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ACRONYMS AND ABBREVIATIONS

ARAR applicable or relevant and appropriate  guirement(s)

ASTM American Society for Testing and Materials

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1 980
DOE U.S. Department of Energy

DQO data quality objective

Ecology Washington State Department of Ec gy

EPA U.S. Environmental Protection Age Y

1 A e: :dited response action

ERC Environmental Restoration Contract

ERDF Environmental Restoration Disposal Facility

ETF Effluent Treatment Facility

HEIS Hanford Environmental Information System

ICP inductively coupled plasma

ISRM in situ redox manipulation

MS mass spectrometer

NEPA National Environmental Policy Act of 1969

PSDB project-specific database

QA quality assurance

QAPP Quality Assurance Project Plan

QMP Quality Management Plan

RL U.S. Department of Energy, Richland Operations Office
RWP radiation work permit
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~ D to be determined

Tri-Party

Agreement Hanford Federal Facility Agreement and Consent Order
WAC Washington Administrative Code o1 aste acceptance criteria
WHC Westinghouse Hanford Company
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7 . Cost - What are the estimated costs of the alternative?
Modifying Criteria:

8 . State Acceptance - What are the state's comments or concerns about the alternatives

considered and about EPA's preferred alternative? Does the state support or oppose the
preferred alternative?

9. Community Acceptance - What are the community's comments or concerns about the
preferred alternative? Does the community generally support or oppose the preferred
alternative?

This treatability test will provide data that pertain to the first seven criteria.

1.2 TEST SITE SEI CTION

Site selection for implementing the ISRM treatability study involved data evaluation of areas where
chroi ite (Cré+) is present in the unconfined aquifer. Chromate concentration was the foremost
consideration for cating the test site. Available groundwater data did not specifically identify
chromate concentrations, but filtered, total chromium concentrations. Since hexavalent chromium
is much more soluble in water than the trivalent form, hexavalent chromium is assumed to
predominate. '

Sodium dichromate was used during reactor operations as an anticorrosion agent and also for
decontamination activities. As a result of these operations, chromium has been detected in
groundwater at the 100-D, 100-F, 100-H, 100-K, and 100-N areas, where these activities took
place. Recent data indicates that chromium at 100-D exi  in concentrations >1,000 ppb (see
Figure 1-3), specifically in the 105-D Reactor area and on the western side of D Area in a well
drilled in October 1996 (199-D4-1).

Based on the chromium concentration in the aquifer recently detected in Well 199-D4-1 and its
proximity to the Columbia River (0.15 km [~ 500 f , this area was chosen as the principal
location for implementing the ISRM treatability study (see Figure 1-4). However, additional
subsurface data from this area are needed to determine the amount of reagent required and the
orientation and depth of the barrier relative to the chromate plume. Additional subsurface data
requirements include:

» Sufficient ferric iron present in aquifer sediments

» Chromate concentration in areas around Well 199-D4-1

* Lateral extension of confining unit

* Hydraulic Conductivity of aquifer

» Hydraulic gradient

» Physical properties of aquifer sediment (porosity, grain size distribution)

1.3 SITE DESCRIPTION

The 100-HR-3 Groundwater Operable Unit is located in the 100 Area of the Hanford Site and
comprises the 100-H Area, the 100-D Area, and the 600 Area between the two (Figure 1-2). The
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and the associated french drain, the Process Sewer (100-DR process sewer) used to discharge
wastes from the 183-DR and 190-DR water treatment facilities (sodium dichromate preparation for
reactor coolant water), and/or the four 3.75 million gallon tanks (190-DR) used to store sodium
dichromate solutions prior to use for reactor cooling. The 190-DR tanks have been removed and
the area was subsequently used for a pit burial ground (126-DR-1). Use of this burial ground was
discontinued due to potential chromate contaminatic of the soil and uncontrolled dumping
(Carpenter, 1993, p. 5-18). A description of all these facilities can be found .in Carpenter, 1993.

During reactor operations, large quantities of cooling water from the reactors was discharged into
retention basins to provide for a “cooling off” period prior to discharge into the river. The
groundwater flow direction in the area was altered by groundwater mounding created from leakage
from the retention basins. An analysis of the historical groundwater flow directions in the D-Area
was conducted by Connelly (1997). This analysis showed that the extensive groundwater
mounding in the northeast portion of the D-Area added a western component to the groundwater
flow directions in the western side of the D-Area during reactor operations. Thus, potential
sources of the chromate plume detected at 199-D4-1 could be located further to the east than that
which would be inferred from the current (i.e., post-reactor operations) water table and could
include any or all of the potential sources already discussed.

1.4 PREVIOUS TREATABILITY STUDII

A previous treatability study conducted at the 100-HR-3 Operable Unit was the pilot-scale pump-
and-treat system. Initially bench tested, this ion-exchange type system was implemented at the
100-D Reactor area in August 1994 for treating chromate-contaminated groundwater in response to
a Tri-Party Agreement milestone (Ecology et al. 1990). The test was conducted in two phases:
phase one, operation of the pump-and-treat system 8 hr/day and 5 days/week; and phase two,
operation of the pump-and-treat system 24 hr/day and 7 days/week.

The objective of the p t-scale demonstration was to determine the feasibility of the pump-and-treat
system in treating chromium-contaminated groundwater. The test location was chosen at 100-D
because high concentrations of chromium are present in the groundwater. The pump-and-treat
extraction and injection network was set up using existing wells located in the 100-D/DR Reactor
area. These existing wells were constructed as monitoring wells and were not specifically
constructed for this pilot-scale study. Wells 199-D5-14, 199-D5-15, and 199-D5-16 were selected
for extraction wells because of their location within e downgradient side of the chromium plume.
Wells 199-D5-18 and 199-D5-19 were selected as i1 :ction wells within the upgradient side of the
chromium plume.

