25 for bromoform — acceptance criteria
all analytes) SW8240); (>0.10 for
bromoform and >0.20 for
1,1,2,2-tetrachloroethane —
SW8260)
2) RSD <30% for CCC RFs
ccver Every 12 hours, prior to sample 1) Same criteria for SPCCsas | 1) Repeat calibration verification
analysis for initial calibration 2) Ifstill out, identify and correct
2) CCC percent difference < problem
25% from average RFs 3) Reanalyze calibration verification;
calculated following initial if still out, recalibrate
calibration
Method blank One per analytical batch All analytes <QL 1) Investigate contamination source
2) Take and document appropriate
corrective action
3) Repeat initial daily blank analysis
or re-extract all global medium
level soil samples prior to analysis
4) Repurge and reanalyze all samples
processed with contaminated blank
at no cost to Surbec unless analyte
is not detected in associated
5) Flag sample results associated with
method blank contamination
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Analytical | Applicable Quality Control | Minimum Frequency Acceptance Criteria* Corrective Action"
Method Parameter Check
SW8260B LCS (prepared | 1 LCS per preparation batch or Recovery for all analytes within | 1) Reanalyze LCS
with second per 20 samples, whichever is project limits 2) Identify and correct source of
source more frequent problem
standard) 3) Ifsstill out, reextract and reanalyze
affected samples
MS and MSD; 1 MS/MSD® per every 20 project | Recovery and RPD for all 1) Reanalyze MS unless obvious
level of spike samples, or per preparation batch, | analytes within MS/MSD matrix interference or high sample
must comply whichever is more frequent concentration,; if still out:
with SW846 2) Check LCS
criteria 3) IfLCSisin, flag data as matrix
interference
Surrogate spike | Every sample, spike, standard, Recovery and RPD within 1) Recalculate resnlt; if still out:
and method blank project limits 2) Check instrument performance, if
necessary

3) Reanalyze unless obvious matrix
interference or high sample
concentration; if still out:

4) Flag results if they do not meet
criteria and document in report that
steps 1 through 3 were performed

ISand RT and | Every sample, spike, standard, 1) RT: Must be <30-second 1) Inspect mass spectroscopy or GC
responses check | and method blank change from daily CCV for malfunctions
from calibration 2) IS: Extracted ion area 2) Take appropriate corrective actions
check standard counts must be within a 3) Reanalyze samples analyzed while
factor of 2 from the daily system was malfunctioning
CCv
MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shall be submitted to Surbec for
approval prior to any project samples
April 1999 Appendix A QAPP A-30




I

Analytical | Applicable Quality Contrel | Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8020 Halogenated | Five-point Biannually or when calibration RSD <20% for RFs orr>0.995 | 1) Identify and repeat analysis for
Volatile calibration (for | verification fails for linear regression outlying points :
Organics & all analytes) 2) Recalculate RSD or r using valid
Volatile points
Aromatic
Organics
ICV/CCV Daily, before sample analysis, Recovery must meet criteria 1) Reanalyze ICV/CCV
after every 10 samples, and at the | specified 2) Ifstill out, identify and correct
end of each batch problem; reanalyze CCV
3) Recalibrate and reanalyze all
samples since last valid CCV
RT windows One 72-hour study performed on | Per SW846 criteria 1) Perform maintenance
calculated for each GC column and whenever a Repeat test
each analyte new column is installed
LCS 1 LCS per analytical batch or 1 Recovery within project limits | 1) Reanalyze
per 20 samples, whichever is 2) Identify and correct problem
more frequent If still out, reextract and reanalyze LCS
and affected samples
MS and MSD; 1 MS/MSD? per every 20 project | Recovery within LCS limits 1) Reanalyze MS unless obvious
level of spike samples, or 1 MS/MSD per matrix interference or high sample
must comply analytical batch (whichever is concentration; if still out:
with SW846 more frequent) 2) Check LCS
requirements IfLCS is in, flag data as matrix
interference
Surrogate spike | Every sample spike, standard and | Recovery for all surrogates 1) Recalculate result; if still out:
"{ reagent blank within project limits 2) Check instrument performance and
correct, if necessary
3) Reanalyze unless obvious matrix
interference or high sample
concentration; if still out:
Flag results and report that steps 1
through 3 were performed
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Analytical | Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8020 Method blank One per day/instrument No analyte concentration >QL | 1) Investigate contamination source
2) Take and document appropriate
corrective action
3) Repurge and reanalyze all samples
processed with a contaminated
blank at no cost to Surbec unless
analyte is not detected in associated
sample
4) Flag sample results associated with
reagent blank contamination
Second-column 100% for all positive results | Quantitative confirmation by a | Resample and reanalyze at no cost to
confirmation, to meet | above the detection limit second GC column of Surbec, even if first column analysis
EMR! requirements except noted common dissimilar phase and retention was conducted within holding times
laboratory contaminants® characteristics within specified
(also see footnote “f) holding times
MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shall be submitted to Surbec for
approval prior to any project samples
SW8015 Total Five-point calibration | When daily calibration RSD of average RF <20% 1) Identify and repeat analysis for
Petroleum (for all analytes) verification fails outlying points
Hydrocarbons 2) Recalculate using valid points
-Volatiles i
ICV/CCV Daily, before sample Response for all analytes within | 1) Reanalyze ICV/CCV
analysis, after every 10 + 20% of expected value 2) [Ifstill out, identify and correct
samples, and at the end of problem; reanalyze CCV
each batch for gasoline only Recalibrate and reanalyze all samples
since last valid CCV
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Analytical | Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8015 Method blank One per analytical batch No analyte concentration >QL | 1) Investigate contamination source
2) Take and document appropriate
corrective action
3) Reextract and reanalyze all
samples processed with a
contaminated blank at no cost to
Surbec unless analyte is not
detected in associated samples
Flag sample results associated with
reagent blank contamination
LCS 1 LCS per analytical batch Recovery for all analytes within { 1) Reanalyze LCS
or 1 per 20 samples, project limits 2) Identify and correct problem
whichever is more frequent 3) Ifstill out, reextract and reanalyze
affected samples
MS and MSD; level 1 MS/MSD® per every 20 Recovery and RPD for all 1) Reanalyze MS unless obvious
of spike must comply | project samples, or 1 analytes within MS/MSD matrix interference or high sample
with SW846 criteria | MS/MSD per preparation concentration; if still out:
batch, whichever is more 2) Check LCS
frequent IfL.CS is in, flag data as matrix
interference
Surrogate spike Every sample, spike, Recovery for all surrogates 1) Recalculate result; if still out:
standard, and reagent blank | within project limits 2) Check instrument performance,
- take corrective action, if necessary
3) Reanalyze unless obvious matrix
interference or high sample
concentration,; if still out:
Flag results and document in report that
steps 1 through 3 were performed
Second-column For all detectable BTEX Confirmation by a second GC Resample and reanalyze at no cost to
confirmation, to meet | results in the absence of a column of dissimilar phase and | Surbec, even if first column analysis
EMR! requirements gasoline pattern retention characteristics within | was conducted within holding times
specified holding times is
required
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Analytical | Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
SW8015 MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shall be submitted to Surbec for
approval prior to any project samples
160.1 Total 2-point balance Daily +1.99 mg for 200 mg +19.9 mg | 1) Recalibrate
Dissolved calibration for 100 g 2) [Ifsstill out, repair balance and
Solids recalibrate
Method blank 1 per 20 samples analyzed <QL
LCS 1 LCS per preparation batch | Recovery within project limits 1) Reanalyze LCS
or per 20 samples, 2) Identify and correct problem
whichever is more frequent 3) Ifstill out, reprepare and reanalyze
affected samples
Laboratory duplicate | 1 per preparation batch or RPD within project limits Report and describe
per 20 samples, whichever
is more frequent
310.0 Alkalinity Titrant After preparation and RPD <20% 1) Repeat standardization
standardization monthly 2) Prepare new titrant
LCS 1 per 10 samples Recovery within project limits | 1) Identify and correct problem
2) Reanalyze LCS
3) Ifstill out, and reanalyze affected
samples
MS/MSD 1 per 10 samples Recovery and RPD within 1) Reanalyze MS; if still out:
project limits 2) Check LCS recoveries
3) IfLCS recoveries are in, flag data
as matrix interference
MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shall be submitted to Surbec for
approval prior to any project sample
analysis
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Analytical | Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action®
Method Parameter Check
ASTM Particle size Laboratory duplicate | 1 per preparation batch or RPD <20% 1) If out, repeat measurement
D422 per 20 sample, whichever is 2) Ifstill out, flag data
(modified) more frequent
Swsg46’ Moisture Laboratory duplicate | 1 per preparation batch or RPD <15% 1) [If out, repeat measurement
per 20 sample, whichever is 2) Ifstill out, flag data
more frequent
SW9045C | pH Laboratory duplicate | Minimum 10% Field + 0.1 pH unit 1) If out, repeat measurement
samples 2) Ifstill out, flag data
Calibration check 1 per 10 samples analyzed + 0.05 pH unit Check with new buffers; if still out,
using buffer solution repair meter
405.1 Biochemical | Laboratory duplicate | 1 per 10 samples analyzed RPD <20% 1) If out, repeat measurement
Oxygen 2) Ifstill out, flag data
Demand

* All corrective actions associated with this project work shall be documented and the records maintained by the laboratory, as specified in the EMR Handbook.

® MSD must be included if such a specific regulatory agency requirement exists for a project.

¢ Test methods for evaluating solid waste, U.S. EPA, January 1995.

¢ EMR Handbook, 1992

¢ Methylene chloride, acetone, and 2-butanone are considered to be common laboratory contaminants. Therefore, second-column confirmation is not required
for the sole purpose of confirming the presence of any of these three analytes.

f For quarterly sampling, second column confirmation is not required if all detected compounds were confirmed at least once in the previous two quarters.

# SPCC =System Performance Check Compounds:1,1-dichloroethene, chloromethane, bromoform, chlorobenzene, 1,1,2,2-tetrachloroethane. CCC= Calibration
Check Compounds: 1,1-dichloroethene, 1,2-dichloropropane, chloroform, ethylbenzene, toluene, and vinyl chloride.

" Only the CCCs/SPCCs are monitored in the CCV.

' Described in Method SW3550.

J No method specifications; limits to be used until data are available.

BFB = Bromofluorobenzene GFAA = Graphite furnace atomic absorption T = Correlation coefficient
BTEX = Benzene, toluene, ethylbenzene, ICV = Initial calibration verification RF = Response factor
and xylene IS = Internal standard RPD = Relative Percent Difference
CCC = Calibration check compounds LCS = Laboratory control sample RSD = Relative standard deviation
CCV = Continuing calibration verification MDL = Method detection limit RT = Retention time
CF = Calibration factor MS = Matrix spike SPCC = System performance check
EMR = Environmental Management MSA = Method of standard addition compounds
Restoration Division MSD = Matrix spike duplicate
GC = Gas chromatograph QL = Quantitation limit *Criteria is listed in Table A.3
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Table A-3:

Summary of On-site and Off-site Analytical Procedures*

ITEM Sample Type Analytical Method # Method Title Ref

vOoC Soil SW8260B Volatile Organic Compounds by 4
GC/MS: Capillary Column Technique

VOC (pre and post | Ground water SW8260B Volatile Organic Compounds by 4

test GW and GC/MS: Capillary Column Technique

discharge water)

VOC (verification Ground water SW 8260B Volatile Organic Compounds by 4

of field results at (Modified to Account | GC/MS: Capillary Column Technique

CEPA approved for Surfactants)

Lab)

VOC (UO analysis) | Ground water Modified SW8015 GC with FID 5

VOC (onsite) Ground water Modified SW8015 GC with PID and Hall Detector 5

Surfactant Ground water See Section 8.5.1.1 HPLC 6,7

Organic tracers Ground water Modified SW 8015 GC with FID S

Foc Soil Walkley-Black Walkley- Black Method 8

Moisture Content Soil ASTM D2216 Laboratory Determination of Water 3
(Moisture) Content of Soil, Rock, and
Soil-Aggregate Mixtures

Specific Gravity Soil ASTM D854 Test Method for Specific Gravity of 3
Soils

Bulk density Soil ASTM D2937 Test Method for Density of Soil in 3
Place by the Drive-Cylinder Method

Sieve analysis Soil ASTM D422-63 Method for Particle Size Analysis of 3
Soils

Cl- Ground water SW 3253 Inorganics, Non-metallics 1

SO4- Ground water SW 3754 Inorganics, Non-metallics 1

NO3- Ground water SW 3533 Inorganics, Non-metallics 1

Ca2+ Ground water SW 215.1 Metals (Total and Dissolved) AAS, 1
Direct Aspiration

Ca 2+ Soil SW 7140 Atomic Absorption, (AA) 2

Mg 2+ Ground water SW 242.1 Metals (Total, Dissolved, Atomic 1
Absorption)

Mg 2+ Soil SW 7450 Atomic Absorption 2

Na+ Ground water SW273.1 Metals (Total, Dissolved, Atomic 1
Absorption)

Na+ Soil SW7770 Atomic Absorption 2

BOD Ground water SW 405.1 Organics 1

Total Suspended Ground water SW 160.2 Physical Properties 1

Solids

TDS Ground water SW 160.1 Physical Properties 1

PH Ground water SW 150.1 Physical Properties 1

Alkalinity Ground water SW 310.1 Inorganics, Non-Metallics 1

BTEX Ground water SW 8020 Aromatic Volatile Organics 1

BTEX Soil SW 8020 Aromatic Volatile Organics 1

* A copy of the procedure documentation will be maintained at the on-site laboratory.
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Reference:

L.

Methods for the Chemical Analysis of Water and Wastes. EPA-600/4-79-020. Revised March 1983.
Environmental Monitoring Systems Laboratory. Cincinnati, Ohio, and Subsequent EPA-600/4 Technical
Additions.

Testing Methods for Evaluating Solid Waste, Volumes IA-IC: Laboratory Manual, Physical/Chemical Methods

and Volume II: Field Manual, Physical/Chemical Methods. SW-846. 3™ Edition. U.S. EPA Office of Solid
Waste. Document Control No. 955-001-00000-1.

Annual Book of ASTM Standards. American Society of Testing and Materials, 1994.

Federal Register Part VII 40 CFR Part 136, Oct. 26, 1984.

Compilation of EPA’s Sampling and Analysis Methods. 2™ Edition. Lewis Publishers, 1996.

Surfactant Remediation Field Demonstration Using a Vertical Circulation Well. Knox, R.C., Sabatini, D.A.,
Harwell, J.H., Brown, R. E., West, C.C., Blaha, F., Griffin, C. Groundwater, Vol. 35, No.6, Nov-Dec 1997.

Evaluation of Ethoxylated Alkylsulfate Surfactants for use in Subsurface Remediation. Rouse, J.D., Sabatini,

‘D.A., Brown, R.E., Harwell, J.H. Water Environment Research, Vol. 68, No. 2, Mar-Apr 1996.

Part 2. Chemical and Microbiological Properties. In Method of Soil Analysis. American Society of Agronomy,
Inc., Madison, WI. 1965. pp 1372-1376.
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Table A-4: Quality Control Acceptance Criteria for General Chemistry and Miscellaneous Methods

Method Analyte Water Soil
LCS MS MS/ FD LCS MS MS/ FD
% Rec % Rec MSD RPD % Rec % Rec MSD RPD
RPD RPD
SW8015A | Benzene 62-128 | 62-128° | <33 <30 62-128 | 62-128° | <33 <50
Toluene 62-129 | 61-137 | <32 <30 62-129 | 61-129° | <32 <30
Ethylbenzene 67-137 | 67-137° | <31 <30 [ 67-137 | 67-137° | <31 <30
Total xylenes 64-136 | 64-136° | <30 <30 64-136 | 64-136° | <29 <30
* No method specifications available.
® LCS criteria will be used to identify matrix effects.
Method Analyte Water Soil (low) Soil (medium)
LCS MS MS/ FD LCS MS MS/ FD LCS MS MS/ FD
%Rec | % Rec® | MSD RPD | %Rec | %Rec® | MSD RPD % Rec %Rec’ | MSD | RPD
RPD RPD RPD
SW8020A | Benzene® 60-134 | 47-139 [ <22 <30 60-134° | 21-188 | <9 <50 33-134" | 33-134® | <27 <50
Toluene® 66-133 | 51-136 | <22 <30 66-131 | 30-172 | <9 <50 66-133 66-133% | <9 <50
Ethylbenzene® 66-138 | 55-138 | <18 <30 66-138 | 36-158 | <30 <50 66-138 66-138 | <30 <50
Total xylenes® 63-141 | 63-141% | <20 <30 63-131 | 66-138 | <8 <50 63-141 63-141% | <8 <50
° Based on historical MS/MSD data or historical LCS data.
¢ Must be included in matrix spikes.
¢ Water sample L.CS limits used until soil limits are available.
" SW8010B limits.
& LCS criteria will be used to identify matrix effects.
Method Analyte Water" Soil (low)
LCS MS MS/ FD LCS MS MS/ FD
%Rec | % Rec' | MSD | RPD | %Rec % Rec MSD | RPD
RPD RPD
SW38260B | Benzene' 75-132 | 75-132 | <10 <30 67-141 | 60-141 | <18 <50
1,1-Dichloroethane’ 59-139 | 59-139 | <23 <30 62-134 | 62-134' | <16 <50
1,2-Dichloroethane’ 58-144 | 58-144 | <26 <30 64-136 | 64-136' | <20 <50
A-38
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Method Analyte Water” Soil (low)
LCS MS MS/ FD LCS MS MS/ FD
%Rec | %Rec' | MSD | RPD | %Rec | %Rec | MSD | RPD
RPD RPD

SW8260B | 1,1-Dichloroethene™ 51-145 | 51-145 | <26 <30 62-118 | 31-169 | <31 <50

(cont'd) cis-1,2-Dichloroethene’ | 50-150 { 50-150 <30 <30 50-150 | 50-150' | <50 <50
Tetrachloroethene’ 68-148 | 68-148 | <11 <30 66-127 | 66-127' | <14 <50
Toluene™ 77-125 177-125 | <12 <30 72-131 | 58-131 | <24 <50
1,1,1-Trichloroethane’ 57-145 | 57-145 | <27 <30 56-144 | 56-144' | <26 <50
Trichloroethene™ 75-120 | 75-120 [ <11 <30 71-149 [ 50-149 [ <26 <50
Vinyl chloride’ 37-146 | 37-146 | <35 <38 41-110 | 41-137 | <38 <50
BFB 84-115 | 84-119 [ NA NA 65-123 | 65-123' | NA NA

"5 ml purge volume.

' LCS limits will be used to identify matrix effects.

7" Minimum subset of analytes to be included in LCS.

k' Minimum subset of analytes to be included in MS/MSD.

! No performance based specifications; limits to be used until data are available.

Method Analyte Water™ Soil (medium)
LCS MS MS/ FD LCS MS MS/ FD
%Rec | %Rec” | MSD | RPD | %Rec | %Rec" | MSD | RPD
RPD RPD

SW8260B | Benzene® 71-133 | 71-133 | <14 <30 78-131 | 78-131 | <6 <50
1,1-Dichloroethane® 65-131 65-131 <19 <30 62-149 | 62-149 | <8 <50
1,2-Dichloroethane® 68-138 | 68-138 | <12 <30 75-127 [ 75-127 [ <5 <50
1,1-Dichloroethene™® 51-133 | 51-133 | <23 <30 61-122 | 61-122 | <11 <50
cis-1,2-Dichloroethene® | 66-144 | 66-144 | <I8 <30 54-126 | 54-126 | <24 <50
Tetrachloroethene’ 62-125 | 62-125 | <i8 <30 68-147 | 68-147 | <8 <50
Toluene®? 81-121 | 80-121 | <14 <30 78-183 | 89-183 | <12 <50
1,1,1-Trichloroethane® | 58-144 | 58-144 | <21 <30 54-161 | 54-161 | <7 <50
Trichloroethene®? 73-121 [ 73-121 | <13 <30 69-122 | 81-122 | <7 <50
Vinyl chloride® 14-161 | 27-161 | <20 <30 52-127 | 52-127 | <14 <50
BFB 84-113 | 84-113 | NA NA 65-123 | 65-123 [ NA NA
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™ 15 or 25 ml purge volume.

" LCS limits will be used to identify matrix effects.

° Minimum subset of analytes to be included in LCS.

P Minimum subset of analytes to be included in MS/MSD.

Method Analyte Water Soil
LCS MS MS/ RF LCS MS MS/ FD
% Rec % Rec MSD | RPD | %Rec % Rec MSD | RPD
RPD RPD
TOC-Walkley Black NA NA NA NA 76-110 | 38-142 | <29 <50
E160.1 Total Dissolved Solids | 80-120 | 75-125 | <20 <30 NA NA NA NA
E300.0 Anions 83-115% | 66-133% | <18 <30 75-125 | 75-125" | NA <30
E310.1 Alkalinity 95-109 | 85-115° | <20 <30 NA NA NA NA
E353' Nitrate/Nitrite 85-115 | 85-115" | <20 <30 85-115 | 85-115" | <30 <50
E405.1 Biochemical Oxygen NA NA <20 <20 NA NA NA NA
Demand
SW6010A | Calcium 80-125 | 59-125 | <30 <30 75-125 | 34-128 | <52 <100
Magnesium 80-120 | 66-120 | <30 <30 75-125 | 48-125 | <46 <50

1 Range of all analytes.

" LCS limits will be used to identify matrix effects.

No method specifications; limits to be used until data are available,
Precision evaluated by duplicate sample analysis.

s

t

FD = Field duplicate

LCS = Laboratory control sample
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not applicable

Rec = Recovery

RF = Response Factor

RPD = Relative percent difference
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To complete a problem-free, injury-free and accident-free demonstration, Surbec will conduct all
aspects of this Work Plan according to the Health and Safety Plan (HASP) presented in this
section. This document is subtier to Surbec’s corporate Health and Safety Plan. All HASP
information will be subtier to 29 CFR and CCR Title 8; and 40 CFR and CCR Title 22. Surbec
will bear the ultimate responsibility for implementing and adhering to all safety measures. All
Surbec subcontractors are required to comply with this HASP.

1.1 Objectives
The objectives of the HASP are as follows:

Assess potential site hazards before work

Ensure that all personnel are aware of potential hazards
Minimize or mitigate potential hazards

Provide a means to protect personnel and report incidents
Complete demonstration with zero reportable incidents

1.2 Health and Safety Organization and Key Personnel

Jeff Brammer will cordinate Site Health and Safety with all subcontractors. All subcontractors will be
instructed with respect to site-specific health and safety issues and will be required to meet the criteria

included in this document.

Surbec Project Manager Mark Hasegawa 405-364-9726/405-640-9503
Surbec Site Health and Safety Officer Jeff Brammer 405-826-2880
Surbec UO Health and Safety Officer Bin Wu
TtEMI Site Health and Safety Officer Rafeal Lago 512-222-8258
TtEMI Navy Clean Program Health and
Safety Officer Conrad Sherman

1.3 Hazard Assessment

Several potential hazards may be encountered during the course of the demonstration. These
hazards are inherent to the scope of work and system operation described in this Work Plan. The
identified potential hazards presented here are not intended as a complete list. We have a duty to
recognize additional potential hazards throughout all phases of fieldwork. We have identified
the following potential hazards.

1.3.1 Chemical Hazards
The evaluation of chemical hazards is based upon the knowledge of site background and

anticipated risks posed by SESR. The chemical hazards associated with on site remediation
activities include groundwater with VOCs, alcohols (2% to 50%), and surfactant (2% to 6%),
which is to be used for enhanced solubilization. These chemicals will be handled using Level D
personal protective equipment (refer to Section 1.4.1). The following paragraphs describe
potential chemical hazards associated with SESR and the necessary precautions to be taken.

Liquid or Vapor Waste VOCs: The process liquid stream will contain VOCs. Site activities
will involve sampling the feed and effluent streams for analysis. Major contaminants of concern
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include: trichloroethene (TCE), tetrachloroethene (PCE), 1,2-dichloroethene (1,2-DCE), 1,1-
dichloroethene (1,1-DCE), vinyl chloride, 1,1,1-trichloroethane (TCA), 1,2-dichloroethane (1,2-
DCA), chloroethane, benzene, ethylbenzene, toluene, and xylenes. It is possible that other VOCs
may exist in concentrations exceeding permissible exposure limits at certain pumping/sampling
intervals. For this reason, safety precautions and procedures will be established by this HASP at
a level of protection to guard against the possibility of exposure from such an occurrence.
Workers will use appropriate personal protective equipment (PPE) when handling sample
preservatives. Exposure to VOCs should be extremely low due to the slow rate of vaporization
from the aqueous solution, short sampling time intervals during which vapors may escape, and
the fact that the SESR treatment system will be outdoors where ventilation will significantly
reduce exposure levels. Nonetheless, the safety precautions described in this HASP must be
followed to prevent unnecessary exposure to contaminants.

Personnel may come in contact with groundwater or vapor contaminants at any time during the
sampling, operation, and maintenance of the system. Precautions to prevent exposure to harmful
levels of chemicals will include the usage of PPE. An organic vapor monitor (OVM) will be
used during operations to record chemical vapor concentrations. Air-purifying respirators will
be worn accordingly.

Only the Site Health and Safety Officer has the authority to downgrade or upgrade PPE. During
operation of the system, personnel will follow these precautions:

» Avoid unnecessary contact with the contaminated groundwater or vapor.

» Wear appropriate PPE, such as inner and outer chemical resistant gloves, boots, apron,
coveralls, splash goggles, or shield and air-purifying respirator with organic vapor/acid
gas (OVA) filter cartridges, as required by this plan, when contact with liquid wastes can
occur.

« Periodically check system integrity to prevent leaks or spills.

« Use an OVM at all times during sampling sessions to measure chemical vapor
concentrations.

Methanol, Ethanol, Propanel, 2,2-Dimethyl-3-Pentanol, and Hexanol. One or all of these
alcohols may be delivered to the site. Methanol will be used for contaminant extraction from
soils in the field and laboratory. One of these alcohols may also be selected as a cosolvent for
enhanced contaminant removal or as partitioning tracers. :

Denatured alcohol may be fatal or cause blindness if swallowed in quantity. Other symptoms of
exposure include headache, dizziness, nausea, and narcosis. Prolonged contact causes irritation
to the skin and eyes. If contact with skin occurs, wash thoroughly with soap and water. If
contact with eyes occurs, flush thoroughly with water for at least 15 minutes. If inhalation
occurs, remove to fresh air. If accidental ingestion occurs, drink water and induce vomiting
Denatured alcohol is flammable and should be kept away from heat and flames.

The following safety precautions are to be taken when one or more of these alcohols is being
used:
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1. Always wear chemical-resistant protective clothing, rubber gloves, goggles, and a
face shield when working with alcohols. Contact lenses should not be worn when
working with these chemicals. If vapor concentrations exceed the ceiling limit, Level
C PPE will be worn.

2. Store alcohols away from heat, sparks, or direct flame. Label tanks:
POISON
DANGER
FLAMMABLE

3. When adding any of these alcohols to feed tanks or reservoirs, make sure the area is
properly ventilated to prevent inhalation of vapors. Pour slowly to prevent agitation
and splashing.

Test Kit Chemicals. Appropriate Level D PPE will be used when handling any test kit
chemicals. Level D PPE will include eye protection, a laboratory coat, and chemical-resistant
gloves. Care will be taken while handling acidic and basic chemicals; sodium bicarbonate will
be available in the field as a neutralizing agent for use in the event of a splash or a spill. An
eyewash and shower station will be available in the field laboratory.

Sample Preservatives. Hydrochloric acid (HCI) or sulfuric acid (HpSO4) will be used as
chemical preservatives for water sample preservation. Both are strong acids and should be
handled with care. These acids will be supplied in 1-liter bottles and will be stored in the
demonstration laboratory trailer. Refer to the appropriate Material Safety Data Sheet (MSDS)
for handling precautions and first aid response. Store acids in a dry place and prevent contact
with moisture, bases, metals, and oxidizers. Acids will be labeled by the chemical supplier.
Storage cabinets containing acids should be labeled as follows:

POISON
DANGER
CORROSIVE
Surfactants. Surfactants will be used for subsurface flushing activities. The surfactant will not

be selected until the laboratory screening process is complete. MSDS data for several candidate
surfactants are in Appendix F. The selected surfactant will be nontoxic and have Food and Drug

Administration (FDA) food-grade or food-contact status.

1.3.1.1 First Aid
In the event of contact with the contaminants of concern listed above, emergency response

personnel should be contacted immediately. Emergency response personnel should follow the
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first aid procedures as outlined in the attached MSDSs (refer to Appendix F). For additional
information, refer to the Surbec Health and Safety Plan.

1.3.2 Physical Hazards

Physical hazards are inherently present during project field activities. Common physical hazards
include mechanical hazards, noise exposure associated with mechanical equipment use, slip-trip-
fall hazards associated with the field environment, hazards associated with weather conditions,
musculoskeletal injury resulting from lifting tasks, nuisance dusts associated with soil
disturbance, fire and explosion hazards due to the refinery process chemicals, and explosion or
electrical hazards from the contaminants present or underground pipes or lines that may be
encountered during drilling and sampling activities. The typical physical hazards anticipated to
be present on the site and the methods for preventing injury due to these hazards are described
below.

1.3.2.1 Drill Rig Hazards, Overhead Hazards, and Heavy Equipment

Drill rig operations present a hydraulic system hazard; therefore, only personnel trained in drill
rig use should be near the drill rig during operation. There will always be a minimum of two
personnel present during drilling operations: one operator and one driller’s helper. If the drill rig
is operated on a sloped surface the "drill head" of the truck shall be positioned upgrade. The
driller is responsible for inspecting the drill rig daily for safety purposes.

In addition to the drill rig, some heavy equipment may be necessary to install and remove the
treatment system. Caution shall be used when working around heavy equipment because of
obstructed views, loud noise, and other impediments. The operation of heavy equipment shall
comply with 29 CFR 1926 and CCR Title 8, Construction Safety Orders. Every operator will be
trained properly in the operation and maintenance of equipment. The equipment operators are
responsible for daily verification that the equipment is safe to use. Proper safety practice will be
observed near heavy equipment.

1.3.2.2 Noise

A noise hazard is presented from drilling equipment, airplanes, or other field activities. Hearing
protection must be provided when noise levels are identified as exceeding 85 decibels (that is,
whenever normal conversational speech cannot be heard) over an 8-hour period. Ear plugs
and/or muffs will be worn at all times when personnel are within 25 feet of the drill rig. Hearing
protection will also be worn in the vicinity of generators or any other equipment emitting loud
noise. If hearing protection upgrades are deemed necessary by the site safety officer (SSO), they
will be provided to personnel working in the noise hazard area. Refer to 29 CFR 1910.95 for

additional information on noise exposure.

1.3.2.3 Slip-Trip-Fall Hazards

Slip-trip-fall hazards are common at most sites. While it is difficult to eliminate all slip-trip-fall
hazards, risk of injury will be minimized by implementing safe work practices, utilizing proper
foot wear, keeping the work area free from obstructions, and practicing good housekeeping.
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In addition, the process piping for the extraction wells will connect to system components with
aboveground piping. Well heads, piping, or other obstacles that may present tripping hazards
will be marked conspicuously upon completion.

1.3.2.4 Lifting Hazards

Field operations often require the performance of laborious tasks. All employees must
implement proper lifting procedures, such as keeping the load close to the body and using leg
muscles instead of back muscles to perform lifting tasks. Additionally, employees shall not
attempt to lift large, heavy, or awkwardly shaped objects without assistance.

1.3.2.5 Heat Stress

Care must be taken in order to avoid workers being overcome by heat stress due to the
anticipated weather conditions and the added stress of the protective gear. All project tasks will
be altered during times in which conditions significantly pose the threat for workers being
exposed to heat stress.

Frequency of breaks will be based upon individual worker conditions and needs, as well as
ambient air temperatures; breaks may be mandated by the SSO. Shade, cool water, and
electrolyte solution will be provided at the site. Workers will be observed for potential problems
prior to resuming work after breaks.

Monitoring Workers for Heat Stress. For workers wearing permeable clothing, follow
recommendations for monitoring requirements and suggested work/rest schedules in the current
American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Values
for Heat Stress. For workers wearing semipermeable or impermeable clothing, the ACGIH
standard cannot be used. For those situations, workers should be monitored when the
temperature in the work area is above 90°F (32 C). Monitor the following criteria:

+ Heart rate. Count the radial pulse during a 30-second period as early as possible in the
rest period. If the heart rate exceeds 100 beats per minute at the beginning of the rest
period, shorten the next work cycle by one-third and keep the rest period the same. If the
heart rate still exceeds 100 beats per minute at the next rest period, shorten the following
work cycle by one-third.

+ Oral temperature. Use a clinical thermometer (3 minutes under the tongue) or similar
device to measure the oral temperature at the end of the work period (before drinking). If
the oral temperature exceeds 99.6°F (37.6°'C), shorten the next work cycle by one-thlrd
without changing the rest period. If the oral temperature still exceeds 99.6'F (37.6°C) at
the beginning of the next rest period, shorten the following work cycle by one-third. Do
not permit a worker to wear a semxpermeable or impermeable garment when his/her oral
temperature exceeds 100.6°F (38.1°C).

+ Body water loss, if possible. Measure body weight on a scale accurate to + 0.25 pounds
at the beginning and end of each day to see if enough fluids are being taken to prevent
dehydration. Weights should be taken while the employee is in minimal clothing. Body
water loss should not exceed 1.5 percent of the total body weight in any given workday.
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Initially, the frequency of physiological monitoring depends on the air temperature adjusted for
solar radiation and the level of physical work. The length of the work cycle will be governed by

the frequency of the required physiological monitoring.

physiological monitoring for fit and acclimated workers is as follows.

(30.8-32.2°C)

of work

Adjusted Normal Work Impermeable
Temperature1 Ensemble Ensemble
90°F (32.2°C) or | After each 45 minutes | After each 15 minutes
Above of work of work
87.5-90°F After each 60 minutes | After each 30 minutes

of work

82.5-87.5°F
(28.1-30.8°C)

After each 90 minutes
of work

After each 60 minutes
of work

77.5-82.5°F
(25.3-28.1°C)

After each 120
minutes of work

After each 90 minutes
of work

72.5-77.5°F
(22.5-25.3°C)

After each 150
minutes of work

After each 120
minutes of work

The suggested frequency of

Calculate the adjusted air temperature (tadj) by using the following equation: tag; ( F)=t(F)

+ [13 x (% sunshine)].

Measure air temperature (t) with a standard mercury-in-glass

thermometer, with the bulb shielded from radiant heat. Estimate % sunshine by judging the
fraction of time the sun is not covered by clouds thick enough to produce a shadow (100%

sunshine - no cloud cover and a sharp, distinct shadow; 0% sunshine - no shadows).

Heat Stress Symptoms.

Work activities in hot environments can result in heat rash, heat

cramps, heat exhaustion, or even heat stroke. Heat rash may result from continuous exposure to

hot or humid air.
replacement.

abdomen.

Heat cramps are caused by heavy sweating with inadequate electrolyte
Signs and symptoms include muscle spasms and pain in the feet, hands, and

Heat exhaustion occurs from increased stress on various body organs including inadequate blood

circulation due to cardiovascular insufficiency or dehydration. Signs and symptoms include:

Pale, cool, moist skin
Heavy sweating
Dizziness

Nausea

Fainting

April 1999

Appendix B Health and Safety



e

bt

Heat stroke is the most serious form of heat stress. Temperature regulation fails and the body
temperature rises to critical levels. Immediate action must be taken to cool the body before
serious injury and death occur. IMMEDIATE MEDICAL ATTENTION IS REQUIRED. Signs

and symptoms are:

Red, hot usually dry skin

Lack of or reduced perspiration
Nausea

Dizziness and confusion
Strong, rapid pulse

Coma

[ ] L L ] [ ] L] *

1.3.2.6 Cold Stress

Preventive measures will be implemented during extreme cold conditions in order to prevent
cold injury. Work will be altered in order to reflect these concerns during times in which
conditions pose a significant threat for workers being exposed to cold stress. Workers
unaccustomed to working under thermal stresses will be allowed to become acclimated.

Frequency of breaks will be based upon individual worker conditions and needs, as well as
atmospheric conditions. A warm, protected break area will be provided. Consideration will be
given to working in the warmer times of day (during sunshine conditions). Workers will be
instructed to wear adequate layered clothing underneath personal protective clothing. Drinking
water and electrolyte solution will be provided at site. Workers should self-monitor for signs and
symptoms of cold stress. Special attention shall be placed on signs or symptoms of numbness in
outer limbs and pale skin. Workers must report to the Site Safety Officer at the first sign of
altered feeling of the skin so that warming measures can be taken.

Of special note for cold stress on the site is the wearing of Tyvek suits. Disposable clothing does
not breathe; therefore, perspiration is not provided with the means of evaporation. During
strenuous physical activity, clothes can become wet. Wet clothes combined with cold
temperatures can lead to hypothermia. If the air temperature is less than 40 F and site personnel
become wet, the person must change into dry clothes. The heated break area or a personal
vehicle may be utilized as a change area.

Cold Stress Symptoms. If adequate clothing is not provided and time spent in cold areas is not
reduced, work activities in cold environments can result in frostbite or hypothermia.

Frostbite is an injury resulting from exposure to cold. The extremities of the body (fingers and
toes) are most often affected. SEEK MEDICAL ATTENTION IMMEDIATELY. The signs of

frost bite are:

1. Skin turns white or grayish-yellow.
2. Pain is sometimes felt early, but subsides later. Often there is no pain.

3. The affected part feels intensely cold and numb.
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Hypothermia is characterized by shivering, numbness, drowsiness, muscular weakness and a low
internal body temperature when the body feels warm externally. Hypothermia can lead to
unconsciousness and death. SEEK MEDICAL ATTENTION IMMEDIATELY.

1.3.2.7 Weather

During storms, rain may cause slippery surfaces. Lightning may also accompany storms creating
an electrocution hazard during outdoor operations. To eliminate this hazard, weather conditions
will be monitored and work suspended during electrical storms.

1.3.2.8 Underground Utilities
Facility civil engineering personnel will receive adequate notice to clear underground utilities
before field personnel proceed with digging or drilling operations.

The estimated location of utility installations, such as sewer, telephone, fuel, electric, water lines,
or any other underground installations, that reasonably may be expected to be encountered
during the drilling investigation, shall be determined prior to beginning work at the site. The
Alameda Point field team will issue a digging permit that contains provisions for utility marking
and clearance. The approximate location of the underground installations shall be defined as a
strip of land 2 feet on either side of underground installations.

1.3.2.9 Overhead Electrical Power Lines

Overhead power lines pose a danger of shock or electrocution if the power line is contacted or
severed during site operations. Prior to conducting work in areas where overhead lines could be
affected, the field team will notify the appropriate utility contact personnel. Information will be
obtained regarding the line voltage and minimum separation distance required for work in the
area. Crews will avoid overhead utilities by respecting advisable clearances during all field
activities. Site 5 does not have overhead lines near the proposed study area.

1.3.2.10 Contact with Electricity

If mechanical equipment makes contact with electrical wires, it may or may not be insulated
from the ground by the tires of the equipment. Under either circumstance, if the human body
simultaneously comes in contact with the equipment and the ground, electrocution can result,
causing death or serious injury. If the equipment makes contact with overhead or underground
electrical lines, the following procedures shall be followed:

1. Personnel should not move or touch any part, particularly a metallic part, of the
equipment. Anyone in the cab of the equipment should stay seated and not move, under
most circumstances.

2. If it is determined that the equipment should be vacated, all personnel must jump clear
and as far as possible from the equipment. Personnel must not step off -- but must jump
off. Personnel should not hang on to any part of the equipment when jumping clear.

3. Personnel on the ground should stay away from the equipment; do not allow others to get
near the truck or rig. Immediately assistance should be sought from local emergency

personnel.
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4. When an individual is injured and in contact with the equipment or with power lines,
rescue should be attempted with extreme caution. If a rescue is attempted, a long, dry,
unpainted piece of wood or a long, dry, clean rope should be used. Personnel should
keep as far away from the victim as possible and not touch the victim until the victim is
completely clear of the equipment or electrical lines.

1.3.2.11 Fall Protection

During the demonstration, minimal overhead work will be performed. If a ladder or other
method of raising a worker above the ground becomes necessary, the situation will be assessed
for use of proper safety equipment. If work is conducted at a height greater than 4 feet, a fall
protection plan will be implemented.

1.3.2.12 Machinery/Mechanized Equipment
System operators will inspect the remediation equipment and maintain it for proper performance.
They will perform maintenance on mechanized equipment only after proper lockout procedures.

1.4 Engineering Controls
To minimize the risk of accident or injury related to the potential hazards identified in Section
1.3, the following engineering controls will be implemented.

1.4.1 Personal Protective Equipment (PPE)

All personnel working on site will use a minimum of Level D protection. “Modified Level D”
protection may be required when working with or around hazardous chemicals. “Modified Level
D” protection includes Tyvek coveralls, chemical-resistant steel-toed boots, chemical-resistant
gloves, and safety glasses. Workers will wear hard hats when working around all operating
equipment and when overhead objects present a hazard.

PPE will be upgraded to Level C or C-modified upon notification of high airborne contaminant
levels measured through site monitoring. Level C will include the use of a cartridge-equipped
(MT/NIOSH-approved, MSA full-face respirator with MSA GM-H cartridge or equivalent) air-
purifying respirator; chemical resistant apron (or Tyvek coveralls, depending on the specific
activity); chemical-resistant gloves; splash goggles; hard hat (as necessary); and boots/shoes
(leather or chemical resistant, steel-toe and shank).

1.4.2 Access Restriction
Temporary fencing or caution banners with signs will surround the test site, to block access by

unauthorized personnel.

1.4.2.1 Description of Exclusion Zone
An exclusion zone will be established around the active work area for all tasks. Caution banners

or safety fencing shall be used to delineate the exclusion zone during the demonstration unless
the safety and health of non-project personnel can be assured.

1.4.2.2 Description of Decontamination Zone
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A decontamination zone will be established adjacent to or near the exclusion zone. A
decontamination “pad” will be constructed with visqueen and small berms for decontamination
of drilling equipment (for example, augers, samplers).

1.4.2.3 Description of Procedures for Entering Exclusion and Decontamination Zones

All personnel must have received required training as specified in 29 CFR Part 1910, and
undergo a daily briefing prior to their entering into the exclusion zone or decontamination zone.
All personnel must be wearing the level of PPE as specified in the HASP prior to entering the
exclusion zone or decontamination zone.

All smoking or other activities which may cause indirect ingestion of contaminants (that is,
eating, drinking, or use of tobacco) will not be allowed inside of or within 100 feet of the
exclusion zone or decontamination zone.

1.4.2.4 Description of Procedures for Exiting Exclusion Zone (Decontamination)

All exits from the exclusion zone must be made through the decontamination zone. Personnel
will perform decontamination as outlined below.

Decontamination Procedure. Personnel will perform decontamination prior to removing PPE.
Personnel who have not had direct contact with contaminated or potentially contaminated
equipment, wastewater, or media will remove PPE and place disposable garments in a double-
lined plastic garbage bag. All PPE will be temporarily stored in double-lined plastic garbage
bags. Before disposal, all PPE will be made unfit for reuse (for example, arms and legs will be
removed from Tyvek suits). When bags are full, the vapor in these bags will be monitored for
contamination with field meters. In the absence of measurable contamination, the bags will be
disposed of as solid waste in a waste receptacle on base. If contamination is measured above
background (ambient air) levels, the PPE waste will be containerized and transferred as directed
by the base for disposal. The SSO is responsible for monitoring decontamination procedures and
determining their effectiveness. Potable water will be available on site for decontamination
procedures. Personnel who have had contact with potentially contaminated equipment or media
will perform the following process as necessary:

« Wash and remove exposed garments
. Rinse exposed equipment with Alconox and potable water
« Place disposable garments in double-lined garbage bag

All personnel must have an extra set of clothing on site in the event that their clothing becomes
contaminated.

Respirators, if used, will be cleaned, air-dried, and placed in sealed plastic bags. Cartridges will
be discarded after use. The decontamination water will be collected for disposal with the
remaining liquid waste. Decontamination water and Alconox solution will be collected

separately.

1.4.3 Electrical and Mechanical Lockouts

April 1999 Appendix B Health and Safety B-10



oo

Electrical and/or mechanical lockouts will occur anytime during field activities if the need to
repair or maintain the remediation equipment arises. Lockouts will include disabling the
equipment by interrupting the power source and locking and tagging all movable or hazardous
parts and power sources. Refer to the Surbec Health and Safety Plan for additional information
on lockout/tagout procedures.

1.5 Safety Training

1.5.1 Personnel Training

The Superfund Amendments and Reauthorization Act (SARA) passed into law in 1986 requires
that employers provide training for employees that are engaged in hazardous materials operations
and site cleanups. 29 CFR and CCR Title 8 require employees to have 40 hours of initial
training and 8 hours of annual refresher training. 29 CFR 1910.120 requires 40 hours of initial
training and 8 hours of annual refresher training for workers at uncharacterized sites, including
all workers involved in drilling and well sampling/testing operations. All other staff are required
to have 24 hours of initial training and 8 hours of annual refresher training. Workers who are on
site one time only or infrequently are not required to have any training provided they are
continually escorted by trained individuals. Supervisors and managers are required to have 8
hours of specialized training unless they engage in any hazardous materials operations. All site
personnel must meet these training requirements in addition to the site-specific training
requirements prior to working on site. All employees must have received the required
Occupational Safety and Health Administration (OSHA) training per 29 CFR 1910.120. Copies
of records of employee training will be available on site. Refer to 29 CFR 1910.120 for
additional information on requirements for personnel training.

Safety training, required of all personnel working on site, will include:

« 24-hour OSHA training, and 8-hour OSHA annual refresher

o Pre-entry site briefing

+ Daily monitoring

« Physical and health effects of the hazardous chemicals

. How to lessen or prevent exposure to these hazardous chemicals through usage of
control/work practices and PPE

« Emergency procedures to follow if they are exposed to chemicals

« Location of the MSDS file and hazardous chemicals list

All personnel will have current OSHA Hazardous Materials (HazMat) training, as required by 29
CFR 1910.120. The SSO will ensure that all personnel are trained properly and that records are
maintained. Copies of MSDSs for all hazardous chemicals known or suspected on site will be
maintained in the work area. MSDSs will be available to all on-site workers for review.

Pre-entry safety training will be conducted before any personnel begins fieldwork. At the
completion of the training, each person will sign the Health and Safety Plan Acceptance Form.
There may be instances where it is not practical to give every worker arriving at the site a
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comprehensive safety briefing. If the worker will be at the site for less than 4 hours, the SSO
will be responsible for supervising/escorting the worker while at the site. The worker will be
listed in the field logbook as a “casual worker” and will not be required to sign a Health and
Safety Plan Acceptance form.

1.5.2 Personnel Instruction

All Site personnel shall be instructed in basic hazard awareness by the SSO prior to daily work
activities on the Site. This training will be augmented by crew briefings and site-specific task
training. This training will cover safe operation of site equipment and lab safety in the on-site
laboratory. Initial training will include:

« History of the site

o Chemical hazards

» Requirements for personal protection equipment, its effectiveness and its limitations
« Emergency procedures

« Decontamination procedures

« Personal hygiene and care

« General health and safety practices

« Physical hazards

« Outline of the day’s work, potential hazards, and topic of the day

Information concerning the health and safety hazards of the contaminants at the Site shall be
maintained at the Site by the SSO and shall be available to the employees for examination.
Personnel shall be trained and cautioned to be aware of, and inform each other of, subjective
symptoms of dizziness, uncoordination, or loss of equilibrium.

The SSO shall verify that employees have received training concerning the fitting, use, care, and
limitations of respirators and other personal protection equipment. Verification of a qualitative
respirator fit test shall also be made. Facial hair, which interferes with a satisfactory seal of the
respirator to the face, will not be allowed on personnel required to wear respiratory protective

equipment.

1.6 Site Monitoring

1.6.1 Operations
The treatment system will be closed, except for atmospheric discharge of air from the carbon

canisters, the collection of contaminants in drums, and the collection of effluent water in a
double-contained tank. Air monitoring will be performed in these locations routinely, using an
organic vapor meter. If an extraction pipe breaks or other system breaches occur, the area will
be evacuated and the system will be shut down until monitoring indicates the area is not
hazardous. Otherwise, no field activities will be conducted in the hazardous area until the

necessary repairs have been made.

1.6.2 Vapor Monitoring during Field Sampling
Initial air monitoring will be conducted by the SSO. After a period of several sampling episodes,

the monitoring requirements will be reviewed on the basis of monitoring results and system use.
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Workers will conduct activities that present exposure risks (such as sampling) in Level D PPE,
unless monitoring indicates detections are approaching action levels. At this point, PPE will be
upgraded or the activity will be rescheduled, as deemed appropriate by the SSO.

1.6.2.1 On site Air Quality Monitoring

Air monitoring shall be performed in the following manner. An organic vapor photoionization
monitor (OVM) shall be used to quantify airborne concentrations of contaminants (total
organics). Periodic readings shall be obtained in the work area. The airborne concentrations in
meter units (mu) should be recorded in the field logbook. The OVM shall be pre- and post-
calibrated daily. The results of daily calibration shall be recorded in the field logbook. Refer to
the Operator’s Manual for the OVM for calibration procedures.

1.7 Medical Surveillance Requirements

All personnel will have records of current medical surveillance physicals on file before starting
work on site. Copies of these files will be maintained at the job site. No additional medical
surveillance will be required unless warranted by exposures recorded during the demonstration
period. Surbec will keep medical surveillance records.

1.8 Emergency Contacts And Medical Facilities

Surbec is responsible for health and safety while work is conducted at the site. The Surbec or
other personnel responsible for health and safety are to summon the following emergency
contacts in case of an incident.

SSO Jeff Brammer 405/826-2880
PM Mark Hasegawa 405/364-9726

The medical facility to be used during an emergency is the Alameda Hospital located at 2070
Clinton Avenue in Alameda. The hospital telephone number is 510/522-3700. Directions from
NAS Alameda to Alameda Hospital follow.

From Main gate:

Drive straight onto Atlantic Avenue.

From Atlantic Avenue heading east.

Take Atlantic Avenue to Webster Street (CA Highway 61).

Turn right on Webster heading south.

Take Webster Street two blocks south to Buena Vista Avenue.

Turn left on Buena Vista Avenue heading east.

Follow Buena Vista Avenue for 1.7 miles to Willow Street.

Turn right on Willow Street heading south.

Follow Willow Street nine blocks south to Clinton Avenue.

« The hospital is at 2070 Clinton Avenue on the southeast corner of Clinton Avenue and

Willow Street.

A hospital route map is located on Figure B.1.
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Figure B.1: Hospital Route Map
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HEALTH AND SAFETY PLAN PROJECT ACCEPTANCE FORM

INSTRUCTIONS:  This form is to be completed by each person who works on the subject
work site and returned to the Health and Safety Manager.

Job Number

Client/Project

Date

I represent that I have read and understand the contents of the above Plan and agree to perform
my work in accordance with it.

NAME (PRINT) SIGNATURE COMPANY DATE

April 1999 Appendix B Health and Safety B-15




APPENDIX C

SAMPLING AND ANALYSIS PLAN

April 1999

Appendix C



TABLE OF CONTENTS

FOR
APPENDIX C

APPENDIX C Sampling and Analysis Plan...........ccoevemeimoiioiciniciccene C-i
1.0 INtrOdUCHON .ccvevereiceteeercenceecseenieeesstsrensse e saesne s ne s s sa b se s sea s e snsanas C-1

1.1 Site SamPLng ODbJECHIVES .....ccvuiiririsirrerererereieisinsiereesteteessesssssessesieses C-2

1.1.1  Sampling ObJECIVES.......ccccevtruerirrirerennieniententenesessere e ensseseons C-2

1.2 Sampling Rationale ........cccoccvuveviimnerieieriisinenentstnnesenss et sesencseas C-2

1.3  Field Methods and Procedures ..........coevevierecrreeneerienreeriesnnienensnsssssnonens C-4

1.3.1 Drilling ACHVILIES .ovcververeemrerrcceriiiiinneriieeee ettt esaees C-4

1.3.2 Groundwater Well Sampling ..........covevviviviiieninninnrennesinneniensinesaees C-7

1.3.3 General Sampling Procedures........cooueemienininieeninirenrineenneieennes C-10

14  Quality Control SAMPLNG ..coveveeerrencricriiirereinteee ettt saens C-12
Table C-1A  Sample Collection SUMMATY .......ccecerereeieesescerstsiisssintisnsensiinisasinaes C-13
Table C-1B  Pre-sampling Plan..........cccoccvuiiiniiiinieennnisnentniinnsnnessesessesneseesnes C-14
Table C-1C Hydraulic Testing and Pre Partitioning Tracer Test.....c...occcocurvcriinennnre. C-15
Table C-2D  System OPEration .........ccovvcrueueuererisesisssrsrosesesesestssesssoseisnssssssiieesssnsns C-16
Table C-1E Post-Test Aquifer Sampling SumMmary.........ccceeresreennenscnnncncnsisisinisnians C-17
Table C-1F Post-Test Soil and Groundwater Sampling .........cccecerereervrereeenrnencnisennces C-18
April 1999 Appendix C Table of Contents i



tad

1.0 INTRODUCTION

A comprehensive and accurate performance evaluation of the demonstration depends on
obtaining a complete, representative, and consistent data set chronicling the results of the
demonstration. The data must characterize the original contaminant concentrations and
distribution, the mass and rates of contaminant and surfactant/cosolvent removed, and the
residual contamination and surfactant. The project sampling plan presented in this section
specifies the general sampling locations and procedures for collecting soil and groundwater
samples, the sample chain-of-custody procedures and the required packaging, labeling and
shipping procedures.

Sampling activities to support the demonstration include the following main phases: System
Well Installation, Laboratory Testing, Pre-demonstration Aquifer Testing: Push-pull Testing and
Partitioning Tracer Testing, Surfactant/Cosolvent Flushing Operations, and Post-Partitioning
Tracer Testing and Soil Sampling.

For each phase of sampling, the following information is specified within in this section:

+ Sampling criteria and objectives

« Rationale for sample locations, number of samples, and analytical parameters
+ Field methods and procedures

+ Quality control

Field methods and procedures include sample collection methods, disposal methods, equipment
decontamination, sample labeling, sample preservation, sample packaging and shipment and
sample documentation. Standard operating procedures (SOP) documentation will be maintained
at the on-site laboratory and at the University of Oklahoma laboratory. The selected off-site
laboratory will be responsible for maintaining their own documentation that is consistent with
procedures set forth in the WP. Where information regarding field methods and procedures or
any other aspect of the sampling plan apply to both phases of sampling, sections are cross-

referenced.

Section 1.1 details the sampling objectives to be followed for the sampling. Section 1.2
describes the sampling rationale for all phases of the demonstration, and Section 1.3 describes
the specific locations, procedures and methods, and frequency of the sampling for the
demonstration.  Section 1.4 briefly summarizes the quality control (QC) sampling.