The primary objective of the pump-and-treat pilot-scale treatability test was to determine the
feasibility of treating chromium-contaminated groundwater to <50 ppb. The drinking water
standard for chromate is 50 p; as determined by the Washington Administrative Code (WAC),
Chapter 173-303-645. The chromium-contaminated groundwater is extracte and treated ex situ
using a strong base resin. Once the groundwater is treated ex situ, it is injected back into the
aquifer via wells 199-D5-18 and 199-D5-19, upgradient of the chromium plume.

The pump-and-treat system was initially designed to operate manually on a 5-days/week, 8-hr/day
basis. It was later reconfigured to operate automatically on a continuous basis. Phase I (manual)
operations began on August 26, 1994, and lasted until November 14, 1994. Phase II (automated)
operations were initiated March 21, 1995, and were ended in the summer of 1996.
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The system was able to accomplish its primary objective, which was to achieve an effluent
concentration of <50 ppb chromate. As« November 1, 1995, the total mass of hexavalent
chromium removed was 29.9 kg (65.8 Ib), whichis: rox ately 9% to 14% of the total mass of
chromate that was estimated to be in the plume. The objectives and results of the Phase I and II
operations are summarized in The Pilot-Scale Treatability Test Summary for the 100-HR-3
Operable Unit (DOE-RL 1995¢).
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iron is reduced unless there is sufficient carbonate f  siderite (FeCOs3) to precipitate (Amonette et
al. 1994).

Samples of Ringold Formation sediments taken from w«  199-D5-19 at depths ranging from 22.4
m to 29 m (73.5 to 95 ft) indicate that ferric iron averages about 0.88% based on the maximum
assumption of 19 wt% clay.

2.1.2 Disproportionation Reaction

The dithionite ion is not stable in acidic or neutral]  queous solutions for long periods. In
addition to the reduction reactions discussed above dithionite ion undergoes a
disproportionation reaction that yields thiosulfate, 32-, and bisulfite, HSO3-:

2 S7042- + H20 o 2 HSO3- + 52032‘.

This disproportionation reaction rate is slower than  reduction reaction rates discussed above
and depends on the nature of the mineral surfacese 1 ‘red. Estimates of the reaction half-life
based on laboratory experiments are on the ordero  to 20 hr. The bvproducts of both the
reduction and disproportionation reactions (i.e., sul  ;, bisulfites, ar thiosulfates) all eventually
oxidize (at much slower rates) to yield sulfate.

2.1.3 Composition of Reagent Solution to e I ected

The reagent solution to be injected is composed of sodium dithionite with a potassium
carbonate/bicarbonate buffer. The buffer is used to itain a relatively high pH because it
enhances dithionite stability. The composition of th e :d reagent for the experiment is
typically 0.1 M sodium dithionite (Na;S,04), 0.4 M potassium carbonate (K,CO3), and 0.04 M
p 1ssium bicarbonate (KHCOs3). The pH of the injection solution is ~11 with a density of

1.06 g/cm3.

2.1.4 Chromium Reduction, Groundwater ‘oxygenation, and Metals
M. ilization

Once a redox zone has been emplaced, the reduced; 1 in the sediments treated with dithionite w

act to reduce the mobile Cr(VI) phase of chromium  ‘O42-) in migrating groundwater at a

chromium-contaminated site. The reduction reaction converts the mobile phase to a precipitated
Cr(III) phase [Cr(OH)3] as follows:

3 Fe(Il) + CrO42- + 5 H+ e Cr(OH)3 5y + 3 Fe(IIl) + HyO .
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concern within the river substrate, a dilution factor of 1:1 is assumed so that 22 ppb would be the
goal at the compliance point within the aquifer (reference: Record of Decision for the USDOE
Hanford 100-HR-3 and 100-KR-4 Operal : Units Interim Remedial Actions). Measurements for
chromate, sulfate, and dissolved oxygen between the treatment zone and the river will be major
inputs for evaluating the success of the project.
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are not dangerous wastes. Wastes gener: 1 during the test will be disposed of at the
Environmental Restoration Disposal Facility (ERDF), which is designed to meet the substantive
standards for disposal of solid and dangerous wastes. Decontamination of equipment will be
performed to meet WAC 173-160-530.
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or injection may be required to shorten the travel time from the upgradient to downgradient wells.
The downgradient wells will be a sufficie: distance from the barrier to avoid any influences from
the barrier emplacement.

5.5.4.3.3 Coreholes. After the injection/re. lence/withdrawal operation has been completed
at all five injection wells, sediment samples will be co :cted by coreholes drilled within the barrier

as shown in Figure 5-2. This sedime be analyzed to determine the reductive capacity of the
sediments within the barrier. s w ccomplished by batch and column studies ¢
se mentto ermine the overall tre: capacity of the reduced sediment within the ier.

Additional coreholes should be collecte  tom the fringe and interior of the barrier at least 1 yr after
the barrier emplacement in order to me: re the loss of treatment capacity through bench-scale
experiments. These additional coreholes are not shown in Figure 5-2.
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Figure 5-1. Conceptual Plan View of ISRM Treatment.
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Figure 5-2. Conceptual De. mn of ISRM Permeable Treatment Ban
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7.0 SAMPLING AND ANALYSIS

As discussed in Section 5.0, sampling w  2e performed throughout the various stages of the
M treatability test. The Sampling and Analysis Plan (SAP), which includes the Field Sampling

in (FSP), is presented in Appendix A.
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8.0 | TA MANAGEMENT

A project-specific database will be d d and maintained to collect, organize, store,
verify/valic  :, and manage analytic: ttory data and/or field mea ements for environmental
samples. ©~  data will be stored ele lly in Microsoft Excel spreadsheets and paper copies
will be maintained in the project file: ject data custodian will be designated to control and
maintain the data. The fo »wing da e contained, at a minimum, as part of the database:

*Sample identifier
*Sample location
*Sample medium ‘pe
*Sampling date
*Analysis date
*Laboratory name
*Analyte name
«Concentration value
*Measurement unit
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be ased on a reasonable distribution of properties the field site. The design will be tested at the
field site by the tracer test and the emplacement strategy (i.., additional monitoring wells in the
first dithionite injection/withdrawal), as discussed in Section 5.3.3.1.