The goals of the listed procedures are to ensure that all information, data, and interpretations
resulting from the soil/water sampling are technically sound, valid and properly documented.
The implementation of procedures may change depending on the actual field conditions
encountered during implementation. If changes to the soil/water sampling procedures are
required, notification will be made as soon as possible of the change and work will not proceed

until concurrence on the change has been received.
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1.1 SITE SAMPLING OBJECTIVES

Site sampling objectives include any field investigations or activities performed before, during,
and after the technology demonstration. The purpose of site sampling is to establish baseline
conditions, confirm that test site groundwater contaminant concentrations meet the technology
demonstration requirements, and evaluate the test progress and performance.

1.1.1 Sampling Objectives

The main sampling objectives are to assess contaminant concentrations in the soil and
groundwater at the selected demonstration site and to assess the demonstration performance.
Accurate contaminant concentrations obtained prior to, during, and at the completion of the
project will allow for a comparison to the project objectives. Specific objectives of the sampling
plan are listed below:

« To obtain accurate pre-test information (tracer tests) to accurately determine pre-existing
nonaqueous-phase liquid (NAPL) concentrations in the subsurface

« To monitor performance of the SESR system in terms of its performance in removing
target NAPLs (VOCs) from the subsurface

. To evaluate the aboveground treatment system for its ability to separate contaminant
from surfactant for surfactant reuse

« To obtain accurate and representative influent/effluent water samples and flow data so
that accurate performance mass balances can be calculated

« To obtain representative soil samples to accurately portray baseline VOC concentrations

. To obtain accurate surfactant analysis that will result in a realistic assessment of the
usage and recovery rates for surfactants

« To obtain data that is useful for cost analysis and determination of the economic
feasibility of using SESR at other sites

1.2 SAMPLING RATIONALE

The purpose of the sampling plan is to meet the project objectives. The samples will be split
between the on-site laboratory (Surbec), the approved California laboratory (not yet selected)
and the University of Oklahoma. The sampling locations and samples analysis distributions are
documented in Table C-1. The sample ports and well locations are illustrated in Figure 4.4. As
indicated in Table C-1 the sampling procedures have been broken down into five main sections:

. Demonstration Well Installation and laboratory testing

« Pre-demonstration Aquifer Testing: Partitioning tracer testing and Push-pull Testing
« Surfactant/cosolvent flushing

. Post-demonstration Partitioning tracer testing

« Demonstration Assessment Soil and Groundwater Sampling
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Demonstration Well Installation

The demonstration setup requires the installation of four recovery wells, two injection wells, two
hydraulic control wells, and four shallow monitor wells. During installation of the 12 wells, soil
samples will be collected for field and laboratory analyses as described in Section 1.3.

Laboratory Testing

The purpose of the bench-scale laboratory testing is to determine the optimal system for
surfactant/cosolvent flushing. Laboratory sampling procedures are outlined in the attached
quality assurance project plan (QAPP) and documented in the references.

Pre-Partitioning Tracer Testing and Push-Pull

The purpose of sampling during this phase will be to quantify pre-test NAPL concentrations in
the subsurface. The media to be sampled during this phase includes injection well groundwater
and recovered and processed groundwater. The sample matrix and analyses are documented in
Table C-1. The sampling frequencies for the tracer test (Table C-1) have been developed based
on the duration of the test and the number of data points required to provide sufficient statistical
analysis and a satisfactory level of confidence.

Surfactant/Cosolvent Flushing Operations

The purpose of the sampling during this phase will be to evaluate and adjust test conditions,
evaluate surfactant recovery from the subsurface, evaluate the performance of the above ground
treatment system and determine enhancement in contaminant recovery from the subsurface over
baseline conditions.  The media to be analyzed during this phase includes background
(upgradient), perimeter (downgradient and cross gradient), and recovered and processed
groundwater. Sample frequencies and locations are documented in Table C-1. Sample
frequencies were established based on past test experience at Hill Air Force Base (AFB) and
Tinker AFB, and current experience at McClellan AFB. For the duration of this test, sampling
frequencies of every 8 hours (of the recovered groundwater and processed stream) will provide
adequate testing data information.

Post-Partitioning Tracer Test

The purpose of sampling during this phase of the demonstration will be to quantify post-test
contaminant concentrations. The media to be sampled during this phase includes groundwater
and recovered groundwater. Sample matrix and analysis are documented in Table C-1. The
sampling frequencies for the tracer test have been developed based on the duration of the test and
the number of data points required providing sufficient statistical analysis and a satisfactory level

of confidence (refer to the attached QAPP).

Demonstration Assessment Soil and Groundwater Sampling
Upon completion of the demonstration, soil samples will be collected at predetermined locations.
The purpose of the soil sampling is to determine the effectiveness of the soil remediation from

the surfactant flushing activities.

Groundwater samples will be collected from the recovery, injection, and hydraulic control wells
three weeks after cessation of the pumping activities. The groundwater sampling results will also
indicate the effectiveness of the surfactant flushing activities. '
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1.3 FIELD METHODS AND PROCEDURES

- This section describes the field methods and procedures that will be used for drilling operations,

groundwater sampling, aquifer characterization testing and Surfactant/Cosolvent Enhanced In
Situ Flushing technology performance sampling. Field methods and procedures are provided for
sample collection, disposal of contaminated materials, equipment decontamination, sample
preservation, and sample packaging and shipment. Sample labeling and chain-of-custody
procedures are described in the QAPP. '

1.3.1 Drilling Activities

A total of 12 wells will be installed during this project. As these wells are completed, their
specifications will be provided to the TtEMI Project Manager for official documentation. The
drilling and well completion methodology will be consistent for all wells installed as part of this
project. Locations for soil samples will vary depending on the contamination level with depth.
Proposed well locations are shown on Figure 4.3. Shallow soil borings will not exceed 20 feet in
depth and will be advanced using hollow-stem auger methods with continuous coring or split-
spoon samplers (refer to the QAPP for alternative drilling methods).

Continuous Cores and Shelby Tube Sampling

The primary soil sampling methodology that will be used in the unconsolidated soils will be a
continuous tube sampling system. This sampling method uses a 5.5-foot steel split-barrel
sampling tube that is 2.5 to 4.0 inches in diameter. The sampler has a threaded cutting shoe,
which mounts on the base of the sample tube, and a threaded retrieval head, which mounts onto
the top of the sample tube. A sample retainer can be used in sandy or gravelly soils to improve
recovery. The sampler is mounted within the lead hollow-stem auger flight and is adjusted so the
cutting head or shoe is even with the auger cutting bits or extends to as much as 0.5-feet below
the bit. The sampler is mounted on a drilling rod and is hydraulically pushed into the subsurface,
but does not rotate as the auger is rotated. The hollow-stem augers are advanced in 5.0-foot
increments. Once the augers have been advanced over the interval, the sampler is removed from
the borehole (augers remain in position) and the sampling barrel is split open to expose the
sample.

Shelby tube sampling may be employed in clay or silt soils where undisturbed soil samples are
required for physical or chemical tests if continuous coring is not effective. The Shelby tube
sampler (ASTM D-1 587-83) consists of a 3 in diameter thin wall (16 gauge) steel tube, 24 to 36
inches in length. The bottom of the tube or bit is sharpened so that the bevel is on the outside of
the tube. The inside diameter of the bit is slightly less than that of the tube. The basic principle
of operation is to hydraulically push or hammer the Shelby tube into the undisturbed soil in one
continuous stroke without rotation. The tube is allowed to sit approximately 1 minute before
sample removal to increase adhesion. The core is released by manually rotating to break off the
core. The samples containing the soil should be carefully removed from the hole to minimize
disturbance to the sample. Following sample removal, the sample will be measured, examined
and described by the site geologist or geohydrologist. If undisturbed soil samples are obtained,
the ends of the sample tube will be sealed to prevent loss of moisture.
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Soil Vapor Sampling

If required, soil vapor headspace sampling will be conducted for the entire boring. The
headspace samples will be collected in glass jars, covered with aluminum foil, and after a period
of time pierced with an organic vapor monitor to record the vapor headspace concentrations. The
headspace results will be used to assist in determining which sample(s) should be sent to the
laboratory for volatile organics analyses as described in the QAPP.

Sample Collection Procedures
The sampling procedures common to undisturbed and disturbed sampling are described in this
section. A breakdown of the procedures is listed as follows:

Sample interval

Sample identification

Sample collection and management
Soil packaging and handling

Soil sample description and logging

Sample Interval

Sample cores will be taken across the entire depth of all borings. Each sample core will be
examined and the geology logged according to the Unified Soil Classification System (ASTM
D2488). Cores will be examined for visible signs of volatile organic compounds (VOC). Soil
samples will only be obtained from beneath the water table. VOC samples from soils and
duplicates will be preserved in methanol and will be taken from cores within the above-
mentioned sample interval whenever VOC analysis are present. These samples will be sent to the
appropriate laboratory for VOC analysis.

In order to characterize the subsurface soil characteristics in the flushed zone, sample cores will
also be taken and sent to a geotechnical laboratory for analysis of frantion of organic carbon
content (foc), bulk density, porosity, sieve analysis, and moisture content. The sample cores will
be collected in shelby tubes with the ends sealed. They will be labeled, and placed in an
appropriate container for shipment to the laboratory. Sample locations and frequency are
identified in Table C-1.

In addition, cores will be taken during recovery/injection well installation and submitted to the
University of Oklahoma (OU) for bench scale analysis. Cores will be obtained and screened as
indicated above. Cores to be sent to UO will be from the targeted flushing zone and be
representative of the target area. The cores will be collected from the locations indicated in Table

C-1b.

Sample Identification

Each sample shall be identified according to its collection location. The sample will be labeled
~ by the well/boring it was collected from, followed by the depth , as appropriate. As an example,
a soil sample collected from the 24-foot depth during drilling and installation of Injection Well 1
would be labeled IW-1/24. A groundwater sample collected from Recovery Well 2 would be
labeled RW-2. The sample identification will be well documented on the chain-of-custody form,

in the field logbook, and on the sample jar.

April 1999 Appendix C Sampling and Analysis Plan C-5



Sample Collection and Management

Sample collection and management will comply with this Sampling and Analysis Plan (SAPP)
and the QAPP. Soil samples will be collected for field headspace analyses and for laboratory
analyses of volatiles by method 8260. The field samples will be composited over 2-to 2.5-foot
increments from the soil cores collected in the continuous sample barrel or split spoons. The
samples will be placed in glass jars and covered with aluminum foil. After a period of time, the
foil will be pierced with an organic vapor monitor, and the headspace concentrations will be
measured and recorded. Upon completion of the sample measurement, the sample will be
disposed as outlined in this SAPP.

Selected soil samples will be collected for laboratory analyses of volatiles by method 8260. The
samples will be collected and preserved according to established protocol for methanol
preservation of samples for volatile organics. Soil sample jars, VOAs, will be pre-weighed in the
laboratory and recorded; a measured amount of methanol will then be added, and the jar will be
reweighed and sent to the field. A pre-determined amount of soil sample will be calculated based
upon the amount of methanol in each jar. The soil sample will be collected with an open ended
syringe and immediately extracted into the jar. The lid will be placed securely on the jar, and the
sample information will be recorded in the logbook. The sample will be placed in a cooler with
ice as required by the additional preservation protocols.

Sample Packaging and Handling

Samples to be sent to the laboratory for VOC analysis will be preserved in methanol as described
in Method SW8260B. Selected samples will be split in order to conduct the various chemical or
physical tests. All samples for the chemical tests will be placed in clean glass jars and properly
labeled. Samples cores for physical tests and for bench scale screening purposes will be
collected and sealed in shelby tubes before being labeled and placed in the appropriate shipping
containers. All samples that will be analyzed will have a chain-of-custody form completed.

Soil Sample Description and Logging

All recovered samples will be described and logged by the site geologist upon collection.
Description will include amount of core recovered; interval thickness; depth of lithology change;
color according to the Munsel Color chart; grain-size distribution; macro-features and physical
characteristics; mineralogy, soil and classification system (ASTM D2487 and D2488). Also
documented on the drill logs will be documentation of odors and staining. The boring logs are
the same as the ones used for the subsurface investigation.

Physical Testing of Soil Samples
Selected samples of the various lithological units encountered during test drilling will be subject
to selected physical testing for soil characteristics important to site characterization and

assessment. These physical tests will include the following methods:

« Particle size distribution (Sieve ASTM D-1140; Hydrometer ASTM D-2217)
« Visual classification (ASTM D-1587 and ASTM D-1588)

o Fo (Walkley-Black Method)

« Porosity (density ASTM D-2216 and specific gravity ASTM D-854)

+ Unified soil classification (ASTM D-2487)
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+ Soil moisture content (ASTM D-2216).

1.3.2 Groundwater Well Sampling

The groundwater sampling plan is outlined in Table C-1. All the sample locations have been
identified in Table C-1. Groundwater samples will be utilized to quantify VOC and surfactant
concentrations in the groundwater and will be critical in the evaluation of this technology.

All wells will be constructed and developed in accordance with the QAPP, and the groundwater
sampling procedures will follow the guidelines set forth in this SAPP.

The general activities (not necessarily in order) that will occur during groundwater sampling are
summarized as follows:

» Prearrangement of sample analytical requests with analytical testing laboratory
« Assembly and preparation of sampling equipment and supplies
« Groundwater sampling
Well inspection
Water level measurements
Well depth measurement
Measurement of any floating product in well
Visual inspection of borehole water
Calculation of purge volume
Well bore evacuation
Sampling
Sample preservation and preparation
On-site measurement of parameters
« Sample labeling
Completion of sample records (field log book)
» Completion of chain-of-custody records
o Sample shipment

Equipment Assembly, Check and Calibration

Prior to the sampling event, all equipment to be used will be assembled and its operating
condition verified, calibrated (if required), and properly cleaned (if requxred) In addition, all
record-keeping materials will be prepared.

This activity will include verification that all equipment is in proper operating condition. Also,
arrangements for repairs or replacements will be made for any inoperative equipment.

Prior to field use, where appropriate, equipment will be calibrated according to the
manufacturer's specifications.  This step applies to the equipment for making on-site
measurements of pH, specific conductance, and water temperature.

Groundwater Sampling Procedures
Groundwater samples will be collected and submitted for three types of analysis: (1) VOC
analysis, (2) inorganic analysis and (3) groundwater quality analysis. Samples will be collected
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by filling the containers to a positive meniscus then tightly closing the container lids. Sample
collection, labeling and chain-of-custody preparation will be consistent regardless of the analysis
to be performed. However, sample quantities, holding times, and preservation will vary
depending on the analysis to be performed. Whenever a commercial laboratory is utilized for the
analysis, they may be required to provide sample containers (this includes UO). Surbec will
supply the appropriate containers for all on-site analyses.

Special care will be exercised to prevent contamination of the groundwater and extracted
samples during the sampling activities. The two primary ways in which such contamination can
occur are through improper handling of a sample or through cross-contamination of the
groundwater through insufficient cleaning of equipment between wells.

To prevent such contamination, all sampling equipment will be thoroughly cleaned before and
between uses at different sampling locations. In addition, two further precautions will be
followed:

+ New disposable latex (or similar) gloves will be worn each time a different well is
sampled

 Sample collection activities will proceed progressively from background to downgradient
areas or from wells that are least contaminated to wells most contaminated.

Depending on the level of sampling activity, weekly or daily field blanks will be prepared to
audit the quality of sample preparation.

The following paragraphs present procedures for the several activities that comprise groundwater
sample acquisitions. These activities will be performed in the same order as presented below.
Minor deviations from this procedure will be noted in the permanent sampling record.

Groundwater Level and Well Depth Measurement

Prior to the water level and well depth measurements, each well will be inspected thoroughly for
signs of damage. Any damage or repairs needed to the well must be noted on the groundwater
sampling record form or in the field logbook. Groundwater depth measurements will be

conducted.

Immiscible Phase and Dense Phase Organic Measurement

If dense nonaqueous-phase liquid (DNAPL) phase is thought to be near the base of the well, its
thickness must be measured and recorded. The presence of an organic layer precludes the
exclusive use of electric (conductivity) sounders to establish an accurate static water level
measurement. The electric sounders will not work properly in immiscible liquids.

The measurement of an immiscible layer requires the use of a specialized interface probe that
distinguishes between organic liquids and water. The probe should be dropped to the bottom of
the well to determine the thickness of DNAPL. The probe will beep continuously when NAPL is
encountered and intermittently when water is encountered. Equipment calibration and
decontamination will follow those procedures as outlined above. If the interface probe indicates
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that DNAPL is present, a bottom discharge bailer will be dropped to the bottom of the well to
confirm the presence of free phase DNAPL.

Visual Inspection of Well Water
All observations regarding immiscible phases, odor, or any other visual evidence of
contamination will be recorded or in the field logbook.

Sample Extraction

A Grundfos® submersible pump will be used to purge groundwater from all wells during
sampling. Disposable Teflon bailers, a peristaltic pump, Grundfos® pump, or another pump will
be used to collect groundwater samples from all wells after purging. Prior to collection during
purging, water parameter stabilization will be documented by monitoring parameters such as
temperature, pH, and specific conductance. Each monitoring well will have dedicated sample
tubing. Between uses, all pumps will be cleaned in accordance with decontamination procedures
as documented in the QAPP. Care will be taken to prevent undue disturbance of water in the
well when inserting the pump or bailer. The groundwater will be carefully poured down the
inside of the sample bottle to prevent significant aeration of the sample. Excess water taken
during sampling will be placed in a container for proper disposal.

On-site Parameter Measurement
The following measurements will be taken using field measurements. These parameters will be
determined in each new well and at each major sampling event during the field demonstration.

These parameters are:

. pH
 specific conductance
« temperature

These parameters will be measured in unfiltered, unpreserved, "fresh" water taken by the same
technique as the samples taken for laboratory analyses. All on-site measurements will follow the
procedures outlined in this SAPP. The measured values will be recorded in the field logbook.

Sampling Records
To provide complete documentation of sampling, detailed records will be maintained. These

records will include the information listed below:

« Sample location (facility name)
« Sample identification (well number and/or sample number)

« Date and time of sampling

« Field observation of sample appearance and odor
» Weather conditions

« Sampler's identification

« Any other information which is significant

Groundwater sampling information will be recorded on a designated groundwater sampling
record or in the field logbook.
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1.3.3. General Sampling Procedures

Records Documentation During Aquifer Testing

Records will be maintained in logbooks, on laboratory and field forms for sampling events, and
for daily activities as specified in the SAPP. The following forms (located at the end of this
SAPP) may be used to record the data generated at the site:

Field Daily Sampling Log

Daily Field Logs

Chain-of-Custody Documentation Form
Drillers Log Summary

Drilling Daily Field Report Form
Lithologic Log

Well Development Log

Well Construction Details Form

Data Validation Package Checklist

Site safety, field measurements, and site activities data will be kept in the field logbook. The
permanent field logbook will be a bound book with consecutively numbered pages that will be
suitable for submission as evidence in legal proceedings. The logbook will be used and
maintained on a daily basis; all entries will be in permanent ink.

Sample Containers

Whenever applicable the analytical testing laboratory will provide clean containers and
appropriate container lids with Teflon or aluminum liners for sample collection. All sample
container lids will be sealed with tamperproof tape, and a label will be firmly attached to the side
of the container (not the lid). The following information will be legibly and indelibly written on

the label:

 Facility name

« Sample identification
Sampling date

Sampling time

Sample collector's initials
Preservatives used

Type of sample

Analysis to be performed

* L ] L * L] L ]

Sample containers shall be specific to the analysis to be performed on the sample.

Sample Preservation
Water samples will be properly prepared for transportation to the laboratory under refrigeration

and chemical preservation, if necessary. Sample containers provided by the laboratory will have
any necessary chemical preservatives added to the containers prior to being sealed and shipped.
Sample containers provided by Surbec will be preserved in the field. While in the field, all
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collected samples must be placed in ice-filled chests. Sample holding times and preservation
requirements will be specified by the laboratory.

Sample Packaging and Shipment
The following packaging and labeling requirements for the sample materials are appropriate for
shipping the sample to the testing laboratory:

 Preserve samples with ice and cool to 4°C

» Package sample so that is does not leak, spill, or vaporize

» Label package with sampler’s name, address, and telephone number
o Laboratory's name, address, and telephone number

o Description of sample

« Quantity of sample

o Date of shipment

« Attach chain-of-custody forms inside shipment container

Disposal of Contaminated Samples

Soil cuttings will be placed immediately into roll-off containers stored near the demonstration
site. Two trash containers will be used to store potentially contaminated personal protective
equipment (PPE), such as the Tyvek and gloves, and for uncontaminated trash, such as the sand

sacks and well plastic wrap.

All groundwater produced during implementation of the demonstration will be placed in
designated tanks stored near the demonstration site.

Groundwater samples that are analyzed on site will be disposed of by placing them in the storage
tanks containing recovered groundwater. Soil samples will be included with the drill cuttings.
The external laboratories must dispose of the samples in accordance with state and federal

regulations.

Wastes generated in the on-site laboratory will be segregated and containerized into separate
waste streams to facilitate disposal by the base.

Equipment Decontamination

All sampling and test equipment that contacts the interior well casing will be thoroughly cleaned
before being used in the field. This equipment includes water level tapes or probes, pumps,
tubing, bailers, lifting line, test equipment for onsite use, and other equipment or portions thereof
which are to be immersed. All equipment must be cleaned prior to use, unless carefully cleaned
and wrapped for transport. The cleaning process is as follows:

« Clean with tap water and phosphate-free laboratory grade detergent using a brush, if
necessary

« Rinse thoroughly with tap water

+ Rinse thoroughly with distilled water
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After sampling a well, the equipment used should be cleaned with phosphate-free laboratory
grade detergent then rinsed thoroughly with distilled water, methanol, then hexane or
cyclohexane. No metals contamination is anticipated; however, the decontamination protocol
will be modified to include a 0.1 N nitric acid rinse if it is determined that metals analysis needs
to be included in the sampling plan.

Any necessary deviation from these procedures will be documented in the permanent record of
the sampling episode.

Sample Documentation

After samples have been obtained, chain-of-custody procedures will be followed to establish a
written record concerning sample movement between the sampling site and the testing
laboratory. Each shipping container will have a chain-of-custody form completed by the site
sampling personnel packing the samples. The chain-of-custody form for each container will be
completed in triplicate. One copy of this form will be maintained at the site, and the other two
copies will be sealed in the container with the samples. One of the laboratory copies will
become a part of the permanent record for the sample to be returned with the sample analyses.

14 QUALITY CONTROL SAMPLING

A detailed description of the QA program is presented in the QAPP. However, a summary of
when duplicate and blank samples will be taken is included in Table C-1. In order to ensure
sample quality, duplicate samples, triplicate blanks, and field blanks will be obtained throughout
the project. As a rule of thumb, one duplicate sample will be taken per sampling day and
submitted for analysis. Triplicate blanks will be taken once per sampling week. Field blanks
will also be taken once per day.
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Table C-1A: Sample Collection Summary

Activity Sample # of Sample* Volume of Preservation Constituents Analytical Location of
type Samples Location sample Method Analysis
System Soil 18 Soil borings 2049 methanol VOC Swsa260B CAL-EPA-approved
Installation/ Soil 3 Soil borings 4"x12" core Core Box; 4°C foc, BD, por. MC  ASTM Standard Testing
Soil 8 Soil borings 4"x12" core Core Box; 4°C Bench work NA OU/Surbec
Pre-sampling GW 12 GW wells 45 ml Zero HS;4°C vOC SW8260B CAL-EPA-approved
GW 4 GW wells 5-gallons Zero HS;4°C Bench work NA OU/Surbec
GW 1 GW wells 1 liter Zero HS;4°C Water quality ASTM
Aquifer testing GW 11 Recovery wells 500 mi Zero HS;4°C surfactant NA On-site/OU
GW 12 Rec. GW 40 ml vial Zero HS:4°C VOC MOD 8260 CAL-EPA-approved
GW 174 Recovery wells 500 ml Zero HS:4°C tracers NA On-site/OU
GW 80 Recovery welis 500 ml Zero HS;4°C Bromide Bromide Probe Onsite
GW 17 Rec. GW 40 ml vial Zero HS;4°C voC MOD 8260 OU/Surbec
Surfactant flush GW 179 rec. GW 40 ml vials  Zero HS;40C Surfactant NA 95% on-site, 5% off-site
GW 179 rec. GW 40 mlvials  Zero HS;4°C VOCs Mod 8260 95% on-site 5% off-site
GW 10 rec. GW 40 mlvials  Zero HS;4°C Water quality ASTM
Vapor 10 Ambient Air TedlarBag Zero Hs;4°C VOCs CAL-EPA-approved
Post Aquifer GW 174 Recovery wells 500 ml Zero HS:4°C tracers NA On-site/OU
Test GW 80 Recovery wells 500 ml Zero HS;4°C Bromide Bromide Probe On-site
GW 13 Rec. GW 40 ml vial Zero HS;4°C VvOC MOD 8260 CAL-EPA-approved
Post test Soil 8 Soil borings 20¢g methanol vOoC SwW8260B CAL-EPA-approved
Coring &
Sampling

GW-groundwater

g-gram
mi-milileter

VOC -volatile organic carbon

April 1999

NA-not applicable
ASTM-American Society for Testing and Materials

OU-University of Oklahoma
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Table C-1b Pre-sampling Plan

Sample location

Soil

Groundwater

VOC

Geotechnical Bench

Analysis Analysis Testing

VvOC Bench
Analysis Testing

BOD, TSS,TDS
Alk.pH, Temp.

MW-1
Mw-2
MW-3
MW-4
RW-1
RW-2
RW-3
RW-4
IW-1
IW-2
IW-3
12|iW-4

-—
O W O~NDDOAD WN -

-
—~

Duplicates 10%
Field
Trip (1 per container)

S D2 NDNNNNDDNNA A

o

0

D e T T .. WS i W e §

NA

1 1

e I s TS S WS Wi W . 4

Total

18

12 4

MW-monitoring well
RW-recovery well
IW-injection well
GW-groundwater

VOC-volatile organic carbon

April 1999
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Table C-1c Hydraulic Testing and Pre Partitioning Tracer Test

Pump and Push Pull Test |PITT
Surfactant  |VOC Organic Tracer Bromide |VOC
0-6 days 0-6 days 0-3 days 4-6 days |0-6 days [0-6 days
1|MW-1 3 3 1 1
2]MW-2 3 3 1 1
3IMW-3 3 3 1 1
4iMmw-4 10 5 5 2
5|RW-1 20 10 18 2
6]RW-2 20 10 18 2
7|RW-3 20 10 18 2
8|RW-4 20 10 18 2
9jiw-1 8 8
10]IW-2
11|IW-3
12jiw-4
Storage tank 2 2 3 3 2
Composite GW
Duplicates 10% 1 2 10 5 1
Field
Trip (1 per container) 1
Total 11 12 112 62 [80 17

MW-monitor well
RW-recovery well
IW-injection well

MPP-macro porous polymer

MEUF-micellar enhanced ultrafiliration

VOC-volatile organic carbon
BOD-biological oxygen demand
TSS-total suspended solids

Alk-alkalinity

TDS-total dissolved solids

April 1999
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Table C-2d System Operation

Sample location Surfactant Samples [VOC Samples BOD, TSS, (Offgas
0-5 6-10 0-5 6-10 Alk.temp VvOC
Days Days Days Days TDS. pH
1[MW-1 3 2 3 2
2jMW-2 3 2 3 2
3]JMW-3 3 2 3 2
4]MW-4 3 2 3 2
51S1(RW-1) 10 5 10 5
6]S2(RW-2) 10 5 10 5
7}S3(RW-3) 10 5 10 5
8]S4(RW-4) 10 5 10 5
9]Iw-1
10Hiw-2
11}IwW-3
12jiw-4
Process Sampling
11}85 (MPP influent) 5 5 10 5
12]S6 (MPP effluent) 5 5 10 5
13]S7(backup stripper)
14]S8(backup stripper)
15}89(not sampled)
16}S10 (MEUF Retentate) |10 5 5 5
17}S11 (MEUF Permeate) |10 5 5 5
18]S12
191513 (reinjection solution) |10 5 10 5
20Jtankage 10 5 10 5 10 10
Duplicates 5% 6 3 6 3
Field
Trip (1 per container) 5 5 5 5
Total 113 66 113 66 10 10

April

MW-monitoring well
RW-recovery well
IW-injection well

MPP-macro porous polymer
MEUF-micellar enhanced ultrafiltration
VOC-volatile organic carbon
BOD-biological oxygen demand
TSS-total suspended solids

Alk-alkalinity

TDS-total dissolved solids

1999

Appendix C Sampling and Analysis Plan
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Table C-1e Post-Test Aquifer Sampling Summary

PTT
Organic Tracer Bromide VOC
0-3 days 4-6 days 0-6 days Day 6
1|MW-1 3 3 1 1
2]MwW-2 3 3 1 1
3jMw-3 3 3 1 1
4iMW-4 10 5 5 1
5]RW-1 20 10 18 1
61RW-2 20 10 18 1
7|RW-3 20 10 18 1
8|RW-4 20 10 18 1
9liw-1 1
10]IW-2 1
11jIW-3 1
12)lw-4 1
Storage tank 3 3 1
Composite GW
Duplicates 10% 10 5
Field
Trip (1 per container)
[Total 112 62 80 13

MW-monitoring well
RW-recovery well
IW-injection well
GW-groundwater

VOC-volatile organic carbon
PTT-partitioning tracer test

April 1999

Appendix C Sampling and Analysis Plan
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Table C-1f Post-Test Soil and Groundwater Sampling
Sample location Soil
VOC
Analysis

MwW-1*
Mw-2*
MWwW-3*
Mw-4
RW-1*
RW-2*
RW-3*
RW-4*
fW-1*
Iw-2*
11HW-3
12|Iw-4
13}SB-1
14}SB-2
15{SB-3
16|SB-4

-—
OO O~NOOOODE WN -

NNNN

Duplicates 10%
Field

Trip (1 per container)
Total 8
* Soil boring to be placed approximately 4' within listed well towards the inside of the cell

MW-monitoring well
RW-recovery well
IW-injection well

SB-soll boring

VOC-volatile organic carbon

April 1999 Appandix C Sampling and Analysis Plan
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Figure D1: Plan view of surfactant distribution at elevation of 100 feet after 1 day of injection (Blue —
water table and hydraulic head; Red — Surfactant concentration mg/1)
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Figure D2: East-west cross-section through the north injection and recovery wells after 1 day of surfactant
injection (Blue — water table and hydraulic head; Red — Surfactant concentration mg/1).
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Figure D3: Plan View of Surfactant Distribution at elevation of 100 feet after 5 days of injection (Blue —

water table and hydraulic head; Red — Surfactant concentration mg/I)

6 72 80 88 96 104 112 120 130

Figure D4: East-west cross-section through the north injection and recovery wells after 5 days of
surfactant injection (Blue — water table and hydraulic head; Red — Surfactant concentration mg/1).
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Figure D5: Plan View of surfactant distribution at elevation of 100 feet after 5 days of surfactant injection
and 7 days of water flooding (Blue — water table and hydraulic head; Red — Surfactant concentration in

mg/l).
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Project: Alameda Point
Description: BT in RW 1—4 (Shallow)
Modeller: MAI

29 Dec 98

Visual MODFLOW v.2.7.1, (C) 1995—1997
Waterloo Hydrogeologic., Inc.

NC: 103 NR: 104 NL 2

Current Layer: 1

April 1999
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Table D1: Model Input Parameters

Input Value Reference
Hydraulic Conductivity 8 f/d (fill) 0.001 ft/d (Bay Mud) | Slug test Data / Soil core analysis
Hydraulic Gradient 0.002 (from north to South) Groundwater Sampling Events
Storage Coefficient (Sc) 0.0001 Freeze and Cherry, 1979
Specific yield 0.1 Freeze and Cherry, 1979
Bulk Density 48 kg/ ft3 Site 5 Geotechnical analysis
Porosity 0.35 Freeze and Cherry, 1979
Linear Sorption Coefficient 0.0015 ft3/kg Previous lab analysis
(Surfactant)
Dispersivity 05 ft Distance/Peclet# = 10 ft / 20
Surface Elevation 112 ft Site Investigation Survey Data
Depth to ground water 8 ft Groundwater Sampling Events
Grid resolution 1ft —4ft Previous experience
Grid Size 200 ft x 200 ft RFP

April 1999

Appendix D Modeling Results
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MPP SYSTEMS
MPPE PROCESS DESCRIPTION
For
SURFACTANT-ENH_ANCED SUBSURFACE REMEDIATION

1.0 AKZO NOBEL AND MPP SYSTEMS

The Macro Porous Polymer — Extraction (MPPE) technology is a product of Akzo Nobel
Research. Headquartered in Arnhem, The Netherlands, Akzo Nobel is a worldwide
ndustrial organization with operations in more than 60 countries and over 70,000
amployees. In addition to its core businesses of chemicals, coatings, pharmaceuticals,
and fibers, the company focuses on the development of new products in major growth
sectors that draw on its technological and marketing know-how. Akzo Nobel conducts
an active environmental policy with respect to its products and processes. The
:echnological and financial strengths of Akzo Nobe! are an integral part of the MPPE

product offering.

MPP Systems was established in 1994 to further develop and market the MPPE
technology. MPP Systems is a unit of Akzo Nobel Business Development (ANBD), and

has offices in The Netherlands, Germany, and the United States.

2.0 MPPE PROCESS DESCRIPTION

The Macro Porous Polymer-Extraction (MPPE) system of Akzo Nobe! separates
hydrocarbons from water by a unique and innovative liquid-liquid extraction process. A
patented porous polymer developed by Akzo Nobel contains an extraction liquid within
the pores. The macro porous polymer structure is shown in Figure 1. The polymer and
the extraction liquid are both highly hydrophobic but organophilic, especially toward
nonpolar compounds. Hydrocarbons, dissolved or dispersed in water, partition to the
extraction fiquid and remain in solution within the polymer pores. A strong attraction to
the polymer couplied with an extremely low solubility in water serve to prevent
partitioning of the extraction solvent to the water. Thus, a unidirectional extraction mass

transfer is accomplished.

The MPPE material is applied in a packed column. The water/hydrocarbon
(raffinate/solute) pass in piug flow through the column and the solute partitions to the
solvent. Very high mass transfer efficiency is achieved as the declining concentration
raffinate/solute front continuously meets fresh solvent in the polymer, the equivalent of

many extractors in series.



ver time, the extraction solvent loads with hydrocarbon. Before the water reaches the
;aximum allowed effluent concentration, the MPPE is regenerated in-situ by stripping
1e hydrocarbons from the extraction solvent. Low pressure steam is introduced into the
»p of the column. As the polymer heats, the solute is vaporized from the solvent and
asses out of the column with the steam. Again, the strong affinity of the solvent for the
slymer, coupled this time with its very low vapor pressure, serve to keep the solvent in
e polymer pores. The steam and solute are condensed together. Because the amount
f steam required for stripping is very low, the concentration of solute in the condensate
xceeds saturation, which leads to phase separation. The free-phase solute is available
»r beneficial reuse/recycle or disposal. High purity and low volume facilitate economical
isposition of the recovered solute. The low-volume, solute-rich condensate is recycled
» the MPPE columns in a closed loop. Figure-2 is a flow diagram of the MPPE process.
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gure 1. MPPE structure.
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igure 2. MPPE extraction/stripping system.
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APPENDIX F — MSDS SHEETS

FINAL WORK IMPLEMENTATION PLAN FOR
SURFACTANT ENHANCED DNAPL
REMOVAL TREATABILITY STUDY

THE ABOVE IDENTIFIED ATTACHMENT HAS
MISSING PAGES. IT COULD NOT BE
DETERMINED WHETHER THESE PAGES ARE
MISSING OR THE DOCUMENT WAS ISSUED
WITHOUT THESE PAGES.

QUESTIONS MAY BE DIRECTED TO:
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RECORDS MANAGEMENT SPECIALIST
NAVAL FACILITIES ENGINEERING COMMAND
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1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676
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Product Information

DOWFAX' Surfactants

FDA Status of DOWFAX Surfactant Products

DOWFAX 382, DOWFAX C10L, DOWFAX 2A1, DOWFAX 2EP and DOWFAX 8390 solution surfactants,
when used unmodified and accarding 1o good manufacturing practices for food contact applications, will
comply with the U.S. Foed, Drum and Cosmetic Act as amended under Food Adaitive Regulation 21 CFR
'1‘78.3400 (Emuisifiers ana/or sutface active agents). These products are cescribed in the regulation as
oliows: :
' *Sodium monoalkylphenoxyphenoxybenzenesdisulfonate and sodium
dialkylphenoxy-benzenedisuifonate mixtures containing net tess than 70%
of the moncalkylated proauct where the alkyl group is Cy - C.q."

These products may be safely used as emuisifiers ang/or surface actrve-agents in the manufacture of
articies or componants of articies intended for use in producing, manufacturing, packing, processing,
preparing, treating, packeging, fransporting or holding food subject to the provisions of this section,

No limitations are pleced on the physical er chemical nature ¢f the articies or components of articies to *
which the surfactants may be added. They include adhesives, resinous and polymeric coatings and
coatings for papar and paperboard. Also, there is no limitation on the types of food with which the articles
may come in contact or on the amount used. The quantity shal! not, however, exceed that reasonably
required to accomplish the intended technical effect. Thus, these surfactants may be used uncer a number

of reguiations including the follewing:
21CFR 175 105 - Adhesives,

21 CFR 175.300 - Resinous and Polymeric Coatings
21 CFR 176.170 - Componerds of Paper and Paperboard in Contact with Aquecus and Fatty Foods.

21 CFR 176.180 - Components of Paper and Paperboard :n Contact with Dry Food

It is unoerstood that the finished articie must conform to appropnate regulafions, but the surfactants listed
do not impose any additional imitations

10f1pages
1510-0184
1186

NOTICE: No freedom from any pstent owned by Sefier or others is to be infarred. Because use conditions anc applicable
iaws may differ from one focation to snother end may change with time, Custom.er is responsidie for determimimg whether
products and the information in this documant are appropriate for Customers use and for ensuring that Customer's
workpiace and disposal practices are in compliance with appscadle lawe and other government enaciments. Sellsr
assumes ne abligation of fiability for tha information in this document. NO WARRANTIES ARE GIVEN: ALL IMPLIED
WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY

EXCLUDED.
* Tmdemark of The Dow Chemical Company
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Product information

DOWFAX" Surfactants

North American Regulatory Status of DOWFAX Surfactants

| TSCA - DSL
| CAS Number(s) | (United States) (Canada)
DOWFAX 2A1 l 119345-04-9 - Yes i Yes
é
DOWFAX 240 | 118345-03-8 Yes | Yes
. 036445-71-3 ?
DOWFAX 382 | orore133 Yes [ Yes
i T
070191.75-2 ~
DOWFAX 3B0 ' 070191.741 | Yes ! No
| 085143-89-7 5
DOWFAX 8390 | o 0isr2 | Yes | Yes
DOWFAXC6L | 147732-60-3 | Yes ! Yes
1 of | pages
1510-017A
11796

NOTICE: No freedom from any patent owned by Seller or others is to be inferred. Because use conditions and applicadle
taws m3y differ from ona iocation to another and may change with ime, Customer is responsibie for determinimg whather
products and the information in this dacumant are sppropriste for Customer's use and for ensuring that Custemers
workplace and disposal practices are in complianee with appiicabls (aws and othar govermment enactments, Selier
agsumes ro obligation of fisbility for the information in this document. NO WARRANTIES ARE GIVEN: ALL IMPLIED

WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY
EXCLUDED.

* Tradamark of The Dow Chenucal Company
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Product information

DOWFAX" Surféctants Do

Degradation of DOWFAX Surfactants

A study was under taken to determine the degradation products of DOWFAX surfactants. Two systems
‘wate ax2mined, 5oil and Bctivated siudge. Foliowing is an overview of these studies

DOWEAX Chemistry
Due to analytical complexities associated with a reaction mixture. the degradetion stud:es initially focused

on a single isomer, the monoalkyiated, disulfonated component with an alkyl cisain of 16 carbans
(C16 MADS).

CieHas
ge——

NﬁO;S \ - 0= SO;N&

Hypothetical Biodagragation Pethway - .
The choice of tabeling the di-substituted ring is supported by the expected biodegradation pathway which

is based on the known biodegradation pathway of linear alkyl benzene sulfonate.

Bioaegradation is expected to be initigted on the erminal caroon of the finear alkyl group (omega
oxidation). Degradation of the finear chain should proceed with consecutive two carpon losses (beta
oxidation) to a carboxylic acid. Subsequent steps in the pathway are more speculative. One possibie
pathway would include opening of the tri-substituted nng followed by the degradation of the di-substituted
ring. Thus, labeling of the di-substituted ring would allow the tate of the C1€ MADS moiecuie to be studiad

until both aromatic nngs are degraded.

1 ot 5 pages
1510-014A
11798

 Trademark of Thc Dow Chemical Company
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Deorz dation in Activated Siudge

A Scap and Detergent Association fill and draw cesign was used to study the degradation of the
C16 MADS under both acclimated and non-acclimated conditions.

Municipal a-tivated sludge (2500mg/L suspended solids) was acclimated fo 20 ppm C16 MADS.
Activated sluge not exposed to C16 MADS was maintained in a parellel system. Following acclimation.
radiolabeled C 16 MADS was introduced to each system. Primary degradation® is plotted below.

20 -

s——- 2 OPM, NCTRALL TIEO SIS

O 21 DETR FON-GECITRATEC Shiige
B ——— 2 pDM, BELIMB SO0
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4] v e — S pm——— ey

(4 10 x K 40 50

Less than 2% radio-fabeiey CO2 was coilected. By analyzing the effiuent, the major degradation
product was iocentified as:

CH3-CH2-CH-COOH

NaO,§ \ / o—\\ Y SO;Na

This degradation product supports the hypothesized degradation pathway

* Any chamica) chanpe to & comaouns that aers s propertes 8o that & will no ISNDer rspoNt to an anaytca! procedure
specific for the eriginal compound.

2e!5 pages
“813-014A

NOTICE: No ‘reegom farn any patent owned by Seier or others is to De mferved. Because use conddions and applicable
isws may differ from ore location to another and May change with ame, Customer 13 responabis for determinimy whathar
proaucts and the information in this document are sppropnate for Customer's use and for ensyring that Customer's
workpizcs snd disposal practices are in eompliance with appicadle ws anc othsr povernment enactments. Selier
sssumes no obligation or lisbiilty for the information in this document. NO WARRANTIES ARE GIVEN; ALL IMPLIED
WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUBED.

SINYIDYAYIS 418041 TrZ6 §€9 IIS Y¥d SOIPT Q3n  L6/t0-00



Degradation in Surface Soil

Standard microcesms were prepared with either aguifer solids (subsurface sandy ioam) or a sandy foam
surface soil and dosed with radio-labeled C16 MADS.

) 95% primary mineralization®
So! pom MADS dearadstion after 85 davs
Subsurface sandy soi 1 10 days <1%
Subsurface sandy soil 20 30 days <1%
Sandy lcam surface soil 1 4 gays 29%
Sandy loam surface soii 29 4 days 12%

Significant mineralization was achieved in the sandy loam surface soil. The major degradation
intermediate detected was similar to the product identified in the ectiveted sludge study.

Degradation in the Zahn-Wellens Procedure (QECD 3028)
Once there was an understanding of the degradation of the radio-labeled C16 MADS, a standarczzed

test method was empioyed to demonstrate mineratization of the commercial mixture (DOWFAX 8380
solution) compared to the synthesized component,

Upon dosing the test syster, the surfactants were rapidly adsorbed onto the sludge. As degradation
occurred, the intermediate was desorbed and found in the bulk solution. Desorption was confirmed, in e
supplementary study with radio-labeled C16 MADS, by recovery of 100% of the radioactivi'y f oliowing
filtration of the stuage after 9 days. Thus. removal of DOC (dissoived organic carbon) after 28 days was
due to biodegradation, not adsorption.

After 28 days, the % removal (DOC) is:

- analne {control) 98%
- LAS B1%
« C16 MADS 43%

- DOWFAX 8390 54%
Having achieved 54% LOC removal. DOWFAX 8350 may be classiied as "inherently biodegradabie”

* conversion of @ compound to carbon dioxide, water and/or rorganic compounds, reported as % *CO,.

3ofSpeges
1510-014A

NOTICE: No fresdom frem any patent owned by Selier or others s to be nferred. Beceuse use conditions and applicable
Isws may Jiffer from one jocation to ancther Snd May change with tme, Customar i responsible for oetemmmung whether
products and the information in this document sre approprate for Custormer's use and for ensunng that Customer's
workplace and Qisposa! practons are in compliance with appiicable Bws anc other govemment enactments. Sellar
assumes nc obligatios of isbillty for the infarmaten ir this document. NO WARRANTIES ARE GIVEN; ALL IMPLIED
WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICLLAR PURPOSE ARE EXPRESSLY EXCLUDED.
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Dearadatior Conclusions

- Primary biodegradation of C16 MADS occurs in 2 variety of asrobic environments (activated
sludge, surface and subsurface sois). The degracation pathway is consistent with that of LAS

- Primary biodegradation of C16 MADS and DOWFAX 8380 surfactant in the Zahn-Wellene
test aliows them to be classified as inherently biodegradable.

- There are microorganisms in the soil capable of mineralzing the C16 MADS.

- The major degradation intermediate resulting from the degradation of DOWFAX 3B2 surfactant
and DOWFAX C6L surfactant is consistent with that identified for the C16 MACS degradation.

4 0of Spages
1510-014A

NOTICE: No freecom from arry patent owned by Seler or others is to be inerred. Becauss uss condiions and applicable
lsws may differ from one iocation o another and may changs with time, CuSiomer is rasponsibie for datsmmnimg whether
progucts and the information in this document sre approprme for Customer's use and for ensunng that Customer's
workplace and disposal practices are in compliancs with applicable laws and other govenment enactments, Selier
assumes no obligation or fisbility for the information in this document NO WARRANTIES ARE GIVEN: ALL IMPLIED
WARRENTIES OF MERCHANTASBILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY BY2LUDED.
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Acute Aquatic Toxicity of the Maior Degradation (ntermegiate
The acuteaquatic texicity of the major degradation intermediate was determined. Both rainbow trout and
daphnid were evaluated under static conditions with replicate groups of 10 organisms.

Samples of activated siucge effiuent were prepared in semi-continuous activated siudge (SCAS) units:
- Blank: Effiuent from the SCAS unit

~ Intermediate: Feed to the SCAS unit contained 20 ppm DOWFAX B380; the sffuent was confirmed to
contair the previously identified major intermediate. 4

- DOWFAX 8380: Effluent from the SCAS unit was amended with DOWFAX 8390 surfactant gt known
concentrations.

Species Time LESS ECSC
Biank ' trout 86 hrs >100%" >100%
daphnid 48 hrs >100% >100%
Intermediate trout a6 hrs >100% >100%
: daphnid 48 hrs >100% >100%
DOWFAX 8390 trout 96 hrs 0.7mg/L 0 7TmgiL
daphnid 48 hrs 14.1mg/L 13.5mo/L
* Not toxic
Aquatic Toricity Results

« The effluent had no effezis on the rainbow trout or the daphnid.

+ The biodegradation products from the activated sludge treatment of DOWFAX 8290 surfactant had no
effects cn rainbow trout or daphnid.

- The DOWFAX 8390 surfactant added directly to the effiuent s toxic to fish, this is consistent with
previous stud:es.

Sof5pages
1810-014A

NOTICE: No freedom from arty patent owned by Selier of others is to be Inferred. Because uss conditions and applicable
taws may differ from one focauon 0 ansther and may changs with ums, Customs: & rasponsibie for datefminimg whetner
products and tha information in this document are approprigte for Customer's use end for ensuring that Customer's
workpiacs and dsposal pracuces are in complisnce with spplicable laws and cther govenment ensciments. Selier
assumes no cbigsuca of lisbiity for the information in this document. NO WARRANTIES ARE CVEN: ALL IMPLIED
WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.
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DOWFAX" Surfactants -

Biodegradability of DOWFAX Surfactants

The DOWFAX surfactants have been evaiuated using the semi-continucus actvated siudge
{SCAS) confirming test specified by the Soap and Detergent Association's {(SDA) Subcommitiee
on Biodegradation Test Methods. The procedure involves the addition of surfactant at a nominal
concentration of 20 mg/L to SCAS cylinders operated on & 24-hour fill and drain cycle. A 80%
reduction in methylens blue active substance following 23 hours of aeration is required to classify
an anionic surfactant as biodegredable sccording to this procedure.

For DOWFAX 3B2, DOWFAX C10L and DOWFAX 8390, a grester than 80% reduction occurred.
allowing classification of these products as biodegradable under the conditions of the SCAS {est.

DOWFAX 2A1 and DOWFAX C6L did not achieved a greater than 90% reduction. $0 they are not
considerad biodegradable under this procedure.

DOWFAX 2A1, which does not pess the SCAS test for biodegracebility, is biologically transformed
guring the SCAS procedure. The effiuent of the SCAS unit, containing metabolites of DOWFAX
2A1, did not show eny significant toxicity to tethead minnows (Phmephales promeias Refinesque)
in 86 hours or to the water flea (Daphnia magna Straus) in 48 hours.

To date, only DOWFAX 8380 solution was been tested under the guideiines of OECD 302B. the
Zshn-Wellens procedure. DOWFAX 8390 solution may be classified as “inherently
biodegradsbie® in accordance with this procedure

1 of 1 pazges
1810-006A
1196

NOTICE: No freedom from any paterit owned by Seller or others is to be inferred. Because use conditicna and applicadble
{aws may differ from ons iscation to another and may change weh time, Customer is responsibie for determinimg whathar
products and the nformation in this decument are sppropriate for Customer's use and for ensuring that Customers
workplace and disposa! practices are in complisnce with spplicabie laws and other goverrment snactments. Seller
assumes no obligation or sability for the information in this aocument. NO WARRANTIES ARE GIVEN, ALL IMPLIED
WARRENTIES OF MERCHANTARILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY

EXCLUDED.
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Product Information
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DOWFAX" Surfactants

Aquatic Toxicity
Surfactart Specics Toxicity? .
DOWFAX Hydrotrope Daphnia magns S 48 hour, static acute
Fathead minnow -] 96 hour, static scute
DOWTFAX 3B2 Daphnia magna M 48 hour. static acute
Fathead minnow M 96 hour, flow-thru acute
Rainbow trout M 96 hour, static acute
Blucegill M 96 hour, stasic acute
DOWTFAX 2A1 Daphnia magns M 48 hour, static acute
Fathead minnow M 96 hour, flowsthru acute
Rainbow trout M 96 hour, static acute
Bluegill M 96 hour, static acute
Ceriodaphnia M 48 hours, 3 brood
DOWFAX Detergent Daphnia magna s 48 hour, static acute
Rainbow trout H 96 hour, static scute
LAS, sodium salt Fathead minnow M 48 hour, stafic acute
Bluegill M 96 hour, static acute
Sodium lauryl sulfate Bluegill M 96 hour, static acute
Dsaphnia magna M 48 hour. static acute
Fathead minnow M 48 hour, static acute
Nonylphenol ethoxyiste Rainbow trout M 96 hour, static acute
(10 mote EO) ’
alpha olefin sulfonate Rainbow trout LY 96 hour. static acute
(C14 -16)

* Toxicity is reported in ascordancc with the categorization system used by the US. EPA®e:
o VH = very highly toxis, <0.1 ppm
« H = highly toxic, >0.1 and <1 ppm
+ M =moderstcly toxic, >1 and <10 ppm
« §= glightly toxic, >10 and < 100 ppm
o PN = practically non-toxic, >100 ppm

oe PRSS 129277 EPA S4CAH-83-006 Hazard Evalustion Divisios Standard Evaluasion Procedure prepared by E. Zucker.

NOTICE: No freadom from any patent owned By Seller of othera is to be inferrec. Because une condibons and appiicable
isws may Giffer from one iocation to ancthar anc may change with time, Customer is responsible for determinmg whather
products and the informaticn in tnis document sre sppropnate for Customers uss and {or ensuring that Customer's
workpiace ant disposal DrACices ene in comprance with AppICEDiS laws AN OIHE? GOVErnMANt eReCtTents. Seber
assuTes no obbgahon of liability for the infermation in this cooument. NO WARRANTIES ARE GIVEN. ALL IMPLIED
WARRENTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.

tof | pages
1510-007A
1186

# Teademark of The Dow Chemical Compaay
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Stepan

‘Product Bulletm

Product
Name

Chemical
Structure

CAS Registry
Number

INC! Name

Applications

Typical
Properties

Biodegradability
Toxicity

1058
Page 1042

STEOL® CS-130

CH; (CH.),, CH, (OCH, CH,) OSO, Na
15826-16-1

Sodium Laureth Suifate

STECL CS-130 is a sodium lauryl ether sulfate derived from tatty aicohols, ethoxylated to an
average of one mole, and sulfated via Stepan's continuous SO, process. Tha consistent, high
purity product made possible by this continuous sulfation process will afford excellent *
reproducibility in STEOL CS-130 based formulas.

STEOL CS-130 offers the formulator improved mildness over sodium lauryl sulfate, without
sacnﬂctng critical performance attributes such as foaming and viscosity response. its low skin
irntation properties make #t useful for mild cleansing products, as weli as, baby products.

STEOL CS-130 is an ideal surfactant for use in shampoos, bath products and hand soaps oﬁanng
excellent viscosity response, foam properties, and skin compatibifity.

The viscoslty of products based on STEOL CS-130 can be enhanced through the incorporation
of amides or betaines which will also serve to improve foam stability. By adjusting the amount of
additive, products exhibiting the desired physical atiributes are readily developed. Since STEOL
CS-130 is compatible with commonly used cpacifying and pearlizing agents, the formulator is
afforded flexibility in developing products having the desired physical appearance.

ApPRarBnCe B 25°C......cconiiiiieiciersrerarsiaecterrrsnreessstesmeen st essesosansasseorasansenss Clear liquid
ACHIVES, % (MW B48) ..oeicrnirrcririereiicrrarrsrranenes o cecarsnnsssasaiase cosrrssstssesstacar ssavnssssassssse £
Unsulfated Material, %... vesssrerssrrrratanessnrritns

Sodium Chioride % ....... reeans

Sodium SUHAe, % ...covveinieerrirerrerninrerinemesens eesorsaensentese saneees
Cclor %T @ 420 nm

Freeze Point, °C (‘F) ............................................................................................
Pour Pont, °C (°F)
Flash Point (PMCC), °C (°F) ...
Critica! Micelle Concentratnon g/L
Density, @/ml (ID&/U.5. 881 .c.covviiniiireniriie e

RVOC, U.S. EPA. Houviniirriietiniccccntissnissieine et cnsrassesnsanss st stnsssansssenssssssssenecomessnnenns
Product is readily biodegradable. Additional inforrnation is available upon request.

STEOL CS-130 is practically non-texic orally (LD, is >5 g/kg) and causes mild to moderate skin
and moderate eye writation at 10% active.

...............................................................................................

STEOL® is a regisiered trademark of Stepan Compary.
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Storage & Normal safety precautions (i.e. gloves and safety goggles) should be employed when handling
Handling STEOL CS-130. Contact with the syes and prolonged contact with the skin should be avoided.

tis recommended that STEOL CS-130 be stored in sealed containers at temperatures sbove
45°F (7°C). Avoid.overheating or freezing. 1 material is frozen, mild heat and agitation are
recommended to ensure the material is homogeneous before use.

Bulk S‘torage' Information: Tanks made of 316 stainless steel or fiberglass with an Atlac 382
corrosion liner are recommended. Positive displacement gear pumps and piping should be 316
stainfess stesl. Recommended storage for bulk 1anks is 80-100°F (32-38°C).

i&/aéndard )Packaging: STEOL C8-130 is gvailable in bulk end in 55 §allon drums (nat weight 450
04 Kkg).

Clearances STEOL C5-130 is listed in Japan (MiT) 2-1682), Canada (DSL 15826-16-1), Australia
(AICS 15826-16-1), and Europe (EINECS 239-925-1).

STEOL CS-130 is available as Kosher Certified.

Additional A Materia Saluly DCata Sheet is avakible upon mauest.

Ssfety
information

For Additional Fer applicihuny o pOOUCt handring assirtance. ¢oii Our Technica! Servicn Denartmant a2 1-80C-745-783%.
For oroerng aceistance, cal our Custonyr Servico Capartmen; at 1-BCD-457-7673.

Assistance

Nothing contained herein @7nia of eXIeNds & fcante exprers Mformatior conlained hargin, The marutaciurar sasll not be
or mpiiec, N connection with palents, issusd or pending, oT the  Uable (regardiess of fautt) 10 the vengee's ampioyees. G snyo=
manutaciungr or othars. The mnformeation containcd heren is  %or any druc!, 2DoCIal Or conseowwnta. Jamages ansny ot of
based on o menufacturers own study angd the works of  Orin connection with the acCurasy. completenass, aJeCUBCY of
othars. The manvtacisrar inakes no waTanties, exprossad or  fumishing of sceh Information,
implied, 3c 10 ihe accuraty, CoTORIeness, OF goequacy Of the

3
Stepan § Y

Ao’
Siepan Company Responsible Carsdy

108 Northield, ltinois 80093
Pageiat Teleprong {847) 445-750C PN 5914 708
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BIODEGRADATION OF ALKYL ETHER SULFATES

Applicable Stepan Products:

ALPHA FOAMER® POLYSTEP® B-20 STEOL® CS-270
CEDEPAL® FA-405 " . POLYSTEP®B-22 STEOL® CS-330
CEDEPAL® FS-406 POLYSTEP® B-23 STEOL® CS8-370

~ CEDEPAL® TD-403 STEOL® 4N STEOL® CS-370-25
CEDEPAL® TD-407 STEQL® CA-130 STEOL® CS-460
CEDEPAL® TDS-484LD STEOLYCA-230 STEPOSOL® CA-207
POLYSTEP® B-11 - STEOL® CA-460 STEPOSOL® CA-319
POLYSTEP?® B-12 STEOL® CS-130 STEPOSOL® CA-406H
POLYSTEP® B-19 STEOL® CS-230
Biodegradation:

Alky! ether sulfates (AES) are frequently used in liquid detergent products such as dishwashing, hair
shampoo, bubble bath and shower/bath type products. It has been reported that over S00 rruulon
pounds of AES are produced and used annually in the United States.

Numerous laboratory studics have shown that the linear forms of AES, found in the Stepan
surfactants identified above, biodegrade quite readily under both aerobic and anserobic conditions.
Primary biodegradation of C,, ether sulfates in river die-away studies has been found to reach 90-
100% within 1 to 5 days. Ultimate biodegradation of C,, to C,, ether sulfates has been shown to
reach 100% in 28 to 55 days in both oxygen demand and CO, evolution studies. OECD
(Organization for Economic Cooperation and Developrment) Closed Bottle and Sturm tests have been
performed on various AES compounds by a number of researchers. Biodegradation rates reaching
100% have been reported. The Stepan AES products identified above are considered to be readily

biodegradable by OECD standards.

Field studies have shown that removal of AES compounds during routine sewage treatment processes
is extensive. AES removal rates of 98-100% have been reported.

References:

* Arthur D, Little, Inc., "Environments] and [ luman Safety of Msjor Surfactants, Volume 1. Anionic Surfactants, Paort 2.
. Alcohol Ethoxy Sulfates, Final Report 1o the Sosp and Detergent Association, February, 1991,
*  Painter, H.A., "Alky! Etber Sulfates®, The Handbook of Environrnental Chemistry, Vol 3, Pant F: Anthropogenic

Cempounds, 1992, pp. 58-68.

ALPHA FOAMER®, CEDEPAL®, POLYSTEP®, STEOL®, and STEPOSOL®
are registered trademarks of Stepan Company

BI00B.03

The inlormatic s presented aerein s based on OLr Owr 1R3021Ch Jrd tha! Sf OIRErA und 8 Delmved tC DS COIFAC: MOWN R, RO WA “ar'ty 1S 2XPISISE0 O 1MDuelt Ng
Stotemant roten exivnds 2ny license, cther €xDrossed o7 imphed, in SONNECIION with shy D3'2 )1y SSUeC Of PENCIF( N cﬁ Y DE NP CopDery o' S'edsr o oMers



Use thes MSD S Tor. enclosed EXPeR 1 menttre SurFrHn7

EXPERIMENTAL PRODUCT FOR DEVELOPMENTAL USE VISTA

- Vista Chemical Company
P.0. Box 18028
Houston, TX 77224 .

AATERIAL SAFETY DATA SHEET

CLIDENTIFICATIO

PER bt vy

MANUFACTURER'S NAME  y1STA CHEMICAL COMPANY

ADDRESS 12025 vista Parke Dr. Austin, TX 75729

| TRADENAME' 5 £on1c 6/10-10/50 Alcohol Ether Sulfate (Aqueous Solutinn)
SYNONYMS .
£AS NUMBER

Alcohol Ether Sulfate (Sodium or Ammonia 3alt)

§8037-05-8 (Ammonia) or 68037-06-9 (Sodium)
REGULAR TELEPHONE NO.512-~331+ 2300 L'EMERGENCY TELEPHONE NO.

3;8-49&242

HAZARb DATA

MATERIAL OR COMPONENT

None Non-Hazardous

| s01LING POINT ( 210°F SPECIFIC GRAVITY (H,0 ="1 1.1
VAPOR PRESSURE (mm Hg.) | 49 @ 100°F MELTING POINT Unknown
SOLUBILITY IN WATER Soluble VAPOR DENSITY Unknown
"APPEARANCE AND ODOR |yhite to pale yellow liquid/thick liquid. ‘Sweet odor.

AUTOIGNITION

AN EVDIACIAN | CNE 8XD

%HJEOT;%%D) >210°F (COC) TEMPERATURE Unknown ‘
FLAMMABLE LIMITS IN AIR % BY VOL | LOWER | ynirown [ UPPER | Lnknown | |

T EXTINGUISHING . T L. ﬁ,
MEDIA Water spray; cartcn dioxide; dry chemical; azicchoi-2ocrovec F-z- i’
E?g‘l&g:; ;;gl;fggcfso::f::a;no:;dhbg:;g;ns?ra{ 5 ; Eo"c ‘?ndctm‘fnec
UNUSUALFIRE | . cad.




If

‘1~ EYES: Flush eyes with large amounts of water for at least 15 minutes.

irritation persists, seek medical 2id

SKIN: £1ush with water, then wash affected area with mild soap and water.
If irritation persists, seek medical aid.

INHALATION: , '
- Remove to fresh air., If breathing has stopped, administer
artificial respiration or oxyven. Seek medical aid.

]NGES]’]ON;A D0 NOT INDUCEZ VOMITING.: !f large amounts are ingessed, gastric lavage with

1229‘ amounts of water dr 5 perceRt 3cdium dicardonate by qualified persoms,

NATURE OF HAZARD :

EYES: Irritation may occur with exposure to concentrated vapors. Liquid is
: - Ll s

— Rttt e Rt N st e e it L
SKIN: pepeated or prolonged contact can cause reddening of the skin,
scaling, and dermatitis.

INHALATION: Irritation of the nose and throat, dizziness, and headache.

"~
-

T~

b INGESTION:” RS
Depression.of central nervous system.

EFFECTS OF OVEREXPOSURE:

ACUTE OVEREXPOSURE: Irritation nose, eyes, and throzt, dizziness and

. gadache.
CHRONIC OVEREXPOSURE' Depression of central nervous system.

THRESHOLD LIMIT VALUE (TLV)

None established.

TOXICITY DATA
This is an experimental product and has not be specificzliy tast2d. Data for
similar alcohol ether sulfate is given below:

SKIN CONTACT:  Acute Dermal LC.,, RabD1TS! 2.5 g/Ks.
Skin Irritation endex, Radbits: 4.2
(Max. possible score is 8.0)

=Yz CONTACT: tye Irritztion ingex an RapbiTs unwesnez:
| exposure) (Max. pessible sccre is 110).

ad oy

Tk occured. ‘
TNHALAVION: No data availabie.
INGEZSTION: Acute OralTﬁso, Raz: %.o G/Kg

T 1T
N TR RITrE A~ FTY VT .
| .
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L/ WASTE DiSPOSAL METHOD

, CONDITIONS CONTRIBUTING TO INSTABILITY

High temperatures. .
INCOMPATIBILITY

With strong oxidizing agents, Corrosive to steel, copper,
and nirksl

HAZARDOUS DECOMPOSITION PRODUCTS

None

CONDITIONS CONTRIBUTING TO HAZARDOUS POLYMERIZATION

Should not occur.

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

ET1m1nate all sources of 1cn7taon Evacuate the area. Contzin the spill if
poss1b1e.

NEUTRALIZING CHEMICALS
Not applicable e . :

‘N

~.

Material should be p1cked up and incinerated in accordance with Tederal, state
and 1oca1 regu1at1ons.

VENTILATION REQUIREMENTS

Mechanical ventilation is recommended i7 handling material in an enclosed space.

SPECIFIC PERSONAL PROTECTIVE EQUIPMENT

RESPIRATORY (SPECIFY IN DETAIL): 17 inhalatior hazard is enccuntered,

NIOSH approved erganic vagor respirasors or air-susoijed
equipment dependent on concentration.,

EYE:

Chemical goccles or ful'-Tace shizic to gresazs From .p:asﬁ

CLOVES: Rubber or oTher imcervicus me<eria

proionged skin Zontacs:.

OTHER CLOTHING AND EQUIPMENT: Cther impervicus cicthing zs neecec o
avoid repeatad or proionces skin canIace.




» _—

. ZRD CLASSIFICATION INFORMATION o

IMO BAZARD CLASS AND NUMBER
Not applicable

'US DOT HAZARD CLASS
Not applicable

UN NUMBER
Not applicable

US DOT IDENTIFICATION NUMBER
Not applicable

TRANSPORTATION AND STORAGE - i}

USUAL SHIPPING CONTAINERS
Drums '
Samplie containers

ELECTROSTATIC ACCUMULATION HAZARD
None

STORAGE/TRANSPORT PRESSURE
Ambient

STORAGE TRANSPORT TEMPERATURE

LOADING/UNLOADING TEMPERATURE

mbient . D Ambient

- ~<. |-VISCOSITY AT LOADING/
o UNLOADING TEMPERATURE  Unknown
'HANDLING:AND STORAGE MATERIALS AND COATINGS
SUITABLE UNSUITABLE
Stainless steel Steel
_Fiber drums Copper
Nickel .

Polyethylene containers
Polyethylene lined containers

THE ABOVE DATA IS BASED ON TESTS AND EXPERIENCE
INFORMATIONAL PURPOSES ONLY. VISTA DISCLAIMS ANY
THE USE OF THE ABOVE DATA AND NOTHING C

(INCLUDING WARRANTY OF

ITY) BY VISTA WITH RESPECTTO THE DATA, THEPRODUCTD

IF THAT PURPOSE IS KNOWN TO VISTA.

ONTAINED TH

WHICH VISTA BELIEVES RELIABLE AND ARE SUPPLIED FOR
UABIUTY FOR DAMACE OR INJURY WHICH RESULTS FROM
EREIN SHALL CONSTITUTE A GUARANTEE, WARRANTY

MER CHANTABILITY) OR REPRESENTATION (INCLUDING FREEDOM FROM PATENT LIABIL-
ESCRIBED, OR THEIR USEFOR ANY SPECIFIC PURPOSE, EVEN
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| \ZARDICLASSIFICATION'INFORMA

ON T

IMO HAZARD CLASS AND NUMBER
Not applicable

'US DOT HAZARD CLASS
Not applicable

UN NUMBER
Not applicable

US DOT IDENTIFICATION NUMBER
Not applicable

TRANSPORTATION AND STORAGE -~

USUAL SHIPPING CONTAINERS
Drums
Sample containers

ELECTROSTATIC ACCUMULATION HAZARD
Nene

STORAGE/TRANSPORT PRESSURE
Ambient

STORAGE TRANSPORT TEMPERATURE

LOADING/UNLOADING TEMPERATURE

Ambient . . >~ Ambient

-t e ‘VISCOSITY AT LOADING/
‘o UNLOADING TEMPERATURE  Unknown
' HANDHNG.&ND ST ORAGE MATERIALS AND COATINGS
SUITABLE UNSUITABLE
tainless steel teel
Fiber drums Copper
Polyethylene containers Nickel

Polyethylene lined contziners

THE ABOVE DATA IS BASED ON TESTS AND EXPE
INFORMATIONAL PURPOSES ONLY, VISTA DISCLAI
THE USE OF THE ABOPYHE'YDSTA ?;CDHN?I;?\’BTLCH'CY)
INCLUDING WARRA FM A .
;'n’) BY VISTA WITH RESPECT TO THEDATA, THE PRODUCT DESCRIBED, OR THEIR USE

IF THAT PURPOSE IS KNOWN TO VISTA.

b

RIENCE W
MSANY U
NTAINED THEREIN SHA
OR REPRESENTATION (IN

HICH VISTA BELIEVES RELIABLE AND ARE SUPPLIED FOR
ABIUTY FOR DAMACE OR INJURY WHICH RESLLTS FROM
LL CONSTITUTE A GUARANTEE, WARRANTY
CLUDING FREEDOM FROM PATENT UABIL-
FOR ANY SPECIFIC PURPOSE. EVEN
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MATERIAL SAFETY DATA SHEET k Page l1of 7

- Revised 7/22/98
T W 80

%iISURFACTANTS Replaces 4/07/98

sUS ID: 001336 printed  9/02/98

1 CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

Material Name:
TWEEN® B0

ICI Americas Inc.

P.O. Box 15381

Wilmington, Delaware 19850

ICTI Operator (24 hr.): (302) 887-3000

Medical Emergency (24 hr.): (800) 228-5635, Ext. 181

Chemical Emergency (24 hr.) - Inveolving Transportation
Spills, leaks, Fires, or Accidents: (B00) 424-9300

2 COMPOSITION/INFORMATION ON INGREDIENTS

Ingredients CAS Number Percent  OSHA PEL
POLYOXYETHYLENE (20) SORBITAN 9005-65-6 90 - 100% Not listed.
MONOOLEATE

mLValues are not product specifications.

3 HAZARDS IDENTIFICATION

3eneral:
Limited toxicity data are available on this specific product; this health

hazard assessment is based on the results of screening tests.

Zmergency Overview: . o
Appearance: Yellow to amber oily liquid
NO BAZARDS ARE KNOWN TO BE ASSOCIATED WITH EXPOSURES TO THIS PRODUCT.

:outes of exposure: Eye contact; Skin contact; Inhalation

symptoms of Overexposure (Acute & Chronic) :

2ye contact: . , .
No irritation is likely to develop following contact with human eyes.

ikin contact: ) _
No irritation is likely to develop following contact with human skin.

This product will probably not be absorbed through human skin.

n" Tation: . . . . .
{ itation is expected to be associated with inhalation of this

wNo irri
material.
ICI Surfactants Tel: (800) 822-8215
a Resporsibie Care’ Regulatorv Services Fax: (302) RR7.9434
A Budoie Aummamniimnet



B @ Surfactants

MATERIAL SAFETY DATA SHEET Page 2 0of 7
Revised 7/22/98

TWERN 80
"nT SURFACTRANTS Replaces 4/07/98
y ID: 001336 Printed 9/02/98

3 HAZARDS IDENTIFICATION (Cont.)

No toxic effects are known to be associated with inhalation of this
material.

Ingestion: _
This material is not likely to cause irritation upon ingestion.
.. No toxic effects are expected following ingestion of this product.

4 FIRST AID MEASURES

Eyes:
Immediately flush with plenty of water for at least 15 minutes. I£
redness, itching, or a burning sensation develops, have eyes examined and
treated by medical personnel.
Skin: '
- Wagh material off of the skin with plenty of scap and water. If tedness,
itching, or a burning sensation develops, get medical attention.
Ingestion:
DO NOT INDUCE VOMITING. Give one or two glasses of water to drink and
~ refer to medical personnel or take direction from either a physician or a
poison control center. Never give anything by mouth to an unéonscious

person.

Inhalation:
Remove victim to fresh air. If a cough or other respiratory symptoms

develop, consult medical personnel.

5 FIRE FPIGHTING MEASURES

Tlashpoint and method: Above 300 F, 148.9 C (C.0.C.)
Autoignition temperature: No data.
rlammable limits (LEL/UEL): No data.

Zxtinguishing media:
Water fog, alcohol foam, carbon dioxide, dry chemical, halogenated
agents.

special fire-fighting protective equipment :
Self-contained breathing apparatus with full facepiece and protective
clothing. '

Jnusual fire and explosion hazards:
None known.

¢ "=sion data: ‘ .
\  sitivity to mechanical impact: Not applicable

) ICI Surfactants Tel: (800) 822-8215
51 Care | Regulatory Services Fax: (302) 887-2454

8 Briviio Prenamitrossd
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' - SURFACTANTS
e Replaces 4/07/98
»~3 ID: 001336 Printed 9/02/98

5§ FIRE FIGHTING MRASURES (Cont.)

Sensitivity to static discharge: Not applicable

6 ACCIDENTAL RELERASE MEASURES

=2efer to Section B for proper perscnal protective equipment.

Steps to be taken in case material is released or spilled:
Soak up material with absorbent and shovel into a chemical waste

container.
Wash residue from spill area with water and flush to a sewer serviced by

a permitted wastewater treatment facility.

7 HANDLING AND STORAGE

Storage requirements: 50-90 deg F in original closed container.

i+ autions to take during handling and storage:
Do not use this product in formulations intended for parenteral
administration unless the final formulation has been tested thoroughly

and is safe for its intended use.

B EXPOSURE CONTROLS/PERSONAL PROTECTION

osure limite:
No ACGIH TLV or OSHA PEL assigned. Minimize exposure in accordance with

good hygiene practice.

*ngineering controls:
Use ventilation adegquate to maintain safe levels.

xye protection: .
safety glasses with side shields.

+rotective clothing:
Impervious gloves.

zegpiratory protection:
Not normally needed if controls are adequate.

¢ 17 protective eguipment:
 ~ Byewash station in work area.

Y ICI Surfactants Tel: (BDO) B22-8215
-37 Respansible Care” Repulawory Services Fax: (3021 §567-2454

& Duiobio Mewsenitenumnd
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MATERIAL SAFETY DATA SHEET Page 4 of 9
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TWEEN 80
 SURFACTANTS Replaces 4/07/98
ID: 001336 Printed  9/02/s8

8 EXPOSURE CONTROLS/PERSONAL PROTECTION (Cont.)

9 PHYSICAL AND CHEMICAL PROPERTIES

Appearance & odor: Yellow to amber oily liquid
Odor threshold: No data

Boiling point: Above 212 F, 100 C

Melting point: No data

Vapor pressure (mm Hg at 20° C): <1.0

Vapor density (air = 1): Not applicable
Solubility in water: Soluble

PH: Neutral

Specific gravity: 1.07

¥ Volatile by volume: Negligible

Cloud point: No data _

Viscosity: No data .
Partition Coefficient: No data

coefficient of water/oil distribution: No data
7reezing point: No data

10 STABILITY AND REACTIVITY

stability:
Stable under normal conditions.

‘necompatibility:
Oxidizing agents.

‘onditions to avoid:
None known.

‘azardous decomposition products:
- Combustion products: Carbon dioxide, carbon monoxide.

azardous polymerization:
Will not occur.

11 TOXICOLOGICAL INFORMATION

The toxicity data listed below are based on the results of Bcreening tests on
this specific product.

re contact: This material was practically nonirritating in rabbit eye
N irritation studies. No irritation is expected following human
[ eye contact.

; — ICI Surfactants Tel: (800) 822-8215
?H Bie Care’ Regulatory Services Fax: (302) 887-2454

& Prhiir Camemitonat
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11 TOXICOLOGICAL INFORMATION (Cont.)

Skin contact: This material was slightly irritating following a 24-hour
exposure to rabbit skin. This material was nonirritating and

nonsensitizing in human patch tests.

Acute oral toxicity: The oral LD50 is greater than 15 g/kg. This material is
tlasaified as "relatively harmless™ by ingestion.

Carcinogenicity: This material is not listed as a2 carcinogen by OSHA, IARC,
and NTP.

Reproductive toxicity/Teratogenicity: No available information.

Mutégenicity: No available information.

Other effects of overexposure: Numerous long-term feeding studies have been
conducted on a variety of animal species.
Animals have been fed polysorbates at dietary
levels of up to 25%, for periods of up to two
years, and in some cases, over multiple
generations. After reviewing many of these
studies, the FAO/WHO Committee on Food
Additives concluded that polysorbates cause no
toxicological effects at a level of five
percent in the daily diet of test animals. The
most notable effect observed at higher doses is
diarrhea, an expected, non-specific
physiological effect associated with having
large quantities of a relatively slowly
absorbed material in the gut.

To#icologically synergistic products: None known.

12 ECOLOGICAL INFORMATION

AThe ecological information listed below is based on the results of screening
tests.

persistence and degradation: This product is biodegradable in water.

Ta sity: Not harmful to aquatic organisms.
LY

5 ICI Surfactants Tel: (8001 822-8215
. aww Regulatory Services Fax: (302) 887-2454

| A Pubiic Crenenitenant
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ID: 001336 Printed 9/02/98

12 ECOLOGICAL INFORMATION (Cont . )

iffects on effluent treatment: Unlikely to have any significant effects on
effluent treatment.

13 DISPOSAL CONSIDERATIONS

isposal method:
Discarded product iz mot a hazardous waste under RCRA, 40 CFR 261.

ontainer disposal:
Puncture or otherwise destroy empty container before disposal.

14 TRANSPORT INFORMATION

:partment of Transportation:
ot regulated.

)6 (Transporation of Dangerous Goods) :
2+ _vegulated..

15 REGULATORY INFORMATION

CA (Toxic Substances Control Act) Regulations, 40 CFR 710:
All ingredients are on the TSCA Chemical Substance Inventory.

L (Canadian Domestic Substances List):
All ingredients are listed on the Canadian DSL.

iA Hazard Communication Standard, 29 CFR 1810.1200, Hazard Summary:
Physical Hazards: None. .
Health Hazards: None

IS Classification:
Noncontrolled (Nonhazardous).

.CLA and SARA Regulations (40 CFR 355, 370, and 372):

.6 material contains the following chemicals subject to the reporting
uirements of SARA 313:

* NO SARA 313 CHEMICALS FOR THIS CHEMICAL w#+¥*

A 311/312 Hazard Categories:

. ~=mediate: NO
.ayed: NO

ICI Surfactants Tel: (800) 822-8215

Regulatory Services Fay: (RN0) RR7.N4E4
L Pubhe Crrmmisrsst »
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MATERIAL SAFETY DATA SHEET Page 7 of 7
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TCT SURFACTANTS Replaces 4/07/98
\,Jj ID: 001336 Printed 9/02/98
15 REGULATORY INFORMATION (Cont.)
Fire: NO

Pressure: NO
Reactivity: NO

State Regulations:
- California Proposition 65: WARNING. This product can contain chemicals

known to the State of California to cause cancer and birth defects or
other reproductive harm. :

16 OTHER INPORMATION

We assigned NFPA ratings and HMIS ratings to this product based on the

hazards of ite ingredient(s). Because the customer is most aware of the
application of the product, he must ensure that the proper personal protective
egquipment (PPE) is provided consirtent with information contained in the

product MSDS.*

IMIS Information
Health 0
Flammability 1

&J/Reactivity 0

NFPA Information

Health 0

Flammability 1

Reactivity ©
This information is intended solely for the use of individuals trained in
.he particular hazard rating system.

his Material Safety Data Sheet was prepared by ICI Surfactants’ Regulatory

ervices Department.
ate: 09/30/97

L]

The information herein is given in good faith
but no warranty, expressed or implied, is made.

is a Registered Trademark of ICI Americas.
is a Trademark of ICI Americas.

{
1
ICI Surfactants Tel: (800) 822-8215

Care’

y
?w Regulatory Services Fax: (302) RAT.0454
A Pubic Commitmant
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Dow U.S.A.

Material Safery Data Sheet

The Do Chemicas Company
Miciano. Micrigan 48674

Dow Chemical U.S.A.* Midland, MI 48674 Ewmergency Phone: 517-835-4400

Product code: 05802 Page: 1
Product Name: DOWFAX (R) 8390 SOLUTION SURFACTANT
Effectivevbate: 01/17/91 Date Printed: 08/31/%1 MSDS:001177
1. INGREDIENTS: (% w/w, unless otherwise noted)
Disodium hexadecyldiphenyloxide ‘
disulfonate, and CAS# 0651L3-89-7
‘Disodium dihexadecyldiphenyloxide
disulfonate CAS# 070191-76-3 LO% Max.
Water CAS# 007732-18-% Baslance
Sodium sulfate CAS# 007757-82-6 3% Max.
Sodium chloride CAS# 0076L7-1k=-5 3% Max.
Methylene chioride CAS# 000075-09-2 2% Max.

This document is prepared pursuant to the 0SHA Hazard
In addition, other

Communication Standard (29 CFR 1910.1200).

substances not ‘'Hazardous' per this 0OSHA Standard may be listed.
Where proprietary ingredient shows, the identity may be made

available as provided in this standard.

wl,z. PHYSICAL DATA:

{

( Aa

BOILING POINT: 100C, 212F

VAP PRESS: 82.7 mmHg @ 20C, 68F
VAP DENSITY: No data availabie.
SOL. IN WATER: Completely miscible.
SP. GRAVITY: 1.138 @ 25¢C

APPEARANCE: Light brown liquid (agqueous solution).

ODOR: Disinfectant-type.
3. FIRE AND EXPLOSION HAZARD DATA:

FLASH POINT: Flame extinguished; none to boiling.

METHOD USED: Closed cup; open cup.

FLAMMABLE LIMITS
LFL: Not applicabie.
UFL: Not applicable.

EXTINGUISHING MEDIA: The organic portion may burn once the water

is evaporated.
FIRE & EXPLOSION HAZARDS: None known.

(Continued on page 2 , over)

‘R) Indicates a Trademark of The Dow Chemical Lompany

i

'+ An Operating Unit of The Dow Chemical Company

in such case, use water for extinguishing media.



Dow Chemical U.S.A.*  Midland, MI 48574 Emergency Phone: 517-635-4400

Product code: 05802 Page: 2
Product Name: DOWFAX (R) 8380 SOLUTION SURFACTANT
\ Effective Date: 01/17/91 Da;e Printed: 08/31/91 MSDS:001177

3. FIRE AND EXPLOSION HAZARD DATA: (CONTINUED)

FIRE-FIGHTING EQUIPMENT: Wear positive-pressure, self-contained
breathing apparatus.

‘4. REACTIVITY DATA:
ST{BILITY: (CONDITIONS TO AVOID) Stable at ambient temperatures.
INCOMPATIBILITY: (SPECIFIC MATERIALS TO AVDID) Acids.‘
'HAZARDOUS DECOMPOSITION PRODUCTS: Sulfur dioxide.

HAZARDOUS POLYMERIZATION: Will not occur,

5. ENVIRONMENTAL AND DISPOSAL INFORMATION:

ACTION TO TAKE FOR SPILLS/LEAKS: Soak up with suitable absorpent.
Avoid release into natural waters or public water supply.

DISPOSAL METHOD: Dispose of according toc local, state, and
federa! regulations. Incineration is preferred.

6. HEALTH HAZARD DATA:

ik EYE: May cause moderate irritation with corneal injury. Dusts
may irritate eyes. In animals, irritation and corneal injury
heaied within 14 days.

SKIN CONTACT: Prolonged or repeated exposure may cause skin
irritation. Animal tests indicate some potential for allergic
skin reaction to undiluted or higher concentrations but not to
lower concentrations representing exaggerated use conditions.
No allergic skin reactions were noted in humans exposed to a
structurally-related surfactant at concentrations representing
exaggerated conditions. ,

SKIN ABSORPTION: A single prolonged skin exposure is not likely
to result in the materia) being absorbed through skin in harmfy)

amounts. The dermal LD50 in rats is >2000 mg/kg.

INGESTION: Single dose oral toxicity is low. The oral LD5S0 for
male and female rats is >5000 mg/kg. Small amounts swa ! lowed
incidential to normal handiing operations are not likely to
cause injury; swallowing amounts larger than that may cause

injury.

Continued on page 3) .
gR) Indicates a Trademark of The Dow Chemical Company

! J An Operating Unit of The Dow Chemical Company

N
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Tk An Operating Unit of The Dow Chemica) Company

.Dow Chemical U.S.A.* Midland, MI 48674 Emergency Phone: 517-g35-4400

Product code: 05802 Page: 3
Product Name: DOWFAX (R) 8330 SOLUTION SURFACTANT
Effective Date: 01/17/91 Date Printed: 08/31/9) MSDS:001177

6. HEALTH HAZARD DATA: (CONTINUED)

INHALATION: Excessive eéxposure may cause irritation te upper
respiratory tract. Contains methyiene chloride, a chemical
which has anesthetic properties when encountered in high
concentrations. Methylene chloride 3180 causes carboxyhemo-
globinemia, a condition which impairs the blood's ability 2o
transport oxygen., . ’

- SYSTEMIC & OTHER EFFECTS: Excessive exposure may cause liver and
kidney effects. Did not cause cancer in long-term animal
studies (product similar to active ingredients). This mixture
contains methylene chloride which is listed as a potential
carcinogen for hazard communication purposes under 0OSHA
Standard 29 CFR 1510.1200 by IARC and NTP. Methylene chloride
has been shown to increase the rate of spontaneously occurring
malignant tumors in the B6C3F) mouse and benign tumors in
laboratory rats. Other animal studies, as well as several human
epidemiology studies, failed to show a tumorigenic response.
Methylene chloride is not belijeved to pose a measurable
carcinogenic risk to man when handied as recommended. Methylene
chloride does not cause birth defects and does not interfere
with reproduction, Jjudging from anima! studies; however, it has
been shown to cause some toxicity to the fetus but only at
doses which caused toxic effects to the mother. Results of in
vitro (‘test tube') mutagenicity tests have been negative. (act-
ive ingredients) Has been shown to have mutagenic activity in
bacteria (methylene chloride). Negative or equivocal results
have been obtained in mutagenicity tests of methyiene chloride
using mammalian cells or animais.

7. FIRST AID:

EYES: irrigate with flowing water immediately ang continuously
for 15 minutes. Consult medical personnel,

SKIN: Wash off in flowing water or shower.

INGESTION: Induce vomiting if large amounts are ingested.
Consult medicial personnel. :

INHALATION: Remove to fresh air if effects occur. Consult
a physician.

NOfE TO PHYSICIAN: No specific antidote. Supportive care.
Treatment based on judgment of the physician in response
to reactions of the patient. If burn is present, treat as any

Continued on page 4 , over) ‘
ER) Indicates a Tradeﬁark of The Dow Chemical Company



Dow Chemical U.S.A.* Midland, MI 48574 Emergency Phone: 517-535-4400

Product code: 05802 . Page: &
Product Name: DOWFAX (R) 8390 SOLUTION SURFACTANT
1wL' Effective Date: 01/17/91 Date Printed: 08/31/9) MSDS:001177

7. FIRST AID: (CONTINUED)

thermal burn, after decentamination.

8. HANDLING PRECAUTIONS:

EXPOSURE GUIDELINE(S): None established for active ingredient.
ACGIH TLV is 50 ppm for methylene ehioride. OSHA PEL is B0
ppm TWA, 1000 ceiling, 2000 peak for methylene chloride.

' VENTILATION: Lethal concentrations may exist in areas with poor
venlilation.

RESPIRATORY PROTECTION: For most conditions, no respiratory pro-
tection should be needed: however, in misty atomspheres, use an
approved mist respirator.

SKIN PROTECTION: For brief contact, no precautions other than
clean body-covering clothing should be needed. When prolonged
or frequently repeated contact could occur, use protective
clothing impervious to this material. Selection of specific
Items such as gloves, boots, apron or full-body suit will depend
on operation. )

ek ~ EYE PROTECTION: Chemical~workers goggles.
8. ADDITIONAL INFORMATION:

SPECIAL PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: Avoid
eye contact. Avoid breathing mists if generated. Avoid
trapping material under clothing.

MSDS STATUS: Revised sectiens 6-8.

For information regarding state/provincial and federal regulations see

The Regulatory information Section. .
{ L(R) indicates a trademark of The Dow Chemical Company

. * An Operating Unit of The Dow Chemical Company
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.Dow Chemical U.S.A.* Midland, MI 48574 Emergency Phone: 817-636-4400

Product code: 05802 . Page: R-1
Product Name: DOWFAX (R) 8380 SOLUTION SURFACTANT
Effective Date: 01/17/91 Date Printed: 08/31/91 MSDS:001177

REGULATORY INFORMATION: (Not meant to be all-inclusive—selected
regulations representad.)

NOTICE:* The information herein is presented in good faith and believed
to be accurate as of the effective date shown above. However, no
warranty, express or implied, is given, Regulatory reguirements are
subject to change and may differ from one location to snother; it is

the buyer's responsibility to ensure tha: its attivities eemply with
federal, state or provincial, and loca! laws. The following specific
information is made for the purpose of complying with numerous federal,
state or provincial, and local laws and reguistions. See MSD Sheet for
health and safety information. -

U.S. REBULATIONS

ERETLER SRR

SARA 313 INFDRHATIDN: This product contains the following substances
subject to the reporting requirements of Section 313 of Title 11! of
the Superfund Amendments and Reauthorization Act of 1986 and 40 CFR

Part 372:
CHEMICAL NAME CAS NUMBER  CONCENTRATION

DICHLOROMETHANE (METHYLENE CHLOR!DE) 000075-09-2 <2 3

SARA HAZARD CATEGORY: This product has been reviewsd accerding to the
EPA "Hazard Categories' promulgated under Sections 311 and 312 of the
Superfund Amendment and Reauthorization Act of 1986 (SARA Title 111) and
is considered, under applicable definitions, to meet the following

categories:

An immediate health hazard

A delayed health hazard

Hazard categories are listed solely to assist with federal reporting
under Title I!1l. They are not intended and are not appropriate for
eveluating safe product handling and urze. T review hezlth and safety
information, refer to the body of this material safety data sheet.

CANADIAN REGULATIONS

The Workplace Hazardous Materjals information System (W.H.M.!.S.)
Classification for this product is:

Dig
D2A
D28

(Continued on page R-2 , over) .
(R) Indicates a Trademark of The Dow Chemical Company

% An Operating Unit of The Dow Chemical Lompany



g
Kiom

Dow Chemical U.S.A.* Midland, MI 48574 Emergency Phone: 517-636-4400
Product cede: 05802

Product Nama: DOWFAX (R) B3890 SOLUTION SURFACTANT
Effective Date: 01/17/91 Date Printed: 08/31/91 MSDS:001177

Pagé: R=2

REGULATORY INFORMATION (CONTINUED)

The Trahsportation of Dangerous Goods Act (T.D.G.A.) classification for ~
this product is:

Not regulated

(R) Indicates .a Trademark of The Dow Chemica! Company

information Herein Is Given In Good Faith, But No Warranty,
g:;ress Or implied, |s Made. Consult The Dow Chemical Company

For Further information.

* An Operating Unit of The Dow Chemica! Company
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. MSDS No: 0043
’ " CAS No; 002373-38-8
iy Date: 07/01/97

MATERIAL SAFETY DATA Supersedss: 01/28/97

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: AEROSOL® MA 80% Surfactant

SYNONYMS: Sodium dihexyl sulfosuccinate in mixture of ethano! and water

CHEMICAL FAMILY: Ester '

MOLECULAR FORMULA: C18H2807NaS (active ingredient)

MOLECULAR WGET: 388; (Active ingrediem)

CYTEC INDUSTRIES INC., FIVE GARRET MOUNTAIN PLAZA, WEST PATERSON. NEW JERSEY 07424,

USA
For Product information call 1-800/652-8013. Outside the USA and Canada call §73/357-3193.
EMERGENCY PHONE: For emergency involving spill, lesk, fire, exposure or accident call CHEMTREC:

1.800/424-9300. Outside the USA and Canads call 703/527.3887 .
2. COMPOSITION/INFORMATION ON INGREDIENTS

OSHA REGULATED COMPONENTS s
COMPONENT CAS. NO. % TWA/CEILING REFERENCE
Sodium di(1,3-di- 002373-38-8 ~78-80 nol established
methylbutyhsulio-
succinate
! Methy! isobutyl 000108-11-2 <1.0 25 ppm (skin) OSHA/ACGIH
b carbmol 40 ppm STEL .
Ethanol 000084-17-5 ~5.0 1000 ppm OSHAJ/ACGIH
3. HAZARDS IDENTIFICATION
EMERGENCY OVERVIEW
APPEARANCE AND ODOR: Ciear, viscous liquid; pieasant, truity odor
STATEMENTS OF HAZARD:

WARNING! FLAMMABLE LIQUID AND VAPOR
CAUSES EYE AND SKIN IRRITATION

CHRONIC HAZARD WARNING: ,
REPRODUCTIVE HAZARD - CONTAINS ETHANOL WHICH MAY CAUSE

BIRTH DEFECTS OR OTHER ADVERSE EFFECTS ON PREGNANCY.
Risk of effects depends on duraton and level of exposure.

POTENTIAL HEALTH EFFECTS
EFFECTS OF OVEREXPOSURE:
Acute oral (rat) and acute dermal (rabbit} LDS0 values are approximately 1.75 g/kg and 5.0 g/kg.
respectvely. Marked eye and skin irritation were produced during primary iration studies with rabbits The
4-hour inhalation LC50 is greater than 20 mg/L.
Direct contact with this material may cause moderate eye and skin iritation,
Rafer to Section 11 for toxicology information on the OSHA reguiated components of this product.

. | 9. FIRST AID MEASURES
\“l in case of skin contact, remove contaminated clothing without deiay. Flush skin thoroughly with water. Do not
reuse clothing without laundering.
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AEROSOL® MA BOY% Surfactant MSDS No: 0043 Date: 07/01/97 Page 20! 6

in case of eye contact, immediately rmigate with plenty of water for 15 mnutes. Obtain medical attention i

rritation persists.
Materal is not expected 1o be harmiut f inhalsd. I inhaled, remove fo fresh ar.

8. FIRE FIGHTING MEASURES

FLAMMABLE PROPERTIES

FLASHPOINT. §7F;3C
METHOD: Pensky-Martens Closed Cup

FLAMMABLE LIMITS
(% BY VOL): Notavailable

AUTOIGNITION TEMP:. Notavallable
DECOMPOSITION TEMP: Not avatilable

EXTINGUISHING MEDIA AND FIRE FIGHTING INSTRUCTIONS
Use water spray, alcohol foam, carbon dioxide or dry chemica! to extinguish fires. Watsr stream may be
inefiective. Use water to keep containers cool. Wear seff-contained positive pressure breathing apparatus
and full fire!ighting protective ciothing. See Section B (Exposure Controls/Personal Prosection) for special

protective clothing.

6. ACCIDENTAL RELEASE MEASURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED

Remove sources df ignition.

Where exposure leve! ts not known, wear NIOSH approved, postiive pressure, self-contained respirator. Where
o exposure leve! is known, wear NIOSH approved respirator suitable for level of exposure. in addition 1o the
protective clothing/equipment in Section 8 (Exposure Controls/Personal Protection), wear impervicus bools.
Cover spills with some inert absorbent material; sweep up and place in 8 waste disposal container. Flush area

with watser,

7. HANDLING AND STORAGE

Keep saway from heat, sparks. and flame. Avoid contact with eyes, skin, and cothing. Xeep container clased.
Usse with adequate ventilation. Wash thoroughly after handiing.

Areas containing this material should have fire-safe practices and electrical equipment in accordance with
Electrical and Fire Protection codes (NFPA-30) governing Class | Flammable Liguids.

- 8. EXPOSURE CONTROLS/PERSONAL PROTECTION

ENGINEERING CONTROLS AND PERSONAL PROTECTIVE EQUIPMENT (PPE)

Where this material is not used in & dosed system, good enclosure and local exhaust ventilation should be
provided o control exposure. Food, beverages, and tobaceo products should not be carried. stored, or
consumed where this matsrial is in use. Before eating, drinking, or smoking, wash face and hands with soap
and water. Avoid skin contact. Protective clothing such as impervious gioves, apron, workpants, long sleeve
work shirt, or disposable coverals are recommended to prevent skin contact. For operations where eye or face
contact can occur, wear eye prolection such as chemical splash proct goggles or face shieic. Eyewash
equipment and safety shower should be provided in areas of potential exposure. Where exposures are below
the Permissible Exposure Limit (PEL), no respiratory protection is required. Where exposures exceed the PEL.
uss respirator approved by NIOSH for the material and leve! of exposure. See "GUIDE TO INDUSTRIAL
RESPIRATORY PROTECTION" (NIOSH). Since this material contains a2 component with & skin notation with 1ts
PEL as shown in the reguiated components section, additional skin protection such as a protective suit may be

required.

-




AEROSOL® MA 80% Suriactant MSDS No: 0043 Date: 07/01/97 Page 30 6

Shower after completion of workshift. Launder work clothing at end of workshitt prior to reuse. Store stree!
::thlng separately from work clothing and protective equipment. Work ciothing and shoes must not be taken
me.

9. PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE AND ODOR: Clear, viscous liquid; pleasant. frutty odor
BOIUNG POINT: 173 F, 78 C: (value for ethanol/water)
MELTING POINT. Not available

VAPOR PRESSURE: Notavailable

SPECIFIC GRAVITY: 1.13

VAPOR DENSITY: Not available

% VOLATILE (BY WT): 20

pH:- Not available

SATURATION IN AIR (% BY VOL). Not available
EVAPORATION RATE: Not availabie

SOLUBILITY IN WATER: Complete

40. STABILITY AND REACTIVITY )

J

STABILITY. Stable
CONDITIONS TO AVOID: None known

POLYMERIZATION: Wil Not Oceur

CONDITIONS TO AVOID: None known .

INCOMPATIBLE MATERIALS: Strong acids and alksiies promote degradation by hydrolysis; strong oxidizing
agents. .
HAZARDOUS DECOMPOSITION PRODUCTS: Thermal decomposition or combustion may produce carbon
monoxide, carbon dioxide and/or oxides of sutiur

11. TOXICOLOGICAL INFORMATION

Toxicological information for the product Is found under Section 3. HAZARDS IDENTIFICATION. Toxicological
rformation on the OSHA reguiated components of this product is as follows:

Sodium di(1,3-dimethylbutyljsulfosuccinate has acute oral (rat) and dermal (rabblt) LD50 values of greater than
1750 mg/kg and 5 mikg. respectively. Direct contact with this material may cause moderate to severe eye and
skin fmitation. This materia! is not expected to cause aliergic skin reaction based tests in guinea pigs.

Methy! isobuty! carbinol has acute oral (rat) and dermal (rabbl) LD50 values of 2.6 g/kg and 3.6 g/kg.
respectively. Methy! isobutyl carbinol has an acute &-hour inhalation LC50 (rat) >2000 ppm (8.34 mg/L). Acute
overexposure to methy! isobutyl carbinol vapor causes mucous membrane imtation and severe eye irritation.
Direct contact with methy! isobutyi carbincl causes mild skin #rritation. -

Ethanol has acute oral (rat) and dermal (rabblt) LD30 values of 7060 mg/kg and 20,000 mg/kg, respectively. Tte
10-hout inhalation LC50 for ethanol in rats is 20.000 ppm (84.05 mg/L/4hr). Ethanol is a poten! teratogen
associated with abnormal feta! formation, growth retardation, neuroiogical damage, and behavional alierations
in children with fetal alcohol syndrome. in 2 dominant lethal assay. male mice treated with ethanol over a three
day period showed significant decrease in average Hiter size alorg with increased incidence of dead impliants

|

12. ECOLOGICAL INFORMATION

LC50
BLUEGILL, 96 HOUR: > 1000 mg/L

TROUT 96 HOUR: 1200 mg/L




AEROSOLY MA B0% Surfactant MSDS No: 0043 Date: 07/07/87 Paged ol 6

. BOD
e 28 Day: 16.7 %
OCTANOL/H,O PARTITION COEF.. Notavailabie

13. DISPOSAL CONSIDERATIONS

The information on RCRA waste classification and disposal methodology provided below applies only to the
Cytec product, as supplied. if the material has been altered or contaminated, or it has exceeded s
recommended shell life, the guidance may be inapplicable. Hazardous waste dassiication under federal
regulations (40 CFR Par 261 et seq) is dependent upon whether a material s a RCRA "listed hazardous waste"
ot has any of the four RCRA *hazardous waste characteristics " Refer to 40 CFR Part 261.33 to determine ifa
given material to be disposedof isa RCRA “listed hazardous wasie"; information contained in Section 15 ot this
MSDS is not intended to Indicated i the product is a “listed hazardous waste.” RCRA Hazardous Waste
Characleristic. Thers are four characteristics defined in 40 CFR Section 2681.21.81.24: Ignitability, Comosivity.
Reactivity, and Toxiclty. To determine ignitabiltty, see Section 5 of this MSDS (fiash point). For Corrosivity, see
Sections @ and 14 (pH and DOT corrosivity). For Reactivity, see Section 10 (incompatible materials). For
Toxicity, see Section 2 (composition). Federe! regulations are subject to change. State and local reguirements,
which may differ from or be more stringent than the federal reguiations, may also apply to the classtication of
the material ¥ it is 1o be disposed. Cytec encourages the recycle, recovery and reuse of materials, where
permitted, as an alternate to disposal as & waste. Cytec recommends that organic materials classiied as RCRA
hazardous wastes be disposed of by thermal treatment or incineration at EPA approved facilities. Cytec has
provided the foregoing for information only; the person generating the waste is responsible for determining the

waste classtication and disposal method.

This saction provides basic shipping classtication information. Refer to appropnate
fransportation regulations tor specitic requirements.

14. TRANSPORT
| INFORMATION

D.O.T. MO
SHIPPING INFORMATION SHIPPING INFORMATION
SHIPPING FLAMMABLE LIQUID, N.O.S. FLAMMABLE LIQUID, N.OS.
NAME: ) .
HAZARD CLASS/ 3 3.3
PACKING i n
GROUP:. . U
UN NUMBER: _UN1993 . 1983 e e
" IMDG PAGE: Not Applicable 3345 o
D.O.T. (PROCJCT REPORTABLE QUANTTTY) Not Applicable
HAZARDOUS Not Applicable
SUBSTANCES: e
TRANSPORT Flammable Liquid Flammable Liquid
LABEL
REQUIRED:
ICAOfIATA TRANSPORT CANADA
SHIPPING ELAMMABLE LIQUID, N.O.S. FLAMMABLE LICUID, NO.S.
NAME: e e e ——
HAZARD CLASS: 3 S L .
SUBSIDIARY - -
; CLASS: _ e e
£l UN/ID 1993 1983

NUMBER.:



AEROSOL® MA BO% Suractant MSDS No: 0043 Date: 07/01/97 Page 5ol €

PACKING U ]l
| . GROUP:
“+ TRANSPORT Flammable Liquid Flammable Liquid
LABEL
REQUIRED:
PACKING INSTR: eassencen 309 Not Applicable
carao 310
MAX NET QTY: rassencEr 601 Not Applicable
o carco 2200
ADDITIONAL TRANSPORT INFORMATION
TECHNICAL (Contains ethanol)
NAME {N.DS.):

15. REGULATORY INFORMATION

INVENTORY INFORMATION
US TSCA: This product is manutactured in compliance with all provisions of the Toxic Substances

Congo! Act, 15 U.S.C. 2601 et. seq.

CANADA DSL: Components of this product have been reported to Environment Canada in accordance
with subsection 25 of the Canadian Environmenta: Protection Act and are included on the

Domestic Substances List.

EEC EINECS: All components of this product are included in the European inventory of Existing
Chemical Substances (EINECS) in compliance with Councl Directive 67/548/EEC and its

amendments.

J’ OTHER The following components of this product may be subject to reporting requirements
ENVIRONMENTAL pursuant to Section 313 of CERCLA (40 CFR 372), Section 12(b) of TSCA, or may
INFORMATION be subject to release reporting requirements (40 CFR 307, 40 CFR 311, etc.) See

Section 13 for information on waste classification and waste disposal of this product.
COMPONENT CAS. NO. % TPQ(ibs) RQ(lbs) 8313 TSCA 128
This product does
not contain any
components regulated
under these sections
of the EPA

PRODUCT CLASSIFICATION UNDER SECTION 311 OF SARA
ACUTE (Y) CHRONIC (Y) FIRE (Y) REACTIVE (N) PRESSURE (N)

16. OTHER INFORMATION

NFPA HAZARD RATING (National Fire Protection Association)

Fire FIRE: Liquids and solids that car: be ignited under almost all ambient temperature

conditions.
HEALTH: Materials which on intense or continued exposure could cause temporary
incapaatation or possible residua! injury unless prompt medical treatment is given
REACTIVITY: Materials which in the mselves are normally stzble, even under hre
sxposure conditions, and which are not reactive with water.

3
Health 2 0 Reactivity

Special
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REASON FOR ISSUE:
SHW Area Code Change

p i : Lamy R Johrson, DVM, PhD, DABT

1 without &ny walranty or tepresentaton. We do not gssume &y legal V_GSDOHSMW for same, nor do we
;,?: :‘:;::?:: :.g::mo‘m, or rocyommond:ﬁcn to practice any patented invertion withou! a license. !l is offered solely for your
consiceration mv.sf' iation and vertiicetion, Before using any produdt, read s label.




MATERIAL SAFETY DATA SHEET

......... Suscscescsvavenna

10/10/98 PAGE: 1}
OQUCY NUMBER: 123117 PRODUCY MAME: STEOL C5-330
anstoe . soee easannutanerestan
*»
STEPAN COMPANY EMERGENCY INFORMAT §ON .
NORTHFIELD, IL. 60093 MEDICAL:  1-800-228-5635 .
(B4T) 446-§500 . CMEWIREC;  1-800-424-9300 .
i SECTION I: GENERAL INFORNATION .
'RODUCT WUMBER: 123117 PRODUCT NANE: STEOL C$-330

PRODUCT CLASS: ALCOHOL ETHOXY SULFATE

PRECAUTIONS: CAUSES IRRITATION.

REFER TO BILL OF LADING OR CONTAINER LABEL FOR DOT OR OTHER
TRANSPORTATION HAZARD CLASSIFICATION, (F ANY.

SECTION 11: HAZARDOUS INGRENEIIIS .
INGREDIENT (CAS #) OSHA PEL  ACGIN TLV OTHER
(PPN )

....... P S T T T L L R

NO INGREDIENTS IDENTIFIED BY OSHA AS MAZARDOUS ARE KNOWN YO BE PRESENT,
OR THE INGREDIENYS PRESENT ARE BELOW LEVELS SPECIFIED AS HAZARDOUS BY OSHA
(29 CFR 1910.1200).

---------------------- B T LY L Y L Ly L R P L LY

= NOT ESTABLISHED.
NL = NOU LISTED.
= IDENTIFIED AS A CARCINOGEN BY OSHA, IARC, OR NIP.

3 bt 4 "

»
SECTION 113: PRYSICAL/CHEMICAL PDATA b

BOILING POINT:
(CONTINUED)



MATERIAL SAFETY OATA SHEET
[E: 10/10/98 PAGE; 2
PRODUCT NUMBER: 123117 PRODUCT NAME: STEOL. CS$-330

OVER 212 DEG F. (100 DEG C.).
X WL:;;lE BY MEIGHT:

EVAPORATION RATE: ESTINATED SLOMER THAN EVHYL ETHER.

VAPOR DENSITY: ESTIMATED LIGHTER THAN AlR.
VAPOR PRESSURE (MM HG):

HOT DETERMINED OR UNKNOWM.
WEIGHT PER GALLON:

8.6 LBs.

SECTJON 1V: FIRE AND EXPLOSION BAIA .

FLASH POINT: NOT APPLICABLE (WATER SOLUTAON).
EXPLOSIVE LINJTS:
LOMER: NOT APPLICABLE. UPPER: NOT APPLICABLE,

EXTINGUISHING MEDJA: NON FLAMMABLE. WATER SOLUTION

SPECIAL FIRE FIGHTING PROCEDURES: SELF-CONTAINED POSITIVE PRESSURE
BREATHING APPARATUS AND PROTECTIVE
CLOTHING SHOULD BE WORN IN FIGHT-
ING FIRES INVOLVING CHEMICALS.

UNUSUAL FIRE AND EXPLOSION MAZARDS: MONE KNOWM.

"

SECTION V: REACTIVITY DAVA .

{ od

STABILITY: STABLE
HAZARDOUS POLYMERIZATION: WILL NOTY OCOR
INCOMPATABILITY (MATERIALS TO AVOID):
STRONG OXIDIZIKG AGENTS
STRONG ACID,
HAZARDOUS DECOMPOSITION PRODUCTS:
SULFUR DIOXIDE AND NYDROGEN SULFIDE.

resdREE L]

SECTION VI: HEALTH HAZARD DATA . .

(11

EFFECTS OF QVEREXPOSURE/EMERGENCY AND FIRST AID PROCEDURES
' C(CORTINUED)

o -



MATERIAL SAFETY DATA SHEEY
0/10/98 PAGE: 3
OUCT NUMBER: 123117 PRODUCT WAME: SVEOL C§-330

EVES: CONTACY WITH EVES IS PAINFUL AND IRRITATING.

%us» E;ES IMMEDSATELY MITH PLENTY OF UATER FOR AT LEAST
HINUTES.

SKIN: PROLONGED OR REPEATED COMTACY WITH SKIN CAUSES I1RRITATION.
WASH OFF SKIN MITH WATER. REMOVE CONTAMINATED CLOTHING AND
CLEAN BEFORE REUSE.

INHALATION: MIST CAUSED BY MANUFACTURING OPERATIONS IRRITATES
NASAL PASSAGES.
1F VAPORS OR MIST CAUSE IRRIVATION OR DISTRESS,

REMOVE TO FRESH AlLR.
GIVE OXVGEN OR APPLY ARTIFICIAL BESPIRATION,
1F NEEDED.
INGESTION: IF SWUALLOWED, CONSULT A PHYSICIAN IMMEDIATELY.

CHRONIC EFFECTS AND MEDICAL CONDITIONS AGGRAVATED BY OVEREXPOSURE:
CHRONIC EFFECTS AND MEDICAL CONDITIONS AGGRAVATED BY OVER-
EXPOSURE TO THIS PRODUCT WAVE NOT BEEN ESTABLISHED.
g:ﬂi&gig::‘ EXPOSURE TO THIS PRODUCT QR ANY CHEMICAL SHOULD

IF ANY SYMPTOMS PERSIST, CONSULT A PHYSICIAN.