In Situ Manipulation D-Area Treatability Test 50 March 1997







THISPAGE | NTIONALLY
L L NK

In Situ Manipulation D-Area Treatability Test 52 March 1997




0 HEALTH AND SAFETY

Safety and health issues relating to tt
documents that identify both radiolo;
measures for those hazards. Safety ¢
workers as well as visitors. Job-spex
drilling activities. A Health and Safe

ty test are addressed in site-specific safety

idustrial safety and health hazards as we as control
include specific training requirements for all site
1and Safety plans have been prepared for the
vering the emplacement procedures was developed

forthe 100-H Area E: :ri :ntan will be modified for applicability to the 100-D Area Treatability
Study. This Health and Satety Plan will be included in the appendix of the final version of this test

plan.
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11.0 REf JALS MANAGEMENM

Management of residuals (soil and water samples and drill cuttings) relating to the well and
corehole drilling for this treatability test are addressed in the Waste Management Plan in Appendix
E. M agement of residuals as partof t  mplacement (only water samples will be generated

iring this process) will be conducted a:  cribed in the Waste and Wastewater Management
Section above (Section 4.4).
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13.0 C JMMUNITY ELATIONS

The DOE, Ecology, and EPA developed a Community Relations Plan in April 1990 as part of the

overall Hanford Site restoration. The Plan was designed to promote public awareness of the

investigations and public involvement in ( :decision-mal 1g process. The Plan summarizes

known concerns based on community interviews. Since that time several public me: ngs have

been held and numerous fact sheets I en distributed in an effort to keep the public informed

about. nford cleanup issues. Thel s updated in 1993 to enhance public involvement and
~currently ur :rgoing an ad tional

The 100 Area Focused Fea ility Stuc cument (DOE-RL 1995a) and Proposed Plan for
100-HR-3 (DOE L 1995b) were 2ae available to the public in both the Administrative Record
and the Information Repositories. cuments underwent a 45-day public comment from
September 11, 395 to October 25, 1995. "Tests to Immob ze Chromium in the Aquifer" were
described in general terms in the Prop Plan for 100-HR-3.
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15.0 REPC TS

A test report summarizing the results of  treatability test will be prepared. The format of the
report will be based on the suggested ou e for treatability test reports provided in the Guide for
Conducting Treatability Studies Under CERCLA (EPA 1992). Project briefings will be given at
unit manager meetings between DOE and the regulators.
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SCHEDULE

The current project schedule showninFi @ 16-1 lists key activities for the ISRM project. The
schedule shows durations of each major:  vity.
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’PENDIX B
CULTURAL AND JLOGICAL DOCUMENT TION

Cultt 1l and Ecological Reviews were ucted in the vicinity of the proposed ISRM trea ility
test (Attachments B-1 and B-2) (Note: spot Well #1 is Well 199-D4-1). The reviews were
conducted for the initial installation of ionitoring well 199-D4-1. No cultural or ecological
resources would be threatened by the ¢ ies.

Addition: Cultural, Ecologic and  logic Reviews were performed in February-March 1997 to
cover the entire area for the ISRM  st. = Cultural Resources Review is included in Attachment
B-3, the Ecological Review is included in Attachment B-4, and the Biologic Review is included in
Attachment B-5.

In Situ Mar lation D-Area Treatability Test B-1 March 1997




SF iE A {
LEFTE'Al <

In Situ Manipulation D-Area Treatability st B-2 March 1997




A \CHMENT B-1
CULTURAI. RESOURCE EVIEW - 100-HR-3 GROUNDWATER
MONITOF} NG W LLS 100-D AREA (HCRC# 96-100-012B)
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ECOLOGICAL RF N FOR 100-HR-3 PIEZOMETER
WELLS \R 100-D (96-ER-036)
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CU URA RESOURCES REVIEW - 0 )-D AREA REDOX MANIPULATION
TEST (PNM ) (HCRC# 96-100-012c)
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JENDIX C
SITE ¢ 1C SAFEF Y PLANS
This Appendix includes:
1) the “Site Specific Health and Safety F or Drilling in Support of the In Situ Redox
anipulation” (BHI-01001) which was ared by Bechtel Hanford, Inc. (BHI) for well

tallation activities; and

2) the “Site Specific Health & Safety  an, In Situ Redox Manipulation Experiment, Well
Injection” prepared by PNNL for En 1o ient activities.
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APPENDIX D
ESC [PTION OF WORK
Pre-Design Charac rization in Support of the 100-D
In Situ Redox anipulation Treatab ty Test
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'PENDIX D
DESCRIPTION OF WORK
Pre-Design Charact :ation in Support of the 100-D
In Situ Redox ! ipulation Treatability Test

Part I of this Appendix consists of the - lon of Work (DOW) for the Pre-Design
Characterization Wells. This DOW w spared by PN  and submitted to Bechtel Hanford,
Inc. (BHI). Bechtel Hanford, Inc. (BE ed the information in the DOW for guidance in
preparing the Job Description to the D: r Subcontractor.