CARCINOGEN: mr;:gwuct IS NOV CONSIDERED A CARCINOGEN BY OSHA, NIP,

THRESHOLD LINIT VALUE:
NOTE: THIS PRODUCY MAY CONTAIN 1,4-DIOXANE AS A BY-PRODUCT,
UHICH CAN BE ABSORBED BY INHALATION AND THROUGH THE SKIN. PLEASE
BE ADVISED THAT 1,4-DIOXANE IS A CANCER-SUSPECT AGENT AND CAN
CAUSE LIVER ANO KIDNEY INJURY WITM OVER-EXPOSURE.

FOR ADDITIONAL MEDICAL INFORNATION, CALL 1-B0O-228-5635

SECTION VII: SPILL, LEAK, AND DISPOSAL PROCEDURES ~ *

£ L4 4 -

CONTAIN ALL SPILLS AND LEAKS TO PREVENT DISCHARGE INTO THE
ENVIRONMENT.
VENTILATE AREA.
SMALL SPILLS: SOAK UP WITH ABSORBANT, SHOVEL JNTO WASTE CONTAINER,
FLUSH AREA WITH WATER.
LARGE SPILLS: RECOVER LIQUID FOR REPROCESSING OR DISPOSAL.
CCONT INUED)



£: 10710798 PAGE: 4

MATERIAL SAFETY DATA SHEEY

Y T Y Y e

PRODUCY NUMBER: 123117 PRODUCT MAME: STEQL CS-330

WASTE DISPOSAL: RECOVER MATERIAL OR DISPOSE (INCINERATION 1S
PREFERRED) M ACCORDANCE MITH ALL APPLICABLE FEDERAL,
STATE, AND LOCAL REGULATIONS. MATERIAL COLLECTED WITH
ABSORBANY MAY BE DISPOSED IN A PERMITIED LANDFILL 1IN
ACCORDANCE W1TH FEDERAL, STATE, AND LOCAL REGULATIONS.
EMPTY CONTAINER MAY RETAIN VAPOR OR PRODUCT RESIDUE.
OBSERVE ALL LABELED SAFEGUARDS UNTIL CONYAINER IS
CLEANED, RECONDITVIONED, OR DESTROVED.

SECTION ViIl: PROTECTIVE MEASURES b

EYE PROTECTION: WEAR FULL FACE SRIELD OR GOGGLES WHEN HANDLING.
PROTECTIVE GLOVES: USE IMPERVIOUS GLOVES.
RESPIRATORY PROTECTION:
{1F VAPORS ARE PRESENY, USE NIOSH OR NSHA APPROVED RESPIRATOR FOR
ORGANIC VAPORS, AIR-LINE RESPIRATOR, OR A SELF-COMYAINED
BREATHING APPARAYUS.
VENTILATION:
USE ADEQUATE VENTILATION.

QTHER PROTECTIVE EQUIPMENT:
:EAI; :;ROIECUVE CLOTHING TO PREVENT REPEATED OR PROLONGED
ONTACT.
EYE MASH STATION AND SAFETY SHOWER SHOULD BE NEAR WORK AREA.

SECTION 1X: SPECIAL PRECAUTIONS .

HANDLING AND STORAGE
Avotlp OVGRHEA"NG OR FREEZING.

OTHER PRECAUTIONS:
SPILLED MATERJAL IS SLIPPERY. MASH THOROUGHLY AFTER NANDLING. IF
INGESTED, CALL A PHYSICIAN. -

NEITHER THIS DATA SHEET NOR ANY STATEMENT CONTAINED HEREIN GRANTS OR EXVENDS

ANY LICENSE, EXPRESS OR INPLIED, IN CONNECYION WITH PATENTS ISSUED OR PENDING
WHICH MAY BE THE PROPERTY OF THE MANUFACTURER OR OTHERS. THE INFORMATION IN

CCONTINUED)




MATERIAL SAFETY DATA SNEET

JE: 10710798 PAGE: S
PRODUCT NUMBER: 123117 PRODUCT MAME: STEOL CS-330

11S DATA SHEET HAS BEEN ASSEMBLED BY THE MANUFACNURER BASED ON 1TS OWM
JUDIES AND ON THE MWORK OF OTHERS. THE MANUFACTURER NAKES NO WARRANTIES,
KPRESS OR IMPLIED, AS TO THE ACCURACY, COMPLETEMESS, OR ADEQUACY OF THE
NFORMATION CONTAINED HEREIN. THE MANUFACTURER SHALL NOV BE LIABLE (REGARD-
ESS OF FAULT) TO THE VENDEE, THE VENDEE’S EMPLOYEES, OR ANVOME FOR ANY
IRECT, SPECIAL OR CONSEQUENTIAL DAMAGES ARISING OUY OF OR IN CONNECTION WITH
HE ACCURACY, COMPLETEMESS, ADEQUACY, OR FURMISMING OF SUCH INFORMATION.

(L DT
Tl 27 £ 2 J ARy Sheh ks 1 11311 ]

(R) REGISTERED TRADEMARK OR APPLICATION PENDING.
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’an Stepan Lompany T

: E&mle Roam “

»oirn Plant 77 Reisboro Piant | [) Maywood Plant Emuuwm [0 winder Piant [ Northtiaid

Pilot Plant
Pay .t Bordertown, N.J. 08505 100 West Mumisr Avenus Emwood, llinois 50421 §51 Bankhead Hwy. Corporate Offices
(609) 298-1222 Maywood, NJ. 07607 (B15) 727-4544 Winder, GA 30680-0951 Ressarch & Development
#2803 | (FAX) 606-208-7680 (201) 845-3030 {FAX) 815-774-5383 (770} 857.7471 Northfield, IL 60093
(FAX) 201-845-6754 (FAX) T70-867-5300 {84T) 446-7500
sz {FAX) 847-501:2100
(51-8539
CERTIFICATE OF ANALYSIS / CERTIFICATE OF COMPLIANGE 2311
[V $pec Maini. Dae oxy
Customer Sample 1/7/98 CBO56
' Taes ¢ FTox] W7 831841
- B Yo ¢ e
7-91
- G PO 9 mojw

STEPAN’S: STEOL C5-330
-17-D ACTIVES (EQ. WT. 422) 27.5-29.5% 27.88
120-0 UNSULFATED ALCOHOL 0.4-1.4% 0.89
1195-0 SODIUM CHLORIDE 0.4% MaX , 0.01
Jo98-~-F SODIUM SULFATE 0.6% MAX 0.20
353:-0 PH (10% AQUEQOUS) 6€.5-8.5 8.18
* 9 FORMALDEHYDE, PPM 400 PPM MIN 610
. .6=-F COLOR, &T € 420MU (10 MM I.D. TURE) S0% MIN 95
110-0 APPEARANCE €@ 25C CLEAR, F.F.M. PASS
150-0 BUFFER, AS NA HCO3 RECORD D0.25
024-0 VISCOSITY € 25C 800 CPS MaX 64
038-0 CLOUD POINT (QUICK COOL) 5C MaX 0
I 4
i -

DEDICATED TO CONTINUOUS IMPROVEMENT THROUGH SQC & SPC

Vory may yours
STEPAN COMPANY

nmbmmuuﬁuﬂ.”umwmuhﬂwmm
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S ANALYSIS (S NOT TO 8€ CONSTRUED AS A WARRANTY, EXPRESSED OR IMPLUIED. The preceong asis &
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I es "8 J:41 rRUDM fo

-.sMA-ALDRICH
ATIN® SAFETY DIRECTOR EMERGENCY PHONE 1-414-273~
UNIV OF ORLAHOMA PO BOK 355 HILWADRES, N3 23301
TRACY CARTER PATE ' 10/22/98
435-3285621 *HEustrs 3768561
: PO%:
MATERIAL SAFETY DATA SHEET PAGE

- e O o @ P o - ®&® e = - & - - a o - - - e aw
- . .

STION le = = = @ = « = = = CHEMICAL IDENTIFICATION= = = = « = = = = =

CATALDG #: 239224 - :
AMES CALCIUM CHLORIDEy =4+30 MESH, TECHe )
STION 24 = - - - - COMPOSITION/INFIRMATION ON INSREDIENTS = - = = = =
3 fregosses '
1 NS "233-140-8
« CALPLDS ® CALTAC s DOWFLAKE # LIQUIDOK * PELADON * SNOMELT
SUPERPLAKE ANNTOROUS *

e e e ===« <~ HAZARDS IDENTIFICATIDN c i e e e ma.

LTION 3.
LAZEL PRECAUTIONARY STATEMENTS
WARMEUL IF SWALLDWED
=Y
IRRITATING T3 €YESs RESPIRATORY SYSTEN AND SKIN.
IN CASE OF EONTACT WITH EYES) RINSE IMMEDIATELY WITH PLENTY OF
gggﬁnggggfgaé SLSVES AND EYE/FACE PRITECTION.
Yo
EP TIGHTLY _CLOSEDs
SANDLE AND STGRE UNDER ARGONs
LTION o = = = = = = = = = = FIRST=AID MEASURES= = = ~ = = = = = = =
NTACTz IMMEDJATELY FLUSH SYES OR_SKIN WITH COPIOUS
égggsfgsgfnﬁfgggtg6 B iR Ol I REW WIRE CgNTAMINATED
p - ® .
TE_INHALED, RENOVE O F AIRs IF NOT BREATHING GIVE ARTIFICIAL
i EXVHINE 15 BIFFICULEy GIVE DXYGEVs.
§Ei§5§tg§§§§6f§¢gﬁ ouT HUU%H WITH WA TER PRJ&IDED PERSON IS CONSCIOUSe
ASH LoRTARINATED CLOTHING BEFORE REUSE.

CTION B¢ = = = « = = ~ = = FIRE FIGHTING MEASURES « @ = = = = = = =« -

="ggsg§§ ING MEDIA'
JECEXTINGUISHINu MEDIA APPROPRIATE TO SURRGUNDING FIRE CONDITIONSe

(r' ECIAL FIREFIGHTING PROCEDURES
CONTINUED ON NEXT PAGE

We ore committed 10 the success of our custorners through science. fechnology ond service
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OCT &4 "S& Si&40 rRwi

_3MA-ALDRICH

CUST#: 370851

"MATERIAL SAFETY DATA SHEET PASE 2
TATALDG #: 23922-4
NAMES - EALEIUN CHLORIDE, =4¢30 MESHy TECHe
WEAR SELF-CONTAINED BREATHINGS APPARATUS AND 5
PREVENT CONTACT WITH SKIN AND EycsetTus AND PROTECTIVE CLOTHING TO
UNUSUAL FIRE AND EXPLOSIONS HAZARDS
SHITS TOXIC FUMES UNDER anézéoﬁnzrzans.

VEAR SELE-CONTAINED BREATHING APPARATUS s RUBBER BOITS AND HEAVY -

SWEEP URy PLACE IN A BAG AND HILD FOR WASTE DISPIsALe :

VRIS IREACARD "wask spaLL sITE aFTER MATERIAL PICKUP IS COMPLETE.
TN Te = o= === == -~ HANDLING AND STORAGE- = = = = = = = = - -

“¢FER 70 S’CTIBH 8e .
CTION Be = < = = = « EXPOSURE CDNTROLS/PERSDNAL PRDT.CTIDN- - - " -

NEAR APPROPRIATE NIOSH/MSHA~APPROVED RESPIRATOR -
BEovES, SAEETY E0G Eés‘ AER PROYECTIVE CLcrHI& L CHEMICTAL-RESISTANT
SAFETY SHOWER AND EYE BATHe |
SECHANICAL EXHAUST REQUIRED.
D0 NOT.BREATHE DUST.
AVOID CONTALT WITH EYES; SKIN AND CLOTHING.
AVOID PROLONSED OR REPEATED EXPOSURE.
WASH . THOROUGHLY AFTER NANDLINGe
T
o
REEP. TIGHTLY CLOSED
$E5ke I LS5k Y PLACE,
“TION 9¢ = = = = = = = PHYSICAL AND CHEMICAL PROPERTIES = = ~ = - - -
\PPEARANCE AND ODOR
"NHITE BEADS
’ AL PROPERTIES
R b a0
SPECIFIC GRAVITYS 24150
.TID" 10. - > o W o ® = - -SY‘BILITY AND REA:?IVITY - o - - - - - = o
TABILITY
" ABLEe

s |
_~PATIBILITIES
CONTINUED ON NEXT PAGE

We cre committed fo the success of our customers through sclence, technology ond serice
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We are committed to the success Of our customers through science, technology
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SMA=-ALDRICH

CuST#: 370851
MATERIAL SAFETY DATA SHEET PAZE &

= - & o o o o o o - e o o - o - o e o - o & - w

e £0)

ATALDG ¥: 23922~4 '
NAME : CALCIUR CHLORIDEy ~=4430 MESHy TECHe.
RTE

C§) DATA IS PRESENTED HEREe SEE ACTU L ENTRY '
ZOMPLETE INFORMATION EE ACTUAL ENTRY IN RTECS FOR

CTION 12 = = = = = = = = = ECOLDGICAL INFORMATION = = = = = = = = = =
. DATA NDT YET AVAILABLE.

CTION 130 = = = = = = = = = DISPOSAL CONSIDERATIONS = = = = = = = = =,
PESSOLLE BN TEX, 105 MTEEIAL VRS, 4 SORBSSTIRLE ROCUSNT AR, Byt 20 A
5B SERVE ALL FEDERALy STATE AND LOCAL ENYIRONMENTAL REGUL

- N 14e = = = = ® = = = = = TRANSPORT INFORMATION = & = = = = = = ~
UNTACT ALDRICH CHEMICAL COMPANY FOR TRANSPORTATION INFGRMATION.

CTION 15¢ = = = = = = = = = REGULATURY INFORWATION = = = = = = = = = -
EUIIPEAN INFORMATION .

max et
=110 3

EC_INDEX NO: 017-013-00~2
e
ga;grAfxns TO EYESe

bo_NOT BREATHE DUSTe

ivé30 CONTACT WITH.SKIN. .

REVIENSy STANDARDSy AND-REGULATIONS
3§L§HAK c . »
EFQR§{Eg§‘1;;2DPigggcxus SUBJECT TD REGISTRATION DR RE=-REGISTRATION
- y

| s 57203 NIS 873 TNF 79963 NUS_79%.TNE 110691

§3g;‘§§§§: ﬁ%g is;zoi NIs 11d:. NRrT3288s% %05 1137 TNE 354520; TFE

RAM 1988y NESATIVES CELL TRANSFORM.=SAT/SHE
fF4'gizrax Peseran, 10 LTRSS /
2pa TSCA %scrxan D3 UNPUBLISHED HEALTH/SAFETY STUDIES
EPA T3EA FEST SUBMISSION (TSTATS) DATA BASEs JUNE 1998
“TION 160 = = = = = = = = = = DTHER INFORMATION- = = = = = = = = = « -
- ATIDON 1S BELIEVED TQ BE coaaecr BUT DOES_NOT P
anffogﬁcfﬁggég 183 SHALL BE_USED ONLY A4S 4 GUIDE. ALARICK sa3§f°§37735
ALL IRCEYR0R ANY DARAGE RESULTING FROM HANDLING OR FRIM CONTACT WITH
hie ASZYE "BRODUCT. - SEE REVERSE SIDE OF INVIICE OR PACKING SLIP F5R
CONTINUED ON NEXT PAGE

We are committed fo the success of our customners through science. technology and service.
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|

SMA-ALDRICH

o CUST#: 370851
MATERIAL SAFETY DATA SHEET PAGE 5
TATALOS #3 23922-6
NARES EALETUM CHLORIDEy =430 MESHy TECHe

ADDITIDNAL TERMS AND CONDITIDNS -OF SALEe -

TOPYRIGHT 1998 SIGMA-aLDRICH CO. g
OLINSE CRANTED T8 WAKE UNLIMITED PAPER COPIES FOR INTERNAL USE DNLY.

‘h . PR LY I - R Sy I B e cha ...:'
+

1o the success of our customers through science. technology end service.
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0CT 23 'SB 8:43 FROM T0 814853254217 PAGE .B26/827

SMA-ALDRICH

cusT#: 370851
MATERIAL SAFE TY DAT A SHEET PASE 2

L0G # 35280-8
262802 conoL, REAGENT, DENATURED
ELY (SHOW THE LABEL WHERE POSSIBLE)e.
HTLY CLOSED X
ND STOXE URDER NITROGENe
e e = =% = === FIRST-AID MEASURES= = = = = = = = = = =
9 eIy IMMEDIATELY FLUSM EYES OR_SKIN_WITH COPIDUS
U

R AT LEAST 15 NRINUTES WHMILE REMOVING .CONTAMINATED
SHING OF THE EYES BY SEPARATING THE EYELIDS

(10 ERESH AIR. 1 NGT BREATHI
ATHING IEFICULTy EIVE OK
ATHIRZEE Eafh YEik PROVIDE
) CLOTMING BEFDRE REUSE.

CTION Se = = = = = = = = = FIRE FIGHTING MEASURES = = = - = = = ---

UISHINS MEDI
EXTINS oI E'
T

E
P
Yy IVE ARTIFICIAL

6
“PERSON IS CONSCIOUS.
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XPLASIO AY OCCUR UNDER FIRE CDNDITIDNS-
e @ = = = = = = ACCIDENTAL RELEASE QEASURES— - - e .-

SOURCES OF IGNITION.
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GAToguASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLETE.
=5 N o = = = = = = = = = = HANDLING AND STIRAGE= = = = = = = = = = =

\ (EFER TO SECTION e
CONTINUED ON NEXT PAGE

We cre committed o the success of our custorners through science, technology ond service.
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Material Safety Data Sheets Collection:

Genlum Publishing Corporation
@ One Genium Plaza Sheet No. 683
Schenestady, NY 12304-4690 USA Polychlorinated Biphenyls (PCBs)

(518) 3778854 Issued: 11/88 Revision: A, 952

[ Polychlorinated Biphenyls [C:H;4 o Cl, (223, 4, 5)] Des

seCtion ln Mateﬁa} Idenuﬁcahon S ‘ s s R R A S DT S F 39
cription: A class of nonpolar chierinated hydrocarbons with a R 1 NFPA

biphenyl nucleus (two benzene nuclei connecied by a single C-C bond) in which any or all of the hydrogen atoms havebeen 1 4 0

replaced by ehlorine. Commercial PCBs are mixtures of chlorinated biphenyl isomers with varying degrees of chlorination. § 3° 0 o

Prepared industrially by the chlorination of bipheny] with anhydrous chlorine in the presence of a caulyst such as ferric K 1 Q

chioride or iron filings. Except for limited research and development applications, PCBs have not been producedinthe US  © Skin

{ PCBs were manofactured in the US, they were marketed under the tradename Aroclor  sbsorpion  HMIS

since 1977, When large quantities

(Monsanio) and were characterized by four digit numbers, The fust two digiu indicating biphenyls (12), triphenyls (54), or H 2
both (25, 44); the last swo digits indicating the weight percent of chiorine, PCBs' thermal stability, nonflammability, and F 1
high dielectric capability made them very useful in electrical equipment. Formerly used as additives in hydraulic fluids, heat R 0O
vansfer rystems, lubricants, cotting eils, prinier's ink, fire retardants, asphal, brake linings, sstomobile body sealants, PPEt
plasticizers, adhestves, synthedic rubber, f1oor tile, wax extenders, dedusting sgenss, pesticide axtenders, and earbonless 1S5ec. 8
_seproducing paper. PCBs are still used in certain existing electrical capacitons and ransformers that require enhanced 3%”'“
electrical ion 1 avoid heating from sustained electric favla. eeu

protectio

Other Designations: CAS No. 1336-36-3, Aroclor, Clophen, Chiorextol, chiorinated biphenyls, chlcrinated diphenyl,
chiorinated diphenylene, chloro biphenyl, chloro-1,1-biphenyl Dykanol, Fenclor, Ineneen, Kanecler, Montar, Noflamol,
Phenoclot, Pyralene, Pyranol, Santotherm, Sovol, Therminol FR-1
Cautions: PCBs xre potent liver toxins that may be absorbed through skin.
accumulate in fawry tissue and may reasonably be anticipated 1o be carcinog
burned, decompasition products may be more hazardous than the PCBs.

Section 2. Ingredients and Occupational Exposure Limits . .. ..

Potendally, chronic or deluyed toxicity is significant because PCBs
ens. PCBs e a bicaccumulative environmental hazard. When

PCBs, contain various levels of polychicrinated dibenzofurans and chiorinated naphthalenes as contaminan

1991 OSHA PELs, Skin . 1925-86 Toxiclty Data®
8-hr TWA (Chlorodiphenyl. 42% chlorine): 1 mg/m? Rat, onral, TD: 1250 mg/kg administered interminently for 25
8-lv TWA (Chlarodiphenyl, $4% chlorine): 0.5 mg/m’® Mwae.h produced liver tumors. N
1990 DEG (Germany) MAK, Dusgr o sy Asorpion 35 St o 5 0 3y o
Category IIl: Substances with systemic effects, onset of effect > 2 hr., L arhempf “:3:5“" on newbom (sillbirth; live birth

half-1ife > shift length (swongly cumulative) - : R4 :
Short-term Level: 1 ppm, 30 min., sverage value, 1 pez shift }rai ?:%%SH RE’}. 1 42% chlorine: 000 _

. ine): O. 3 orodipheny chlorine): 0.001 mg/m

e uh L. 34% ehlorine): O 05 ppm (05 ”‘"‘“. ) TWA (Chicrediphenyl, $4% chlorine): 0.001 mg/m®
Shori-term Level: 0.5 ppm, 30 min., sverage value, 1 per shift 1992.93 ACGTH TLVs, Skin ®

TWA (Chlorodiphenyl, 42% chicrine): 1 mg/m’
TWA (Chiorodiphenyl, 54% chiorine): 0.5 mg/m®

“* These guidelines affer MUy good prowection agains syRemic intoxicstion, but may not guaranice that chloroacne won't eccor.
4 See NIOSH, RTECS (TQ1350000), for sddizional reproductive, samorigenic, and toxicity data.

Section 3. "l"hysicaﬁ)ata‘ e I -
Bolling Point: 644-707 °F (340-375 °C) &*clﬂc Gravity: 1310 1.82:20°C
Melting Polnt: 42%: -2.2 °F (-19°C); 54%: 14 "F (-10* ater Solubllity: Low solubility (0.007 10 5.9 mg/L) .
Vapor ure: 1 mm Hg a1 100 "F (38 °C); 10%10 107 mm 21 20 °C Otber Solubllities: Most common organic solvents, oils, and fats;
Molecular Weight: 188.7 10 3985 slightly soluble in glycerol and glycols.
Appearance and Odor: PCBs vary from mobile oily liquids 1o white erystaliine solids and herd non-crystalline resins, depending upon

chiorine content.
-mwuwwmum-&bwumunumdm
Section 4. Fireand ExplosionData . ~~.. i . .. . . .
rature: 464 °F (240 *C)|LEL: None reponed | UEL: None reponed

"Fiash Polnt: 286.385 °F (141-196 'C) OC* | Autoignition Tempe
Extinguishing Media: Use extinguishing medis suitable 10 the surrounding fire. Use dry chemical, foamn, carbon dioxide (COy), or waser spray.
Water spray may be ineffective. Use water spray to c00) fire-exposed containers or wansformers. Do not scatter PCBs with high-pressure water
sreams. Unusua! Fire or Explosion Hazards: Combustion products (hydrogen chioride, phosgene, polychlorinated dibenzofurans. and furans)
are more hazerdous than the PCBs themselves. Special Fire-fighting Procedures: Because fire may produce woxic thermal decomposition
produc, wesr 8 self-contained breathing spparatus (SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode. Ap-
g:a.r.h fire from upwind 10 avoid highly toxic decompasition products. Structural firefighter's protective clothing will provide limited proecuon.

not release runoff from fire contol methods to sewers or waterways. Dike for later disposal.
* Flash points shown are & range for varicas PCBs. Some forms do not have flash points.

"Section 5, Reactivity Data _

Sablity/Polymerization: PCBs are very siable materials but are subject o photodechlorination when exposed 1 sunlight or UV (specoal region
above 290 nanometers). Hazardous polymerization cannot occur. Cbemica! Incompatibllities: PCBs are chemically inen and resisiant to
oxidation, acids, and bases, Conditions to Avold: Avoid heat and ignition sources. . .
Hazardous Products of Decomposition: Thermal oxidative decomposition {1112-1202 *F (600-650 °C)] of PCBs car produce highly toxic
derivauves, including polychlorinated dibenzo-para-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs). hydrogen chionide, phosgene and

other irritants.

e s b el r s SEFEANS L. @ PO DB L




No. 683 _ Polychlorinated Biphenyls (PCBs) _9/52

_S_e_c_tign_ﬁ_-_l_i_g.a.lt_h_ﬂ_____azm!?;.@ e o
Carcinogenicity: The IARC,#% and NTP# List PCBs as an probable carcinogen (overall evaluation is 2A; limited human dats; sufficient
&' 1dus) and NTP sniicipated carcinogen, respectively. Summary of Risks: PCB3 are potent Liver toxins that can be sbsorbed through

- | enskinintoxic amognts without immediate pain o1 iriution. PCBs have low acute taxicig, but can sccumulate in famy tissue and severe

.| 1 effects may develop later. Generally, woxicity increases with a higher chlorine content; xides mre more toxic. The toxic action on the

also increases with simulianeous exposure 1o othet liver 1oxing, e.g. chiorinated solvents, aleohol, and certain drugs. Pathological pregnancies

{abnormal pigmentations, abortons, stilibirths, and underweight births) have been atsociated with increased PCB serum levels in mothers; PCBs
can be passed in breast milk. PCBs can affect the reproductive system of adulis. Medical Conditions Aggravated by Long-Term Exposure:
Skin, livez, and respiratory disease. Target Organs: Skin, liver, eyes, mucous membranes, and respiratory tract. Primary Eatry Routes:
Inhalation, dermal contact, ingestion. Acute Effects: Exposure to PCB vapor or mist is severely imitating to the skin, eyes, nose, throat, and spper
Tespiratory ract Intense acute exposwre 1o high concentrations may result in eye, lung. and liver injury. Systemic effects include nsusea, vomiting,
increased blood pressure, fatigue, weight loss, jaundice, edems and abdominal pxin. Cognitive, neurobehavior and psychomotor impairment and
memery loss have also been seen afier acote exposwre. Chronic Effects: Repeated exposure 1o PCBs can cause chicroacne; redness, swelling,
dryness, thickening and darkening of the skin and nails; uwe}linf;:l burning of the eyes, and excessive eye discharge; distinctive hais follicles;
gastrointestinal disturbances; newrological sympioms including ache, dizziness, ession, nervoumess, numbness of the extremities, and
Joint and muscle pain; liver enlargement; menstrual changes in women; and chronic bronchitis. Cancer, primarily lives, is also a possible result of
exposure, but dat is inconclusive.

ST AID Ejyes: Do no: allow victim to rud or tighly shat Rinsing eyes with mediza) oi! (olive, mineral) initially may remove PCB
and halt frritation betier than water rinsing alone. y?;t‘gy:lid: and flush hn‘rnzhuly and eunﬁnnogﬂy with ) unc):mu};f water until
gansponed o an emergency medical facility, Consult 8 physicisn immediately, Skin: QuicklyTErove tontaminatesd clothing, Rinse with foodin,

ANSP
amounts of water for at Jeast 15 min. Wash exposed wes with soxp and water, Multiple sogp and water washings are necessery. Avoid the use o
organic solvents to clean the ekin For reddened or blistered skin, eonsult mhy:i:im. Inbalation: Remove expesed person 1o fresh air and support
breathing as needed. Ingestion: In most cases, accidental PCB ingestion will not be recognized until long afier vormiting would be of any value.
Never give anything by mouth to an unconscious or eonvulsing person. Vomiting of the pure substance may cause aspiration. Consult s physician.
Note to Physicians: om’:dp;ﬁ:m for inceased hepatic enzymes, chicroacne, and eye, gastrointestingl, and un:r:gic symptoms listed above.
Diagnostic tests inclade b ievels of PCBs and altered liver enzymes.

Section 7. Spill, Leak, and Disposal Procedures =~ w0 nw T sl ORI
SpliVLeak: Notify safery personnel, evacusie all unnecessery personnel, provide adequate ventilation, and isolate hazard ares. Cleanup personnel
should protect against vapor inhalation and tkin or eye contact For small spills, take up with sand or other noncombustible material &P Jace into
containers for later disposal. For larger spills, dike far ahead of spill 10 contain for later disposal. Follow applicable OSHA regulations (29 CFR
1910.120). Environmental TruisBom PCEs have been shown to bio-concentraze significantly in squatic organisms. Ecotoxleity: Bluegill, TLm:
0.278 ppmA6 hr. Mallard Duck, LDyo: 2000 ppm. Environmental Degradation: In general, the penzistence of PCBs increases with an increase
degree of chlorination. Soll Absorption/Mobllity: PCBs sre tightly absorbed in 50il and genezally do not lesch significantly in most aqueous soi)
systems. However, in the presence of organic solvents, PCBs may leach rapidly through the soil. Vilatilization of PCBs from soil may be slow, but
over time may be significant. Disposal: Approved PCB disposal methods include: incineration with serubbing, high-efficiency boilers, landfills, and
EPA.approved sliemative disposal m . Each disposal method has various eriteria. Contact your supplier or a licensed contractor for detailed

«  mendations. Follow gpplicable Federal, state, and local regulations,

. Jesignations
Nk ngdous Waste (40 CFR 261.33): Not listed - OSHA Designations
3y -ARA Exvemely Hazardous Subsiance (40 CFR 355): Not lisied Listed a5 an Air Contaminant (29 CFR 1910.1000, Table 2-1-A)

Listed as 8 SARA Toxic Chemical (40 CFR 372.65)
Listed as 8 CERCLA Hazardous Substance® (40 CFR 302.4): Final Reporuable Quantity (RQ). 1 Ib (0.454 kg) {* per CWA, Sec. 311(0)(4)

and 307(a))

Section 8. Special ProtectionData -~ - : L 4
Goggles: Wear protective eyeglasses of chemical safety goggles, per OSHA eye- and face-protection regulaions (29 CFR 1910.133). Because
eo?tf:l lens use in industry {:ao.nmmial. establish your own policy. Respirator: Seek professional advice prior 1o respirator selection and use.
Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wesr a MSHA/NIOSH-zpproved respirator. Select sespirator based on its
suitability to provide adequate worker protection for given working conditions, level of airborne sontamination, and presence of sufficient oxygen.
Minimum respiratory protection should include a combination dust-fume.mist and organic vapor cartridge or canister or air-supplied, depending
upon the sitoation, For emergency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA. wm’ning.’Av-
pwifying respirasors do ot protect workers in exygen-deficiens amospheres. If respiratons ave used, OSHA requires a written respiratory protec-
ton program that includes at least: medical centification, training, fit-testing, periodic environmental monitoring, maintenance, inspection, cleaning,
and convenient, sanitary storage sreas. Other: Wear chemically protective gloves, boots, &prons, and gaundets to prevert all skin conuct. Butyl
rubber, neoprene, Tefion, and flucrocarbon rubber have break through times greater than 8 hrs. Ventliation: Provide general and local exhaust
ventilstion systems to maintain sirborne concentrations below the OSHA PEL (Sec. 2). Local exhaust ventilaion is preferved because it prevents
contaminant dispersion into the work area by controlling it &t its source.!®) Safety Stations: Make svailabie in the work area emergency eyewash
stations, safery/quick-drench showers, and washing facilities. Contaminated Equipment: Separate contaminated work clothes from streei clothes
and lannder before reuse. Segregate contaminated clothing in such a marmer 3o that there is no direct contact by laundry personnel. Implement
quslity assurance o ascertain the completeness of the clegning procedures. Remove this material from youor shoes and ciean PPE. Comments:
Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material especially before eating, drinking, smoking,

| using the wilet, or pplying cosmetics.
Section 9. Special Precautions and Comments .

Requirements: Store in 8 closed. labelled, conlainer in & ventilated ares with sppropriste ar pollution conwol equipment Engineer,
C?:x.r‘o.k: ‘ﬁa reduce potential health hazards, use sufficient ditution or local exhaust ventilaion to control airborne contaminants and to gmim:i?-.g
concentations & the lowest practical level. Administrative Controks: Inform employees of the adverse health effects associated with PCBs. Limit
access 1o PCB work sreas to suthorized Fersomel. Consider preplacement and ic medical examinations with emphasis on the skin, liver,
lung, and reproductive system. Monitor PCB blood levels. Consider possible effects on the fetus. Keep medical records for the entire Jength of

employment and for the following 30 yrs. Transportation Data (49 CFR 172.101)
r fng Name: Polychiorinated biphenyls Packaging Authorizations Quantity Limitations

?{Tz’z: ¢ y pheny 8) Excgp ons: 173.155 8) Passenger Aircrafh or Railcar: 100 L
Crdo: UN231S b) Non-bulk Pachglng: 173.202 b) Cargo Aircraft Only: 2201

»JT Packing Group: I ¢) Bulk Packaging: 173.24] Vessel Stowage Requirements

DOT Label: CLASS § ' 8) Vesse! Stowage: A

Special Provisions (172.102): 9, N8! b) Other: 34

[ A7SD5 Coliection Refersmces: 26, 73, 89, 100, 101, 103, 124, 126, 127, 132, 133, 136, 163, 164, 168, 169, 174,175, 180

Prepared by: MJ Wurth, BS; Industria! Hygiene Review: PA Roy MPH. CIH: Medical Review: AC Darlinpion, MD
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Material Safety Data Sheet No. 624

From Genium's Reference Collection NAPHTHALENE
Genium Publishing Corporation
1145 Cat.algn Steet
Schenectady, NY 12303-1836 USA Issued: November 1987
(518) 377-885$ GENIUM PUBLISHING CORP.

SECTION 1. MATERIAL IDENTIFICATION D S |
Material Name: NAPHTHALENE o
Description (Origin/Uses): Used a3 2 moth repeliant aod fo many industrial processes, 000
Otber Designations: Naphthaliz; Naphthene; Tar Camphor; C, H,; HMIS
NIOSH RTECS No. QI0525000; CAS No. 0091-20-3 : B 2
Mangfactorer: Contact your supplier or distributor. Consult the Iatest edition of the F 2 R 1
Chemicalweek Buyer's Guide (Genium ref, 73) for a List of suppliers. :m‘o IS :

*Seesect 8 K 2
| SECTION 2. INGREDIENTS AND HAZARDS 1 % | EXPOSURE LIMITS
Naphtulene, CAS No. 0091-20-3 ca 100 IDLH* Level: 500 ppm
a ACGIH TLVs, 1987.88
\ s TLV.TWA: 10 ppm, 50 mg/m®
OSHA PEL
O Q 8-Hr TWA: 10 ppm, 50 mg/m?
Toxicity Data®®
Mz, Unbooma'L0, 1 74 me/es’
@, wa, LD : 74 mg/kg

simmediately dzngerous 1o life and health : 1250 mg g
*sSee NIOSH RTECS for sdditions! dats with references © Zritative, mutagenic, Rat, Onl, LD 1250
reproductive, and tumorigenic effects. :

SECTION 3. PHYSICAL DATA e e G e L
Bolling Polnt: 424°F (218°C) ' Specific Gravity (H,0 = 1): 1.162 at 68°F (20°C)
Vapor Density (Afr = 1): 44 . Melting Polnt: 176°F (80°C)

Vapor Pressure: 0.087 Torr at 77°F (25°C) Molecular Weight: 128 Grams/Mole

Water Solubility: losoluble % Volatlle by Volume: ca 100

Appearspce and Odor: White erystalline flakes; strong coal ur oder.,

SECTION 4. FIRE AND EXPLOSIONDATA —— T[i0wiR | UPPeR

Flash Paint and Method Autoigniton Temperature Flammability Limits in Air
194°F (79°C) OC; 190°F (88°C) CC 979°F (526°C) % by Volume 09 59

r'i-lxtlngulshlng Media: Use water spray, dry chemical, or eerbon dioxide to fight fires involving naphthalene. Caution: Foam or drest
walet spray applied to molten naphthaiene may cause extensive foaming.

Usnusua! Fire or Explosion Hazards: Naphthalene is a volatile so0lid that gives off flxmmable vapor when heated (as in fire situations).
This vapor is much denser than air and will collect in enclosed or low-lying areas like sumps. In these sreas an explosive &ir-vapor mixture
may form, end extra caution is required o prevep! avy ignition sources from starting &n explosion or fire. :

Special Fire-fighting Procedures: Wear 3 self-contained breathing apparams (SCBA) with a full facepiece operated in the pressure-

demund or positive-pressure mode.
: TIVITY DATA

| Naphthalene is stable in closed coplainers at room temperature under pormal siorage 0d handiing conditions. It does pot undergo

bazsrdous polymerization.
Chemical Incompatibilities: Nsphthalcoe is incompatible with strong oxidizing agents, chromic anhydride, and mixtures of aluminum
trichloride and benzoyl chloride.

Conditions to Avold: Ignition sources like open flame, unprotected heaters, excessive heal, lighied tobacco products, and electmic sparks
must pot oceur in work greas where paphthalens vapor may become copcenFaied.

Hazsrdous Products of Decomposition: Toxic gases like carbon mopoxide are produced during fire conditions. Lmiatiog, flammable

vapor forms below the melting point because even solid naphthalene has 2 significant vapor pressure.

mumo—hmc-p:n
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No.624  NAPHTHALENE 11787

TION 6. HEALTH HAZARD INFORMATION
. Nsphthalepe is got listed as a cwreinogen by the NTP, IARC, or OSHA.
ymmary of Risks: Resal shuidows (kidoey failure), hemolytic effects (breakdown of red blood cells), hematuria (blood in the

.| oe), oliguria (low volume of urine), jaundice, eye damage, snd iop of the central pervous system (CNS) are the primary health
oncermns associsted with exposure to naphtbalene. The ACGIH TLVs in section 2 are set to prevent eye damage, These recommended
exposure limits may not be low enongh to prevent blood chaoges in genetically h ensitive individuals.
Medical Conditions Aggravated by Long-Term Exposure: Diseases of the blood, liver, and kidoeys. Administer medical
exams emihuizin% these organs.  Target Organs: Eyes, skis, kidneys, liver, blood (red biood cell effects), and CNS.

v Entry: lohalstion, skin contact.  Acute Effects: Inhalation of naphthalene vapor causes excitement, confusion, headache,

Primar
pausea, and Joss of appetite. Chronic Effects: Increased incidence of cataracts.

FIRST AID
Eye Cootact: lmmediately flush eyes, inciuding under the eyelids, gently but thoroughly with plenty of running water for at least 15

misutes o remove particles.

Skin Contact: lmmediately wash the affected xres with soxp &od water,

Inbalation: Remove victim to fresh air; restore and/or support his breathing as peeded,

Ingestion: Call 2 poison control center, Never give asythizg by mouth to someose who is unconscious or copvulsing. Administer s

pastric lavage fonosgd by salipe catharzis. Monitor biood sad elestrolytic balance. Other sources recommend giving the victim several
glasses of water to drink.

GET MEDICAL HELP (IN PLANT, PARAMEDIC, COMMUNITY) FOR ALL EXPOSURES. Seek prompt
medical assistance for further treatment, observation, and support after first aid.

SECTION 7. SPILL, LEAK, AND.DISPOSAL PROCEDURES .. oo iy v
Splil/Leak: Notify safety personnel, provide ventilation, and eliminate all ignition sowrees immediately. Cleasup personpel peed
protection against contact and inhalation of vapor (see sect. 8). Contain large spills sod collect waste. Use ponsparking tools o place

paphthalene into closable containers for disposal. Keep waste out of sewers, watersheds, snd waterways.
Waste Disposal: Consider reclamatiog, recycling, or destructios rather than disposal in a landfill. Contact your supplier or 8 hicensed

contractor for delailed recommendations. Foliow Federal, state, and local regulations.

OSHA Designations

Air Contamisant (29 CFR 1910.1000, Subpart 2) .
EPA Designations (40 CFR 302.4)

RCRA Hazardous Waste, No. U165

CERCLA Hazardous Sudbstance, Reportable Quantity: 100 Ibs (454 kg)

=, 0ggles: Always wear protective eyeplasses or chemical safety goggles. Follow the eye- and face-protecton guidelines of

29 CFR 1910.133. Respirator: Use s NIOSH-spproved respirator per the NIOSH Pocket Guide 10 Chemical Hazards (Gepium ref. 88)
for the maximum-use copeentrations and/or the exposure kmits cited in section 2. Respirator usage must be ip accordance with the OSHEA
regulations of 29 CFR 1910.134. IDLH or uaknown concentrations require an SCBA with 8 full facepiece operated in the pressure-demand
or positive-pressure mode, Warning: Air-pwrifying respirators will aor protect workers i oxygen-deficient atmospheres.

Other Equipment: Wear impervious gloves, boots, sprons, gauntlets, etc., a8 required by the zpecific work environment to prevest skin
covtact. Vesntliation: Install and operate general and jocal matimum explosion-proof vestilation systems of sufficient power 1o
maintain airboroe levels of naphthalene below the OSHA PEL standard cited in section2.  Safety Stations: Make eyewash stations,
“wathing facilities, and safety sthowers svailable in avess of use and handling. Contaminated Equipment: Contact lenses pose 2 special
hazard; soft lenses may absorb irritants, a4 all lenses concentrate them Do nov wear conlact lenses in any work area. Remove and launder
contaminated clothing before wering it again; clean this material from shoes and equipment.

Comments: Practice good personal hygiene; alweys wash tharoughly afier using this material. Keep this material off of your clothing
20d equipment. Avoid transferring this material from haads to mouth while eating, drinking, or smoking. Do aor smoke, eat, or drink in
any izxznediate work mres. Avoid inhalation of vapor!

SECTION 9. SPECIAL PRECAUTIONS AND COMMENTS -+ - - .

Storage Segregation: Store naphthalene in a cool, dry, well-veatilated ares sway from chemical incompatibles (see sect. 5).

Special Handling/Storage: Protect containers from physical damage. ATl bulk storage facilities must be built with &n explosion-proof
design. AD containers used in shipping/trmsferring operations must be electrically grounded to prevent static sparks. Use monitoring
equipment to measure the extent of vapor preseot in oy swnge facility containing nzphthalene because of potential fire and explosion

hazzrds.
Comments: All opersticns with saphthalene must be dooe carefully 1o prevent accidental ignition of its flammable/explosive vapor. If
the weather is warm, ore paphthalens vapor forms and the potential for explasion increases. Do aot smoke in sny use or stonge area!

Transportation Dats (49 CFR 172.101-2)
DOT ID No. UN1334

DOT Shipping Name: Naphthaleoe
DOT Hazard Ciass: ORM-A IMO Label: Flammable Solid
IMO Class: 4.1 . DOT Label: Nope

References: 1,2 12,73, 84-94, 103. PJI

Ai Judgroeals as 15 the susiability of iaformaucs bareid for purthaser's purposes ar * .
~ ascessarily purchasers rpotsibility, Therefor, althaugh mmu:cmw Approvals .
beee takes is the preparation of such isformation, Gestumn Publishusg Corp. . ...
wumﬁs.n::nwlﬁoummnommmmq Indust. Hyglene/Safety /‘),’ ).
o B sy 0f fulkibty of such isfarmaios for spplizauos L . .
:aaﬁtmﬂw-cmwo!nam, ys] Medical RQVIGW/{M/L%?/

Capyngie © 1977 Ouumss Pubiuiting Corporsten. Copyright © November 1, 1987
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Material Safety Data Sheets Collection:
Genium Publishing Corporation

@ 1145 Catalyn Strest Sheet No. 514
Schenectady, NY 12303.1836 USA p-Dichlorobenzene

$18) 377-8854

e Issued: 10/83 Revision: A, 11/90
Section 1. Material Identification : e e : 33
p-Dicklorobenzene (C,H‘Cl,) Description: jon: Derived by cmommng monochlorobcnuae Usad Y gcnml msecuc:de, "R 1 NFPA
moth repelient; 8 germicide; 8 chemical intermediate in the production of polyphenylene sulfide; 8 plastic used in the I 3
electrical apd electrunics industries; & space deodorant in products such as room deodorizers, urinal znd toilet bowl blocks, ls( ; 0

and disper pail deodorizers; and in producing 1,24 trichlorobeszene.
Otber Designations: CAS No. 0106-46-7, 1 4-dichlorobenzene, dxchlorocide. Evola,® NCl-c 54955, Paracide,® Paracrys- HMIS
H

tals, Paradi ® panadichlorobenzol, Pmom' p-chlorophenyl chieride, PDB,® Szatochlor.®
Masufacturer: Contact your supplier or distributor. Consult the latest Chemicalweek Buyers® Guide™ for a suppliers list.

Cauﬂm:pbicmmbenme vEpOT fs an eye and upper respiratory tract irritaat Jt is toxic so the liver, Prolonged exposure to high PPG
soncentrations may cause weakness, dirziness, and weight loss. Flammable when exposed 10 heat, flame, or oxidizers. *

Section 2. Ingredients and Occupational Exposure Limits .

[ p-Dickiorobenzene, ca 100%

1939 OSHA PELs 1990-91 ACGIH TLVs 1988 NIOSH REL  1985.86 Toxicity Data®

8-hr TWA: 75 ppm, 450 mg/m? TWA: 75 ppm, 451 mgym®  None established Human, oral, TD,: 300 mp/kg produced sense organs

15-min STEL: 110 ppm, 675 mg/m’ STEL: 110 ppm, 66 mg/m? ' w4 special senses (other eye effects); lungs, thorax,
or respiration (other changes); and gastointestinal

1987 IDLH Level (hypermotility, disrrhes) effects

1000 ppm Humas, eye: 80 ppm

* See NIOSH, RTECS (wssoooo).fuumam irritative, zustative, npwcuvc. asd wnutym
Secuona phys,cal Data _______ P : PR L e

DT T o A AL Hx BEEE— ¥ T Welght T
Melting Point: 127.6 °F (53.1 °C) Specllic Gravity: 1248 at 131 °F (55 °C)
Vapor Pressure: 10 mm Hg at 130.6 °F (34.8°C) - Water Solublility: Insaluble

Vapor Density (Alr = 1): 5.08

Appearance and Odor: Volatile, white erystals with a distinctive mothball-like odor that becomes very strong at concentrations betweern 30 and
60 ppm. At concentrations of 80 to 160 ppm, vapors are painful to the eyes and pose. Odors and frritating effects xre good warnings against
overexposure to p-dichlorobenzene; however, individuals may develop wlermcee 1o high concentrations.

"Section 4, Fire and Explosion Data - .0« o

Flash Point: 150 ) °F 66 °C), CC | Autolgniﬁon Temperlmre Noue npon:d ] LEL 1. 7% viv | UEL: None reponed

Extinguishing Medis: Use dry chemical, esrbon dioxide, alcohol foxm, or water spray. Use water spray 10 cool fire-exposed conlainer, 10
disperse vapors, or 1o blanket a poo! fire,

Unusus] Fire or Explosion Hazards: Explosive and toxic mixtures may form ip air whep this material is heated, such as in a fire.

Special Fire-fighting Procedures: Sisce fire may produce toxic fumes, wear a self-contained breathing apparatus (SCBA) with a full facepiece
operated ip the pressure-demand or positive-pressure mode and full protective clothing. Thoroughly decontaminate firefighting equipment after
use. Be aware of rusofT from fire contro) methods. Do pot release to sewers or waterways,

Section 8. R Reactivity | ‘Data’

Stabllity/Polymerization: poMmb:nme is stable &t room :anpenmr: i clo:ed coplainers under aonm! siorage 20d handling conditions.

Hazardous polymerization cannot occur.
Chemica! Incompatibllities: p-Dichiorobenzene is incompatible with stroog oxidizers and oxidizing agents.

Conditions to Avoid: Avoid incompatibilities and heat or ignition sources.
Haszardous Products of Decomposition: Thermal oxidative decomposition of p-dichiorobenzene includes carbon monoxide, chiorides, and

chiorine.

Capyngts € 1990 Gemue Publuta g Corporsoon.
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Material Safety Data Sheets Collection:

Genium Publishing Corporation
1145 Catalyn Street Sheet No. 358
GP Schenectady, NY 123031836 USA o-Dichlorobenzene
(518) 3778854

Issued: 11/77 Revision: C, 850

Section 1, Material Taentification
o-thJorobemu(C ,Cl) Description: Prepered by the chlorinasion of benzene o monochlorobenzene in the R
presence of 3 catalyst. Used a3 2 solvent for waxes, gums, s, resing, oils, and asphalis; an insecticide for Jocust bovers g

K

and tamites; a degreasing agent for metals, leather, and weol; ammndmemmufcamdyu,mmpﬁsmof
meta) polishes; an industrial odor control; ;hwcmdemedmmdnmvmmlﬁ: ilhuminating gas.

Other Designationss CAS No. 0095-50-1, DCB, 1,2-dichlorobenzene, arthodichlorohenzene, absorption
Manufacturer: Contact your supplier or distributor. Consult the latest CAemicahweet Buyers’ Guide™ for a suppliers list.

Q.
LS

2
2
0

‘Cnﬂcu mmmmm a srong mdmmmm(&&)&pwm&udnhmuﬂ%eym
£ } edients and Occupational Ex

i%m'n::

o Dichlorobenzene® ,
1989 OSHA PEL 1985-50 ACGIH 1985.86 Toxicity Datat

15.min STEL (ceiling): 50 ppm. 300 mg/m® TLV-STEL (ceiling): 50 ppro, 301 mp/m®  Rat, inhalazion, LC,,: 821 ppm inhaled over 7 ks
procuces changes £ behavior (general snesthetic),

1987 IDLH Level 1982 NIOSH REL liver (hepatitis: hepatoceDular necrosis, zonal) snd
1700 ppm None established scnse organs, and special senses (texring)
’ Rat, oral, LD 500 mg/kg: toxic effects not yet
reviewed

Rabbit, eye: lmm&smepodmmﬂd

‘Nmﬂmymmm It is af Jeaxt 85% o-dichiorchenzene, txx moy contsin rritation
arying percennges of pare- aod meio-dichlorobenseoe.
TSeNIOSH RTECS(QAW) for addit anal irritative, maative, reproductive, end ioxicty data

Section 3, "?htsiml cal Dats

Bolling Polnt 356.9 °F (180.5 °C) a 760 mm Hg Molecular Weight: 147.0] % Volatile by Volume: ¢a 100
Meiting Polnt: 14 °F (-17°C) . Specific Gravity 20°C/H4°C: 13059 Evaporation Rate (BuAc = 1): <1
VYspor Pressure: 147 mm Hg a1 25 °C Water Solubllity: Practically insoluble .

VYapor Density (Atr = 1): 5.05 {137 myfliter a1 25°C)

Appearance and Odor: A colorless liquid with a disagreeable, gromatic odor. The high and low odor thresholds are 300 and 12 mp/m?®; o-dichlo
robenzene is frritating at 150 mg/m’, The odor is paceptible 812 0 4 ppen.

b Pobn 1517 (660,00 | Auolgaltios Temperatare: 1158 F (643 °C) | LEL: 22% v/ TUEL: 9.2% v~

Extinguishing Media: Extinguish fires involving this combustible material with waier spray, dry chemical, foam, or cerbon dioxide.,

Unusual! Fire or Explosion Hazards: Under normal working conditions, o-dichlorobenzene should not pose & fire hazard because of its high
flash point. However, explosive mixtures may form if this material is heated or in & fire simation.

Special Fire fighting Procedures: Since fire msy produce toxic fumes, wear & selfcontained breathing spperatus (SCBA) with s full facepiece
operated in the pressure-demand or positive-pressizre mode and a fully encapeulating suil Use water 1o coo! fire-exposed conuiners, to flush spill
sway from exposures, and o protect workers azemping © s0p 8 leak. Be aware of nmo!T from fire control methods. Do not release 10 sewers o

WAlLTWAYS.

Subﬂky/?oryneﬁn:bn o-Dchmhmm is sable at room cmpam in closed continers under normal storage and hmdlmg condxuom
Hazardous polymerization carmot ocew.

Chbemica! Incompatibllities: This material can react vigorously with exidizing materials. I!odz:hlorobenme is stored in sealed aluminum con-
tainers, & slow reaction with the aluminum could lead 1o an explosion.

Conditions to Avold: Avoid heat and hot surfaces.
Hazardous Products of Decomposition: Thermal oxidative decomposition of o-dichlorobenzene can emit toxic fumes of chiorine (C1).

WGI”O_M—.C-—
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No.514 p-Dichiorobenzene  11/90

| Section 6. Health Hazard :Data e e
Carcinogenicity: p-Dichlorobenzene is an NTP anticipated human cartinogen and an IARC possible human
-8 ouate humas e\tn:dm aod sufficient snimal evidence,
+ | 7 aary of Risks: This material bas a relatively Jow level of acute or chronic toxieity. It may be trritating to eyes, nose, upper airways, md
, i 403] tract upon inhalation or ingestion. Limited case reports link aCutes exposure 10 hemolytic anemia, jaundice, methemglobinemis, granulo-
4 OF the Jung, liver atrophy, toxic v::rmm, o {njury, and allergic pigmentation and purpura (tiny hemorrhages) of the skin. Occupational
studies of PD -exgoud wwLn revesl nose of the blood atoormalites noted with similar substances. Vapors may produce painful imritation of
theeres 8t 50 10 80 ppm and severe discomfort st 160 ppm.
?}hﬂ c‘noCondmﬂn:ﬂ Aggravated by bngo'l‘emgdu Etpcsun‘d' b‘:;‘vzdnm with liver disease should pot be exposed to p-dichlorobenzese.
arget Orpans: Livey, respiratory system, eyes, kidoeys,
Primary Entry Rootes: Inhalation &8d dermal contact :
Acute Effects: Acute exposures to PDB vapor may be frritating to mucous membranes of the eyes and respiratory tract. Ingestion of the
solid resulted ip toxicity to 8 3-year old child, with hemolytic spemi, jaundice, and methemglobinemia. Nausea, vamiting, and ditrhea are ssen
in other cases. Prolonged skin exposure may cause skin #ritation.
Cbronle Effects: Limited case studies show chronic toxicity with exposure to PDB. Chronic ingestion is linked 1o xoemis, leukemia, and kidney
damage. In one case, chemical dependence was poted with signs of withdrawal whe ingestion stopped. Chronic vapor exposure is suggested in
cases of Jung granulomatosis, kiver abnormalities, kidoey damage, apemia, other blood cell abnormalities, and catsract formation.

Eyes: onnymuéqwamnmwummmymnwdm amounts of water xatil trensported 1o an emergency medical
faciity. Consult 2 phyzicizn tmmedistely,
sontxminsted - Rinse with flooding smounts of water Torat Jeast 13 min. For reddened or blistred tkin tonsulta
WaLET .

Sﬂn:Qu&&m

hysician™ Wash affected sres with sogp A

1 :&bn:"hm&apoﬁpq:ummwndmmumu o, have 2 ¢
B: Nevey asythi mouth 1o &8 yoconcious 6r con vl i that : drink 1 o $ 0

Waier, Bien induss voriing. Comaalt & phydeian vising pemon. 1t inges coeask penm psse

After first ald, pet appropriate in-plant, paramedic, or community medical support.
Note to Physk’l?ns: [gmgy excretion of 2,5-dichiorophenol, 8 metabolite of pdichlorobenzene, may be useful as an index of exposure.

Section 7. Spill, Leak, and Disposal Procedures i
SpliVLeak: Notify safety personnel, evacuste all usnecesssry personsel, 424 remaove or extinguish all heat and ignition sowWTes. Clexoup
personnel thould protect against vapor inhalation nd skin or eye contact. For liquid spills, take up spilled mzn“: with noncombustible absorbent
material and place into clexn metal contxiners for disposal. For large liquid spills, dike far ahead of spill 1o conlain liquid. For dry ?x.us. shovel
spilled material into clean metal containers for d:'.f;mﬂ. Ruzoff to sewers or walerways may creats health and explosion hazards. (96-hr LG, |
fathead minnow: 4.2 to 30 mg/l, moderately toxic.) Pesticide wastes are toxic. Follow tptpvuable EPA and OSHA regulations (29 CFR 191(ﬁ20).
gm lgcn“?oﬂ your supplicr or 8 licensed contractor for detailed recommendations. Follow g plicable Federal, state, and jocal regulations.
stions

Listed a3 8 RCRA Hazardous Waste (40 CFR 261 33), Hazardous Waste No. UOT2
Listed a3 a CERCLA Hazardous Substxnee® (40 CFR 3024), Reperiable Quantity (RQ): 100 1b (454 kg) {* per Clean Water Act, Sec. 311(b)(4),

- % 307a), wod ﬁRCRA. Sec. 3001)

|7 Extremely Substance (40 CFR 155): Not Listed
" ul-ed 83 8 SARA Toxic Chemical (40 CFR 372.65) )
SHA Designstions

Listed as s Air Contaminsot (29 CFR 1910.1000, Table 2-1-A)

-Section 8, ‘Special Protection Data i
&3, per OSHA eye- and face-protection regulations (29 CFR 1910.133).

Goggles: Wear protective or chemical safety goggies, per pro
ResphtonSec’km hﬁ:ﬁmmwmhumuwam.&nowmm”hmmlma9m1910.134)md.ifneca-
sary, wear 2 NIOSH-spproved respiratar. A gas mask with organic vapor canister and dust filter is suitable ©© 1000 ppm. For emergency or

BozTOUtine operations (cleaning spills, reactor vessels, or sorage anks), wexr & SCBA. Warning! Air-purifying respirators do not protect

workers in exygen-deficient azmosp .
Other: Wegr boots, sprons, end gauntiets 1 prevent prolonged or repeated skin contact. Neoprepe gloves mre recommended.
Veptilation: Provide geperal and local ?luion-pmo! veatilation systems to mxintsin airborne concentrations below OSHA PELs and ACGIH

TLV3 (Sec. 2). Local exhapst mmlﬁwe{m since it prevents contaminant dispersion into the work area by controlling it a! its source (199
Safety Stations: Make available in the &Sl emergency eyewash stations, safety/quick-drench showers, and washing facilities.
Contaminated Equipment: Never wear contact lenses in the work ares: soft ienses may absard, and all lenses concentrate, irritants, Remove this
material from your shoes and equipmest. Launder contaminated clothing before wearing.
Comments: ?&unr eat, drink, or smoke in work areas. Practice good persosal hygicoe after using this material, especially before eating, drinking,
smoking, sxing the wilet, or spplying cosmetics.
‘Section 9,/ Special Precautions'and Comments - SR
“Storage Requiramests: Store i ghly ciosed contmen in & cool, a7y, wel-ventilated area sway from all heat &54 {gEItOD SOUMCES 800
oxidizng ::;nn. p-Dichiorobenzene melts a2 127 °F (53 °C). Protect contaivers u(gm,phyd&ga
Controls: Avoid dust or vapor inhalation snd ¢ye and skin contast (especially whes beated). Institute 8 respiratory protection

gram that inchudes regulsr training, maintenance, fspectior, #nd evaluation. Practice good personal hygiene and housekeeping procedures.

8” Provide preplacement and sanual physical exeminations that emphasize the liver (liver functios tests), upper respiratory

ther Precantions:

act, and eyes.
Transportation Dats (49 CFR 172.101, .102)

DOT Sk Namse: Dichiorobenzene, pan, solid IMO Shipping Name: p-Dichicrobeazene

DOT Hazmard ORM-A IMO Hazard Class: 6.1

ID No.: UN15S2 ID No.: UN1592

DOT Label: Nooe IMO Labe): St Ardrews Cross

I Packagiag Excepticns: 173.505 IMDG Packaging Group: 1]

fackaging Requirements: 173510
L 2 X

MSDS Colaction Referencss: 1-1,9, 10, 12, 34, 16, 23,25, 31,34, 38, 3, 42, T3, 84, 85, 89, 100, 101, 103, 124, 126, 127, 132, 133, 136, 138, 139, 140, 142, 143,

Pnpn“" l::d by: MJ Allisoe, BS; Industrial Byglen¢ Review: DJ Wilsce, CTH; Madics) Review: W Siiverraan, MD; Edited by: JR Stuzr, MS o
Capyrigit © 1990 by Guninn Pubisin; Corparaes. ASy ammmweisl we & o Wihow b p s parammncs » olbee & Jedgamns as 15 @ Med 3ty of MASIBARCE RETED HF D¢ PErtIOwT § POrpeses
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Material Safety Data Sheets Collection:
Genium Publishing Corporation
1145 Catalyn Stree Sheet No. 316
Schenectady, NY 12303-1836 USA Benzene
(518) 3773854
Issued: 11/78 Revision: E, /50

“Material Identification

Bunu(C,H)]D-cﬂ ﬁaa Dmvedby&wmwmofndw.hydmdulkyhmo{bhmwm}yno R
gasoline, caialytic ref lmudcwyhamofmlmby@mmmwm.uwuahﬂtl 1
chemical ent; 8 solvent for Allr;enmb:ofmn:mh funn plastics, rubber, inks, oils, and fats; in mmufac- 'Sc

'

Tbenzene (f Ryru:em benzene dadacylbaum chex-
m(’mnybnM ).mm d:.u(uk-c mhyhn&. e fm“ n&nqd he

lmoﬂcbﬂ;vm-ndlnqum {ap-mmm
exmcﬂmfmnna&mgaundumwhammdm fmmm&nbmadnm
ingredient in products intended use end is no jonger used in pesticides.
ouumwmmlmxmdammmmmdm

NFPA
4 030
HMIS
P 3
IR’PGO

t
1S3

Cautions: Benzene is 8 confirmed Awnan carcinogen by the IARC. CAronic low-level exposwe may cause cancer (lexkemia) and bone
mwdmnqc,wuhwrywbhdfm:m It is abso s dangerows Cnhuﬂvh:nupmadbhuunm

1989 OSHA PELs _ 1539-90 ACGIH 1985.36 Taxicity Datas

(29 CFR 1910.1000, Table Z-1-A) TLV-TWA: 10 ppen, 32 mg/m® Mn. oral, LD, : 50 mp/kg: o taxic effect noted

8-s TWA: 1 ppm. 3 mg ‘llyrmlmha &mptznmmdaud?:uu{hem
H . 3

15-min STEL: 5 ppem, 15 m/m bbod(o&:rdsmgn)mdmn)mdndmumunb—

(29 CFR 1910.1000, Table Z-2) 1583 NIOSH RELs m“"’"w,m”, 24 b

8.1 TWA: 10 ppmn TWA: 0.1 ppm, 03 mg/a? iy 2mg over 24 b produces severe

Aceeptable Ceiling Concentation: 25 ppm Ceiling: 1 ppm, 3 mg/m’
Accepuable Maximum Peak: 50 ppm (10 min)t

* QSHA 29 CFR 1910.1000, &hnnluuﬁn&ﬁnﬂ&nmndsﬂnﬂmlﬂmmlwbnmmdw bhma in scxne
subse of industry where caposures are ensingny ooder the actuan kevel (1., distribution end sale of fuels, sealed containers and pipelines, «i::oﬂm

ol sad gm drilling and producticn, sezxal gas processiog, and Wbe peromiage exclusion for liquid mixnares), for the excrpied subsepoenu, the benzene Limius in

muz-zm
1 Acceptable maxion above the acceptable celling concentration for an S shift.
35-:NIOSH.R1E‘S 1400000). for sdditianal immitative, motative, demm

'Section 3. Physical Data

Extinguishing benzene fores
' mtmnwmnﬂmﬁdmﬁrz.u:vu nwdfmpdmﬂmh:pﬂhuqmmmem

R Y A

¢

: 100 2?9 °F (26.1 Solod Sk 01&0 100

Vaporbe (Mr-ulu)? , @8.1°C) lVohﬂ.leubyum ‘mﬁo( #1000l H,02125°C)
Viscoslty: 0.6458 mPa 2120 °C

Evaporaticn
AppnnmndOdorAwhﬂuhqmdthhn:hrmsmmch The odor recognition threshold (100% ofpmel)stppon-

mately § ppm (unfatigued) in air. Oclor is mor &n adequste warning of hazard.

‘Seclion 4. Fire and Explosion Data
nmm: 12 °F (-11.1 C),CC Autoignitoe Tempersture: 928 °F (498 °C) Lm,.uq.yh [UEL: 7.1% v~
Medla: Use dry chemical foam, or carbon dioxide to extinguish hemeﬁecoveumnnngmhmg

um;’ﬁo lcbnﬂmrpt‘h.m lonopln Bnmmqmd.A exceeding 3250 idered
s or concentration
kummmwndwwnmmbv mnvelbnwmm:zuﬂnhh: EtTul;!nve

fire explosion Benzene
and flammable benzene vapar-air miztres can easily form at room emperanse. all ignition sourves where benzene is used, handied, o7

nngl‘nadmlnhuhwdmnddaym Since fire may produce wxic fumes, wear a self.
g‘u_mm( A) with 8 full {acepiece mwwh:lﬂuwn"&m?o&gﬁh‘" l:m?u%
ghter' protective clothing provides prolecuon. out of low greas swere of ranoff from control R
um:um:mavay: Rumoff fauwe cmmponunon. ﬁ:.ymdexplamhamd. ods. Do not elease 1o

SubultylPolymrlntbn. jon: Berizenc is stabie al room temperanre . closed containers wnder normal storage and handling condiuons. Ha.wdous
lymerization carnnot ocex.

aemhl 1ncom patibliities: Benzene explodes on contact with diborane, permmganic acid bromine pentafluoride, peroxodisulfhiric acid. snd

pero acid. on contact with diox ‘{gea difluoride, dioxygeny| tezafluoroborale, mm l:punx::dg. and sodium peroxide

+ water. Benzene formns sensitive, explosive mixnre wi dz. ozone, liquid oxygen. silver perchiorate, nityl perchlorate, nitric

acid, and arsenic pentafluoride + potassium methoxide (explodes above 30°C). A v:;orous or incandescent reaction ocours with bromine

gifluoride, wrerium hexafluoride, snd hydrogen + Raney micke! [above 410 'F (210 C)). Benzere is incompatible with oxidizing matenials.

Condltions to Avold: Avoid heat and ignition sources.

Hazardous Producndbmpanbn Thermal oxidative decomposition of benzene can produce 10xic gases and vapors mnmn

monoxide.
mnma—-nu—c-—
Avy cumernsl W @ Y T - . .y i & pouhind




No.316 Benzene 850

Rortex Inhalation, skin

ad moxcatice. Sevars exporze may lead o convulsions and

AnuEuu:Sympmo mmnﬂ&bﬂmdhq&mdmmm horis, nauses,
dirziness, URCORCIOUENESS,

drying rash (

ChrankEﬂcs.ln;).undnmcmnthnmbbd&m&:mm&maphmma(nnﬂquhmwum)

o Jeukemia,

FIRST AID

Eyex: Gensly .umdmwummmmummmunmm
St.h:éuzﬂymmm Mﬁnvﬁﬂm“dmbnhﬂﬂﬂhwww

"Section 6. Bealth Hazard Data 7o

enlelty;

swBciens human and amimal evidence, 8 luman carcinogen (Growp 1),

Summary of Risks: Prolonged akin contact or excessive inhalation of benzene v cause headache, weaknes te and fatigue.

mm?mmw%nmm)mmmvmﬁﬁmaw "ﬁ e

expom!i:;ha EXPORIES MY mndcmcmdwoutyunﬁ )
Cudldomw:vndbqu-‘rnw Exposuwre may wonen silment of the hnp.l:ve.hduyl blood, and CNS.

TlrxetO?u mwmmhunmw.eyu.wmpnmym-ﬂ

i : b biopsy. Urinary pbeno] be uaed for biclogical
booe marrow bicpey. conjugsies
= jugsiss msy monioring

AL, TEspectvely, 8 Rupeciad humen caTnogen,

chronic bw-levc.l

Skmwnnatmiymu

ere:;:ﬁym ndmmhewmfumurm:{ Folh'upny

Spm/hak. Design ndgna

s CER
311 4),112; zad per RCRA, Sec. 300
Og(). per

m( 355 Not Lsted
anssm axs&:mal( )
hnednmu mCFR 1910.1000, T:bel-AlndZ-!

abunpﬂﬁddmcph(scc}’ Noﬁy%p:;auﬂ.ﬂmdlmuy
and jgnition sources, snd provide adequate ventilation. Clexnup ty
contact, and skin abeorption. Absorb as much benzens a8 possible with an inert, ’bmmd.?cgnp ; di ?I ohpm

snd contain liquid. Use nonspariing ools absarbent into closabie contsiners for disposal
.Tom Yb*:-}::f:;lam dn;??onov phatiperint licadle OSHA reguhn';q (29 CFR 1910.120).

w».xmmwmmmmssmww.um U019
mamsm«omm;wmam lmb(lﬂn)['ysaanWmAa.Sec.W(n)

7 D Oﬁn !

Respirator: Seek

wear s NIOS, -spproved respirator. hmammm(&nﬂtﬂgmmcwm}nmm
ﬁA. Warning! Air. ing respiraiors do not protect workers in exygen-deficient amospheres.

Otber: Wear inpervious e, boots, sprons, snd gamnitlets 1 prevent skin contact.
ndbdmbmmfvnﬂmmnmﬁhmmnwmhosﬂmm

Ventllation: Provide general

(Sec.2 heduhmvmﬁhmnpdmdmummummhm:ubymm it & its source.

)
Safety Stations: Make gvailable in the work ares emergency eyewash slations, safety/Aquick <sench showers, and washing faciliti
gn!uud ukvcmmluumuvo:kmnhlm:ymmmmhumumRr.mavelhn

material from shoes and ecuiipment. Launder contaminated clothing befors wearing
um:mmmmmmmmmmmmmummm

"’”"'ﬂ"""’ \f cormetics.

Gqslc:Wur wumm “”'F-OSHAeyo-nu“ (29
Saecio: e e, olow mmmnnmm CFR 1910.134) and, if neces-

waste out of confined
spplicable Fedenal, state, and local

Stnngc mmsﬁhmwmhumh mw'mcmbmmhundm
Raq matrrials. Caxtion! Boxow vapor may form &plosive matwres in aiz. Topwwmwh.chmaﬂymﬂndhmdtﬂ

emton snd

e

Other Precasticss; Provide preplacement and periodic
Data (45 CFR 172.101. J02)

ﬁm: 173.118

LD_OTWMW'& 173.119

’ md@u.%&qh
Engiosering Cotrols: &MMWM@CHINNMMWM&MMM

dangers. Minimize all Mzwmmwﬂ ible, substitite
enly if absclutely sssential Avoid v wmhs‘dhdmmugdymmvcﬂmnd

protectiv Institute & respiratory protection program that includes reguler Faining, maintenance, & evaluation.
..;dhmnu(lnw:n:;xhbv)-ﬂhwhmmnth'DANEER.CONTAINSBm

nd
receiving, or tensferring WMWMWMCM

hmnhmh@mmbmﬂnﬂ:m

medical exsminstions with enphasis an s hisory of blood disease or previous exposwre.
O Skipping Name: Berzene . ‘ DANGER
IMO Hazard Class: 32 BENZENE
ID No.: UN1114 CANCER HAZARD
DD Fght Pt ke oo
IMDG Packaging Groap: II RESPIATOR REQ

Collsction Relarencer: |, 73 84-54, 100, 101, 103, 109, 124, 126, 127, 132, 134, 136, 138, 239 143
oy bty o Upfal. MD, MPH: Edited dy: JR Sanan, MS .

Prepared by: MJ Allisce, BS; wﬂyﬁoclm D Wilsce, CTH; Medical Review: MJ
- i d Ju vl ‘_A* »
‘".l”"_“’ Ay -:-_—-__. d‘u end. Jodym [ 1]} ot ::- --_

by S Alamgh
:“n...—,--.ﬂnd-._h#—-.p-i“--h—q—d--



Material Safety Data Sheets Collection:

Genium Publishing Corporation

@ 1145 Catalyn Street Sheet No. 409
Schenectady, NY 12303-1836 USA Cresol (Mixed Isomers)
(518) 377-8854

Issued: 12/78 Revision: B, 392

Section 1. mten'ﬂ Tdentification - o -
of peaoleam. Cresol is marizied by individual

Cresol, mised bemers (CH,C,H,OH) Description: Derived from coal w7
pq:t_qma-uoLMmlhndnmofom.nu.wpaabm.am

the specific comerponding taluidine. Used in manufacturing synthetic resin, explonves, photogrphic opers, pegroleumn, * Skin
pein, dizinfectants, and fuenigams: 'unc:ﬂcudeauun:mdhm@cwrminﬂwytuuﬁdmuw‘ ici shsorption
Oxtber Designations: CAS No. 1315-77-3, Bacillol, cresylic acid, Tekresol, tricresal. H 3
Masufsctarer: Contact your supplier or diswibaar. Consalt lazest Chamical Weak Buyers' Guide™ for 8 sapplian li. F 2
Cautionx: Cresol is severely irzitati ummwumhmq&ndﬁanaﬁngnhmlw“mof ;PG?
exposre, sad amones of sk toxicity may be slight (Tisation) of severe (permasent infury or doath). 15ec.d
ISection Z Ingredients and Occupational Exposure Limits - .. o o S
| o (mied Gomers) Nasooal Formuary (NF) grade conains < 5% phesol
1990 OSHA PEL (Skin) 1991.92 ACGIH TLY (Skin) 198586 Taxicity Datat
3k TWA: § ppm (22 mg/m?) TWA: § ppe (12 mp/m?) Raz, onl, LD, 1454 mg/kg: woxic effeca oot yet reviewed
Mooz, inhalation, LCyy: 175 mp/m/2 b, 0o toxic effecn ootd (o)
1990 N1IOSH REL. 1990 DFG (Germany) MAK Rabbit, eye: 103 mg produced severe trritation (p-)
TWA: § pp (22 mp/e?) TWA: § ppro (2 mp/em®) () Rabbis, akin: $17 mg epphied for 24 kr produced severe inrtasion (m-)
1990 IDLH Level . Peak Exposre Limit: 10 ppm. § min, mmmmmmmauquu
280 momentary value/s per shift
Ppn
* Denger of ceneccs sbeorpeion.
E:n%unics(oosm;w.w' w1icity data. For data oo specific isomers, -nw(oosxzsom.m;ooem.mund
, pare
secﬁon 3‘ Phys‘ml Dau S -
Baliing Poiot Range: 375.8 10 397.4 °F (191 0 203 °C) Molecular Weight: 108.13
Melting Poiot Range: 51.3 %0 95 F (11 10 35 °C) Specific Gravity: 1.030% 1.038 a1 77 F 25 °0)
Vapor Pressure: 025 (ortho), 0.15 (meta), 0.11 (para) mm Hg & Water Solubility: Soluble, 1%
68 °F (20°C) Otber Salubilities: Solohie in alcohol, ether, dilute alkalies, glycol and
Vapor Dessity (alr = 1): 372 ’ vegewble ails . -
pH: Sarurseed salutions are peuml or slightly acidic to litmus Refraction Index: 1. 5353 a1 75.2 °F (24 °C)
Viscasky: .49 10 7.0 cP & 104 F (40 °C) Odor Thresbold: Low, 0.012 mg/m™ high, 22 mp/m?
»wﬂ&:mﬂbv,cwﬁqﬁdmm“nmwﬂ«&mm:wcmummm
Section 4. Fire and Explosion Data - ovie b ot o T L e T e
1110 °F (559 ° LEL: 1.4% (ortho), 1.1% (meta and | UEL: None reported

Butehanttaiibtiitiaihamioafatr- e S
Flash Poiot: 178 °F (31.11 °C, ortho), Autoignition Temperature:

187 °F (88.11 *C. meta and para), CC__jortho), 1038 °F (558 °C, me1a and para) paro) st 302 °F (150 °C)

m;mm:mmmuwwy.

thn&u.ummy.fopcu‘umfmbommuuw with more water than is pecessary 10 p OR
tunﬁcn;'eacpmed pressare-demand

s ; is ot pogitiv

Uudm;hmdmmwamdﬁuuy awvizthlfpaibkvixhourm.mnmh

wmﬁm&lycmmwofm&-m

nm.hwm.mqwﬂ.mmmwo wazs spray, or regular foam.

mmnncwwm:mmymlc&nwofﬁn
SimﬁnmymmwwmpiﬁonMMtﬂmbuhingmm(SCBA)m
it ing is ineffective for fires involving cresol

wmmwzmumnm

ZACOn CANBOt ooCwT. .
wwmwwwmmam.wumw

MM‘WM:

Section 5. Reacivity Data_ - .~ . - oo oo oo —
wnwmmeanAMmﬁﬁwMupdmn-
with chlorosulfogic acid, mitric add,

and oleum.
cmuAvdd:laﬁuumndwmwpﬁun
wwnm;oiﬁaofaudanpdmwbmduﬁa(co,)wwmlfmu

Section 6. Health Hazard Data

s The LARC,04) NTP,1€) and OSHAO) do not lis creso] a3 a carminogen. Summary of Risks: Cresol
ereso] concentrazion invelved, amount of surface area exposed, and

is oorresive 10 the digestive wact's mucows membranes
nox volasile eoough . heates

; in indusery. Note that cresol’s ortho and para isomers (if used individually) are in crysal form and thus are 8
all roctes of exposure, cresol. produces toxic sympeoms similar to phenols. Mediaal Conditions Aggravated by Loog-Term
Target Orgass: Eyss, akin, cental nervous system

Mmmuwofupxmmmnonu:mmmdon of material spplied. Cresol is comrosive
swelling; borns thas may be very pinful and become white and wrinkled with sofierming that may become gangyeaous:

is corrosive 1 eyss. skin. and
mucoms memtranes. Degree of toxicity depends on the duration of exposwre. ingestion
gnd can pose serious probiems if not geated prompuy. Because cresol has & Jow vapOT PTEASWTE. it is
ander normal conditions 1o present an inhalation hazard. If heated, vapor inhalation is likely. Severe chemical burns and deTmants gre
dust inhalanoo hazard By

- E (CNS), liver and kidney. Primary Eotry Routes: Skin and eye comacyabsorpoon. Acute Effec:
Cresol is absorbed through siin, open woands, and the mucous membranes othemp'worymddigaﬁvem.mmuvhd\ skin absorts cresol
1o the skin causing SmETTRg: Bnghng: redness;
plisters; possibie shock as a resul

¢: Son cuases.

Coniinmt 0 ALY poge

mﬂlm_hmc‘p-n
m_ﬂ--—-—-w.pi-hﬁ—-bm



|

|
J

"V d(o-cresol only) 83 8 SARA Extremely Hazardoas Subsance (40 CFR 355)

No.409 Cresol (Mixed Isomers) 3592

_xction 6. Health Hazard d_Data, confinued B ~ »
Hya{wn.md in severe cases of absorption, coma and death Contact with fnay canse gtin a.ndb.mn; atering recoess and swelling
4 Wopaqummm;umdnnwmwelu:ofqhnm;a.apmpzxw 'oeu-co;::o’:;nahnn;:ndby of
~ning of skin, eonjunztiva, and eartilage of the nose and ears. Ingestion leads 10 barning of lips, moath, a5d throal, pain is swallowing, ulcerssion of
mucous membranes of the mowth, color change eft.lz tongue (wbm).thrrt.dmwdhn;.mpc umudvmm(w of coffee
grounds-like mateial due © digestive bemorrhage). In severe cases symptoms might mpmmmmou.mumu'wm”
occurs, sympioms include frritacion of mocous membranes of nose, eyes, and mouth, watering of eyes, socezing, . difficalry breathing, beadsche,
mgmkvm“m?ewhmr;mhmnuh?pmﬂwmhunmny fallmre. Chrookc
(1 cpeated expose (o creao] may canse digestive dimurbances, kidney, splees sad pancreatic damage, erptio dermaitis.
Some people can tecome allergic or bypensensitive w cresal. y mdake e
Eyes: Gonly i eye i 1 S i madisely ind soeincunly with D rmnsportad 1o @ emerpeney
yes: y y and coatin y with floading amounts of water gatil 0 edical facility. Do
a0t allow victim to rub or keep eyes tightly shee Consult & phyzician immediately. Skia: Qud:‘ymmmu:;hq ;wﬁm'ym
vlmﬂoodm;mmofvmfcnlanlsmUdmumwmmnmwhm.ammlhawgﬂyhﬂapnduu
with scap and water. Foe reddened or blistzred akin, consult a phyzician. Inbalation: Remove exposed peros to fresh air end suppont breatking as
seeded Jugestion: Mﬁcnmwnmmuwuaamw‘mwnmmmUnbﬂtbmmd
mdehonMﬂa‘llilzrmorm.thhdmmgmnlﬂmoﬂwx(m
mﬂmmavom.dnnkuadnluofmw Afer first ald, get appropriate fa-plant, paramedic, dr commmnity
support.
ﬁmmommmdmmm.mnf’dyﬁyheﬂyw!m

Note to Physiclans: Simce effects may be delzyed, keep
and industrial methylated spizits (PEG 300/IMS, 2.! by volume). Recommendad treatment for ingestion is repeated gustric lavage with large quantities of

elive oil.

Section 7. Spl Spill, Leak, and Disposal Procedures . . .
SplilLaak: Immediate} mewmmm(m&dwm&mmfumwu&qm -dny
can be peatralized with crushed limestone or sods ash. Take op small spills with earth, sand, vermicalite

upv:&Shnofhnxmm Spilied & d can be shax
or other absorbest, poncombastible material and p nitabie contxinen, bgeuﬂhéhhwdhqudfwhutmdmmnh
water spills, you may seed to trp cresol st the bottom with sancbeg barriers, epply activated chareoal, and then rerove tapped material with dredges or

gsmkuow ghnﬂe OSHA regulations (29 mgxo ,120).
comesntal Degradation: Whes released into the kmosphere, eresol degrades with photochenricell uoed b radicals & 'the
dly(hlfh!e-lloIDhr),ndvxdsmund;ahun;hz&!hle-:w!m)byﬁmmfnn‘w’ um{nmmm,)*umﬂ o
Ecotoxicity Valoes: Bloe gill, TL,. 24 /L6 b (fresh water); shrimp, TL,, !O»l&yﬂllh(ﬂm}.

Soll Absorption/Mobllity: uubﬂeh:ﬂbﬁh&pﬂennmm Cresols probably leach doe to water solohility.

Disposal: Cnmm-pphuwahmdnmfmdaﬂdmmFonovqphaﬁewmmwmm

EPA Designations OSHA Designations
‘eted a3 2 RCRA Hsxxrdoos Wase (40 CFR 261.33): No. U0S2® Listed as a8 Air Comsaminant (26 CFR 1910.1000, Tabie Z-1-A)

~d a3 a CERCLA Hazxrdous Subatencet (40 CFR 302.4):
gty (RQ), 1000 1b (454 kg) [t per RCRA, Se2. 3001 and CWA, Sec. 311(bX4))

hnduaWTm&md(wGRSTzﬁ)
‘anwudm-ldnnfﬁulhm“ﬁmwem.wmﬂnﬂuw“&m

"Section 8. Special Protection Data - — .
uanumﬂMwy.me

Goggies: Wargmv c:hmaln.fcym
regulations (29 1910.133). Becanse contact lens e in industry is controversial, establish your own

Respirator: Seek professional advice prior to respiraior selection and use. Follow OSHA respirator segulasions (29 CFR 1910.134) axd., if secessary, wear s
MSHA/NIOS H-spproved sespiracr. Seummﬂmmwmmmwmwmumpnmmm level of
mmo&ﬂmdnﬁmummwbSwmulfnnfaeelam&mwmmumou(m;
spills, reactor vessels, or sorage tanks), wear & SCBA. Waraing! Air-purifying respirators do aot protect workers in exypen-deficienl amospheres. If
espirions are nsed, OSHA requires & respintory protection program that inciudes: training, fit-testing, periodic ezvironmental monitoring, mainteaance,

inspection, cleaning. aad convernient, sanitary SOTAgE &reas.
Otber: Wear chemizally protective gloves, boots, aprons, and gammtiets © preven all skis cootact. Rubber is suggested as a material suitable for protection
sinst cresal.
to maintain airbormne concentrations below the OSHA PEL (Sec. 2). Local exhanst

:!'enumln Provide genenal and local exbans ventilasion sysems
mu‘lnanhpn.fzedmkmamm”m:&wﬂnbymm‘unmmﬂm

Safety Statlons: Make svallable in the work arca emergency eyewash stations, safety/quick-drench showers, and washing facilitics
wwwmwmmm clothes. Laonder coataminated work clothing before weazing. Remove this
material from your shoes and clean personal protective equipment

Comments: mhhumhvdmmwpudhypmlﬁsmﬁmwymemm smoking,
using the toilet, or spplying cosmetics.

Section 9. Special Precautions and Comments -~ .. o et il cneows Lo

Storage Requirements: Prevent physical damage to contxiners. Stmurvpalyhuned(whu&m)mmwmmmm&y well.
ventilated location. Protect from light and keep sway from incompatibies (Sec. §) Outxide or detached Rorage is prefared. To prevent matic sparks,
electrically ground and boad all equipment wsed in cresol manciactre, uic, and morage.

Engiveering Cootrols: To sednce powasial heakh hazards, use su/ficient dilution or local exhaust ventilation Lo congrol sirborne coataminants and to
maintxin concentrations at the lowest practical jevel

Administrative Controls: Consider preplacemer and periodic examinations of exposed worken that esrphasize skin, kidney, bives, aod respirsiory sysem.