£ oincluded in the DOW is the Samj g and Analys. in (Part ) which outlines the sampling
and analyses activities associated with ~ Pre-Design ( icterization W' s.

In Situ Manipulation D-Area Treatability Test D-1 March 1997















DOE-RL, 1996, Treatability Test Plan for In Si. ox Manipulation if the 100-HR-3 Operable
Unit , DOE-RL-96-23, Decisional Dral .S. Department of Energy, Richland
Operations Office, Richland, Washingt

HSRCM, 1994, Hanford Site Radiological Control i 1nual, HSRCM-1, Rev. 2, Richland,
Washington.

WAC 173-160, Washington Administrative Code, "Minimum Standards for Construction and
Maintenance of Wells."
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Porosity and Bulk Density Sampling

The liner designated for porosity and bulk density analyses must be completely full of sediment.
This will ensure that the sediment structure is not destroyed during transport and that sediment
samples are representative of the particle size fraction present in the sampled interval. Cap and
label as described above except label as "phys" instead of "Fe"

~.4.1.2 “ample Preservation Procedures.

Preservation procedures for microbiologic samples, reactable iron samples, and particle size
samples, porosity and bulk density samples and :  described below.

Microbit )gic Samples

Microbiologic samples require storage in an oxygen ‘ee environment. To preserve these samples
until analysis, the sealed core is placed inside a plastic bag and the bag is filled with argon. Gas is
purged from the plastic bag three times and the plastic bag, filled with argon, sealed around the
core. Purging is done by the following steps:

1. stand the core (inside the plastic bag) upright vertically, inside the bag, with the bag
open at the top

2.  insert the tube from the argon tank into the plastic bag and holding the bag opening (at
the top) closed by hand

3.  fill the plastic bag with argon from th¢ nk until fully inflated, then turn down the
pressure from the argon tank

4.  while continuing to hold the bag close by hand, compressing the bottom of the bag to

push the argon out the top opening

continue compressing the bag and move vertically up the core, until all the argon is

pushed out of the bag, while holding 1 top closed (loosely, to allow the argon to

escape, but no air to enter the bag)

repeat steps 3 through 5 two more times

the bag should retain positive pressure, so air does not enter the bag, pull the tube from

the argon tank out of the bag

twist the top of the bag, fold it over onto itself, and tape the 'twist' down onto the bag

firmly with green tape

9. place sealed sample in cooler with ice unt transfer to the laboratory

w

o0 O

Samples in the sealed lexan liner and argon atmosphere will be transported to the laboratory under
refrigeration within 48 hours of sampling.

P~~~1t'~ "ron Sediment Samples

The section of liner chosen for reactable iron characterization will be sealed with end caps. The
sediment is expected to be in an oxidized state, soe osure to atmospheric oxygen will not change
the iron valence. " zrefore, these samples will not require special preservation. To confirm the
oxidation state of the sediment, a minimum of one sample from one of the ISRM wells will be
refrigerated and kept in an oxygen-free environment (plastic bag filled with argon gas) until
delivery to the laboratory.

Porosity/Bulk D ity and Pa : Size Sam—"~~

Porosity/bulk density samples must retain the sec 1ent structure intact to the highest degree
possible during sample collection and transport. To ensure that the sediment structure of the
samples taken for these analyses remain intact, the Lexan liners in which these samples are
collected must be completely full of sediment. The sampled sediment will be sealed inside the
liners with liner cans and the caps taped in place. Samples do not require refrigeration during
transport. The hc ling time limit for the porosity and bulk density samples is 90 days.

In Situ Manipulation D-Area Treatability Test D-10 March 1997















Table D-3. Well Installation and Hydrogeologic Characterization Objectives.

Activity

Main Pur  se

Data Provided

Install phase 1
monitoring wells

Sediment and chromate

characteriza n, local

gradient determination,

hydraulic prope -
estimates

Plan view contour maps of chromate and
hydraulic head, chromate distribution,
aquifer bottom, sediment analysis
(porosity, grain size distribution, bulk
density), contaminants of concern,
accessible ferric iron and reaction rates,
variability in lithology, transmissivity,
storativity, anisotropy

Install phase 2
monitoring and
injection/withdrawal
wells

Pre-experiment
geohydrologi  ar.
and performa
assessment testing,
initial barrier
emplacement

Pre-experiment hydraulic properties,
solute transport and recovery from
conservative tracer test, reactive transport
data from dithionite injection/withdrawal
experiment, characterization of purgewater

In Situ Manipulation D-Area Treatability Test
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1.0 INTRODUCTION

This Waste Management Plan (W provides guidance for the management of waste generated
from groundwater well installations in the 100-HR-3 Operable Unit (OU). The well installations
are necessary to implement the In Sit Redox Manipulation ISRM) Treatability Test to
determine methods for in situ remedial efforts to prevent discharge of hexavalent chromium at
levels above those considered protec ‘e of aquatic life in the Columbia River and riverbed
sediments.

This WMP meets the substantive rec rements for a Site Specific Waste Management Instruction
as detailed in BHI-EE-02, Environir  tal Requirements.

2.0 DESCRIPTION

Twelve wells are currently sc  1le for installation in the 100-HR-3 OU in support of the
ISRM. All wells will be inst: near Hanford Site well 199-D4-1 (Attachment 1). The wells
will be used for injection of chemic  agents, monitoring of processes, and extraction of
remediated groundwater. The injec n, monitoring, and extraction activities associated with this
treatability test are not covered byt WMP.

3.0 CC AMINATION/FIELD SCREENING

Soil contamination is not anticip: luring borehole advancement. Based on existing
groundwater monitoring data, rac sical contaminants are not expected in the soils;
nonradiological contaminants are not expected (with the potential exception of chromium).
As a precautionary measure, soil piles will be surveyed for radioactivity a minimum of once each
——, _2ils are added to the pile. irements will be made by a radiological control technicia
(RCT) using hand-held screeni ruments.

Filtered groundwater will be te *contaminants when the wells first reach the water tal
Samples will be analyzed for he nt chromium by Hach kit to verify contamination levels.
The groundwater generated 1 11 drilling (that exceeds release criteria of 80 ug/L
hexavalent chromium) will be s or future treatment in the 100-HR-3 IRM pump-and-treat

system. Based on these analyses, groundwater will either be contained for treatment or disposed
of on the ground surface.

Because a substantial quantity o lytical data exists for locales where the wells will be
installed, formal laboratory soil oundwater analyses for chemical and radiological
characterization will not be perfi d during the drilling activity. Soils are not anticipated to
contain concentrations of chrom that will exceed the ixic characteristic leach procedure
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Miscellaneous trash items (e.g., rags, wipes, disposable personal protective equipment, etc.) will
be nonregulated and disposed as such. Should radiological or chemical contamination be
encountered, regulated waste would be contained and disposed of appropriately; however, this
situation is not expected.

6.0 REFERENCES
BHI, 1996, Environmental Inves ns Procedures 1.1, "Purge Water Management,"

BHI-EE-01, Volume 1, Hanford, Inc., Richland, Washington.

BHI, 1996, Environmental Require.  ts, Section 12, “Waste Management Program
Requirements,” BHI-EE-02  chtel Hanford, Inc., Richland, Washington.

BHI, 1996, Field Support Waste A gement Instructions W-006, “Site Specific Waste
Management Instructions,’ [-FS-03, Bechtel Hanford, Inc., Richland, Washington.
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POTENTIAL HEALTH EFFECTS:

INHALATION: ‘
SHORT TERM EFFECTS: May cause irritation. Additional effects may include

allergic reactions, coughing, itching. flushing, shortness of breath,
wheezing, low blood pressure, bluish : r and unconsciousness.
LONG TERM EFFECTS: > information ;i .
SKIN CONTACT:
SHORT TERM EFFECTS: May cause irritation.
LONG TERM EFFECTS: Same effects as short term exposure.
EYE CONTACT:
SHORT TERM EFFECTS: May cause irritation.
LONG TERM EFFECTS: Same effects as short term exposure.

INGESTION: _
SHORT TERM EFFECTS: May cause allerc = reactions, itching, flushing, nausea,

stomach pain, wheezing, low blood pressure, bluish skin color and
unconsciousness.
LONG TERM EFFECTS: No information is ¢ ailable.

CARCINOGEN STATUS:
OSHA: N
NTP: N
JARC: N

- - o — — —  ——— — = I G Tmn G T = W W = G W - S - — - e — — - i - = - D G ——— . ——— — —— T — - — G — e — —— - —— =

INHALATION:
FIRST AID- Remove from exposure area to resh air immediately. Perform

artificial respiration if necessary. Keep person warm and at rest. Treat
symptomatically and supportively. Get medical attention immediately.

SKIN CONTACT:

FIRST AID- Remove contaminated clothir and shoes immediately. Wash with
soap or mild detergent and large amc ts of water until no evidence of
chemical remains (at least 15-20 minutes). Get medical attention

immediately.

EYE CONTACT:
FIRST AID- Wash eyes immediately wii 1 ge amounts of water or normal saline,

occasionally lifting upper and lower ds, until no evidence of chemical
remains (at least 15-20 minutes). Get medical attention immediately.

INGESTION:
FIRST AID~ If vomiting occurs, keep he 1 lower than hips to help prevent

aspiration. Treat symptomatically ar supportively. Get medical attention
if needed.

NOTE TO PHYSICIAN

ANTIDOTE: ,
No specific antidote. Treat symptomatically and supportively.

SECTION 5 FIRE FIGHTI ; MEASURES
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EXPOSURE LIMITS:
No occupational exposure limits established by OSHA, ACGIH, or NIOSH.

VENTILATION:

Provide local exhaust ventilation. Ventilation equipment should be

e: ;sion-proof if explosive concentratior <« dust, vapor or fume are
present.

EYE PROTECTION:
Employee must wear splash-proof or dust-resistant safety goggles to prevent

eye contact with this substance.

Emergency eye wash: Where there is any wossibility that an employee's eyes may
be exposed to this substance, the empl er should provide an eye wash
fountain within the immediate work area for emergency use.

CLOTHING:

Employee must wear appropriate protective (impervious) clothing and equipment
to prevent repeated or prolon :d skin :act with this substance.
GLOVES:

Employee must wear appropriate protective gloves to prevent contact with this
substance.

RESPIRATOR:
The following respirators are recommen :d based on information found in the

physical data, toxicity and health effects sections. They are ranked in
order from minimum to maximum respiratory protection.

The specific respirator selected must be based on contamination levels found
in the work place, must be based on the specific operation, must not exceed
the working limits of the respirator and must be jointly approved by the
National Institute for Occupational Safety and Health and the Mine Safety

and Health Administration (NIOSH-MSE .

Any dust and mist respirator.
Any air-purifying respirator with a h jh-efficiency particulate filter.
Any powered air-purifying respirator with a dust and mist filter.

Any powered air-purifying respirator with a high-efficiency particulate
filter.

Any type 'C' supplied-air respirator operated in the pressure-démand or
otl r positive pressure or continuous-flow mode.

Any self-contained breathing apparatus.
FOR FIREFIGHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDITIONS:

Any self-contained breathing apparatus that has a full facepiece and is
operated in a pressure-demand or other positive-pressure mode.
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| Any supplied-air respirator that has a full facepiece and is operated in a
pressure-~demand or other posi ive-pressure mode in combination with an
auxiliary self-contained breathing apparatus operated in pressure-demand
or other positive-pressure mode.