Transportation Dats (49 CFR 172.101,.102)
IMO Shipping Name: Cresols (o-, m-, p-)

~~~ Shipping Name: Cresol
. Mdcmwm MO Hazard Class: 6.1
. L »: UN20%6 ID No.: UN2076
i 1 Label: Corrogive IMO Labei: Poison
DOT Packaging 1244 IMDG Packaging Groap: I
DOT Packagiog Requirements: 173.245
MSDS Celisction Raterencar: 26, 38, 73, 89, 100, 101, 103, 124, 128, 127, 132, 133, 136, 140, 153, 159, 162, 163, 164
Prepared by: M Gannon, BA; Industrial Hygieoe Review: PA Roy, MPH, CTH; Madica! Review: AC Darlingion, MPH, MD: Edited by: JR Suusr, MS s
me:mqo-—ma-r Ay ) W o oy wuhew e pabioler's g » preinb e u.--.llnﬁ-b--—llihp-.m
oy to p M dis ey has bumn DRSS & Y puNp of soch ini Consnm Puisi ninng Corpar anem o . k. e P
miniay s e -—Hlyd-‘ e ez oy » s por * dos purpn w o oy of =
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Genium Publishing Corp. | ~ Material Safety Data Sheet Collection

One Genium Plaza .
® Schenectady, NY 12304-4690 Methylene Chloride MSDS No. 310
(518)377-8854 Date of Preparation: 11/77 Revision: G, 6/94

Section 1 - Chemical Product and Company Identification 44

Product/Chemical Name: Methylene Chloride
Chemical Formula: CH,Cl,

CAS No.: 75-05-2
Synonyms: DCM, dichloromethane, Freon 30, methylene bichloride, methylene dichloride, NCI-C50102, Solmethine

Derivation: Produced by chlorination of methane.

General Use: Used as a solvent for cellulose acetate, adhesives, food processing, and pharmaceuticals; in degreasing and
cleaning fluids, paint and vamish removers, decaffeination of coffee, in propellant mixtures for aerosols; as a blowing agent in
foams, dewaxing agent, component of fire extinguishing compound, chemical intermediate, low temperature heat-transfer
medium. and as a fumigant. Formerly used as an anesthetic,

Vendors: Consult the latest Chemical Week Buyers® Guide. @)

Section 2 - Composition / Information on Ingredients

Methylene chloride, ca < 100 % vol |
Trace Impurities: Stabilizers may be added such as: amines, 4.cresol, hydroguinone, methanol, 2-methyl-2-ene, 1-naphthol,

nitromethane + },4-dioxane, phenol, resorcinol, and thymol.

OSHA PELs NIOSH REL DFG (Germany) MAK
8-hr TWA: 500 ppm* Carcinogen: iowest TWA: 100 ppm (360 mg/m3)
Ceiling: 1000 ppm (2000 ppm § min. feasible concentration. Category II: Substances with systemic effects
peak in any 2 hr period) IDLH Level Onset of Effect: <2 r »
ACGIH TLV Ca [5000 ppm] Half-life: 2 hr to shift length
TWA: 50 ppm (174 mg/m3) Peak Exposure Limit:
500 ppm, 30 min. average value, 2/shift

*Proposed change t0: 25 ppm (TWA); 125 ppm (STEL)

Section 3 - Hazards Identification

FECINS

PN Emergency Overview Frirfrivsy ‘g::"
Methyiene chloride is a colorless, volatile liquid with a sweet odor. It is irritating to the eyes, skin, and
respiratofy tract. At high concentrations it can cause narcosis (unconsciousness). Methylene chloride is Scale
metabolized to carbon monoxide in the body which contributes to much of its toxicity. It can form flammable ? ]
f mixtures thh ajr (formmg toxic phosgene when burned) and becomes explosxve when mixed with oxygen. s g,
Potential Health Effects . K 1
Primary Entry Routes: Inhalation, skin and eye contact. a:skom tion
Target Organs: Eyes, skin, central nervous system (CNS), cardiovascular system (CVS), blood. *'—'L—
Acute Effects ;—iIMIiS‘
Inhalation: Symptoms include headache, giddiness, irritability, nausea, stupor, numbness and tingling of limbs, F 1
fatigue, anemia and polymorphonuclear leukocytosis, digestive disturbances, and neurasthenic disorders R O
(emotional and psychic disorders characterized by easy fatigue, lack of motivation, feelings of inadequacy, and
psychosomatic symptoms). Many symptoms are attributed to the metabolism of methylene chloride to carbon *Chronic
monoxide in the body. The carbon monoxide forms carboxyhemoglobin in the blood, which unlike hemoglobin, Effects
does not have the ability 1o carry oxygen. This lack of oxygen leads to CNS and CVS problems. However, CNS PPE*
effects have been seen in persons without a significantly elevated blood carbon monoxide level. toec B

Eye: Exposure to vapors produces irritation, tearing, and conjunctivitis. Direct contact with the liquid causes

severe pain, but permanent damage does not occur.
Skin: Contact is irritating and can be painful (burns) if confined to skin (i.e. trapped under gloves or clothing). Methylene

chloride can be absorbed through the skin to cause systemic effects.
Ingestion: Expected to cause gastrointestinal irritation, nausea, vomiting. and systernic effects (see inhalation).
Carcinogenicity: JARC (Class 2B, possibly carcinogenic to humans with limited human and sufficient animal evidence). NTP
(Class 2, reasonably anticipated to be a carcinogen with limited human and sufficient animal evidence), ACGIH (TLV-A2,
suspected human carcinogen as agent is carcinogenic in animals at dose levels considered relevant to worker exposure but
insufficient epidemiological studies are available to confirm an increased cancer risk), NIOSH (Class X. carcinogen defined
without further categorization), EPA (Class B2, sufficient evidence from animal studies and inadequate or no data from
epidemiologic studies), and DFG (MAK B, justifiably suspected of having carcinogenic potential).
Medica) Conditions Aggravated by Long-Term Exposure: Skin and cardiovascular disorders.
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MSDS No. 310 Methylene Chloride 6/94

Chronic Effects: Repeated skin contact can cause dermatius. Liver disease has been reported. Case Reports: ] yr exposure
caused toxic encephalopathy (toxicity of the brain) with audio and visual delusions and hallucinations; 3 yr exposure to 300 t0

1000 ppm caused memory loss, intellectual impairment, and balance disturbances.
“ther: Methylene chloride will cross the placenta. The estimated lethal dose is 0.5 10 § mL/kg. Although methylene chloride has

a distinct sweetish odor, it is not recognized at levels low enough to protect from overexposure.

Section 4 - First Aid Measures

Inhalation: Remove exposed person to fresh air, administer 100% humidified, supplemental oxygen and support breathing.

Eye Contact: Do not allow victim to rub or keep eyes tightly shut. Gently lift eyelids and flush immediately and continuously
with flooding amounts of water for at least 15 min. Consult an ophthalmologist if pain or irritation persist.

Skin Contact: Quickly remove contaminated clothing. Rinse with flooding amounts of water for at least 15 min. Wash exposed
area with soap and water. For reddened or blistered skin, consult a physician.

Ingestion: Never give anything by mouth to an unconscious or convulsing person. Contact a poison control center. Unless the
poison control center advises otherwise, have the conscious and alert person drink 1 to 2 glasses of water, then induce vomiting
with Ipecac syrup. If vomiting does not occur, the decision to perform gastric lavage should be made.

Afier first aid, get appropriate in-plant, paramedic, or community medical support.

Note to Physicians: Lethal blood level = 280 mg/L. Biological monitoring: carbon monoxide in expired air (nonsmokers only).
Recently, methylene chloride concentrations in urine have been found to correlate well to concentrations in air.

Section § - Fire-Fighting Measures

d

Flash Point: Methylene chloride does not have a flash point by standard tests. However, it does form NFPA

flammable mixtures with air.
Autoignition Temperature: 1033 °F (556 *C) 0
LFL: 12% viv o o
UFL: 19% viv é
LEL: 15.5% (in oxygen)

UEL: 66.4% (in oxygen)
Extinguishing Media: For small fires, use dry chemical or carbon dioxide. For large fires, use water spray,

fog, or regular foam.,
Unusual Fire or Explosion Hazards: Creates an explosion hazard if allowed to enter a confined space. Container may explode

1 heat of fire.
-.azardous Combustion Products: Hydrogen chloride, carbon monoxide and phosgene.
Fire-Fighting Instructions: Apply cooling water to sides of tanks until well after fire is out. Stay away from ends of tanks. Do
not release runoff from fire control methods to sewers or waterways,
Fire-Fighting Equipment: Because fire may produce toxic thermal decomposition products, wear a self-contained breathing
apparatus (SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode. Structural firefighters'

protective clothing provides only limited protection.
- Section 6 - Accidental Release Measures

Spill /Leak Procedures: Notify safety personnel, isolate and ventilate area, deny entry, and stay upwind. Shut off ignition
sources. Cleanup personnel need to protect against inhalation and skin/eye contact.
Small Spills: Take up with earth, sand, vermiculite, or other absorbent, noncombustible material,

Large Spills
Containment: Dike far ahead of spill for later reclamation or disposal. Do not release into sewers or waterways.

Cleanup: Damp mop any residue. : )
Regulatory Requirements: Follow applicable OSHA regulations (29 CFR 1910.120).

Section 7 - Handling and Storage

Handling Precautions: Do not use nezr ignition sources. Wear appropriate PPE. Do not use plastic or rubber hose for unloading
trucks or tank cars unless the materials have been tested and approved for methylene chloride service.

Storage Requirements: Store in a cool, dry, well-ventilated area away from heat, ignition sources, and incompatibles (Sec. 10).
To minimize decomposition, all storage containers should be galvanized or lined with a phenolic coating. Indoor storage tanks
should have vents piped outdoors to prevent vapors from escaping into work areas, Prevent moisture from entering tanks.

Section 8 - Exposure Controls / Personal Protection

Engineering Controls: Do not use rlosed circuit rebreathing systems employing soda lime or other carbon dioxide absorber
* scause of formation of toxic compounds capable of producing cranial nerve paralysis. To prevent static sparks, electrically

ound and bond all equipment used with and around methylene chloride.

"1 Ventilation: Provide general or local exhaust ventilation systems to maintain airborne levels below OSHA PELs (Sec. 2). Local

exhaust ventilation is preferred because it prevents contaminant dispersion into the work area by conwolling it at its source. (103)
Administrative Controls: Consider preplacement and periodic medical exams of exposed workers with emphasis on skin, fiver,
CNS, CVS, and blood. A complete blood count should be performed and carboxyhemoglobin levels should be determined
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6/94 Methylene Chloride MSDS No. 310

periodically. Any level above 5% should prompt investigation of employee and workplace to determine the cause (smokers will
already have an increased level of carboxyhemoglobin and are at increased risk). Use less hazardous solvents where possible.

Respiratory Protection: Seck professional advice prior 10 respirator selection and use. Follow OSHA respirator regulations (29
CFR 1910.134) and, if necessary, wear a MSHA/NIOSH-approved respirator. For any detectable concentration. use any SCBA
or supplied-air respirator (with auxiliary SCBA) with a full facepiece and operated in pressure demand or other positive-
pressure mode. For emergency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA.
Warning! Air-purifying respirators do not protect workers in oxygen-deficient atmospheres. If respirators are used, OSHA
requires a writien respiratory protection program that includes at least: medical centification, training, fit-testing, periodic
environmental monitoring, maintenance, inspection, cleaning, and convenient, sanitary storage areas.

Protective Clothing/Equipment: Wear chemically protective gloves; boots, aprons, and gauntlets to prevent prolonged or
repeated skin contact. Polyvinyl alcohol and Viton laminated with Neoprene are suitable materials for PPE. Natural rubber,
synthetic rubbers, and polyvinyl chloride do not provide protection against methylene chloride. Wear protective eyeglasses or
chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Contact lenses are not eye
protective devices. Appropriate eye protection must be worn instead of, or in conjunction with contact lenses.

Safety Stations: Make emergency eyewash stations, safety/quick-drench showers, and washing facilities available in work area.

Contaminated Equipment: Separate contaminated work clothes from street clothes. Launder before reuse. Remove methylene
chloride from your shoes and clean personal protective equipment.

Comments: Never eat, drink. or smoke in work areas. Practice good personal hygiene after using methylene chloride, especially

before eating, drinking, smoking, using the toilet, or applying cosmetics.

Section 9 - Physical and Chemical Properties

Physical State: Liquid Other Solubilities: Soluble in alcohol, acetone, chloroform,
Appesrance and Odor: Colorless; volatile with a sweet odor. carbon tetrachloride, ether, and dimethylformamide.
Odor Threshold: 205 10 307 ppm Boiling Point: 104 °F (40 °C)
Vapor Pressure: 350 mm Hg at 68 °F (20 °C); 440 mm Hgat  Freezing Point: -142 °F (-97 °C) .

77°F(25°C) Viscosity: 0.430 cP at 68 °F (20 °C)
Saturated Vapor Density (Air = 1.2 kg/m3, 0.075 1b/ft3): Refractive Index: 1.4244 a1 68 °F (20 °C/D)

2.256 kg/m 3 or 0.141 IvA3 Surface Tension: 0.5 t0 2.3 g/L (in oxygen)
Formula Weight: 84.9 Bulk Density: 11.07 1b/gal at 68 °F (20 °C)
Specific Gravity (H20=1,at4 °C): 1.33 a1 15°C Ionization Potential: 11.32¢V
Water Solubility: 2% Critical Temperature: 473 °F (245 °C)

Critical Pressure: 60.9 atm

Octanol/Water Partition Coefficient: log Kow = 1.2§

Section 10 - Stability and Reactivity

Stability: Methylene chloride is stable at room temperature in closed containers under normal storage and handling conditions.
Tends to carbonize when vapor contacts steel or metal chlorides at high temperatures 572 10 842 °F (30010 450 *C).

Polymerization: Hazardous polymerization does not occur.

Chemical Incompatibilities: Include aluminum, lithium, sodium, aluminum bromide, azides, dimethyl sulfoxide + perchloric
acid, N-methyi-N-nitrosourea + potassium hydroxide, sodium-potassium alloy, potassium r-butoxide, dinitrogen pentoxide,
dinitrogen tetraoxide, nitric acid, and oxidizers. Methylene chioride will attack some forms of plastic, rubber, and coatings.
Corrodes iron, some stainless steel, copper, and nickel.

Conditions to Avoid: Exposure to heat, ignition sources, and incompatibles.

Hazardous Decomposition Products: Hydrogen chioride, carbon monoxide and phosgene.

Section 11- Toxicological Information

Toxicity Data:*
Eye Effects: Acute Inhalation Effects:
Rabbit, eye: 162 mg caused moderate ifritation. Human, inhalation, TCp,: 500 ppm/! yr (intermittently) caused
Skin Effects: L altered sleep time, somnolence, and change in heart rate.
Rabbit, skin: 810 mg/24 hr caused severe irritation. Human, inhalation, TCy: 500 ppm/8 hr caused euphoria. -
Carcinogenicity: : Acute Oral Effects:

Rat, inhalation: 3500 ppm/2 yr (interminently) caused Human, oral, LD ,: 357 mg/kg caused somnolence, paresthesia,
and convulsions or effect on seizure threshold.

endocrine tumors.
Mutagenicity: Rat, oral, LD sp: 1600 mg/kg
Rat, oral: 1275 mg/kg caused DNA damage. Multiple Dose Toxicity Data:
Human, fibroblast: 5000 ppm/! hr (conunuvusly) Rat, inhalation: 8400 ppm/6 hr/13 weeks (intermittently) caused
caused DNA inhibition. changes in liver weight.

* See NIOSH, RTECS (PABOS0000). for additional tosicity data.
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Section 12 - Ecological Information

" ! Ecotoxicity: Pimephales promelas (fathead minnow), LC so= 193 mg/L/96 hr; Lepomis macrochirus (bluegill), LC 0= 230

mp/L/24 hr; Poecilia reticulata (guppies), LCso = 294 ppm/14 days. Cytotoxic to plants.

nvironmental Degradation: In air, methylene chloride degrades by reaction with photochemically-produced hydroxyl radicals
(half-life = a few months) but does not undergo direct photolysis. Degradation products include carbon monoxide, carbon
dioxide. and phosgene. In water, it is removed primarily by evaporation (est. half-life = 3 t0 5.6 hr under moderate mixing
conditions). Some may biodegrade but it is not expected to adsorb to sediment or bioconcentrate. If released to soil most
methylene chioride will rapidly evaporate. Some may leach through soil. Methylene chloride will adsorb to peat moss but not to

sand. .

Section 13 - Disposal Considerations

Disposal: Pour on sand or earth at a safe distance/location from occupied areas and allow to evaporate (most is transformed to
carbon monoxide). A good candidate for liquid injection, rotary kiln, or fluidized bed incineration. Investigate biodegradation:
methylene chloride is reported to completely biodegrade under aerobic conditions with sewage seed or activated sludge
between 6 hrs. and 7 days. Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable

Federal. state, and local regulations. .

Section 14 - Transport Information

DOT Transportation Data (49 CFR 172.101):

Shipping Name: Dichloromethane Packaging Authorizations Quantity Limitations

Shipping Symbols: ~ a) Exceptions: 173.153 a) Passenger, Aircraft, or Railcar: 60L
Hazard Class: 6.1 b) Non-bulk Packaging: 173.203 b) Cargo Aircraft Only: 220L

ID No.: UN1593 ' ¢) Bulk Packaging: 173.241

Packing Group: II! Vessel Stowage Requirements  *
Label: Keep away from food a) Vessel Stowage: A

Special Provisions (172.102): N36, T13 b) Other: ~

Section 15 - Regulatory Information

EPA Regulations:
"sted as a RCRA Hazardous Waste Number (40 CFR 261.33): U080

sted as a CERCLA Hazardous Substance (40 CFR 302.4) per RCRA, Sec. 3001 and CWA, Sec. 307(a)
CERCLA Reportable Quantity (RQ), 1000 Ib (454 kg)
Listed as a SARA Toxic Chemical (40 CFR 372.65)
SARA EHS (Extremely Hazardous Substance) (40 CFR 355): Not listed

OSHA Regulations:
Listed as an Air Contaminant (29 CFR 1910.1000, Table Z-1, Z-1-A)

Section 16 - Other Information

References: 1, 8, 73, 103, 124, 132, 136, 148, 149, 153, 159, 187, 190, 192, 194, 195

Prepared By M Gannon, BA
Industrial Hygiene Review ......... § Gilson, CIH
Medical Review ......cervcreesenne J Brent, MD, PhD

| Disclaimer: Judgments as to the suitability of information herein for the purchaser’s purposes are necessarily the purchaser's

responsibility. Although reasonable care has been taken in the preparation of such information, Genium Publishing Corporation
extends no warranties, makes no representations, and assumes no responsibility as to the accuracy or suitability of such
information for application to the purchaser’s intended purpose or for consequences of its use. '
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Genium Publishing Corporation Material Safety Data Sheets Collection:

One Genium Plaza Sheet No. 313
. Schenectady, NY 123044690 USA Perchioroethylene
(518) 377-8854 Issued: 11/78 Revision: E, 952

Section 1. Material Identification :
A

3

Perchloroethylene (C,Cl,) Description: By chlarination of hydrocarbons and pyrolysis of the carbon tetrachlaride
that is formed, or by catalytic oxidation of 1,1,2,2-tetrachioroethane. Used in dry cleaning and textile processing,
metal degreasing, insulating fluid and cocling gas in electrical transformens, production of adhesives, acrosols, paints,
and coatings; as a chernical intermediate, & solvent for varions applications, extraczant for phrmacesticals, a pesticide ]
intermediate, and an sntihelminthic (parasitic worm removal) agent in veierinary medicine. Skin
o Perchlor, sbaorption

Ladchat ]
O W) e

Other Designations: CAS No. 127-18-4, Ankilostin, carbon dichioride, Didakene, sthylene tetrachioride, H 2t
Perciene, Perk, Tezracep, tetrachloroethylene. ' : F O
Manufacturer: Contact your sspplier or distributor. Consalt latest Chemical Week Buyers’ Guide™ for s suppliers list R O
- PPE} |
Cautions: Perchloroethylene is & central nervous system depressant, canses Liver and kidney damage (from acats or '.ga‘

$Sec.

chronic exposures), and is considered an IARC Class 2B exreinoges (animal sufficient evidence, human inadequate data).

Section 2, Ingredients and Occupational Exposure Limits

Perchioroethylene, < 99%. Imparities inclode & small amount of amine or phenalic stabilizers.
1991 OSHA PEL 1992.93 ACGIH TLVs 1985-85 Taxicity Data®

§-hr TWA: 25 ppm (170 mghm®)  TWA: 50 ppem (339 mg/ee®) Mz, inhalation, TC,,; 280 ppav2 br cansed conjunceival
STEL: 200 (1357 mgm? frritation and anesthesis.

;go IDLH Level 1990 DFG pg: M;TK Homan, lung: 100 mg/l cansed unscheduled DNA synthesis.

Fom s ) Raz, eral, LDy; 3005 mp/kg: cansed somnol

1990 NIOSH REL - TWASopm GSmpm) ai oral LDy 3005 mp/kg; cxnsed sommolence, Gemct

NIOSH-X Carcinogen pre it wihsysemic o inhalason, TC,,: 200 ppm/6 kr given interminently

Limit of Quantitation: 0.4 ppm Halllife: <2 br over 2 years prodoced Jeakemia and testicalar mmors.

Exposure Limir ; Rabbit eye: 162 mg cansed mild frritation.
P::uevllu.‘lﬂﬁﬁlm”nsom Rabbit, skin: 810 mg/24 br cansed severe irritation.

* See NIOSH, RTECS (KX3250000), for additiona] frritation, mutation reproductive, tumorigenic, & soxicity data.

Section 3. . Physical Data

Boiling Polnt: 250 °F (1212 *°C) ty: 1.6311 at 59 °F (15/4 °C)

Freezing Point: -8 °F (-23.35 °C) Water Solubility: 0.02% &t 77 °F (25 °C) : :

Vapor Pressure: 13 mm Hg at 68 °F (20 °C) Other Sokubflithes: Miscible with alcohol, ether, benzene, chlorofarm, and oils.

Surface Tenslon: 31.74 dyne/em at 68 °F (20 °C) Odor Thresbold: 47 10 71 ppm (poor warning properties since olfactory fatigue
Viscosity: 0.84 cP &t 77 °F (25 °C) is probable)

Refraction Index: 1.50534 at 68 °F (20 °C) Evaporation Rate: 0.15 gal/ft¥/day at 77 °F 25 °C)

Molecular Welght: 165.82 Saturated Vapor Density (Alr = 075 IV or 1.2 kg/m™): 0.081 Ib/R? or 1.296 kg/m®
Appearance and Odor: Coloriess liguid with an ether-like odor.

‘Section 4, Fire and Explosion Data
" Flash Point: Nonflammable | Autoignition Temperature: Nonflammable | LEL: None reported | UEL: None repornted

Extinguishing Media: For small fires, use dry chemical, carbon dioxide (CO,). Fox large fires, use water spray, fog, or reguler foam.

Unusual Fire or Explosion Hazards: Vapors are hesvier than afr and collect in low-lying areas.

Special Fire-fighting Procedures: Becanse fire may produce toxic thermal decornposition products, wear a self-contained breathing spparatus
(SCBA) with & full facepiece operated in pressure-demand or positive-pressure mode. Apply cooling water to sides of contxiner until well after
fire is oot Stay away from ends of tanks. Do not release ranoff from fire control methods to sewers or waterways

"Section 5. Reactivify Data -

Stabliity/Polymertzation: Perchloroethylene is stable up to 932 °F (500 °C) in the absence of catalysts, moisture, and oxygen but deteriorates
rapidly in warm, moist climates. It is slowly deconmposed by light. Amine or phenolic stabilizers are usually added. Hazardous polymerization
cannot occur. Chemical Incompatibilities: Slowly (faster in presence of water) corrodes sluminum, iron, and zinc. It is incompatible with
dwniany-cﬁvewh(mbﬁmhmemmm(aqbdummmvhpxmgmn&mmmm
Mmdukd&mm{mmeprsivem‘mvi:hdhingnmxidendmﬁzhnaivnaddmeoﬂu”l'i’(!w
*C) 1 yiek bexachioroethane and bexachlorobenzenc. Conditions to Avold: Contact with moisture and incompatibles.

Hazardous Products of Decomposttion: Thermal oxidative decomposition of perchloroethylene can produce carbon dioxide and wxic chicrine,
hydrogen chiaride, and phosgene gas (also produced by contact with UV light).

‘Section 6, Health' Hazard Data " il
uste m).(l“)

Carcinogenicity: Perchloroethylene is listed as & carrinogen by The IARC (Groop 2B, animal safficient evidence, human inadeg
NTP (Class 2, reasonably anticipated as a carcinogen, with limited human evidence and sufficient snimal evidence),( NIOSH (Class-X,
carcinogen defined with no further explanation),!!® and DFG (MAK-B, justifiably suspected of having carcinogenic poential)\ 1), There is
some controversy regarding human earcinogenicity becanse even though there is an incressed number of cancers of the skin, colon, lung,
grogenital tract, and lympho-sarcomas; the dry cleaning workers Rodied were also giposed to other chemmicals. Suznmary of Risks: Perchioro-
ethylene is stored in the fazty tissue and slowly metabolized with the Joss of chlorine. The balf-life of its urinsry metabolite (tichloroacetic acid)
is 144 hours. Perchloroethylene exerts the majority of its toxicity on the central nervous system cansing symptoms ranging from light-
headadness and slight *inebriation’ o unconsciousness. Liver damage is possible afier severe acate ar minor long-arm expoRze. Ithasa

Conlinme om nexs page |
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, - Section 6. Health Hazard Data, confinued i - ; e
‘Medical Conditions Aggravated by Long-Term Exposure: Nervous, liver, kidney, or skin disorders. Target Organs: Liver, kidney, eyes,
. \ s nevoer sespusiory Tact, skin, and central nervous system, Primary Eatry Routes: Inhalation and skin nnd:;':eanurt Acute Em::y Exposure to
h levels can cause liver darnage which may take several weeks 1o develop. Vapor exposure can casse slight smarting of the eyes and throat (in
A concentzations), In homan stdies, exposure 10 2000 ppra/S min cansed mild CNS depression; 600 ppmy/10 min cansed numbness aroand the
mouth, dizziness, and incoordination; 100 ppm/7 br caused mild eye, nose, and throat irritation, flushing of the face and neck, headache, somno-
lence, and slurred speech, Skin contact may produce dermatitis because of perchloroethylene’s defarting action (more commeon afier repeated
exposure). Direct eye contact causes texring and burmiing but no permanent damage. Ingestion is rare but can canse frritation of the lips, mouth and
gastrointestinal wact, irregular heartbeat, nansea & vomiting, disrrhea (possibly blood stained), drowsiness, unconsciousness, and risk of pulmo-
nary edems (fluid in Jungs). Chroaic Effects: Prolonged exposure can cause impaired memory, extrernity (hands, feet) weakness, peripheral
neuropathies, impaired vision, muscle cramps, liver damage (fatty degeneration, necrosis, yellow jaundice, and dark urine) and kidney damage
(oliguric uremia, conjestion and granular swelling).
FTRST AID Rescuers must not enter aress with potentiolly high perchloroechylene levels without & self-containad breathing spparatus.
Eyes: Do not allow victim 0 rob of keep eyes tightly shut. Gently lift eyelids and flush immediately and continnonsly with flooding amounts of
waier unti) ransported to an emergency medical facility. Conslt s physician immadiately. Skin: Quickly remove contaminated clothing. Rinse
with flooding amounss of waler for at Jeast 1S min. Wash exposed srea with sosp and waler. For reddened or blistered skin, consult a physician.
Inhalation: Remove exposed person o fresh air and sopport breathing as needed. Never administer adrenalin! Ingestion: Never give snything by
mouth 1o an unconscious or convulsing person. Contact a poison control center and unless otherwise advised, have that conscious and alert person
drink 1 10-2 glasses of waez, then induce vomiting. Be sure victim's head is positioned 1o svoid aspiration of vomitus ino the lungs. Note to
Physicians: Monitor level of consciousness, EEG (sbnormalaties may indicate chronic toxicity), blood enzyme levels (for 2 1o 3 wk after expo-
sure). EKG, adequacy of respirations & oxygenation, and liver and kidney function. BE/3: C,Cl in expired aiz (10 ppmn), sammple prior to last shift
of work week; C4Cl, in blood (1 mg/L), sample prior to last shift of work week; richloroacetic acid in srine (7 mg/L), sample at end of workweek.

Section 7. Spill, Leak, and Disposal Procedures . B R
Splil/Leak: Notify safery personnel, isolate and ventilate ares, deny entry, snd stsy upwind. Shut off ignition sources (although noncombastible, it
{orms wxic vepors from thermal ition). For small spills, take op with earth, sand, vermicalite, of other absorbent, noncombustible
material and place in suitable containers for later disposal. For large spills, dike far ahead of spill and swait reclamation or disposal. Report any
release in excess of 1 1b. Follow applicable OSHA regulations (29 CFR 1910.120). Eavironmental Transport: If released o soil, perchioroeth-
ylene evaparates and some leaches 10 groundwater. 1t may absorb slightly to soils with heavy arganic matter. Biodegradation may be importantin
anaerobic soils. In watez, it is sobject to rapid volatilization with an estimated hall-life from <1 day 10 several weeks. In ab, it exists mainly in the
vapor-phase and is subject to photooxidation with a half-Life of 30 minutes w 2 months. Ecotoxicity Vatues: Guppy (Poecilia reticulata), LCs, =
18 ppm/7 days; fathead minnow (Pimephales promelas), LCso = 18.4 mp/L/S6 kx, flow through bioasssy. Disposal: Consider recovery by distilla-
tion. A polential candidate for rotary kiln incineration at 1508 1 2912 °F (820 o 1600 °C) or flnidized bed incineration at 842 to 1796 °F (450 1o
980 °C). Contact your supplier or a licensed contractor for detailed recommendations, Follow spplicabie Federal, state, and local regulations.
EPA Designations OSHA Designations
| +ed as a RCRA Hazardous Waste (40 CFR 261.33): No. U210 , Listed a3 an Air Contaminant (29 CFR 1910.1000,
.| 4 du 8 CERCLA Hazrdous Subsumee® (40 CFR 302.0): Final Reporuble Table Z-1-A)
Lkt Juantity (RQ), 100 1b (45.4 kg) [* per CWA Sec. 307 (a))
SARA Extremely Hazardous Substance (40 CFR 355), TPQ: Not lListed
Listed a3 a SARA Toxic Chemical (40 CFR 372.65)
Section 8. Special Protection'Data
Goggles: Wear a faceshield (§ inch minimum) per OSHA sye- and face-protaction regulations (29 CFR 1910.133). Becanse coniact lens use in
industry is controversial, establish your own policy. Respirator: Seek professional advice prior to respiratr selection and nse. Follow OSHA
respirator regulasions (29 CFR 1910.134) and, if necessry, wesr 8 MSHA/NIOSH-approved respirator. For any detactable concentration, use a
supplied-air respiraior or SCBA with a full facepiece operated in pressure demand or other positive-pressure mode. For emergency or nonroutine
operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA. Warning! Air-pwrifying respirators do not proiecs workers in
oxygen-deficient amospheres. Il respiraicrs sre used, OSHA requires a respiratory protection program that includes st least: medical centification,
waining, fit-testing, periodic environmental monitoring, maintensnce, inspection, cleaning, and convenient, sanitary storage weas. Other: Wear
‘chemically protective gloves, boots, sprons, and gauntiets made of baty} rubber, Neoprene, or Viton to prevent skin contact. Ventilation: Provide
general and Jocal exhaust ventilation systems o maintain sirbarne concentrations below the OSHA PEL (Sec. 2). Local exhaast ventilation is
preferred because it prevents contaminant dispersion into the work srea by controlling it at its source.'™ Safety Stations: Make available in the
work ares emergency eyewash stations, safety/quick-drench showers, and washing facilities. Contaminated Equipment: Separate contaminated
1 work clothes from street clothes and launder before rense. Remove this material from your shoes and clean personal protective equipment.
Comments: Nemw.Mcmbinvqkmmmmnﬁnuﬁanﬁnﬂmwmywmamp drinking,
Section 9. :Special Precautions-and Comments-
Storage Requirements: Prevent physical damage o contsiners. Store in 8 cool, dry, well-ventilaiad srea sway from senlight, and incompatibles.
Do not store sludge from vapor degreasens in tightly-sealed contxiners and keep outside until disposal is arranged. Engineering Controls: To
mmnh!hald:hmmnﬁdﬂdihﬁonabalmmmmnnwm!mmnmdmmﬁnninmcaMm
al the lowest practical level. Check stabilizes levels frequently and ventilation equipment (air velocity, static pressure, air valve) at least every 3
months. Install &n air dryer in vantlines 10 sworage tanks to prevent moisture from rusting and weakening the tank and conzaminating or discoloring
its contents. Purge all tanks before entering for repairs or cleanup. Build a dike sround storage tanks capable of containing all the liquid. Ground

tanks to prevent swsic electricity. Administrative Controls: Consider preplacement and periodic medical exams of exposed workers that
mph&iuﬁve.kﬁwy.ndmnmmfmﬂion.ndd:ub'n.Alwholimmyhupadi:poﬁn;ham. ,
Transportation Data (4% CFR 172.101)
nAT Shipping Name: Tetrachloroechylene Packagirg Authorizations Quantity Limitations
H::duChs: 6.1 d a) Exceptions: 173.153 8) Passenger Alreraft or Rallear: 60 1
. 02 UN1897 . b) Non-bulk Packaging: 173.203 b) Cargo Alrcraflt Only: 2201

0T Group: 11 ¢) Bulk Packaging: 173241 Vasse! Stowage Requirements

DOT Label: Keep away from food a) Vesse! Stowage: A

Special Provisions (172.102): N34, T1 b) Otber: 40

Colloction Reforencer: 26, 73, 100, 101, 103, 124, 126, 127,132, 133, 140, 148, 149, 153, 159, 163, 164 167, 168, 171, 174, 175, 176, 180.
MsDS al f-lnl-: Review: D Wihcn.%:ﬂ-l: M

o
Prepared by: M Gannon, BA; Industri Medical Review: W Siverman,

! Capyngss © 1992 by Gummem Pubishong Cary Ay s e o e wEREE b Feklaber's [ o
- muldy 4o p  sumpanideil vy . g s anet hey havm Wb (8 B PO of epshs hudesamy Cansmn Pu Carp ;" R B PRSEEENTS, S anrumnes
Auliry = © G o minbisy of mch il = qpisntn w 4o pw - porpun @ f cqumpanms of =

R

2 90 s s ey of BY OIS SFAn £ G PUCIRAN S .o,



. Material Safety Data Sheets Collection:
Genium Publishing Corporation

@ 1145 Catalyn Sweet Sheet No. 311
Schenectady, NY 12303-1836 USA Methyl Chloroform
(518) 377-8854 '
sued: 11/75  Revision: F, 392 Errata: 692
Section 1. Material Identification . s o T R T
drogen chloride to 1,1-dichloroethylene or by Genlum

Methyl Chioroform (C;H,Cly) Description: Derived by caulydc addicon of hy R

re-fluxing chlarine monoxide with carbon tetrachloride and chicroethane. Available in technical and solvent grades which 1

difTer only in the amount of stabilizer added to prevent metal parts corrosion. Used as a solvent for oils, waxes, tars, cleaning S
K

Ll M X N

. AD
ecision instruments, and pesticides; a3 a component of inks and drain cleaners; in degreasing metals, and textile processing. 0 0
recent years, methy) chloroform has found widespread use as s substitote for arbonimch‘laide. ¢ ¢
Other Designations: CAS No, 71-55-6, a-trichloroethane; Inhibisol; 1,1,1-trichloroethane; Swobane. HMIS
Manufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers’' Guide™) for a suppliers list
Cautions: Methyl chloroform is a skin, eye, and respiratory tract irritan: and can becoms narcotic with an anesthetic effect at high

concentrations.
* Dats oo skin shsorpdon vis methyl chioraform is conflicting. ™ Some sudies show definits absompion where sthers dont.

Section 2. Ingredients and Occupational Exposure Limits . i

Methyl chioroform, e 92 to 97%*

1990 OSHA PELs 1991-92 ACGIH TLVs 1938.86 Toxicity Datst

8-hr TWA: 350 ppm (1900 mg/m?) TWA: 350 ppm (1910 mg/m?) Human, onal, TD,,,: 670 mp/kg produced diarrhea, nausea. and
15-min STEL: 450 ppm 2450 mg/m®)  STEL: 450 ppm (2460 mgfm?) vomitng o

1950 IDLH Level 1990 DFG (Germany) MAKs Hamas, & LC,,: 27 g/m 10 min; toxic effects not yet
% pem Tl 2 b if s ) Man, eye: 450 ppnva by prodoced imiasion
ONOSIREL vy Pk B i oo ot Ky Wi il i
15-min Ceiling: : s }4 m ys of pregnancy produc ic
i b 30mm min (avenge value)/2 per shif developmental sbnormalities of the musculoskelstal sysiem

* Methyl chloroform usually contains inhibitors (3 10 8%) 10 prevent corrosion of aluminum and some other meuals. Typical inhibitors are nitromethane, batylene
oxide, secondary boryl alcohals, ketones, and glyeol diesters.
4 See NJOSH, RTECS (KJ2975000), for sdditional irritation, mutation, reproductive, and toxiciry data.

'Section 3. Physical Data -

[Section 4, Fire and Explosion Data -+~

Bolling Polnt: 185 °F (75 °C) Molecular Weight: 133.42

Freezing Point: -22 °F (-30 *C) Density: 13376 st 68/39.8 °F (20/4 *C)

Vapor Pressure: 100 mm Hg at 68 °F (20 °C) Water Solublity: Insoluble

Vapor Density (alr = 1): 4.55 : Other Solublities: Soluble in acetone, alcohol, ether, benzene,
Corrosivity: ily corrodes aluminum and its alloys earbon tewrachloride, and carbon disulfide -

Refraction Index: 1.4376S5 at 69.8 °F (21 °C) % in Saturated Alr: 16.7% at 77 °F 25 °C)

Viscosity: 0.858 cP st 68 °F (20 °C) Relative Evaporation Rate (butyl acetate = I); 12.8

Appearance and Odor: Colorless liquid with a sweetish, chloroform-like odor. The odor threshold is 44 ppm.

Flash Point: None (in conventional CC ests) TAutoignition Temperature: 932 °F (500 'C) ] LEL 7% v/v . { UEL: 169 viv

Extingulshing Media: Noncombustible Liquid whose vapor burmns in the presence of excess oxygen ar a strong ignition source. For small fires, use
dry chemical or carbon diaxide (CO,). For large fires use fog or regular foam. If these materials are unavailable, a water spray may be used but be
aware that water reacts slowly with methy! chloroform to release hydrochloric acid.

Unusual Fire or Explosion ds: Vapors are heavier than sir and may travel o a strong ignition source and flash back. Airivapor mixtures may
explode when heated. Container ml;;;ﬁlode in heat of fire. Exposure to open flames or are welding can produce hydrogen chloride and phosgene.
Special Fire-fighting Procedures: yl chloroform’s burning rate is 2.9 mm/min. Since fire may produce toxic thermal decomposition products,
weara u.lfcmumJ breathing apparatus (SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode. Swuctural firefight-
ers’ protective clothing provides limited protection. Wear clothing specifically racommended by the manufacturer for use in fires involving methyl
chloroform. Apply cooling water to container sides until after fire is extinguished, Stay away from ends of nks. Isolate area for 1/2 mile if fire
involves tank, truck, or rail car. Be aware of runoff from fire control methods. Do not release 10 sewers or waterways.

"Section 5. Reactivity Data .. - -

Stabllity/Polymerization: Methyi chiaroform is stable at room te ature in closed containers under narmal storage and handling conditions.
&obrmainﬁon can occur in contact with aluminum trichloride.

Chemical Incompatiblities: Methyl chioroform is incompatible with sodium hydroxide, nitrogen tetroxide, oxygen (liquid or gas), strong oxidizers,
and chemically active metals like aluminum, zine, and magnesium powz_i:r:; reacts violently with caustics to form dichlaroacetylene; reacts slowly
with water 1o form hydrochloric acid; forms shock sensitive mixtares with potassium; and polymerizes in contact with aluminum trichleride.
Conditions to Avold: Exposure to moisture, szrong ignition sources, and arc-welding units, and contact with incompatibles.

omposition: Thermal oxidative decomposition (temperstures >500 °F, contact with hot metals, or under UV nays) of

Hazardous Products of >
methy] chloroform csn produce carbon dioxide (CO,) and toxic dichioroacetylene, hydrogen chloride, and phosgene gases.

Section 6. Health Hazard Data - -

Cardbogenklm: The LIARC (Class 3, inadequate evidence),*) NTP,(4% and OSHA* do not list methy] chloroform as a carcinogen.

Summary of : Methyl chloroform is considered one of the least toxic of the liquid chlorinated hydrocarbons, It is fritating to eyes, skin,

and respiratory tract. Although low in systemic toxicity, methyl chloroform is an anesthetic capable of causing death at high concentrations (>15.000
ppm), genenlly in poarly ventilated, enclosed areas. Quick and complete recovery is observed after prompt removal of unconscious persons from
area of exposure. Like many other solvents, methyl chloroform sensitizes the heart to epinephrine (blood pressure.raising hormone) and may induce
cardiac arrhythmias and arrest.

Medlical Conditions Aggravated by Long-Term Exposure: None reported.

Target Organs: Skin, eyes, central nervous (CNS) and cardiovascular (CVS) systems.
Continue on next page
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No.311 Methyl Chloroform /92

. [Section 6. Health Hazard Data, continued

Primary Entry Routes: Inhalation, skin contact. Acute Effects: Methyl chloroform defats the skin causing irritation, redness, dryness, and scaling.
Contact with eyes produces irritation and mild conjunctivitis. Vapor inhalation can cause headache, dizziness, equilibrium disturbances, and in high
sncentrations may lead to CNS depression, snconsciousness, and coma. During & 60-min exposure period these effects are observed: 100 ppm is the
sbserved odor threshold, at S00 ppm there is obvious odor and decreased resction time, 1000 ppm causes slight equilibrium loss, at 5000 ppm there is
definite incoordination, and 20,000 ppm produces surgical strength anesthesia with possible death. Mild liver maidney dysfunction may occus after
CNS depression recovery. Although unlikely, if ingestion occurs, xﬁr:pwms include nausea, vomiting, diarrhes, and possible esophageal bums. The
acute Jethal human dose is =$00 10 5000 mp/kg. Chronic Effects: None reporied.

FIRST AID
Eyes: Gently lift eyelids and flush immediately and continuously with flooding amounts of water untll transported to an emergency medical f;;ility.

Do not allow victim to rub or keep eyes tightly shut. Consult a physician immediately. Skin: Quickly remove contaminated clothing. Rinse w.
flooding amounts of water for at least 15 min. Wash exposed area with saap and water. For reddened er blistered skin, consult a physician.
Iohalation: Remove exposed person o fresh air and support breathing as needed. Ingestion: Never give anything by mouth to an unconscious or
convulsing person. Contact a poison congrol centes, and unless otherwise advised, have that conscious and alert n drink 1 to 2 glasses of water ©o
dilute. When deciding whether to induce vomiting, carefully consider amount ingested, time since ingestion, and availability of megcd help. If large
amounts are recently ingested (sbsorption into the body is not yet likely to have occurred), and medical help or tansporution 1o 3 medical facility is
not readily available, indoce vomiting. Otherwise, vomiting is not recommended since aspiration of vomims can produce chemical pneumonitis.

Note to Physiclans: Do oot ase adrenaline or sympathomimetic amines in treatment because of the increased cardiac sensitivity involved.

"Section 7. Spill, Leak, and Disposal Procedures

Spill/Leak: Immedistely notify safety personnel, isolate area, deny entry, and stay upwind. Shut off all ignition sources. If possible without risk, shut
off leak. Cleanup personnel shoold va{fuuyuapguhnnznpa-pgomgivedoxhin;.menspin.:.uk:upwuhanh.md.vamicnlm. or other

absorbent, noncombastible material Using nonsparking tools, place in suitable containers for disposal or reclamation. For large sp i
of liquid spill for later disposal or reclamation. Report any release in excess of 1000 ib. Follow applicable OSHA regulations (29 CFR 1910.120).
Environmental Transport: In water, methyl chlaroform's half-life is hours 1o weeks depending on wind and mixing conditions. It is very persistent

in groundwatez, On land it volatilizes doe o i high vapor pressure and leaches extensively. When released 1o the atmosphere, meth 1 chloroform can
betmspcmedbn;dimmumdmunedxonﬁwnmhhﬂowﬁepﬁdbyruaimvi:hhydmxyludials .m'ﬁmw. ife of 6 months o

25 yeass. The Nazunal Resources Defenses Council reporied recenty that methy] chloroform depletes azone.
Ecotoxicity Values: Pimephales promelas (fathead minnow), LCqo* S2.8 mg/L/96 hr; Poecilia resiculata (guppy), LC o 133 day.
gPBrD‘ﬁigmu your supplier or & licensed contracior for demiled recommendatio (n,sé !l';llov spplicable Federal, suie, and regulations:
ons Designations .
Listed as a RCRA Hazardous Waste (40 CFR 26133): No. U226 Listed as an /i Contamimant (29 CFR 1910.1000, Tabie Z-1-A)

Listed as 8 CERCLA Hazardous Substance® (40 CFR 302.4): Repartable Quantity
(RQ), 1000 1b (454 kg) [* per RCRA, Sec. 3001, CWA, Sec. 307(a), and CAA, Sec. 112}

SARA Ex Substance (40 CFR 355): Not listed
Listad as a SARA Toxic Chemical (40 CFR 372.65)

section 8. Special Protection:Data - T e
Goggles: Wear splash-proof, protective chemical safety goggles or faceshields, per OSHA eye- and face-protection regulations (29 CFR 1510.133).
Reomieson Sk ofeaalsivit e o repirac slocion nd s, Foiow O

espirator: iooal advice prior to respirator ton and use. w OSHA respinator regulations (29 CFR 1910.134) and, if necessary,
wear s MSHA/NIOSH-aproved respiator. Select respirator based on its suitsbility to provide adequu’e warker protection far given warking
conditions, Jevel of airborne contamination, and presence of sufficient oxygen. For emergency or nonroutine operations (cleaning spills, reactor
vessels, or sworage tanks), wear an SCBA. Warning! Air-pwrifying respirators do not protect workers in axygen-deficient atmospheres. If respinators
are used, OSHA requires a respiratory protection program that includes at least: traiming, fi-testing, periodic environmenul monitoring. maintenance,
inspection, cleaning, and convenient, sanitary siorage areas.

Otber: Wear chemically protective gloves, boots, aprons, and gaunilets 1o prevent repeated or prolonged skin contact. Viton and butyl rubber [with
breakzhrough times (BT5) of >8 br and 4 10 7.9 Ix, respectively] are recommended materials for protective gear. Do not use neoprene, polyvinyl
chloride (PVC), natural rubber, or polyethylene because these materials have a BT of <1 hr.
Ventilation: Provide general and Jocal exhanst (in some cases, explosion-proof) ventilation sysiems to mainiain airbome concentrations below
OSHA PELs (Sec. 2). Local exhaust ventilation is preferred sinee it prevents contaminant dispersion into work area by controlling itat its source (9%
Safety Stations: Make svailable in the work ares emergency eyewash suations, ety/quick-drench showers, and washing facilities.
Contaminated Equipmaent: Separats contaminated wark clothes from street clothes. Launder contaminated work clothing before wearing. Remove
this material from your shoes and clean personal protective squipment.
Comments: Nmmﬁh&u:mhiankm?nnhegwdmﬂhyﬁmuﬁnnﬁngﬂdsmuhlupxhﬂy before eating, drinking,
smoking, using the wilet, or spplying cosmetics.

ection 9,.0pecial Precautionsand COMmMeNts - oo imsnit s 0 000 sa iy w et C

Storage Requirements: Prevent physical damage w0 containers. Stare in cool, dry, well-ventilated (use pressure-vacuum ventilation) ares away from

ignition sources, arc-welding openations, and incompatibles (Sec. 5). Regularly moniter inhibitor levels. Do aol store in aluminum containers or use

pressure-spraying equipment when methy! chloroform is involved.

Englneering Controls: To reduce potential health hazards, use sufficient dilution or Jocal exhaust ventilation to contro] airbarne contaminants and 1o

mainiain concentrations at the lowest practical Jevel. To prevent static sparks, electrically ground and bond all equipment used in methyl chloroform

manufacturing, use, storage, tansfer, and shipping.

Administrative Controls: Consider preplacement and periodic medical exams of exposed workers that emphasize CNS, CVS, liver and skin.
Transportation Data (49 CFR 172.101, .102)

IMO Shipping Name: 1,1,1-Trichloroethane

DOT Shipping Name: 1,1,1-Trichloroethane
NOT Hazard Class: ORM-A IMO Hazard Class: 6.1
9 No.: UN2831 ID No.: UN2831
,OT Label: None : IMO Label: St Andrews Cross
DOT Packaging Exceptions: 173.505 IMDG Packaging Group: I
DOT Packaging Requirements: 173.605
MSDS Collechon References: 26, 38, 13, 89, 100, 101, 103, 124, 126, 127, 132, 133, 136, 148, 153, 159,162, 163, 164
Prepared by: M Gannan, BA: Industrial Hygiene Review: D Wilsan, CTH: Medical Review: AC Darlington, MPH, MD: Edited by: JR Stusn. MS “
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Material Safety Data Sheets Collection:

Genlum Publishing Corporation
@ One Genium Plaza Sheet No. 318
Schenectady, NY 12304-4690 USA Chloroform
(518)377-8834 Issued: 11/77 Revision: D, 9/92

Chioroform (CHC Description: Derived by chiorinasion of methane, bydmchlainm‘nn of methanol, or reaction of

extinguishers, insecticides, and dry cleaning; as & solvent for fats, oils, waxes, rubbers, Gata-Percha, and resins.

Used a3 an anesthetic since 1847 but abandoned within the last few decades becanse of cardiac mrrest during surgery and Sin

delayed death due  liver injary. sbeorpdos IS
Otber Designations: CAS No. §7-66-3, Preon-20, methane trichloride, mﬁmx-zo(mmo, H 3
trichloroform, trichlaromethane, TCM. Ingproperty called *formy! chloride.* F 0
Manufacturer: Contact your supplier or distribowor. Consult latest Chemical WutBuyﬂ Guide™ for a suppliers bist. R O
Cautions: Chlmfmmismdndomofthmtdnmucdnhﬂecummmdbymnhaanlmm mg
'tymm(CNS)mdeudmdq:u&nmnhmndtspnmmkmn&ndmkv«ndhduyquebmm effects

Section 1."Material Identification’

R 1
chlorinated lime scetone, acetaldebyde, or ethanol. Purified by extraction with concentrated sulforic acid and rectifics- 1 3
tion. Used in the manufacture of flucrocarbons (mainly FC-22) for refrigerants, in plastics, photographic processing, fire S 2° 000
alkaloids, !( 2 0

and chronic exposure.

Section 2." Ingredients and Occupational Exposure Limits

Chicroform, cs 99%. Usuoally contzins 0.75% ethano] a3 a subilizer, Imparities mr.lu&: tromodichioromethane, vinylidene, anddae:hyl u.rbcnm.

1991 OSHA PEL 1992.93 ACGIH TLV 1925.86 Taxicity Data®

8-hr TWA: 2 ppm (9.78 mg/m?) TWA: 10 ppm (45 mg/m?) Hnmhb]m'rcu 10 mg/m®/1 year cansed ancrexis, nauses, and

1990 IDLH Leve! . 1990 DFG (Germany) MAK

1000 ppm TWA: 10 ppm (S0 mp/m?) Maﬂm,im2nﬁ;pmmmlyfa2ymunnd

1990 NIOSH REL mn‘.;:mmuﬁ?: 2k Rat, oral, LDy 908 mg/kg cansed weight loss udaawed weight gain,

60 min STEL: 2 ppm (9.78 mg/m’) Mﬂvmchxm.zo 30 Rat inbalasion, TC,,: 30 ppav7 br administered from the 6 to 15 day of
mins valoe, l!l‘mf pregnancy crosed fetotoxicity or developmental abnormalities of the

muscuioskelenl system.
R;bbxx.eye.ZOmgﬂ4bnmdmd=mm

~s¢mosamcmwmw),fammmm dma

Section 3. Physical Data-

Bolling Point: 143 °F (62 °C) . Density: 149845 at $9 °F (15 °C)

Freezing Point: -82 °F (635 °C) Water Solubllity: Nexly insoluble; 0.5% at 77 F (25°C) -

Molecular Weight: 11939 Otber Solubllities: Solubie in ethanol, ethyl ether, benzene, acetone, carbon disulfide,
Viscosity: 5.63 mP a1 68 °F (20 °C) and cerbon tegrachloride.

Relative Evaporation Rate (BuAcsl): 11.6 Odor Thresbold: 85 1o 307 ppm (range from combined sowrces)

Surface Tenslon: 27.1 dyne/cm a2 68 F (20 °C) Vapor Premure: 160 mm Hg at 68 °F (20 °C); 200 mm Hg at 77 °F (25 °C)

Refraction Index: 14422 at 77 'F (25 °C) Ssturated Vapor Density (Alr = 0075 Ib/ft° or 1.2 Wn:!): 0.136 BvE® or 2.183 kg/m?

Appearancs and Odor: Colorless, volatile liquid with a heavy, ethereal odor.

'Section 4. Fire and Explosion Data

[ Fiash Point: Nondammable [Autoignition Temperature: Nonfammble | LEL: Noe reporied | UEL: None reporied

Exﬂngukhthdh.Nmﬁmmbkbvmsmdndmmmhrwmbmmgdmdmbﬂmahuhmmhﬁ;mfn,m
nmmhmg:gmnmnbhfwmmdmgﬁnbomrmm&mﬂwnhahghmmmmvmdﬁnorkplubnHmrds
Container may explode in heat of fire. Special Fire-fighting Procedurss: Becanse fire may prodace toxic thermal decomposition products, wer a

selfcontsined breathing spparatus (SCBA) with a full facepioce operated in or positive-pressure mode. Structural firefighters’
pmmvecb&mguudcﬂma&nywaybcmndsdumbomzuhsermﬂﬁom&smnlwmnmarwmays

Sectlon 5. Reactivity Data

- hydroxide, methy alcohol, potassiom serf-butoxide, sodiam, sodium hydroxide, sodium methylate, sodinm-potassium alloy, triisopropylphosphine,

SubmfylPolyurumon. Chiaroform is stable at room temperatare in closed containens nnd:mdmemdhndlmgwndmom Hmrdnus
polymerization cannot occar. It's pH decreases on prolonged exposure © air and light due to hydrochioric acid (HCT) formation. The recommended

Mfucumehﬁnmmzmhmmyhum Chamical Incompatibilities: Incompatible with acetone, alkalis,

.lmndmlme.Mmmmmgm&u&mnmmpwmndphaﬁmumnapwmpumm

calciom hydroxide, and fivarine and any strong axidizers. Conditions to Aveld: Exposure to light, prolonged heat, and incompatibles. Hazardous
Mcuofboeonpdﬁon.‘namdnﬂmndmnmdaia,mmmmmmmﬂandphmgmgu
cna,mnlﬂ?nmmd.whnMndHClmMdegMM

"Section 6, Health Hazard Data - : ,
"Carcibogenicity: Chioroform is considered s carcinogen by the JARC (Class-2B, possibly mm;emc in humans with hnmad humm und
sufficient animal evidence), (4 NTP (Class 2, reasonably anticipated to be a carcinogen, limited haman and safBcient animal evidence), (165) gnd
NIOSH (Class X, carcinogen defined with no further categorization),(!%9 DFG (MAK-B, justifiably suspected of having carcinogenic potential) (1)
and ACGIH (Class A2, suspected human carvinogen based on limited epidemiologic evidence or demonstragon)*®), Carcinogeniciry tends 1o be
organ specific primarily to the liver and kidneys. Summary of Risks: Chloroform is 4 CNS depressant, eye, zkin, mdrspmymtmm and
causes damage 1o the liver and kidneys. Sympioms range from dizziness 1o cardiac mrrythmiss resulting in death. Chloroforms’ toxicity is due to its
easy lipid solubility. Avoid exposure during pregnancy becanse CHCY, diffuses readily across the placenta. Alcoholics seem to be affected saoner
and mare severely than others from chioroform exposure (alcoho! may already have damaged the liver). Ezhancl, polybrominated biphenols,
sieroids, and ketones potentiate chioroform's taxiciry. Contins o aczt poge
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§0.315 Chioroform 952

ction 6. Health Hazard Data “uiiiiind b, 2
‘{ get Organs: Liver, iGdney, heart, eyes, skin. Primary Eatry Routes: Inhalation, ingestion, skin concyabsorpoon. Medical Conditions

L4~ ~vated by Long-Term Exposure: Alcoholism, liver, kidney, or nervous system disorders. Acute Effects: Vaper inhalation cavses varying .
d' - of CNS depression depending on concentration and exposure length. Symptoms inclode headache, nauses, dizziness, drunkenness, progressive
v 253, vomiting, thirst, delirium, and disorientation. Exposare to 14,000 10 16,000 ppm has cansed rapid unconscionsness. Severe acute exposures
o, amage the liver and kidney (damage is osaally not observed for 24 t 48 by post exposure), respinatory failure, severs cardiac arrythmias (reason
for discontinuation of use as an anesthetic), and desth. Apparent recovery from heavy exposares may result in delayed death due to liver or Kidney
failure. Death usually occurs 4 1o 5 days post expostre and antopsy shows massive liver necrosis. Vapors cause eye irritation and spasmodic winking.
Direct eye contact with the liquid causes immediate barning pain and possible comeal epitheliom damage. Skin contact with the liquid produces
burning pain, erythema, and vesiculation doe to defatting of the skin. Ingestion can cause gastrointestinal irritation, irregular heartbeat, nasses and ~
‘vomiting, diarrhea (possibly blood-stained), drowsiness, eaconscionsness, and state of shock. Chronic Effects: Prolonged inhalation of chloroform
vapors causes fauigue, digestive distrbances, frequent and burning wrinason, mental duliness, and CNS and peripheral nearopathies, Liver (fauy
degeneration and enlargement with hepatitis seen in dogs) and kidney damage may also occur .

- FIRST AID Eyes: Do aotaliow victim to rub or keep eyes tightly shut. Gently lift eyelids and flosh immediately and eantinonsly with fiooding
amounts of waie until transported to an emergency medical facility. Consult ¢ physician immedistely, Skin: Quickly remove conmaminated clothing.
Rinse with flooding amounts of water for at least 1S min. Wash exposed area with sozp and water, Inhalation: Remove exposed persan to fresh air
-nd support breathing as needed. Ingestion: Never give anything by moath 1o an anconscions or convalsing person. Contact 8 poiscn condo) center
and unless otherwise advised, have that conscious and glert person drink 1 to 2 glasses of water, to dilute. Do no! indoce vomiting becanse vistim may
become oburided. Gastric lavage may be indicated if pasient is comatose or at risk of convulsing, Note to Physicians: Becanse effects may be delsyed
(especially kidney and liver problems), keep victim under observation for 24 to 48 br. Administration of fiuids may help to prevent kidney failure.
Obtain blood glucose, urinalysis, liver function tests, chest x-ray, and monitor cardiac function and finid/electrolyte statos. Monitor liver and kidney
function for 4 to 5 days afier exposure. Disulfiam, its metabolites, and & high carbohydrate diet appear to protect somewhat against chloroform
toxicity. Do not give adrenalin’ Tests may show increased bilirabin, ketosis, lowersd blood protirombin, and fibrogen.

Section 7. Spill, Leak, and Disposal Procedures
SpilVLeak: Notify safery persoanel, isolate and ventilate srea, deny entry, snd stay wpwind. If possible withont risk, move contziner from spill area.
Cleanup personnel should wear fully encapsulating vapor-protective clothing. For small spills, take up with earth, sand, vermicalite, or other .
sbsorbent, noncombustible material and place in suitable contsiners for disposal. For large spills, dike far ahead of spill and contain for later disposal
or reclamation. Spills in water may need to be trapped at the botom witi sand bag barriers and treated with activated carbon and removed by suction
hoses, mechanical lifts, and dredges. Follow spplicable OSHA regulations (29 CFR 1910.120). Ecotoxicity Vahes: Rainbow Troot (Saimo
gairdneri), LCyy = 2030 pg/L; bluegill (Lepomis macrochirus), LCy = 100,000 pg/L/96 br; Largemnonth bass (Micropierus sabmoides) LCg = 51
PPmM/S6 hr. Environmental Degradation: If released to land, most chioroform evaporates rapidly (doe to high vapor ure) while some msy
leach 1o groundwater where it remains for 8 long time on the bottom. If released to water, chloroform evaparates rapidly with estimated half-lifes of
7 St (river), 40 hr (pond), 9 10 10 days (lake). In aiz, chloroform photodegrades with a half-life of 80 days. It can be transparted long distances and
[\ j. Ny rensn to earth vis rein, Dispesal: Reclamation is possible through distillation or steam stripping. Chloroform is a candidate for liquid
- . rotary kiln, or fluidized bed incineration with an acid sarubber. Contact your supplier or a licensed contractor for detailed recommenda- |
Y slow applicable Federal, state, and local regulations. : )

EPA wesignations OSHA Dusignations
_isted as a RCRA Hazardoas Waste (40 CFR 261.33): No, U044 Lixted as an Air Contaminant (29 CFR 1910.1000, Table Z-1-A)
«isted as 8 SARA Extremely Hazardous Substance (40 CFR 355), TPQ: 10,000 1b
~isted as 8 SARA Toxic Chemical (40 CFR 372.65)
isted as s CERCLA Hazardous Substance® (40 CFR 302.4): Fioal Repartable Quantity (RQ), 10 Ib (4.54 kg) [* per RCRA, Sec. 3001; CWA,
Sec. 311(b)(4), & CWA Sec.307(8)]
section 8. Special Protection Data
Soggles: Wear chemical safety goggles for concentrations of S ppm to 2% and a fall facepiece for Jevels sbove 2%, per OSHA eye- and face-
srotection regulations (29 CFR 1910.133). Because contact lens use in industry is controversial, establish your own policy. Respirator: Seek
srolessional advice prior © respirator selection and use. Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear s MSHA/
NIOSH-approved respirator. For any detectable concentration use a supplied-air respirator or SCBA with a full facepiece and operated in pressure-
iemand or other positive pressure mode. For emergency or nonroutine operations (cleaning spills, resctor vessels, or storage tanks), wear an SCBA.
Yarning! Air-purifying respiraiors do not proiect workers in exygen-deficient atmospheres. If respirators are used, OSHA requires & written