™ D = D " S S T S W S S S W e G e SIS M e G I D D . GED S R Y YD G I S GED GRS I S I S SIS Y G S S G S S G G D A D Gu I S mS ST MR A S D GEP S e R GEb G S D

DE RIPTION: White or grayish-white crystalline powder with a sulfur dioxide-

like odor.

MOLECULAR WEIGHT: 174.10
-MOLECULAR FORMULA: NA2-04-S2
BOILING POINT: not applicable
MELTING POINT: >512 F (>300 C)
VAPOR PRESSURE: no data available
VAPOR DENSITY: not applicable
SPECIFIC GRAVITY: 2.2

WATER SOLUBILITY: complete

PH: acidic in solution

ODOR THRESHOLD: no data available
EVAPORATION RATE: not applicable
SOLVENT SOLUBILITY: Slightly solt le in alcohol.

ACTIVITY:
..ontaneously heats on contact with air and moisture. This heat may be
sufficient to ignite surrounding combustible materials. Under prolonged
exposure to fire or heat, containers of this material may violently rupture.
Contact with water may cause a vigorous exothermic reaction and ignition.

CONDITIONS TO AVOID:
May ignite itself if exposed to .r and may re-ignite after fire is
extinguished. May burn rapidly with flare-burning effect. Runoff to sewer may

create fire or explosion hazard.

TAAAUMMAMTRTT TMTRC .

OULULUNL AW W ats owas v
ACIDS: Form sulfur oxides.
SODIUM CHLORITE: Violent reactio

HAZARDOUS DECOMPOSITION:
Thermal decomposition products include toxic and/or hazardous fumes of

oxides of sulfur and sodium oxide. Releases toxic hydrogen sulfide on
contact with acids.

POLYMERIZATION:

Hazardous polymerization has not been reported to occur under normal
temperatures and pressures.

- T e D eI STe D T G S I D D - e D e I G S G S, e S T e W g I D D G D D S S - S D SR S D T D SR S G D e The G S T D SR G G P G T G . e - .
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SODIUM HYDROSULFITE:

CARCINOGEN STATUS: None.

LOCAL EFFECTS: Irritant- inhalation, ¢ in, eye.

ACUTE TOXICITY LEVEL: No data available.

T~ ~GET EFFECTS: No data available.

AT IN( ZIASED RISK FROM EXPOSURE: Per »>ns with asthma.

HEALTH EFFECTS
INHALATION:
SODIUM HYDROSULFITE:

IRRITANT. . )
ACUTE EXPOSURE- Dusts may cause sore ‘ roat, coughing and shortness of

‘breath. Some sulfites may cause an allergic reaction to occur with
flushing, angioedema, hives, laryngeal edema, hypotension, cyanosis,
wheezing and a generalized itching. Anaphylaxis with respiratory arrest
and loss of consciousness may occur in serious cases.

CHRONIC EXPOSURE~ No data available.

SKIN CONTACT:
SODIUM HYDROSULFITE:

IRRITANT.
ACUTE EXPOSURE- Contact may cause irritation and redness. Contact dermatitis

may occur in some individuals.
CHRONIC EXPOSURE~ Repeated or prolonged contact may cause dermatitis.

EYE CONTACT:
SODIUM HYDROSULFITE:

IRRITANT.
ACUTE EXPOSURE- Contact with dusts may cause irritation, possibly severe

with redness and pain.
CHRONIC EXPOSURE~ May cause conjunctivitis after repeated or prolonged

exposure.

INGESTION:
SODIUM HYDROSULFITE:

ACUTE EXPOSURE- May cause abdominal pain and nausea. An allergic reaction
may occur in some individuals with flushing, angioedema, hives, laryngeal
edema, hypotension, cyanosis, wheezing and generalized itching.
Anaphylaxis with respiratory arres and loss of conscious: ;s may occur

in serious cases.
CHRONIC EXPOSURE-~ No data available.

ENVIRONMENTAL IMPACT RATING (0-4): no data available
ACUTE AQUATIC TOXICITY: no data available
DEGRADABILITY: no data available

LOG BIOCONCENTRATION FACTOR (BCF): no data available

LOG OCTANOL/WATER PARTITION COEFFICIENT: no data available
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Product #: P4379 ‘Name: POTASSI' CARBONATE’
: Material Safety Data Sheet Valid 5/95- 7/95
Printed: 06/06/1995 07:42:28

AVOID RAISING DUST. A .
VENTILATE AREA ) WASH SPILL SITE Al MATERIAL PICKUP IS COMPLETE.

SECTION 7. = = = = = = = = = -— HANDLING ! STORAGE- =~ = = = = = = = =~ =
REFER TO SECTION 8.
SECTION 8. = = = = = = EXPOSURE CONTROL:{! PERSONAL PROTECTION- - - - - -

WEAR APPROPRIATE NIOSH/MSHA-APPROVEDL RESPIRATOR, CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTEC [VE CLOTHING.

USE ONLY IN A CHEMICAL FUME HOOCD.

SAFETY SHOWER AND EYE BATH.

AVOID BREATHING DUST.

DO NOT GET IN EYES, ON SKIN, ON CLOTHING.

AVOID PROLONGED OR REPEATED EXPOSURE.

WASH THOROUGHLY AFTER HANDLING.

SEVERE IRRITANT.

HARMFUL SOLID.

KEEP TIGHTLY CLOSED.

STORE IN A COOL DRY PLACE.
SECTION 9. = = = = = = = PHYSICAL AND CHEMICAL PROPERTIES = = = = = - -
APPEARANCE AND ODOR ‘

WHITE POWDER

MELTING POINT: 891 C

SPECIFIC GRAVITY: 2.290
SECTION 10. = ~ = = = = = = = STABILITY i D REACTIVITY = = = = = = = = -
INCOMPATIBILITIES

STRONG OXIDIZING AGENTS
PROTECT FROM MOISTURE.
AVOID CONTACT WITH ACID.
HAZARDOUS COMBUSTION OR DECOMPOSITION P! DUCTS
TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE
SECTION 1l. = = = = = = = = = TOXICOLOG. AL INFORMATION - - = = = = = =
ACUTE EFFECTS
HARMFUL IF SWALLOWED, INHALED, OR Al ORBED THROUGH SKIN.
CAUSES SEVERE IRRITATION.
DEPENDING ON THE INTE 3ITY AND DURATION OF EXPOSURE, EFFECTS MAY
VARY FROM MILD IRRITATION TO SEVERE ISTRUCTION OF TISSUE.
SYMPTOMS OF EXPOSURE MAY INCLUDE BU NG SENSATION, COUGHING,
WHEEZING, LARYNGITIS, SHORTNESS OF | ATH, HEADACHE, NAUSEA AND
VOMITING.
TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.
RTECS NO: TS7750000
POTASSIUM CARBONATE (2:1)
TOXICITY DATA

ORL-RAT LD50:1870 MG/KG ATIHAAP 30,470,69
ORL-MUS LD50:2570 MG/KG GTPZAB 33(5),30,89
ORL-BWD LD50:100 MG/KG AECTCV 12,355,83

ONLY SELECTED REGISTRY OF TOXIC EFF 'TS OF CHEMICAL SUBSTANCES
(RTECS) DATA IS PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR

Page 2



Product #: P4379 Name: POTASSIUM CARBONATE
Material Safety Data Sheet Valid 5/95- 7/95
Printed: 0€¢ J6/1995 07:42:31

COr ETE INFORMATION.

SECTIO! 2o = = = = = = = = = ECOL: ICAL INFORMATION - = = = ~ = = — - =
DATA NOT YET AVAILABLE. .
SECTION 13. = = = = = = = = = DISPOSAL CONSIDERATIONS = = = = = = = = =

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED TH AN AFTERBURNER AND SCRUBBER.
OBSERVE ALL FEDERAL, STATE AND OCAL ENVIRONMENTAL REGULATIONS.

SECTION 14. = = = = = = = = = = TRANSPORT INFORMATION = = = = = = = - -
CONTACT SIGMA CHEMICAL COMPANY FOR TRANSPORTATION INFORMATION.
SECTION 15. = = =~ = = = = = = REGULATORY INFORMATION = = = = = = = = = -

REVIEWS, STANDARDS, AND REGULATIC S

EPA FIFRA 1988 PESTICIDE SUBJECT TO REGISTRATION OR RE-REGISTRATION

FEREAC 54,7740,89 .

NOHS 1974: HZD 60350; NIS 136; TNF 16894; NOS 91; TNE 86887

NOES 1983: HZD 60350; NIS 174; TNF 28208; NOS 126; TNE 390747; TFE

118372

EPA TSCA CHEMICAL INVENTORY, J [E 1993

EPA TSCA TEST SUBMISSION (TSCATS) DATA BASE, JULY 1994
SECTION 16. = = = = = = = = = = OTHER INFORMATION= = = = = = = = = = = =
THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT TO
BE ALL INCLUSIVE AND SHALL BE U¢ D ONLY AS A GUIDE. SIGMA, ALDRICH,
FLUKA SHALL NOT BE HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING
¢C® TROM CONTACT WITH THE ABOVE Pl JCT. SEE REVERSE SIDE OF INVOICE OR
! ING SLIP FOR ADDITIONAL TERM! [D CONDITIONS OF SALE.
Cur 2RIGHT 1995 SIGMA CHEMICAL CO., ALDRICH CHEMICAL CO., INC.,
FLUKA CHEMIE AG
LICENSE GRANTED TO MAKE UNLIMIT! PAPER COPIES FOR INTERNAL USE ONLY
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-Product #: P9144 Name: POTASSIU ICARBONATE
Material Safety Data Sheet Valid 5/95- 7/95
Printed: 06/20/1995 06:58:29

AVOID INHALATION.

AVOID CONTACT WITH EYES, SKIN AND CLC HING.

AVOID PROLONGED OR REPEATED EXPOSURE.

WASH THOROUGHLY AFTER HANDLING.

KEEP TIGHTLY CLOSED.

STORE IN A COOL DRY PLACE.
SECTION 9. = = = = = =~ =~ PHYSICAL AND CHEMICAL PROPERTIES - = = ~ = = -
APPEARANCE AND ODOR

WHITE GRANULAR CRYSTALS

SPECIFIC GRAVITY: 2.170
SECTION 10. = = = = = = — = = STABILITY A ) REACTIVITY - = = = = = = = =
STABILITY

STABLE.
INCOMPATIBILITIES

STRONG OXIDIZING AGENTS
STRONG ACIDS
PROTECT FROM MOISTWURE.
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS
TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE
POTASSIUM OXIDES
SECTION 11. = = = = = = = = = TOXICOLOGIC . INFORMATION - = = = =~ - - =
ACUTE EFFECTS
MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION.
MAY CAUSE EYE IRRITATION.
MAY CAUSE SKIN IRRITATION. :
MATERIAL MAY BE IRRITATING TO MUCOUS MEMBRANES AND UPPER
RESPIRATORY TRACT.
TO THE BEST OF OUR KNOWLEDGE, THE CH' [CAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BE THOROUGHLY INVESTIGATED.