‘espiratory protection program that includes at least medical certification, trxining, fit-tasting, peniodic ssviroamental monitoring, maintenance,
mdomWMMMWMMW~WM¢MMmMngMd
solyvinyl alcohol or Viton (breaktirough times > 1 br) to prevent skin contact Ventilation: Provide general and local exhaast ventilation systems to
naintain airborne concentrations below the OSHA PEL (Sec. 2). Local exbaast ventilation is preferred becanse it prevents contaminant dispersion
10 the work srea by controlling it a2 its sogrce.(*®%) Safety Stations: Make svailable in the work ares emergency eyewash stasions, safety/quick-
mduhom.nndwhin;fdiﬂs.uwMMEWMM&MMMMNMMm
rase. Remove this material from your shoes and clean personal protective equipment. Comments: Never eat, drink, or smoke in wark sreas.
Jractice good personal hygiene afier nsing this material, especially before sating, drinking, smaking. esing the wilet, or applying ecametics.
Section 9. Special Precautions and Comments ° —
storage Requirements: Prevent physical damage to containers. Store in Jead-lined or mild steel containers of all-welded construction in & coo] (<30
'C), dry, well-ventilaied sres sway from direct light and incompatibles. Engineering Controls: To reduce potential health hazards, nse sufficient
dilution or local exhaust ventilasion to control airborne contaminants and to maintain concentrations at the Jowest practical level. Isalate operatioas
avolving chloroform. Administrative Controk:hhuusndmuchlmmmfcmthhdmldbnmiddnduphndm

»f its toxicity and carcinogenic potential. Consider preplacemnent and periodic medical exams of exposed workers.
‘ Transportation Data (49 CFR 172.101)

|« oping Name: Chloroform , Pac Authorizations Quantity Limitations
" 2ard Class: 6.1 a) Exceptions: None 8) Passenger Alrcraft or Rallcar: 5L
7w UN188S b) Nosbulk hchutn% 173202 b) Cargo Aircraft Oaly: 60L
:g; mm Group: I ©) Bulk Packaging: 173243 Vesse! Stowage Requirements
: Poison .
pecial Provisions (172.102): N36, T14 O e Spge: A

'SDS Colisction Refarences: 26, 73, 100, 101, 103, 124, 126, 127, 132, 133, 136, 139, 140, 148, 153, 155, 163, 164, 167, 168,169, 171, 174, 175, 176, 180.
repared by: M Genncn, BA: Industrial Hyglame Review: PA Roy, MPH, CTH: Medical Review: W Sitlvermen, MD

)
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Material Safety Data Sheets Collection:
Genlum Publishing Corporation

@ 1145 Catalyn Street Sheet No. 410
Schenectady, NY 12303-1836 USA Carbon Tetrachloride
(518) 377-8854
| Issued: 12/80 Revision:B, 4/90
i 31

Section 1. Material  Tdentification -

Carbou Tetrachloride Description: A chlorinated hydmcrbon dcnved from int:racnng carbon disulfide lnd chlome is R

the preseace of iron, or chiorination of methase or higher hydrocarbons a1 482 °F/250 °C to 752 “F/400 °C. Carbon tetrs- 1 o
chioride is treated with caustic alkali solution to remove sulfur ehloride. lts primary use is in manufactwring flurocarbon S 2¢ 0
propellants. It is also used in producing of semiconductors, chiorinating organic compounds, metal degreasing, refriger- K 0 0
ants; as a solvent for oils, fats, resins, rubber wazes, lacquers, and varnishes; and as an sgricultural fumigant. This material shioption 17

was widely used in the dry-tlesning indusyy.
Otber Designations: CAS No. 0056-23-5; CCl,; carbon chloride; carbon tet; methne tetrachloride; perchloromethane; B 3
terrachlorocarbon; tetrachloromethane, F O
Manufacturer: Contact your supplier or distributor. Consult the latest Chemicalweek Buyers’ Guide™ for & suppliers list §m$

tSec. §
Section 2. Ingredients and Occupational Exposure Limits B
Carbon tetrachloride, ca 100%
OSHA PEL ACGIH TLV (Skin), 1989-90 Toxicity Dsta®
8-nr TWA: 2ppm, 126 mp/m® TLV-TWA: S ppm, 31 mg’ Rat, onal, LD: 2800 mp/kg; toxic effects ot yet reviewed

Rat, inhalation, LC,: 8000 ppm over 4 kr; 1o toxic effect noted
NIOSH REL, 1987 ’ Humas, inhalation, TC,,: 20 ppm inhaled produces gastrointestinal

60-min ceiling: 2 ppm, 12.6 mg/m’ effects (nausea or vomiting)

* See NIOSH, RTECS (FG4900000), for additiopal irritative, mugative, mgaic, snd wncnydm.

Sectum 3. Physncal Data _ P
Molecuhr Welght 153843/:::01

Boling Point: 169.77 “Fr16.54°C

Melting Point: -94 °F/-23 °C Specific Gravity (H,0 = 1 at 39 “F/4 °C): 15940 at 68 F/20°C

Vapor Pressure: 91.3 mm Hg at68 ‘F/20°C Water Solubility: Very slightly soluble (800 g/ at 68 'FJ:O )
Vapor Deasity (Alr = 1): 532 Evaporation Rate (Buty] Acetste = 1): 12.3

Appearance and Odor: A coloriess liquid with a heavy ethereal odar. The high and low odor thresholds are, respectively, 128.4 and 50 mg/m*.
Odor is pot an adequate warning sign to prevent oversxposure,

"Section 4. Fire and Explosion Data

Flash Point: Nope reported | Anwignlﬂon Tcmpcntun. None repon:d ] LEL. None reporied _I UEL' Nope reported

Extinguishing Media: Carbop tetrachloride is ponflammable and will not support combustion. Use extinguishing media sppropriate 1o the
surrounding fire, This material was previously used a5 an extinguishing medium in portable fire extinguishers, but its toxicity and fire decomposi-
tion products jead to its replacement with "safer” extinguithing media

Ususual Fire or Explosion Hazards: Carbon tetrachloride cap react violently with hot or burning metals such as aluminum and magnesivm.
Special Fire-fighting Procedures: Since fire may produce toxic fumes, wear a self-contained breathing apparatus (SCBA) with a full facepiece
operatad in the pressure-demand or positive-pressure mode &d fully encapsulating suit. Use water spray t cool fire-exposed containers. Be
sware of runoff from fire control methods. Do pot release to sewers or waterways.

"Section 5. Reactivity Data

Stabllity/Polymerization: Carbon terachioride is stable at room u:mpmm in closed coptainers under normal storage and handling conditions.

Hazardous polymerization cannot oceur.
Chemical Incompatibilities: Carbon tetrachloride reacts violeatly wxm flucrine gas, alkali metals, and aluminum (see reference 126 for specific

incompatibilities).
Coanditions to Avold: This material has caused explosions when used as a fire extinguisher on wax fires and uranium ﬁres 1t may also form woxic

phosgene whes used to put out electrical fires.
Hazardous Products of Decomposition: Thermal oxidative decomposition of carbon tetrachloride can produce Loxic phosgene and hydrogen

chioride.

qunuemc’ Pu ity Corp
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{ Section 7. Spill, Leak, and Disposal Procedures -

[ Carcin enicity: The NTP, LARC, and ACGIH list carbon tetrachioride as an anticipated buman carcinogen, a possible human .:irdnogen. anda

No.410 Carbon Tetrachloride 4/90

Section 6. Health Hazard Data - T

suspected hupan carcinogen, respestively. - | \ e . .
ummasry of Risks: Carbon legachloride is highly toxic gnd upt_aungxby inhalation, ingestion (mesm lethal dose is S to 10 ml), and skin sbsorp-
op. Alcohol's sypergistic effects markedly increase CCL's toxicity. Excessive exposure may result in central nervous sysiem depression, cardisc

Arhythmias, and gastrointestinal syzptoms. In humans the mujority of fatalities have been the result of renal injury wxz secondery cardiac

failure. Kidney and liver damage can occur from severe acute or chronic exposure. Human liver damage occury more oftes after ingestion of the

Liquid thap after the inhalation of the vapor. However, after a 30 min to 1 hr exposure to concentrazions of 1000 to 2000 ppm, huzmans have died

from acute repal 4 e
Maedjcal Coedmo;‘:fgguvmd by Long-Term Exposure: Prolonged recovery and permanent disability of the liver, kidney, and luogs are

ssible. :
arget Orpans: Central pervous system, eyes, skin, liver, kidoeys, jungs.

Prima Eutry Routes: Ishalation, percutxneous (through the skin).
Acute Effects: Acute exposure symptorms include eye, Dos¢, skin, &nd trost fritation; cough, dyspoes, cyxnosis, cardiac arrhythmias, headaches,
dizziness, meptal confusion, nauscs, vomiting, sbdominal pain, and diarrhea. Jaundice and abnormal liver enlargement accomparied by oliguria
({reduced excretion of urine), proteinuria (proiein in urine), and hematuris (blood in urine) may occur even after several days delsy,

Chronjc Effects: Chronic exposure symptoms include defatting dermatitis, headaches, dizziness, mental confusion, spathy, aporexis, nausea,
vomiting, abdominal pain, weight loss, srowing of visual field, optic perve damage with possible blindoess, hesring loss, and renal and hepatic
g%;gyrgion (loss of these organs’ ability to correst dytmnams. Chronic exposure may result in the developmest of splastic anemis

Eyes: Flush immediately, inchuding under the ds, but thoro with ing amounts of water for at least 15 min.
Szl.n:Qm'c umvemm’y i ue.dd i w‘?‘ﬁm mﬁ’m:&’mmw&mofm. is with sosp and water,
Inbalation: Remove exposed person to Air and support m&%u peeded. .
Inpestion: Never give anything by mouth to & unconscious or copvulising person. Give one to two glasses of water © dilute and induce vomiting,
upless the person shows evidence of decreasing mental functioning snd awareness.

After flrst ald, pet appropriste in-plant, paramedic, or community medical support.

Physician's Note: To minimize hepatoresal damage, consider intravenous scetykeysteine. Hy ¢ oxygen is also utilized for significant expo-
sures. Dialysis has also been suggested ip severe cases, Give cardiorespiratory suppoert as indicated snd carefully monitor fluid and elecwrolytes.
.Crl:sely monitor hepatic ad functions. Avoid epinephrine because of myocardial sensitization and potential for inducing ventricular

a3,

SpliVLeak: Notify safety personnel, evacuate grea, aud provide puximum exhaust ventilation. Cleznup personne] should protect against inhals-
tion and skin and eye contact Small spills can be absorbed on paper of some poncombustible, inert ingredient and allowed W evaporate in & hood.
For hg; é’i-% %eltza(rnm 1o cootain spill for disposal. Prevent release of CCl, to surface water of sewers, Follow spplicable DSHA regula-
tions .120).

Disposal: Contact your supplicr of 8 licensed contractor for detailed secommendations. Follow applicable Federal, state, and local regulations.
EPA Dstgmﬁonsyo OSHA Dmignations

Listed a5 3 RCRA Hazardous Waste (40 CFR 26133 . Listed a3 20 Atr Conteminant (29 CFR 1910.1000, Table Z-2)

SARA Extremely Hazardous Substance (40 % 355): Not listed

b o 15 W e A (40 CFR 302.4), Reportable Quantity (RQ): 5000 Ib (2270 kg) [* per RCRA, Sec. 3001, per Clem
& . '
Water Act, Sec. 307(a), 311 (b)(4)) pe S0, per

Section 8. Special Protection Data

.| material from your shoes znd equipment. Launder contaminated clothing before wearing, . )
Comments: Never eat, drink, or amoke i work areas. Practice good personal hygiene afier uxing this material, especially before eating, drinking,

les: Wear protective lasses or chemical saf les, per OSHA and {ace-) ) ions (29 CFR 1910.133).
o o GaT A e s 5 S T 50 o ey ol S RICR el Cpiame P ooy
ponroutine operations (clesning spills, reacior vesaels, or storage , wear sn SCBA. )
O nnies et s o, Ropwi oot v o s et

er: Wear 3 ves, boots, suntiets i i ive
Ventilation: Provide cng:l and Jocal lcsim-pxjgo( vegtilation systems 10 muintxin um;e concentrations heg:rm OSHA PEL, ACGIH
‘l"l;V.mle(OMSH (Sec. 2). Local t ventilation is preferred since it prevents contaminant dispersion into the work area by conmolling it
at its souree.
Safety Stations: Make svailable in the work area exergency eyewash stations, safety/quick-drench showvers, and washing facilities.
Congmintcd Equipment: Never wesr contact lenses io the work arex: soft lenses qﬂy absorb, and all lenses concentrate, frritants. Remove this

smoking, using the toilet, or applying cosmetics.

Section 9. Special Precautions and Comments B

|
|

| .
“+-MSDS Collsction References: 7, 26, 38, 53, 73, 84, 85, 88, 89, 100, 103, 109, 124, 126, 127, 129, 130, 131, 134, 136,137

Storage Requirements: Stare in tightly closed container in a cool, dry, well-ventilated, low fire-risk ares away from incompatible materials (Sec.
5), direct sunlight, and heat. Prevent exposure of vapors © high temperature io prevent decomposition £o toxic and corrosive gases and vapor.
Engineering Controls: Avoid vapor inhalation snd skin or eye contact. Use oaly with adequate ventilation and sppropriste personal protective
gear. Menitor vapor levels and institute 8 respiratory protection program which includes fraining, maintensnce, inspection, and evaluation.
Practice good personal hygicoe procedures. Whea possible, substitute s less hazardous solvent for CCl,. Provide preplacement and bismual
medical exams, including studies of liver snd kidoey function. Preveat exposing individuals with liver, kidoey, of central servous sysiem diseases,
or alcoholism. Alcohol's synergistic effects markedly incresse CCl,'s mxicity.

' Transportation Data (49 CFR 172.101, .102)

DOT Shipping Name: Carbon tetrachloride MO Shipping Name: Carbon tetrachloride
DOT Hazard Class: ORM-A IMO Hazard Class: 6.)
ID No.: UN1346 IMO Label: Poison
DOT Label: Nooe IMDG Packaging Group: II
T Packaging Requirements: 173.620 ID No.: UN1846

JT Packaging Exceptions: 173.505

Prepared by: MJ Allison, BS; Industrial Hygiene Review: DJ Wilson, CIH; Medical Review: MJ Hardies, MD o
Copyngis © 1990 by Ganaen Prblntmg Corporabcn. ANY SOMREGE Gt & faps otthen ©e pub g = proki fd. Sud LY ] fary of rem KX B JUTENNN's parponm
[ ] 0y e p 's femy 1. Althamgt oore e basn kam 1 e prog of ench (<~ " 1, Corparstyn €Tamis 20 t—— T and

LYl ) yo Wiy of mach w/ormaccs for sppl ohep (] peryon o for estesg e of 45 Bet.




e

Material Safety Data Sheets Collection:
Genlum Publishing Corporation

One Genium Plaza Sheet No. 312
@ Schenectady, NY 123044690 USA Trichloroethylene
(G18) 3714354 - | Issued: 7179 Revision: F, 952

[ Trichioroetbyiene (C;HQ,,) Description: Derived by treating teac wi or o in the prosence R 1
watez, or by thermal decomposition of tetrachloroethane followed by steam distillasion. Stbilizers such as epichkrohydrin, I 2 0
isobutanol. carbon tegrachiride, chloroferm, benzene, ot pentancl-2-triethanclamine are then added. Usedas s degreasing  § 2° 00
solvmtinelwroniaMtycuﬁnglwdwm:nﬁgmuﬂhmmhnpmadldﬂmhpm 5 3 0
and adhesives; in oil, fat, and wax extraction and in acrospace operations (flushing liquid oxygen). Formerly used ass .h?;nan
fumigant (food) and anesthetic (replaced due to i hazardous decomposition in closed -circuit spparas). HMIS
Otber Designations: CAS No. 79-01.6; acetylene trichlaride; Algylen; Anamenth; Berzinol; Cecolene; Chlarylen; Dow- H gf
Tri ehylene wichloride; Gerwalgenes Neroogen; Triasol richloroethene; TCE; 1.L.3-tickloroetyleoe. F 2
Manufacturer: Contact your supplier or distributor. Consalt latest Chemical Week Buyers® Gui for a suppliers list, PPES

’ + Chronice
Cmﬂommhhiﬁaglﬂm‘:bumcdmmmm.khmﬁandﬁgbmuﬁmmhdndnm&cb 3;‘:‘“"

Section 1. Material Identification

venticaler Strillation. Cronic exposre may lead to bexr, liver, and kidney damage. The Liquid is absorbed throagh the skin. Although
it has & relatively Jow flash point, TCE barms with difficalty.
Section 2. Ingredients and Occupational Exposure Limits

Trichloroethylene, < 100% [contains stabilizers (Sec. 1)).

1951 OSHA PELs 1992.93 ACGIH TLVs 1985-36 Toxicity Dats®
8-hs TWA: S0 ppm (270 mg/m?) TWA: 50 ppmn (269 mg/m’) Human, inhalation, TC, ,: 160 pprm/83 min cansed
18-min STEL: 200 ppm (1080 mp/m”)  STEL: 200 ppen (1070 mg/m?) bellncinations and diswored perceptions.

1990 IDLH Levet 1990 DFG (Germany) MAK Human, lymphocyte: § mL/L cansed DNA inhibition.
1000 ppm Ceiling: 50 pren (270 mg/m”) Rabbit, akin: 500 mg/24 br cansed severe irritation,
1990 NIOSH REL Cazegory II: Substances with systemic effecs  Rabbit, eye: 20 mg/24 br cansed moderate irritation.
10-hr TWA: 25 ppm (~135 mg/m”) Pxﬁmﬂzu%go%”m Mouse, oral, TD, ,; 455 mg/kg administered intermil-

lvngemvdu;e 2 peaka/shift smtly for 78 weeks produced liver tamors.

* Sec NIOSH. RTECS (KX 4550000), for sdditions] irrisation, setation, seprodoctive, saootigenic and taxicity dats.

Section 3, Physical Data .

[ Fiast Polnt 90 °F (32 'C) CC [Autolgnition Temperature: 788 T (420 C)

Bolling Point: 189 °F (87 *C) Vapor Pressure: 58 mm Hg & 68 *F (20 °C); 100 mm Hg at 32 °F (0 °C)

Freezing Point: -121 °F (-85 °C) Saturated Vapor Density (Alr = 0.075 e/M%; 1.2 : 0.0956 Ibe/M%; 1.53 kg/m®
Viscosity: 0.0055 Poise 2 77 'F (25 °C) Water Solubllity: Very slightly soluble; 0.1% at 77 °F (25 °C)

Molecular Weight: 13138 Other SckubRities: Highly soluble in arganic solvents (alcohol, acetone, ether, carbon
Density: 1.4649 a2 20v4 °C serachioride, & chlaroform) and lipids.

Refraction Index: 1.477 at 62 °F 20 *C/D) Surface Tension: 29.3 dyne/cm

Odor Threshold: 82 1o 108 ppm (net on gffecsive warning)
Appearance and Odor: Clear, colorless (sometimes dyed bice), mobile liquid with a sweet chloroform odor.

E?ction‘ 4. Fire and Explosion Data

: 8% (25 °C); 12.5% (100 *C)[UEL: 10% (25 °C); 90% (100 °C)

~Extingukhing Medla: A Class 1C Flammable Liquid. Although it bas & flash point of 90 *F. TCE burns with difficalty. For small fires, use dry
Mﬂ“&xﬂgmw,,angﬂumth;e&nmmmy.b;ammfmum Fire or Explosion Hazards:
v.wwmmqumwmmyupuhhmmwmmmmBmmmym
mscwmmmm.wmmmmw(m)ﬁmmmwhmmm
pﬁﬁmmswmm'mwmmwymmm:mmum&ummuuor
container gntil well after Gire is out. Sy sway from ends of maks. Do ncx relesse ranoff from fire control methods to sewers or waterways.

on . eactlvitybata

smmqﬂmm&mmmwdwhumdm;andmnfwmmvebydndﬂatmd.ﬂmﬂompolym-
erization cannot occur, Chemical hmpwﬁu:nﬂndnlhﬂs(nﬁmhy&nid&mmmmnmimm beryllim, lithium,
magnesium., sodium, potassium, and tisaniom), epoxides, and oxidants (mitrogen tetraoxide, parchlonic acid). Contact with 1-chloro-2.3-epoxy propane
or the mono and di 2.3-epoxypropy] ethers of 1.4-butanediol + 2.2-bis-4(2 3’ epoxypropary)-phenylpropane can, in the presence of canlytic

sies of halide jons, canse dehydrochlorination of TCE % explosive dichloroacetylene. Coaditions to Avold: Exposure to light, moisture,
i;niﬁonmndWﬁbhwmmdwupakbmw:&ﬁumﬁmdmabvdm *C) or expostre
10 ulzaviolet Light can produce carbon dioxide (CO,) and toxic dichloro acetylene (explosive), chlorine, hydrogen chloride, and phosgene gas.

‘Section'6. Health Hazard Data ; : R RN
“Carcinogenkity: The following agencies bave geaicity: IARC (Class 3, limiled ammal evidence & insufficient haman dala),
myM(MB.lemﬁofhm;mm&NlOSH(GluX.nfu'nomdgﬁnad with no further categor-
mﬁoa).&:mryofmTCEmhﬁn&;mhqqmﬁWmdeﬁ;hmﬂmmu 1o severe
mSeﬂsawunmvmmmmmaebmmNﬁldﬁvcdnfuxﬁmwdnmukvdsbj;h
mghwwodmCNScﬂmCmmﬁmbeﬁquidiam;bdn:ﬁnmdanhdwdnmdﬁsbyddaﬁnzdu:ﬁn.armicnﬁcityis
observed in the victims increasing intolerance to alcobo! characierized by ‘degreasens flush', a transien: redness of the face, tunk, and arms. The
eaphoric effect of TCE has led 10 craving, and habitual sniffing of its vapors. Continue on ne page

-
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. @
F~ Solites (trichloroacetic asid & trichloroethano]) in blood and nrine. Medical Conditions Aggravated by Leng-Term Exposure: Disorders of

Section 6. Health Hazard ‘Data, Continued iy
“E crosses the placental barrier and thus exposes the fetus (any effects are yet unknown). There are increased repor of menstnual disordess in
menworkmmddaaasedlibidoinmlsn:xpaswski;hmghloumCNSaﬂm.mEhaﬁnﬁmumdmgdhqhﬁakws

.rvous:ysm:kin.hwt.liv:.mdﬁdmy.hrgemmmRmm.mm&mhmmmmmmam):ym
. +kddney, and skin. Primary Entry Routes: Inhalstion, skin and eye contact, and ingestion (rarely). Acute Effects: Vapor inhaladoncan
cause eye, nose, and throat Britation, nauses, binrred vision, overexcitement, headache, drunkenness, memory loss, regular heartbeat (resulting in
sudden death), unconsciousness, and death due 10 cardiac fallere. Skin contact with the liquid can canse dryness and cracking and prolonged
exposure (generally if the victim is unconscious) ean eause blistering. Eye contact can cause irritation and watering, with comeal epitheliom injury
hwmem.hgsﬁmd&eﬁqﬁdmaml@.mmwmwmmmmmmmdwuimm
(possibly blood-suined), drowsiness, and risk of pulmonery edema (fluid in Jangs). Chroni Effects: Effects may perzist for several weeks of
months afier repeatad exposure. Symptoms include giddiness, trritability, headache, digestive distarbances, mental confusion, intoleranee to alcohol
(degreasers flush), altered color perception, loes or impairment of sense of smell, dooble vision, and peripheral nervous system fanction impairment
inclndingpm'mcumm-i:is.mnpu:rybno!agudmdauﬁpcuy:honbeﬁnmm&slmﬁmmw
" FIRST AID Eymbomnbvvk&nhubwhepquﬁ;hﬂymLGmdyﬁﬂqdmthMMmedmnﬂy'iﬁMn
amounts of watef until transported o an emergency medical fasili . Consult a physician imroediately. Skin: Quickly remove contaminated
clothing.Rin:evhhmodhgmmuofmfwuhnumwmwummmdm.hhﬂaﬂomkmuupudpamb
ﬁtshlitﬁsumbaﬁn;uude&hgsﬂol:kvep’velﬂmbymondnommsa’oucwﬂn’ngmmapm
wnmlunwandmlaubawhudvind.hvcﬁnummndabnmdﬁnklnzghuecfvm.thmindnuvomiﬁng.bomxﬁvc
xni!huiufneomtﬂ‘@hliﬁdnlnbk)myinhnamdnuﬁnﬂthupﬁmd?@.NmhPhysldau:'lCEelimimﬁmmmbe
ciphuicwilhh;lﬂ.ivnsxzon‘n,shr.md)Otr.Smnmhmhmgpﬁmnvi&mmb&ﬂvpit&mddhﬂfmnm
MMMDWWW-SQIIOW)WMBH'Ilmmﬂgm(ﬁMcid)inmmdndojde
BEI = 4 mg/L (trichloroethanol) in blood, sample af end of shift &t end of the workweek. These texts are oot 100% accurate indicators of exposwre;

confirmatory test.

monitor TCE in expired airasa

Section 7. Spill, Leak, and Disposal Procedures

7 ‘m;u.&pgewamwmfcwmmm'mﬁwleﬁdeummwmh&m
. nations
7% Exvemely Hazardous Substance (40 CFR 355): Notlisied - Listed a3 &1 Air Contaminant (29 CFR 1910.1000, Table Z-1-A)

Spil/Leak: Immediately notify safety personnel, isolate and ventilate ares, deny entry, and stay upwind. Shat off all ignition sowrces. For small
spills, take up with earth, snd, vermiculite, or other absorbent, noncombustible material and piace in minable contuiner for later disposal For large
spills, nu:h:oeomdmuuwhaedniqsnﬁﬁaﬁmﬁﬂfmmabm?@hyevﬁ:bmhwupduﬂmw.hpmmy »
release in excess of 1000 Ibs. Follow applicable OSHA regulations (29 CFR 1910.120). Ecotoxicity Values: Bluegill sunfish, LCy, = 44,700

96 hr; fathead minnow (Pimephales promelas), LCy = 40.7 mp/L/S6 bz, Environmental Degradation: In air, TCE is photooxidized with s half-life
odelyund@madbfamyhumdid\btuufylmwfumyl:hhide.bmhmmnpidlyhninmmbom TCE
npidlymumdmylud:ﬁnuitdouwmwmSoﬂAhorpﬂonlMobmq:TCEhullngK‘ofz indicating high soil
mobility. Disposal: Wmﬁimhpwadontynndndmondbuwﬁuininmdhaﬁm.pwiﬁd by distillation, or returned to
supplies. A potential candidate for rotary kiln incineration at 1508 0 2912 °F (820 to 1600 °C) with an acid scrubber to remove halo acids. Conmct

OSHA Designations
L. —d as 2 SARA Toxic Chernical (40 CFR 372.65)

Listed as 8 RCRA Hazardous Wasie (40 CFR 261.33 & 26131): No. U228 & FOO2 (spen solvens)
Listed as s CERCLA Hazardous Subsiance® (40 CFR 302.4): Final Reportable Quantity (RQ), 100 b (45.4 kg) [* per RCRA. Sec. 3001, CWA Sex.

311 (b)(4), & CWA Sec. 307 (a))

|

Section 8. Special Protection Data .

- tions below OSHA PELs (Sec. 2). Local exhaust ventilazion is preferred because it prevents contaminant dispersion into the work ares by contol-

“Section 9. Special Precautions and Comments

P Transportation Data (49 CFR 172.101) "
i ipping Name: Trichloroethyl Autbortzations Limitations
K ..'2.4"?:;.'.:"5,1 = ») Exceptions: 175,153 8‘1’.:133.::: Alreraft or Rallear: 60L
“2='ves UNITIO b) Noo-bulk Packaging: 173.203 b) Cargo Alreraft Only: 220L
38$ ffbfn G"/'\P: mFrom Food ©) Bulk Packaging: 173.241 Vese| Stowage Requirements
s way ;
DOT Special Provisions (172.102): N36, T1 :; Vemel Stowage: A

Goggles: Wear chernical safety goggles (cup-type or rubber framed, equipped with impact-resistant glass), per OSHA eye- and face-protection
regulations (29 CFR 1910.133).&1m conuct lens use in industry is controversial, establish your own policy. Respirator: Seek professional
advice prior to respirator selection and use. Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wesr 8 MSHA/NIOSH-
approved respiraicr. Al any datectable concentration, wear 8 SCBA with a full facepiece operatad in pressure demand or other positive pressure
mode. For emergency or nonroutine operations (cleaning spills, reactor vessels, o storage tanks), wear an SCBA. Warning! Air-purifying respiro-
dors do nol proteci workers in axygen-deficient atmospheres. Hmmmosmmammmﬁmmmmuhduda
at Wumwcﬁfnﬁmnﬁnpfnm;mwMWWQMMMMMM
m;emOthmWweb-niaﬂymﬁve;bvs.bc&mudMamMVmuNmbwmﬁsmuLDomt
use natural rubber or polyviny! chloride (PVC). Vumqommgmmwmmqmummm»m-

ling it at its soarce. (%) Safety Stations: Mahznﬂabkhhwﬂammmmmhmﬁomufeqlqnﬁck-&u:h:bwnaﬁmhmg
facilities. Contaminated Equipment: Separate contaminated work clothes from street clothes and laonder befare rease. Remove this material from
your shoes and clesn personal i i Comments: Never e, drink, or smoke in work aress. Practice good personal hygiene

protective equipment, " r
especially before eating, drinking, smoking, esing the toilet, or spplying cosmetics.

Storage Requirements: Pfevuuphy:ialdunspnmSminudénmhuo&&y.weﬂ-vuﬁhndmnnyfmmnnﬁﬂu.ha&
ignition sources, and incompatibles (Sac.S).Smhnequm‘ﬁshnhmhdm&:kbm.upxlm;uunmmhdnk(mba)
colored glass botties. Engineering Controls: To reduce potential health hazards, mse sufficient dilotion or Jocal exhanst ventilation to contro!
airborne contaminants and to maincain concentrations at the lowsst practical level. Design processes 0 that the operator is not directly exposed to
:hewlvemuium.bonuumdakhmhkbwmm-vdﬁngumnmhmwm.um
trative Controls: Consider preplacement and periodic madical exams of exposed workers with amphasis on skin, respiratory, candiac, central and
peripheral nervous systems, and liver and kidney function. Employ air and biological monitoring (BELs). Instruct employees on safe handling of
TCE.

MSDS Collsction References: 26, 73, 100, 101, 103, 124, 126, 12_7. 132, 133, 136, 139, 140, 148, 149, 153, 159, 163, 164, 167, 168, 171, 174, 175, 176, 180.
Prepared by: M Gaanon, BA; Iadustrial Hygiene Review: D Wilsen, CIH: Medical Review: AC Dartingtoc, MD
Capyron Camams Pobli Vit G pebiminry pEm———" < b ey of [y —————
- “,,’2,. s Su—p .f' ~—’MI m:.-t--., P - of snch gl a’-r c.,::.—- . Ak P U -
[} hiloe o @ By - v o wnoh amd bom meaamd o — . R




Genlum Publishing Corporation | Material Safety Data Sheets Collection:
@ One Genium Plaza Sheet No. 382
Schenectady, NY 123044690 USA Vinyl Chloride

(518) 3778854 Issued: 7/78 Revxsxon C 9/92

Section 1. ' : 39
Vinyl Chloride (C,H,CI) Description: Derived ﬁom c.thykne d\lmde md dcobohc poussiom, by reaction ef uuylene R 2 NFPA
and hydrogen chloride (as gas or liquids), or by exychlorination where ethylens reacts with hydrochloric acid and oxygen. 1 4 0.
Inhibitors such as buty] catechol, bydroquinane, or pheno] ave added 1o prevent polymerization. Used in the plassies industry = § 4 QX2
for the production of polyvinyl chloride resins, in u'pm: synthesis and formerly as a refrigerant, extraction solvent, and K 4 0
propellant (banned in 1974 becanse of its carcinogenic activity). HMIS
Otber Designations: CAS No. 75-01-4, chloroethylene, chloroethene, ethylene monochlaride, Trovidar, VC, VCM. H 32
Manufacturer: Contact your supplier or distributor. Consult latest Chuuml Week Buyers' Guide™) fox a suppliers list F 4
Cautions: Vinyl chloride is a confirmed human czrinogen. Vapor inhalation leads to central nervons system (CNS) R 2
depranon.‘lhehqmdanameﬁwbng.hutﬂmmable;numwnpumuﬁplynmonmmbwm .m‘;&m
sunlight, Avoid exposure to VC through enginesring controls and wearing PPE
.Sectxonz. {Ingredients and Occupational Exposure Limits' .
Chioride, ca 98 to 99%. Impurities include watez, uﬂdahydahy&ngmebbx&.hy&qammﬂcﬂmdgm
A Lmduas. chlorophene, diacetylene, viryl acetylene, and propine.
1991 OSHA PELs 1992.93 ACGIH TLV 1935-86 Toxicity Datat
8-hr TWA: 1 ppm TWA: 5 ppm (13 mg/m?) Mnmmm.:m:uﬁmupumnzoomfa Yy
Ceiling: 5 ppm; OSHA-X TLV-Al Menl:lhlxu m%g .
=, ation, 30 mg/m?/S yr caused spermatogenesis.
1990 NIOSH REL 1990 DFG (Germany) TRK® Human, inhalation, e Congnuons exposure to 300 mg/m’ for an
NIOSH-X Existing Instaliations: 3 ppm undetermined namber of weeks caused blood tumors.
MAK-Al Raz, oral, LD 500 mg/kg; woxic effects not yet reviewed

'Tkx(tuhmalwlmn)nudinyhedmMlmﬂulmnmnmuwwauMdmmnw the TRK

%’émtmbr?@MdmmﬂMIMHu;dmumuLndahdlmmnhmmynumlm The
isset o or &0 for exarzple, | tmer in | million ms

T RIS E TR R USETR000), 1o s o e o Fepretiocave Sty ne) sy date sk

Section' 3. Physical Data

Boiling Point: 7 °F (-13.9 'C) Water Solubllity: Slightly soluble, 0.1% & 77 °F (25 'C)
Freezing Polnt: -245 °F (-159.7 °C) Other Solubllities: slcohol, berzene, carbon tetrachloride, ether, hydrocarbon and oils.
Molecular Weight: 62.5 . Vapor?nsurc:ﬁSOmHgn“'F(ZD'C),‘OOmH;u-lN'F(28'C)
Specific Gravity: 0.9106 at 68 °F (20 °C) Critical Temperature: 304.7 °F (151.5 °C)

Jonlzation Potentlal: 9.99 eV Critical Pressure: 56.8 atm

Refraction Index: 1.370 at 20 °C/D Viscosity: 0.01072 cP at 68 °F (20 °C), gas; 0.28 cP at -4 °F (-20 °C), lxqaud

Surface Tension: 23.1 dyne/em at 4 °F (-20 °C) Appearance and Odor: A gas at room temperanrre. Usually found as a compressed/
Odor Threshold: 2000 to 5000 ppm*® eooled liquid. The colorless liquid forms a vapor with s pleasant ethereal odor.

Vapor Density (Alr = 1): 2.155
*The sctual vapor concentration that can be detected by burnans has not been adequately determined and varies from cne individual 10 another, from impariti
Mmhuyhnwm?hdauzdnwn::’umgdw it e e

‘Section 4. Fire and Explosion Data .-

~Fiash Pont: -108.4 °F (-78 'C) OC lAu:oxgnmon' Temperature: 882 T (472 'C)  |LEL: 3.6% Vv ]UEL LT

Extinguishing Media: For small fires, use dry chemical or carbon dioxide. For large fires, use water spray, fog, or reguler foam. Unusuasl Fire
or Explosion Hazards: Large fires can be practically inextinguishable. Vapors may travel to an ignition source and flash back. VC may
polymerize in cylinders or tank cars and explode in heat of fire. Vapors pose an explosion hazard indoors, outdoors, and in sewers. YC decom-
yossinﬁumhydm;md\hn&.arbonmnde.uxbméom and phosgene. Burning rate = 4.3 mm/min. Special Fire-fighting Proce-
dures: Becanse fire may produce toxic thermal decomposition products, wear & self-contained breathing apparams (SCBA) with a full facepiece
operated in pressure-demand of positive-pressure mode. Stop gas leak if possible. Let tank, tank ear, or tank truck burn unless leak can be
nopped.Fammvefnmerzomwmmnhcrmuudhouhdd::;ifthnum‘bh.mxhhwﬁomnumdlexﬁ:ebum
Wn!dmvimmedmelyilyoubwumxnmdhmm;:day”mmmynnkmmmmtznbamtrdemmnoff

from fire control methods to sewers or wmays.
Section 5. Reactivity Data

I Stablity/Polymertzation: Long term upowre Y my muh in fmon nf penxxdu vhch initiates cxplome polymmzmon of the chloride.

VCmpolymmmupummh;htummduunJyu Chemica! Incompatibilities: VC can explode on contact with oxide of
mwlﬁeauhy&o;am&mmmwmgmmuwbkwhm oxidizers, aluminum, and peroxides. In
the presence of moismre, VC attacks fron and sieel. Conditions to Avold: Exposure to sunlight, azr, heat, and incompatibles, Hazardous
mmofmumpdﬁomwmndmmmofvmyldm:mmmm mdchlmdegu

Section 6. Health Hazard Data - i fofel s oo ofe

Carcinogenicity: Vinyl chloride is listed as s carcinogen by the IARC (Chn 1, mf:amlunm mdenu) % M'P (Clm 1, sufficient human
evidence)," NJOSH (Class X, carcinogen defined without further eategorization)'®) ACGIH (TLV-A1, confirmed human carcinogen).'$9
DFG (MAK-AL, capable of inducing malignant twmors in humans) ') and OSHA (Class X, carcinogen defined withou further caiegoriza-
tion) ¥4 Liver tumors (angiosarcomas) are confmed from VC exposure. Other tamors of the CNS, respiratory system, blood, and lymphatic
system hsve occurred from exposure to the polyviny! chlaride manufacture process but VC iuself may not be the causasive agent. Summary of
Risks: Vapor inhalation canses varying degrees of CNS depression with noticeable anesthetic effects at levels of 1% (10,000 ppm). Swdies have
shown loss of libido and sperm in men exposed 10 VC and in Russian smdies, 77% of exposed women experienced ovarian dysfunction, benign
uterine growths, and prolapsed genital organs. However, no ieratogenic effecu have been seen in offspring of exposed workers. Coni

AW O neX pope
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No. 382 Vinyl Chloride 992

.Section 6. Health Hazard Data, continued S
| - ''pears that metabolism is necessary before many of YC's toxic effects oceur. Some viny] chloride is exhaled unchanged but most is metabolized to
| .~naceuldehyde. Skin absorption may occar if liquid is confined on skin but absorbed amount would be small It is possible that the phenol inhibitor
“heoi  absorbed as well. The compressed liquid can cause frostbite. Vapors are severely imitating to the eyes, Chronic exposure can canse cancerand &
B."  syndromes known as vimyl chloride disease. Medical Condltions Aggravated by Long-Term Exposure: Liver, cardiac, pulmonary, and
oL tive tissue disorders. Target Organs: Liver, ONS, respiratory and lymphatic systems, bone, and connective tissue of the skin. Primary Eotry
Routes: Inhalauon, skin/eye contact. Acute Effects: CNS effects include fatigue, headache, vertigo, ataxia, euphoria, visual disterbances, dulling of
tuditory cues. numbness and tingling in the extremities, narvosis, onconsciousness, and death due to respiratory failore. Respiratory problems include
dyspnea, asthma, and pneumonoconiosis. Chronle Effects: Repeated exposare has lead 1o liver cancer; confirmed becatse of the otherwise rarity of its
fype (angiosarcoma). Tumars in other crgans have occurred in the polyvinyl chlaride industry but agents other than VC may be responsible; authorities
are still debating this issue. A triad of other effects are associated with VC exposure. Acro-osteolysis is associated with hand ¢leaning of polymerization
vessels and characterized by dissolution of bone in the hands, especially when associated with resorption, Reynaud's Phenomenon is 8 vascular disorder
marked by recurrent spasm of the capiliaries and especially those of the fingers and wes on exposare © cold. This is wsually accompaniad by pain and in
severe cases may progress 1o Jocal gangrene. Sclerodermatous skin changes (affecting the dorsal hands and distal forearms) are seen and described as &
~ slowly progressive disease marked by deposition of fibrons connective tissue in the skin. The skin becomes thickened and raised nodules appear.
Arthnlgias (pain in one or mare joints) and blood changes with decreased platelet number and capillary abnormalities may also oceur.
FIRST AID Eyes: Do not allow victim to Tob or keep eyes tightly shot. Gently lifi eyelids and flush immediately and continvously with flooding
“UndUNs of waltr until Baniponed o an Emergency medica) facility, Consult 8 physician immediately. Skin: Quickly remove contaminated clothing.
Rinse wi_mﬂgodin;mnmofwuﬂforuhnlsmv}uhupadmviﬂawtpmdvm.hrddemdublisuad:ﬁn.mmlphyﬁcm
For frostbite, immerse affected area in 107.6 °F (42 °C) water unti) completely rewarmed. Do not use dry heat. Inhalation: Remove exposed person to
fresh air and support breathing as needed. Ingestion: Unlikely! VC is a gas above 7 °F (-14°C). Note to Physicians: Endotrachea! intubation may be
requived if significant CNS or respiratory depression ) occwr. Diagnostic test thiodiglyeolic asid in orine (normally < 2 mg/g creatinine).
Section 7. Spill, Leak, and Disposal Procedures . .- ... .. R G
Spil/Leak: Notify safery persannel, isolate and ventilate area, deny entry, and siay upwind, If possible withont risk, gas flow. Shut off ignition
sources. Rmugy release > ] b, Follow applicable OSHA regulations (29 CFR 1910.120). Eavironmental Tnns:,;:: VC reacts with hydroxyl
radicals in the trophosphere with a half-life of 12 days. The half-life = a few br in photochemical smog. Reaction products in the air include chioro-
acewaldehyde, hydrogen chloride, chicroethylene, epoxide, formaldehyde, formyl chloride, formic acid, and carbon menoxide. In soil, VC rapidly volatil-
1zes. What does not evaporate will be highly mobile and may leach into groundwater, In water, VC is not expected 10 hydrolyze, bioconcentrate, or
absorb 1o sediment. It will rapidly volatilize with an estimated half-life of 0.805 hr for svaporation from a river 1 meter deep with s cwrent of 3 meter/sec
and 8 wind velocity of 3 metez/sec. In waters containing photosensitizers such as bumic acid, photodegradation will be rapid. Soll Absorption/Mobiity:
From an estimated solubility of 2,700 ppm, a Koc of 56 is established for VC which indicates high soil mobility and potential to jsach into groundwater.
Disposal: Dilute any waste compressed liquid to 8 1% solution and remove phenol inhibitor as sodiam. Pour ento vermiculite, sodiom bicarbonate, ora
sand & sods ash mixture (90/10). Add slaked lime if flooride is LMixinpnpeboxes.ph:einin:in:um.mwidumpwoodmdpupe.md
1gnite with excelsior tain. Another method is 1o dissolve waste in a flammable solvent and spray in incinerator firebox equipped with an afierburner and
" ¥ ecrubber. Contact your supplier or & licensed contractor for detailed recommendations. Follow applicable Federal, state, and Jocal regulations.
3 signations OSHA Designations
5 2 RCRA Hazardous Waste (40 CFR 26133): No. U43 - Listed as = Air Comtaminant (29 CFR 1910.1000, Table Z1-A)

‘SKRn Extremely Hazardoas Substance (40 CFR 355), TPQ: Nox listed

~isted as 8 SARA Toxic Chemical (40 CFR 372.65)

~isted as 3 CERCLA Hazzrdous Subsance® (40 CFR 302.4): Final Reportable Quantity (RQ). 1 1b (0.454 kg) [* per CWA, Sec. 307 (a); CAA, Sec.
112, & RCRA, See. 3001) —

Section 8. Special ProtectionData - i« - T . T T o oo

Soggies: Wear protective lasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Because contact

ens use in ind y is eomz:‘mhl. establish your O:I'l‘y policy. Respirator: Seek professional advice prior to respiratar selection and use. Follow OSHA

29 CFR 1910.134) and, if necessary, wear s MSHA/NIOSH-approved respiraior. According to NIOSHMD, for any deiectable concentration use a SCBA

7 supplied-air respirator with a full facepiece operated in pressure-demand or other positive pressure mode. See 29 CFR 1910.1017 for demiled OSHA
‘espinator recommendations. For smergency or nonroutine operations (cleaning spills, resctor vessels, or siorage tanks), wear an SCBA. Warning! Air-
swrifying respirators do not protect workers in axygen-deficient atmospheres. If respirators are used, OSHA Tequires 8 written respinatory protection
srogram that includes at least medical certification, training, fit-testing, periodic environmental monitoring, maintenance, inspection, cleaning, and
onvenient, sanitary siorage areas. Otber: Wear chemically protective gloves, boots, aprons, and gauntlezs made of Viton or chlarinated polyethylene 1o
srevent skin contact. Ventllation: Provide general and local exhanst ventilation systems to maintain airborne concentrations below the OSHA PEL's (Sex.
2). Local exhaust ventilation is preferred because it prevents contaminant dispersion into the work ares by controlling it as its sorrce. (X9) Safety Stations:
Make available in the work srea emergency eyewash stations, safety/quick -drench showers, and washing facilities. Contaminated Equipment: Separate
work clothes from street clothes, laonder before rense and clean PPE. Comments: Never eat, drink, or smoke in work areas. Practice good personal
Tygiene afier using this material, especially be.fatu_n_n;.dmhz;mchn;. esing the toilet, or applying cosmetics.
section 9. Special Precautions and Comments Lt L L
Storage Requirements: Siore in a cool, dry, well-ventilated ares in clearly labeled containers. Outside or dewached storage is preferred. Large amounts
should be siored in suel conniners ander pressure. Keep separate from incompatibles (Sec. 5). Venting, under pressure should be safety relief. At atm,
m;sho.ndummmwymmm.uwﬂmmdwymmmmmequipmmmw;m vC.
Avoid open flames, spark formation and electric discharges aroond VC. Engineering Coatrols: To reduce potential health hazards, use sufficient
dilution or Jocal exhaust ventilation to control sirbome conaminants and o maintain concentrations at the Jowest practical level. Install Class 1,Group D
slectrical equipment. Administrative Controls: Inform VC exposed personne] of hazards associated with its use. Preplacement and periodic medical
=xams of workers exposed above the action level is mandatory under OSHA 29 CFR (1910.1017). Monitor for liver cancer, scleroderma, pneumonitis,

e ites and lysi
slouing abnormalities, and acro-osieolysis. Transportation Data (49 CFR 172.101)

DOY “Nipping Name: Vinyl Chloride Packaging Authorizations Quantity Limitations
* zard Class: 2.] 8) Exceptlons: 173306 8) Passenger Atrcraft or Rallear: Forbidden
« 1Y UN1086 ) b) Nop-bulk Packaging: 173,304 b) Cargo Aircraft Only: 150 kg
v |, Packin GmP: had ¢) Bulk an:: 173314 & 173315 Vessel smmg Requirements
ﬁ‘bl_ T Label: Elmmble Cas "~ 8) Vessel Stowage:
Special Provisions (172.102): B44 b) Other: 40

ASDS Colischon References: 25, 13, 100, 101, 103, 124, 126, 127,132,133, 136, 140, 148, 149, 153, 159, 162, 163, 164, 167, 168, 171, 174, 175
>repared by: M Gannan, BA: Industrial Hygiene Review: PA Roy, MPH. CTH: Medica! Review: AC Dardingion, MPH, MD
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Material Safety Data Sheets Collection:

Genium Publishing Corporation
. @ 1145 Catalyn Street Sheet No. 830
Schenectady, NY 12303-1836 USA 1,1-Dichloroethane

(518) 377-8854 Issued: 6/92

Section 1.- Material Identification: e
R

ane, as a side

1,1-Dichloroethane (CH,CHCL) Description: Derived by various methods; by direct chlorination of eth 1

product of chioral manufacture, By treating ethylene and chlorine with calcium chloride, by action of phosphorus ehioride on I 3 o

acetaldehyde, and the reaction of hydrogen chicride and vinyl chloride at 20 to 55 °C in the presence of an aluminum, feric, § 2 0 0

or zinc chloride catalyst. Found as an air contaminant in submarines and space craft. Iis largest industria] use is in the K 4 Q

production of 1,1,1-trichlorosthane. Also used as & cleansing agent, degreaser, solvent for plastics, oils, and faus, grain

fumigant, chemical intermediate; in insecticide sprays, rubber cementing, fabric spreading, paint and vamish removers, in ore EMIS

fiotation, viny! ehloride production, and as a coupling agent in anti-knock gasoline. Formerly used as an anesthetic, H 2

ghth;ird Dsgm CAS No. 75-34-3; assymegical dichloroethane; chiorinated hydrochloric ether; ethylidene chloride; F 3
ylidene

Manufacturer: Contact your supplier or disributor. Consult latest Chemnical Week Buyers’ Guide™ for a suppliers list %moo

Cautloas: 1.1-Dichloroethane is volatile and highly flammable. It is irritating to the eyes and respiratory ract and inhalation of high *Sec. 8
concentrations causes an anesthetic effect.

Section 2. Ingredients and Occupational Exposure Limits.

T Dichlorocthanc, reagent ade (59.7%), Impurities consist of ethyl chlorids (0.02%), wichloroethylene (0.08%), butyleas oxide (0-08%),
ethylene dichloride (0.01%), and snknown (0.14%).

1991 OSHA PEL 1991-92 ACGIH TLVs® 1985.86 Toxicity Datat
8-ty TWA: 100 ppm (400 mg/m?%)  TWA: 200 ppm (810 mg/m?) Mouse, oral, TD,,: 185 g/kg administered intermitently
1990 IDLH Level STEL: 250 ppm (1010 mg/m?) for 78 wk produced uterine mmors.
4000 ppm 1990 DFG (Gcrmar;y) MAK Rat, oral, LD, 725 mg/kg: toxic effects not yet reviewed.$
I S i o e e i

- : : - . o m -
8-hs TWA: 100 ppm (400 mg/m?) Peak Exposure Limit: 200 ppm/30 min. sverage g1ii0s og‘ the tru?cnulo:kyduﬂ sysiem.

value/maximum of 4 peaks per shift *

# Notice of intended change to 100 ppen/40S mg/m?.
4See NIOSH. RTECS (K10175000), for additional repraduative, tumorigenic and toxicity data.
$ Considered a possible error zince subsequens studies at higher eoncentrations failed 1o prodixe comparative results. M%)

‘Section 3. Physical Data = === 7o7

Bolling Polnt: 135 °F (573 °C) ; Molecular Weight: 98.97

Melting Point: -143 'F (-96.98 °C) Specific Gravity: 1.174 az 68 °F (20/4 °C)

Vapor Pressure: 230 mm Hg at 77 °F (25 °C) Water Solubllity: Slightly, 0.5% .

Saturated Vapor Deasity (air = 1.2 kg/m? or 0.075 Ibs/ft>): 2.076 kg/m® or  Other Solubllities: Very soluble in alcohol and ether, soluble in
0.129 ibs/fe acetone, benzene, and fixed and volatile oils.

Refraction Index: 1.4166 st 68 °F (20 °C) Relative Evaporation Rate (BuAc=1): 11.6

Surface Tension: 24.75 dyne/em at 68 °F (20 °C) Odor Thresbold: 49 w 1359 ppm; odor is not sufficient 1o warn

aginst overexposure
Appearance and Odor: Colariess, mobile, ofly liquid with a chloroform odor and a saccharin taste,

"Section 4, Fire and Explosion Data -

st Folt 17 F (833 °C) OC° [ Autoigalion T emperature: 856 F (493 °C) |LEL: 5.6% v~ [UEL: 114% viv

Extingulshing Media: A Class 1B Flammable Liquid. For small fires, use dry chemical, carbon dioxide (CO,), or “alcohol-resisunt™ foam. For
large fires, use fog or “alcohol-resistant” foam. Water may be ineffective unless used as 2 *“blanket”.

Unusus! Fire or Explosion Hazards: Vapors may travel 1o an ignition source and fiash back. Container may explode in heat of fire.

Special Fire-fighting Procedures: Because fire may produce toxic thermal decomposition products, wear 8 self-contzined breathing apparatus
(SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode. Stuctural firefighter's protective clothing will provide only
limited protection. If possible without risk, move container from fire area. Apply cooling water 1o sides of containers until well after fire is ouL. Stay
sway from ends of tanks. For massive fire in cargo area, use monitar nozzles or samanned hose holders; if this is impossible, withdraw from mrea
and let fire bum. Withdraw immediately if you hexr a rising sound from venting safety device or notice any tank discoloration due 1o fire. Do not

release runoff from fire control methods to sewers (explosion) or waterways.
* 22 °F (-5.5 *C), OCO®

Section 5. . Reactivity Data R

Stabillty/Polymerization: 1,]-Dichioroethane is stable at room tempezature in closed conuiners under normal storage and handling conditions.
Hazardous polymerization cannot ocsur.
Chemical Incompatibilities: Incompatible with swong oxidizers and forms acetaldehyde in contact with caustics. 1,1-Dichloroethane will azack

some forms of plastics, rubber, and coatings.
Conditions to Avold: Exposure to heat and ignition sources and contact with incompatibles.
Hazardous Products of Decomposition: Thermal oxidative decomposition of 1,1-dichloroethane can produce carbon dioxide (CO,), irritating

hydrogen chloride (HCI) and toxic phosgene (COCL) fumes.

| Section 6. Health Hazard Data

Carcinogenicity: The LARC, "% NTP,1%) and OSHA"*) do not list 1,1-dichloroethane as a carcinogen. However, the National Cancer Instirute
has recommended caution due to snalogy to other chloroethanes such as 1,2-dichlorothane which are shown 1o cause sancer in animals.
Summary of Risks: 1,1-Dichloroethane is irritating to the eyes and respisatory sysiem. Yt causes varying degrees of central nervous sysiem (CNS)

disturbance depending on the concentrazion and duration of exposure. Liver and kidney wxicity is controversial. Contirue on nes page

Capyrgit © 1992 Conms Pabishay C Awy } wn o repres: wikbout the gl wbiers pErEImIcs ¢ probuded

L




8

No. 830 1,1-Dichlorosthane 6/92

Section 6. Health Hazard Data, continued .- . B S _
Some sources report thal severe, acule exposures can cause damage, some quote recent detailed chronic studies which indicate lite capacity for

“amage; stil] others refute the possibility of acute damage even from very high exposures. In reviewing the data it appears likely that chronic

;posure will not cause kidney ex liver damage but acute exposures 1o high concentrations may. There is definite evidence that 1,1-dichioroethane

~oduces liver damage in monkeys, dogs, and rats when exposed to 98 ppm/90 days. It is also unclear whether o not 1,1-dichloroethane is absorbed
through the skin. There are reports of absarption (although not in toxic amounts) and others claiming there is no absorption. Given this congoversial
daa it is best 1o take precantions as if skin absorption, and liver and kidney damage were proven to occur. Medical Conditions Aggravated by
Long-term Exposure: Chronic respiraiory and skin disease, neurological damage, and liver or kidney disorders. Target Organs: Skin, CNS, lives,
kidney. Primary Entry Routes: Inhalation and skin contact. Acute Effects: Inhalation symptoms include eye, nose, and throat irritation, headache,
dizziness, coughing, staggering, disturbed vision, irregular heartbeat (can result in sudden death), unconsciousness, narcosis, coma, and death due 0
cardiac or respiratory failure. There is the risk of pulmonary edema (fluid in lungs). Skin contact is irritating and causes defaning, redness and
swelling. Vapor contact with the eyes causes frritation, watering eyes and lid inflammation. Splashes 10 the eyes produces a burning sensation,
:&&a’in;. and lid inflammation. Chronic Effects: Repeated skin contact can cause a rash and scaliness. Repeated inhalation may have neurological
FIRST AID. Emergency personnel should proiect against contamination.
Eyes: Gently Lift eyelids and flush immediately and continuously with flooding amounts of water until kansporied to an emergency medical facility,
Do not allow victim 1o sub of keep eyes tightly shut Immediately consult an ophthamlologist. Skia: 1,1-Dichloroethane vaporizes easily and poses
a1 inhalation hazard as well. Quickly and carefully remove contaminated clothing: J.J-dichloroethane is flammable! Rinse with flooding amoants of
waler f6r at least 15 min. Wash exposed srea with soxp and water. For reddened or blistered skin, consult & physician. Inbalation: Remove exposed
person W fresh air and support breathing as needed. Ingestion: Never give anything by mouth to an unconscious or convulsing person. Contact a
poison contro] centez. Unless the poison control center advises otherwise, have that conscioxs and alert person drink 1 1o 2 glasses of water, then
induce vomiting. After vomiting, give 2 thsp activaied charcoal in 8 oz water to drink.
:mr ﬂr;; ald, get appropriate in-plant, paramedic, or eox;munlly medical squpoﬂ. ‘

ote to Physiclans: Proper ventilation is the main treatment for acute exposure. Be prepared to support respiration if needed. Monitor liver function
studies, urine analysis, and creatinine with acute and chronic exposure.

"Section 7. Spill, Leak, and Disposal Procedures .. -

| personne! should protect against inhalation and skin contact. For small spills, take up with earth, sand, vermiculite, or other absorbent, noncombus-

S «PA Designations

“§ supplied-air respirator or SCBA with a full facepiece. For emergency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks),

SpllVLeak: Immediately notify safety personnel, isolate and ventilaie area, deny entry, and sy upwmd. Shut off ignition mm; Cleanup

tible material and using nonsparking tools, place in & suitable container. For large spills, dike far ahead of liquid spill for disposal or reclamation.
Do not allow 1,1-dichloroethane to enter confined sreas such as a sewer because of potential explosion. Follow applicsble OSHA regulations (29
CEFR 1910.120). Environmental Degradation: In soil, 1,1-dichloroethane volatilizes rapidly but may leach into groundwater, In water it will
volatilize from a pond, lake, er river with & half-life of 6 0 9 dsys, 5 to 8 days, and 24 to 32 br, respectively. In the atmosphere it will degrade by
reaction with photochemically produced hydroxyl radicals with a 62 day half-life. It may also be carried back 1o soil vis rain.
Eeotox.lc&y: Vazl&s: Anc:n.n saling, trine shrimp, TLm 320 mg/L/24 kr; Lagodon rhomboides, pinperch, TLm 160 mg/L/24 hr; Poecilia resiculata,
ppies, ppm/7 dayz.
sposal: anucx your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and Jocal regulations.
OSHA Designations Listed as an Air Contaminant (29 CFR

SARA Extremely Hazardous Substance (40 CFR 335): Not listed 1910.1000, Table Z-1-A)

SARA Toxic Chemical (40 CFR 372.65): Not listed
Listed as a RCRA Hazardous Waste (40 CFR 261.33): No. U076
Listed as 8 CERCLA Hazardous Substance® (40 CFR 302.4): Final Reportable Quantity (RQ), 1000 1b (454 kg)

{* per RCRA, Sec. 3001 & CWA, Sec. 307(s))

Section 8. Special ‘Protection Data R L S
Goggles: Wexr protective eyeglasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Because
contact lens use in industry is controversial, establish your own policy. Respirator: Seek professional advice prior to respiraior selection and use.
Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear s NIOSH/MSHA.-spproved respirator. For < 1000 ppm, use any
supplied-air respirator or SCBA. Far < 2500 ppm, use any supplied-air respirator operated in a continuous flow mode. For < 4000 ppm, use any

wear an SCBA. Warning! Air-purifying respirators do not protect workers in oxygen-deficiens atmospheres. If respirators are used, OSHA requires
a respiratary protection program that includes at least: training, fit-testing, periodic environmental monitoring, maintenance, inspection, cleaning,
and convenient, sanitary storage areas. Other: Wear chemically protective gloves, boots, sproas, and gauntlets to prevent repeated or prolonged
skin contact. Polyviny] alcohol is recommended as suitable material for PPG. Ventilation: Provide general and local exhaust ventilation systems to
maintain sirborne concentrations below the OSHA PEL (Sec. 2). Local exhaust ventilation is preferred because it prevents contaminant dispersion
into the work ares by controlling it at its source.®) Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-
drench showers, and washing facilities. Contaminated Equipment: Separate contaminated work clothes from street clothes and launder before
reuse. Thoroughly decontaminate personal protective equipment. Comments: Never eat, drink, or smoke in work areas. Practice good personal
hygiene afier using this material, especially before eating. drinking, smoking, using the wilet, or applying cosmetics.

"Section 9. Special Precautions and Comments ..~ .-

Transportation Dats (49 CFR 172.102)
A0 Shipping Name: 1,1-Dichlaroethane IMO Lasbe!: Flammable Liquid
~¥ IMO Hazard Class: 3.2 IMDG Packaging Group: I

Storage Requirements: Prevent physical damage 1o containers. Store in a cool, dry, well-ventilaled ares sway from ignition sources and incom-

patibles (Sec. 5). Label containers to indicate the contents' high flammability. Periodically inspect containers for cracks and leaks. To prevent static
arks, electrically ground and bond all equipment used in 1,1 dichloroethane manufacture, use, storage, Tansfer, and shipping.

Ezgtneedng Controls: To raduce potential health hazards, use sufficient dilution or local exhaust ventilation to control airborne contaminants and

to maintain concentrations at the lowest practical level, ,

Administrative Controis; Consider preplacement and periodic medical exams of exposed workers emphasizing the skin, CNS, liver, and kidney.

Educate workers about the hazards of 1,1-dichloroethane and the necessary precsutions to reduce or prevent exposure.

ID No.: UN2362

MSDS Collsction References: 13, 89, 101, 103, 126, 127, 131, 132, 133, 136, 140, 148, 149, 153, 159, 162, 163, IMMlgll. ;«?18) 17
ton, .

Prepared by: M Gannon, BA; Industrial Hygiene Review: PA Roy, MPH, CTH: Medical Review: AC Darling
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Material Safety Data Sheet %NE DICHLORIDE
From Genium's Reference Collection Dichloroeth
: Genium Publishing Carporation (Fomcrl&'zl,Z' Dichloroethant)
1145 Catalyn Street evision C)
Schenectady, NY 1%03'1836 USA Issued: November 1978
(518) 377-8885 oDeUM PRUSANG COR.  [Revised: August 1987

SECTION L MATERIAL IDENTIFICATION
CHEMICAL NAME: ETHYLENE DICHLORIDE (Changed to reflect common industrial practice)
igi : Made from acetylene and HCL Used as a degreaser, a scavenger in leaded gasoline,
as an intermediate in the masufacture of vinyl chloride, in paint removers, ip wetting and penetration ageats, in
ore flotation processes, as a fumigant, and as 8 solvest for fats, oils, waxes, and gums.

: 1.2-Dichioroethane; sym-Dichloroethane; Duteh Liquid; Dutch Oil; EDC; HMIS
Ethane Dichloride; Ethylene Chloride; 1,2-Ethylepe Dichloride; Glyeo! Dichleride; CoHqCly; H 1 R 1
NIOSH ATECS K10525000; CAS #0107-06-2 ~ H 1 4
MANUFACTURFRS/SUPPLIERS: Available from several suppliers, including: R s 2
Dow Chemical USA, 2020 Dow Center, Midland, M1 48640; Telephone: (517) 636-1000 . ;ys' K 4
| COMMENTS: Ethyleme dichloride is » flammable, toxic liguid. * See Sect. §
SECTION 2. INGREDIENTS AND HAZARDS % HAZARD DATA
hlari : I ACGIH Values 1957-88
Ethyleze Dichloride, CAS #0107-06-2; NIOSH RTECS #KI0525000 100 |ACGIH Value 196788 o
OSHA PEL® 1986-87
!‘l H S-HrTW&SOppx(:lx;sm)
1 . iling: m ,
a-c € Cr NIOSE REL 1986-87
: i 10-Hr TWA: | ppm
HH Ceiling: 2 ppm (15 Min.)
' N atatir, TCy . 4000 ppeo/] Hr
*The maximutn allowable copcentration (above the ceiling level value) ,",’;;’n Q,,Ln' I'fzg F?
of ethylepe dichloride is 200 ppm for 5 misutes in any 3-hour period. Mz, Onl, TD ,: 892
e e 1 Bk i s renets) o 06 NIOSH Mao, Onal. LD 5: 714 me/ke
ECS 1983-84 supplement, pages 865-66. Rat, Oral, LDgpy 670 mg/kg
[ SECTION 3. PHYSICAL DATA - T A
oiling Point . 1823°F (835°C) Evaporation Rate (0-BuAc = 1) . Not Listed
Vapor Pressure . 87 Temr st 77°F (25°C) _ Specific Gravity —. 1.2569 a1 69°F (20°C)
Wu:rSolnb.ﬂi!y.'.Solublemlboulumsz Freezing Poist ... -31.9°F (-35.5°C) )
Vapor Deasity (Air = 1) . 3.4 Moleculer Weight ... 98.96 Grams/Mole
ydrocarbons. The

Appezrance nd odor: Colorless, ciexr liquid. Sweet, chiaroformlike odor is typical of chiorinated h
recognition threshold (100% of test panel) for ethyleoe dichloride is 40 ppm. Odor detection probably indicates an excessive
exposure 1o vapor. High volasility and flammability, coupled with its toxicity and carcinogenic potential, make this material
3 major health hazard.

COMMENTS: Ethylene dichioride is miscible with aleohol, chioroform, and ether,

SECTION 4. FIRE AND EXPLOSION DATA LOWER UPPER
Flash Point and Method Autoignition Temperamre Flarmnmahility Limits in Air
Set Below TIS'E (413°C) & bv Volume 62 159

. Use chemical, carbon dioxide, alcohol foarn, water spray/fog, or dry sand to fight fires involving
ethylene dichloride. Direct water sprays may be ipeffective extinguishing agents, but they may be successfully used to cool
fire-exposed containers. Use a smothering effect to extinguish fires involving this material /
BAZARDS: Ethyiene dichloride is a dangerous fire snd explosion hazard when exposed to sources of ignition such as heat,
open flames, sparks, exc. Jts vapors are heavier thas air and can flow along surfaces to distamt, low-lying sources of ignition
axd Nash back. If it is safe 1o do 30, reznove this material from the fire grea. Ethyiene dichloride burns with a smoky flame.

: Wear a self-contzined breathiog spparatus with 2 full facepiece operated io 2

pressure-demand or another positive-pressure mode.
€5°F(18°C) OC.
Fla iti

: Flammable Liquid

COMMENTS: Flash Point and Method: 56°F (13°C) CC; .
OSHA Flammabilitv Class (29 CFR 1910.106): IB. DOT Flammabilitv Class (49 CFR

I Ethyleoe dichloride is stable. Hazardous polymerization canzot oceur.
CHEMICAL INCOMPATIRILITIES include strong oxidizing agents. Explosions have occurred with mixtures of this material
aod liquid ammonia or dimethylamisopropylamine. Finely divided aluminum or magnesium metal may be hazardous ip contact

with ethylene dichloride. : .