SECTION 12, = = = = = = = = = ECOLOGICAL INFORMATION - - = = = = = = — =
DATA NOT YET AVAILABLE.
SECTION 13. = = = = = = = = = DISPOSAL C JIDERATIONS - = - = = = = - -

DISSOLVE OR MIX THE MATERIAL WITH A IBUSTIBLE SOLVENT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.
OBSERVE ALL FEDERAL, STATE AND LOCAL ¥ JVIRONMENTAL REGULATIONS.

SECTION 14, = = = = = = = = = = TRANSPORT INFORMATION = = = = - = « - =
‘CONTACT SIGMA CHEMICAIL COMPANY FOR TR2 SPORTATION INFORMATION.

SECTION 15. = = = = = = = = = REGULATORY INFORMATION -~ - - - - = = - = =
DATA NOT AVAILABLE

SECTION 16. = = = = = = = = = = OTHER IN WMATION= = = =~ = = = = = = = =

THE ABOVE INFORMATION IS BELIEVED TO BE {RECT BUT DOES NOT PURPORT TO
BE ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. SIGMA, ALDRICH,
FLUKA SHALL NOT BE HELD LIABLE FOR ANY D. .GE RESULTING FROM HANDLING
OR FROM CONTACT WITH THE ABOVE PRODUCT. SEE REVERSE SIDE OF INVOICE OR
PACKING SLIP FOR ADDITIONAL TERMS AND CO .TIONS OF SALE.

COPYRIGHT 1995 SIGMA CHEMICAL CO., ALDRI CHEMICAL CO., INC.,

FLUKA CHEMIE AG
LICENSE GRANTED TO MAKE UNLIMITED PAPER ¢ °IES FOR INTERNAL USE ONLY

Page 2
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Product #: P5912 Name: POTASSIUM BROMIDE ACS REAGENT
Material Safety Data Sheet Valid 2/95- 4/95
Printed: 04/18/1995 10:59:13

LIKE SKIN ERRUPTIONS, MEMORY LOSS, HEADACHE, SLURRED SPEECH AND
ANOREXIA.

RTECS NO: TS7650000
POTASSIUM BROMIDE

TOXICITY DATA

ORL~-RAT LD50:3070 MG/KG GTPZAB 33(10),57,89
ORL-MUS LD50:3120 MG/KG GTPZAB 33(10),57,89
IPR-MUS LD50:1030 MG/KG GTPZAB 33(10),57,89
IPR-GPG LD50:980 MG/KG GTPZAB 33(10),57,89

TARGET ORGAN DATA
SENSE ORGANS AND SPECIAL SENSES (OTHER OLFACTION EFFECTS)
BEHAVIORAL (SOMNOLENCE)
BEHAVIORAL (ATAXIA)
ONLY SELECTED REGISTRY OF TC = EFFECTS OF CHEMICAL SUBSTANCES
(RTECS) DATA IS PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR
COMPLETE INFORMATION. :

SECTION 12. = = = = = = = = = ECO. GICAL INFORMATION = ~ = = = = = = = =
DATA NOT YET AVAILABLE.
SECTION 13. = = = = = = = = = DISPOSAL CONSIDERATIONS = = = « = = = = =

FOR SMALL QUANTITIES: CAUTIOUSLY ADD TO A LARGE STIRRED EXCESS OF
WATER. ADJUST THE PH TO NEU! AL, SEPARATE ANY INSOLUBLE SOLIDS OR
LIQUIDS AND PACKAGE THEM FOR HAZARDOUS-WASTE DISPOSAL. FLUSH THE
AQUEOUS SOLUTION DOWN THE DI WITH PLENTY OF WATER. THE HYDROLYSIS
AND NEUTRALIZATION REACTIONS Y GENERATE HEAT AND FUMES WHICH CAN BE
CONTROLLED BY THE RATE OF AI ION.

OBSERVE ALL FEDERAL, STATE ! LOCAL ENVIRONMENTAL REGULATIONS.

SECTION 14. = = = = = = = = = = TRANSPORT INFORMATION - - = = = = = ~ =
CONTACT SIGMA CHEMICAL COMP? FOR TRANSPORTATION INFORMATION.
SECTION 15. = = = = = = = = = RE  .LATORY INFORMATION = = = = = = = = = =

REVIEWS, STANDARDS, AND REGULATI ;
EPA FIFRA 1988 PESTICIDE SUBJECT TO REGISTRATION OR RE-REGISTRATION
FEREAC 54,7740,89
NOHS 1974: HZD 80197; NIS 92; TNF 12918; NOS 46; TNE 50375
NOES 1983: HZD 80197; NIS 66; TNF 10492; NOS 55; TNE 115460; TFE 26556
EPA TSCA CHEMICAL INVENTORY, JUNE 1993
':PI ”.‘SCA. AT A ATITRRSTAASATALY /MOAARTMOoY NNAMA DRAOTD TTITV 1aQaA4
-SECTION 16.
THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUIl DOES NOL PURPUKL ‘LU
BE ALL INCLUSIVE AND SHALL BE ;] ONLY AS A GUIDE. SIGMA, ALDRICH,
FLUKA SHALL NOT BE HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING
OR FROM CONTACT WITH THE ABOVE PR )UCT. SEE REVERSE SIDE OF INVOICE OR
PACKING SLIP FOR ADDITIONAL TI » AND CONDITIONS OF SALE.
COPYRIGHT 1994 SIGMA CHEMICAL CO., ALDRICH CHEMICAL CO., INC.,
FLUKA CHEMIE AG
LICENSE GRANTED TO MAKE UNLIMITED PAPER COPIES FOR INTERNAL USE ONLY
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