VOID: Eliminaie sources of ignition such as excessive heal, open flames, or clectrical sparks, particularly

in Jow-lying areas, because the explosive, heavier-than-air vapors will concentraie there,
< cao include vinyl chioride, chioride fumes, and phosgenc. Phosgene is an

exgemely poisonous gis. Products of thermal-oxidative degradation (i.e., fire conditions) must be geated with appropriate
caution.

Copmg © 1987 Ganaum Pubinie ¢ Carporaics.
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Ne 359 887 ETHYLENE DICHLORIDE

SECTION 6. HEALTH HAZARD !NFORMATION

Lowsene dichloride is listed as an amnticipated butnan carcinogen by the NTP and as a bsbl: careinogen (Group
- . s i LIARC, l(wxsfoundwbemmgm nuvemmognbytbemc. mﬁdgﬂﬂ\nmu(uu}c‘m tmxg'
o mcmmoi'enembxomay yenedxchbnde ooe of the more toxic of the
; common chiorinated h mf:mofmnmmdhmbun Inhalation of
Lo xponndlyuuwdmfmma.manvemhnmo{em ¢ dichlaride XD Cause respirviory fritation,
intoxication, parcotic xnd anesthetic en'ecu. mm& hapmm (ijurious to lm:)
effects of tus material are si ecuﬁumovmpomeun in the tiver,
tract, b)ood.lmg‘x,m‘ md mmsysmeonmmﬂs ve revealed u vefulmnﬂ
fewa) resorption. my pereased risk to purs no [3 mothers, : Ceatral pervo
sysiem, eyes, kidneys, liver, hezrt adrenal glands, nunhw;hmn.cn!.
o7 eve coDLACL Shnwnuaummunan. xfrepundormlon
copiact causes IMLABOD &N scnou: (doudngotth:wuu mumtmvedmu
!nlunesmthehv:r(heE % vg&h bsilowu ohguria
unne).ormemm MEDICAL, NDITIO;SSA RAV RE: Persons nhngmgn!nueould
namﬁwuud&cybblu&&m md und 2 oo(ll‘&'
to restrain 8 hypenactive
éhl lenryofnmmg\m:rfaum ??' [mmgdnuyl flugh the
uhnuoughlywhsapnd Rmovenﬂhmda mg before wemgi!
agm,cjmm:zmlﬁom :ndeq t Get medical help. wmn&uhﬁ-mm
his breathing as al help. ¢ ever give & by moath to sameone who is

support b hﬂ?
unconscious cnm' mouth with waler, TR0 be moamu
belp.é -cx?r %Assx?rmés.mrum Pnﬁi'%mc.comﬂ?rﬁn Get prompt medical assistance for furthes

w procedures be established and made
bownmaﬂmdmvolveﬂmhwm; oufyn!etym ofuhylulnhbndupﬂhcrhbndmphﬂt
oy Clemuppemdm"u mp‘;%hm fd M%ﬁ&&&?@ﬂhb un;n
e, use protection sganst ion of vapors j i i
mabwrhmzm!:iﬂsn:hudry&acvmi?m. Use 2o wolnommumﬂhnngmymy
lbthndphuithnWmmerfw&muL ush trace residues with large amounts of water. Do not flush
waste (o sewers or open waterways. WASTE DISPOSAL: Cmd:mmmwdsummmw

m;%ﬂﬂmmb“mnmdmawm:m s scrubber. Follow Federal,
state,

Ethylene is designated as a hazardous substance by e EPA (40 CFR 116.4). Ethyleoe dichloride is reported in the
19832PATSCAlnv¢bry » ¢ >

EPA Hazardous Waste Nunba' (40 CFR 261.33): UOT?

EPAR le 40 CFR 117.3) 5000 Ibs (2270kgs)

Aquatic Toxicity 96: 1000 - 100 ppm

SECTION WN INFORMATION - T
h)mdeupmlz!yhsznlbthe

i Al chemical safi Jene dic
GOGGLES: Always wear protective eyeglasses ar dnzng % gs)y

s,mdd.neamm results in corneal opaci %:nmt GLOVES: W jous rubber
ek venn uhncnnua. mm?mg ﬂmvedmpmpaumo&lf Guide 10 Chemical
ds (Genium ref, 88 manmum-use coocepirations egam cited in section 2. Follow the
;spmggﬂnah CFR!910134 Anydmcubhmnhﬁof Jene EwnSCBA.MI
upue. pressure-demand/potitive-pressure modes. Warning: Alr-purifying respirators will poj protect workers from
en-deficient stmospheres. QTHER: Wurmbbehnommndoﬁaz ive clothing suitable for use

wmumthmnwmmth:mn ain. Discard
eommmmd YENTILATION: Provide maxirmum explosion-proof local furme exhaust 'mbm
hmﬁmmofahyludﬂbnkvmwowhwmwdhmz ﬁeﬂy
mmwmmnmfmwdlwmmm per mimute). : Make
mmmhmgf:mna.ndwaylbmwﬁhblemmofwndhnﬂmg
A z:nwm:ﬁ'dwﬂlalbahbw-lymm Eh,mzmo{ o1
v ventilation there. COMMENTS: Practice good personal penexcepmmo o
dothan? e X transferring this material from bands to mouth while eating, drinking, o m.!m&,‘:my
mvewaylazdmmnnd clothing to avoid flzmmability and health hazards. Contact kenses pose & special hozard;

soft lenses may absorb irritants, and all lenses concentrale them.

STORAGE SEGREGATION: m&ymmbmwwmmumka&wﬂkvmﬂmﬂmm
ﬁmwmof@immmﬁmmwdﬁunwbwuhwdnctphynw
contact with stong acids, bases, oxidizing sgents, end reducing agests.  SPECIALHANDLING/STORAGE: Use nonsparking
mnmwcmwnmmmummmmmuwmmm

concerning OSHA class [B fismmable iquids. ENGINEERING CONTROLS: During transfer openstions involving ethyleoe
Mhhmummmmuupedbubymdmhmmmmnw
explosion proof. Preplan emergency response procedures.

(per 49 CFR 172.101-2):

DOT Huazard Class: Flzmmable Liquid DOT Shipping Name: Ethylene Dichloride
DOT Labe!: Flammable Liquid DOTIDNo. UN 1184
IMO Qlas: 32 : IMO Label: Fizmmabie Liquid, Poison
References: 1-9, 12, 19, 21, 26, 43, 47,73, 87-102. CK
rovals e
P Judgemean & 1 the ssiablity of izfarmmtios hereis for purther's purpess App GO Vet o .
‘-l ave macemanily puchaser’s responsibility. Thaefore, akhough resscmsbic care —Y
‘\ uh-s:wuumadm:tun;?m‘zm C?. Indust. Hygiene/Safety W
e Dﬂmc::.lnyd ﬂm o applcation to purchamer' ‘ Medical Review
muma—nn-. Copyright © August 1, 1987

ASy cmmperen b @ FPWIENS Wibout Se gEbiaher'y pauscs & prebivasd.



Material Safety Data Sheets Collection:

Genlum Publishing Corporation
@ 1145 Catalyn Street Sheet No. 703
. Schenectady, NY 12303-1836 USA 1,2-Dichloroethylene

(518) 377-3854
Issued: 4/90

314

Section L Material Identification -

1,2-Dichloroethylkene Description: An industrial solvest composed of 60% cis- &d 40% trans-isomers. Both isomens, ¢is R 1 NFPA
and trazs, are made by partial chiorivation of acetylene. Used as & geseral solvent for organic materials, lacquers, dye 1 2 0
extraction, thermoplastics, organic synthesis, and perfumes. The trans-isomer is more widely used in industry thaneither S 2 ¢ 0
the cis-isomer or the mixtare. Toxicity also varies between the two isomers., K1 0

| Otber Dedgnations: CAS No. 0540-59-0; C,H.CL; acetylene dichloride; cis-1,2-dichloroethylene; syn-dichloroethylene;
trans-1,2-dichloroethylene, dioform. ' S
Manufacturer: Contact your supplier or distributar. Corsult the latest CAemicaiweek Buyers’ Guide™ for a suppliers list ll;l g
. R 1
PPG*

g

‘Section 2, Ingredients and Occupational Exposure Limits

12-Dichioroethylene, €2 100%

OSHA PEL ACGIH TLV, 1929-90 Toxicity Data®
8-hr TWA: 790 zg/m’, 200 ppm  TLV-TWA: 790 mg/m’, 200 ppm Rat, oral, LD,: 770 mg/kg; toxic effects pot yet reviewed
Prog, inhalation, TC, : 117 mg/m’ inhaied for 1 hr affects the
NIOSH REL, 1987 peripheral nerve and sensation (flaccid panalysis without
790 mg/m’, 200 ppm sesthesia); behavior (excitement); lungs, thorax, or
respiraticn (respirstory depression)

¢

* See NIOSH, RTECS (KV9360000), for sdditional toxicity data.

-Section S,Physim]l)ata b e D e

Boiling Polnt: 119 ‘F/48 °C Molecular Weight: 96.95 g/mol

Meking Potnt: -56 to -115 “F/-49 10 -82 °C/ . Specific Gravity (H,0 = 1at39 F/4°C): 127 at 77 *Fr25 °C
Vapor Pressure: 130 to 264 torr at 68 ‘F20°C Water Solubllity: insoluble . .
Vapor Density (Air = 1): 34 )

Appearance and Odor: A colariess, low-boiling liquid with 8 pleasant odar.

Section 4. Fire and Explosion Data

Fiash Polot: 37 F/28 °C, CC T Autolgnition Temperatore: 860 F/460 C | LEL: 5.6% TUEL: 128% wiv

Extinguishing Media: Use dry chemical, CO,, halon, water spray, or standard foam. Water may be ineffective unless used 1o blanket the fire.
Unusual Fire or Explosion Hazards: This material's vapors are a dangerous fire hazard and moderate expliosion hazard whes exposed to aoy
heat or ignition source or oxidizer.

Special Fire-fighting Procedures: Since fire may produce toxic fumes, wear s self-contained breathing spparatus (SCBA) with & full facepiece
operated in the pressure-demand or positive-pressure mode aod s fully encapsulating suiL Vapors may travel (o heat or ignition sources and flash
back. Stay wpwind and out of Jow areas. Be sware of runoff from fire control methods. Do not release 1o sewers or waterways.

Section §. ReactivityData .. wil .- oo L
Stabllity/Polymerization: This material is stabie at room temperanure in closed containers under pormal storage and handling conditions.
Hazardous polymerization cannot ocewr.
Chbemical Incompatibilities: This material is incompatible with alkalies, pitrogen tegoxide, difluoromethylene, strong oxidizers, and dihy-
poflucrite. When in contact with copper or copper alloys or by seaction with potassivm hydroxide, explosive chioroacetylene may be released.
Conditions to Avold: Addition of hot liquid to cold 1,2-dichloroethyiene may cause sudden emission of vapor that could flash back o an ignition

source.
Hazardoas Products of Decomposition: Thermal oxidative decompositioo of 1,2-dichioroethylene can produce highly toxic fumes of chlorine
(CT).

Copyngit € 1950 Oumum Pobiminng Corpasades.
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No.703 1,2-Dichloroethylene  4/90

Section 6. Health Hazard Data - < oo oo 0 mao F fddsain s oo ook, o
- Carcipogenicity: Neither the NTP, IARC, nor OSHA Lsts ],2-dichiorocthyiene a3 a carcinogen.

Summary of Risks: 1,2-Dichloroethylene’s most izporiant effect is its irritation of the central nervous system (CNS) and pxreosis. This material
is toxic by inhalation, ingestion, &nd skin contact. It is also irritating to the eyes. The trans-isomet a1 2200 ppm causes pause, vertigo, &d
burning of the eyes. The trans-isomer is twice as potent as the cis-isomer. If repal effects occwr, they are traasient.

Medical Conditions Aggravated by Loog-Term Exposure: Nooe reported.

Target Organs: Central pervous system, eyes, respiratory system.

Primary Entry Routes: Iohalation, ingestion, skio 2ad eye cootact.

Acute Effects: Inhalation of 1,2-dichloroethylene causes narcosis, respinatory fract irritation, suses, vomiting, tremor, weakness, central pervous
depression, and epigastric (the abdomen’s upper midregion) cramps. Contact with the liquid causes eye and skin (08 prolooged coptact) irritation.
Ingestion causes slight depression to deep narcosis.

Chronic Effects: Noge reported.

FIRST AID .

Eyes: Flush immediately, including usder the eyelids, geatly but thoroughly with flooding amounts of ruaning water for at least 15 min.

Skin: Quickly remove contaminated clothing. After rinsing affected skin with flooding amounts of water, wash it with sozp and water.
Inbalation: Remove exposed person 1o fresh air and support breathing as peeded. Have trained personnel sdminister 100% oxyges, preferably
with humidification. .

Ingestion: Never give auything by mouth t an unconscious or convulsing person. If ingested, have & conscious person drink 1 10 2 glssses of
water, thes induce repested vomiting until vomit is clesr. -

After first ald, get appropriate in-plant, paramedic, or community medical support. :

Physician's Note: Intravesous injections of calcium gluconate may relieve cramps and vomiting. Treat central nervous system effects sympto-

matically.

Section 7. Spill, Leak, and Disposal Procedures .

Splil/Leak: Design and practice a 12-dichloroethylene spill control and countermeasure plan (SCCP). Notify safety personoel, remove all heat
and ignition sourees, evacuate hazard area, and provide adequate ventilation. Cleanup personne] should protect against vepor inhalation &0d skin
or eye contact. Absorb small spills on paper towels. After evaporating the 1,2-dichioroethylcoe from these peper towels in & fume hood, burn the
paper in a suitable location sway from combustible material. Collect and slomize large quantities in 8 suitsble combustion chamber equipped with
an sppropriate effiuent gas cleaning device. Follow spplicable OSHA regulations (29 CFR 1910.120). ‘ ¢
Disposal: Contact your supplier or 8 licensed contracior for detailed recommendations. Follow spplicable Federal, state, and local regulations.
EPA Designstions

Listed as 3 RCRA Hazardous Waste (40 CFR 261.33)
Listed as s CERCLA Hazardous Substance® (40 CFR 302.4), Repartable Quantity (RQ): 100 1o (45.4 kg) [* per RCRA, Sec. 3001, per Clemn

Water Act, Sec. 307(a)]t

SARA Extremely Hazardous Substance (40 CFR 355): Not listed
Listed as 8 SARA Toxic Chemical (40 CFR 372.65)

OSHA Designations

Listed as e Air Comaminant (29 CFR 1910.1000, Table Z-1)

1 Listed as 1,2-rans-dichiorosthylene.

Section 8, Special Protection Data

Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133).
Respirator: Follow OSHA respirator regulations (29 CFR 1910.134) and, if pecessary, wear & NIOSH-spproved respirator. For emergency or
pomroutine operations (cleaning spills, reactor vessels, or storage tanks), wear a0 SCBA.

Warning: Air-purifyiog respirators do sof protect workens in oxygen-deficient atmospheres.

Otber: Wewr impervious gloves, boots, sproas, and gaustlets © prevent prolonged or repeated skin contact 1,2-dichloroethylene altacks some
forms of plastics, rubber, and coatings.

‘Ventilation: Provide general and Jocal exploxion-proof veatilation systems to maintain airborne concentrations below the OSHA PEL and
ACGIH TLV (Sex. 2). Local exhaust ventilation is preferred since it prevents contaminant dispersion into the work grea by controliing it at its
source (" . .

Safety Stations: Make svailable in the work ares emergency eyewash stations, safety/quick-dreach showers, and washing facilities.
Cootaminated Equipment: Never wear contact Jenses in the work area: soft jenses may absorb, and all jenses concentrate, irritaats. Remove this
mﬂiﬂbmmdoandquipmuumdsmmmm before wearing.

Comments: Nmua&driak.wnmkzbmtm.ﬁuﬁu;ﬂwmﬂhnmmmgmm“hnyufmwm.m.
smoking, using the wilet, or applying cosmetics.

Section 9. Special Precautions and Comments -

Storage Requirements: Store in tightly closed containers in 8 tool, well-ventilated area away from all incompatible materials (Sec. 5) snd
oxidizing maserials. Outside wmmenmrmuwmpxmmmmmnmu liquids storage cabinet or
soom. Protect containers from physical damage.

Engineering Controls: Avoid vapor inhalation and skin 4 eye contact. Use only with adequate ventilation and sppropriste personal protective
gear. Institute & respiratory protection program that includes regular training, maintenance, inspection, snd evalustion. 1,2-dichioroethylene is 3
4angerous fire hazard. All engineering systems ghould be of maximum explosion-proof design ead electrically grounded and booded. Provide
replacement questionmaires which emphasize detecting a history of chronic respiratory disease.

Transportation Dats (49 CFR 172.101, .102): Not listed

MSDS Collection References: 7, 26, 38, 73, 84, 85, 87, 8§, 100, 101, 103, 109, 126, 127, 136, 137 .

Prepared by: MJ Allison, BS; Industrial Hygiene Review: DI Wilson, CIH; Medical Review: MJ Hardies, MD r
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ore posmnrdy S pareimeers raponaidlity. AlGRSS renstushic care hes bous MR 18 ¢ pEVD of mch Omme Pebl Corp cammls 0 S S rep - v
m-h—md.-.

o0 responsdisty 5 0 & sesurecy &f ity of sach tf for appli » 0t p (]




i’

St

Material Safety Data Sheets Collection:
Genium Publishing Corporation

@ 1145 Cazalyn Street Sheet No. 708
Schenectady, NY 12303-1836 USA Vinylidene Chloride
(518)377-3354
Issued: 4/90
31

"Section 1.: Material Tdentihication

Vinylidene Chloride Description: Prepared from ethyleoe chloride. Also prepared from viny] chloride by sucoessive R 3

chlorination snd dehydrochlorination steps. Used primarily as a co-monomer in producing vinylideoe copolymers 1 4 0
(Sxran®, Velon®) for films and coatings. Also used in producing methy] chioroform, vinyl chloride resins, plastics, $ 2 &G
chioracety! chioride; in adhesives; a3 8 component of synthetic fibers; a chemical intermediste in vinylideos flucride K 4

syoihesis; and for 1,1,1-trichloroethane. A common constituent in our environment, measurable quantities of vioylideoe

cunﬁdeuafomdhpwﬂyvmﬁmdmmammmofpwlthlmumtbmydd HMIS
air epvironments such a3 nuclear submarines and spacecraft. H 2
Otber Designations: CAS No. 0075-354; C;H.CL; 1,1-DCE; 1,1-dichloroethent; anm-dickloroethylene; VDC; vi- F 4
nylidene dichloride. L
Mnu!mm”wmpﬁcordhﬁbm.CcuwumszBm!GMfwlmfﬂtm *Sec 8

Comment: At temperatures above 32 F/0 ’Cndupechnybhptumofoxygaaoﬁznmbhmﬁ-
nylideoe szdyutahnphﬁc.]bdm,mﬂﬂn&mymﬁnmﬂpm&mofhﬁmb
| prescrye the mooome. _ I

Sechion 2. Ingredients and Occupational Exposure Limits

Vipykideoe chioride, ca 100%

OSHA PEL , ACGIH TLVs, 1989-90 Toxicity Data®

8-k TWA: | ppm, 4 mp/m® . TLV-TWA: S ppm, 20 mp/’ Mommmuzmmmwmwmmm-
TLV-STEL: 20 ppm, 79 mg/m®  ages, lungs, thorax, and respination
NIOSH REL, 1987 Rat, inhalation, LC_¢ 6350 pprové br ¢
Nope established Hmmmmmu:zsmmwhmmcm

mpesthetic), the liver, kidney, ureter, sod biadder
-umommmxmfumunmﬁmmmmﬁmmmwym

Section 3, Physical Data

Bolling Point: 89.1 F/31.7 °C a1 760 mm Hg Molecular Weight: 96.94 g/mol

Melting Polnt: -188.5 F-12.5°C . Specific Gravity (H,0 = 1 at 39 F/4°C): 12129 at68F20°C |
Vnpwhmt:”lmﬁznﬂ?as'c memq:smuywmu(o.msmhmuss Fr20 °C)
Vapor Density (Alr = 1): 34

Appnnnundour:Colm‘lss.voh.ﬁleﬁqnidﬁthanﬂd.mmummbbmmnmstmmdmtmyﬁdmm
ul@m&“mwhuwMmmNmmhmbmofwnm

Flash Point: -19 °F/-28 °C [ Autoignition Temperature: 1058 "F/570 'C | LEL: 5.6% vv | UEL: 11.4% wiv

Vet Pomerimtion: Visylaes chioride 1s wll-ractve. I sored beiweca 40 F/40 C iod 17 FI2S C i wihou i Bhbior BE

WMMUu&ymmmlfomcrwbondioxid:.Unmmaoolﬁn-wm
UnnnlﬂnorkplubnM:beﬁéae:hloﬁdehtmyﬂmbkndmhﬂenquidmlbunbgﬂhbfl?nwmm
mmialiuvuydnzmmhmmdmdmlyeprxivewh:uxpudmhmmmu.llmyeprduponmn:lydnumenpa
meqmmmwﬂhﬁ.MdeplymMmphammmm.
Sp:hlnn-mhﬂuPrcuduu:Sin:zvinylidenechlaﬂewy&ydmuﬁhhﬂedwwmwghthemn.muemcmm

Section 5. Reactivity Data

material rapidly absorbs oxygen snd forms a violently explosive peroxide. The heat of polymerization is -18S5 cal/g (inhibited). Wheo upstable, vi-
nylidene chioride decomposes into chiorine, hydroges Mpmmfmughydaﬂawdomplymiuﬁmmommﬂcxpowd 10
sualight, sir, copper, aluminum, o heat. _

Chemical Incompatibilities: This material reacts violeatly with chlorosulfonic acid, nitric acid, and oleum; and vigorously with oxidizing mate-
rials,

Hazardous Products of Decomposition: Thermal oxidative decomposition of vinylideoe chioride cen produce highly toxic fumes of chiorine

(CL,) and hydrogen chlaride (HCI).

Capyrigit © 1990 Gumes Po Cary
M_U-.m.ﬂ-l—l-pl—'\_—l-pﬂh‘.



No.708 Vinylidene Chloride  4/90

Section 6 Healib Hagard Dats .~ -~ oo oo il
Carcinogenicity: Neither the NTP, IARC, por OSHA lists vinylidene chioride a3 a carcioges, although the ACGIH suggests it is & suspected
carcipogen. Vanous animal studies suggest 8 high rate of cascer in species-specific testing; application to humans does not sppexr valid.
Summary of Risks: Vinylidene chionde is ag irritant o the skin, eyes, aod mucous membraoes, although any inhibitor i vipylidese chloride
aay pﬂﬂgouu:e the irritation. VDC is parcotic ai copcentrations greater than 4000 ppm, and has caused liver and kidaey injury io experimental

aimals. Solutions containing the inhibitor MEHQ (monomethyl ether of hydroquinope) may cause keucoderma (white ski gnd serious eye

.a'nry.

Nfed cal Conditions Aggravated by Loag-Term Exposure: Nope reported.

Target Orgaas: Skin, eyes, ceotral pervous sysiem, liver, axd kidoeys.

Primary Entry Routes: Inhalation. . _ .

Acute Effects: Inbalation of VDC causes aarcosis and respinatory irritation. Copcentrations of 4000 lead to symptoms of drunkemmess and

eventually unconsciousness if the exposure coplinues. In monkey studies, exposure 1o 200 ppm causes acute liver 1njury with 8 mechmism
similar 1o carbop tetrachloride, Animmal studies indicate acute kidoey changes in high-level exposures. Eye contact may cause cagjunctivitis,
transieat corpeal i@m&. and iritis. VDC also causes skin and mucous membrane irritation. )
Chrooic Effects: With chronic inhalation, vipylidene chioride may cause hepatic and reaal dysfunction. Is monkey studies, long-tevm inhalation
;tﬁlg!l;p m leve] caused liver and kidoe y damage and death.

Em: Flush immediately, including under the eyelids, gently but t.bmngg,y with flooding amounts of running water for at least 15 min.

3 :Qm?mmmhnwdomm‘g.mmmlﬁmm th flooding amouats of water, it with soap and water.
Inbalstion: Remove exposed person 1o fresh air and suppart ing as peeded.

Ingestion: Never give aoything by mouth to &0 UDCORICIOUS OF €00 i mﬂmeﬂ.nnlm;um&hklbzghmof
waler, thep induce repeated Vomifing until vomit is clear.

After first aid, pet appropriste in-plast, paramedic, or community medical support.

Physiclan's Note; Solutions containing increased @Q copcentrations are caustic and should pot be removed by emesis. There is po specific
geatment for VDC intoxication, but if significant amousts have beea ingested, monitor the patient for liver and kidney failure.

Section 7. Spill, Leak, and Disposal Procedures 4 :
SpiVLeak: Design and practice a vinylidene chloride spill control and counsermeaswre plan (SCCP). Notify safety personnel, evacuate all
uppecessary personoe! from hazard area, remove all heat and ignition sources, and veatilate area. Clexnup personne] should protect against
hhmxionmd:kinndeycmuul‘ahbsynh.sbmbxhupmwﬂhplpermwehndpluinahoodmalbwuqmwevm For large
spills, mmbmspmudmmwwdu.ﬂyuh.uwdnn.accm:inmu}mminmpdmdupoalmuinm. Follow sp-

Bliuble OSHA regulations (29 CFR 1910.120).
EgAmLD;&C:n&nt your supplier or & licensed contractor for detailed recommendations. Foliow applicable Federal, state, snd Jocal regulations.
ations . .

Eul.-.d . CERCIX':::(:&: Suzglx):‘N(:tOCPRm). Reportable Quantity (RQ): 5000 Ib 2270 kg) [* Clexn Water Act, Sec. 31 (b)(4)
isted as a us Substance ty : ater Act, Sec. .
Sec. 307(s); per RCRA, Sec. 3001) ’ pe
SARA Extremely Hazardous Substance (40 CFR 355): Not listed
Listed as 2 SARA Toxic Chemical (40 CFR 372.65)
OSHA Designations :
\ir Contaminant (29 CFR 1910.1000, Subpart Z): Not listed
wection 8. Special Protection Data
Goggles: Wear protective eyeglasses or chemical safety gogzles, per OSHA eye- and face-protection regulations (29 CFR 1910.133).
Respirator: Follow OSHAyr:sgphwru ions (29 giiﬁllo.l’;r) and, if :’;amy. wegt: NIOS}rﬁppmved gespmr Rupinzo canisters
coptaining alkaline materials should not be used because dichioro acetylene can be formed. For emergency or poaroutine opersaons ( eaning

feactor vessels, or siorage tanks), wear an SCBA.

: Air-purifymng respiraiors do sof protect workers in oxygen-deficieat atmospheres.

Other: Wear impervious gloves, boots, sprons, and gauntiets to prevent skin contsct. Rubber gloves are recommended.
Ventilation: Provide general and Jocal expiosion-proof veatilation systems to maintain airborne concentrations below the OSHA PEL and
ACGIH TLVs (Sec. 2]. Local explosion-proof exhaust veatilation is preferred since it prevents coptaminant dispersion into the work area by cop-

polling it at its source.

Safety Stations: Make svailable in the work ares emergency eyewash stations, safety/quick-drench showers, and washing facilities.
Contaminated Equipment: Never wear coptact lenses i {he work ares: s0ft Jepses may absorb, and all lenses copcenTals, fritants. Remove this
materia) from your shoes and equipment. Launder contaminated clothing before %

Comments: eveea.dxink.u:mkequﬂm.m;oodmdhygm uingthismmid.upeciﬂlyhefmuﬁag.dﬁnking,
smoking, using the wilel, or applying cosmetics. _

Section 9. Special Precautions and Comments - e T T
Storage Requirements: Store vinylidene chionide io tanks with nicke), glass, or baked phenolic linings st 14 °F/-10 °C in the absence of light, air,
m.md&updymmﬁmmﬁmudalﬂmgmbmnw 10-psi pressure and 0 OXygen content less than 100 ppm). Outside or
mmnwmwummmmwnmwu l&uﬂsmgeaﬁndwmbomoﬁdiﬁngmmﬁhmd

Engineering Controls: VDC requires special handling, precsutions, and employee training. Do not handle VDC without adequate ventilatios and
, Limi zomymwwmvmmmgmmmvm.mymmunm
mmmAanmzhoum be of maximusm explosion-proof design, electrically grounded, and bonded.
. Transportation Data (49 CFR 172.101, .102)
DOT Shipping Name: Vinylideoe chloride, inhibited IMO Shipping Name: Vinylidene chioride, inhibited

DOT Hazard Class: Flammable liquid MO Hazard Class: 3.1

ID No.: UN1303 IMO Label: Fiammable liquid

DOT Label: Flammable liquid IMDG Packaging Group: 1
- nOT Packaging Requirements: 173.119 ID No.: UN1303

iy

)T Packaging Exceptions: 173.118

Y
' | MSDS Colecrion References: 7, 26, 38, 53, T3, 84, 85, 87, 89, 100, 103, 124, 126, 127, 129, 134, 136

| Prepared by: MJ Allison, BS; Industrial Hygiene Review: DJ Wilson, CTH, Medical Review: W Silverman, MD »
Capyngis © 1990 by Gasuma Pa mg Corpa Any e OF rUpE waon B¢ p  PREEESICE 1 P (8 1 1 ] DDty of m nerem for e p N
m—m-m_mq.n—pn—lcmnmu-nmdmunm Pabiniang Coparsdas c3umis o makss wo repr = s
w0 responsidisry & & B¢ o mmbiny of Sch § for app o hep (] m-n-—q-—wdn—




[Section 1. Material Identification

Section . Ingredients and Occupational Exposure Limits

' Material Safety Data Sheets Collection:
Genium Publishing Corporation ey ¢

@ 1145 Catalyn Street Sheet No. 83
Schenectady, NY 12303-1836 USA Chromium Metal/Powder

(518) 377-3854
Issued: 3/81 Revision: A, 11/89

Chromium MealPowder Description: Obained from chrome ore, chromite (FeCY,0,), by electrolysis of choominm R
solutions, by direct reduction (ferrochrome), and by reducing the oxide with fizely divided carbon or alominum. Used for |
chromeplating other metals; for greatly increasing metal resistence snd durability; in manufacturing chrome-steel of S
chrome-nickel-steel alloys (stainless sizel); as a constituent of inorganic pigments; as protective coating for sutomotive K
snd quipummﬁu;ndbnxkundhighwm

Other Designations: Chrome; Cr; CAS No. 7440-47-3. .

Manufacturer; Contact your supplier or distributor. Consult the latest Chemicalweek Buyery Guide (Genium ref. 73)

for a suppliers list.

Clyomium metal/powder, ca 100%

OSHA PEL ACGIR TLV, 1983-89* NIOSH REL, 1987 Toxicity Datat

8-hr TWA: I mg/e®  TLV-TWA: 05 mg/m’ 8-br TWA (for chromium metal Rat, implast, TD,: 1200 jig/kg body weight
’ aod insoluble salts): 1 mg Com? sdministered intermitiently over six weeks

°mndcpﬁablﬁhQ‘n§&‘wwmmNc-dWWc ©r*, the 3-hr TWA is 0.05 mg Cr “¥m”. Certaia water-insohsble Cr¢
MWMMMMﬁn&)mmukum

wcﬁcmz.ddnmwmbuim
* The NJIOSH REL (10-br TWA) for carcinoges Cr=¢acxmpomds is 1 nm‘;!or.mn‘noﬂec."mm (inctuding chromic acid), the RELs (10-hr TWAS)

mzsw.dsowu'as-uﬁm)mmcmmmumﬂmmmmm
muammuc-(mwmyﬁu).nymmwm-mmmmmunmwmm

pounds.
$ See NIOSH, RTECS (TB4200000), for additional data with references 1o tumorigenic effects.

Section 3. Physical Data

Bolling Polat: 4788 °F (2642 C) ' Atomic Welght: 51.996 g/mol ~ -
Melting Polnt: 3452 °F (1900 °C) Specific Gravity (3,0 = 12t 39 °F (4 °C)): 72 a1 68 °F (20 °C)
Vapor Prescure: 1 mm Hg at 2941 F (1616 °C) Water Solubility: Insoluble
Vapor Density (Alr = 1): 1.79
Apm.ﬂﬂdm&el—pty.hsmum;noodm
Section 4. Fire and Explosion Data i i i S
Flash Point: Nooe reported | Antoignition Tempersture: Cloud, 1076 °F (580 °C); dust + Dust cloud explosion, {UEL: None reporied
layer, 752 °F (400 °C) _0.230 o/ft?
Media: Use dry chemical or sand.

Extinguishing
u;mm«mlmm:mmawuhmwuam.wm«upmmwynﬁ,

while chromium dust suspended in CO, is ignitable and explosive when heated.
swmmmWannHwMqumﬁ@A)ﬁ&umumphuwmummdmor

positive-pressure mode.

of dust goes through 8 T4-pam sieve. A 140-mJ spark cas igxits » dust cloud.
Section 5. Reactivity Data

Stability/Polymerization: Chromium is stable when properly handled and stored. Hazardous polymerization cannot occwr.

Chemical Incompatibilities: Chromium reacts readity with dilute, pot pitric, acids to form chromous salts. It is soluble o acids (oot nitric) and
strong alkalis. Its powder is incompatible with strong oxidizing agents, inciuding high O, concentration. Evaporation of mercury (Hg) from Cr
mmmmmmrwy divided Cr amtains ipcandescence with nitrogen oxide, potassium chlorate, and sulfur dioxide.
Moltea lithium at 18 °C severely attacks Cr. Fused ammonium nitrate below 200 *C reacts explosively and may ignite or react violently with
bromine peataflvoride.

Hazardous Produocts of Decomposition: Thermal oxidative decomposition of Cr can produce wxic chromium oxide fumes.

wclmo—amm
m_ﬂ--—---.—:-, 3 p ' prohivisd




No. 83 Chromium Metal/Powder 11789

Section 6. Health Hazard Data e
Carcinogeaicity: The NiP asd OSHA list clromium as 8 buman cxreinogen.

" " ‘rorosry of Risks: Whea ingested chromium is 8 humzn poison, with gastrointestinal (GI) effects. Clromium 3 (Cr*?) compounds show little or
ety Less soluble chromium 6 (Cr*¢) compounds are suspected carcinogeas and severe irritants of the laryns, nasopharynx, lungs, ad skin
T 2). Chromic acid or chrozmate salts cause irritation of the skin and respiratory passage. Ingestion leads to severe irritation of the gastrointes-
tiue tract, rensl damage, and circulatory shock. Chromiums metal (when heated o high temperatres) and insoluble salts are said to be involved in
histological fibrosis of the lungs, which may progress to clinically evident poeumoconiotis. Exposure to chromate dust and powder can cause skin
(dermatitis) and eye irritation (copjunctivitis).

Medieal Conditions Aggravated by Long-Term Exposure: An incresed incidence of bronchogenic carcinoma occurs in workers exposed o
clromate dust

Target Organs: Respiratory system.

Primary Entry: Inhalation, percutaneous absorption, and ingestion.

Acute Effects: Acute exposures to dust may cause headache, coughing, shortoess of breath, poeumoconiosis, fever, weight loss, pasal irritation,
inflamsmatioo of the conjunctiva, aod dermatitis. :

Chronic Effects: Asthmatic broochitis,

FIRST AID

Eyes: Fiush immediately, including under the eyelids, geatly but tharoughly with Nooding ibounts bf running water Tor at least 15 min.

Skin: Brush off chromiure dust. After sinsing affected area with flooding smounts of water, wash it with sosp and wazer.

Inbalation: Remove exposed person 1o fresh air and support breathing as needed.

Ingestion: Never give anything byw:hbnnwudouumm.ﬁqmﬂmu.mmmmmﬂyml 02
glasses of water 1o dilute. Do pot induce vomoting. A physician should evaluate all ingestion cases.

After first ald, get appropriate in-plant, paramedic, or community medical sttention and support.

Physician's Note: Acute toxicity causes 8 two-phase insult 1) muhtisystem shock due 10 gastrointestinal corrosivity and 2) hepatic, renal,
hematopoetic insult. Treatment should use ascorbic acid as 8 scutralizer with gastric lavage. If the ingestion is substantial, exchange transfusions
and/or consider bemodialysis. Treat allergic dermatitis with local cortisone or 10% ascarbic acid to reduce Cr* to Cr*’, Teo percent EDTA in 8
lanolin base applied every 24 hr belps heal skin ulcers. ’

Section 7. Spill, Leak, and Disposal Procedures - i
Splll/Leak: Notify safety personne] of large spills. Ciczoup persomne! should wes protective clothing &nd approved respiraars. Remove beat and
ipiﬁonwm.muqmmmxupmamuamMRmnmnhquiaﬂyndplmia:pprvprimeunnbmfw

disposal or reuse.
mspesnl:Red:imulvngubleml.mmmueu:ﬁmﬂmm{uuuﬂdmm&mwwmu&daﬂ.
- Y und Jocal regulations.

“. | »Designstions

“Listed a3 an Air Coniaminant (29 CFR 1910.1000, Table Z-1)

EPA Designations
RCRA Hazardous Waste (40 CFR 261.33): Not listed
Listed a3 s CERCLA Hazardous Substance® (40 CFR 302.4), Reportable Quantity (RQ): 11b (0454 kg) [* per Clean Watzr Act, Sec. 307(a)]

SARA Extremely Hazardous Substance (40 CFR 355): Not listed
Listed as a SARA Toxic Chemical (40 CFR 372.65)

Section 8. Special Protection Data . L
Goggles: Wexr protective eyeglasses or chemical safety goggles, per OSHA eye- aod face-protection regulations (29 CFR 1910.133).
qumWwaMOSH-wmﬂmy.anSCBAm.mtmwmmmmemm’swﬁmnh
50 mg/m’. '
Wmnm-mmummmbuwﬁdmmm.
Othcr:Wwimyuvimmbbugbva,mmmmgmumbmmlmcwﬁnmm
Venﬂhﬂw:mgmﬂndudmlwb&wmfmﬁhﬁmmmbmmmmmwmmw
'M.z).wmmnkwwmnmmmwhmthwatmabyd'minuhghnbm(senim
ref. 103).
sncqswmhnambkhlhe'ukmmmqnnhmwammwmmmﬁufacniﬁu.
mmumcﬂ«:mmmmmmwumnnmmmmmmmmm
mmmumm.mnmmmmmuqm
Conneamﬂmw.dﬁak.umuinwdm.mloodpamnhyﬁueMWWMWmem,m&
mﬁmnﬁuumaqplyh;mﬁa. :
Section 9. Special Precautions and Comments . :
swrgenqnh-nnt:Sweminthty.wmvenwmmm ids and oxidizing agents. Seal and protect containers
{mmphy:ialdm;e.hepmytonbworisniﬁmnms.

Cootrols: Avoid dust inhalation. Practice good housekeeping (vacuuming and wet sweeping) to minimize sirboroe pxticulates
and to prevent dust accumulation. Use ponsparking tools and ground electrical equipment and machinery.

ortation Dats (49 CFR 172.101, .102): Not listed

A
~nySDS Collection References: 1, 2. 26, 38, 80, 87, 88, 89, 100, 109, 124, 126
Prepared by: MJ Allison, BS; Industrial Hygiene Review: D] Wilson, CIH; Medical Review: MJ Hardies, MD »
wexmna—mf‘ y Amy - pvp whou & pubtishars patimios i ¥ » "nte firy of ren for fae p s parp
vepamivd ¢ are he bous ke 35 e proper of sach ik o L h CXEmds $0 VTSR, SR S0 FUFUERRITE., N MENR

e sommnurly B8 par ] Y. Al gh Carper
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Material Safety Data Sheets Collection:
Genlum Publishing Corporation _—
@ 1145 Catalyn Street Sheet No. 713
Schenectady, NY 12303-1836 USA Lead (Inorganic)
(518) 3778854 .
! Issued: 890
; o o - . PSRy peprrowss " 5
e Section eath RS 32
Lead (Inorganic) (Pb) Description: Exisa widely throughout the weorld in & number of ores. Its mam commercialsource R 0 Gepinm
hm&w).um is separated from crude ores by blast-fumnace smelting, drossing, wr.laeuo:ru‘ 1 4
ming. Lead is used mostly in manufacturmg storage batteries. Other uses are in manufacturing tesethylead andboth  § - 0
enpric nd iy aad compoinds i cwrmmie,plascin, md slocrnic devices; i proctg e, oldr, | K0 (Xo
le covering, mumwmmﬁpmxnuﬁ.hm and as ballast; as & 0
chemical intermediate for lead alkyls end ; a8 8 constuction material for the linings, piping, and equipment HMIS
used to handle the carrosiv c;wdhﬂhsﬂﬁﬁ acid manufactoring, petroleum refining, halogenation, sul- H 3
fonation, extraction, and condensation; snd for x-rzy and stomic radiation protection. F 1
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Response to Comments
SESR Demonstration at Alameda Point

034-ALAM -cor

Comment

Response

DTSC John Wesnousky, P.E

Per your request I have reviewed the Draft Work Implementation

Plan for Surfactant Enhanced DNAPL Removal Treatability Study at

Alameda Point (Site 5), dated January 26, 1999 which was prepared

by Surbec Environmental for the U.S. Navy. Following are my

comments concerning the proposed in-situ field demonstration
project/treatability study.

General

In-situ soil flushing with surfactants or cosolvents for hazardous waste
site remediation has been around a number of years but remains more
of an "emerging technology" and has yet to be fully demonstrated.
Although there have been a number of demonstrations and research
field studies involving in situ surfactant/cosolvent flushing, these
projects have met with varied success with mass removals reported
ranging from 15 to 80 percent. Currently, a treatability study by the
same company, Surbec Environmental, is planned to soon be
implemented at McClellan AFB, a much deeper and more complicated
site for this technology than Alameda. Implementation of this
technology is very complex, requiring multiple disciplines to address
the subsurface chemistry, hydrogeology and engineering aspects. I am
not aware of any commercial application to successfully clean up a
site in the U.S.

The technology is generally applied to address only the source areas
(NAPLs present) or hot spots (region of highest concentration in the
plume), not to restore low concentration plumes to background
conditions. Also this technology is not effectively applied in low
permeable zones. A difficult key to successful implementation is the
selection of the right surfactant for the specific site conditions. The
surfactant must be able to both solubilize or mobilize the NAPL in the
aqueous phase without partitioning into the NAPL phase or sorption
onto the aquifer materials. In the latter case the surfactant is
ineffective, cannot readily be recovered and may pose an
environmental problem. A good reference on this technology is The
Technology Practices Manual for Surfactants and cosolvents,
February 1997 which was a project funded through the AATDF
(Advanced Applied Technology Development Facility led by Rice
University).

A primary concern with any in situ application of fluids or additives is
containment to ensure that contaminants or additives do not migrate
outside the volume being treated (i.e. spread the contamination and
make the problem worse). From this perspective in-situ soil flushing
poses a higher risk than other approaches. Mobilizing or solubilizing
DNAPLSs with surfactants/cosolvents could result in a denser phase
which would migrate downward. Design of both the
surfactant/cosolvents system and the recovery well system is critical to
effectively capturing the contaminants versus being confronted with a

contaminant spreading problem.

Surfactant Enhanced Subsurface
Remediation (SESR) has been effectively
implemented in a formation with a
hydraulic conductivity of less than 1 ft/day
(Tinker AFB, 1997). However, the
successful implementation of this
technology in such a formation requires
careful surfactant selection. For example
any potential phase behavioral phenomena
(i.e. partitioning into the NAPL) must be
evaluated and sorption t the soil matrix
quantified. It also is much more difficult
to mobilize in such a formation than to
solubilize. The proposed screening process
will evaluate all of these factors to select
the best surfactant for implementation.

The surfactant recovery from the sub-
surface is an important issue. The first step
to ensuring good surfactant recovery is to
obtain site specific aquifer properties using
pump or similar aquifer tests. This
information is then input into models to
develop a well configuration scenario for
injection/recovery of surfactant. Prior to
the injection of surfactant, conservative
tracer tests are conducted to ensure that the
recovery wells indeed provide sufficient
hydraulic capture. When surfactants are
injected, surfactant will be sorbed to the
soil matrix. However, several pore volumes
of water will be flushed through the test
zone to help recover sorbed surfactant. Bio
degradable surfactants will be selected so
that the remaining surfactant can degrade
naturally. The fate of this remaining
surfactant will also be modeled to
determine migratory potential. As with any
technology there is risk but that risk can be
minimized through conducting thorough
bench screening and good engineering
design
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Application to Alameda Point, Site 5

The small area in Site 5 selected for demonstrating the technology appears
to have favorable hydrogeological conditions for an in-situ flushing study.
The contaminated zone for the study is relatively shallow (<20 feet),
composed of a relatively uniform hydraulic fill and underlain by a lesser
permeable bay sediment. Also, the underlying bay sediment which may act
as an aquitard is apparently relatively thick (~50 feet). Having a relatively
shallow (thin), homogeneous and permeable zone underlain by a thick
lesser permeable zone (K=8 ft/day vs. .001 ft/day) is an optimal situation
for designing a controlled injection/recovery well system.

Based on the plates included in the draft work plan, there is a localized
"hot spot" of groundwater contamination in the immediate vicinity of the
test area. In well 4b-c concentrations of total chlorinated compounds and
1,1-DCA are 20 mg/l and 2.4 mg/l, respectively. These levels do not
necessarily confirm that a large amount of free phase DNAPLs are present
at this location The draft plan does not indicate how these groundwater
isoconcentration plots (areal and cross-section) were developed. Are these
results derived from the one contaminated well at this location (well 4b-c
show on plates) and was this well a multiple depth completion well? Data
presented for soil borings closest to demo area (3-1,4-1,4-2) do not show
significant contamination, indicating the localized nature of the
contamination in this area. To be successful, the treatability study area
must be located in a high contaminated area.

The amount of data available at each
site (2A-A and 4B-C) is limited to.the
groundwater results from a geoprobe
investigation conducted by TtEMI.
These results show that the maximum
concentrations of DNAPL
constituents in the groundwater (4B-C
at 12° deep) was 195.4 mg/l . The
primary constituents in that sample
include: 1-1-1 -TCA, 1-2 DCE, and 1-
2 DCA. The average solubility of
these three compounds is
approximately 3000 mg/l. Based on
this information the observed
groundwater concentrations are about
6.5 % of the average solubility of these
three compounds. From our
experience, this is indicative of
DNAPL trapped within the soil matrix.
However, these results are limited to
one geoprobe boring per location. As
a result additional investigation is
provided to confirm the presence of
DNAPL at the site. The additional
investigation includes a geoprobe
investigation for soil and groundwater
sampling.

Surfactants/cosolvents selected from the laboratory tests to be used during
the field demonstration) should be reviewed by a toxicologist prior to
implementation. Even though some compounds may have food grade
additive status they may pose aquatic toxicity or other problems in the
environment. Additionally, biodegradable compounds are preferred in the
event that the surfactant/cosolvents cannot be recovered from the
subsurface for some reason. This effort should probably be restricted only
to those selected and proposed for the field tests since there are numerous
surfactant/cosolvents combinations that may be considered.

All of the surfactants that we select
will be biodegradable. Research on
the biodegradation of surfactants over
the past decade has provided general
rules relating surfactant structure and
degradation potential. For example,
increased branching of the
hydrocarbon tail group decreases the
susceptibility of that molecule to
degradation. We have tested the
biodegradation of two common
surfactants (SDS and STEOL) of
which both were found to be easily
degraded under aerobic conditions
(Rouse 1996, Water Environment
Research Vol 68 No. 2). While this
information and studies are useful it
should be recognized that the natural
degradation process is dependant on
site specific conditions. Surbec can
also test for the biodegradation
potential of the surfactant selected for
the project. Most of the surfactant
manufacturers have information
detailing the toxicological implications




of the molecules they provide. This
information will be provided in the
work plan. If this information is not
available, a toxicologist will review
surfactant formulations.

PITT test. This multiple tracer test is a good approach to evaluating the
injection/recovery well system and the mass NAPL present for the
demonstration. The conservative tracer selected (bromide) will indicate
whether the recovery well system can recover all of the injected fluids. I
recommend that the regional office should establish a criteria for percent
capture of the conservative tracer in this recovery well system test. If not
met, the reason should be explained and a decision made on whether or to
allow the injection of surfactants to proceed.

The observed capture of the
conservative tracer will be used to
quantify hydraulic capture within the
test cell. Capture of the conservative
tracer in past tests has ranged from
85% to 95%.

Push-Pull Test. The work plan gives what appears to be an acceptance
criterion, “An increase in VOC concentration in the groundwater over
background by a factor of 1.5 or more indicates enhanced solubilization
and existence of NAPL in the radius of influence.” This value seems low
in terms of the technology’s ability to remove only 50% more than what
could be removed with conventional groundwater extraction.

Since the test is conducted in a well
that is screened across the entire
aquifer, the results are highly
subjective to Well dilution factors.
However, the acceptance criteria can
be raised to 2 — 2.5 times the baseline
concentrations observed in that well.

Baseline groundwater sampling of installed wells is specified for a two
week period prior to conducting the push pull test. As a baseline or control
for the push pull test, sampling of this well could be performed after
pumping at the same rate and removing the same volume of groundwater
as in the push-pull test. This only would have to be performed at the one
well where the push-pull test is to be performed.

The control sampling would be used to
determine pre-test groundwater
concentrations for the entire cell.

DNAPL Mobility and Migration. The work plan discussed how creation
of density gradients and prevention of downward migration of denser
DNAPLs are mitigated with appropriate surfactant/cosolvents selection
and design of their recovery well system. The assumed vertical to
horizontal conductivity used in their analysis is 1:5; In figure 4.1 showing
the modeled cross-section the ratio is given as 1:8. Hydraulic fill in the
demonstration area may be more homogenous than this and perhaps a more
conservative estimate should be used in their model. Also, it should be
noted that modeling results presented in Appendix D show surfactant
concentrations at 90 feet elevation, 6 feet below the Bay Sediment/fill
contact, indicating possible influence of the injection well system in the
uncontaminated Bay Sediment.

Additional modeling will be conducted
to evaluate the affect of varying
vertical conductivity on the potential
for surfactant migration.

The work plan specifies soil sampling borings in the in the demonstration
area. These will identify the depth of soil contamination in this area with
respect to the Bay Sediments. To confirm that vertical migration has not
occurred consideration should be given to strategic soil sampling between
the injection and extraction wells in the uncontaminated Bay Sediment
underlying the treatment zone. Alternatively, one or two microwells could
be installed, screened in the uncontaminated Bay Sediment underlying the
treatment zone to monitor whether vertical migration is a problem or not.
Sampling this well should be completed before PITT test (background),
during the PITT test for the conservative tracer, and post demonstration.

The Navy concurs that it would be
useful to add a sampling point in the
bay sediments beneath the test cell.
The work plan will reflect this change
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Demonstration area. The area selected is appropriately small for an in-situ
treatability study of this nature. There is minor confusion on the actual
area involved: Figure 4.2 shows 24X22 are based on well layout; Figure
4.3 well layout and scale show 30X25 ft , text on page 4-12 states 20X20
ft

The size of the test area is 20’ x 20°.
The scaled test cell delineation line in
Figure 4.3 is not correct and will be
corrected.

System Operation. Treatment goal is stated to be 95% DNAPL recovery
and is expected to be achieved in 3 to S pore-volume exchanges. This goal
appears ambitious considering mass recoveries reported for other studies.
The amount of surfactant solution required for 5 pore volume exchanges
for a 20X20x10 volume is quite large, 50,000 gallons. It is stated that
there will be 5 days of surfactant flooding and 5 days of water flooding.
However, an injection rate is not provided for this flooding operation. It is
unclear whether the 3 to 5 volume exchanges applies to only the surfactant
flood or if an additional 50,000 gallons is required for the water flood.

The test has been proposed to include
5 pore volumes of surfactant solution
and 5 pore volumes of water flood. A
summary of potential fluid production
is included in Table 4.4 of the Work
Plan. Based on the surfactant systems
that have been developed in recent
years, it is our opinion that these goals
are not unreasonable.

Implementation of an in-situ flushing technology is only warranted or cost-
effective in an area that has a high mass of DNAPL contamination. This
would be the case where free phase DNAPL has been pumped out and
what remains entrapped in the aquifer materials can best be removed with
surfactant/cosolvent flushing, Based on groundwater contamination levels
indicated in the report it is not clear whether this level of contamination is
present in the proposed study area. Lastly, it should also be noted that the
presence of vinyl chloride indicates that biological degradation of some
degree is occurring at the site. Addition of surfactant could enhance or
drastically reduce biological activity depending on the surfactant and
specific site conditions.

This technology is focused on
enhanced DNAPL removal. However,
it has been our experience that “free
phase DNAPL” is not a common
occurrence and that small amounts of
trapped DNAPL (in the soil matrix)
can be a continuing source of
groundwater contamination. Very high
NAPL residual concentrations were
observed at Cape Canaveral (up to
5%) without any observed DNAPL
recovered from the sampling well.
Using the 1% solubility rule in
groundwater as an indicator of
DNAPL, we see a strong potential for
DNAPL existence near sample
locations 2A-A and 4B-C.

Surfactants/ cosolvents can act as an
electron donor (dehalogenation) which
may or may not stimulate contaminant
degradation. However, this process is
highly subjective to site specific
conditions. Site groundwater
contaminant profile data suggest that
anaerobic conditions prevail and that
surfactant addition may stimulate the
biological reductive dechlorination of
the contaminants (Isalou, et al., 1998
ES&T vol. 32, pp. 3579-3585; Cobb,
G. D. 1991, Environ. Sci. Technol.
Vol 25, pp 1068-1074).
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Given the above concerns, 1 would propose proceeding with the
treatability study. The small scale and hydrologic conditions of the
project site are favorable for conducting the treatability study with a
minimum of risk. However, if the soil sampling at the site in conjunction
with the PITT test do not indicate a significant mass of free phase DNAPL
present, then it is probably not advisable to proceed further. [Please call
me at (916) 322-2543 if you have questions or concerns regarding the
above comments. ]

Based on the information obtained to
date, there does appear to be a
“NAPL” source at the site. To confirm
this, additional investigation has been
added to further quantify the existence
or absence of DNAPL. Ifthe results
of this investigation indicate that there
is no DNAPL at the proposed sites, the
pursuance of this technology at those
sites will be terminated.
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USEPA - Anna-Marie Cook

I have reviewed the above referenced document, and am in the process of
compiling my comments which I will get to you next Monday. I apologize

Jor missing this last Monday's deadline, and appreciate the call reminding
me to send the comments to you.

I have a significant concern regarding the site characterization used for
The project. The Site 5 groundwater information used in the workplan is
taken from Tetra Tech documents. Tetra Tech utilized monitoring wells
with screen lengths on the order of feet, which leads to a significant
dilution of concentrations in groundwater. This dilution may not matter so
much for certain types of characterization, but when it comes to targeting
DNAPL it is a major concern.

The data in the BERC Steam Enhanced Extraction workplan shows data
taken over much more discrete sampling intervals and shows that the
concentrations of solvents are orders of magnitude higher than data
collected by Tetra Tech. This difference will matter particularly when it
comes to calculating percent recovery of solvent, as well as knowing in
which areas in the subsurface to concentrate surfactant injection. Using the
Tetra Tech concentrations to calculate contaminant mass in the subsurface
will underestimate the amount of contamination. In subsequent recovery
operations, much more mass will be extracted than expected, because there
is really more contaminant mass subsurface than calculated, and the
treatability study will appear an outstanding, maybe even unbelievable,
success. In reality, if the site were characterized carefully as BERC has
done, calculated subsurface contaminant mass would be higher, %
recovery would be lower, and the treatability study could be evaluated
realistically for effectiveness.

I have looked at the proposed schedule for well installation provided in
The workplan, and notice that SURBEC plans to be in the field next week.
I am not sure how my concerns over site characterization can be addressed
in the short time frame allotted to response to comments and realize that I
am a few days over the comment due date which does not help the
problem. However, I strongly urge the contractor for this study to try and
get better groundwater data in the process of well installation, because it
will be a matter that is taken into account in evaluating the effectiveness of
this technology in the Feasibility Study.

Thank you for your attention to this concern.

In this and other studies the primary
methodologies used for evaluation of
technology performance (i.e. mass of
DNAPL removed) are:

1) Pre and Post partitioning tracer
tests

2) Pre and post soil coring analysis

3) Mass of NAPL recovered in the
recovered groundwater stream

4) Pre and post groundwater analysis

Of the above listed methodologies,
items 1 and 2 are considered to be the
most accurate. The overall
performance of this test will be
evaluated using those methodologies.
As you indicated in your comment, the
evaluation of a technology using
groundwater information is highly
subjective to the screened interval of
the test well. It is very difficult to
correlate groundwater analysis with
DNAPL concentrations.

The purpose of the preliminary site
investigation is to obtain additional
information about each potential site
for selection purposes only. Baseline
groundwater sampling will not occur
until the site has been selected and the
injection/recovery wells and sampling
wells have been installed. The current
work plan proposes groundwater
sampling to be conducted in wells
screened over a 6°-7’ interval.
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United States Environmental Protection
Agency/Anna-Marie Cook

1. Page 2-1, Section 2.0: EPA strongly recommends that the data
included in the Berkeley Environmental Restoration Center’'s
(BERC) “Draft Treatability Study Work Plan Steam Enhanced
Extraction” be reviewed in addition to the listed documents in this
section to obtain an understanding of Site 5 soil and groundwater
conditions.

The BERC workplan shows data with much higher concentrations of
solvents than that give in the Tetra Tech documents. The
differences are primarily a result of the method by which
groundwater data was obtained, in particular the depth interval over
which each sample was taken and the type of instrument used to
obtain groundwater concentrations. The reason this issue is of
particular concern is twofold. Firstly, in order to target the areas
with highest concentrations of solvent for surfactant flushing, good
characterization is needed. Secondly, the success of the study is
determined largely by percent recovery of solvent. If concentrations
used to calculate subsurface contaminant mass are lower than
really exist, then much more solvent will be recovered than
anticipated, giving the appearance of an extremely successful study.
When it comes time to evaluate the feasibility of this study as a
remedy, it will be difficult to answer how successful the study really
was if the initial assumptions and calculations underestimated the
solvent concentrations.

A thorough review of the BERC
workplan has been completed. A
summary of the BERC findings will
been included in the workplan,
Section 2.2.3.

The pre- and post partitioning tracer
tests will be the primary methodology
for evaluation of DNAPL remediation.

2. Page 2-3, Section 2.2 and 2.2.1: The 1998 BERC study has not
been included in this section.

BERC results will be summarized in
the work plan

3. Page 2-4, Summary of Findings Section: While the
contaminants reported in this section are present at high
concentrations, according to the BERC report trichlorethene is
found at the highest concentrations of 1,786,000 ug/l. The highest
concentrations were generally found at 4.5 feet and between 8 and
9 feet.

This information has been considered
in generating the Geoprobe
investigation work completed at
locations 2A-A and 4B-C on April 5
through 7, 1999.

4. Page 2-4, Section 2.3: EPA urges a more thorough site
characterization and delineation of the plume than that proposed in
this section. The effectiveness of the treatability study is highly
dependent on adequate plume characterization and contaminant
mass calculations prior to the start of the study. Three soil borings
do not appear adequate to delineate the extent and concentrations
of the solvent contamination at the proposed site.

A Geoprobe site investigation was
conducted on April 5 through 7, 1999.
The investigation included the
collection of 50 soil samples and 40
groundwater samples from 10
locations, 6 at 4B-C and 4 at 2A-A.

5. Page 2-6, Section 2.3.4: What is the purpose of the groundwater
sampling described in this section? Is it to be used as a means of
determining appropriate disposal? If itis to be used as a mean of
characterizing the groundwater conditions, EPA would like to point
out that the screened interval is too long to provide useful
characterization data and the method of purging will result in falsely
low concentrations of volatiles.

The purpose of these groundwater
samples was to obtain a qualitative
assessment of the groundwater quality
at 2A-A and 4B-C. The Geoprobe
investigation will quantitatively
characterize the groundwater.

6. Page 4-1, Section 4.1: A permit waiver is not necessary for
reinjection activities because this pilot project is being done as a
part of the ongoing CERCLA activities on the base. In other
words, it is being reviewed as part of a CERCLA action and
therefore does not need a separate permit or permit waiver.

This information will be added to
Section 4.1.
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7. Page 4-2, first paragraph, last sentence: Revise wording from

“...is allowable as long as any of the solution constituents exceed...”
to “...s allowable as long as none of the solution constituents
exceed....” Also, note that the prohibition on exceedance is
restricted to primary as opposed to secondary MCLs.

This change will be incorporated.

8. Page 4-3, Section 4.2: The model may give a different result
and affect the design of the injection/extraction system if BERC data
is used in addition to that provided by Tetra Tech.

This will be assessed in addition to
inclusion of the Geoprobe data during
the final modeling.

Soil and groundwater data obtained
during well installation will also be
used to develop baseline conditions.

9. Table 4-1: What is the purpose of this table? Soil boring data is
given in ppb which would translate to ug/kg for concentrations in
soil. Perhaps this data is really groundwater data in which case the
title on the columns is very misleading. In addition, the use of the
Toxicity Characteristics leaching Procedure as a cleanup criteria
makes no sense. TCLP is used to determine whether a waste is a
characteristic hazardous waste for disposal purposes and generally
would never be used as a cleanup criteria.

The table headings will be changed to
reflect that the data is groundwater
data.

The 40 CFR 261.24 Table 1 MCLs are
commonly used during RCRA
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